Predictive factor
and kappa angle
analysis for visual
satisfactions in
patients with
multifocal IOL
implantation

Abstract

Purpose To evaluate the visual acuity and
quality-related satisfaction of patients
implanted with a refractive design multifocal
intraocular lens (IOL), and evaluate the factors
predicting it including angle kappa.

Setting Dr Agarwal’s Eye Hospital and Eye
Research Centre, Chennai.

Methods In this prospective trial, 50 eyes of 44
consecutive patients were included. All
patients underwent phacoemulsification with
multifocal IOL implantation (Rezoom IOL,
Abbott Medical Optics). The preoperative and
postoperative assessment included slit lamp
biomicroscopy, uncorrected visual acuity
(UCVA), best-corrected visual acuity (BCVA)
and kappa angle assessment. At 1 year, 37
patients (43 eyes), who finished follow-up,
were asked to rate their symptoms on

a graded questionnaire (0-5 for five

queries).

Results The decimal scores for UCVA and
BCVA were 0.38 £0.21 and 0.47 +0.17
(preoperative), and 0.75+ 0.22 and 0.99 + 0.11
(postoperative), respectively. Symptom scores
were haloes 0.98 + 1.7, glare 0.69 £ 1.48, blurred
distance 1.0 £ 1.7, intermediate 1.34 + 1.6, near
1.06 £ 1.8. On regression analysis haloes
depended on angle kappa and distance UCVA
(R*=10.26, P=10.029), and glare on angle kappa
(R?>=0.26, P=0.033). Poor satisfactions with
distance, intermediate, and near vision were
linked with distance UCVA (R*>=0.17,
P=2.3x10"%, distance UCVA (R*=0.1,

P =0.04), and near UCVA (R*>=0.12, P=0.03),
respectively. The strongest predictor, however,
for overall visual discomfort was distance
UCVA (R*=0.1, P=0.04).
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Conclusions Our study suggests that there
may be a role of misalignment between the
visual and pupillary axis (angle kappa) in the
occurrence of photic phenomenon after
refractive multifocal IOL implantation.
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Introduction

Multifocal intraocular lens (IOL) implantation
for the correction of ametropia aims for a good
unaided visual acuity for both, near and
distance. This is done by creating multiple focal
points, which focus for distance and near.'®
Two inherent designs of multifocal optics in
IOLs have been found that are used to develop
these IOLs: refractive and diffractive. Refractive
IOLs have multiple concentric rings in them
with varying powers. Diffractive IOLs work on
the Huygens-Fresnel principle.*® Both the lens
designs have improved significantly from their
earlier prototypes. These include aspheric
optics, change in the size of rings and making
the IOL dominant for distance or near, and
modifying the anterior or posterior surface of
the IOLs.>® Inspite of these modifications, the
implantation of a multifocal IOL can have less
than satisfactory visual acuity and quality, along
with more photic phenomenon like haloes and
glare compared with monofocal IOLs.
Researchers have noted these factors, and some
studies have analyzed the governing factors for
patient satisfaction after implantation of
multifocal IOLs.”*' Causes associated with
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photic phenomena noted in previous studies have
included IOL decentration, retained lens fragment,
posterior capsular opacification, dry-eye syndrome,
uncorrected visual acuity (UCVA), use of spectacles for
distance purposes, postoperative astigmatism, and
postoperative spherical equivalent.”?! However, none of
the studies in published literature have evaluated the
role of misalignment between the visual axis and the
pupillary axis, or the angle kappa, as a specific predictor
for patient symptoms. The current study evaluates the
visual acuity and quality-related satisfaction of patients
implanted with a multifocal IOL, and evaluates the
factors predicting it including angle kappa.

Patients and methods

This prospective trial was conducted at a tertiary care
ophthalmic hospital. After a detailed explanation of the
procedure, the merits and demerits of a refractive
multifocal IOL, a written informed consent was obtained
from all patients. A total of 50 eyes of 44 consecutive
patients were recruited in this prospective trial. All
patients were scheduled for elective cataract surgery and
had no other ocular pathology. Each eye was considered
as a single case and all examinations in the study were
done monocularly.

Preoperative exclusion criteria for the study included
monofocal IOL in the fellow eye, more than 1D of
astigmatism before surgery, retinal pathology, any corneal
opacity or a history of diabetes mellitus, unrealistic
expectations, professional or habitual night driving.

The preoperative assessment included slit lamp
biomicroscopy, UCVA, best-corrected visual acuity
(BCVA), refraction, Orbscan corneal analysis (Bausch and
Lomb, Rochester, NY, USA), kappa angle assessment
(Orbscan anterior segment analysis system, Bausch and
Lomb), and dilated retinal examination. (Kappa angle
measurement by Orbscan has been found to be
significantly correlated to synoptophoric measurement,
even though the values are higher with the former.”

