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Purpose: To evaluate the safety and efficacy of a new multi-segmented refractive multifocal 
intraocular lens (IOL) after phacoemulsification and refractive lens exchange (RLE).
Patients and Methods: In this prospective, multicenter clinical trial, 63 presbyopic sub-
jects who had cataract or where RLE candidates were bilaterally implanted with the Precizon 
Presbyopia IOL (Ophtec BV, Groningen, the Netherlands) after phacoemulsification. The 
study was conducted at 6 clinical centers in Germany, the Netherlands, Belgium, Turkey and 
Spain. Subjects were evaluated at baseline and at 1 day, 1 week, 1 and 3 months post-
operatively for monocular and binocular uncorrected (UDVA) and corrected distance visual 
acuity (CDVA), uncorrected (UIVA) and distance-corrected intermediate visual acuity 
(DCIVA), uncorrected (UNVA), corrected (CNVA) and distance-corrected near visual acuity 
(DCNVA), contrast sensitivity and quality of vision.
Results: Three months postoperatively, binocular UDVA and CDVA of ≥20/40 was achieved 
in 98.4% (60/61) and 100%, respectively. Binocular UIVA and DCIVA of ≥20/40 was 
achieved in 96.7% (59/61) and 93.4% (57/61) respectively. Binocular UNVA, CNVA and 
DCNVA of ≥20/40 was achieved in 93.4% (57/61), 98.4% (60/61) and 95% (57/60) subjects, 
respectively. Complete spectacle independence was achieved in 80% (49/61) patients; 93% 
of patients reported that they were quite or very satisfied with the outcomes of the procedure.
Conclusion: Precizon Presbyopia IOL implantation is a safe and effective method to 
provide good visual acuity at all distances in presbyopic and cataract patients.
Keywords: presbyopia-correcting IOL, refractive lens exchange, cataract surgery, multifocal 
IOL

Introduction
The development of multifocal intraocular lenses (MIOL) has been an important 
breakthrough in the intraocular lens (IOL) technology. The goal is to restore visual 
function at all distances after cataract surgery. The use of MIOLs has helped 
improve the quality of life by reducing or eliminating the need for spectacles.1 

Due to high rates of patient satisfaction and spectacle independence achieved with 
MIOL implantation after cataract surgery,1 its use with refractive lens exchange 
(RLE) is becoming increasingly popular among refractive surgeons for the treat-
ment of presbyopic patients seeking refractive surgery.

MIOLs have been developed using different optical design approaches; of 
which diffractive and refractive are most common. The optics of both types have 
concentric circular or annular regions and contain powers suitable for distance, 

Correspondence: Mike P Holzer  
Augenzentrum Prof. Dr. Holzer & Prof. 
Dr. Rabsilber, Bahnhofstrasse 18, 
Weinheim, 69469, Germany  
Tel + 49 0 6201 87 87 24  
Email info@augenzentrum-holzer.de

Clinical Ophthalmology 2021:15 2117–2126                                                                  2117
© 2021 Holzer et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 28 May 2020
Accepted: 3 May 2021
Published: 21 May 2021

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-1873-1613
http://orcid.org/0000-0003-4565-2793
mailto:info@augenzentrum-holzer.de
http://www.dovepress.com/permissions.php
https://www.dovepress.com


intermediate and/or near correction.2 Diffractive IOLs are 
based on Huygens–Fresnel principle,2 and have diffractive 
steps on the IOL that distribute incoming light rays into 
two or more focal points. By adjusting the width of the 
rings and the height of steps, multifocality is attained. 
Refractive IOLs are designed with multiple refractive 
optical zones, providing various focal points, enabling 
the patients to see distant, intermediate and near targets.

Diffractive multifocal IOLs are associated with an 18% 
to 20% loss of light transmission to higher diffraction 
orders, causing a reduction in contrast sensitivity.3 On 
the other hand, refractive MIOLs potentially use 100% of 
incident light onto the retina,3 thereby having the potential 
of providing good contrast sensitivity. Recent MIOLs pro-
vide excellent visual acuity, but a high incidence of photic 
phenomena after MIOL implantation can result in patient 
dissatisfaction even after uneventful cataract surgery.4

IOL decentration is one of the causes associated with 
photic phenomena reported in previous studies.5 Further, 
the photic phenomena have been reported to be associated 
with angle kappa.5 A large angle kappa could contribute to 
functional decentration if the MIOL is centered on one 
axis, (pupillary or visual axis) and is not aligned with the 
other, resulting in glare and decreased visual acuity. It has 
been documented that decentrations of around 
0.75–1.0 mm cause deterioration in optical properties of 
both refractive and diffractive MIOLs.6,7 As such, large 
angle kappa combined with IOL decentration can have 
a cumulative negative impact on vision. Therefore, there 
is a need to develop such IOL designs that are decentration 
tolerant.

