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Abstract
● AIM: To evaluate clinical outcomes following implantation 
of an extended range of vision intraocular lens (IOL), the 
ZXR00, and a diffractive multifocal IOL with +2.75 diopters 
(D) add power, the ZKB00.
● METHODS: Totally 30 patients who underwent either 
bilateral implantation of the ZXR00 IOL with intended 
emmetropia (ZXR00 emmetropia group: 20 eyes) and intended 
micromonovision (ZXR00 monovision group: 20 eyes), or 
bilateral implantation of the ZKB00 IOL with intended 
emmetropia (ZKB00 group: 20 eyes) were included in this 
study. Visual acuity at 4 m, 80, and 40 cm; and the types of 
halos (misty, fine, and rainbow) were analyzed at one and 
three months after surgery.
● RESULTS: There were no significant differences in 
distance visual acuity among the three groups. The mean 
uncorrected intermediate visual acuity was better in the 
ZXR00 emmetropia and monovision groups (0.02 logMAR 
and 0.02 logMAR, respectively) than in the ZKB00 group 
(0.14 logMAR). The mean uncorrected near visual acuity 
was worse in the ZXR00 emmetropia group (0.26 logMAR) 
than in the ZXR00 monovision and ZKB00 groups (0.12 logMAR 
and 0.10 logMAR, respectively). There was an increased 
incidence of rainbow halos in the ZKB00 group vs in either 
ZXR00 group (P=0.033).

● CONCLUSION: Implantation of the ZXR00 IOL with 
intended micromonovision provide superior visual acuity than 
implantation of the ZXR00 IOL with intended emmetropia. 
The ZXR00 IOLs tend to show a lower incidence of rainbow 
halos than did the ZKB00 IOL.
● KEYWORDS: halos; intraocular lens; diffractive bifocal; 
multifocal; rainbow halos
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INTRODUCTION

M ultifocal intraocular lenses (IOLs) are specifically 
designed to have two or more optimum foci and 

provide better near and/or intermediate vision and similar 
distance vision in comparison with monofocal IOLs[1-3]. 
Multifocal IOLs actually improve patient performance of near-
vision tasks with better distance corrected and uncorrected 
near visual acuity (DCNVA and UNVA)[4]. Thus, multifocal 
IOLs could become one of the best options for correcting 
presbyopia after cataract surgery[5]. However, it has been 
reported that glare or halos are more common in cataract 
patients who received multifocal IOLs than in those who 
received monofocal IOLs[4,6]. Photic phenomena, such as glare 
and halos, are one of the reasons for patient dissatisfaction[7-9]. 
The most common reasons for multifocal IOL explantation 
were reduced contrast sensitivity and photic phenomena[9].
A new type of multifocal IOL that provides an extended range 
of the focal point of the lens has been introduced. The TECNIS 
Symfony® ZXR00 (Johnson & Johnson Vision, Jacksonville, 
FL, USA) IOL is one example of an extended range of 
vision IOL that provides continuous focus from distance 
to intermediate[10-11]. Thus, it is expected that the ZXR00 
IOL provides a reduced incidence of visual disturbance and 
dysphotopsia and enhanced contrast sensitivity when compared 
with previous diffractive multifocal IOLs. Reduced incidence 
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of visual disturbance and enhanced contrast sensitivity could 
increase patient satisfaction. In addition, the ZXR00 has 
relatively farther reading distance with lower add power as 
compared with previous diffractive multifocal IOLs. The size 
of halos might decrease as the add power of a multifocal IOL 
decreases, because the size of an out-of-focus image on the 
retina is produced by the distance or near focus from the add 
power of the multifocal IOL[12-13]. A diffractive multifocal 
IOL with a +2.75 diopters (D) add power (ZKB00; Johnson 
& Johnson Vision) showed better overall postoperative 
satisfaction than did a +4.00 D add multifocal IOL in a 
previous study[14]. Multifocal IOLs with lower add powers 
have weaker near vision[14]. Thus, pseudophakic monovision 
might be needed in patients who underwent implantation of the 
ZXR00 to obtain a shorter reading distance according to the 
characteristics of a farther reading distance of the ZXR00.
This study was conducted to evaluate the clinical outcomes 
following implantation of the ZXR00 and ZKB00 IOLs 
in terms of visual function and patient satisfaction. We 
evaluated visual acuity, postoperative patient satisfaction, the 
incidence of photic phenomena (e.g., glare, starbursts, and 
halos), and types of halos (i.e., misty, fine, and rainbow) in 
patients who underwent implantation of the ZXR00 IOL with 
micromonovision and those who underwent implantation 
of the ZXR00 or ZKB00 IOLs with bilateral emmetropic 
correction.
SUBJECTS AND METHODS
Ethical Approval  This study was approved by both the 
Institutional Review Board of Korea University Ansan 
Hospital, Gyeonggi, Korea and that of Chungbuk National 
University College of Medicine, Cheongju, Korea. A 
prospective Symfony IOL clinical study was registered as a 
clinical trial at https://cris.nih.go.kr (identification number: 
KCT0002058). Written informed consent was obtained 
from all patients who participated in this study, which was 
conducted in accordance with the tenets of the Declaration of 
Helsinki.
Forty eyes of 20 patients who underwent bilateral implantation 
of the ZXR00 IOLs, with either intended emmetropia (ZXR00 
emmetropia group: 20 eyes) or intended micromonovision 
(ZXR00 monovision group: 20 eyes), at the Korea University 
College of Medicine or Chungbuk National University 
College of Medicine between July 2016 and July 2017 were 
prospectively included in this study. Subjects willing to take 
part in the Symfony IOL clinical trial were randomly allocated 
into these two groups. Additionally, 20 eyes of 10 patients 
who underwent bilateral implantation of diffractive ZKB00 
multifocal IOLs with +2.75 D of add power at the Korea 
University College of Medicine between April 2015 and July 
2017 were retrospectively included as the ZKB00 group in this 

