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Abstract
Background To prospectively evaluate visual functions and patient satisfaction after bilateral implantation of 
diffractive continuous depth-of-focus intraocular lens (CDF IOL) compared with trifocal IOLs.

Methods This investigator-initiated study was approved by a certified local review board (registered: 
jRCTs032210305). CDF IOL (Synergy, J&J, group S) and trifocal IOL (AcrySof PanOptix, Alcon, group P) were implanted 
bilaterally in 30 patients each. Three months postoperatively, binocular outcomes of uncorrected (BUCVA) and 
distance-corrected (BDCVA) visual acuities at distances of 0.3, 0.4, 0.5, 0.7, and 5 m were measured. Contrast 
sensitivities were binocularly measured using CSV-1000 (2.5 m) and Pelli-Robson charts at distances of 0.4 and 1 m. 
Symptoms of glare, halo, starburst, and waxy vision, and satisfaction for near, intermediate, and far visions were 
assessed with questionnaires. Differences between the two groups were examined.

Results Twenty-seven patients each completed the follow-up. The mean age of the group S was lower than that 
of the group P (P < 0.001). The BUCVA at 0.4 m was better in the S group, while the mean manifest refraction of the 
P group showed a significant hyperopic shift (P < 0.001). BDCVA was significantly better in the S group. The contrast 
sensitivity results at three distances showed no discernible differences. Although more patients in the S group 
reported significant glare and halo, their satisfaction with near vision was higher.

Conclusions The binocular visual function of patients with CDF IOLs was comparable to or better than that 
of patients with trifocal IOLs. The patients were satisfied with near vision, despite the enhanced glare and halo. 
Understanding the differences between the two types of presbyopia-correcting IOLs is important to ensure patient 
satisfaction.

Trial registration This clinical trial was registered in the Japan Registry for Clinical Research (identifier: 
jRCTs032210305) on September 13, 2021.
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Background
Presbyopia-correcting intraocular lenses (IOLs) are used 
to achieve independence from or reduce the depen-
dence on spectacles after cataract surgery. With the use 
of bifocal IOLs, patients obtain uncorrected vision at 
both far and near distances but their visual acuity is often 
degraded at intermediate distances. Diffractive trifocal 
IOLs have been developed to demonstrate acceptable 
visual acuity from near to far distances by adding foci at 
near and intermediate distances [1, 2]. A worldwide pro-
spective investigation of 1094 eyes of 557 patients with 
diffractive trifocal PanOptix® IOLs TFNT00 (Alcon labo-
ratories, Fort Worth, TX) shows that visual acuities of 0.1 
logarithm of the minimum angle of resolution (logMAR) 
or better were continuously obtained from distance to 
near [3]. Alternatively, continuous vision from distance to 
near can be achieved by combining extended depth-of-
focus and bifocal profiles. In a study by Ribeiro et al. [4], 
binocular visual acuities of 0.1 logMAR or better were 
continuously obtained between far (+ 0.50 D) and near 
(-3.00 D) in eyes with continuous depth-of-focus (CDF) 
IOLs (Synergy® ZFR00V, Johnson & Johnson Vision, 
Santa Ana, CA). Because the two types of IOLs are based 
on distinct optical designs, their optical performances are 
inherently different [5]. Postoperative visual acuity, defo-
cus curve, contrast sensitivity at far distances, and photic 
phenomena were well comparable between the two types 
of IOLs [6–8]. However, to our knowledge, previous 
studies have evaluated contrast sensitivity only at far dis-
tances, whereas it is important to investigate visual func-
tions at intermediate and near distances to understand 
patient satisfaction at each vision distance. Hence, this 
prospective multisite open-label study aimed to evalu-
ate visual function and patient satisfaction after bilateral 
implantation of CDF IOLs.