To overcome such limitations of refractive MIOLs, 
a multi-segmented IOL that is pupil size independent and 
decentration tolerant has been developed (Precizon 
Presbyopia, Ophtec BV, Groningen, the Netherlands). 
The IOL has 11 segments, 5 for far vision and 6 for near 
vision, distributed sequentially, such that the ratio between 
near and far correction remains intact with changing pupil 
size or when the IOL is decentered to a certain degree. The 
current study is a clinical trial that examines the outcomes 
of bilateral implantation of this IOL in cataract and RLE 
patients.

Methods
Study Design and Subjects
This prospective, open-label, single-arm, multicenter clin-
ical trial (clinicaltrials.gov Identifier: NCT02409771) was 

conducted at six investigation sites (one each in Germany, 
Turkey, Belgium and Spain and two in the Netherlands). 
All procedures were conducted according to the tenets of 
the Declaration of Helsinki and approval from medical 
ethics committee and competent authority was obtained 
for all sites (UZA Antwerpen, Belgium; 
Ethikkommission Medizinische Fakultät Heidelberg, 
Germany; METC azM/UM, Netherlands, CEIC Hospital 
Universitari Mútua de Terrassa, Spain; Comité de Ética de 
la investigación de Cádiz; Netherlands; Acibadem 
Universitesi Klinik Arastirmalar Etik Kurulu’num, 
Turkey). Written informed consent was obtained from all 
patients. The main objective of the study was to evaluate 
the ability of the Precizon Presbyopia IOL to provide near, 
intermediate and distance vision in presbyopic patients. 
The secondary objectives were to evaluate contrast sensi-
tivity, defocus curve, spectacle independence, quality of 
vision, patient satisfaction, stability of manifest refraction 
spherical equivalent (MRSE) and rates of complications.

Seventy presbyopic subjects who had cataract or were 
RLE candidates and who wished to be spectacle indepen-
dent for near and far distances were enrolled in this study 
and were bilaterally implanted with the Precizon 
Presbyopia IOL. Other inclusion criteria were: age ≥45 
years; lifestyle fit with multifocal IOL implantation; qua-
lified for bilateral implantation; had calculated IOL power 
within the available diopter range of +10.0 to +30.0 D; 
expected distance corrected visual acuity (CDVA) of 0.5 
Snellen decimal or better after IOL implantation; predicted 
keratometric postoperative astigmatism (calculated with 
respect to the surgical-induced astigmatism) <1.0 D; no 
secondary surgical procedure planned during the course of 
the study; and availability, willingness and sufficient cog-
nitive awareness and physical ability to comply with 
examination procedures throughout the duration of the 
study. Subjects who had ocular disease other than cataract 
that may predispose for future complications or might 
confound the outcome of the investigation (eg, anterior 
segment pathology, glaucoma, corneal dystrophy, ocular 
inflammation, pseudoexfoliation syndrome, retinal disor-
ders); acute or chronic disease or illness or use of medica-
tion that could confound the outcome of the study or 
increase the risk to the subject; endothelial cell count 
<1500 cells/mm;2 amblyopia; congenital eye abnormal-
ities; previous ocular surgery that might confound the 
outcome of the investigation or increase risk to patient; 
concurrent participation or participation during the last 30 
days in any other clinical trial; pregnancy or another 
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condition with associated fluctuation of hormones that 
could lead to refractive changes were excluded from the 
study.

Of the 70 subjects, seven patients were excluded from 
the data analysis due to violation of these criteria. The 
mean age of the remaining subjects (n=63) in the study 
was 64.1 ± 8.2 years (range 48 to 82 years; 38 females and 
25 males). Most subjects (93.7%) were of the Caucasian 
race and 6.3% were Hispanic. Forty-nine out of 63 
(77.8%) subjects were cataract patients; the remaining 14 
patients (22.2%) were RLE candidates. Of these 63 sub-
jects, one patient discontinued after 1-week due to COPD 
exacerbation and one patient discontinued after 1 month 
due to a stroke.

