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Abstract

Aims—To calculate the diameter of halos
perceived by patients with multifocal
intraocular lenses (IOLs) and to stimulate
halos in patients with refractive multifocal
IOLs in a clinical experiment.
Methods—Calculations were done to show
the diameter of halos in the case of the
bifocal intraocular lens. 24 patients with a
refractive multifocal IOLs and five pa-
tients with a monofocal IOL were asked
about their subjective observation of halos
and were included in a clinical experiment
using a computer program (Glare & Halo,
FW Fitzke and C Lohmann, Tomey AG)
which simulates a light source of 0.15
square degrees (sq deg) in order to stimu-
late and measure halos. Halo testing took
place monoculary, under mesopic condi-
tions through the distance and the near
focus of the multifocal lens and through
the focus of the monofocal lens.
Results—The halo diameter depends on
the pupil diameter, the refractive power of
the cornea, and distance focus of the
multifocal IOL as well as the additional
lens power for the near focus. 23 out of 24
patients with a refractive multifocal IOL
described halos at night when looking at a
bright light source. Only one patient was
disturbed by the appearance of halos.
Under test conditions, halos were detected
in all patients with a refractive multifocal
IOL. The halo area testing through the
distance focus was 1.05 sq deg + 0.41,
through the near focus 1.07 sq deg * 0.49
and in the monofocal lens 0.26 sq deg *
0.13.

Conclusions—Under high contrast condi-
tions halos can be stimulated in all
patients with multifocal intraocular
lenses. The halo size using the distance or
the near focus is identical.

(Br ¥ Ophthalmol 2001;85:816-821)

The word halo is used to denote a dim disc of
light or a blurred circle surrounding the images
of a light source. Halos are commonly
observed when looking through an ice cloud at
the moon or the sun. In this case the ice parti-
cles lead to scattering. In the case of optical
media dimming of the eye—for example, in
keratopathy or cataract, halos are often per-
ceived when looking at a light source at night.
In this case too, the light is deviated by scatter-
ing. The essential point in the formation of
halos is that light rays are directed outside the
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focused image. Sometimes patients with multi-
focal intraocular lenses (IOLs) also report see-
ing halos'? when looking at a bright light
source at night. Because of the clear media of
multifocal IOLs the formation of halos must be
explained by a different mechanism. Most
multifocal lenses include two main focal
points. The first one, comparable with the focal
point in a monofocal IOL, focuses all distant
objects sharply on the retina. The second focal
point is generated by the same lens power plus
approximately 3.5 D, depending on the lens
type, to focus objects at reading distance
sharply on the retina. The most common types
of multifocal lenses are either diffractive or
refractive. Diffractive IOLs acquire a second
focal point by diffraction of light at concentric
circles on the posterior surface of the lens,
similar to the physical principle of the Fresnel
phase plate.’ Today, the most common diffrac-
tive multifocal IOL is the 811E (Pharmacia)
made of PMMA (poly(methylmethacrylate)).
In our investigations we used a refractive
multifocal IOL (SA 40N, Allergan). In this lens
five annular aspherical zones are incorporated
in the anterior surface of the lens to obtain the
multifocal function. Each zone contains con-
tinuous curves of refractive power up to 3.5 D.
The central 2 mm is used mainly for the
distance focus. The light distribution varies
with pupil size. At a pupil diameter of 4 mm
50% is directed to the distance focus point,
35% to the near focus point, and 15% to inter-
mediate foci. A ray diagram shows the
theoretical origin of halos (Fig 1). Two
different situations were taken into considera-
tion, the first with an object at infinity and the
second with an object at reading distance.
Halos form because the out of focus image has
a larger diameter than the sharp image on the
retina.

The aim of our investigation was to calculate
the diameter of halos in multifocal lenses. Sub-
jective observations of halos and disturbance
caused by them in patients with refractive
multifocal lenses were evaluated by means of a
questionnaire. Further, halos were stimulated
and measured in a clinical experiment.

Methods
Using the lens formula the halo diameter was
calculated in a simplified model.