Methods
Participants
This investigator-initiated prospective comparative study 
was approved by the local Certified Review Board (Shi-
nanozaka Clinic/Hattori Clinic CRBs, Tokyo, Japan) and 
registered with the Japan Registry for Clinical Research 
(identifier: jRCTs032210305). This study was conducted 
in accordance with the tenets of the Declaration of Hel-
sinki and Clinical Trials Act of Japan (Act No. 16, 2017). 
Written informed consent was obtained from all patients. 
Patients who underwent bilateral cataract surgery with 
bilateral implantation of multifocal IOLs were recruited 
from Fujita Eye Clinic (Tokushima, Japan), Mikawa Eye 
Clinic (Saga, Japan), and Tokyo Dental College Suido-
bashi Hospital (Tokyo, Japan). The inclusion criteria were 
age 60–79 years and a target refraction of emmetropia. 
Patients with other ocular diseases influencing visual 
function (e.g., uveitis, acute ocular disease, external/

internal infection, diabetic retinopathy, glaucoma, exfo-
liation syndrome, pathological miosis, keratoconus, 
corneal endothelial dystrophy, and weak zonules), a his-
tory of intraocular or corneal surgery, or other systemic 
or ophthalmic diseases unsuitable for this study were 
excluded.

Sample size
The sample size was determined to evaluate binocu-
lar distance-corrected near visual acuity. In our previ-
ous retrospective study, the standard deviations (SDs) 
of distance-corrected visual acuity after implantation of 
TNTF00 IOLs were in the range from 0.09 to 0.11 log-
MAR at 30 and 40 cm [9]. Hence, twenty-three patients 
were necessary to examine differences of 0.10 logMAR 
(approximately 1 step in Snellen chart) with a significant 
level of 0.05 and detection power of 0.85 (package ‘pwr’ 
version 1.3, R version 3.6.1). Considering a 20% dropout 
rate in each group, the sample size was calculated to be 
30 patients for each IOL group.

Intraocular lenses and Surgery
The CDF IOLs (models: DFR00V and 
DFW150/225/300/375) of violet-light-blocked hydropho-
bic acrylic material had an aspheric optic with a diameter 
of 6 mm, a continuous sharp edge on the posterior sur-
face, and anteriorly shifted haptics. The diffractive optics 
were combined with the echelette optics for producing 
the extended-depth-of-focus function (same as Symfony® 
IOL, Johnson & Johnson Surgical Vision) and bifocal 
optics with an add power of 3.50 D for near vision, for 
producing a continuous depth-of-focus vision. Control 
IOLs were diffractive trifocal PanOptix® IOLs (TFNT00 
and TFNT30/40/50/60) of blue-light blocked hydropho-
bic acrylic material with an aspheric optic with a diam-
eter of 6 mm and a sharp edge on the posterior surface. 
The diffractive optics of a diameter of 4.5  mm on the 
anterior surface produced add powers of 1.25 and 2.5 D. 
Power of all IOLs was determined for emmetropia with 
the use of biometry and power calculation formula rou-
tinely used at each site.

In surgery, cataract was removed using phacoemul-
sification and aspiration techniques through a temporal 
corneal incision of widths of 2.2 to 2.4 mm, and IOL was 
inserted in the capsular bag using specific injectors.

Postoperative examinations
Three months after surgery, binocular visual acuity, 
binocular contrast sensitivity, and binocular defocus 
curves were examined. Binocular uncorrected and dis-
tance-corrected visual acuities (BUCVAs and BDCVAs, 
respectively) at distances of 0.3, 0.4, 0.5, 0.7, and 5  m 
were measured using Landolt ring charts under photopic 
illumination (85–110  cd/m2). The manifest refraction 
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spherical equivalent (MRSE) was also measured dur-
ing the measurement of distance-corrected visual acuity 
(DCVA) at 5 m. For eyes with continuous depth-of-focus 
IOLs, DCVA was examined without the use of objective 
refraction results [10]; increasing the spherical powers 
in 0.25-D increments until the corrected visual acuity 
decreased from the best-corrected measurement, and 
the power before the decrease was recorded. Measured 
spherical refraction was corrected to infinity by add-
ing − 0.20 D. BDCVAs were measured under correction 
of MRSE values at 5 m. Visual acuity was converted into 
logMAR for analysis.

Binocular distance contrast sensitivity was measured 
using CSV-1000 (Vector Vision, Fairfield, CT) under 
distance-corrected and photonic illumination (85 cd/m2) 
at a distance of 2.5  m. Logarithm contrast sensitivities 
at spatial frequencies of 3, 6, 12, and 18 cycle per degree 
(cpd) were obtained, and the area under the logarithm 
contrast sensitivity function (AULCSF) was calculated 
[11] and compared. Photopic binocular contrast sensi-
tivities at 0.4 and 1 m were also measured using the Pelli-
Robson charts (Precision-Vison, Woodstock, IL). From 
the number of characters the patients read, logarithm 
contrast sensitivities were calculated.