Intraocular Lens
The Precizon Presbyopia IOL is made of Hydrophilic 
Acrylic Benz 25% and can be implanted in the capsular 
bag to replace the crystalline lens. It has an optic diameter 
of 6.0 mm with an overall size of 12.50 mm and an open 
C-loop haptic design for stability. The lens has a +2.75 
D power add for improved intermediate and near vision. 
The optic consists of 11 segments, five for distance vision 
and 6 for near vision (Figure 1). The segments are dis-
tributed in such a way, that pupil size or slight decentration 
has a minimal effect on the ratio between near and far light 
distribution.

Pre-Surgical and Surgical Technique
The Sanders–Retzlaff–Kraff (SRK/T) theoretical predic-
tion formula8 was used for the biometrical calculation for 
eyes with an axial length (AXL) ≥22.0 mm and Hoffer 
Q was used for eyes with AXL <22.0 mm.

All surgeries were performed using standard phacoe-
mulsification technique with a 2.2–2.4 mm main incision, 
using the Ophtec DualTec kit for one-piece hydrophilic 
acrylic IOLs for IOL loading and insertion. Surgery in 
the second eye was performed within 21 days from surgery 
in the first eye.

Patient Evaluation
Subjects were evaluated at baseline and postoperative 
1 day, 1 week, 1 month and 3 months. A full ophthalmic 
examination was performed in all subjects and included 
manifest refraction, measurement of monocular and bino-
cular uncorrected distance visual acuity (UDVA) and 
CDVA, uncorrected (UIVA) and distance-corrected inter-
mediate visual acuity (DCIVA), uncorrected (UNVA), 

corrected (CNVA) and distance-corrected near visual 
acuity (DCNVA), fundus examination, intraocular pres-
sure, slit-lamp examination, specular microscopy, corneal 
topography, pupillometry and contrast sensitivity with and 
without glare under photopic (85 cd/m2) and mesopic (3 
cd/m2) conditions measured at 4 spatial frequencies (3, 6, 
12 and 18 cycles per degree (c/d)), each with 8 levels of 
contrast. Visual acuities were recorded using the Early 
Treatment of Diabetic Retinopathy Study (ETDRS) charts 
for distance vision at 4 m, near vision at 40 cm, and 
intermediate vision at 80 cm. Preoperative near visual 
acuity measurements were performed only for RLE 
patients, as the measurement for the cataract subjects 
would have been biased. A binocular defocus evaluation 
was obtained by using the best corrected distance refrac-
tion and then adding lenses over the range of +1.5 to −5.0 
D in 0.5 D steps.

A quality of vision (QoV) questionnaire9 was used at 3 
months postoperatively. The QoV is a validated, Rasch- 
adjusted questionnaire in which patients are asked to rate 
10 photic phenomena items illustrated by standard photo-
graphs, scoring each item (0, 1, 2, 3) in relation to how 

Figure 1 Schematic diagram of Precizon Presbyopia IOL consisting of 11 optic 
segments, five for distance vision (red color) and 6 for near vision (blue color). N= 
near; F= far.
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frequent, severe, and bothersome their symptoms are (30 
items in total). Patient satisfaction was measured using 
a questionnaire with 10 items. Patients were asked to 
grade their level of satisfaction as: not at all, a little, 
quiet and very satisfied. Spectacle independence was eval-
uated by asking patients about the need of spectacles as 
never, occasionally, quite often and very often.

Statistical Analysis
The sample size calculations were performed for the 
UNVA using the following formula:

N ¼
α
2
þ Zβ

� �2
σ2

μ � μ0ð Þ
2 

where α, the probability of type I error (significance level) is 
the probability of rejecting the true null hypothesis; β, the 
probability of type II error (1 – power of the test) is the 
probability of failing to reject the false null hypothesis; μ – 
μ0, the value of allowable difference, is the difference value 
between true mean and reference mean (constant value).

Statistical analyses were performed using Minitab 
(Minitab, Inc, Pennsylvania USA). Descriptive statistics 
was used to report demographic variables and the ocular 
status at baseline. The significance level adopted was 5% 
(p < 0.05). Quantitative variables were analyzed using 
a one-sample t-test (for paired differences) for normally 
distributed variables or a Wilcoxon signed-rank test for 
skewed distributed variables. For qualitative parameters 
(categorical or ordered), frequency counts and percentages 
of each category were calculated.

