EVALUATION OF RETINAL
LIGHT SCATTERING, VISUAL
ACUITY, REFRACTION AND
SUBJECTIVE SATISFACTION IN
PATIENTS AFTER ACRYSOF IQ
PANOPTIX INTRAOCULAR LENS
IMPLANTATION

SUMMARY

Aim: To evaluate the retinal light scattering, visual acuity, refraction and
subjective satisfaction in patients after implantation of Acrysof IQ PanOptix
intraocular lens.

Methods: Our group included 32 eyes of 21 patients who underwent cataract
surgery or refractive lensectomy with Acrysof IQ PanOptix multifocal intraocular
lens implantation at the Ophthalmology Clinic of Faculty Hospital Hradec
Kralové during the time from September 2015 to December 2017. The observed
parameters were visual acuity, subjective refraction, retinal light scattering
and patient’ subjective satisfaction. Preoperative refractive values and visual
acuity values were compared with results obtained on day 1, 1 month and at
an average of 27 months postoperatively. Subjective satisfaction and degree of
light scattering on the retina were evaluated at the end of the follow-up period.

Results: Preoperative, uncorrected distant visual acuity improved from an
average of 0,51 £ 0,29 (expressed in decimal values) to 0,94 + 0,10 at the end
of the follow-up period. Preoperative best-corrected distance visual acuity
improved from an average of 0,95 £ 0,19 to 1,00 + 0,09 at the end of the follow-
up period. The mean value of preoperative uncorrected near visual acuity was
8,29 £ 4,93 of Jaeger charts, the mean value of uncorrected near visual acuity
at the end of the follow-up period was 1,00 = O of Jaeger charts. Subjective
satisfaction was assessed using a standardized VF-14 questionnaire at least
1 year after surgery (mean follow-up of 27 months). Retinal light scattering
was examined using an Oculus C-Quant instrument. The retinal light scattering
value in our sample was 1,12 + 0,19. In only 6 eyes of 4 patients, the resulting
value was outside the physiological range used for eyes with lens crystallina

Conclusion: The value of light scattering on the retina is a factor affecting
the degree of sensitivity to glare after implantation of multifocal intraocular
lenses. In our group, we observed a deviation from the physiological range
of retinal light scattering in only 6 eyes of 4 patients, but this did not lead to
a deterioration in subjective postoperative satisfaction.
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INTRODUCTION

The aim of current refractive surgery is not only to attain
the best possible objective refractive result, but above all
a high degree of postoperative subjective patient satis-
faction [7]. A decrease of the quality of the retinal image
and a subsequent deterioration of visual functions, with
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the occurrence of adverse “secondary optic phenomena”
following refractive surgery may take place due to the
influence of increased intraocular light scattering [6]. In
particular, after the performance of refractive lensectomy
(or alternatively cataract surgery) with implantation of a
multifocal intraocular lens, dysphotopssia may markedly
influence postoperative quality of vision. Despite the fact
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that this concerns a significant factor, at the present time
it is still a relatively complex matter to quantify. In regular
practice, subjective questionnaires are used to determine
and evaluate the presence of disruptive secondary optic
phenomena [1].

We are informed of the distribution of brightness on the
retina at the moment when the eye fixes on a new point
source by the point of spread function (PSF) curve, which
thus defines the quality of the retinal image. The PSF curve
is of a Guassian shape. The peak of the curve is determi-
ned by visual acuity, its outer parts by light dispersion [5].
Evidence on the outer part of the curve is provided by
measurement using the instrument Oculus C-Quant (Ocu-
lus GmbH, Germany) [6]. The aim of our study was to eva-
luate subjective satisfaction, visual acuity, refraction and
light scattering on the retina following the implantation of
the multifocal intraocular lens AcrySof IQ PanOptix (Alcon
Laboratories, Inc., Fort Worth, TX, USA).