Binocular defocus curves between − 5.00 and + 2.00 D 
in a step of 0.5 D were measured.

Symptoms of glare, halo, starburst, and waxy vision 
were assessed using a questionnaire, and the severity was 
graded on a 5-point scale: not at all, slight: moderate, and 
very: extreme (impairing daily life). In the questionnaire, 
satisfaction with near, intermediate, and far vision was 
assessed similarly.

Statistical analysis
The primary endpoint of this study was to examine the 
differences in BDCVA at distances of 0.3 and 0.4  m, 
photopic symptoms, and satisfaction for each distance 

vision between eyes with two types of IOLs. Differ-
ences in BDCVA for these distances were evaluated 
using the Mann-Whitney U test. Regarding the phot-
opic symptoms, the proportions of patients with sig-
nificant symptoms, including moderate-to-severe cases, 
were compared using the chi-squared test. The rates of 
satisfaction with near, intermediate, and far vision were 
analyzed in the same manner. As a secondary endpoint, 
binocular contrast sensitivity at far, 1 m, and 0.4 m were 
compared using t-test. Statistical significance was set at 
P < 0.05.

For presenting the efficacy, the cumulative percentage 
of patients achieving binocular (20/x or better) at dis-
tances of 0.4 m (near), 0.7 m (intermediate), and 5 m (far) 
for each IOL were plotted [12]. For binocular defocus 
curves, the areas under the curve (AUCs) below 0.3 log-
MAR were calculated using a trapezoidal numerical inte-
gration method [12, 13], and AUCs for total (T: +2.0 to 
-5.0 D), far (F: +0.5 to -0.5 D), intermediate (I: -0.5 to -2.0 
D), and near (N: -2.0 to -4.0 D) ranges were compared 
between the two patient groups using t-test.

Results
Among 60 patients enrolled, four cases were withdrawn, 
and two cases could not be followed up due to relocation 
and transfer, so there were 27 patients with CDF IOLs 
(group S) and 27 patients with trifocal PanOptix® IOLs 
(group P), eligible for analysis. The demographic data 
of the eligible patients are listed in Table  1. The mean 
age and MRSE for infinity were significantly different 
between the groups, however, the mean differences were 
4.6 years and 0.30 D, respectively, which was considered 
clinically acceptable. Figure 1 shows distributions of the 
MRSEs and refractive cylinders. While there were 40 eyes 
with toric models, the mean residual cylinder was − 0.20 
(SD:0.27) D, which was comparable with the cylindrical 
refractions of eyes with non-toric IOLs, -0.26 (SD:0.39 D, 
P = 0.39, t-test).

Table  2 shows the mean BDCVAs and BUCVAs val-
ues. While the differences in BDCVA at distances of 0.3 
and 0.4 m were one of the primary endpoints, there were 
no differences (P > 0.20, Man-Whitney U test). Figure  2 
shows the cumulative percentage of patients achieving 
BDCVAs and BUCVAs at distances of 0.4 m (near), 0.7 m 
(intermediate), and 5  m (far) for each IOL. Significant 
differences were found in the mean BDCVA at 0.5 m and 
mean BUCVA at 0.4 m (P = 0.042 and 0.029, respectively, 
the Man-Whitney U test). The mean differences (0.050 
and 0.046 logMAR, respectively) were observed to be at 
the level of a step of the charts.