In clinical testing, 24 eyes of 24 patients
(73.6 (£9.3) years, range 52.3-89.9 years)
with a refractive multifocal IOL (SA 40N,
Allergan) made of high refractive silicone and
five eyes of five patients (75.4 (£6.0) years,
range 66.6-82.0 years) with a monofocal IOL
of the same material (SI 40 NB, Allergan)
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Figure 1  (A) A light source nearly at infinity (1) emits parallel light rays (2) that are
bent at the cornea (3) and the bifocal lens (4). The distance focus of the bifocal lens
produces a sharp image on the retina (5). In the axial presentation this image is shown as a
white spot (5). The near focal point in this constellation is in front of the retina (6)
producing an out of focus image on the retina (7). The greater diameter of the out of focus
image is represented by the dark grey shading in the axial presentation (7) around the
focused image (5). (B) A light source is positioned at the reading distance (1) and the light
rays reaching the cornea are drawn in (2). These rays are bent at the cornea (3) and the
bifocal lens (4). The near focus of the bifocal lens produces a sharp image on the retina (5)
also seen in the axial presentation (5). The far focus of the lens would produce an image
behind the retina, producing an out of focus image on the retina (6). The greater diameter
of this out of focus image is responsible for the halo (6). g = object distance; b,,, = image
distance produced by the near focus; b, = image distance produced by the distance focus;
d,, = halo diameter; AD = power difference between the distance and near focus.

were investigated. The following exclusion cri-
teria were applied: (1) pathologies of the
cornea, such as corneal dystrophies; (2) clini-
cally relevant opacification of the posterior
capsule that could lead to light scattering; (3)
pathologies of the vitreous and retina—for
example, diabetic retinopathies or age related
macula degeneration, which could influence
the visual acuity verified with the slit lamp; (4)
a pupil diameter at 12 lux of under 3 mm
determined with the Goldmann perimeter; (5)
astigmatism over 2 D specified with a manual
keratoscope (Zeiss). All lenses were implanted
in the bag through a 3.2 mm clear corneal
incision after curvilinear capsulorhexis and
phacoemulsification. Postoperatively, exami-
nations were performed after 11.3 (£4.8)
months (range 7.9-22.5 months) in the multi-
focal group and 12.8 (+3.4) months (6.1-15.1
month) in the monofocal group. All patients
had to fill out a questionnaire regarding their
subjective observations of halos, driving habits
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at night, and distraction by the light of
oncoming traffic at night. The results were
reported as yes or no answers. For each
patient, distance refraction and visual acuity
were determined using a standard Snellen
projector system (Moller-Wedel M1000) at a
viewing distance of 6 metres. The pupil size
was measured with a Goldmann perimeter
(Haag-Streit) using the integrated millimetre
scale and varying the illumination at 12 lux
and 170 lux controlled by a commercially
available light meter. The computer program
Glare & Halo (FW Fitzke and C Lohmann,
Tomey AG) was used to measure the extent of
the halo. Against a background luminance of
0.01 cd/m?® a white light source 15 mm in
diameter with a luminance of 56.6 cd/m’
appeared in the centre of the video monitor
(NEC MultiSync 6FGp, 21 inch flat picture
tube, 0.28 mm distance between points). The
appropriate luminance was determined using
a calibration program and a luminance meter.
The patient sat 2 metres away from the video
monitor. Monocular testing took place under
mesopic conditions without dark adaptation,
with best distance refraction adding plus
0.5 D for the viewing distance. Glasses were
always used. The program simulated a mov-
able red spot, which was controlled by the
computer mouse and could be directed along
12 lines from the periphery to the centre (Fig
2A). The task for the patient was to state when
the spot reached the border of a possible halo.
The program computed the area automati-
cally and the result was defined as the area
within the indicated halo margins. The results
were expressed in square degrees (sq deg) and
compared to the area of the light source of
0.15 sq deg. The test was repeated in the same
way but with best distance refraction adding
minus 2.5 D to force the patient to use the
near focus. The results of the halo through the
distance focus were corrected by minus 1% to
compensate for the magnification* of the plus
0.5 D glass used in addition to the best
distance correction for the viewing distance of
2 metres. Because of the diminution of the
minus glasses' of 2.5 D, the halos were
increased by 5% when looking through the
near focus. Five eyes of five patients with a
monofocal IOL (SI 40 NB, Allergan) were
evaluated in the same way to achieve a
reference range for a possible halo size in
monofocal lenses. To analyse the significance
of the differences between the multifocal and
monofocal group and the different halo tests
within the multifocal group the Mann-
Whitney test was applied.