study. Patients with best-corrected visual acuity (BCVA) less 
than 20/25 in the operated eye were excluded from the study[3]. 
Patients who have traumatic cataracts, history of ocular surgery 
(e.g., laser vision correction), intraoperative complications, 
postoperative complications, or other diseases that can affect 
capsule stability such as pseudoexfoliation syndrome or 
Marfan syndrome were excluded. 
Patient Examination  An optical biometer (IOLMaster 500; 
Carl Zeiss Meditec, Jena, Germany or AL-Scan; Nidek Co., 
Aichi, Japan) was used to measure the preoperative corneal 
power, anterior chamber depth (ACD), and axial length (AL). 
IOL power was calculated using the Haigis formula. In the 
ZXR00 emmetropia and ZKB00 groups, emmetropic IOL 
power was selected for both eyes. In the ZXR00 monovision 
group, emmetropic IOL power was selected for the dominant 
eye and the IOL power that had a target refraction between 
-0.75 D and -1.00 D was selected for the non-dominant eye.
Surgical Technique  Following topical anesthesia with 0.5% 
proparacaine hydrochloride, all phacoemulsification and 
multifocal IOL implantations were performed by one of two 
experienced surgeons (Eom Y and Kim J). After a 2.2- or 2.75-mm 
clear corneal incision was made, a continuous curvilinear 
capsulorrhexis (CCC) slightly smaller than the IOL optic size 
was created with a cystotome and CCC forceps. A phaco chop 
technique was used, and remnant cortex was removed with 
irrigation and aspiration. The ZXR00 or ZKB00 IOL was 
then inserted into the capsular bag using an injector-cartridge 
system (DK7796 and 1MTEC30; Johnson & Johnson Vision).
Patient Evaluation  Postoperative uncorrected distance visual 
acuity (UDVA), corrected distance visual acuity (CDVA), 
uncorrected and distance corrected intermediate visual acuity 
(UIVA, DCIVA) at 80 cm, UNVA and DCNVA at 40 cm, and 
manifest refractive error were measured at one month after 
surgery. Distance corrected defocus curves were measured 
binocularly at 4 m to determine the visual acuity with each 
defocus between -4.00 D and +1.00 D in 0.50 D intervals. 
Questionnaire  Patient perception of photic phenomena, 
patient satisfaction, and spectacle dependence for near, 
intermediate, and distance vision were evaluated using a 
questionnaire given three months postoperatively[15]. The 
incidence and the degree of bothersomeness of photic 
phenomena (e.g., glare, starbursts, and halos) and types of 
halos (i.e., misty, fine, and rainbow) were evaluated using a 
questionnaire with illustrations[15-16]. The incidence of photic 
phenomena was graded from 1 to 5: grade 1, never; grade 2, 
rarely; grade 3, sometimes; grade 4, often; and grade 5, always. 
The degree of bothersomeness was graded from 1 to 5: grade 
1, not at all; grade 2, very little; grade 3, somewhat; grade 4, 
quite a lot; and grade 5, very. Based on patient statements, 
we produced illustrations of misty, fine, and rainbow halos 