Binocular contrast sensitivity was examined in 26 
patients with CDF IOLs and 27 patients with PanOptix® 
IOLs. Table  3 lists the mean logarithms contrast sensi-
tivities and AULCSF values. When CSV-1000 was used, 

Table 1 Demographic data of the eligible patients
IOL type Continuous 

depth-of-focus
(Synergy, group S)

Trifocal
(PanOptix, group P)

P value

N 54 eyes of 27 patients 54 eyes of 27 patients

Mean age, 
year

66.7 (SD: 4.5) 
[range: 61–75]

71.3 (SD: 4.9) 
[range:60–78]

< 0.001*

Man / 
woman

6 / 21 6 / 21

IOL model DFR00V: 33 eyes
Toric models
DFW150: 14 eyes
DFW225: 5 eyes
DFW300: 2 eyes

TFNT00: 35 eyes
Toric models
TFNT30: 16 eyes
TFNT40: 2 eyes
TFNT50: 1 eye

Mean 
MRSE, D

-0.08 (SD: 0.28) 
[range: -0.75 - +0.50]

+ 0.22 (SD: 0.34) 
[range: -0.25 to + 1.00]

< 0.001*

*: t-test. IOL, intraocular lens; SD, standard deviation; MRSE, manifest refraction 
spherical equivalent
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there were no differences in the mean logarithmic con-
trast sensitivity at spatial frequencies of 3, 6, 12, and 
18 cpd or their AULCSF values (P > 0.092). In the mean 
logarithm contrast sensitivity at 0.4 and 1  m measured 

with the Pelli-Robson charts, there were no differences 
(P > 0.79, t-test).

Figure  3 shows the mean binocular defocus curves of 
patients with the two types of IOLs. There were no dif-
ferences in the AUCs for the total, far, intermediate, and 
near ranges (P > 0.31, t-test).

Table  4 lists the number and percentages of patients 
reporting postoperative symptoms of glare, halo, star-
burst, and waxy vision. Patients with the CDF IOLs 
reported more symptoms of very and extreme glare and 
halos, compared with patients of control IOLs (P = 0.028 
and 0.0056, respectively, chi-squared test). Patient satis-
faction for far, intermediate, and near visions is shown 
in Table  5. Higher satisfactions in the near vision were 
obtained with the use of CDF IOLs (P = 0.0046).

Discussion
In this prospective comparative study, there were no dif-
ferences in BDCVA at distances of 0.3 and 0.4 m between 
groups, while patients in group S experienced more 
symptoms of glare and halos, and reported higher satis-
faction in the near visions. The visual function and opti-
cal quality of the same IOLs were evaluated clinically [7] 
and experimentally [5]. The comparison of BDCVAs at 

Table 2 Postoperative mean BDCVAs and BUCVAs at distances 
of 0.3, 0.4, 0.5, 0.7, and 5 m

Group S
Continuous 
depth-of-focus 
IOL

Group P
Trifocal IOL

P 
value*

BDCVA, logMAR

at 0.3 m
at 0.4 m
at 0.5 m
at 0.7 m
at 5 m

+ 0.05 (SD: 0.10)
-0.07 (SD: 0.07)
-0.10 (SD: 0.08)
-0.09 (SD: 0.07)
-0.18 (SD: 0.07)

+ 0.04 (SD: 0.08)
-0.04 (SD: 0.06)
-0.05 (SD: 0.10)
-0.06 (SD: 0.08)
-0.18 (SD: 0.07)

0.81
0.20
0.042
0.184
0.82

BUCVA, logMAR

at 0.3 m
at 0.4 m
at 0.5 m
at 0.7 m
at 5 m

+ 0.06 (SD: 0.09)
-0.07 (SD: 0.07)
-0.08 (SD: 0.09)
-0.06 (SD: 0.08)
-0.15 (SD: 0.09)

+ 0.10 (SD: 0.09)
-0.02 (SD: 0.07)
-0.04 (SD: 0.10)
-0.04 (SD: 0.09)
-0.14 (SD: 0.09)

0.11
0.029
0.096
0.29
0.38

*: t-test

BDCVA: binocular distance-corrected visual acuity; BUCVA: binocular 
uncorrected visual acuity; IOL: intraocular lens; SD: standard deviation

Fig. 1 Distribution of MRSE (upper) and refractive cylinder (lower) of eyes with continuous depth-of-focus (Synergy, left) and trifocal (PanOptix, right) 
IOLs.

