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Chapter 1

1.1 WHY DO PATIENTS SEEK MULTIFOCAL INTRAOCULAR LENSES /
REFRACTIVE SURGERY
The primary function of the human crystalline lens is to focus incoming light onto the
retina. The human lens functions as an autofocus camera and can sharpen images at
various distances by the accommodative system.1-2 Throughout life, the human lens grows
and changes in structure and clarity.3-9
When incoming light is focused on the retina, normally an in-focus image is perceived. This
balance of the refractive power of the eye and right axial length is called emmetropia. An
imbalance between the two is called ametropia and leads to reduced visual acuity. Forms
of ametropia are myopia (nearsightedness) and hyperopia (farsightedness), whether or not
combined with astigmatism.1-2 When the refractive power of the eye exceeds the refraction
necessary for the axial length of the eye it’s called myopia. This results in an image that is
focused in front of the retina. When the lens has too little refractive power to focus the
image on the retina, the axial length is too short or the cornea too flat it’s called hyperopia.
The image is focused posterior to the retina. When the refractive power of one point in
the eye exceeds another, it’s called astigmatism. Astigmatism leads to uniformly different
meridians causing an blurred, distorted image.1-4

FIGURE 1. The clear human lens provides a clear image. An opacified and aged lens provides a
distorted image with glare.

With increasing age the human lens loses its functional abilities, such as the ability to see
clearly due to crystalline lens changes (ultimately resulting in cataract) and the ability to see
clearly at all distances due to loss of accommodation (called presbyopia).3-9
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Aging and oxidation of the human lens are factors that are considered as primary factors in
age-related cataract, resulting in, discoloration, glare and opacification of the lens.10-12
Cataract is treated by replacing the opacified and aged lens by an intraocular lens (IOL)
through phacoemulsification surgery. This kind of surgery has reached a high level of safety
and accuracy.13
Clients above the age of 50 who have no cataract but want to avoid cataract development,
can undergo a refractive lens exchange (RLE) procedure in which the human lens is
exchanged for a multifocal IOL (mIOL). This mIOL precludes the development of cataract,
and corrects ametropia after accurate mIOL calculation and adequate mIOL choice. The
new generation mIOLs are more capable in mimicking the optical characteristics of the
human crystalline lens of young individuals.
People seeking mIOL implantation have the desire to maintain optimal vision at all functional
working distances, such as far distance (driving, theatre), intermediate distance (computer
screen) and near distance (reading), without the need for spectacles and/or contact lenses.
mIOL implantation can thus contribute to the quality of life while aging.13-17 In specific agerelated situations with motoric problems, such as rheumatoid arthritis, Parkinson’s disease or
dementia, the ability to see clearly without spectacles, can be of great value to the patient.
Multifocal IOLs are designed for both refractive RLE procedures and cataract surgery.
The only indication for a RLE procedure is the wish of the patient. RLE with mIOL implantation
can be considered in: a
Age
Approximated
- Myopes, with posterior vitreous detachment (PVD)
and axial length (AL) < 25mm

> 55

> ‑4

- Hyperopes, with presbyopia

> 40

> +1

- Hyperopes

< 40

> +4

- Emmetropes, with presbyopia

> 45

Premium IOL

The indications for cataract surgery are the presence of cataract, visual acuity, limitation in
visual function and the ability to improve these parameters.b Preferably the visual function
should be assed with both slitlamp evaluation and measurement of straylight. 25-26
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1.2 INTRODUCTION OF MULTIFOCAL INTRAOCULAR LENSES
New generation mIOL designs can currently be divided into diffractive, refractive and
accommodating mIOLs. Most mIOLs effectively correct ametropia for distance and near.
Several studies have reported unreliable results of accommodating mIOLs. Therefore, we
have excluded accommodating mIOLs in this thesis.13,22-23
Diffractive mIOLs consist of lenses that have concentric zones with aspheric surfaces on
the optic. They separate the incoming light into different focal points, resulting in optimal
visual acuity at distance and near.18-22
The current diffractive mIOL design is based on a contact lens principle. In 1984 Pilkington
Plc reported on the Diffrax contact lens.19,20 The Diffrax contact lens is a multifocal diffractive
contact lens, according to the design of the inventor Michael Harold Freeman.18-22
In 2005 this multifocal diffractive design was used in the first FDA approved apodized
intraocular lens, namely: the ReSTOR (Alcon, Forth Worth, Texas). With the ReSTOR the
diffractive design is apodized to gradually reduce or blend the diffractive step heights,
resulting in better image quality while minimizing visual disturbances.13

A			

B		

C			

D

FIGURE 2. a) Design of a diffractive contact lens, b) multifocal Diffrax contact lens, c) fluoresceine
image of a Diffrax contact lens, d) diffractive multifocal intraocular lens.

A			
B		
C
FIGURE 3. a) Concentric rings in a diffractive IOL., b) Intraocular multifocal IOL (ReSTOR), c) ReSTOR
implanted position
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Refractive mIOLs have an optic that consists of two different optical zones, a distance and
a near zone.21
The new generation refractive mIOLs, with a surface-embedded near section,24 are based
on ideas originating from the field of contact lenses.
The Mplus mIOL, used in the study’s described in this thesis, is based on the design of the
Presbylite bifocal contact lens.c The Presbylite bifocal contact lens are non-rotational surface
lenses, developed by Ben Wanders. These radially asymmetric contact lenses formed the
basis for the further development into multifocal radially asymmetric refractive intraocular
lenses, which were launched by Oculentis in 2008. This is a refractive bifocal contact lens
with a sectorial addition segment.c

A		
B 		
C			
D
FIGURE 4. a) Design of a refractive bifocal contact lens, b) multifocal refractive contact lens, c)
fluoresceine image of a refractive bifocal contact lens, d) Design of a bifocal IOL

A			

B 		

C			

D

FIGURE 5. a) Presbylite refractive multifocal contact lens, predecessor of the Mplus IOL, b) Intraocular
multifocal IOL (MPlus), c) MPlus implanted position , d) Light path of MPlus, near, intermediate and
distance
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FIGURE 6. The mIOL is a bifocal lens with a multifocal effect. The bifocal lens give has a focusing zone
with creates effect on near, intermediate and far distances.

1.3 AIMS AND OUTLINE OF THE THESIS
Multifocal IOL implantation aims to correct ametropia, presbyopia and cataract, which can
be a great challenge for eye care professionals.1-13 The outcome of this surgery is related
to the surgical skills necessary for correct IOL implantation, adequate knowledge of the
advantages and disadvantages of these specific IOL types, and pre-treatment counselling.13
In order to make a proper IOL choice, it is important that both the optometrist and
ophthalmologist provide thorough and accurate patient information and measurements of
the patients eyes. In daily practice this can be difficult, with limited patient chair time and
increasingly high patient expectations.13 When choosing an IOL that is appropriate to the
eye and the wishes of the patient, eye care professionals are reliant on information provided
by the industry and independent studies.
In this thesis we aimed to study the clinical parameters that define the advantages and
disadvantages of different types of multifocal IOLs, which allowed us to chart the qualities
of these lenses. This includes a comparison between a new-generation sectorial addition
(refractive) mIOL and a diffractive apodized multifocal IOL, and the comparison between a
hydrophilic and a hydrophobic apodized diffractive mIOL (chapters 2 and 5).
While pre-treatment counselling aims to manage patient expectations, postoperative
dissatisfaction or complications can still occur. A common postoperative occurance is
posterior capsule opacification (PCO), which is treated with a neodymium:YAG (Nd:YAG)
laser. Common wisdom with multifocal IOLs tells us that the YAG capsulotomy might lead to

16

refractive changes. The secondary aim of this thesis is to assess whether YAG capsulotomy
causes a change in refraction which is clinically significant (chapter 3).
Patient satisfaction is the key theme in postoperative care. Reliable refraction can tell the
eye care professional about the attained visual acuity, while assessments can tell the eye
care professional the subjective visual experience. When a patient indicates not to be fully
satisfied, the eye care professional must identify possible reasons and solutions. The third
and last aim of this thesis is to assess the reliability of postoperative refraction in radially
asymmetric multifocal IOLs, and the relation between postoperative satisfaction, refraction
and ease of treatment of residual refractive errors. (chapters 4, 6 and 7)
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ABSTRACT
PURPOSE: To compare visual, refractive, and satisfactory outcomes between a newgeneration sectorial addition multifocal intraocular lens (IOL) (Lentis Mplus LS-312; study
group) and a diffractive apodized multifocal IOL (ReSTOR SN6AD1; control group).
SETTING: Private practice, Driebergen, and Department of Ophthalmology, Academic
Medical Center, Amsterdam, The Netherlands.
DESIGN: Comparative case series.
METHODS: Refractive and visual outcomes at near and distance, patient satisfaction, and
dysphotopsia scores were recorded 3, 6, and 12 months postoperatively.
RESULTS: The study group comprised 90 eyes and the control group, 143 eyes. Three months
postoperatively, the mean uncorrected distance visual acuity (UDVA) was not statistically
significantly different between the study group and the control group (0.04 ± 0.15 logMAR
[SD] versus 0.06 ± 0.25 logMAR). The control group had significantly better uncorrected near
visual acuity than the study group at 30 cm (0.05 ± 0.14 logMAR versus 0.15 ± 0.08 logMAR)
and 40 cm (0.05 ± 0.14 versus 0.16 ± 0.21) (P<.01 and P<.03, respectively). Patients in the
control group were more satisfied with their vision (P<.001). Dissatisfaction was related
to younger age at surgery and male sex (P<.0001 and P<.033 respectively). Dysphotopsia
occurred in approximately 18% of cases in both groups.
CONCLUSIONS: The new sectorial addition multifocal IOL performed comparably to the
diffractive apodized multifocal IOL in terms of UDVA and the presence of dysphotopsia. The
diffractive apodized multifocal IOL performed better at 30 cm and 40 cm reading distances
and had higher patient satisfaction.
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Multifocal intraocular lenses (IOLs) were designed to correct distance and near vision,1 and
their effectiveness in achieving this has been shown.2 Most multifocal IOLs are refractive or
diffractive in design. The classic designs can cause side effects, including loss of contrast
sensitivity,3 halos and dysphotopsia, and patient dissatisfaction.4-6 Because success with
these IOLs requires high patient motivation,1 newer designs have been developed in an
attempt to address the side effects. Multifocal IOLs are based on the optical principle of
creating 2 focal planes, one for distance vision and the other for near vision. A new IOL,
the Lentis Mplus LS-312 multifocal (Oculentis GmbH), has a rotationally asymmetric design
with a sectorial-embedded near zone.7 The IOL also splits the image into two focal planes.
Theoretically, the new IOL should cause fewer optical side effects because there are no
ring segments in the optic for refraction or diffraction and because the embedded near
sector reflects unwanted side images away from the retina.7 Recent studies found that
implantation of the new IOL effectively corrected near and distance vision7,8 and performed
well when compared with monofocal IOLs of similar material.7 The purpose of this study
was to compare the performance of the new-generation multifocal IOL and a diffractive
apodized IOL (ReSTOR SN6AD1, Alcon Laboratories, Inc.) that has been studied extensively
in the past2,9 and is the most-used premium IOL in our practice.

PATIENTS AND METHODS
This study enrolled consecutive patients seen at Retina Eye Care, Driebergen, The
Netherlands, who had cataract extraction or refractive lens exchange (RLE) to correct
presbyopia with or without ametropia. The study adhered to the tenets of the Declaration
of Helsinki and the guidelines of the Dutch Society of Refractive Surgeons. All patients
provided informed consent. The local medical ethics committee study approved the study.
Exclusion criteria for multifocal IOL implantation were ocular pathology other than cataract
(eg, dry-eye syndrome, macular disease), diabetes with or without retinopathy, corneal
astigmatism more than 1.75 diopters (D), and an American Society of Anaesthesiologists
classification of III or higher.

Intraocular Lens Selection and Characteristics
At the patient’s and surgeon’s discretion, patients had implantation of the new sectorial
addition multifocal IOL (study group) or the diffractive apodized IOL (control group). The
patients selected the IOL model after receiving extensive counselling, during which the
outcomes data of the clinic were given and the differences between the two IOLs explained.
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Patients were told that there had been extensive experience with the diffractive apodized
IOL and that good results have been reported. They were also told that there was less
experience and less predictable results with the sectorial addition multifocal IOL but that
the IOL has a new design with promising aspects.
The Lentis Mplus LS-312 is a rotationally asymmetric multifocal IOL. The IOL is dominant
for distance acuity, with a semimeridional sectorial addition for near correction. The model
used in this study has a +3.00 D addition in the IOL plane. Light at transition between the far
zone and the near zone is reflected away; according to the manufacturer, this design was
implemented to prevent superimposed images or diffraction in the optical axis. The optic
is covered with a 360-degree square edge to prevent posterior capsule opacification (PCO).
The ReSTOR SN6AD1 is an acrylic hydrophobic multifocale IOL with a +3.00 D addition in the
IOL plane. The IOL is rotationally symmetric because the refraction occurs with diffractive
rings on the optic surface. The optic is 6.0 mm in diameter with 12.0 mm diameter haptics.
The IOL is square along the entire edge, including the haptics; therefore the optic does not
have an isolated edge.

Surgical Technique
One of 2 surgeons (R.L.G., I.V.D.M) performed all surgeries. Oral oxazepam 10 mg was
administered 20 minutes before the procedure. The pupil was dilated with cyclopentolate
1.0% and intracameral 1:10 000 phenylephrine in a balanced salt solution instilled 3 times 5
minutes apart. Oxybuprocaine 1.0% and tetracaine 1.0% local anesthesia drops were applied
and 0.5 cc lidocaine 2.0% was administered subconjunctivally at the site of the main incision.
Lens extraction was performed using a standard phacoemulsification technique through a
12 o’clock 2.2 mm incision. For implantation of the study IOL, the incision was widened to
2.4 mm at the time of injection of the IOL using a Viscoject 2.2 injector (Oculentis GmbH).
The control IOL was inserted with a Monarch II injector (Alcon Laboratories, Inc.) through
the 2.2. mm incision.
Outcome Measures and Statistical Analysis
The preoperative and postoperative uncorrected distance visual acuity (UDVA), corrected
distance visual acuity (CDVA), and uncorrected near visual acuity (UNVA) at 30 to 70 cm
in 10 cm increments; spherical and cylindrical correction; and spherical equivalent (SE)
refraction were recorded 3 months postoperatively. At 6 months and 12 months, visual
acuity measurements were repeated to check for stability of the acuity. Patients rated their
satisfaction and the presence of halos and dysphotopsia as “yes” or “no.” Intraocular lens
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centration was assessed using the relative site of the hourglass sign on the optic relative
to the pupillary opening in the study group and by comparing the diffractive rings to the
pupil in the control group. Statistical analysis was performed using PAWS Statistics software
(version 18.0. SPSS, Inc.). When applicable, nonparametric analysis was performed using
the Student t, chi-square, and Pearson tests. Logistic regression analysis was performed to
identify characteristics correlated with patient dissatisfaction.
TABLE 1. Between-group comparison of preoperative patient demographics.
Demographics
Eyes (n)

Study Group

Control Group

P Value

90

143

-

Male gender, n (%)

39 (43)

60 (42)

NS

Mean age (y) ± SD

61.8 ± 7.3

59.7 ± 7.2

.037

Mean photopic pupil diameter (mm) ± SD

3.46 ± 0.58

3.42 ± 0.596

NS

Mean CDA (LogMAR ± SD)

0.57 ± 0.58

0.63 ± 0.61

Surgery
Cataract, n (%)
RLE, n (%)
Sphere (D)
Mean ± SD
Range
Cylinder (D)
Mean ± SD
Range
SE (D)
Mean ± SD
Range

NS
.014

57 (63)
33 (37)

65 (45)
78 (55)

-0.62 ± 3.29
(+5.25, -7.00)

-0.25 ± 2.93
(+4.25, -11.75)

-0.68 ± 0.53
(0.00, -1.75)

-0.62 ± 0.56
(0.00, -2.50)

-0.96 ± 3.38
(+4.88, -7.63)

-0.56 ± 2.98
(+3.63, -12.38)

NS

NS

NS

NS = not significant; RLE = refractive lens exchange; SE = spherical equivalent; CDVA = corrected distance visual acuity.