Results
Table 1 demonstrates the pre-operative parameters.

Visual Outcomes
Distance Visual Acuity
Table 2 demonstrates the monocular and binocular post-
operative mean distance visual acuity. Three months post-
operatively, 98.4% (60/61) had a binocular UDVA of 0.3 
logMAR or better (≥20/40); 45.9% (28/61) had a binocular 
UDVA of 0.0 logMAR or better (≥20/20). In RLE patients, 
postoperative mean UDVA was 0.00 ± 0.08 logMAR 
(equivalent to 20/20), which was statistically significantly 
different from preoperative UDVA (0.18 ± 0.29 logMAR 
equivalent to 20/30; p=0.02) and preoperative CDVA 
(−0.10 ± 0.12 logMAR equivalent to 20/16, p=0.001).

Three months postoperatively, all patients had 
a binocular CDVA of 0.3 logMAR or better (≥20/40). 
While the CDVA of 0.0 logMAR (≥20/20) or better was 
achieved in 60.7% of patients; more than 95% had 
a CDVA of ≤0.1 logMAR postoperatively. For the RLE 
patients, binocular CDVA changed from −0.10 ± 0.12 
(equivalent to 20/16) preoperatively to −0.06 ± 0.08 
logMAR (equivalent to 20/17.4) at postoperative 3 
months. Although the difference was statistically signifi-
cant (p=0.04), it was not clinically relevant.

Intermediate Visual Acuity
Table 2 demonstrates the monocular and binocular post-
operative mean intermediate visual acuity. Three months 
postoperatively, 96.7% (59/61) had a binocular UIVA of 
0.3 logMAR or better (≥20/40); 39.3% (24/61) had 
a binocular UIVA of 0.0 logMAR or better (≥20/20).

Three months postoperatively, 93.4% (57/61) had 
a binocular DCIVA of 0.3 logMAR or better (≥20/40); 
27.9% (17/61) had a binocular DCIVA of 0.0 logMAR or 
better (≥20/20). Four patients had a binocular DCIVA worse 
than 0.3 logMAR (20/40). One patient had traces of posterior 
capsular opacification, the reason for low VA was not found 
in second patient. While the third and fourth patients had 
DCIVA of >0.3 logMAR (20/40); defocus curve showed VA 
of 0.02 logMAR (20/21) and 0.16 logMAR (20/29) respec-
tively at a defocus of −1.5D (66cm) and both these patients 
were very satisfied with their intermediate vision.

Near Visual Acuity
The preoperative and postoperative 1 and 3 months visual 
outcomes are presented in Table 2. Three months 

Table 1 Preoperative Parameters of 126 Eyes of 63 Patients 
Implanted with Precizon Presbyopia IOL

Parameters Mean ± SD

MRSE (D) 0.44 ± 2.27

Refractive cylinder (D) −0.76 ± 0.63

IOL power calculated for emmetropia (D) 20.98 ± 3.18

Keratometry (mm) 7.66 ± 0.32

Axial length (mm) 23.25 ± 1.12

Anterior chamber depth (mm) 3.14 ± 0.33

Endothelial cell count cells/mm2 2521.57 ± 366.62

Pupil diameter (Photopic) 3.46 ± 0.86

Pupil diameter (Mesopic) 4.67 ± 1.06
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postoperatively, 93.4% (57/61) patients had a binocular UNVA 
of 0.3 logMAR or better (≥20/40); 6.8% (4/61) had a binocular 
UNVA worse than 0.3 logMAR (20/40). The comparison 
between pre- and postoperative UNVA values was performed 
for RLE patients only (n=14). In RLE patients, the mean 
binocular UNVA improved from 0.56 ± 0.19 logMAR (equiva-
lent to 20/73) preoperatively to 0.12 ± 0.13 logMAR (equiva-
lent to 20/26) postoperatively (p<0.01).

Three months postoperatively, 98.4% (60/61) had 
a binocular CNVA of 0.3 logMAR or better (≥20/40); 32.8% 
(20/61) had a binocular CNVA of 0.0 logMAR or better (≥20/ 
20). Similarly, at 3 months, 95% (57/60) had a binocular 
DCNVA of 0.3 logMAR or better (≥20/40); 11.7% (7/60) 
had a binocular DCNVA of 0.0 logMAR or better (≥20/20).