Results
To compare the halo diameters the lens
formula
1/£f=1/g+ 1/b
where f = focus distance; g = object distance; b
= image distance was used (Fig 1).
Furthermore, it was assumed that the bifocal
function was valid over the whole pupil
diameter (d,). The refractive power (D = 1/f) of
the eye was defined:

D + DIOLdistance = D = D

Cornea distance
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D D..=D,.=D+AD

+ DIOLnear = near near
comea = doptric power of the cornea
Diorgisance = dioptric power of the distance
focus of the multifocal IOL
Dio1ne = dioptric power of the near focus of
the multifocal IOL

Halo diameter with object at infinity (g = ):
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Halo diameter with object at reading dis-
tance (g = 1/AD)):

1 1 1

bnear = =
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by 1 1
distance l/fdistance - l/g N D—- AD
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bdistance
bnear
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So the halo diameter is theortically identical
when looking at infinity and at reading distance
in this model.

Summarising the results of the question-
naire, 23 of 24 patients with a refractive multi-
focal IOL observed halos by night when
looking at a bright light source. Only one
patient felt bothered by the halo. Six of the 24
patients had experienced driving at night with
a multifocal lens in one eye, and all of them
reported halos originating from the oncoming
traffic. One of these six patients claimed to be
disturbed by halos produced by the oncoming
traffic. In the monofocal group none of the five
patients observed halos by night. Three of
them were drivers but no one reported
problems with lights of the oncoming traffic at
night. With the best distance refraction (—1.18
sph £ 0.78 = + 0.72 cyl £ 0.65) the mean dis-
tance visual acuity was Snellen 0.91 + 0.19 in
the multifocal group. The mean best corrected
visual acuity in the monofocal group was, with
a mean correction of + 0.38 sph + 0.91 = +
0.25 cyl £ 0.0, Snellen 0.99 + 0.13. The pupil
diameter in the multifocal group was 4.1 mm *
0.7 (range 3.2-6.0 mm) at 12 lux and 3.3 mm
+ 0.7 (range 2.0-5.0 mm) at 170 lux, and in the
monofocal group 4.0 mm #* 0.1 (range 3.9-4.1
mm) at 12 lux and 3.3 mm * 0.3 (range
3.0-3.7 mm) at 170 lux. The halo size was 1.05
sq deg + 0.41 using the distance focus and 1.07
sq deg * 0.49 using the near focus (Fig 2B, C).
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Halos were found to be irregular in shape in
this experimental set-up. In the group with the
monofocal IOL the result of the halo test was
0.26 sq deg + 0.13 (Fig 2D). Comparison of
halo size in both multifocal experiments with
that of the monofocal group using the unpaired
t test revealed a significant difference (p
<0.05); no significant difference in halo size
was found between the two multifocal groups.

Discussion

Halos that form because of unclear optical
media of the eye are the result of directing light
outside the required focal point. Under physio-
logical conditions, image formation by the cor-
nea and the lens is obstructed by spherical and
chromatic aberration. However, several factors
which direct the light outside the focused mar-
gins can impair the retinal image. The image
on the retina is the basis for our visual impres-
sion modified by retinal and cortical processing
of the data gathered. Thus halos on the retina
are not necessarily physiologically recognised.
The subjective observation of halos requires
specific light conditions and a certain amount
of light outside the focused margins. Whereas,
in general, halos are physical phenomena of
light scattering as in patients with cataract, this
is not the case for multifocal lenses. Because
there is an additional focus, the focused image
on the retina is overlapped by a second, out of
focus image of greater diameter produced by
the distance or near focus (Fig 1A, B). The
greater diameter (Fig 1A, B) of an out of focus
image compared with the focused image is
responsible for the halo outside the focused
margins in bifocal and multifocal lenses. Simi-
lar phenomena also occur in multifocal contact
lenses. Optical systems with focal points lying
behind each other always lead to an overlap of
focused and out of focus images and therefore
cause halos.