RESULTS
The study group comprised 90 eyes of 45 patients and the control group, 143 eyes of 72
patients. Table 1 shows the patients’ preoperative demographic data. The groups were
well matched in terms of their ocular characteristics. The control group was statistically
significantly younger at time of surgery than the study group and had significantly more RLE
procedures. Table 2 compares the postoperative refractive outcomes between the study
group and the control group. The outcomes were comparable. Both groups achieved an
SE refraction close to emmetropia (Table 3). The differences between the preoperative and
postoperative sphere and SE in the study group were statistically significant. The refractive
changes in the control group were not statistically significant (Table 3).
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TABLE 2. Between-group comparison of postoperative refractive results.
Parameter
Sphere (D)
Mean ± SD
Range
Cylinder (D)
Mean ± SD
Range
SE (D)
Mean ± SD
Range

Study Group

Control Group

0.38 ± 0.33
+1.50, -0.25

0.45 ± 0.40
+1.50, -0.50

-0.61 ± 0.53
0.00, -2.00

-0.66 ± 0.56
0.00, -2.75

0.08 ± 0.31
+1.00, -0.75

0.12 ± 0.37
+1.00, -1.00

P Value
NS

NS

NS

NS = not significant; SE = spherical equivalent.

TABLE 3. Preoperative to postoperative change in sphere, cylinder, and SE.
Mean (D) ± SD
Group/Parameter
Study
Spherical
Cylindrical
SE
Control
Spherical
Cylindrical
SE

Preop

Postop

P Value

-0.62 ± 3.29
-0.68 ± 0.53
-0.96 ± 3.38

0.38 ± 0.33
-0.61 ± 0.53
0.08 ± 0.31

.037
NS
<.0001

-0.25 ± 2.93
-0.62 ± 0.56
-0.56 ± 2.98

0.45 ± 0.40
-0.66 ± 0.56
0.12 ± 0.37

NS
NS
NS

NS = not significant; SE = spherical equivalent.

Figure 1 shows the distance acuities and the near acuity at different distances. At the
3-month follow up, the mean UDVA was 0.04 ± 0.15 logMAR in the study group and 0.06 ±
0.25 logMAR in the control group; the difference between the 2 groups was not statistically
significant. Reading acuity at 30 cm and 40 cm was statistically significantly better in the
control group. No patient reported needing reading glasses under good lighting conditions.
With increasing near distance, visual acuity progressively decreased in both groups. Most
patients said they were able to perform computer screen work at arm length distance
without extra correction. Figure 2 shows the stability of UDVA. In both groups, good UDVA
was maintained throughout the first 12 months, with no statistically significant differences
between groups. Overall, 38 patients (83.33%) in the study group and 72 patients (98.6%)
in the control group reported being satisfied with their postoperative vision; the difference
between groups was statistically significant (χ2 = 19.04; P<.001). Logistic regression showed
that a younger age (P<.001), male sex (P=.033), and the use of the study IOL (P=.001) were
correlated with patient dissatisfaction after surgery.
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FIGURE 1. Three-month postoperative logMAR acuity (and Snellen equivalent) at different reading
distances. The asterisks represent a statistically significant difference between the study group and
the control group.
CDVA = corrected distance acuity; UDVA = uncorrected distance acuity; UNVA = uncorrected near
acuity.

FIGURE 2. Postoperative logMAR (and Snellen equivalent) acuity over time.

In univariate analysis, the presence of halos was related to patient dissatisfaction with
postoperative vision (χ2 = 19.86; P<.001). This could not be attributed to either IOL design
given that halos occurred equally in both groups; that is, in 17 eyes (18.89%) in the study
group and in 26 eyes (18.18%) in the control group. Photopic pupils of any size and photopic
pupils larger than 3.5 mm were not related to dissatisfaction. In both groups, 1 patient
reported a difference in hues; brown looked purple and gray looked lilac. Both patients
were women and were otherwise satisfied with their vision.
No eye had IOL decentration greater than 1.0 mm.
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DISCUSSION
To our knowledge, this is the first study comparing a new-generation multifocal IOL that
is based on sectorial addition technology and a standard multifocal apodized diffractive
IOL. We found no differences in postoperative refraction or accuracy of refractive outcomes
between the 2 groups. Uncorrected and corrected distance acuities were also comparable.
At reading distance between 30 cm and 40 cm, the Lentis Mplus LS-312 IOL (study IOL) had
statistically significantly worse performance than the ReSTOR SN6AD1 IOL (control IOL).
Although the control IOL had slightly better UNVA performance than the study IOL, this did
not appear to be relevant because all patients were able to perform near tasks satisfactorily
without reading glasses. Reading performance is, however, relevant for patients with high
reading demands or for younger patients who were previously myopic and whose nearvision capabilities diminished as a result of multifocal IOL implantation.
Previous studies of the Lentis Mplus LS-312 IOL7,8 found no difference in reading performance
because they evaluated inherent reading acuity only without comparing the new IOL with
a well-known, often-used multifocal IOL. Our visual acuity and refractive results with the
Lentis Mplus LS-312 IOL are comparable to those of McAlinden et al.8 and better than those
of Alió et al.7 The visual and refractive results with the ReSTOR SN6AD1 IOL are similar to
those in previous reports in the literature.9 Early reports and anecdotes portray a picture
that the Lentis Mplus LS-312 IOL causes less dysphotopic phenomena in patients. In a
study by McAlinden et al.,8 3 (13.6%) of 22 patients had dysphotopic complaints, which
is comparable to our finding of approximately 19% in both IOL groups. In our study, the
incidence of dysphotopsia was equal in the 2 IOL groups; however, patients with a Lentis
Mplus LS-312 IOL reported being less satisfied with their vision and subjectively related
their complaints to dysphotopic
phenomena. Because our study was not a randomized double-blinded clinical trial, we may
have induced selection bias. Our preliminary resultsB showed that most patients with the
new IOL were very satisfied and had fewer reports of halo. As a result, we may have biased
the IOL selection toward patients who were judged preoperatively to be more sensitive
to postoperative dysphotopic phenomena. We cannot correct for this bias nor detect it
statistically. This will have to be resolved in larger outcome studies, preferably prospective
randomized trials, which is not feasible in our current setting. A selection bias we did
find was that the control group was statistically significantly younger and had more RLE
procedures than the study group. In general, RLE patients are hard to please, even though
there are no evidence-based data for this. In our study, patient dissatisfaction was related to
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male sex and a younger age at surgery, and in a lesser amount, to the use of the study IOL.
Because the control group had more RLE procedures and were younger, one would have
expected these patients to be more dissatisfied, which would have balanced our possible
selection bias of guiding more sensitive patients toward the study IOL. Clinically, the IOLs
also differ in their intraoperative properties and postoperative clinical follow-up. The Lentis
Mplus LS-312 IOL is less sensitive to surface scratching than the ReSTOR SN6AD1 IOL.
This is secondary to the IOL material (Hydrosmart and Acrysof, respectively). Refraction with
multifocal IOLs is still somewhat controversial.10-13 Several methods have been proposed in
the literature.10-13 In our experience, automated refraction has been very helpful in assessing
refraction in patients with the ReSTOR SN6AD1 IOL. Bissen-Miyajima et al.14 found automated
refraction with the ReSTOR SN6AD1 IOL to be repeatable and reliable.
With the Lentis Mplus LS-312 IOL, the sectorial addition may cause a problem in subjective
refraction. Automated refraction in a patient with a Lentis Mplus LS-312 IOL always results
in myopic astigmatism because the machine probably measures the slope of the sectorial
addition. We do not use automated refraction as a basis for manifest refraction.
After distance manifest refraction, near vision should always be checked to ensure that
only the distance correction has been corrected instead of the near vision that has been
corrected for distance acuity. This is clinically important in cases in which a second refractive
procedure (eg, laser in situ keratomileusis, laser-assisted subepithelial keratectomy) is
required to correct residual refraction. Decentration is a well-known issue with apodized
diffractive and refractive IOLs, and it can degrade visual acuity.15 Decentration of 1.0 mm
or more is considered to induce a refractive change in eyes with a monofocal IOL.16 For
aspheric IOLs, decentration greater than 0.4 to 0.5 mm can cause loss of optical quality.17
Even though the Lentis Mplus LS-312 IOL is by design radially asymmetric, centration is
important. In some patients with poorer near acuity, the IOL is decentered upward and
temporally by approximately 0.25 mm. This can be seen at the slitlamp with the pupil
undilated.
The IOL has an hourglass like reflection at its geometric centre. We did not assess the effects
of decentration because this was beyond the scope of this study. Alió et al.7 performed
aberrometry measurements using the Optical Quality Analysis System (Visiometrics) and
concluded that the Mplus LS-312 IOL has more higher-order aberrations (HOAs), such as
coma and tilt, than monofocal IOLs. We have not performed postoperative aberrometry
in our patients because it is our experience that wavefront aberrometry is unreliable in
these cases. The literature supports this opinion.18-20 Validity of double-pass technology
using infrared (like the Optical Quality Analysis System) has been disputed21, especially in
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cases with diffractive IOLs.22 Alió et al.7 state that the Mplus LS-312 IOL has C-loop haptics
and that the IOL tilts or decenters in a significant number of cases. Notwithstanding this,
we found that uncorrected acuity at distance and near was good and comparable to that
with the ReSTOR SN6AD1 IOL. The Mplus LS-312 IOL also comes in a plate-haptic version,
similar to Acri.Tec and Acri.Lisa IOL designs (Zeiss). The stability of these designs in terms
of centration and tilt has to be evaluated; findings may show that this refractive platform
is more stable than the C-loop platform. The use of capsular tension rings, as advocated
by Alió et al.,7,23 might induce downward decentration of the Mplus LS-312 IOL because its
material is soft and pliable. Anecdotal reportsC show that even when the sectorial addition
is placed in a position other than 6 o’clock, the IOL may provide enough near vision without
a detrimental effect on distance vision. It has been suggested that directional implantation
with the sector addition at the 12 o’clock meridian may reduce dysphotopic side effects
under scotopic conditions. More studies are needed to assess the rotational stability of
this new IOL and the effect on visual acuity. The mechanism by which the rotationally
asymmetric IOL allows distance and near vision is not completely elucidated. In addition
to HOAs (eg, coma), retinal and central mechanisms may play a role; for example, retinal
rivalry or adaptation to a preferred retinal locus might be factors.24-26 In conclusion, the
UDVA results with the ReSTOR SN6AD1 IOL were slightly better than those with the Mplus
LS-312 IOL at the 3- to 12-month follow-up visits. The clinical results with the 2 IOLs were
comparable. Although spectacle independence for near vision with the 2 IOLs was similar,
reading ability at 30 cm and 40 cm was better with the ReSTOR SN6AD1 IOL at the 3-month
follow-up. Further studies of the new technology in the Mplus LS-312 design are warranted
to determine the long-term visual acuity stability and to assess differences in the incidence
of side effects, such as PCO, IOL stability with capsule shrinkage over time, and stability of
rotation, centration and refraction.
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ABSTRACT
PURPOSE: To evaluate the effect on refraction of neodymium:YAG (Nd:YAG) laser
posterior capsulotomy for posterior capsule opacification (PCO), and to evaluate the
correlation between automated and subjective refraction in multifocal apodized diffractive
pseudophakia.
METHODS: A retrospective study of 75 pseudophakic eyes (50 patients) with multifocal
apodized diffractive pseudophakia, treated for PCO with Nd:YAG laser posterior capsulotomy,
was performed.
Pre- and post-intervention values of refractive and visual parameters were compared. The
outcomes of autorefraction and subjective refraction were also compared.
RESULTS: Uncorrected and corrected distance visual acuity improved significantly after
Nd:YAG capsulotomy (P<.001). No significant changes were noted in defocus equivalent,
astigmatic power vectors J0 and J45, and overall blurring strength in subjective refraction
and autorefraction. Spherical equivalent changed significantly in autorefraction (P=.008),
but not in subjective refraction. Autorefraction and subjective refraction were highly
correlated in spherical equivalent, defocus equivalent and blurring strength (r2>0.59). In
approximately 7% of eyes a change of 0.50 diopters in spherical equivalent in subjective
refraction occurred.
CONCLUSIONS: In most cases, Nd:YAG laser capsulotomy in patients with multifocal
pseudophakia did not result in a change in refraction. However, 7% of eyes experienced a
significant change in subjective refraction. Autorefraction correlated well with subjective
refraction in apodized diffractive multifocal IOLs.
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Multifocal intraocular lenses (IOLs) are used to meet the need for spectacle independence
after cataract surgery and refractive lens exchange (RLE). They have shown good visual
performance on distance and near visual acuity and are associated with high patient
satisfaction.1-3
One of the most common postoperative complications after multifocal IOL implantation is
posterior capsule opacification (PCO).4-7 Posterior capsule opacifcation can cause significant
light scatter,8 decreased visual acuity, and reduced quality of vision. The incidence of PCO in
multifocal IOLs has been reported to be higher than in monofocal IOLs, with rates up to 43%,5
and it is seen more often in younger patients.6 Treatment rates with the neodymium:YAG
(Nd:YAG) laser are reported to be 9% to 25%.2,5,9 Backward movement of the IOL following
Nd:YAG capsulotomy has been reported, although with no significant attendant refractive
change.10-14 However, IOL manufacturers have advocated performing Nd:YAG capsulotomy
before considering a corneal laser procedure for residual refraction, because of the
assumption that the IOL may move and induce a change in refraction. In patients with
multifocal IOLs, satisfaction with the procedure’s results depends on emmetropic refraction
with good uncorrected distance and near visual acuity.3,7 A small displacement of the lens
may cause a refractive error and dissatisfaction with the visual acuity. This may result in the
need for spectacle correction or a secondary corneal refractive laser procedure to achieve
the emmetropia desired by the patient. In this study, we retrospectively investigated
whether Nd:YAG laser capsulotomy caused a change in refraction in patients with multifocal
IOLs, attributable to a movement of the IOL. To the best of our knowledge, this has not been
described previously. The secondary goal was to analyse correlation between automated
and subjective refraction.

PATIENTS AND METHODS
All patients who underwent implantation of an Acrysof ReSTOR SN6AD1 or SN6AD3 IOL
(Alcon Inc, Hünenberg, Switzerland) at the Academic Medical Center in Amsterdam and
Retina Total Eye Care in Driebergen who had Nd:YAG laser posterior capsulotomy for PCO
between May 2007 and April 2011 were identified. This period was chosen because it was
in May 2007 that the first Acrysof ReSTOR IOLs were implanted in the two centers. Primary
phaco-emulsification was performed by two surgeons (R.L.G., I.J.E.vdM) and was uneventful
in all cases. Exclusion criteria were lenses other than SN6AD1 or SN6AD3, other ophthalmic
diseases that could adversely influence ocular examinations and measurements, and a
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The moderate form
546 is capsular fibrosis with opacification of the capsule and some Ellschnigg
pearls formation, but mostly not within the central 3 mm of the visual axis.
The severe form is the formation of Ellschnigg pearls in the visual axis. The posterior
capsulotomies were performed by the same two surgeons who performed the IOL surgery
(R.L.G., I.J.E.vdM), after mydriasis with tropicamide 0.5% and phenylephrine 2.5%, and topical
anesthesia with oxybuprocaine 0.4% and tetracaine 0.5% drops, using the Selecta Duet
Nd:YAG laser (Lumenis Ltd, Yokneam, Israel) and an Abraham capsulotomy lens (Ocular
Instruments Inc, Bellevue, Washington). All patients received one drop of nonpreserved
iopidine 1% immediately following capsulotomy. Near visual acuity was excluded from the
analysis because of the use of two different types of near correction. The primary outcome
was the change in refraction after Nd:YAG laser capsulotomy.
The secondary outcome was the correlation between automated and subjective refraction.
Statistical analysis was done with the IBM SPSS Statistics 18 software (Microsoft Corp,
Redmond, Washington). Normality was tested using the Kolmogorov-Smirnov test. The

38

Effect of Nd: YAG Laser Capsulotomy on Refraction in Multifocal Apodized Diffractive Pseudophakia

RESULTS
Seventy-five pseudophakic eyes from 50 patients (27 men, 23 women) who received
Nd:YAG laser capsulotomy 3 to 43 months (mean: 14 ± 9 months) after implantation of
the SN6AD1 or SN6AD3 after phacoemulsification for senile cataract (18 eyes) or RLE (57
eyes) were included. Mean patient age was 60 ± 6.3 years (range: 50 to 77 years). Data
were collected before (mean: 2 ± 38 days, range: 0 to 152 days) and after (mean: 90±94
days, range: 21 days to 17 months) Nd:YAG laser capsulotomy. Because of incomplete data,
statistical analysis was performed on 68 eyes for autorefraction measurements and on 55
eyes for subjective refraction measurements. Table 1 shows the change in visual acuity
after Nd:YAG laser capsulotomy. The improvement in both UDVA and CDVA was statistically
significant (P<.001).
TABLE 1. Uncorrected and Corrected Distance Visual Acuity in Eyes Before and After Nd:YAG Laser
Capsulotomy.
Before Nd:YAG

After Nd:YAG

No. of Eyes

P Value

UDVA (logMAR)

0.24 ± 0.15

0.16 ± 0.15

73

<.001

CDVA (logMAR)

0.08 ± 0.08

0.01 ± 0.07

55

<.001

UDVA = uncorrected distance visual acuity; CDVA = corrected distance visual acuity.