Rainbow halos of multifocal IOL
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to assist patients in distinguishing types of halos (Figure 1). 
Patient satisfaction for overall, near, intermediate, and distance 
vision was graded from 1 to 5: grade 1, very dissatisfied; grade 
2, dissatisfied; grade 3, neither satisfied nor dissatisfied; grade 
4, satisfied; and grade 5, very satisfied[14].
Statistical Analysis  Statistical analyses were performed 
with IBM SPSS Statistics Standard 20 (IBM Corp., Armonk, 
NY, USA). To confirm the normal distribution of the data, 
the Kolmogorov-Smirnov test was conducted. Statistical 
analyses were performed using Tukey’s Honest Significant 
Difference post hoc test after one-way ANOVA, the Kruskal-
Wallis test with Bonferroni correction, Fisher’s exact test, and 
a Chi-squared linear trend test. A P-value less than 0.05 was 
considered statistically significant.

RESULTS
The mean age (±standard deviation) of the ZXR00 emmetropia 
group, 62.9±7.5y, and that of the ZXR00 monovision group, 
63.5±8.3y, were significantly higher than that of the ZKB00 
group, which was 51.0±16.0y (P=0.032). Sex, preoperative 
corneal power, ACD, and AL measured via the IOLMaster or 
AL-Scan, implanted IOL power, and postoperative refractive 
errors are shown in Table 1.
Table 2 shows postoperative distance (4 m), intermediate (80 cm), 
and near (40 cm) visual acuities. There were no significant 
differences in UDVA and CDVA among the three groups. On 
the other hand, UIVA and DCIVA were better in the ZXR00 
emmetropia and monovision groups than in the ZKB00 group 
(P<0.001 and P=0.019, respectively). UNVA and DCNVA 

Figure 1 Illustrations of misty, fine, and rainbow halos used in the study questionnaire  A: Misty halos; B: Fine halos; C: Rainbow halos.

Table 1 Clinical characteristics of study participants and eyes

Parameters ZXR00 emmetropia ZXR00 monovision ZKB00 P

Age, y 62.9±7.5 63.5±8.3 51.0±16.0 0.032b

Sex, female (%) 7 (70.0) 8 (80.0) 5 (50.0) 0.350c

Corneal power, D 44.48±1.37 43.34±0.90 43.88±1.40 0.041a

ACD, mm 3.22±0.55 3.10±0.38 3.32±0.35 0.275a

Axial length, mm 23.53±1.50 24.09±1.26 24.10±1.73 0.250a

IOL power, D 20.5±5.0 20.4±3.8 20.0±3.8 0.515a

Postoperative SE, D

Emmetropic target -0.16±0.27 -0.10±0.17 -0.28±0.38

Myopic target - -0.93±0.31 -

D: Diopters; ACD: Anterior chamber depth; IOL: Intraocular lens; SE: Spherical equivalent. Data are presented as 
mean±standard deviation, where applicable. aKruskal-Wallis test; bOne-way ANOVA; cFisher’s exact test.