 



Page 5 of 9Nomura et al. BMC Ophthalmology          (2023) 23:475 

Fig. 2 Cumulative percentage of patients achieving BDCVA and BUCVA at distances of 0.4 m (near, bottom), 0.7 m (intermediate, center), and 5 m (far, 
top) of eyes with continuous depth-of-focus (Synergy, left) and trifocal (PanOptix, right) IOLs.
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far, intermediate, and near distances by Dick et al. [7], 

and the current study is shown in Table 6. The results of 
the 100 eyes with CDF IOLs showed better BDCVAs at 
far and near distances, whereas such differences were not 
observed in the current study. An optical bench exami-
nation [5] showed that the simulated visual acuity with 
the use of the two types of IOLs was close under defo-
cus between 0.0 D and − 2.0 D, which coincides with the 
current results. The mean differences between the groups 
were 0.045, 0.050, and 0.075 logMAR at far, intermediate, 
and near distances, respectively. The step of Landolt ring 
charts used were approximately 0.05 logMAR and BDC-
VAs were measured under correction of MRSE at 5  m, 
rather than for infinity. It was speculated that the differ-
ences between the previous and current results may be 
due to differences in measurement conditions and sam-
ple size.

Table 3 Postoperative mean binocular logarithm contrast 
sensitivities

Group S
Continuous 
depth-of-
focus IOL

Group P
Trifocal IOL

P 
value*

CSV-1000 

at 3 cpd
at 6 cpd
at 12 cpd
at 18 cpd
AULCSF

1.75 (SD: 0.18)
1.92 (SD: 0.19)
1.54 (SD: 0.31)
1.08 (SD: 0.29)
1.75 (SD: 0.25)

1.82 (SD: 0.15)
1.93 (SD: 0.17)
1.57 (SD: 0.21)
0.95 (SD: 0.28)
1.85 (SD: 0.18)

0.14
0.70
0.68
0.094
0.092

Pelli-Robson charts

at 1 m
at 0.4 m

1.82 (SD: 0.15)
1.87 (SD: 0.16)

1.81 (SD: 0.12)
1.86 (SD: 0.15)

0.88
0.79

*: t-test. IOL, intraocular lens; cpd, cycles per degree; SD, standard deviation

Table 4 Number of patients reporting subjective symptoms and their severity
Symptom Group Severity

Not at all Slight Moderate Very Extreme
Glare S 0 (0.0%) 4 (14.8%) 7 (25.9%) 14 (51.9%) 2 (7.4%)

P 1 (3.7%) 7 (25.9%) 11 (40.7%) 6 (22.2%) 2 (7.4%)

Halo S 0 (0.0%) 1 (3.7%) 5 (18.5%) 16 (59.3%) 5 (18.5%)

P 2 (7.4%) 6 (22.2%) 8 (29.6%) 8 (29.6%) 3 (11.1%)

Starburst S 3 (11.1%) 7 (25.9%) 4 (14.8%) 10 (37.0%) 3 (11.1%)

P 3 (11.1%) 12 (44.4%) 3 (11.1%) 6 (22.2%) 3 (11.1%)

Waxy vision S 8 (29.6%) 10 (37.0%) 5 (18.5%) 4 (14.8%) 0 (0.0%)

P 3 (11.1%) 11 (40.7%) 9 (33.3%) 3 (11.1%) 1 (3.7%)

Fig. 3 Binocular defocus curve of patients with continuous depth-of-focus (Synergy, left) and trifocal (PanOptix, right) IOLs.
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As for contrast sensitivity, a previous optical bench 
evaluation showed that the photopic modulation transfer 
functions (MTFs) at far, intermediate, and near distances 
were superior when CDF IOLs were used [5]. From this 
evaluation, better contrast sensitivities at intermediate 
and near distances were anticipated, however, the cur-
rent study showed no significant differences between the 
groups in contrast sensitivity at distances of 0.4 and 1 m 
in addition to the conventional distance of 2.5  m. Pelli-
Robson charts used in the current study are effective for 
evaluating image contrast but do not examine changes 
with spatial frequencies. Hence, it was difficult to com-
pare the MTFs as done by optical bench evaluation. Fur-
ther investigations using sinusoidal grading charts for 
intermediate and near distances are required.

The symptoms of glare and halos were reported in more 
patients with CDF IOLs. Previous publications claimed 
that there was a higher severity of glare [6] and a higher 
frequency and severity of halo [7]. Light disturbances in 
the point-spread functions obtained in the optical evalu-
ation indicated relatively stronger halo rings in the CDF 
IOL [5]. These findings are consistent with our results.