FIGURE 1. Change in subjective refraction after capsulotomy. A change in spherical equivalent (SE)
and defocus equivalent (DE) ≤ 0.50 diopters was noted in 93% and 85% of eyes, respectively.
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Wilcoxon signed-rank test was applied. A correlation coefficient was used to analyse
correlation between Nd:YAG laser energy and change in refraction, and the severity of
PCO and change in refraction. Regression analysis was performed to assess the correlation
between subjective and automated refraction. P<.05 was considered statistically significant.

Chapter 3

FIGURE A. Scatterplots of the subjective refraction before and after capsulotomy. Dot size implies the
number of eyes. The blue diagonal line indicates no change, the green line indicates 0.50-D change.
SE = spherical equivalent; DE = defocus equivalent.

The parameters of refraction after capsulotomy are presented in Tables 2 and 3. No subjective
refraction parameters demonstrated a statistically significant change. In autorefraction,
only the change in spherical equivalent was statistically significant. Figure 1 shows the
change in the spherical equivalent and defocus equivalent in subjective refraction after
capsulotomy. The majority of eyes showed a small change of ≤0.50 diopters (D)—51 (93%)
eyes in spherical equivalent and 47 (85%) eyes in defocus equivalent. Four patients showed
a change >0.50 D in spherical equivalent, of whom 3 had a myopic shift and 1 a hyperopic
shift. Eight patients showed a change >0.50 D in defocus equivalent. Figure A presents the
scatterplots of the subjective refraction before and after Nd:YAG laser capsulotomy.
TABLE 2. Change in Subjective Refraction in 55 Eyes After Nd:YAG Laser Capsulotomy.
Parameter
SE
DE
J0
J45
B

Change in Refraction (D)

P Value*

-0.04 ± 0.35
(-1.25 to 0.75)
-0.00 ± 0.40
(-1.00 to 1.00)
+0.03 ± 0.32
(-0.63 to 1.01)
+0.03 ± 0.51
(-1.26 to 1.43)
+0.01 ± 0.33
(-0.82 to 0.75)

.549
.993
.524
.648
.686

SE = spherical equivalent; DE = defocus equivalent; J0 = astigmatic power vector on axis 0; J45 = astigmatic power vector
on axis 45; B = overall blurring strength.
*Wilcoxon signed ranks test.
Values represented as mean ± standard deviation (range).
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TABLE 3. Change in Autorefraction in 68 Eyes After Nd:YAG Laser Capsulotomy.

SE
DE
J0
J45
B

Change in Refraction (D)

P Value *

-0.10 ± 0.27
(-1.00 to 0.375)
-0.03 ± 0.30
(-1.00 to 0.50)
+0.02 ± 0.41
(-1.33 to 1.38)
+0.05 ± 0.52
(-1.87 to 1.48)
-0.04 ± 0.23
(-0.75 to 0.50)

.008†
.584

Chapter 3

Parameter

.654
.336
.338

SE = spherical equivalent; DE = defocus equivalent; J0 = astigmatic power vector on axis 0; J45 = astigmatic power vector
on axis 45; B = overall blurring strength.
*Wilcoxon signed ranks test. †Statistically significant.
Values represented as mean ± standard deviation (range).

TABLE A. Eyes With a Change > 0.50 D in Spherical Equivalent and Defocus Equivalent in Subjective
Refraction.

1

ΔSE (D)
(7,2%)
-0.75

Eyes

ΔDE (D)
(14,5%)
x

Refractive error

Procedure

Corrective measures

Decrease

Cataract

No

2

-0.875

-0.75

Decrease

RLE

No

3

-1.25

+0.75

Increase

RLE

Refractive laser procedure

4

+0.75

-1.00

Decrease

Cataract

No

5

x

-0.75

Decrease

Cataract

No

6

x

-0.75

Decrease

RLE

No

7

x

-0.75

Decrease

RLE

No

8

x

+0.75

Increase

Cataract

Spectacles

9

x

+1.00

Increase

Cataract

Spectacles

ΔSE = change in spherical equivalent; ΔDE = change in defocus equivalent; RLE = refractive lens exchange.

Table A summarizes the data for eyes in which either the spherical equivalent or defocus
equivalent changed >0.50 D in subjective refraction. Of the four eyes with a change >0.50 D
in spherical equivalent, only one had an increase in the refractive error (eye 3) and required
refractive enhancement. This was a patient who had undergone RLE. Regarding the defocus
equivalent, the same eye as described previously (eye 3) and two additional eyes (eyes 8 and
9) from the same patient, also had an increase in the refractive error. This patient decided
to wear spectacles.
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FIGURE 2. Change in the automated refraction after capsulotomy. A change in spherical equivalent
(SE) and defocus equivalent (DE) ≤ 0.50 diopters was noted in 94% and 96% of eyes, respectively.

Figure 2 shows the change in the spherical equivalent and defocus equivalent in automated
refraction after capsulotomy. A change ≤0.50 D in spherical equivalent and defocus
equivalent was noted in 64 (94%) eyes and 65 (96%) eyes, respectively. Four patients showed
a change >0.50 D in spherical equivalent. All had a myopic shift. Three patients showed a
change >0.50 D in defocus equivalent. Figure B shows the scatterplots of the subjective
refraction before and after Nd:YAG laser capsulotomy. The mean energy used during Nd:YAG
laser capsulotomy was 28 ± 18 mJ (range: 10 to 122 mJ). Correlation analysis showed no
correlation between the amount of energy used and the change in subjective refraction
(Spearman ρ<0.18, P>.05 for all parameters). Spherical equivalent, defocus equivalent, J0,
and blurring strength showed no correlation between the amount of energy used and the
change in automated refraction (Spearman ρ<0.11, P>.05 for all parameters).

FIGURE B. Scatterplots of the automated refraction before and after capsulotomy. Dot size implies the
number of eyes. The blue diagonal line indicates no change, the green line indicates 0.50-D change.
SE = spherical equivalent; DE = defocus equivalent.
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The astigmatic power vector J45 showed a statistically significant, but weak, correlation
(Spearman ρ=-0.29, P=.033). Correlation analysis of the severity of PCO and the change in
refraction showed no correlation for either subjective or automated refraction (Spearman ρ
<0.16, P>.05 for all parameters).
Table 4 shows the correlation between autorefraction and subjective refraction before and
after Nd:YAG capsulotomy. Spherical equivalent, defocus equivalent, and blurring strength
values determined by autorefraction are highly correlated with these values in subjective
refraction before and after capsulotomy (r2>0.59, P<.001). The astigmatic power vectors
J0 and J45 determined by autorefraction showed a low correlation with these values in
subjective refraction before and after capsulotomy (r2<0.14 for all parameters, P>.05 and
P<.05, respectively).
TABLE 4. Correlation Between Autorefraction and Subjective Refraction Before and After Nd:YAG
Laser Capsulotomy by Regression Analysis.*

SE

Before Nd:YAG
(n=65)
0.83

<.001

After Nd:YAG
(n=52)
0.85

DE

0.63

<.001

0.59

<.001

J0

0.03

.175

0.04

.176

J45

0.13

.004

0.09

.036

B

0.64

<.001

0.69

<.001

Parameter

P-value

P Value
<.001

SE = spherical equivalent; DE = defocus equivalent; J0 = astigmatic power vector on axis 0; J45 = astigmatic power vector
on axis 45; B = overall blurring strength.
*Determination coefficient r 2 .

DISCUSSION
Emmetropic refraction and good UDVA and CDVA are essential to the satisfaction of
patients with multifocal pseudophakia.4 Manufacturers have advocated performing Nd:YAG
laser capsulotomy prior to considering a corneal laser procedure for residual refractions,
because of the assumption that the IOL might move following Nd:YAG laser capsulotomy
and induce a change in refraction. However, only one study showed a small movement of
the IOL after Nd:YAG laser capsulotomy, but without investigating the change in refraction.10
Other studies showed unchanged anterior chamber depth and refraction after Nd:YAG laser
capsulotomy.11-14
Our study shows that Nd:YAG laser capsulotomy resulted in unchanged refraction for 93%
of eyes. This is in accordance with the findings of previous studies.11-14 Regarding subjective
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refraction, no statistically significant change was noted in spherical equivalent, defocus
equivalent, or blurring strength and no change was noted in the astigmatic power vectors
J0 and J45, which are reasonable surrogates for lens tilt. Furthermore, no significant changes
were found on automated refraction in the defocus equivalent, J0, J45, and blurring strength.
We observed a statistically significant change in spherical equivalent with a mean change
of -0.10 ± 0.27 D. However, this change was small and the standard deviation is below the
repeatability of the autorefraction,17 therefore, the statistical significance of this change
reflects the large sample rather than a clinically relevant difference.
Findl et al.10 reported a small but statistically significant backward movement of monofocal
IOLs after capsulotomy, measured by dual-beam partial coherence interferometry. Their
study was performed on a small population of 32 eyes and the observed mean change
was only 25 μm. Our study is retrospective and measurements of the anterior chamber
depth are not part of a routine clinical examination. However, with an increase in anterior
chamber depth a hyperopic shift in refraction would be expected, but we observed a small
myopic shift in both subjective refraction and autorefraction. Nevertheless, 25% showed
a hyperopic shift in autorefraction, and 38% a shift in subjective refraction. These findings
preclude prediction of the direction of change in refraction based on IOL movement in the
anterior-posterior axis.
Criticism of Findl et al’s study10 was that the application of the contact lens may reduce
intraocular pressure and cause a secondary deepening of the anterior chamber and
possible attendant refractive change.18 However, Findl et al.10 measured anterior chamber
depth on pseudophakic eyes as a control group before application of the contact lens, and
3 to 5 minutes afterwards, and found no significant change in anterior chamber depth.19
We performed postoperative capsulotomy measurements at a later stage so this possible
oculocompression effect does not apply to our study. In diffractive apodized pseudophakia,
autorefractors can provide a good prediction of the subjective refraction,20,21 occasionally
showing errors as large as 1.00 D. Therefore, it is not recommended that autorefraction
be used as a substitute for subjective refraction.22 Subjective refraction should be the
main measurement and the end point for possible spectacle prescriptions or a refractive
laser procedure. We further investigated the prevalence and magnitude of changes
in subjective refraction. We considered a change >0.50 D as clinically relevant. This is in
accordance with Goss and Grosvenor who found a 95% confidence interval for the intraand interexaminer repeatability for this value.20 Regarding subjective refraction, a change
>0.50 D in spherical equivalent and defocus equivalent was noted in 4 (7.2%) eyes and 8
(14.5%) eyes, respectively. Of those, only 3 (5.5%) eyes had a decrease in UDVA as a result
of the change in refractive error and needed corrective measures secondary to possible
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IOL movement caused by Nd:YAG laser capsulotomy. Our study shows a statistically and
clinically significant improvement of visual acuity in both UDVA and CDVA after Nd:YAG
laser capsulotomy. One eye showed a decrease of one Snellen line in CDVA. A possible
explanation for this decrease could be a difference in higher order aberrations induced
by IOL tilt, which could not be assessed retrospectively. The energy used during Nd:YAG
laser capsulotomy has been shown to have no effect on subjective refraction. In automated
refraction, only the astigmatic power vector J45 showed a statistically significant correlation,
but this correlation is weak. No correlation was found between the severity of PCO and
subsequent lens movement (P<.05 for all parameters). The subjective grading of PCO is a
weakness in this analysis. Automated analysis systems for quantifying the severity of PCO are
available,23 but the retrospective nature of our study did not allow use of such automated
techniques. As a secondary outcome we found a high and statistically significant correlation
between automated and subjective refraction for distance acuity in spherical equivalent,
defocus equivalent, and blurring strength. However, we found a low correlation between
automated and subjective refraction in astigmatic power vectors. We do not have a clear
explanation for this difference.
Our study shows that Nd:YAG laser capsulotomy in patients with multifocal pseudophakia
mostly resulted in unchanged refraction. Neither the amount of energy used during
Nd:YAG laser capsulotomy nor the severity of PCO were found to be related to subsequent
changes in refraction. The results show a clinically relevant change in subjective refraction
after Nd:YAG laser capsulotomy in approximately 7% of patients, but the magnitude and
direction of these changes cannot be predicted. These data allow for a better informed
consent regarding refractive expectations after Nd:YAG laser capsulotomy. The secondary
outcome measure shows that autorefraction can provide a good prediction of spherical
equivalent, defocus equivalent, and blurring strength in subjective refraction in eyes
with apodized diffractive multifocal IOLs, but it cannot provide a good prediction of the
astigmatic power vectors.
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We report a case of in-the-bag decentration and tilt of a hydrophilic rotationally asymmetric
multifocal intraocular lens (IOL) of the M Plus type secondary to capsule contraction. After
uneventful surgery and follow-up for 3 months, progressive decentering and tilting of the
IOL secondary to capsule contraction and capsulorhexis phimosis was noticed. A surgical
procedure was necessary to restore correct centration of the IOL. The uncorrected distance
and near visual acuities were restored to logMAR 0. Hydrophilic multifocal IOLs of this
specific design may be sensitive to postoperative decentration. Capsular tension rings may
alleviate the problem in a secondary repair procedure. The softness of the C-loop haptics of
this IOL type may also play a role in the decentration.
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Radially asymmetric multifocal intraocular lenses (IOLs) have recently gained popularity in
cataract and refractive lens surgery (Figure 1).1,2 Optic centration is crucial for good results in
implantation of multifocal IOLs. Radially asymmetric IOLs may be more sensitive to correct
centration secondary to coma-like changes caused by the sectorial near addition zone.3
Haptic design has a role in IOL centration.4 In rotationally asymmetric IOLs, centration and
tilt issues and their effect on visual quality and patient satisfaction have not been resolved.5
Suggestions have been made to improve results with the use of capsular tension rings
(CTRs).5 The IOL material and the tensile strength of the haptics are major factors in IOL
centration and stability, especially if capsule contraction develops.4,6
We report a case in which capsule contraction caused a hydrophilic multifocal IOL with
C-loop haptics to decenter. To our knowledge, this is the first report of decentration of a
new radially asymmetric IOL and alleviation of the decentration by inserting a CTR and
recentering the IOL optic.

CASE REPORT
Radially A 65-year-old healthy man with no ocular risk factors such as retinitis pigmentosa
or pseudoexfoliation syndrome had uneventful cataract surgery with implantation of a
sectorial addition multifocal IOL (LS-312 MF30, Oculentis GmbH) (Figure 1).
Postoperatively, the uncorrected distance visual acuity (UDVA) was logMAR -0.02 and the
corrected distance visual acuity (CDVA) was -0.06 with -0.25 -0.25 x 90. The uncorrected near
visual acuity (UNVA) and corrected near visual acuity (CNVA) were Jaeger (J) 1 at 40 cm with
a plano refraction.

FIGURE 1. The LS-312 radially asymmetric hydrophilic multifocal IOL.
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During the follow-up, the patient returned several times with deterioration in the UDVA
to 0.1 and in the CDVA of -0.1 with a correction of -0.75 -0.25 x 90. The UNVA decreased to
J10 and the CNVA to J3 at 40 cm with +3.00 -1.5 x 90. The change in refraction secondary
to IOL migration within the bag could be followed clinically at the slitlamp. The optic of
this type of sectorial addition multifocal IOL has a reflex centrally on the IOL, which allows
monitoring of the IOL position relative to the nondilated pupil. In our patient, the central
reflex of the IOL sequentially moved temporally. Under dilated pupil conditions, the tilt and
capsule contraction were more apparent (Figure 2) as were the capsule contraction and
capsulorhexis phimosis. Surgery to reposition the IOL was performed within 4 months of
the initial surgery.

FIGURE 2. The IOL is decentered upward in the bag. The rim of the asymmetric near addition is visible
at the 6 o’clock to 8 o’clock position. The capsulorhexis opening is phimosed with subcapsular fibrosis
visible.

During surgery, the IOL was released from the capsule using viscodissection. A CTR (Morcher
GmbH) was inserted and the multifocal IOL centered slightly nasal to the pupillary center.
The anterior capsule phimosis was released by dissecting the subcapsular fibrotic material
using a vitreoretinal forceps and gently pulling the fibrotic tissue from the capsule until
it was released while stabilizing the capsule with a Sinskey hook. The capsulotomy was
enlarged with a Vannas scissors.
Postoperatively, the patient was treated with a schedule of tobramycin 0.3%, dexamethasone
0.1%, and nepafenac 0.1% eyedrops that were tapered over 4 weeks. At 3 months, the UDVA
was logMAR 0, the CDVA was 0 with a plano correction, and the UNVA at 40 cm was 0. These
have remained stable during 18 months of follow-up. The patient was very satisfied with the
results (Figure 3), as the disturbances of visual quality were gone.
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FIGURE 3. Postoperatively, the IOL is centered and the capsulorhexis phimosis has resolved.