Table 2 Comparison of postoperative binocular visual acuity among the three groups                                     logMAR

Parameters ZXR00 emmetropia ZXR00 monovision ZKB00 Pa

UDVA 0.01±0.05 0.01±0.03 0.02±0.03 0.866

CDVA -0.06±0.03 -0.04±0.04 -0.04±0.06 0.383

UIVA 0.02±0.06 0.02±0.04 0.14±0.05 <0.001

DCIVA 0.07±0.07 0.07± 0.07 0.15±0.07 0.019

UNVA 0.26±0.12 0.12±0.09 0.10±0.06 0.002

DCNVA 0.33±0.13 0.19±0.07 0.17±0.06 0.009

UDVA: Uncorrected distance visual acuity; CDVA: Corrected distance visual acuity; UIVA: Uncorrected intermediate 
visual acuity; DCIVA: Distance corrected intermediate visual acuity; UNVA: Uncorrected near visual acuity; DCNVA: 
Distance corrected near visual acuity. aKruskal-Wallis test.
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were better in the ZXR00 monovision and ZKB00 groups 
than in the ZXR00 emmetropia group (P=0.002 and P=0.009, 
respectively).
Figure 2 shows the distance corrected binocular defocus curves. 
The best visual acuity of -0.06 logMAR to -0.07 logMAR was 
obtained with a defocus of 0.00 D in all three groups. There 
was no second peak visual acuity in the ZXR00 emmetropia 
and monovision groups. On the other hand, the mean second 
peak visual acuity of 0.01 logMAR was obtained with a 
defocus of -2.00 D in the ZKB00 group. Between these two 
peaks of the ZKB00 group (i.e., with defocus levels between 
-0.50 D and -1.50 D), the visual performance of the ZXR00 
emmetropia and monovision groups were better than that of 
the ZKB00 group. In defocus levels between -2.50 D and 
-4.00 D, the visual performance of the ZXR00 emmetropia 
group was the worst of the three groups, but there was no 
significant difference in the visual performance between the 
ZXR00 monovision and ZKB00 groups.
There were no significant differences in the incidence and the 
degree of bothersomeness of photic phenomena (e.g., glare, 
starbursts, and halos) among the three groups (Table 3). In 
the comparison of types of halos, there was a tendency for an 
increase in the incidence of rainbow halos in the ZKB00 group 
versus in the ZXR00 monovision and emmetropia groups 
(P=0.033, Chi-squared linear trend test; Figure 3). There were 
no significant differences in patient satisfaction for overall, 
intermediate, and distance vision among the three groups. 
Patient satisfaction for near vision was worse in the ZXR00 
emmetropia group than in the other groups, but the differences 
were not statistically significant (P=0.067; Table 3).
Figure 4 shows a summary of the questionnaire for spectacle 
dependence answers collected three months after cataract 
surgery. There were no significant differences in spectacle 
dependence for distance and intermediate vision among 
the three groups. On the other hand, there was a high rate 
of spectacle dependence for near vision in the ZXR00 
emmetropia group (50.0%) as compared with in the other 
groups (0 in the ZXR00 monovision group and 10.0% in the 
ZKB00 group; P=0.027).
DISCUSSION
This study compared the clinical outcomes following the 
implantation of TECNIS Symfony® ZXR00 IOLs with 
intended emmetropia for both eyes or micromonovision and 
that of diffractive TECNIS® ZKB00 multifocal IOLs with 
+2.75 D add power. The results demonstrated that patients 
implanted with the ZXR00 IOLs showed a similar overall 
satisfaction after cataract surgery when compared with 
those implanted with ZKB00 IOLs, but experienced a lower 
incidence of rainbow halos. In clinical situations, sometimes 
we have heard that patients experience fine halos of various 

colors, called rainbow halos, following implantation of 
diffractive multifocal IOLs. In addition, when we see the 
diffractive IOL through the slit-lamp, there may be some 

Table 3 Comparison of incidence and the degree of bothersomeness 
of photic phenomena (glare, starbursts, and halos), and patient 
satisfaction for overall, near, intermediate, and distance vision 
among the three groups                                                          mean±SD