Cohort of patients

The cohort incorporates patients in whom an Acry-
Sof 1Q PanOptix artificial multifocal intraocular lens [17]
was implanted at the Department of Ophthalmology at
the University Hospital in Hradec Kralové within a time
frame from September 2015 to October 2017. The stu-
dy included 32 eyes of 21 patients, of whom 33% were
women and 67% men. The average age of the patients
was 56 + 8.7 years (range 42 to 75 years). In 59% of eyes
the implantation of the PanOptix lens was performed
within the framework of refractive lensectomy, in the re-
maining 41% within the framework of cataract surgery.
Preoperative refractive values and values of visual acui-
ty were compared with the results obtained on the 1st
day, 1 month and with an interval of an average of 27
months after surgery (minimum 13, maximum 38). The
parameters of subjective satisfaction and the degree of
light scattering on the retina were evaluated only at the
end of the observation period. The preoperative data is
presented in table 1.

METHOD

All the patients underwent a preoperative examinati-
on, which covered: recording of personal medical history,
examination of uncorrected visual acuity (UCVA) and best
corrected visual acuity (BCVA) for distance and near visi-
on, examination of dominance, measurement of intrao-
cular pressure (non-contact tonometer, NIDEK NT-530),
performance of biometry (IOLMaster, Carl Zeiss Meditec
AG), corneal topography (Pentacam, Oculus, Inc.) and
examination of the anterior segment. In conclusion an
examination of the ocular fundus was performed, and in
the case of absence of a foveal reflex also examination
of the macula by optical coherence tomography (OCT)
(CIRRUS HD-OCT, Zeiss).

The exclusion criteria for implantation of a multifocal
intraocular lens incorporated: retinal pathology (disea-
se of macula, diabetic retinopathy, condition following
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retinal detachment), pathology of the optic nerve and
cornea (irregular astigmatism, endothelial dystrophy),
dry eye syndrome, loose suspensory apparatus of lens,
uveitis, glaucoma and condition following ocular trauma.
In our cohort there were no patients who had undergone
a prior laser corneal refractive procedure. Patients with
markedly unrealistic expectations and patients who did
not accept the possibility of the occurrence of secondary
optic phenomena following the implant of a multifocal
intraocular lens (MF I0L) were excluded from the indica-
tion. Informed consent was obtained from each patient.

Observed parameters

UVA — uncorrected visual acuity, BCVA — best corrected
visual acuity, subjective refraction, retinal light scatte-
ring, subjective satisfaction.

Evaluation of retinal light scattering

We examined retinal light scattering with the aid of the
instrument Oculus C-Quant (Oculus GmbH, Germany) at
an interval of 27 months after surgery. The C-Quant in-
strument uses the compensatory comparative method
[4]. Each patient was examined monocularly. During the
course of the examination, a field is presented to the pa-
tient with a number of concentric rings, inside which is
a central circle divided into two halves. The left testing
field corresponds to the intensity of the scattered light,
while the compensatory light is projected into the right
testing field. During the examination a circular source of
glare is switched on and off at a frequency of 8 Hz (pe-
ripheral ring), and the examined patient fixes with the
fovea on the centre of the illuminated surface (central
ring). Upon activation of the source of glare, a part of the
light is scattered by means of passage through the optic
media (here primarily through the MF IOL) and thus de-
flected from the fovea. Subsequently this part of the light
is projected onto a point onto which the central testing
field (area of the fovea) is also projected. Upon switching
off the source of glare, the scattered light is not present
in the eye, and therefore only light that is present in the
centre of the illuminated surface falls upon the fovea.
The patient has the task of indicating with the press of
a button which half of the central circle is flashing more
pronouncedly. Light scattered inside the eye is measured
by log units. Higher values mean a greater scattering of
light in the eye [10].