It has also been used in a large population-based survey
to measure kappa angle.?)

Near-vision assessment was done on the N-type notation,
which is a reduced Snellen’s type notation. Higher values
mean worse visual acuity in this scenario, as is with the
denominator of Snellen’s notation. This inadvertently caused
the confusion in the charts. The approximate font sizes are
as follows: N48 —20mm, N36 - 10mm, N24 —»5mm,
N12—-4mm, N10 -3 mm, N8 -2 mm, N6 -1 mm.

All cases were targeted for emmetropia. All patients
included in the study had a refractive multifocal lens
(Rezoom Acrylic Multifocal lens, Abott Medical Optics,
Santa Anna, CA, USA) The Rezoom Multifocal is a
posterior chamber IOL having concentric rings with five
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focusing zones for distance and near according to the
illumination conditions.

Surgical technique

All surgeries were done by a single surgeon (Am A), well
experienced in phacoemulsification. A topography-
guided clear corneal incision was made with a 2.8-mm
keratome (Sharpedge Slimline, Ahmedabad, India) in the
phacoemulsification group. The anterior chamber was
deepened with 2% hydroxyl propyl methyl cellulose
(Viscomet, Sun Pharmaceuticals, Mumbai, India) and a
continuous curvilinear anterior capsulorhexis was
performed. Phacoemulsification was done using the
phaco chop technique and the IOL was implanted. None
of the patients required sutures to secure the wound.
Intraoperative exclusion criteria were determined before
the commencement of the study. They were: iris trauma,
posterior capsular rupture with or without vitreous loss,
and inability to place the IOL in the capsular bag. Two
cases (one iris trauma, one posterior capsular rupture)
were excluded from the study using these criteria. The
postoperative follow-up was done as per the standard
protocol of the institution. Postoperative topical
medicines were started as follows: ofloxacin 0.3% four
times a day, prednisolone phosphate four times a day
and tropicamide 0.8% plus phenylephrine 5% thrice a
day in all patients, and timolol maleate 0.5% twice a day
whenever required. After the first week, all medications
were stopped except the steroid and antibiotic, which
were subsequently tapered over 1 month. Five cases were
lost to follow-up (10% cases) before completion of

12 months. After completion of 1-year follow-up, the
patients were asked to rate their symptoms. Therefore,
a total of 43 eyes (37 cases) completed 1-year follow-up.

Questionnaire

The questionnaire was built using a survey of 25
unsatisfied patients with multifocal implantation. They
were asked to write down their major symptoms. Then
this questionnaire was created based on the responses.
It was then given in a pilot comparison with 10 satisfied
and 10 unsatisfied patients. The mean scores of the two
groups were ‘satisfied” 0.2 £ 0.4 vs ‘unsatisfied” 7.3 £ 4.1
(P<0.001, rank sum test), validating the discriminating
ability of score. The questionnaire was filled after
12-months follow-up to wait for any possible
neuroadaptation as has been suggested by certain
authors.>® The patients were asked to rate their overall
satisfaction as excellent (0), very good (1), good (2), fair (3),
poor (4), very poor (5) for their visual acuity related
symptoms. Zero was considered to be ‘no requirement of
glasses’, 3 meant use of glasses sometimes when doing



certain work (for example, reading fine print, driving),
and 5 meant use of refractive correction for all waking
hours for all professional and personal activities.

For photic phenomenon, a grade of 0 meant no
symptoms at all 140, grade 1: inconsistent symptoms, not
bothersome; grade 2: symptoms mildly bothersome in
certain situations only (for example, night driving) and
can carry out activity without problem; grade 3:
symptoms moderately bothersome in certain situations
only, may need extra effort for activity; grade 4: either
severely bothersome in certain situations or moderately
bothersome in all situations; and grade 5: severely
bothersome in all situations. For the photic phenomenon
mild botheration meant that the patient could do his/her
work without any extra effort, for example, may continue
to drive, being aware of the glare/halo. Moderate
botheration meant increased level of attention or change
in activity pattern, for example, driving slow and
carefully. Severe botheration meant cessation/avoidance
of that activity, for example, the patient had stopped
night driving because of symptoms. The questionnaire
was explained to the patient in detail before asking them
to fill in the responses. The symptoms assessed were
difficulty in distance, intermediate and near vision, and
photic phenomenon assessed were haloes and glare with
maximum worse score of 5 each in all the five categories,
with a total possible score of 25. We certify that all
applicable institutional and governmental regulations
concerning the ethical use of human volunteers were
followed during this research.

Results
Demographics

Those patients who finished the follow-up were included
in the analysis. The mean age of the patients at the time
of surgery was 59 +12.3 years. There were 20 males and
17 females. The mean angle kappa was 4.9 £1.5° (range
2.3 to 7.67).