DISCUSSION
In multifocal IOL implantation, the visual acuity, refraction, and patient satisfaction results
depend on accurate biometry and IOL position in the bag.4 Problems ensuing from the
multifocality of these IOLs as well as from tilt and decentration of the optic are causes of
dissatisfaction. Centration of the IOL can be assessed in eyes with dilated pupils when the
patient’s gaze is centered by aligning the third and fourth Purkinje reflexes.4 In monofocal
aspheric IOLs, decentration between 0.4 and 0.8 mm may be well tolerated clinically. In
diffractive multifocal IOLs, centration is relatively easy to discern from the central concentric
rings on the optic. In refractive IOLs, transillumination from 1 m through a handheld
ophthalmoscope may indicate IOL centration. In radially asymmetric IOLs of the LS-312
family, the manufacturing process leaves an hourglass reflection in the geometric center of
the IOL that enables centration assessment in any pupil size. For good visual and refractive
results, proper IOL centration is more crucial with multifocal IOLs.4,7 The material and
biocompatibility of the haptics have been shown to play a role in IOL centration.4,8–10 For
example, poly(methyl methacrylate) haptics are sensitive to decentration because of their
manual insertion into the optic during manufacturing and their vulnerability to grasp by
forceps. Hydrophilic IOLs can be very pliable and scratch resistant, which is an asset when
implanting these IOLs through micro incisions but can be a major drawback if capsule
contraction develops. In our patient, the hydrophilic material with soft C-loop haptics proved
pliable and allowed IOL decentration when capsule contraction occurred. This caused
deterioration in the patient’s refractive and visual outcomes and satisfaction, necessitating
a second surgical intervention. The C-loop haptic design of this IOL type has been changed
to a plate-haptic design. Hydrophilic IOL material is more susceptible to lens epithelial
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cell migration and has worse capsule biocompatibility11,12 but better uveal compatibility
because of decreased incitement of inflammation.13,14 Haptic design and angulation
play a major role in anterior capsule response and in posterior capsule opacification.4
Biocompatibility of the IOL material may elicit a response in terms of capsule contraction,
fibrotic plaque formation, and even IOL opacification.4,6,8,10,15 Rotationally asymmetric IOLs
are sensitive to decentration and tilt because of their inherent design characteristics.3,5 The
forces of capsule contraction are reported to cause migration of IOLs in the bag.8–10 Insertion
of a CTR may prevent decentration and enhance proper IOL tilt and may improve visual and
refractive results with these types of IOLs, as shown with other IOL types.5 In our patient,
a combination of factors d capsule contraction and capsulorhexis phimosis coupled with
an asymmetric optic design with a soft haptic design d led to extra surgical intervention
and effort to improve the patient’s deteriorated visual acuity and refraction. Intraocular lens
materials and design, especially in multifocal IOLs, are continuously being developed. In this
case, we presume that the floppy design of the haptics contributed to the IOL migration
within the bag since this IOL design has been withdrawn from the market and replaced by
a plate-haptic-based design. In refractive lens surgery, the IOL design and material play a
pivotal role in biocompatibility and, ultimately, in patient satisfaction.
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To compare outcomes between a new design apodized diffractive hydrophilic multifocal
intraocular lens (IOL) (Seelens MF; study group),and a well-known apodized diffractive
hydrophobic multifocal IOL (SN6AD1; control group). A comparative case series comparing
refractive and visual outcomes at distance and near. Patient satisfaction with a validated
questionnaire, dysphotopsia and straylight measurement scores were recorded at 3 months
post-operatively. The study group comprised 48 eyes and the control group 37 eyes. At
3 months post-operatively the mean uncorrected distance visual acuity (UDVA) was not
statistically signiﬁcant different between the study group and the control group (0.02 ± 0.07
logMAR [SD] vs 0.04 ± 0.09 logMAR). Corrected distance visual acuity (CDVA) was statistically
signiﬁcantly better with the study lens (-0.04 ± 0.05 logMAR vs -0.01 ± 0.04 logMAR (P<.019).
There was no clinical or statistical signiﬁcant difference at the 40 cm distance (0.09 ±
0.12 logMAR vs 0.08 ± 0.09 logMAR). The study group had statistically signiﬁcant better
uncorrected near acuity at 50 and 60 cm distances (P<.03 and P<.007, respectively). In terms
of satisfaction the lenses performed equally. Halos were seen less often with the study lens.
Straylight, as a parameter for visual quality, was signiﬁcantly less with the study lens.
CONCLUSION: The Seelens MF performs equally as well as the well-known SN6AD1 for
UCDA and CDVA. The Seelens MF performs better at intermediate distance, and seems
to allow for better depth of focus, and increased visual quality. More study is needed to
corroborate the last ﬁnding.
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INTRODUCTION

lenses visual side-effects are reported between 10 –18%, which is not dissimilar to apodized
diffractive IOLs.4-6 In any type of multifocal IOL in which the image is split into two images
that are seen simultaneously, one image will be clear, while the other is hardly perceived
or blurred, which in diffractive lenses is usually called the blur circle,3 and is also found in
parallel complaints with radially asymmetric lenses.7,8 These asymmetric lenses have also
been known to cause visual side-effects, which are treated by changing the direction of
implantation; with the sectorial addition upward, or by inserting a capsular tension ring
to reduce tilt and decentration.9 Reading comfort depends on the addition in the lens. In
lenses were the addition is 3.75 D at the IOL plane, the intermediate vision will suffer more
on account of the very near addition at 33 cm. However, introduction of lenses with a +3.0
D addition in the IOL plane have a maximal near vision at 42 cm. Depending on the type of
multifocal IOL and the proﬁle of the refractive/diffractive surface, more or less intermediate
vision is gained or lost.10 The Seelens MF hydrophilic IOL is a multifocal diffractive apodized
IOL in which the apodization distances were adjusted in order to produce two foci, one
for near and one for far, and to reduce the often seen side-effect of seeing halos from
the diffractive rings on the IOL optic, while maintaining a balance in the light distribution
between distance and near. The IOL is pupil dependent, with distance dominance under
mesopic conditions. The proﬁle was designed as such to maximize near vision and optimize
distance vision. The basic design is that of an apodized diffractive lens.8
Here we report the results of a comparative study of a new apodized diffractive multifocal
IOL of hydrophilic material compared to a well-known apodized diffractive hydrophobic
IOL in terms of visual, refractive, stray-light, patient satisfaction, and side-effects.
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Multifocal intraocular lenses (IOLs), whether diffractive or refractive, have been shown
to effectively treat presbyopia.1 The use of these lenses is limited because of side-effects
secondary to the design of the IOLs, high demand in terms of outcome and patient
satisfaction that leads to more chair time, and the fact that in most countries patients
need to pay more for these lenses.1,2 Patients may see halos or have unwanted visual sideeffects secondary to the optic design.3 In an effort to reduce halos seen from refractive and
diffractive lenses with a radially symmetric ring design, asymmetric multifocal IOLs have
been introduced.4-6 In the literature, satisfaction is reportedly high. Furthermore, with these
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METHODS
Two consecutive groups of patients were prospectively compared. The patients had either
a Seelens MF or a SN6AD lens implanted. The indication for surgery was either cataract or
refractive lens exchange. The tenets of the declaration of Helsinki were adhered to. The
guidelines of the Dutch Society of Refractive Surgeons were followed. All patients provided
informed consent. Exclusion criteria were patients with ocular disease other than cataract
(e.g., cataract, macular disease, dry eye syndrome), corneal astigmatism over 1.25 D,
systemic disease such as diabetes with or without retinopathy and an American Society of
Anesthesiologists classiﬁcation of III and higher and systemic disease such as diabetes with
or without retinopathy.
Both groups of patients had multifocal diffractive IOLs implanted for cataracts or for
refractive purposes. There was no randomization. All consecutive cases of these types of
lenses between January 1st 2011 and December 31st 2011 were included.

IOL selection and characteristics
After extensive counselling and at the patient’s and the surgeon’s discretion a lens was
chosen. Patients were told that both lenses were diffractive, that one type is a lens with
which there is extensive experience and good results, and the other lens is a newer type
in which there is less clinical data available, but improvements have been made to the
apodized diffractive rings, that the material is free of glistening, and that the 360 degree
round edge may provide extra protection against posterior capsular opaciﬁcation.
The Seelens MF (Hanita Lenses, Israel) is a hydrophilic apodized diffractive lens with an
overall diameter of 13 mm diameter, made of Benz26 material. The 11 apodized diffractive
rings extend to a diameter of 4 mm on the 6 mm biconvex optic. The lens has two C-loop
haptics with 5 degree angulation and 360-degree sharp-edged optic, separating this from
the haptics, to prevent posterior capsular opaciﬁcation. The lens is injected with SoftJect 1.8
injector and cartridge (Hanita Lenses). The lens has a +3 D addition in the IOL plane.
The SN6AD1 (Alcon, Fort Worth, USA) is a well-known apodized diffractive hydrophobic
lens of Acrysof material (Alcon), with nine rings extending 3.6 mm onto the 6 mm biconvex
optic. The lens has a sharp edge extending on the whole IOL optic and haptic surface, with
no edge between the haptic and the optic. The lens is not angulated. The near addition is
+3.0 D in the IOL plane.

60

Comparison of a hydrophilic and a hydrophobic apodized diffractive multifocal intraocular lens

Outcome measures and statistical analysis
The primary outcome measure is the uncorrected/corrected distance visual acuity between
the study and the control group. The secondary outcome measure is patient satisfaction,
in which we expect the newer lens to have fewer complaints with regard to halos. Preoperative assessment included a complete refractive and ophthalmologic examination,
topography and pupillometry with the Orbscan (Technolas, Germany) and biometry with
IOL Master (Zeiss, Germany). Pre- and post-operatively straylight was measured with the
C-Quant straylight meter (Oculus Germany). Post-operative incidence of halos was assessed
at 3 months.
Full refractive and ophthalmic examination with visual acuity and refraction was performed
at 3 months and compared to the pre-operative parameters.
Uncorrected distance visual acuity (UDVA), corrected distance visual acuity (CDVA),
uncorrected near visual acuity (UNVA) and corrected near visual acuity (CNVA) was assessed
pre- and post-operatively. The achieved refraction was calculated in spherical equivalent
(SE) refraction and compared between the groups. The change in straylight was measured
and analysed. Post-operative rates of outcome between ± 0.5 D and ± 1.0 D were calculated.
Near visual acuity was measured post-operatively at 3 months at distances between 30 and
70 cm with 10-cm intervals and compared between the study group and the control group.
Complications were registered and analysed. Statistical analysis was performed using PAWS
Statistics software (version 18.0 SPSS, Inc). When applicable, nonparametric analysis was
performed using the Student t, Chi squared, and Pearson tests.
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Surgical technique
All surgeries were performed under local anesthesia with an oral sedative (Oxazepam 10 mg)
administered 20 min prior to the procedure. The pupil was dilated with 1.0% cyclopentolate
instilled three times with 5 min apart and intracamerally with 1:10 000 phenyl-ephrine
in balanced salt solution. Anesthesia was achieved with 1.0% oxubupivocaine and 1.0%
tetracaine drops and a 0.5 mL subconjunctival injection of 2% lidocaine.
The surgery was performed using standard phacoemulsiﬁcation technique through
a 2.2-mm incision at the 12 o’clock position. The IOLs were implanted with the injectors
supplied by the respective manufacturers. Target refraction was emmetropia in all cases. In
the Seelens MF the SRK-T formula was used, and for the SN6AD1 the Haigis formula with
optimized constants was used.
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RESULTS
Demographics
The study group comprised 48 eyes of 25 patients. The control group had 37 eyes of 20
patients. Table 1 shows the patient demographic data. The groups were well matched in
terms of age, indications for surgery, and CVDA. In terms of refraction there was a statistically
signiﬁcant difference, but the axial lengths and anterior chamber depths were well matched.
The pre-operative pupil diameters were well matched.
TABLE 1. Pre-operative between-group comparison of patient demographics.
Demographic
Eyes(n)
Female sex, n (%)

Study Group

Control Group

P value

48

37

-

7(28)

9(45)

.18

Mean age (years) ± SD

57.4 ± 2.81

59.6 ± 7.49

.14

Mean CDVA (logMAR) ± SD

0.10 ± 0.62

0.09 ± 0.13

.20

28(58)
20(42)

27(73)
10(27)

1.14 ± 1.59
-3.5D to +5.75D

0.31 ± 3.12
-6.5D to +5.25D

.051

-0.45 ± 0.38
0 to -1.25

-0.67 ± 0.32
-0.25 to -1.50

.009

1.19 ± 1.68
-3.88 to +5.13

-0.02 ± 3.06
-6.88 to +5.00

.035

23.47 ± 1.56
22.17 to 25.54

23.84 ±1.78
21.01 to 27.45

3.33 ± 0.12
2.61-3.93

3.24 ± 0.43
2.70-4.56

.34

3.39 ± 0.21
2-41

3.46 ± 0.85
2.3-4.6

.49

Indication for Surgery
Cataract, n(%)
RLE, n(%)
Sphere (D)
Mean ± SD
Range
Cylinder (D)
Mean ± SD
Range
Spherical Equivalent (D)
Mean ± SD
Range
Axial Length
mm ± SD
Range
Anterior Chamber
Depth mm
± SD
Range
Pre-operative pupil diameter
mm ± SD
Range

.16

.30

CDVA= corrected distance visual acuity; RLE = refractive lens exchange; SE= spherical equivalent; NS= not signiﬁcant.
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Refractive and visual outcomes
Table 2 shows the pre- to post-operative change in refractive parameters. The post-operative
SE out-comes were very close to emmetropia. The pre- to post-operative differences were
statistically signiﬁcant for the sphere and SE in the study group. The refractive changes
in the control group were not statistically signiﬁcant. Table 3 shows the between-group
comparison of the post-operative outcomes.
In terms of spherical outcomes and SE, the study and control groups had very similar
outcomes. The difference in the cylindrical outcome is statistically signiﬁcant better with
the study lens. In the study group 44 eyes (92%) were within 0.5 D of emmetropia, and
47 eyes (98%) were within 1.0 D of emmetropia. In the control group 35 eyes (95%) were
within 0.5 D of emmetropia, and all eyes (100%) were within 1 D of emmetropia. Figure 1
shows the change in UCDA post-operatively and the difference between the study and
the control group. The study group was slightly better than the control group with a mean
UDVA of 0.02 ± 0.07 logMAR versus 0.04 ± 0.09 in the control group. This was not clinically
or statistically signiﬁcant. Figure 2 shows the outcomes of CDVA for the study group and the
control group. The difference at 3 months is in favor of the study group, with a mean CDVA
of logMAR -0.04 ± 0.05 in the study group versus logMAR -0.01 ± 0.04 in the control group
(P<.019). Figure 3 shows the UNVA at 40 cm throughout the ﬁrst 3 months. The results are
comparable for the study and the control groups and were maintained during the 6 months
of follow-up. Figure 4 shows the UNVA and CNVA at 40 cm and the differences in UNVA at
10-cm incremental intervals. The study group has a mean logMAR of 0.09 ± 0.12 UNVA at 40
cm and the control group has a mean logMAR of 0.08 ± 0.08 UNVA at 40 cm. This was not
clinically or statistically signiﬁcant. However, there was a clinical and statistical signiﬁcant
difference at the 50 and 60 cm distances where the study group performed better than the
control group (P <.03 for 50 cm and P<.007 for 60 cm).
TABLE 2. Change in sphere, cylinder and spherocylindrical equivalent pre-operatively to postoperatively.
Group/parameter
Study
Sphere
Cylinder
SE
Control
Sphere
Cylinder
SE

Preoperative
Mean (D) ± SD

Postoperative
Mean (D) ± SD

P Value

1.41 ± 1.59
-0.45 ± 0.38
+1.18 ± 1.68

0.23 ± 0.42
-0.41 ± 0.39
0.03 ± 0.40

<.0001
.24
<0.0001

0.31 ± 3.12
-0.67 ± 0.32
-0.02 ± 3.06

0.29 ± 0.25
-0.63 ± 0.42
0.07 ± 0.16

.65
.91
.81

SE = spherical equivalent.