Subjective satisfaction questionnaire

Subjective patient satisfaction was evaluated with the
aid of the standardised questionnaire Visual Functioning
Index (VF-14), completed at a time of 1 year or more after
the performance of the surgery. The questions are tar-
geted at subjective complaints upon the performance of
regular daily activities, under both photopic and mesopic
conditions. The questions are answered by the patient
with a score of zero to four points (4 — no difficulties in
performing activity, 1 — large difficulties, 0 — activity not
performed due to poor vision), an arithmetical average
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Table 1. Preoperative patient data

Men/women, n (%)
Age (years), mean t SD, range

Number of patients, number of eyes (n)

Implantation within framework of refractive lensectomy (n, %)

Implantation within framework of cataract surgery (n, %)

Axial length (mm), mean % SD, range

Value of corneal astigmatism (dioptre), mean + SD, range

Value of spherical strength of implanted IOL (dioptre), mean £ SD, range

14 (67 %)/ 7 (33 %)
56 + 8,7, 42-75
21,32
19 (59 %)

13 (41 %)

23,55+1,18,
21,29-26,01
0,65+ 0,44,
-0,06-2,15

22,36+ 2,99,
17,5-28,0

n (number of patients), mm (millimetre), SD (standard deviation), IOL (artificial intraocular lens)

is subsequently calculated from the individual responses,
and the result is multiplied by 25. The resulting value is
always located within the range of 0 to 100, the higher
the value, the less subjective complaints the patient has
[16]. We included in our study only questionnaires from
patients in whom the reliability parameters of examinati-
on by the C-Quant instrument were met.

Statistical analysis

Quantitative data is expressed by the mean, standard
deviation (SD) and range. Values of UCVA and BCVA were
evaluated by means of a Wilcoxon test. Statistical signifi-
cance was defined as p < 0.05.

RESULTS

We evaluated sensitivity to glare, which was examined
monocularly at a follow-up examination with an interval
of 12 months and longer following the implantation of
the artificial intraocular lens PanOptix with the aid of the
C-Quant instrument. The study included only patients
who attained such values of Esd parameters (standard
deviation of individual points of measurement < 0.08)
and Q parameter (reliability coefficient > 1), in order for
the results to be considered credible [5]. At the same
time, patients with a finding of secondary cataract were
excluded from the study due to potential distortion of the
results. The average length of duration of the examinati-
on using the C-Quant instrument was 99 + 17 seconds.
The average level of light scattering (log(s)), thus the ratio
between undesirable light scattering and desirable light
scattering was 1.12 £ 0.19. The Esd value was 0.06 + 0.01
and the mean Q parameter was 1.66 + 0.26. The evaluati-
on of retinal light scattering is recorded in graph 5, 81% of
eyes corresponded to the physiological range. The resul-
ting value was outside of the physiological range in only
6 eyes (19%) of 4 patients. The results are recorded in
graph 6.
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In our cohort the mean resulting value following pro-
cessing of the questionnaires was 98.02 + 3.54 (100 maxi-
mum satisfaction, 0 — dissatisfaction). Patients stated the
greatest problems during delicate manual tasks (knitting,
sewing) and night driving of motor vehicles, the point
average in these questions was 3.64 and 3.7. The ques-
tionnaire, with the resulting mean point evaluation, is
presented in table 2.

We also evaluated uncorrected (UCVA) and best correc-
ted (BCVA) in the patients for near and distance vision.
In UCVA we recorded a statistically significant improve-
ment during the observation period. For distance vision
mean preoperative uncorrected visual acuity (UCVA) was
0.51 (decimal value) + 0.29, mean best corrected visu-
al acuity (BCVA) was 0.95 + 0.19. On the first day after
surgery, mean UCVA for distance vision was 0.83 £ 0.16,
mean BCVA was 0.94 + 0.08. At a follow-up examination
at an interval of 1 month after surgery, mean UCVA was
0.9 + 0.13, mean BCVA was 0.99 £ 0.08. At a follow-up
examination at an interval of 1 year or longer after surge-
ry (on average 27 months), mean UCVA was 0.94 + 0.10
and average BCVA 1.00 £ 0.09.