Photic phenomena ZXR00 
emmetropia

ZXR00 
monovision ZKB00 Pd

Glare

Incidence (1-5)a 1.8±1.3 2.3±1.5 1.5±0.7 0.526

Bothersome (1-5)b 0.6±1.1 1.1±1.3 0.7±1.1 0.607

Starburst

Incidence (1-5)a 1.8±1.3 1.6±1.4 2.1±1.5 0.670

Bothersome (1-5)b 0.5±0.9 0.5±1.1 0.6±0.8 0.803

Halos

Incidence (1-5)a 1.4±1.0 2.3±1.8 2.9±1.8 0.137

Bothersome (1-5)b 0.5±1.3 0.9±1.3 1.2±1.5 0.407

Satisfaction

Overall vision (1-5)c 4.7±0.7 4.8±0.4 4.4±0.7 0.268

Near vision (1-5)c 3.8±0.9 4.7±0.7 4.3±0.8 0.067

Intermediate vision (1-5)c 4.9±0.3 4.9±0.3 4.6±0.7 0.361

Distance vision (1-5)c 4.9±0.3 4.8±0.4 4.5±0.7 0.252
aIncidence of photic phenomena was graded from 1 to 5: grade 1, 
never; grade 2, rarely; grade 3, sometimes; grade 4, often; and grade 
5, always; bThe degree of bothersomeness was graded from 1 to 5: 
grade 1, not at all; grade 2, very little; grade 3, somewhat; grade 4, 
quite a lot; and grade 5, very; cPatient satisfaction for overall, near, 
intermediate, and distance vision was graded from 1 to 5: grade 1, 
very dissatisfied; grade 2, dissatisfied; grade 3, neither satisfied nor 
dissatisfied; grade 4, satisfied; and grade 5, very satisfied; dKruskal-
Wallis test.

Figure 2 The mean distance corrected binocular defocus curve at 
one month after surgery of the ZXR00 emmetropia (solid line), 
ZXR00 monovision (dashed line), and ZKB00 groups (dotted line)  
aSignificant difference (P<0.05) between the ZXR00 emmetropia and 
ZKB00 groups; bSignificant difference (P<0.05) between the ZXR00 
monovision and ZKB00 groups. All statistical analysis was conducted 
by the Kruskal-Wallis test with Bonferroni correction. 

Rainbow halos of multifocal IOL
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colorful light refraction and reflection from the eschelets on 
the IOL surface (Figure 5). It seems that these colorful light 
refractions and reflections from the IOL surface can cause 
rainbow halos in eyes with diffractive multifocal IOLs.
A previous study that conducted an optical bench test using 
diffractive bifocal and trifocal IOLs showed that large background 
halos were observed in trifocal IOLs versus in bifocal IOLs[13]. 
In addition, the size of the halos seems to be smaller with IOLs 
with lower add power[13]. The ZXR00 IOL that provides an 
extended range of vision has a relatively lower add power as 
compared with the ZKB00 IOL[17]. Thus, it was expected that 
the ZXR00 IOL provides lower incidence or a smaller size 
of halos when compared with previous diffractive multifocal 
IOLs. Sachdev et al[18] showed that patients with ZXR00 
IOLs had a high degree of satisfaction and very low photic 
phenomena experience. Rodov et al[19] demonstrated that the 
ZXR00 IOL had less photic phenomena but higher spectacle 
dependence when compared with the trifocal IOLs. In this 
study, the incidence of halos in the Symfony groups tended to 