So far, multifocal lenses that provide the
patient with a pseudoaccommodation®” are the
only practicable possibility for overcoming the
accommodative loss after cataract surgery.
Furthermore, bilateral implantation of multifo-
cal IOLs® and asymmetric concepts® " in bilat-
eral implantation of multifocal lenses provide
patients with satisfactory solutions. Myopic
astigmatism can lead to a certain increase of
depth of focus." Other solutions, such as
silicon installation in the capsular bag,"” ** pin-
hole lenses, and flexible lenses'* with the ability
to move forward during the constriction of the
ciliary muscle have not yet provided satisfac-
tory results. Pseudoaccommodation is a term
describing the ability to use two or more focal
points of an IOL for sharp imaging on the
retina depending on the object distance.
Patients with multifocal implants generally
show amazingly good clinical results.'”?* This
is at variance with in vitro testing results of the
optical abilities of bifocal and multifocal lenses,
especially to modular transfer function testing
(MTF) on an optical bench.”"** Perhaps most
images on the retina which the retina and brain
are called on to analyse, have a certain amount
of haze and blur. The halos of multifocal IOLs
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Figure 2 (A) The patient is sitting 2 metres away from a video monitor with the best correction. A white, round light
source 15 mm in diameter with an illumination of 56.6 cd/m’ is simulated in the centre of the monitor. The background

tllumination is 0.01 cd/m’. The test takes place under mesopic conditions. A small red spot can be moved with the computer
mouse along lines from the periphery to the centre in 30° degree steps (a). The task for the patient is to report when the red
spot touches the edge of a possible halo. The halo margin is then determined along the next line 30° away (b). Finally, the
extent of the halo is indicated in 30° steps. The computer program automatically computes the area of the halo. (B-D) The
circle in the middle represents the extent of the light source. Monocular testing with best distance refraction plus 0.5 D was
performed at a distance of 2 metres under mesopic conditions in order to force the patient to use the distance focus (SA 40
N), and with the best distance refraction plus minus 3.0 D in order to force the patient to use the near focus (SA 40 N). In

the monofocal group the correction used was the best distance refraction plus 0.5 D (SI 40 NB). The halo is visible as a
grey area; the dotted lines represent the standard deviation. ns = not significant.

add additional confusion, but the basic sharp-
ening mechanisms of the brain are already in
place. Clinical evaluations of multifocal lenses
revealed that in most clinical standard test
methods for measuring the quality of vision—
for example, visual acuity determination or
even contrast sensitivity measurements, the
reduced amount of light that is creating the
focus as well as the overlying out of focus image
hardly influences the results compared with
those for monofocal lenses. In vitro testing”' *
showed a loss of contrast in images formed by
multifocal lenses. Clinical studies showed that
the loss in contrast sensitivity is remarkably
small' ' * > and sometimes even difficult to
verify."” Probably the out of focus image does
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not exert a great influence because the light
intensity is reduced by the square of the
distance from the focal point and the overlying
image is not sharp. In monofocal lenses the
patient is also accustomed to light rays that
overlie the image because of spherical and
chromatic aberrations. In multifocal lenses the
amount of light overlying the retinal image is
higher, causing greater sensitivity to glare—as
has been confirmed in clinical studies.' **** In
several cases discomfort caused through lack of
clarity with multifocal lenses has been reported
similar to monocular diplopia.”® Pseudoaccom-
modation is the ability to enjoy clear vision at a
distance and close up at the same time. In
practice, visual acuity decreases rapidly from
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the optical axis to the periphery, so that only
fixated objects can be realised with a high reso-
lution.”