In contrast, satisfaction with near vision was superior 
in patients with the CDF IOL, though there were no 
significant differences in the BDCVAs and all-distance 

contrast sensitivity. Slight postoperative hyperopia of 
group P might play a role, so that additional evaluation 
was performed. Table 7 shows the comparison of BUDVA 
at 30 and 40 cm, contrast sensitivity at 40 cm, and MRSE 
between the patients who reported not being satisfied 
for near vision and other patients. With this compari-
son, it can be assumed that in the current study, hyper-
opic shifted MRSEs had limited influence on the results. 
Another possibility would be the difference of Japanese 
characters and alphabet letters used in the examination. 
Japanese and Chinese characters require larger font sizes 
to achieve the same visual acuity for alphabet letters [14], 
which would be one of the factors. At this time, it was 
unclear why satisfaction with near vision was higher in 
patients with the CDF IOLs.

This study had some limitations. First, the mean ages 
of the two IOLs were significantly different (group S: 66.7 
years, group P: 71.3 years). When looking at the influ-
ence of patient age on postoperative visual acuity after 
multifocal IOL implantation, there were no significant 
differences in visual function between the 60 and 70  s 
[15]. Although this study by Yoshino et al. supports our 
findings that the influence would be minimum, this can 
be further investigated with a larger sample size. Sec-
ond, the significant difference in MRSE was found. The 

Table 5 Number of patients reporting satisfactions for far, intermediate, and near visions
Distance Group Satisfaction

Not at all Slightly Neutral Yes Very
Far S 2 (7.4%) 1 (3.7%) 1 (3.7%) 13 (48.1%) 10 (37.0%)

P 0 (0.0%) 1 (3.7%) 3 (11.1%) 10 (37.0%) 13 (48.1%)

Intermediate S 0 (0.0%) 0 (0.0%) 1 (3.7%) 15 (55.6%) 11 (40.7%)

P 0 (0.0%) 1 (3.7%) 3 (11.1%) 12 (44.4%) 11 (40.7%)

Near S 0 (0.0%) 0 (0.0%) 2 (7.4%) 16 (59.3%) 9 (33.3%)

P 0 (0.0%) 7 (25.9%) 3 (11.1%) 13 (48.1%) 4 (14.8%)

Table 6 Binocular distance-corrected visual acuities (BDCVAs) of eyes with Synergy and PanOptix IOLs.
Study Implanted IOL Far distance Intermediate distances Near distances

At 4.0 m At 66 cm At 40 cm At 33 cm

Dick et al. [7] Synergy ZFR00 -0.069 (SD: 0.067)* + 0.012 (SD:0.107) + 0.025 (SD:0.112)* + 0.072 (SD:0.097)*

PanOptix TNTF00 -0.024 (SD: 0.079)* + 0.029 (SD:0.135) + 0.075 (SD:0.114)* + 0.149 (SD:0.107)*

At 5.0 m At 70 cm At 50 cm At 40 cm At 30 cm

Current Synergy -0.18 (SD: 0.07) -0.09 (SD:0.07) -0.10 (SD:0.08) -0.07 (SD:0.07) + 0.05 (SD:0.10)

PanOptix -0.18 (SD: 0.07) -0.06 (SD:0.08) -0.05 (SD:0.10) -0.04 (SD:0.06) + 0.04 (SD:0.08)
* Significant difference between the two types of IOLs (P < 0.05)

Table 7 Comparison of mean binocular uncorrected visual acuities (BUCVAs) at 30 and 40 cm, contrast sensitivity at 40 cm, and 
manifest refraction spherical equivalent (MRSE) between patients unsatisfied (Not at all) and other patients with PanOptix IOLs.
Patient satisfaction Unsatisfied (Not at all) (N = 7) Other (N = 20) P value
BDCVA at 30 cm, logMAR 0.11 (SD: 0.13) 0.09 (SD: 0.08) 0.71#