be less, but was not statistically significant. On the other hand, 
the incidence of rainbow halos in the ZKB00 group was greater 
than that in both ZXR00 groups. All patients who experienced 
halos in the ZKB00 group had fine or rainbow halos, but 
patients in both ZXR00 groups experienced misty or fine halos. 
The reason why rainbow halos occurred less in the ZXR00 IOL 
groups than in ZKB00 IOL group may be because the ZXR00 
IOL has achromatic technology as well as low add power. Artal 
et al[20] showed that the ZXR00 IOL provides a sharper focus 
of light by the combined correction of longitudinal chromatic 
and spherical aberrations. Millán and Vega[17], who conducted 
a numerical simulation and optical bench test, demonstrated 
that the ZXR00 IOL has longitudinal chromatic aberration 
compensation in both the intermediate and distance foci, 
whereas there is no chromatic compensation in the distance 
focus in the ZKB00 IOL. Consistent with the results of the 
experiment study, it is thought that the incidence of rainbow 
halos in patients with ZXR00 IOL implants is small due to the 
achromatic technology and low add power of the ZXR00 IOL. 
To the best of our knowledge, this is the first clinical study 
that attempted to distinguish the type of halos and describe 
the incidence of rainbow halos following the implantation of 
multifocal IOLs.
The visual performance of multifocal IOLs varies according 
to the amount of add power in the IOL[21]. Thus, various 
multifocal IOLs with different add powers have been 
developed and used. Previous studies have shown that 
multifocal IOLs with lower add powers provide better 
intermediate vision but worse near vision than do higher add 
power multifocal IOLs[22-24]. However, satisfactory outcomes 
for near vision could be achieved by the implantation of lower 
add power multifocal IOLs with intended micromonovision[25]. 
The ZXR00 IOL with a +1.75 D near add power[17] provided 
better intermediate vision as compared with the ZKB00 
IOL with a +2.75 D near add power in this study, which is 
consistent with the results of previous studies. With respect 
to near vision, ZXR00 IOLs with intended micromonovision 

Figure 3 Frequency distribution of the incidence of each type of 
halo (misty, fine, and rainbow) among the three groups.

Figure 4 Frequency distribution of the spectacle dependence for 
distance (D), intermediate (I), and near (N) vision among the 
three groups  aP<0.05 by the one-way ANOVA.

Figure 5 Anterior segment photograph  Visible in this image are 
colorful light refractions and reflections from the eschelets on the IOL 
surface. A: ZXR00 intraocular lens; B: ZKB00 intraocular lens.
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showed similar levels of visual performance to that of the 
ZKB00 IOL, even though patients with ZKB00 IOL implants 
had better near vision than did those with ZXR00 IOLs with 
intended bilateral emmetropia. 
Previous studies have shown that the implantation of 
multifocal IOLs with lower add powers results in better 
intermediate visual acuity and increased or similar degree 
of patient satisfaction compared to the multifocal IOLs with 
higher add power[2,14,22,26]. Kim et al[14] demonstrated that 
patients with multifocal IOLs with a +2.75 D add power had 
better satisfaction and greater spectacle independence versus 
patients with multifocal IOLs with either +3.25 D or +4.00 D add 
powers. Petermeier et al[26] showed that the lower add power 
of multifocal IOLs results in increased patient satisfaction 
as well as better intermediate visual acuity. In this study, the 
ZXR00 emmetropia group had the highest rate of spectacle 
dependence for near vision as compared with the other 
groups. Nevertheless, patients in the ZXR00 emmetropia 
and monovision groups showed similar overall satisfaction 
levels in comparison with patients in the ZKB00 group. Thus, 
patients who had multifocal IOLs with lower add powers 
seemed to maintain higher levels of satisfaction even if their 
spectacle dependency increased somewhat.
There were some limitations to the present study. First, 
its sample size was relatively small. Second, patients who 
underwent implantation of ZXR00 IOLs were prospectively 
included, while the medical records of patients who underwent 
implantation of ZKB00 IOLs were retrospectively reviewed. 
Thus, a prospective study with a large number of subjects is 
needed to further evaluate the incidence and the type of glare 
following implantation of extended range of vision IOLs and 
diffractive multifocal IOLs.
In conclusion, it seems that the extended range of vision IOLs 
with +1.75 D added power that was implanted as intended 
micromonovision provide better near or intermediate visual 
acuity without increasing photic phenomena compared to 
diffractive bifocal IOLs or extended range of vision IOLs with 
intended emmetropia for both eyes. In addition, diffractive 
bifocal IOLs tended to have higher incidence of rainbow halos 
than the extended range of vision IOLs with lower added 
powers and achromatic technology.
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