The lens used is a refractive multifocal lens
that distributes the incoming light between the
far focus, intermediate foci, and the near focus
depending on pupil size. To achieve this light
distribution the central 2 mm section of the
lens is mainly used for the distance focus. The
advantage of this system is the assurance of
good distance vision, especially with a narrow
pupil, whereas near visual acuity is worse than
in multifocal implants that direct more light to
the near focus.” ' Theoretically, the lens also
has some intermediate focal points for vision
between the reading distance and infinity. In
clinical studies, however, these intermediate
focal points were found to be insufficient, espe-
cially when compared with a diffractive bifocal
lens.*

The exclusion criteria for patients who
underwent the halo test program were deter-
mined by avoidance of light scattering phe-
nomena, intact contrast sensitivity, and visual
acuity in order to provide independent recog-
nition of halos. Because the central 2 mm sec-
tion of the refractive multifocal IOL tested
directs the light rays only to the distance focus,
pupil size was measured to secure a pupil
diameter of 3 mm at testing conditions. The
two illumination levels were chosen because 12
lux was comparable with the light intensity of
10 lux at the cornea plane of the experimental
set-up described above and 170 lux simulates
normal room illumination. Patients with an
astigmatism over 2 D were excluded to
minimise a possible influence of halo shape
because of light rays outside a focal point
caused by the conoid of Sturm. Furthermore,
we do not recommend multifocal lenses in the
case of postoperative expected astigmatism
over 2 D in order not to put at risk the patient’s
independence of spectacles.”® *' All computer
tests were done with spectacles to achieve
comparable results for the halo size.

The lens formula shows that the halo diam-
eter depends on the additional power of the
near focus, but also on the power of the cornea
and lens and the pupil diameter. Furthermore,
it could be shown that theoretically the halo
diameter when looking at infinity and at
reading distance should be the same (Fig 1).

The questionnaire revealed that most pa-
tients with refractive multifocal lenses observe
halos when looking at a light source at night,
but most of them do not feel disturbed by
them. In the evaluated patient group, all
patients who drive by night described halos
originating from the oncoming traffic. One of
these six patients felt bothered by the halos
when driving by night. The examination of the
patients in the monofocal group revealed the
expected results. None of the patients had
observed halos and no one who was driving by
night felt disturbed by the oncoming traffic.
The slightly worse best corrected visual acuity
in the multifocal group of Snellen 0.91 (SD
0.19) compared with the monofocal group of
Snellen 0.99 (SD 0.13) seems to be a
coincidence and does not correspond with
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other investigations where the best corrected
distance visual acuity in multifocal and mono-
focal lenses is comparable.”* ¥ The chosen
method of pupil measurement under different
light conditions using the Goldmann perimeter
was time consuming but showed good, repro-
ducible results. The pupil diameter was com-
parable in all patients tested. The computer
test program proved to give good, reproducible
results. The system for visualising the halo
along 12 lines proved to be exact and precise
enough for our task. The evaluated halo areas
of 1.05 sq deg + 0.41 looking through the dis-
tance focus and 1.07 sq deg £ 0.49 looking
through the near focus revealed that the out of
focus image of the near focus that was
overlying the image of the distance focus when
looking at infinity had a comparable diameter
to the out of focus image of the distance focus
when looking at reading distance. Comparison
of the evaluated size of halos in the multifocal
group with that of halos in the monofocal
group confirmed the expected statistically
significant differences (Fig 2B-D). A differ-
ence between halo testing with the computer
program used in the clinical experiment and
the theoretical considerations was the irregu-
larity of the halo margins. In most cases the
evaluated halos in patients with multifocal
lenses were of irregular shape. These results
also correspond to our clinical experience of
halo description given by patients with multi-
focal lenses. An explanation therefore may be
refractive irregularities of the cornea, a possible
lens tilt, and difficulties in recognising the weak
halo margins exactly.

In order to observe halos in practice a high
contrast is necessary between an object and its
background—for example, a bright light
source by night or, in the clinical experiment
described, under mesopic conditions. In sum-
mary, halos can be stimulated in all patients
with intraocular multifocal lenses but most
patients do not feel bothered by them.
Theoretically and practically halo size is identi-
cal either using the distance or the near focus
of a multifocal IOL.
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