BDCVA at 40 cm, logMAR 0.00 (SD: 0.07) -0.03 (SD: 0.07) 0.21#

Contrast sensitivity at 40 cm 1.80 (SD: 0.19) 1.88 (SD: 0.12) 0.31*

MRSE, D + 0.14 (SD: 0.21) + 0.25 (SD: 0.31) 0.45*
#: Mann-Whitney test *: t-test; SD, standard deviation
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spherical and cylindrical powers were measured in incre-
ments of 0.25 D and the mean difference of 0.30 D was 
considered within the measurement tolerance. However, 
it would be ideal to compare with MRSE that has no sig-
nificance. Third, diffractive IOLs using echelette gratings, 
such as Synergy® IOL, induce constant differences in sub-
jective and objective refractions [10]. Thus, the results of 
objective refraction should not be used as a reference in 
examining the DCVA to avoid incorrect MRSE. Lastly, 
sinusoidal grading charts were not available for com-
parison of CS. Such a chart is effective for comparing the 
MTF at each distance and investigating the image quality 
of intermediate and near vision.

Conclusions
The binocular visual functions of patients with continu-
ous depth-of-focus IOLs were comparable to or bet-
ter than those of patients who received trifocal IOLs. 
Although the glare and halo were enhanced, the patient 
was satisfied with near vision. Understanding the differ-
ences between the two types of presbyopia-correcting 
IOLs is important to ensure patient satisfaction.

List of abbreviations
AUC  areas under the curve
AULCSF  area under the logarithm contrast sensitivity function
BDCVA  Binocular distance-corrected visual acuity
BUCVA  Binocular uncorrected visual acuity
CDF  continuous depth-of-focus
CRB  Certified Review Board
cpd  cycle per degree
DCVA  distance-corrected visual acuity
IOL  intraocular lens
logMAR  logarithm of the minimum angle of resolution
MRSE  Manifest refraction spherical equivalent
MTF  modulation transfer function
SD  standard deviation

Acknowledgements
None.

Authors’ contributions
Design of the study (HBM, KM); data collection (YN, YO, YF, TN, HBM); statistical 
analysis (KM); preparation of the manuscript (YN, YO, KM); and critical revision 
(YF, TN, HBM). All the authors have read and approved the final version of this 
manuscript.

Funding
This study was supported by Johnson and Johnson Surgical Vision.

Data availability
The datasets used and/or analyzed in the current study are available from the 
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This investigator-initiated prospective comparative study was approved by 
the local Certified Review Board (Shinanozaka Clinic/Hattori Clinic CRBs, Tokyo, 
Japan) and registered with the Japan Registry for Clinical Research (identifier: 
jRCTs032210305). This study was conducted in accordance with the tenets of 
the Declaration of Helsinki and Clinical Trials Act of Japan (Act No. 16, 2017).

Consent to publish
Not applicable.

Competing interests
Research support: Alcon (YO, YF, TN, HBM, and KM) and J&J(All authors). 
Speaker Bureaus: Alcon (YF, TN, HBM) and J&J (YF, TN, HBM) Consultant: Alcon, 
J&J, BVI, Zeiss (HBM).

Received: 8 September 2023 / Accepted: 7 November 2023

References
1. Zamora-de La Cruz D, Bartlett J, Gutierrez M, Ng SM. Trifocal intraocular lenses 

versus bifocal intraocular lenses after cataract extraction among participants 
with presbyopia. Cochrane Database Syst Rev. 2023;1:CD012648. https://doi.
org/10.1002/14651858.CD012648.pub3.

2. Cho JY, Won YK, Park J, Nam JH, Hong JY, Min S, Kim N, Chung TY, Lee EK, 
Kwon SH, Lim DH. Visual outcomes and Optical Quality of Accommodative, 
Multifocal, extended depth-of-Focus, and Monofocal intraocular lenses in 
Presbyopia-correcting cataract Surgery: a systematic review and bayesian 
network Meta-analysis. JAMA Ophthalmol. 2022;140:1045–53.

3. Kohnen T, Lapid-Gortzak R, Ramamurthy D, Bissen-Miyajima H, Maxwell A, 
Kim TI, Modi S. Clinical outcomes after bilateral implantation of a diffractive 
trifocal intraocular Lens: a Worldwide Pooled analysis of prospective clinical 
investigations. Clin Ophthalmol. 2023;17:155–63. https://doi.org/10.2147/
OPTH.S377234.