Refractive Outcomes and Spectacle 
Independence
Figure 2 shows the stability of MRSE over time. The mean 
change in MRSE was statistically significantly different 
between pre-op and Day 1 (p=0.04), Day 1 and Week 1 
(p=0.04) and Month 1 and Month 3 (p<0.01). A scatter plot 
of attempted versus achieved MRSE is shown in Figure 3. 
Spectacle independence was evaluated at 3 months postopera-
tively by means of a patient-administered questionnaire. While 
98.4% (60/61) patients reported that they never or only occa-
sionally used spectacles, 1.6% (n=1) reported using spectacles 
quite often (Figure 4).

Photopic and Mesopic Contrast 
Sensitivity
Contrast sensitivity was tested in a subgroup of 23 patients 
at three sites. Figure 5 shows the combined post-operative 
contrast sensitivity scores for the cataract and RLE Ta
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Figure 2 Stability of manifest refraction spherical equivalent (MRSE) after Precizon 
Presbyopia IOL implantation in cataract and refractive lens exchange subjects up to 
3 months postoperatively.
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patients. As can be expected with MIOLs, the post-op 
mesopic contrast sensitivity scores were lower than the 
photopic contrast sensitivity scores. The postoperative 
contrast sensitivity reduced further when measured with 
glare function activated.

Pre-operative and post-operative contrast sensitivity 
scores were compared for RLE patients (n=7) 
(Figure 6A and B). In RLE patients (n=7), contrast 

sensitivity reduced statistically significantly at postopera-
tive 3 months at all spatial frequencies and for all illumi-
nation settings except for the photopic and photopic + 
glare test at a spatial frequency of 3 c/d (Figure 6A and B).

Defocus Curve
Figure 7 shows the best corrected binocular defocus curve 
measured 3 months postoperatively. The defocus curve 
shows a peak at zero D, corresponding to the far focus 
point. For the intermediate range (ie, −1.5 D, correspond-
ing with 66 cm), VA was 0.11 logMAR whereas optimal 

Figure 3 Scatterplot representing attempted versus achieved manifest refraction 
spherical equivalent (MRSE) at postoperative 3 months following Precizon 
Presbyopia IOL implantation.

Figure 4 Overall spectacle independence following Precizon Presbyopia IOL 
implantation in cataract and refractive lens exchange subjects at postoperative 3 
months by means of a questionnaire (how often do you wear spectacles?).

Figure 5 Postoperative contrast sensitivity for 23 cataract and refractive lens 
exchange (RLE) patients following Precizon Presbyopia IOL implantation.

Figure 6 Preoperative (A) and postoperative (B) contrast sensitivity for 7 refrac-
tive lens exchange (RLE) patients following Precizon Presbyopia IOL implantation.
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near VA was measured at −2.0 D of defocus, correspond-
ing with a distance of 50 cm, and showed a VA of 0.06 
logMAR. VA is ≤0.1 logMAR or better over a broad range 
of defocus, ranging from approximately +0.5 to −2.5 D.

Patient Satisfaction
Patient satisfaction outcomes are represented in 
Figure 8A and B. Overall, 93.4% of patients reported 
that they were “quite” or “very satisfied” with the outcome 
of the procedure. While 88.5% of patients reported that 
they were “quite” or “very satisfied” with their overall 
uncorrected vision, the proportions for satisfaction with 
distance, intermediate and near vision were 82%, 87% 
and 92%, respectively. As such, 88.5% patients were “a 
quite” or “very satisfied” with their choice of the IOL 
(Figure 8A).

When asked if they achieved the quality of vision that 
they expected, 83.6% of patients responded, “quite surely” 
or “definitely”. Accordingly, ~89% patients reported that 

they would “quite surely” or “definitely” undergo the same 
procedure again and 87% would recommend this lens to 
other people (Figure 8B).

Quality of Vision
Nearly 70 to 90% of the patients either never or occasion-
ally observed photic phenomena like glare, halos and 
starbursts (Figure 9A). In addition, 77 to 87% of the 
patients considered these photic phenomena as “not at 
all” or “a little bothersome” (Figure 9B).

Surgical Complications and Adverse 
Events
During surgery, a capsular tension ring was placed in two 
eyes (1.6%) due to capsular bag laxity and weakened 
zonular fibers. In three cases (2.4%), traces of capsular 
fibrosis remained in the capsular bag because they were 
too difficult to remove. Adverse events (AE) at 3 months 
included posterior capsule striae (4.9%), posterior capsular 
opacification (7.4%) and occurrence of halos in 4.9% of 
patients. These cases did not require medical intervention. 
Three serious adverse events (SAE) were reported; stroke 
in one patient and COPD exacerbation in another patient 
who died later, which was recorded as the third SAE. 
None of these SAEs were related to the investigational 
device.