63

Chapter 5

Comparison of a hydrophilic and a hydrophobic apodized diffractive multifocal intraocular lens

Chapter 5

TABLE 3. Post-operative comparison between the study and the control groups
Parameter
Sphere (D)
Mean ± SD
Range
Cylinder (D)
Mean ± SD
Range
SE (D)
Mean ± SD
Range

Study group

Control group

P Value

0.23 ± 0.42
+1.75, -0.75

0.29 ± 0.25
+0.75, -0.25

.43

-0.41 ± 0.39
0.00, -1.50

-0.63 ± 0.42
0.00, -1.50

.041

0.03 ± 0.40
+1.50, -0.75

0.07 ± 0.16
+0.38, -0.25

.54

FIGURE 1. Mean uncorrected visual acuity up to 6 months after surgery. At all time-points measured
post-operatively the study group and the control group performed equally in terms of uncorrected
distance visual acuity and were not statistically signiﬁcantly different

FIGURE 2. Comparison of the post-operative corrected distance acuity up to 6 months. The difference
between the groups is small but statistically signiﬁcant in favor of the study group (P<.019).
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FIGURE 3. UNVA at 40 cm at different time-points in the follow-up period. The study group and
the control group perform equally well. There were no clinical or statistically signiﬁcant differences
between the groups.

FIGURE 4. Difference in near acuity at different distances with or without correction. There is no
clinical or statistical difference for the 30 and 40 cm distance between the study and control groups.
However, there is a clinical and statistically signiﬁcant better reading at 50 and 60 cm for the study
group (P<.03 at 50 cm and P<.007 at 60 cm)

Straylight
Straylight at 3 months changed from a mean log S of 1.276 ± 0.078 in the Seelens MF group
to 1.077 ± 0.237 (P<.0001). In the SN6AD1 group straylight reduced less from 1.243 ± 0.594
pre-operatively to 1.189 ± 0.0194 post-operatively (P<.25). The mean difference between
the study and the control groups post-operatively was a -0.12 log S in favor of the study
group (P<.002).
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Halos
Halos were reported at 3 months in three (12%) patients in the study group and ﬁve (28%)
patients in the control group. This difference did not reach statistical signiﬁcance, even
though there is a clinical signiﬁcance.
Complications
In one eye in the study group a decentered lens with capsular phimosis was operatively
decentered with an UCDA of 0.16 logMAR and a CDVA of 0 three months after the
intervention. In the control group a case of capsular phimosis that needed surgery had a
UCDA of 0.2 post-operatively and a CDVA of 0. After these second interventions no further
problems were encountered in these patients.
Satisfaction
Overall, 24 (96%) patients in the study group were satisﬁed with the multifocal IOLs. One
patient was dissatisﬁed, and this was because of a residual refraction of S +0.25C - 0.50 x 125.
The uncorrected vision in this eye was 0.06 logMAR while in the other eye it was -0.06 with
a plano refraction. In the control group 19 (95%) patients were satisﬁed with the surgery
and the effect on vision. The one patient who was not satisﬁed had an UDVA of logMAR 0.1
and a CDVA of logMAR 0, with a refraction of S 0 C - 0.25 x 110. The other eye had a plano
refraction and UDVA of -0.08. There was no clinical or statistical difference in satisfaction
between the study and the control groups.

DISCUSSION
In the past decade the use of multifocal diffractive and refractive lenses has developed
tremendously.10 The surgeon has a wide range of choice in terms of IOL materials, refractive
of diffractive proﬁles, and addition proﬁles, while many patient-related factors play an
important role.10 In this study we have shown that the latest addition in terms of diffractive
apodized multifocal lenses, i.e., a lens of hydrophilic material, compares very well to a wellknown and widely used apodized diffractive lens of hydrophobic material.11
In terms of CDVA the study lens (Seelens MF) performed clinically slightly better than the
control lens (SN6AD1), but this difference was statistically signiﬁcant. In terms of UDVA
the two lenses are on par. For the UNVA the lenses show a different functional proﬁle. The
reading at the 30 and 40 cm distance is excellent with both lenses, and statistically there is
no difference. However, in the study group the UNVA at distances between 50 and 60 cm
was statistically better than in the control group. Pre-operative pupil size could not account
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for this, as the groups were well matched. Post-operative pupil sizes are expected to react
similarly as no complications relating to iris integrity occurred. However, corneal higher
order aberrations were not measured or taken into account. One of the reasons for this is
possibly the change in the proﬁle and the apodization of the newer IOL, which allows for
more depth of focus for the near vision focus.12
The mean refractive outcomes compare very well between the groups. We see a larger
spread of the achieved refraction with the Seelens MF. In the Seelens MF, because of its
novelty, the optimized a0 , a1, and a2 constants for the Haigis formula were not yet available
at the time of surgery, and as a result lens calculations had to be made with a formula that
does not take into account the effective lens position with constants. We expect that with
more experience and elucidation of the constants the results will improve, and that mainly
the prediction of the post-operative anterior chamber depth will be the main source of IOL
calculation error.13
Straylight is a reliable and repeatable measure of visual quality.14-16 The measurements at 3
months showed a clinical and statistical signiﬁcant difference in favor of the Seelens MF. A
signiﬁcant decrease in straylight was found post-operatively in the study group (-0.20 log S,
P<.0001), and signiﬁcantly less straylight in the study group compared to the control group
post-operatively (-0.12, P<.002). The adjustment of the apodized diffractive proﬁle possibly
allows for more light to reach the retina without disturbance, and less forward scatter.
The mechanism directed at reducing post-operative halos from the diffractive proﬁle also
improved visual quality, as demonstrated by the reduction in straylight compared to the
control group. The effect of diffractive multifocal IOLs on straylight is small. In two studies
by the same group, Cervinó et al. found that there was no difference in straylight between
eyes implanted with a monofocal IOL versus a group implanted with the SN6AD3 diffractive
apodized IOL (ReSTOR, Alcon).17,18
In these studies there was no relationship between subjective complaints of halos and glare
and objectively measured straylight.14,18 De Vries et al. found a small but signiﬁcant lower
straylight in monofocal lenses, and concluded this was caused by the diffractive pattern of
the multifocal IOL.19 Ehmer et al. found that refractive multifocal IOLs have less straylight, but
more halos and subjective complaints than diffractive or segment addition IOLs; however,
each study group consisted of only 10 eyes.7 Glistenings as a source of increased straylight
in the hydrophobic (control) group versus the hydrophilic (study) group is probably not
the cause for the difference in straylight. One reason is because glistenings develop over
time, and here the cut-off point was 3 months, and the other reason is because glistenings
behave like a localized effect, comparable, for example, to defects caused by pitting of the
IOL when performing a Nd-YAG-laser capsulotomy; the defects are not large enough to be
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detected by straylight measurements.20 Since the outcomes of straylight in multifocal IOLs
in the literature are mixed, this topic needs attention in future research.
Halos play a role in visual quality after surgery in all diffractive and refractive IOLs with a
symmetrical concentric design with rings. We found at 3 months that the Seelens MF group
had less halos (in terms of incidence 12% versus 28%); however, this difference was not
statistically signiﬁcant, even though there was a trend to signiﬁcance (P<.12). We think that
the lack of signiﬁcance could be solved by enlarging the sample sizes.
Patient satisfaction was high in both groups. Interestingly, there seems to be no relationship
between the actual observed and objectivised outcome and patient dissatisfaction. Two
patients, one in each group, were not satisﬁed with the multifocal IOL. In both instances
the patients had a relatively good refractive outcome but with some asymmetry, with one
eye having excellent UCDA and the other a minor residual refractive error. Both patients did
not opt for a lens exchange, and the residual error was deemed to be too small for corneal
laser enhancement. We now know after further follow-up that both patients adjusted to
the situation.
In comparison with historical data, we see that satisfaction is as high as we expect it to
be with apodized diffractive multifocal IOLs. The incidence of halos in a previous study
was approximately 18.18%,while in our study it was 28%.5 We think this might be related
to our sample size. If the difference between the halos is real, a larger sample needs to
be examined in order to determine whether the improvements and adjustment of the
apodized diffractive proﬁle of the IOL reduce halos. Clinically this already seems to be the
case.

CONCLUSION
The Seelens MF performs well compared to a well-known multifocal apodized IOL, the
SN6AD1. The lens material and design of the Seelens MF show a clinical and statistically
signiﬁcantly improvement in straylight and quality of vision. Clinically the incidence of halos
was less in the study group; however, this was statistically not signiﬁcant. Near acuity was
comparable in both groups, with a clinically and statistically signiﬁcant advantage for the
Seelens MF at the 50 - 60 cm distances. The Benz26 material makes the Seelens MF free of
glistenings, but the SN6AD1 is a lens that has been used more often with excellent results,
and excellent possibilities of accurate IOL calculation.
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ABSTRACT
PURPOSE: To evaluate whether the automated refraction (AR) correlates with subjective
manifest (MR) refraction in eyes implanted with radially asymmetric multifocal IOLs.
METHODS: This retrospective study evaluated 52 eyes (52 patients) implanted with a
radially asymmetric multifocal IOL (LS-312 MF30, Oculentis, Germany). At 3 months postoperatively the AR and MR values were compared in order to determine the correlation
between the sphere (S), the spherical equivalent (SE), and the astigmatic components J0
and J45.
RESULTS: The difference of mean spherical measurement was +0.98D ± 0.62, with the AR
measuring more myopic. The difference of the mean spherical equivalent was +1.11D ±
0.57, again with AR being more myopic. Both these differences were statistically significant
(p<0.001). The astigmatic components showed less differences, with the mean difference
of the J0 being -0.09D ±0.43, and the J45 of +0.04D ±0.47, which were both not statistically
significant (p=0.123 and p=0.531 respectively). Correlation analysis of the refractive
parameters showed r2=0.067, r2=0.078, r2=0.018, and r2=0.015 respectively, all of which
point to a low correlation between the AR and the MR.
CONCLUSION: Autorefraction shows poor correlation to manifest subjective refraction with
these radially asymmetric multifocal IOLs. The autorefraction systematically underestimates
the spherical and spherical equivalent power, while the correlation with the astigmatic
components was also low. Autorefraction seems not a valid starting point for manifest
subjective refraction with these types of lenses, unless a corrective factor of about +1
diopter is used.
PRÉCIS: Autorefraction and subjective manifest refraction do not correlate well in eyes
implanted with sectorial addition multifocal IOLs with a geometrically asymmetric design.
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INTRODUCTION

PATIENTS AND METHODS
Through the computerized surgery logs all the eyes implanted with the LS-312 MF30
(Oculentis, Germany) were identified. All data were gathered prospectively, conform the
guidelines of the Dutch Society of Refractive Surgery.A Data of the post-operative AR and MR
obtained 3 months postoperatively were entered in a data-base. Only complete datasets
were included. Ninety eight eyes of 52 patients were identified. In 6 patients one eye was
implanted with the LS-312 MF 30 version of the lens, while in the other eye a toric version
of the lens was implanted. The toric lenses were excluded from analysis. In the other 46
patients both eyes were implanted and we included one eye after randomization. Exclusion
criteria were: ocular surface disease, corneal disease, previous corneal surgery, glaucoma,
amblyopia, and macular disease.
In the 52 eyes included in the study, 33 eyes were implanted for a cataract and 19 eyes for a
refractive lens exchange. The mean age was 61.7 years at the time of surgery, with a range of
47.8 years to 75.5 years. Of the 52 patients, 28 were female (53.8%). A comparison was made
between AR and MR in the sphere, spherical equivalent, and the astigmatic components J0
and J45. The tenets of the declaration of Helsinki were adhered to. All patients signed a preoperative informed consent allowing the use of the data in scientific reports, in accordance
with the GPC-IHC guidelines.
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As recently as 3 years ago a new type of multifocal intraocular lens (MFIOL) was launched.
The LS-312 MF30 is an asymmetric refractive MFIOL launched in 2009. Different studies
have shown it effectively provides far and near uncorrected vision.2-4 However, nowadays
patients having a refractive lens procedure, be it cataract or refractive lens exchange, have
high expectations, in terms of refractive and visual outcome. The process of postoperative
refraction is important: a. to confirm the refractive outcome, and refine future IOL
calculations, b. to confirm the individual outcome of the patient, c. to provide an objective
basis on which residual refractive error if they occur can be treated, if needed. Automated
refraction after cataract surgery with monofocal IOLs is considered a starting point for
subjective manifest refraction.5,6 It has been shown that with diffractive MFIOL there is a
good correlation between automated refraction (AR) and subjective manifest refraction
(MR).6,7 With refractive MFIOLs there was a lesser correlation between AR and MR.4 In this
study we compare the results of AR and MR with the LS-312 MF30 (Oculentis, Germany). As
far as we are aware this is the first study in the literature reporting the correlation between
AR and MR with this type of radially asymmetric refractive MFIOLs.
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Surgery
The indication for phacoemulsification surgery was either a cataract or a refractive
error. Inclusion criteria were cataract or a refractive error with presbyopia. Two surgeons
(RLG and IvdM) performed all surgeries. Biometry was done with the IOLn master (Zeiss,
Germany). The Haigis and SRK-T formulae were used concurrently in the IOL calculation. All
patients were implanted with the LS-312 MF30 lens (Oculentis, Germany), during standard
phacoemulsification surgery done under topical anesthesia. At 3 months complete
ophthalmic examination was performed including: uncorrected and corrected distance
and near acuity, as well as slit-lamp examination, dilated fundoscopy, and tonometry.
Autorefraction was done (Topcon KR-8100, Topcon corp, Nagoya, Japan) as well as
subjective manifest refraction.
LS-312 MF30
The intraocular lens implanted is a new generation hydrophilic refractive multifocal IOL, with
a +3D addition in the IOL plane. The multifocality is achieved by a near addition segment
that is embedded in the 6 mm optic.

FIGURE 1. The LS-312 MF30 hydrophilic refractive radially asymmetric IOL. On the left side one can
see an overview of the IOL, and on the right side the embedded near addition section is shown.
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Statistics
Statistical analysis was performed using SPSS for Windows (version 21.0, SPSS, Inc).
Randomization was done using nQuery Advisor 7.0. The paired t-test was used to look for
differences between AR and MR, after checking for normal distribution of the data. A level
of P<.05 was considered to be statistically significant. Linear regression analysis was used
to measure correlation between AR and MR. Bland Altman plots were used to show the
agreement (interchangeability) between the two measurement methods.

RESULTS
Distance visual acuity and refractive results
Postoperative at 3 months the mean uncorrected distance acuity was logMAR 0.05 ± 0.15
(range -0.18 to 0.70), and a mean corrected distance acuity of logMAR -0.02 ± 0.09 (range
-0.18 to 0.32). The mean target refraction was -0.08D ± 0.17. The mean achieved refraction
was +0.16 ± 0.38. The mean of the differences was 0.24D ± 0.43. In 73% the outcome was
within 0.5D of the target refraction, and in 96% within 1.0D of the targeted refraction.
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Refractive protocol
All refractions were done by an optometrist in the same 3 meter condensed refractive lane,
under identical the same illumination conditions, using the ETDRS chart. Manifest refraction
was based on subjective refraction in a phoropter and the UDVA. Based on the target of
the biometry the spherical component was increased and decreased in steps of 0.25D
and the visual acuity recorded. At the best visual acuity the refraction was refined in the
spherical as well as the cylindrical components with cross-cylinders in increments of 0.25D.
The duochrome test was used to prevent under or over correction.6,7 Manifest refraction
was recorded to the nearest 0.25 DS, 0.25 DC, and 2.5°.The Topcon KR-8100 (Topcon Corp,
Nagoya, Japan) autorefractometer also works according to the Scheiner double pinhole
principle. Two light sources are imaged in the plane of the pupil to simulate the Scheiner
pinhole apertures. A photodetector observes the degree of coincidence between the two
images on the fundus. The focus is adjusted by axial displacement of the illumination and
detection systems. The automated tracking and shot functions were utilized, and three
measurements were the basis to obtain a mean refractive power.5
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Manifest and automated refraction results
In table 1 the results of the mean sphere, spherical equivalent, and astigmatic components
are shown. At 3 months there was a mean difference between AR and MR in terms of
the spherical equivalent of +1.11D ± 0.57, with the AR being more myopic than the MR
(P<.001). The mean difference of the sphere was +0.98D ± 0.62, P<.001, with the AR being
more myopic than the MR. The mean difference of the cylinder was 0.26D ± 0.38 (P<.001),
with a mean difference of the axis of 6.88 degrees ± 48.1 (P=.89).In terms of the astigmatic
components, the mean difference of the J0 was -0.09D ± 0.43, and the mean difference of
the J45 was +0.04D ± 0.47. Both differences were not statistically significant (P=.123 and
P=.531 respectively).
TABLE 1. A summary of the mean sphere, spherical equivalent, and the astigmatic components of the
manifest and automated refraction. The automated refraction measures the sphere and the spherical
equivalent more myopic than the manifest subjective refraction (p<0.001).
Manifest

Automated

D + SD

range

D + SD

range

Mean S

+0.50D ± 0.46

-0.50 to +1.50D

  -0.48D ± 0.56

-1.75 to +0.75D

Mean C

0.66D ± 0.50

0 to 2.5 D

0.93D ± 0.54

     0 to 2.5 D

Mean SE

+0.16D ± 0.38

-0.75 to +1.00 D

  -0.94D ± 0.55

  -2.25 to +0.13 D

Mean J0

+0.01D ± 0.29

-1.10 to +0.75 D

+0.10D ± 0.35

-0.87 to +0.78D

Mean J45

+0.05D ± 0.29

-0.66 to +0.75 D

+0.01D ± 0.40

  -1.10 to +0.91 D

D = diopter; SD = standard deviation; S = sphere; SE= spherical equivalent.