For near vision, mean preoperative UCVA was Jaeger
(J.) no. 8.29 + 4.93, mean BCVA was J. no. 1.34 + 1.26.
On the first day after surgery mean UCVA was J. no. 2.61
+ 2.13, mean BCVA was J. no. 1.19 + 0.90. At a follow-up
examination at an interval of 1 year or longer after surge-
ry (on average 27 months), mean BCVA was J. no. 1.00 +
0, mean BCVA was J. no. 1.00 + 0.00 and UCVA binocular-
ly to centre was 0.96 + 0.19. We recorded a statistically
significant improvement of uncorrected visual acuity for
near and distance vision in comparison with the preope-
rative values at a time of 1 day (p < 0.0001) and 1 month
(p < 0.0001) after surgery, after which the finding was
stationary. The development of UCVA and BCVA at both
distances is presented in graphs 1 and 2. At the time of
1 month after surgery, 100% of eyes attained monocular
UCVA for distance vision of 0.7 (decimal value), and for

CZECH AND SLOVAK OPHTHALMOLOGY 6/2019



Graph 1. Mean subjective distance visual acuity during
the course of observation of UCVA (uncorrected visual

acuity), BCVA (best corrected visual acuity, *on average
27 months (range 1 year or longer)
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Graph 2. Mean subjective near visual acuity during the
course of observation of UCVA (uncorrected visual acui-
ty), BCVA (best corrected visual acuity, *on average 27
months (range 1 year or longer)
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Graph 3. Cumulative distance UCVA (uncorrected visual
acuity) 1 month after surgery
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near vision of J. no. 5 (Graphs 3 and 4).

Preoperatively the value of subjective refraction for
distance vision was +0.79 sph (D) + 1.89 (within the range
of -5 to +4) and -0.36 cyl (D) + 0.41 (within the range of
-1.5 to 0). At a follow-up examination at an interval of 1
year or more after surgery, the value of subjective refrac-
tion for distance vision was +0.24 sph (D) £ 0.41 (within
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Graph 4. Cumulative distance UCVA (uncorrected visual
acuity) 1 month after surgery
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the range of 0 to +1.25) and -0.16 cyl (D) + 0.34 (within
the range of -1 to 0). The value of subjective refraction
for near vision was preoperatively +2.27 sph (D) + 1.89
(within the range of -3.5 to +5.5) and -0.19 cyl (D) + 0.40
(within the range of -1.25 to 0). At a follow-up examina-
tion at an interval of 1 year after surgery, the value of
subjective refraction for near vision was 0.00 sph (D) £ 0
and O cyl (D) £ 0. The SE value at the time of 1 month after
surgery was within the range of -0.5 to +0.5 D (Graph 5).

DISCUSSION

The aim of the refractive operation PRELEX (presbyo-
pic lens exchange) is to attain independence of glasses
correction. Within the framework of implantation of
multifocal intraocular lenses, however, adverse optic
side effects may occur: the onset of positive and negati-
ve dysphotopsias (halo, glare or shadow in the temporal
periphery of the visual field), reduction of contrast sen-
sitivity and increased retinal light scattering, which may
be one of the causes of occurrence of restricting glare
[13]. In our study we focused on an evaluation of retinal
light scattering following the implantation of the MF 10L
PanOptix (Alcon Laboratories, Inc., Fort Worth, TX, USA).