Discussion
The Precizon Presbyopia multifocal IOL is designed to 
provide patients with good near, intermediate and distance 
visual acuity with tolerance for misalignment and changes 
in pupil size. This has previously been studied in an 
optical bench study (data on file, UNIVERSITAT 
POLITÈCNICA DE CATALUNYA CD6`, Terrassa, 

Figure 7 Mean defocus curve at postoperative 3 months after Precizon Presbyopia 
IOL implantation.

Figure 8 Patient satisfaction outcomes following Precizon Presbyopia IOL implantation – Percentage of patients reporting different levels of satisfaction in response to 
a directed questionnaire on different aspects of vision, procedure and IOL (A) answers to questions with options, “not at all”, “a little”, “quiet” and “very” (B) answers to 
questions with options, “No”, “may be”, “quite surely” and “definitely”.
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Spain), which demonstrated that Precizon Presbyopia 
MIOL is only moderately affected by decentration and 
showed good performance in small pupils or low lumi-
nance. The present clinical trial evaluated the outcomes of 
bilateral implantation of Precizon Presbyopia IOL in cat-
aract and RLE patients for near, intermediate and distance 
visual acuities, contrast sensitivity, spectacle indepen-
dence, quality of vision, MRSE, defocus curve and patient 
satisfaction.

The monocular and binocular UDVA of 0.10 ± 0.13 
logMAR and 0.03 ± 0.12 logMAR and CDVA of 0.04 ± 0.09 
logMAR and −0.02 ± 0.08 logMAR found in the current study 
were compared to the literature-reported corresponding mean 
values of refractive MIOLs and were found to be either equiva-
lent or better (ranges: monocular UDVA 0.09 to 0.39 
logMAR3,10,11 and binocular UDVA −0.01 to 0.23 
logMAR);1–3,10,12–14 monocular CDVA 0.03 to 0.17 
logMAR3,10,11 and binocular CDVA −0.09 to 0.08 
logMAR.1–3,10,12–15 Likewise, the monocular and binocular 
UDVA and CDVA found in the current study were either 
equivalent or better than several studies of diffractive MIOLs 
(ranges: monocular UDVA 0.04 to 0.15 logMAR;16–19 bino-
cular UDVA of 0.00 to 0.17 logMAR;17–25 monocular CDVA 
of 0.02 logMAR19 and binocular CDVA of −0.06 to 
0.0817–23,26). However, there were some studies of diffractive 
MIOLs that have reported better distance visual acuity out-
comes than the current study (ranges: binocular UDVA −0.02 
to 0.008 logMAR,16,17,20,27,28 monocular CDVA −0.009 to 
−0.04 logMAR,16,17,28 and binocular CDVA −0.09 to −0.08 
logMAR).16,20,25,26

The monocular and binocular UIVA values of 0.15 ± 0.13 
logMAR and 0.06 ± 0.11 logMAR, respectively, in the current 
study were equivalent to or better than the corresponding 

values reported for other refractive MIOLs (ranges: monocular 
UIVA 0.15 to 0.29 logMAR3,10 and binocular UIVA 0.15 to 
0.30 logMAR)1–3,10,13 as well as diffractive MIOLs (ranges: 
monocular UIVA 0.20 logMAR16 and binocular UIVA 0.08 to 
0.16 logMAR16,17,20,21,24,27). Likewise, the monocular DCIVA 
of 0.16 ± 0.14 logMAR found in the current study was better 
than the corresponding value of 0.22 logMAR reported by one 
study using a refractive MIOL10 as well as another study 
reporting values of 0.23 logMAR after implantation of 
a diffractive MIOL.16 Additionally, the binocular DCIVA of 
0.08 ± 0.12 logMAR found in the current study was equivalent 
to or better than the corresponding values reported in previous 
studies of refractive MIOLs (range: 0.08 to 0.29 
logMAR1,2,10,13), and diffractive MIOLs (range: 0.07 to 0.31 
logMAR16,17,20).