Correlation between automated and manifest subjective refraction
Figure 1 shows the regression plots for the results in terms of sphere, spherical equivalent
J0 and J45. In all 4 parameters the correlation was found to be low. Automated refraction
correlates poorly with the manifest subjective refraction. In terms of the sphere and spherical
equivalent the automated refraction measures a more myopic refraction than subjectively
found. In 50 of 52 (96%) eyes a more myopic sphere was found in the AR, and in 51 of 52
(98%) eyes a more myopic SE was measured on AR. Figure 2 shows Bland-Altman plots of
the agreement between autorefraction and subjective manifest refraction, with difference
between the values plotted as a function of subjective manifest refraction. For sphere, the
mean difference was 0.98 ± 0.62 (95% limits of agreement [LoA], -0.24 to 2.20). For SE, the
mean difference 1.11 ± 0.57 (95% LoA, -0.01 to 2.23). For J0, the mean difference was -0.09
± 0.43 (95% LoA, -0.93 to 0.74). For J45, the mean difference was 0.04 ± 0.47 (95% LoA, -0.87
to 0.95).
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FIGURE 2. In this figure the correlation between the autorefraction values (on the x-axis) and the
manifest subjective refraction values (on the y axis) are represented for the Sphere (S), the Spherical
Equivalent (SE), and the J0 and J45 (astigmatic vector powers). The size of the dot is proportional to
the number of eyes.

DISCUSSION
The purpose of our study was to determine the correlation between automated refraction
and subjective manifest refraction with a new generation sectorial addition multifocal IOL.
In our study we found that the AR consistently measured a more myopic refraction than
was obtained with subjective manifest refraction. For the spherical component there was a
mean difference of +0.98D ± 0.62 while for the spherical equivalent the mean difference was
+1.11D ±0.57, both statistically significant (P<.001). The astigmatic components showed a
statistically significant mean difference of -0.09D ± 0.43 for the J0 and +0.04D ± 0.47 for the
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J45, which was not statistically significant. In all 4 refractive parameters a poor correlation
was found: for the sphere r2=0.067, for the spherical equivalent r2=0.078, for the J0r2=0.018,
and for the J45r2=0.015.

FIGURE 3. In these Bland Altman plots the agreement between autorefraction values and subjective
manifest refraction values are shown. On the x-axis the manifest subjective refraction values are
represented, and on the y-axis the difference between subjective manifest refraction values en
autorefraction values are represented. The solid lines represent the mean agreement and the dashed
lines represent the 95% limit of agreement. The size of the dot is proportional to the number of eyes.

Most studies up to now include visual acuity and refractive data, but autorefraction has not
been mentioned in these studies.2-4 In our study we found that there is a low correlation
between automated refraction and subjective manifest refraction in eyes implanted with
radially asymmetric multifocal IOLs of the LS-312 MF30 type. The specific structure of this
IOL, having a near zone embedded in one third of the optic, leaving the central 1.2 mm zone
clear for distance viewing, has been associated with tilt and coma.2 However, as AR is often
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used as the starting point for subjective manifest refraction, the reliability of the AR is very
important. Accurate refraction post-operatively serves several purposes. The first purpose is
the need of the patient for an accurate outcome, in order to have optimal unaided distance
and near vision. The second reason is to determine accuracy of the biometry, and allow
the surgeon to improve future IOL calculations. The third point lies in the medico-legal
realm, where the absence of accurate refraction allows a malingering patient to state that
the refraction is wrong, and an objective measure guiding the physician does not exist,
giving room to discussion over the outcome of the elective surgery for which out-of-pocket
payment exists. The final issue with inaccurate AR lies in the time-consuming nature of
refraction, when the AR is not reliable or available – this leads to an increased effort and
length of chair-time, reducing the efficiency of the practice.
In the literature as well as in clinical practice the accuracy of AR is perceived as serving as a
basis for refraction, but not replacing subjective manifest refraction in eyes implanted with
monofocal IOLs.6,9-12 Several factors may confound accuracy of autorefraction. For example,
in phakic eyes the AR can cause more myopic measurements as results of accommodation,5
but in pseudophakic eyes this cannot occur, as the pseudophakos does not contribute to
accommodation. Previous corneal surgery such as PRK and LASIK are a source of inaccuracy
in the measurement.13,14 Pesudovs6 has shown that the KR-8000 series (Topcon Corp,
Naguya Japan) has an excellent clinical correlation between the autorefraction and the
clinical refraction in monofocal IOLs. As a results we deem that that the difference between
the autorefraction and the subjective refraction as found in our study was secondary to the
IOLs design and multifocality, and not due to the autorefractive technology.
In studies of correlation between automated refraction on multifocal IOL, the results seem
to be specific to lens types.5,7,8,15 In the ReZoom IOLs (AMO, USA) a more myopic spherical
outcome and relative good correlation with the astigmatic correction could be found.8
In an earlier study we conducted, we found that in apodized diffractive IOLs the spherical
power was within the limits of repeatability and reliable, but that the cylindrical measurement
on apodized diffractive MFIOL was not dependable.15 Our study corroborated findings on
apodized diffractive IOLs in the study of Bissen-Miyajimaet al.7 Reasons for results with
autorefraction being more or less dependable with different types of MFIOL can be many.
Muñoz states that the production of 2 images at the retinal planes by the refractive multifocal
IOL causes scatter of the infra-red beam of the autorefractometer, leading to inaccurate
results.8 In refractive type IOLs pupil-size may confound the autorefraction outcomes,
actually the geometry of the lens may cause the inaccuracy in the measurement.7 However,
in diffractive IOLs we also find that the image is split into two retinal planes, but the results
of the AR was reliable in the spherical component, and not in the astigmatic measurement.7
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Specific causes of measurement error with the autorefractometer with the sectorial addition
multifocal IOL could lie in its geometrical asymmetry, which induces vertical coma and tilt
as measured by double pass techniques.2 Possibly it is exactly this geometrical asymmetry
that confounds the measurement with infra-red beams in conventional autorefractometers,
and renders this manner of measuring refraction inaccurate.
In our patient population we have no data concerning post-operative aberrometry. Previous
studies with this IOL have shown that there is an increase in coma, which clearly represents
the add in segment of the LS-312, and that lens tilt can be discerned.2,16 However the double
pass technology used in those studies is not considered reliable in diffractive multifocal
IOLs,17 and there is no literature concerning the validity of the double pass technology in
asymmetric refractive multifocal IOLs such as the LS-312.
Based on our findings, in geometrically asymmetric multifocal IOLs automated refraction
is not a valid starting point for subjective manifest refraction. This has clinical implications
in terms of time needed for an accurate measurement, inability to support subjective
measurements with objective measurements, and may render the process of refraction in
current clinical practice inaccurate.
In conclusion: Automated refraction with radially asymmetric (that is sectorial addition)
multifocal IOLs deviates from the subjective manifest refraction in such a way as to be
unreliable. Subject manifest refraction is the most accurate way of measuring refraction in
these eyes, in day to day clinical practice. In asymmetric multifocal IOLs AR should not be
the starting point for a subjective manifest refraction, unless a corrective factor of about +1
diopter is used.
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ABSTRACT
PURPOSE: To analyze the symptoms, causes and treatment of patient dissatisfaction after
implantation with radially asymmetric multifocal intraocular lenses (mfIOL) and relate them
to the special optic design of the mfIOL.
METHODS: A prospective case series of patients presenting with complaints after radially
asymmetric mfIOL implantation. Main outcome measurements: types of complaint,
uncorrected and corrected visual acuities at distance and near, refraction and type of
further treatment.
RESULTS: Forty-three eyes of 24 patients were included. Blurred vision was reported in 34
eyes (79.1%), and photic phenomena in 19 eyes (44.2%). The complaints were treatable
in 33 of 43 eyes (76.7%). Corneal refractive surgery was done in 13 eyes, with statistically
significant improvement in cylindrical refractive error and in uncorrected distance visual
acuity. An IOL exchange was performed in 3 (6.9%) eyes and IOL repositioning in 1 eye
for decentration secondary to capsule contraction (2.3%). In 3 patients spectacles were
prescribed. Reassurance was the only treatment in the remaining cases. In 1 patient the
complaints were deemed to be secondary to non-functional visual loss.
CONCLUSION: In most cases the cause of dissatisfaction after implantation with radially
asymmetric multifocal IOLS can be diagnosed and addressed. Complaints were found to
be related to multifocality. No complaints specific to the asymmetric optic design could
be found, except for the outline of the dysphotopic complaints, and capsular contraction
secondary to soft haptics.
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INTRODUCTION
Multifocal IOLs (mfIOLs) have been shown to restore distance and near uncorrected visual
acuity effectively.1 Most side-effects of multifocal lenses are related to the multifocal design.
Complaints pertaining specifically to the mfIOL design are dissatisfaction with specific
work distances, the necessity for bright light for close (near) tasks in pupil-dependent
mfIOLs, decreased contrast sensitivity and possibly increased straylight, as well as increased
dysphotopsias, halos and effects directly related to the design of the optic.1-4
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In 2009 the LS-312MF, a new type of mfIOL, was launched; it is a hydrophilic multifocal
IOL with non-angulated C-loop haptics. Later the LS-313MF (Oculentis GmbH, Germany)
and MFT with plate haptics were launched (Figure 1); the design is a radially asymmetric
mfIOL, with a refractive surface, in which the near addition is asymmetrically embedded
in the optic of the IOL. Initial results in the literature have shown satisfactory distance and
near uncorrected visual acuity, and patient satisfaction with the outcomes.5-7 Optical quality
and aberrations have been studied as well, and have shown an increase in coma related
to the optic design and IOL tilt.8-9 The effect of the optic design on contrast sensitivity (CS)
in radially asymmetric versus diffractive IOLs is still uncertain, with some studies showing
better CS in the rotationally asymmetric IOLs,8,10 and other studies showing the diffractive
IOLs to have less CS reduction.11 However, the expectations were that this IOL design would
lead to fewer optic-related side-effects.7

FIGURE 1. The LS-313 MF30 and the LS 3-12 MF lenses.

85

Chapter 7

The purpose of the current study is to investigate what the most common reasons are for
dissatisfaction with the radially asymmetric type of lenses, whether these are specific to this
type of lens, and whether they are amenable to treatment.

PATIENTS AND METHODS
Study design
All patients implanted with a radially asymmetric IOL of the types LS-312 and LS 313
(Oculentis GmbH, Germany) and presenting with post-operative complaints were
prospectively included in a cohort between September 2009 and June 2013. The study
was performed at a tertiary referral hospital with a clinic dedicated to problems related to
refractive surgery and a private refractive surgery clinic. The local ethics committee of the
Academic Medical Center in Amsterdam approved the study. Complaints were recorded
and classified as blurred vision, photic phenomena, halos, distance or near vision problems.
Demographic data were recorded concerning the patient, the biometry of the eye, pre- and
post-operative refraction, and visual acuity, both uncorrected and corrected at distance and
near.
Visual acuity and refraction tests were performed in the same 3 m condensed refraction
lane (Rodenstock, Germany). Autorefraction was tested using the Topcon KR-8100 (Topcon
Incorp, Naguya, Japan). Corneal topography and pupillometry were established using
the Orbscan (Technolas, Germany). Visual acuity was measured using ETDRS charts and
recorded in LogMAR.

Intraocular lenses
The LS-312 lens is a multifocal refractive IOL fabricated of hydrophilic material. The reading
addition of +3 is seamlessly embedded asymmetrically in the 6.0 mm optic of the IOL. The
13 mm diameter haptics are non-angulated C-loop haptics.
The LS-313 is a plate haptics version of the radially asymmetric multifocal lens. The overall
diameter of the haptics is 11 mm, with a 6 mm optic. The LS-313MFT is the toric multifocal
version of the LS-312.
Statistical analysis
Data analysis was performed using SPSS for Windows, version 18.0 (SPSS Inc). Statistical
comparisons were done using the student’s t-test. Statistical significance was set at a P level
of less than 0.05.
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RESULTS
Forty-three eyes of 24 patients were evaluated. Table 1 shows the demographic data of the
patients at the time of presentation. Fifteen patients (30 eyes) were from our own cohort of
116 eyes implanted with radially asymmetric IOLs of any type. Nine patients (17 eyes) came
from tertiary referrals.
TABLE 1. The demographic data of the patients included in the study.
Demographic

Value

Mean age (y)

60.4 ± 8.2 (range 47.8 to 75.4)

Mean Axial Length

24.14 mm ± 1.37 (range 22.31 to 27.93)

Mean manifest refraction
Sphere

0.36 D ± 0.64 (-2.0 to +1.50 D)

Cylinder

-0.77 D ± 0.60 (0 to -2.5 D)

Spherical Equivalent

0D ± 0.49 (-1.375 to +1.0 D)

Sex (n)
Male

12

Female

12

Bilateral

15 patients

Unilateral, unilateral IOL

3 patients

Unilateral, bilateral IOL

6 patients

y = year; mm = millimeter; IOL = intraocular lens.

Patient complaints and clinical findings
The patients’ complaints are summarized in Table 2. Dissatisfaction with visual acuity was
the main complaint in 34 eyes (79.1%). Photic phenomena as the only complaint was
found in 6 eyes (14%). Multiple complaints were common. The clinical findings in the study
population are shown in Table 3.
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TABLE 2. Most patients had complaints pertaining to blurred vision. The main complaints are
summarized in this table.
Complaint / Symptom

Eyes n (%)

Blurred vision
Distance

4 (9.3%)

Near

8 (18.6%)

Distance & near

22 (51.2%)

Photic phenomena

6 (14%)

Blurred vision and photic phenomena

13 (30.2%)

TABLE 3. Clinical findings in the patients.
Clinical Finding

Eyes, n (%)

Residual refractive error

20 (46.5%)

Waxy vision

16 (37.2%)

Posterior capsular opacification

7 (16.3%)

Dysphotopsia

6 (14%)

Corneal irregularity

3 (7%)

Transillumination defects of the iris

2 (4.7%)

Map dot fingerprint dystrophy

2 (4.7%)

Vitreous floaters

2 (4.7%)

Decentered IOL (intraocular lens)

2 (4.7%)

Epiretinal Membrane

1 (2.3%)

Capsular contraction

1 (2.3%)

Multiple findings

20 (46.5%)

Single findings

14 (32.6%)

No finding

9 (20.9%)

Visual acuity and refraction
At presentation the mean uncorrected distance visual acuity (UDVA) was 0.10 ± 0.17
logMAR (SD) (range 0.7 to -0.16). The mean corrected distance visual acuity (CDVA) was
‑0.04 ± 0.06 logMAR (SD) (range 0.12 to -0.16). The uncorrected near visual acuity was 0.11 ±
0.12 logMAR (SD) (range 0.7 to 0). The mean sphere (S) was +0.36 ± 0.64 D (-2.00 to +1.5 D),
and the mean cylinder (C) was -0.77 ± 0.60 D (0 to -2.5 D), with a mean spherical equivalent
(SE) of 0.00 ± 0.49 D (-1.375 to +1.00 D).
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Residual errors considered to be amenable to refractive surgery were treated with LASEK
in 13 eyes, and (reading) spectacles were prescribed in 3 cases. An IOL exchange for a
monofocal IOL was done in 2 patients (3 eyes), and in one patient a decentered IOL was
surgically repositioned. In the other patient with a decentered and tilted IOL, spectacles
were prescribed as the patient decided to opt out of surgical repositioning in view of
the presence of an anterior capsular tear. A posterior capsulotomy for posterior capsular
opacification (PCO) was done in 5 eyes, reducing the patients’ complaints. A posterior
vitrectomy for intractable floaters was performed in 2 eyes. In 6 patients brimonidine was
prescribed for nocturnal visual complaints, to induce miosis. In one patient, no physiological
findings for the complaints could be found. The work-up included aberrometry (coma
findings secondary to the add-on segment), posterior capsulotomy, straylight testing,
orbital and brain CT scan for intractable orbital pain, and finally a neurophthalmological
consultation. The ETDRS chart uncorrected and corrected visual acuity was logMAR 0.3.
Thibeaudet’s visual acuity testing showed a monocular and binocular UDVA of 0 logMAR
and the ultimate diagnosis was non-physiologic visual loss. In 11 cases in which no refractive
error, posterior capsule opacity (PCO) or other problem could be found, reassurance was
the only treatment that could be offered.
Some eyes had more than one treatment (e.g. a YAG capsulotomy and then a laser treatment
for the residual refraction).