4. Ribeiro FJ, Ferreira TB, Silva D, Matos AC, Gaspar S. Visual outcomes and 
patient satisfaction after implantation of a presbyopia-correcting intraocular 
lens that combines extended depth-of-focus and multifocal profiles. J Cata-
ract Refract Surg. 2021;47:1448–53.

5. Yan W, Łabuz G, Khoramnia R, Auffarth GU. Trifocal intraocular Lens selection: 
Predicting visual function from Optical Quality measurements. J Refract Surg. 
2023;39:111–8.

6. Ferreira TB, Ribeiro FJ, Silva D, Matos AC, Gaspar S, Almeida S. Comparison of 
refractive and visual outcomes of 3 presbyopia-correcting intraocular lenses. 
J Cataract Refract Surg. 2022;48:280–7.

7. Dick HB, Ang RE, Corbett D, Hoffmann P, Tetz M, Villarrubia A, Palomino C, 
Castillo-Gomez A, Tsai L, Thomas EK, Janakiraman P. Comparison of 3-month 
visual outcomes of a new multifocal intraocular lens vs a trifocal intraocular 
lens. J Cataract Refract Surg. 2022;48:1270–6.

8. Moshirfar M, Stapley SR, Corbin WM, Bundogji N, Conley M, Darquea IM, 
Ronquillo YC, Hoopes PC. Comparative visual outcome analysis of a Diffrac-
tive Multifocal Intraocular Lens and a New Diffractive Multifocal Lens with 
extended depth of Focus. J Clin Med. 2022;11:7374. https://doi.org/10.3390/
jcm11247374.

9. Nishijima Y, Bissen-Miyajima H, Ota Y, Nakamura K, Minami K. Characteristics 
of visual function with trifocal and extended depth-of-focus IOL. Rinsho 
Ganka. 2021;75:641–7. in Japanese.

10. Ota Y, Minami K, Oki S, Bissen-Miyajima H, Okamoto K, Nakashima M, Tsubota 
K. Subjective and objective refractions in eyes with extended-depth-of-focus 
intraocular lenses using echelette optics: clinical and experimental study. 
Acta Ophthalmol. 2021;99:e837–43. https://doi.org/10.1111/aos.14660.

11. Applegate RA, Howland HC, Sharp RP, Cottingham AJ, Yee RW. Corneal 
aberrations and visual performance after radial keratotomy. J Refract Surg. 
1998;14:397–407.

12. Fernández J, Ribeiro FJ, Rodríguez-Vallejo M, Dupps WJ Jr, Werner L, Srinivasan 
S, Kohnen T. Standard for collecting and reporting outcomes of IOL-based 
refractive Surgery: update for enhanced monofocal, EDOF, and multifocal 
IOLs. J Cataract Refract Surg. 2022;48:1235–41.

13. Ferna´ ndezJ, Rodr´ıguez-Vallejo M, Mart´ınez J, Tauste A, Piñero DP. Biometric 
factors associated with the visual performance of a high addition multifocal 
intraocular lens. Curr Eye Res. 2018;43:998–1005.

14. Zhang J, Liu J, Jasti S, Suryakumar R, Bullimore MA. Visual demand and 
Acuity Reserve of Chinese versus English newspapers. Optom Vis Sci. 
2020;97:865–70.

https://doi.org/10.1002/14651858.CD012648.pub3
https://doi.org/10.1002/14651858.CD012648.pub3
https://doi.org/10.2147/OPTH.S377234
https://doi.org/10.2147/OPTH.S377234
https://doi.org/10.3390/jcm11247374
https://doi.org/10.3390/jcm11247374
https://doi.org/10.1111/aos.14660


Page 9 of 9Nomura et al. BMC Ophthalmology          (2023) 23:475 

15. Yoshino M, Bissen-Miyajima H, Minami K. Assessment of whether visual 
outcomes with diffractive multifocal intraocular lenses vary with patient age. 
J Cataract Refract Surg. 2013;39:1502–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Clinical outcomes in eyes with diffractive continuous depth-of-focus intraocular lenses enhanced for near vision: comparison with trifocal intraocular lenses
	Abstract
	Background
	Methods
	Participants
	Sample size
	Intraocular lenses and Surgery
	Postoperative examinations
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