The mean monocular and binocular UNVA in the current 
series were 0.20 ± 0.14 logMAR and 0.14 ± 0.12 logMAR, 
respectively, at postoperative 3 months. These were either 
equivalent or better than the literature-reported values of 
refractive MIOLs, ranging from 0.21 to 0.28 logMAR3,10,15 

for monocular UNVA and 0.15 to 0.35 logMAR1–3,10,12,13,15 

for binocular UNVA. Likewise, the monocular DCNVA of 
0.19 ± 0.13 logMAR and binocular DCNVA of 0.14 ± 0.12 
logMAR found in the present study were similar or better than 
previously reported for refractive MIOLs.1–3,10,12,13 Near 
visual acuity outcomes of the present study were also equiva-
lent or better than some of the diffractive MIOLs 
studies;19,21–25 however, other diffractive MIOL publications 
have reported better monocular and binocular near visual 
acuity.16–20,27,28 It is important to note that in the present 
study, we followed the ISO standards of testing near visual 
acuity at 40 cm. However, the power add of the Precizon 
Presbyopia MIOL generates a near focal point at 50 cm, 

Figure 9 Percentage of patients experiencing photic phenomenon in response to quality of vision questionnaire (A) frequency of glare, halos and starbursts and (B) level of 
bothersome glare, halos and starbursts following Precizon Presbyopia IOL implantation.
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translating to suboptimal near visual acuity values at 40 cm. In 
fact, testing of the near visual acuity at preferred distance or 
better match between IOL’s near point and distance of near 
vision measurement could explain the better near visual acuity 
observed in some of the previous studies.17,19,20,24,28 Since the 
preferred viewing distance for electronic-paper display or 
computer displays is approximately 50 cm, the IOLs with near- 
point at 50 cm, such as the one in current study would be 
beneficial in the real-world situations.29,30 Additionally, there 
was a statistically significant increase of ~0.45 logMAR in 
UNVA (from preoperative mean of 0.56 ± 0.19 LogMAR to 
postoperative mean 0.12 ± 0.13 LogMAR) and ~0.28 logMAR 
in DCNVA (from preoperative mean of 0.36 ± 0.13 LogMAR 
to postoperative mean 0.08 ± 0.12 LogMAR) for the RLE 
subjects (n=14) when compared with preoperative values. 
This increase is equivalent to approximately 4–5 lines 
(UNVA) and about 3 lines (DCNVA) of the ETDRS chart, 
further proving the effectiveness of the study IOL.

The characteristics of the defocus curve (Figure 6) explain 
the IOL performance of the Precizon Presbyopia IOL. Visual 
acuity maintained better than ~0.1 logMAR at most distances, 
except for a little drop at intermediate distances (0.12 logMAR, 
equivalent to 20/26.5); however, with 98.4% subjects either 
never needing spectacles or using only occasionally, spectacle 
independence was not affected. Overall spectacle indepen-
dence is either in line with or superior than the corresponding 
values reported in the literature.1,2,10,16

The subjects of the current study did observe photic phe-
nomena like glare, halos and starburst; however, these were 
described as “not at all” or “a little bothersome” by 77 to 87% 
of the subjects experiencing these phenomena. It was not 
possible to compare these results with previous studies because 
different studies have adopted different methods to report 
photic phenomenon. For RLE patients (n=7), the comparison 
of pre- and postoperative contrast sensitivity revealed reduc-
tion in contrast sensitivity postoperatively (Figure 6A and B). 
This may be attributed to the refractive MIOL design; how-
ever, it did not affect satisfaction as ~90% of the patients 
reported that they were satisfied with the outcomes and 
would undergo the same procedure again or would recommend 
this lens to others.

Generally, there may be differences between cataract and 
RLE patients in terms of patient satisfaction. While the 
cataract patients may yield a high rate of patient satisfaction 
owing to good improvement in corrected as well as uncor-
rected visual acuity, patient satisfaction may not be as good 
in RLE patients due to high expectations of spectacle inde-
pendence post-surgery. In the present surgery, we did not 

analyze patient satisfaction for cataract and RLE patients 
separately. This could be considered as a potential limitation. 
Other limitations are small sample size in the RLE subgroup 
and lack of long-term follow-up. Future studies with larger 
sample size and equivalent distribution of cataract and RLE 
subjects may validate the current study results.

The outcomes of the present study suggest that the 
Precizon Presbyopia IOL implantation provides good 
visual outcomes at all distances following cataract extrac-
tion or refractive lens exchange.
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