FINAL RESULTS
Final visual acuity was recorded after consultation and treatment. The final mean UCDA was
0.04 ± 0.14 logMAR (SD) (range 0.7 to -0.16); the mean CDVA was -0.04 ± 0.05 logMAR (SD)
(range 0.06 to -0.16); the mean UNVA was 0.10 ± 0.17 logMAR (SD) (range 0.7 to -0.1); and
the mean CNVA was 0.00 ± 0.06 logMAR (SD) (range 0.2 to -0.1). The mean spherical power
at the final visit was 0.29 ± 0.66 D (range -2.0 to +1.5). The mean cylindrical power was 0.51
± 0.47 D (range 0 to -2.5), and the mean SE was 0.07 ± 0.50 D (range -1.375 to +1.0).
In patients who underwent an IOL exchange and the multifocal toric lens was exchanged
for a spherical monofocal one. The pre-operative refractive spherocylindrical error was
minimized as far as possible with a monofocal IOL. The difference between the visual acuities
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Treatment and results
In 33 of 43 of the eyes (76.7%) the complaints were successfully amenable to therapy.
Therapy included treatment of the refractive error, Nd-YAG laser posterior capsulotomy,
repositioning of the IOL, brimonidine drops, vitrectomy and reassurance.
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and refraction at presentation and at the final visit for these patients are presented in Table
4. The UDVA and the cylindrical error improved in a statistically significant manner (p<0.002
and p<0.01 respectively), but statistically all other parameters did not differ significantly.
TABLE 4. The mean UDVA and mean refractive cylinder improved in a statistically significant manner
between the presenting complaint and the final follow up visit.
Mean at presentation
D ± SD

Mean final
D ± SD

P Value

UDVA

0.09 ± 0.14

0.04 ± 0.14

<.0016

CDVA

-0.04 ± 0.06

-0.04 ± 0.05

<.57

UNVA

0.09 ± 0.07

0.10 ± 0.17

<.58

S

0.36 ± 0.64

0.29 ± 0.66

<.49

C

-0.77 ± 0.60

0.51 ± 0.47

<.0076

SE

0.00 ± 0.49

0.07 ± 0.50

<.44

UDVA= uncorrected distance visual acuity; CDVA= corrected distance visual acuity; UNVA= uncorrected near visual
acuity; S = sphere; C = cylinder; SE = spherical equivalent; D = diopter; SD = standard deviation.

Night glare complaints and dysphotopsias were found in 6 eyes of 3 patients. These patients
received brimonidine eye drops for the induction of miosis, with good results.
Corneal irregularity was seen in 3 eyes on topography. Problems with dry eyes were addressed
in all the patients, but not the reasons for this finding. Usually, however, the finding was a
flattening at the site of the incision. Map dot fingerprint (MDF) dystrophy was also found to
be a cause of corneal irregularity in 2 eyes.
In one patient, in addition to a residual refractive error in one eye, transillumination defects
of the iris were also detected. It is not clear whether these defects were present preoperatively. Gonioscopy showed increased pigmentation, and the spread of the defects
made the diagnosis of pigment dispersion syndrome more likely than an iatrogenic cause.
Interestingly, this patient did not complain of photic phenomena.
In one patient with dense vitreous floaters in both eyes, a vitrectomy for removal of the
floaters was performed, resulting in an increase in the uncorrected and corrected visual
acuity and subjective satisfaction with vision.
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The data on and results of the 13 eyes of 11 patients in whom LASEK was performed are
summarized in Table 5. UDVA and the cylindrical error improved in a statistically significant
manner (P<.01 and P<.002 respectively).
TABLE 5. This table shows the visual acuity and refractive results of LASEK treatments for residual
refractive error in 13 eyes. UDVA and the cylindrical power improved in a statistically significant
manner.
Parameter

Before LASEK

After LASEK

P Value

S

0.58 ± 0.70 D (-0.75 to +1.5 D)

0.44 ± 0.69 D (-0.75 to +1.25)

<.6389

C

-1.10 ± 0.64 D (-0.25 to -2.5 D)

-0.38 ± 0.35 D (-0.75 to 0)

<.0018

SE

0.02 ± 0.62 D (-0.875 to +1 D)

0.04 ± 0.62 D (+1.0 to -0.875)

<.9722

UDVA

0.18 ± 0.15 logMAR (0.36 to -0.16)

0.05 ± 0.10 logMAR (0.28 to 0)

<.0123

CDVA

-0.03 ± 0.08 logMAR (0.12 to -0.16)

-0.02 ± 0.05 logMAR (0.06 to -0.14)

<.7684

UNVA

0.14 ± 0.17 logMAR (0.7 to 0)

0.10 ± 0.19 logMAR (0.6 to 0)

<.2676

UDVA= uncorrected distance visual acuity; CDVA= corrected distance visual acuity; UNVA= uncorrected near visual
acuity; S = sphere; C = cylinder; SE = spherical equivalent; D = diopter; SD = standard deviation.

This study evaluated patient dissatisfaction with eyes implanted with radially asymmetric
multifocal IOLs. In these IOLs the multifocality is achieved by an asymmetric segmented
addition. According to reports in the literature, this design gives excellent uncorrected
distance visual acuity, and acceptable near visual acuity.5-7,10 Because of the absence of
diffractive rings, it is expected by some that this lens will solve the photic side-effects from
the ringed structure of the optics of earlier multifocal IOLs. However, the transition zone
between the near addition and the distance optics may cause “angel wing halos” and photic
phenomena directly related to the structure of this IOL, while the refractive nature of the
optics and the bifocality contribute to side-effects inherent to multifocal IOLs.
We performed this study to evaluate the side-effects associated with this lens design. This
is the first study looking specifically into asymmetric lenses, as opposed to other studies
on dissatisfaction following multifocal IOL implants, which had a heterogenous patient
inclusion and in which lenses of different designs were pooled.2,4,12
Our cohort comprises patients not only from our own clinic, but also tertiary referrals to
our unit. Among those from our own clinic, 15 of 60 patients implanted were dissatisfied,
amounting to 25% of the implanted patients. As we have no data on how many of these
lenses were actually implanted in the population from which our patients originated, it is
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unfortunately impossible for us to infer whether these complications occur more or less
often than with other implanted multifocal IOLs. In our clinic over 2000 multifocal IOLs have
been implanted up to the present. The mfIOLs implanted, which were of the diffractive
and symmetric refractive types, have resulted in very high rates of satisfaction – between
95% and 98%. We have no definite explanation as to why the asymmetric IOLs lead to
higher percentages of complaints as there are often few objective findings to explain the
complaints. In addition, we have found that 75% of the patients implanted with the radially
asymmetric mfIOLs are very satisfied, even at a follow-up of up to 5 years. This discrepancy
needs more research to fully understand what process is taking place. We have excluded
age, gender, refractive error and biometric data as sources of bias within our clinic audits.
Our data is descriptive and non-judgmental.

Main reasons for dissatisfaction
In this cohort the patients were dissatisfied with visual acuity in 79.1% of eyes and had photic
phenomena in 44.2%. De Vries et al.2 have shown a higher incidence of blurred vision (with
or without photic phenomena) of 94.7%, and a comparable rate of photic phenomena in
38.2% of eyes with both refractive and diffractive mfIOLs. Woodward et al.4 reported blurred
vision in 95.4% of their study population of dissatisfied patients. Even though the optics
of the radially asymmetric IOLs have no diffractive ring pattern, photic phenomena also
occur with these lenses. McAlinden and Moore reported such phenomena in of 3 of 22
patients (13.6%)5 and van der Linden et al. reported an incidence of nearly 19%. In IOLs of
the diffractive type the photic phenomena are often halos seen from the diffractive pattern,
whereas in lenses of the asymmetric type the pattern is distinctly different. Patients with
these lenses complain of light emanating from headlamps or streetlamps in the form of two
diagonal lines, often coinciding with the alignment of the asymmetric addition segment in
the IOL. Disabling glare, starbursts and impaired night-time driving were reported at 5.7%
in the largest series reported to date on 9366 eyes implanted with radially asymmetric IOLs.7
In our study the mean UCDA at presentation was logMAR 0.09 + 0.14, with a mean SE of
0.00 D + 0.49. The mean cylinder error was -0.77 D + 0.60, which is above the value that
is considered in the literature to be significant enough to warrant an additional refractive
procedure.13-14 The cohort in the study by de Vries et al. had a mean UDVA of logMAR
0.28 + 0.20 with a mean SE of 0.20 D + 0.61,2 while in the study by Woodward et al. the
mean best spectacle-corrected visual acuity was 20/26.5 (roughly logMAR 0.14), without
uncorrected data being provided.4 Our study confirms that small residual errors, mainly in
the astigmatism, coupled to the visual quality of multifocal IOLs, lead to a relative large
number of complaints, despite the paucity of objective findings.
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Residual refractive error
The most common finding in our study was a residual refractive error, which was found to
be troublesome in 20 eyes (46.5%). In 13 eyes this was an indication for further refractive
surgery in the form of LASEK. In the other 7 eyes, either spectacles were prescribed, or the
lens was explanted or repositioned. LASEK results in a statistically and clinically significant
improvement in the UDVA and also in the mean cylindrical error, although the other
parameters hardly change. Astigmatism has been shown to be the main reason for refractive
enhancements, being considered significant above 0.75D.2,4,13,14

Waxy vision
Waxy vision was also a common complaint. It is hard to address because it is inherent in
the design of mfIOLs and cannot be remedied, except with IOL explantation. IOLs were
explanted in 3 eyes, with a return to preoperative astigmatism of 2.5 D in the case of one
of these patients. The patients were satisfied with their monofocal vision and the decision
to have the IOL explanted. The LS-312 IOL is hydrophilic, and the biocompatibility with the
capsule is such that it does not adhere and is relatively easy to remove. However, the LS-312
plate haptic model is very bulky and needs more manipulation, or even cutting of the IOL
intraocularly in order to remove the IOL from the bag.
Dysphotopsia (night vision)
In 6 eyes of 3 patients dysphotopsias were an issue. While the exact source of dysphotopsias
is still an enigma, a possible explanation is that the design and lens material redirect
unwanted light onto the retina.17 In our patients these phenomena were severe under
scotopic conditions, but resolved with the use of brimonidine drops. No add-on lens or
IOL explantation or exchange was indicated in these cases. The use of brimonidine drops
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Posterior capsular opacification (PCO)
In 7 eyes (16.7%) PCO was found to be the reason for dissatisfaction. Most of these
patients presented with near vision complaints. The density of the PCO was not uniformly
recorded. One patient presented with reading complaints after a posterior capsulotomy.
No conclusions can be reached as to the incidence and speed of development of PCO. It
does tend to become clinically significant sooner in multifocal pseudophakic eyes than in
monofocal pseudophakia.15-16 On the one hand, the fact that there are more complaints
about reading than any other complaints is in accordance with earlier findings in multifocal
pseudophakia and PCO.15 On the other hand, reading difficulties have been found more
often with segmented implant lenses than with diffractive mfIOLs.5-7
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has been described in the literature in the treatment of night vision disturbances after
refractive surgery18, and we extrapolated its use to night vision disturbances in multifocal
pseudophakia. More investigation is needed to better define the exact indication for this
treatment. It has also been suggested that night vision problems can be prevented by
implanting the reading segment of the IOL in the superior position. This will allow coverage
of the wide scotopic pupil at the eyelid edge and possibly prevent the complaints about
glare, but as yet there is not enough evidence to support this.

Decentering
In 2 eyes of 2 patients an IOL was decentered. In one patient this was secondary to capsular
contraction syndrome. The softness of the haptics of the C-loop design may have played
a role.6,19 A second surgery with repositioning and implantation of a capsular tension ring
(CTR) solved the problem in one eye. In our practice the use of CTRs is not routine but Alio
et al. reported that CTR may enhance IOL positioning and stretching of the capsule, and
therefore results in a better visual quality.19 In our cohort of eyes implanted with these IOLs,
only a single IOL had to be repositioned with the help of a CTR. More study is needed to
assess the risk-benefit and cost-benefit ratios of routinely implanting a CTR device.
Wavefront aberrations
Wavefront aberrometry was not routinely done in these patients, and as a result there are no
data on this in this cohort. Alio et al. have shown that rotationally asymmetric mfIOLs show
increased primary coma and are sensitive to lens tilt, which is inherent in the optical design
of these lenses.10,20 In diffractive mfIOLs Hartman Shack aberrometry is not reliable because
of a discrepancy between the measuring pixel filter and the round diffractive pattern.21 To
the best of our knowledge there are no data on the reliability of wavefront measurements in
radially asymmetric mfIOLs. In some of the papers reporting on wavefront aberrations and
tilt, double-pass technology is used, but this technology has not been validated, especially
because it uses infra-red light which induces background noise caused by the uptake of
light and backscatter from the choroid.22
Corneal irregularity
Corneal irregularity was found in 3 eyes. In these cases, incisional flattening of the cornea
was implicated, but map-dot-fingerprint (MDF) may also have played a role. The LS-313MFT
is a bulky lens that requires an incision of 2.4 mm, and especially the higher hyperopic
dioptric powers with cylinder correction require a wound-assisted approach which may
contribute to this complication. Considering the high prevalence of MDF dystrophies in
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the general population and their waxing and waning history, the question is whether MDF
dystrophies should be seen as an exclusion criterion for mfIOL implantation.