Visual outcomes

The visual acuities are represented in decimal scores. The
preoperative UCVA and BCVA were 0.38 £0.21 and
0.47 £0.17, respectively. The postoperative UCVA and
BCVA were 0.75 £ 0.22 and 0.99 +0.11, respectively, at the
time of evaluation. The postoperative refractive error was
—0.22 £0.53 D Sphere (ranging from —1D to +1D) and
—0.34 £0.57 D cylinder (ranging from —1.75 to 0D). The
mean postoperative spherical equivalent was
—0.38 £0.68 D (ranging from —2 to 0.50D).

The preoperative uncorrected near vision was N
14.8 £ 6.3 and best-corrected near vision was N 9.7 £5.2.
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Figure 1 (a) Mean and one standard deviation outcomes for
pre and postoperative distance-uncorrected and BCVA in the
decimal score. The decimal score is derived by computing the
numerical value of the Snellen’s fraction; hence, a lower value on
the bar chart denotes a lower visual acuity. (b) Mean and one
standard deviation outcomes for pre and postoperative near
uncorrected and BCVA in N-type near-vision values. As there is
no fraction here, the raw values are provided and a lower value
on the bar chart denotes a higher visual acuity.

The postoperative uncorrected near vision was N
7.8 £1.6 and best-corrected near vision was N 6.4 = 0.85.
All the postoperative visual acuity parameters were
significantly better than the preoperative counterparts
(P<0.05, paired t-tests) (Figures 1a and b). An
uncorrected monocular distance vision >20/32 was seen
in 34 cases (79.1%), and an uncorrected monocular near
vision >N 8 was seen in 32 cases (74.4%).

Symptom scores and parameters

The mean symptom scores were 0.98 £ 1.7 for haloes (out
of 5), 0.69 £1.48 for glare (out of 5), 1.0 £ 1.7 for blurred
distance (out of 5), 1.34 £ 1.6 for blurred intermediate (out
of 5), 1.06 + 1.8 for blurred near (out of 5), and 5.3+ 6.8 as
overall score (out of 25). Excluding patients who had no
complaints, the score in patients who were even mildly
not satisfied was 8.2 +5.4. Figure 2 demonstrates a
graphical representation and the mean scores of the
overall cohort and only of those not fully satisfied from
multifocal IOL implantation.
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Figure 2 Bar chart showing summated symptom score of all the patients arranged according to increasing symptom score. The
vertical lines show 50% of data and horizontal lines show mean value. The red lines are for overall (asymptomatic and symptomatic

patients) and the blue lines are for only symptomatic patients.

A total of 31 (72.1%) cases had no reportable haloes
and 34 (79.06%) cases had no complaints of glare. A total
of 29 (67.4%) cases had no problems with distance vision,
22 (51.1%) cases had no problems with intermediate
vision, and 31 (72.1%) patients had no problems with
near vision. The mean score was 5.

Correlation between symptom scores and parameters

The analyzed factors considered to be responsible were
angle kappa, gender, age, and postoperative parameters
of distance UCVA, near UCVA, spherical error, cylindrical
power, spherical equivalent, distance BCVA, and near
BCVA. Regression analysis was performed to find out the
association between the symptoms and factors responsible.
It was seen that the perceived severity of haloes depended
on angle kappa and distance UCVA (R*= (.26, P =0.029),
and glare depended on angle kappa (R*=0.26, P =0.033)
alone (Figures 3a and b). The symptoms of poor satisfaction
with distance vision, intermediate vision, and near vision
were linked with distance UCVA (R*>=0.17, P=2.3 x 107%),
distance UCVA (R?=0.1, P =0.04), and blurred near = near
UCVA (R*=0.12, P=0.03), respectively. The strongest
predictor, however, for overall visual discomfort was
distance UCVA (R*>=0.1, P=0.04).

Discussion

Multifocal IOL designs have come a long way since the
earlier prototypes. At the cost of mild reduction in
contrast sensitivity, many patients are satisfied with these
newer models.>>*** Neuro-adaptation may also have a
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Figure 3 (a) Regression plot between the photic phenomenon
of haloes (x axis) and the kappa angle (y axis). (b) Regression
plot between the photic phenomenon of glare (x axis) and the
kappa angle (y axis).