The distribution of brightness on the retina at the mo-
ment when the eye is fixing on a point source is descri-
bed by the point of spread function (PSF curve), and thus
defines the quality of the retinal image. The central part
of the curve is determined by visual acuity and the outer
parts by retinal light scattering [18]. The point of spread
function of the human eye therefore incorporates very
different domains: a domain with high intensity and a
small angle, referred to as the “PSF core”, and a domain
with a wide angle and low intensity, usually referred to as
“straylight”. The first domain can be evaluated with the
aid of optical techniques. For the second domain psycho-
-physical techniques have been developed, in particular
a comparative method which is available with the aid of
measurement on a C-Quant instrument [14]. Intraocular
scattering is influenced by several factors. It increases
with the age of the patient, it is higher in patients with
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corneal edema or in contact lens wearers, and additio-
nally in the case of presence of opacities of the lens or
its posterior capsule and in glaucoma patients. It is also
connected with pigmentation of the eye — in retinitis pig-

mentosa and Fuchs’ heterochromic iridocyclitis there is
also greater light scattering [4]. At present retinal light
scattering is being studied in connection with implanta-
tion of intraocular lenses within the framework of cata-

Graph 5. Intervals of SE for distance vision and percentage representation of eyes at the
time of 1 month after surgery. SE (spherical equivalent), D (dioptre)
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Table 2. Questionnaire VF-14 (Visual Functioning Index 14) for evaluation of satisfaction with postoperative visual functions

Mean point score
(4 — without difficulties
0 — performance impossible due to difficulties)

Activities (performed while wearing glasses)

Reading small print (e.g. on medications) 3.73
Reading books and magazines 4
Reading large print 4
Distinguishing people close up 3.82
Distinguishing steps, edges of pavement 4
Distinguishing traffic signs, names of streets, shop signs 4
Performance of delicate manual tasks 3.64
Completing forms 4
Playing card games, dominoes 4
Performance of sporting activities (volleyball, tennis, table tennis) 4
Cooking 4
Watching television 4
Driving a motor vehicle during the day 4
Driving a motor vehicle at night 3.7
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ract surgery or refractive lensectomy. Light scattering fo-
llowing its passage through the optics of the intraocular
lens may occur either through the influence of diffractive
transitions in the case of diffractive intraocular lenses, or
on the edge of the optics in the case of all intraocular
lenses, including monofocal. Glistening also may be the
cause of greater retinal light scattering [12].

Studies focusing on a comparison of retinal light scatte-
ring in the case of implantation of hydrophilic and hydro-
phobic intraocular lenses have produced interesting fin-
dings. Tang et al. recorded a significantly larger amount
of dispersed light in the case of hydrophobic lenses [12].
The authors Guo et al. also conducted a comparison of
hydrophobic and hydrophilic material. Similarly as in the
previous study, in the case of hydrophilic artificial intra-
ocular lenses, a significantly lower degree of light scatte-
ring was demonstrated than in the case of hydrophobic
lenses [6].

The same issue was also the subject of research by ta-
buz et al., who focused on a comparison of both materials
in the case of multifocal intraocular lenses, and published
an overview of the influence of multifocal intraocular
lenses on postoperative intraocular scattering. It incor-
porated 10 studies, which stated the values of scattering
obtained with the aid of a C-Quant instrument following
uncomplicated implantation of 9 types of MF IOL. Hydro-
philic MF 10Ls manifested less intraocular scattering than
hydrophobic IOLs by 0.08 log (s) (p = 0.001). IOLs with a
filter of the blue part of the light spectrum showed lower
values of intraocular scattering than standard MF I0Ls
by 0.04 log (s), which was not statistically significant (p =
0.32) [8]. Further studies have focused on the influence
of the type of multifocal optics (diffractive, refractive) on
values of intraocular scattering and on the occurrence of
secondary optic phenomena (halo) obtained with the aid
of halometry (Aston Halometer). In this study the authors
evaluated the intraocular lenses Tecnis ZM900 (Advan-
ced Medical Optics, Inc.), Lentis Mplus MF30 (Oculentis
GmbH and Topcon Europe BV) and Softec-1 (Lenstec,
Inc.). The authors did not record a significant difference
in the value of retinal light scattering between the indivi-
dual intraocular lenses by measurement with the aid of
straylightmetry (C-Quant), nevertheless halometry iden-
tified clear differences in the values through the influen-
ce of different multifocal technologies of the optic parts
of the intraocular lenses. The value of retinal light scatte-
ring therefore need not necessarily directly attest to the
occurrence of secondary optic phenomena [1].