Conclusions regarding reasons for dissatisfaction
In this cohort of patients with asymmetric multifocal IOLs, the reasons for dissatisfaction
were the same as those found for other types of mfIOL. De Vries et al.2 found that a residual
refractive error was the most common cause for complaints. Woodward et al.4 looked
specifically at a cohort in which IOL exchange was necessary, so other treatment options
were not described. Complaints were amenable to treatment in 33 of 43 eyes (76.7%) in our
cohort, which correlates well with previous data reported in the literature. What is missing
is still a direct comparison between the incidence and severity of problems with different
multifocal IOLs, in order to be able to determine which type of optic design leads to higher
satisfaction and lower explantation or retreatment rates. However, in practice, these data
are very hard to come by.
Dissatisfaction with asymmetric multifocal IOLs is most often caused by residual refractive
errors and PCO. None of the complaints or diagnoses found in our study was specific
to the IOL design. The photic phenomena in these IOLs in which the halos of diffractive
IOLs are supplanted by seeing two diagonal lines emanating from streetlights are most
probably related to the edge of the addition segment. The main difference between
diffractive mfIOLS and refractive IOLs is the reliability of autorefraction. In diffractive IOLs the
autorefraction, especially in the spherical component, tends to give reliable results, while
in the segmental refractive asymmetric IOLs the autorefraction tends to overestimate the
spherical component towards more myopic.23 Subjective refraction may be measured on
the reading addition part of the optic, and not on the distance part of the IOL, thus confusing
the measurement and possibly interfering with the planning of excimer laser treatments for
residual refractions. It is wise to examine the near acuity with distance correction in place to
prevent the pitfall of treating the near vision for distance vision.
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Floaters
One patient was diagnosed with vitreous floaters as the source of dissatisfaction. Posterior
vitrectomy improved visual acuity and satisfaction. The decision leading to a vitrectomy for
floaters is difficult. All other likely causes of dissatisfaction need to be ruled out first.
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FINAL CONCLUSIONS FROM THE STUDY
Dissatisfaction with radially asymmetric multifocal IOLs is usually secondary to residual
refractive errors or PCO, conditions that are readily amenable to therapy. Rarely, IOL
explantation is necessary. The findings regarding dissatisfaction with lenses of this type are
comparable to those previously reported for diffractive or refractive multifocal IOLs.
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Multifocal IOL implantation aims to correct ametropia, presbyopia and cataract. In our
experience most patients are satisfied with the possibilities of multifocal IOLs, as compared
to monofocal IOLs or spectacles. In contrast to spectacles and monofocal IOLs, placement
and design of the mIOL provide visual acuity in all directions without hindrance. In addition,
some patients prefer to be spectacle independent because of practical reasons.
Multifocal IOL implantation can be great challenge for eye care professionals.1-5 The
outcome of mIOL implantation is related to patient intake, data gathering, optometric and
ophthalmic examination, patient expectation management, the surgical skills necessary for
correct IOL implantation, and adequate knowledge of the advantages and disadvantages
of these specific IOL types.1-5
In this thesis we investigated: 1. different aspects related to the clinical advantages and
disadvantages of different mIOL types, 2. whether YAG capsulotomy causes a change in
refraction which is clinically significant and 3. the reliability of postoperative refraction in
radially asymmetric multifocal IOLs, and the relation between postoperative satisfaction,
refraction and ease of treatment of residual refractive errors.
From previous reports in literature and the studies in this thesis, we can conclude that every
mIOL has its own clinical advantages and disadvantages, which may overlap between
different lenses of different manufacturers. Different materials and design, can lead to
differences in performance on, inter alia, distance visual acuity, intermediate visual acuity,
near visual acuity, and unwanted optical phenomena that interfere with this vision.
The most frequently used new generation mIOLs are multifocal IOLs based on an apodized
diffractive design and multifocal IOLs based on sectorial addition technology.6-11
In our study we showed that the results with these lenses are comparable for most
parameters, like refraction, distance visual acuity and intermediate visual acuity. Our results
are similar to those in previous reports in literature.6-8 However, in terms of near acuity, at
30 and 40 cm, the apodized diffractive mfIOL statistically significantly outperformed the
sectorial addition mfIOL. Possibly the distribution of energy is more gradually with the
apodized diffractive design. Previous studies of the Lentis Mplus LS-312 IOL78 and ReSTOR
SN6AD1 IOL7 evaluated inherent reading acuity, but have not compared these results. We
did not assess further on this effect because this was beyond the scope of this study. A
comparison might prove relevant for patients with high reading demands or for younger
myopic patients, when making a choice in mIOL.
Patient satisfaction was measured with a non-validated translated VFQ-14 questionnaire,
since the validated translated VFQ-14 was not available to us. Also the VFQ-14 is validated
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One of the most common postoperative complications after multifocal IOL implantation is
posterior capsule opacification (PCO),12-14 which can cause significant light scatter, decreased
visual acuity, and reduced quality of vision.15-18 PCO is treated with a neodymium:YAG
(Nd:YAG) laser. Common wisdom with multifocal IOLs told, that before doing an excimer
laser enhancement for a residual refraction after mIOL implantation, the posterior capsule
should be opened with a Nd-YAG laser, in order to prevent refractive changes from the
YAG capsulotomy to interfere with the result. Our study looked specifically at the refraction
before and after YAG capsulotomy, and we analysed how many eyes would have a change
in refraction that would be visually significant. In 7% of eyes implanted with apodized
diffractive mfIOLs that were treated with Nd:YAG laser capsulotomy, had a clinically
significant refractive change of more than 0.5D after the capsulotomy. Only 5,5% were
clinically significant and needed either glasses or excimer laser. Other studies have reported
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only for cataract and not for all refractive lens exchanges with mIOLs. Because of this,
we didn’t use the collected data statistically in the study. We did, however, use the nonvalidated translated VFQ-14 questionnaire to document the incidence of unwanted optical
phenomena. These phenomena, called dysphotopsia, are characterized by halos, glare, haze
or shadows. 8 The incidence of dysphotopsia was found to be equal at 18.18% and 18.99%
in the control and the study group, which are comparable to McAlinden et al.8 Complaints
of dysphotopsia were found to be nearly equal. These findings show that the perception of
vision disturbances with multifocal lenses, might origin in the multifocal design, where the
retina perceives more than one image simultaneously. Further research on this phenomena
is necessary to better understand the complaints related to dysphotopsia.
Multifocal apodized diffractive mIOLs can be hydrophobic or hydrophilic. Both mIOLs give
good results, but hydrophilic mIOLs show significantly less straylight and better quality of
vision (-0.04 ± 0.05 logMAR vs -0.01 ± 0.04 logMAR (P<.019). Near acuity was comparable,
but at intermediate distances the hydrophilic mIOL gave better results (P <.03 and P<.007,
respectively). The reason for the better performance measured of the hydrophilic multifocal
IOL as compared to the hydrophobic multifocal IOL is multifactorial. We think that the
main contributing factors are the design diffractive apodization pattern. Furthermore, the
material of the hydrophilic IOL is more clear and is free of glistenings, and also possibly the
manufacturing process of the hydrophilic IOL which is without polishing of the lens. More
study is needed to completely find out which of these factors is most significant.
To our knowledge this is the first study comparing these two types of multifocal apodized
diffractive IOLs. This comparison might prove relevant for patients with high reading
demands at intermediate distances when making a choice in mIOL.
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a small but statistically significant backward movement of 25 μm after monofocal IOLs
capsulotomy.21 Our study showed a hyperopic shift in 25% and a myopic shift in 75%, which
precludes the prediction of the direction of change in refraction based on IOL movement
in the anterior-posterior axis.
This shows that performing Nd:YAG laser capsulotomy prior to considering a corneal laser
procedure for residual refractions is not always necessary. This can prevent unnecessary
intervention.
Radially asymmetric multifocal IOLs have only recently been introduced. Besides studying
the visual and refractive results with implantation of this new type of lens, we looked into a
particular group of patients, who were dissatisfied with the implanted asymmetric mfIOLs.
The complaints and reasons for dissatisfaction with this new type of lens are comparable to
those reported in diffractive mIOLs, and are mostly related to multifocality. No complaints
specific to the asymmetric optic design was found, except for the outline of the dysphotopic
complaints and capsular contraction secondary to soft haptics. The radially asymmetric
mIOL may be more sensitive to decentration and tilting, possibly caused the C-loop haptic
design.19-20 Residual refractive errors are more difficult with radially asymmetric mIOL lens.
Objective refraction is more difficult with the asymmetric multifocal IOLs, inherent to their
design. We studied the reliability of autorefraction and refraction in eyes implanted with these
lenses. The radially asymmetric IOLs cannot be reliably measured with an autorefractometer.
This makes refraction more difficult and inherently unreliable. Also the asymmetric design
may cause an error in the measured refraction, if the slope of the near-addition is measured
instead of the distance segment of the lens. When treating residual refractive errors, the
distance refraction obtained must be corroborated by measuring near visual acuity, after
correction for distance vision. Otherwise a systematic error will cause a mistake in treating
the residual refraction. Treating the near refraction as if it were the distance refraction (this is
the systematic measuring mistake) could remove the multifocality and cause a monofocal
refraction in these eyes.
Ametropia, presbyopia and cataract can be treated with multifocal IOL implantation,
which surgery is of such a consistently high level that the majority of treated patients are
satisfied with the visual results. However, like all other treatment options, there are visual
compromises.
Separately our studies looked at the performance of different lenses, and compared the
parameters of measurements before and after surgery. The combined importance of this
data lies in the educational value it holds to inform our patients more precise about the
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expected results. Also we are better able to diagnose the cause of disappointing results,
which leads to more precise retreatment and increase overall patient satisfaction.
As visual performance becomes increasingly important, both ophthalmologists,
optometrists and patients are waiting on the design of a real multifocal IOL, with good
visual acuity on all distances and no side effects. Future research should focus on real world
outcomes of multifocal lens implantations, with a search for the ideal implant lens for the
future: a fully accommodative and refractive error correcting multifocal IOL that will not
have any posterior capsular opacification nor visual side effects.
Currently dissatisfaction in mIOLs is mostly explained by disappointing results on
intermediate reading distance, dysphotopsia and getting used to multifocality. Both IOL
manufacturers and eye care professionals are researching new possibilities to mitigate
these remaining issues. Untill then, IOLs with an apodized diffractive design acquire the
best visual acuity for patients who undergo a multifocal IOL implantation.
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In multifocal IOL implantation the aim is to achieve a high level of spectacle independence
for all vision distances. Many types of mIOLs have been invented and implemented. Data
on the performance of these different types of mIOLs comes from the medical devices
industry at the time of launch, and from clinical studies like ours, that are implemented
independently of the industries, after a while.
The general introduction in chapter 1, describes different reasons why patients seek
multifocal intraocular lenses and refractive surgery, and shows the history and refractive
differences of different new generation mIOLs. In this thesis we aim to investigate aspects
related to the clinical advantages and disadvantages of different mIOL types and whether
postoperative treatment of posterior capsule opacification (PCO) causes clinically significant
changes in refraction. Also we have investigated the reliability of postoperative refraction
in radially asymmetric multifocal IOLs, and the relation between postoperative satisfaction,
refraction and ease of treatment of residual refractive errors.
Chapter 2 describes a comparison of new generation mIOLs based on sectorial addition
technology with an apodized diffractive design. Visual, refractive, and satisfactory outcomes
of the comparison between the Lentis Mplus LS-312 (study group) and the ReSTOR SN6AD1
(control group) were measured in 233 eyes (study group: 90; control group: 143). The data
showed that the diffractive apodized multifocal IOL performed better at 30 cm and 40 cm
reading distance than the sectorial addition multifocal IOL. Patient satisfaction, incidence of
dysphotopsias and UDVA were comparable between the study lens and the control lens.
Chapter 3 evaluates whether neodymium:YAG (Nd:YAG) laser posterior capsulotomy for
posterior capsule opacification (PCO) causes a change in refraction, and the correlation
between automated and subjective refraction in multifocal apodized diffractive
pseudophakia. A study of 75 pseudophakic eyes shows that 93% experienced no significant
change in refraction after Nd:YAG capsulotomy, and that as a result treatment paradigms
can be adjusted and less capsulotomies need to be performed. Also subjective refraction
and automated refraction showed a high level of correlation. This is important as a measure
of outcome measurement and allows for a high level of objectivity in the outcome
measurement.
In chapter 4 we report a case of in-the-bag decentration and tilt of a hydrophilic
rotationally asymmetric multifocal intraocular lens (IOL) of the M Plus type secondary to
capsule contraction. Correct centration of the IOL had to be surgically restored. Hydrophilic
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multifocal IOLs of this specific design may be sensitive to postoperative decentration,
possibly due to the softness of the C-loop haptics. Capsular tension rings may alleviate the
problem in a secondary repair procedure.
Chapter 5 compares outcomes between an apodized diffractive hydrophilic multifocal
intraocular lens (IOL) (Seelens MF; study group), and an apodized diffractive hydrophobic
multifocal IOL (SN6AD1; control group). Refractive and visual outcomes at distance and
near, and patient satisfaction were measured in 85 eyes (study group: 48; control group: 37).
The data showed that patient satisfaction was equal in both mIOLs. The hydrophilic mIOL
shows significantly less straylight and better quality of vision, and performed significant
better at intermediate distances.
In chapter 6 we evaluate whether the automated refraction (AR) correlates with subjective
manifest (MR) refraction in eyes implanted with radially asymmetric multifocal IOLs. This
study of 52 eyes implanted with a radially asymmetric multifocal IOL shows poor correlation
between autorefraction and manifest subjective refraction. Autorefraction does not seem
a valid starting point for manifest subjective refraction with these types of mIOL, unless a
corrective factor of about +1 diopter is used.

In conclusion we can say that clinical studies such as the above allow for increasingly more
complete and concise “mapping” of results with different types of IOLs. These data give us
tools for more accurate measurement and treatment of future patients. Concerning our
findings on the Nd:YAG capsulotomy, we believe a change in the treatment paradigm
can result in prevention of excessive treatment. Since presently Nd:YAG capsulotomy is
scheduled for all patients who need treatment of a residual refractive error.
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Chapter 7 analyses the symptoms, causes and treatment of patient dissatisfaction after
implantation with radially asymmetric mIOL in 43 pseudophakic eyes. In most cases the cause
of dissatisfaction were related to multifocality. No complaints specific to the asymmetric
optic design could be found, except for the outline of the dysphotopic complaints and
capsular contraction secondary to soft haptics.
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Het doel van mulifocale IOL implantatie is het bereiken van bril onafhankelijkheid voor
een gezichtsscherpte op alle afstanden. Er zijn diverse soorten mIOLS ontwikkeld en
geïmplementeerd. Gegevens over de prestaties van deze verschillende mIOLs komen bij de
introductie van de mIOL van de medische industrie. Klinische studies als de onze, worden
na enige tijd na de introductie uitgevoerd, onafhankelijk van de industrie.
De inleiding in hoofdstuk 1, beschrijft verschillende redenen waarom patiënten voor
multifocale intra-oculaire lenzen en refractieve chirurgie kiezen, en toont de geschiedenis
en refractieve verschillen van verschillende new generation mIOLs. In dit proefschrift
willen we aspecten die verband houden met de klinische voordelen en nadelen van de
verschillende soorten MIOL onderzoeken. We onderzoeken of postoperatieve behandeling
van de opaciteit van het achterste kapsel (PCO) klinisch significante veranderingen in
de refractie veroorzaakt. Ook onderzoeken we de betrouwbaarheid van postoperatieve
refractie bij radially asymmetric mIOL’s, en de relatie tussen postoperatieve tevredenheid,
refractie en eenvoudige behandeling van residuele refractieve fouten.
Hoofdstuk 2 beschrijft een vergelijking van een mIOL gebaseerd op sectorial addition
technologie en een mIOL gebaseerd op eapodized diffractive design. De gezichtsscherpte,
refractie en patiënttevredenheid is gemeten tussen de Lentis Mplus LS-312 (studiegroep)
en de ReSTOR SN6AD1 (controlegroep) in 233 ogen (studiegroep: 90; controlegroep: 143).
De gegevens tonen aan dat de apodized diffractive mIOL beter presteert op leesafstand
(30 cm en 40 cm) dan de sectorial addition mIOL. Patiënttevredenheid, de incidentie van
dysphotopsia en UDVA waren vergelijkbaar tussen beide lenzen.
Hoofdstuk 3 evalueert of neodymium: YAG (Nd: YAG) posterior capsulotomy laser voor
opaciteit van het achterste kapsel (PCO) een verandering veroorzaakt in de refractie en de
correlatie tussen geautomatiseerde en subjectieve refractie, in multifocale geapodiseerde
diffractieve pseudofakie. Uit een studie van 75 pseudofake ogen blijkt, dat 93% geen
significante verandering in refractie na Nd: YAG capsulotomie vertoonde. Als resultaat van
de studie kan het behandel paradigma worden aangepast en zijn minder capsulotomies
nodig. Subjectieve en geautomatiseerde refractie toonde een hoge mate van correlatie. Dit
is belangrijk als uitkomstmaat en zorgt voor een hoog objectiviteit bij de meting.
In hoofdstuk 4 beschrijven we een decentratie in de kapselzakje, het kantelen van een
hydrofiele radially asymmetric multifocale intraoculaire lens (IOL) van het type MPlus
door capsulaire contractie. Correcte centrering van de IOL is operatief hersteld. Hydrofiele
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multifocale IOL van dit specifieke ontwerp kunnen gevoeliger zijn voor postoperatieve
decentratie. Mogelijk vanwege de onvoldoende tensie van de C-loop haptic. Capsular
tension rings kunnen het probleem verhelpen in een secundaire herstel procedure.
Hoofdstuk 5 vergelijkt de resultaten van een apodized diffractive hydrofiele mIOL (Seelens
MF; studiegroep) en een apodized diffractive hydrofobe mIOL (SN6AD1; controlegroep). De
refractieve en visuele resultaten voor veraf en dichtbij en de tevredenheid van de patiënt
werden gemeten in 85 ogen (studiegroep: 48; controlegroep: 37). De gegevens toonden
aan dat de patiënttevredenheid gelijk was in beide mIOLs. De hydrofiele MIOL geeft
significant minder strooilicht, een betere kwaliteit van het zicht, en presteert significant
beter op intermediaire afstanden.
In hoofdstuk 6 evalueren we of de automatische refractie (AR) correleert met subjectieve
manifest (MR) refractie bij ogen geïmplanteerd met radially asymmetric mIOLs. Deze
studie van 52 geïmplanteerd ogen, toont een slechte correlatie tussen Autorefractie en
manifest subjectieve refractie aan. Autorefractie lijkt geen goed startpunt voor het manifest
subjectieve refractie met dit type mIOL, tenzij een corrigerende factor van ongeveer 1
dioptrie gebruikt wordt.

Concluderend kunnen we zeggen dat klinische studies, zoals bovenstaande, het mogelijk
maken om de resultaten van verschillende soorten mIOLs compleet en bondig in kaart
te brengen. Deze gegevens stellen ons in staat om toekomstige behandeling beter op
de patiënt af te stemmen. Ook geeft het ons handvatten voor meer nauwkeurige meting
en behandeling van toekomstige patiënten. Wat betreft de bevindingen over de Nd: YAG
capsulotomie, geloven wij dat een gewijzigd behandeling paradigma kan leiden tot het
voorkomen van overmatige behandeling. Aangezien momenteel, voor behandeling van
patiënten met een residu refractiefout, vooraf een Nd: YAG capsulotomie gepland wordt.
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In hoofdstuk 7 zijn de symptomen, oorzaken en behandeling van ontevreden patiënten,
na implantatie met radially asymmetric mIOL, in 43 pseudofake ogen geanalyseerd. In de
meeste gevallen is de oorzaak van de ontevredenheid gerelateerd aan de multifocaliteit.
Klachten specifiek voor het radially asymmetric design zijn niet gevonden, behalve
dysphotopsia klachten en kapselcontractie door zachte haptics.
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