major role in some cases and hence enough time should
be provided before drawing a conclusion on the severity
of photic phenomenon. Improved patient compliance
noticed with these newer IOLs was seen in the current
study too. The distance and near visual outcome was
satisfactory in a large number of cases. We found that in
cases having dissatisfaction, uncorrected postoperative
visual acuity was the most important factor for patient
satisfaction. This is intuitive because low intensity photic
symptoms would occur in certain conditions, like around
light sources or in night time driving, however, the effect
of poor UCVA stays for the patient in all waking hours.
Other than these factors, there was no effect of any other
factor in the final resolution acuity satisfaction for
distance or near. We did not find that cylindrical power
had an effect independent of UCVA in the patient
dissatisfaction. Walcow and Klemen had findings similar
to that seen by us with UCVA in a questionnaire-based
study on a diffractive IOL, however, they found
cylindrical power to be an additionally important
independent predictor of dissatisfaction.*' The reason for
this difference can be in our exclusion of high cylinders
from the preoperative data and the low postoperative
cylinders. We agree that high cylinders and induced
higher order aberration (acquired aberropia) may have
an impact on the final satisfaction of the patients.”?*
We did not perform a wavefront analysis in our patients.
A study correlating visual symptoms, angle kappa

(and therefore coma aberration, which may be linked)
and other higher order aberrations may provide further
information on the same.” >’

Both the photic phenomenon evaluated in the study,
that is, haloes and glare, were found to have an association
with angle kappa, which represents the angle between the
visual axis and the pupillary axis. Even though many
patients with high angle kappa were also asymptomatic,
the strength of association was statistically significant,
suggesting that angle kappa values may be considered in
preoperative decision making in cases of multifocal IOL
implantation. The reason for this association needs to be
evaluated in detail, with simulation methods perhaps like
ray tracing to confirm whether edge effect from the
anterior IOL surface’s rings may be responsible for the
same. A higher angle kappa means that a fovea-centric ray
would pass closer to the edge of the IOL rings and not via
the pupillary area exactly concentric and ahead of the
centre of the IOL (Figures 4a and b). However, the IOL
centre may be dependent on the centre of the capsular bag
even in a ‘well-centered” implantation that may result in
an additional variable, which perhaps further studies will
look into.

A detailed discussion on the accommodative IOLs is
out of the scope of the current manuscript that primarily
deals with the visual effects of multifocal IOL. It remains
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Figure 4 (a) Schematic ray diagram showing the incident ray
passing through the central area in an eye with small angle
kappa. (b) Schematic ray diagram showing the incident ray passing
through the ring’s edge area in an eye with large angle kappa.

to be seen whether kappa angle would have a similar
effect on the optics of an accommodative IOL.

One of our patients had a spherical equivalent of —2D,
therefore, ruling out any benefit of the multifocal effect.
However, the aim of the study was to analyze the effects
of multifocal IOL implantation on the perceived visual
acuity, even after spectacle correction, and thus we did
not rule out patients on the postoperative refraction.
Never the less, this can be a possible exclusion criteria for
another study looking at the optics and range of
multifocality induced by these IOLs.

Each eye was defined as a single case and all these
patients were asked for the symptoms uniocularly, and
were marked on the questionnaire differently. The grade
and details of symptoms were different for both eyes in
many of our bilateral cases. This, in a way, validates the
fact that the symptoms were due to surgery and not due
to patient ‘psyche’. We avoided using symptom analysis
in bilateral cases as a ‘single patient’ to rule out the
masking effects of binocular vision/summation over the
symptoms. It may be noted that most self-reporting
questionnaires are biased by the expectation levels and
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the mindset of the patient itself, and therefore, in spite of
a scale based on objective parameters, the subjective
perception of a symptom may vary from one patient to
another. It needs to be seen whether the lens can be
customized to match the kappa angle of the patient.
Because of multiple variable factors including capsular
contraction, memory of the haptics and IOL rotation, it
seems unlikely that a multifocal IOL intentionally
decentered towards the visual axis would stay in the
same position in the postoperative period. Donnenfield
and Holladay have performed pupilloplasty to centre the
pupil and improve the waxy vision in certain such cases
with high angle kappa.*® However, the IOL can itself be
adjusted in a case of glued IOL for aphakia.* In cases
with glued multifocal IOL where the IOL is being placed
without capsular support, one of the haptics may be
pulled furthermore to position the central ring of IOL
under the visual axis before tucking the haptic to fixate
the IOL. A feasibility study for the same with glued IOL
is currently undergoing in our institution and the results
may throw more light on this evolving concept.

The perception of photic phenomenon is multifactorial
as evaluated in previous studies.”*! Our study suggests
that there may be an additional role of misalignment
between the visual and pupillary axis in the occurrence
of photic phenomenon after multifocal IOL implantation.
Further studies will be required to analyze the effect of
the same on induced higher order aberrations, and
contrast sensitivity after multifocal IOL implantation.

Summary

What was known before
® Many patients with multifocal IOL can be unhappy after
implantation due to visual symptoms.

What this study adds
® This study analyzes the predictive factors and look at
kappa angle as one of the reasons for visual complaints.
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