A comparison of intraocular scattering in multifocal and
monofocal intraocular lenses was presented in a study by
the authors de Vries et al. The average value of intraocu-
lar scattering at the time of 6 months after surgery was
higher in patients with an AcrySof ReSTOR SA60D3 IOL
than in patients with a monofocal AcoSof SA60AT IOL. The
study produced the interesting finding that the values of
intraocular scattering were significantly lower in eyes fo-
llowing implantation of both types of intraocular lenses
than in subjects of a corresponding age from the normal
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population [15]. The study by Peng et al. also confirms
higher intraocular dispersion following the implantation
of a multifocal diffractive intraocular lens in comparison
with a monofocal lens [11]. However, studies are availab-
le which do not demonstrate a statistically significant dif-
ference in the values of intraocular scattering in the case
of a comparison of multifocal and monofocal intraocular
lenses [2]. A comparison of different types of multifocal
introacular lenses was presented in a study by the authors
Ehmer et al., which also focused on a correlation between
measurement of retinal light scattering with the aid of the
C-Quant instrument (Oculus, Germany) and the results of
subjective satisfaction. The authors compared three diffe-
rent multifocal intraocular lenses: AMO ReZoom (refrac-
tive design, n = 10), AMO ZM900 (diffractive design, n =
10) and Oculentis Mplus (rotationally-asymmetric design,
n = 10). The functional results were evaluated at least 3
months after surgery, followed by measurement of light
scattering and a subjective questionnaire. The authors did
not demonstrate a correlation between the values of reti-
nal light scattering and subjective photopic phenomena.
Patients with the refractive type of optics of MF IOL recor-
ded the highest percentage of occurrence of positive dys-
photopsias (halo) [3]. Mueller-Schotte et al. in their study
used the questionnaire NEI-VFQ-25 (National Eye Institute
Visual Functioning Questionnaire, 25 questions) for eva-
luating subjective patient satisfaction, while the degree of
intraocular scattering was measured in the same manner
as in our study, using the instrument Oculus C-Quant. The
authors did not find any correlation between quality of life
and the degree of intraocular scattering [10]. This conclu-
sion is supported also by the authors Michael et al. in their
study from 2009 [9].

It is also stated in the literature that light scattering de-
pends on the diameter of the pupil. The authors Tang et
al. demonstrated greater light scattering in their cohort
in the case of pupils in artificial mydriasis, although on
a C-Quant instrument, with respect to the calculation of
light scattering (proportion of dispersed and non-disper-
sed light, in which there is an increase in both types of
light following dilation of the pupil), the values should be
independent of pupil diameter. It is assumed that the in-
crease in light scattering is due to exposure of the edge
of the I0L, capsular opacities or also corneal edema [12].

CONCLUSION

Subjective patient satisfaction following implantation
of multifocal intraocular lenses depends on the correct
selection of the patient (patient motivation), correct
choice of the type of intraocular lens, precise calculati-
on, precise operation and if applicable also subsequent
psychological support after surgery. Evaluation of retinal
light scattering following the implantation of multifocal
intraocular lenses is significant at the present time due
to the construction of new designs of the optical parts of
these implants. In our cohort we recorded a high degree
of postoperative patient satisfaction in connection with
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independence of glasses correction together with a high
degree of predictability and stability of the refractive re-
sult. In 82% of eyes the value of retinal light scattering
was within the range of physiological values. We recor-
ded a resulting value of retinal light dispersion outside of
a physiological value in 6 eyes of 4 patients. An interesting
finding was that in three patients from this group, even

despite higher values of intraocular scattering, 100%
subjective satisfaction with the postoperative result was
recorded. Further studies will be required in order to cla-
rify the relationships between retinal light scattering, the
degree of occurrence of secondary optic phenomena,
increased sensitivity to glare and subjective satisfaction
following implants of multifocal intraocular lenses.
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