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Purpose: To evaluate the visual acuity and quality of vision in bilaterally implanted ZCBOO/ZCTx monofocal (Johnson & Johnson 
Vision) intraocular lens (IOL) and bilaterally implanted DATx15 extended depth of focus (EDOF) IOL (Alcon Vision, LLC).
Methods: A single site, non-interventional study comparing ZCBOO/ZCTx monofocal IOL patients implanted with DATx15 IOL 
toric or non-toric versions in both eyes. A total of 30 patients (60 eyes) completed the study in the monofocal group, 32 (64 eyes) in 
the EDOF group, and all were targeted for emmetropia. Binocular uncorrected distance, intermediate (66cm), and near (40cm) visual 
acuities and distance corrected distance, intermediate (66cm) and near (40cm) visual acuities were assessed. Binocular distance 
corrected defocus curve testing was from −3.5 D to +3 D. Patient reported visual disturbances (QUVID) and IOL satisfaction 
(IOLSAT) questionnaires were administered.
Results: The DATx15 group mean uncorrected visual acuity was 0.15 ± 0.10 logMAR at 66cm and 0.36 ± 0.14 logMAR at 40cm, 
compared to 0.24 ± 0.15 logMAR and 0.59 ± 0.17 logMAR respectively for the ZCBOO/ZCTx group. The DATx15 group (23 
respondents, 74%) also reported significantly more spectacle independence at near with the IOLSAT (p < 0.01), compared to the 
ZCBOO/ZCTx group (13 respondents, 43%). Glare, halos, starbursts, and blur reported on the QUVID questionnaire were similar in 
the two groups.
Conclusion: The DATx15 group had improved near and intermediate vision and increased spectacle independence compared to the 
ZCBOO/ZCTx group.
Keywords: EDOF IOL, cataract surgery, Vivity, monofocal

Plain Language Summary
The natural lens inside the eye can become opaque, reducing visual acuity. Cataract surgery involves replacing the natural lens with an 
artificial intraocular lens (IOL), to restore visual acuity. There are a variety of IOL designs that are available. One type provides good 
vision at one distance, and is known as a monofocal. Multifocal IOLs can provide good vision at more than one distance, such as 
a bifocal IOL (2 distances) or a trifocal IOL (3 distances). In addition, extended depth of focus (EDOF) IOLs are designed to provide 
one continuous focal point for good vision when looking at far, intermediate, and near objects. The purpose of this study was to 
compare the visual acuity and quality of vision between a relatively new EDOF IOL and a monofocal IOL.

Introduction
Cataract surgery patients have a variety of intraocular lens (IOL) technologies available, which each provide a different range of 
spectacle independence. Monofocal IOLs allow good visual acuity at 1 focal point, but patients may still require spectacles to see 
objects clearly at other distances. Multifocal IOLs are designed to offer 1 or 2 additional focal points and to further reduce 
spectacle dependence.1–3 The aim of diffractive multifocal IOLs is to split incoming light into multiple distinct focal points that 
each deliver clear vision at a particular distance (far, intermediate, or near). Visual acuities with multifocal IOLs have been 
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reported to be good at target ranges of vision (far, intermediate, or near),1–3 however as a consequence of splitting incoming light, 
studies have suggested that visual disturbances are high compared to monofocal IOLs.4–6

Extended depth of focus (EDOF) IOLs are a relatively new class of presbyopia correcting lenses. The optical design 
of each lens varies significantly, however they are all generally intended to create a continuous focal point, rather than 
multiple foci, to allow for clear vision at far, intermediate, and near. Current optical designs include wavefront shaping 
technology,7 small apertures,8 spherical aberration,9 and diffractive optics.10 These EDOF IOLs aim to allow recipients to 
have good intermediate and functional reading vision with minimal visual disturbances compared to previous multifocal 
IOL design.11,12 However, there have been reports of visual disturbances with diffractive optic EDOF IOLs.13

The Acrysof IQ Vivity IOL (Alcon Vision, LLC) is a non-diffractive EDOF IOL.7 The EDOF effect is reported to be produced 
by stretching and shifting of the wavefront, and is termed wavefront shaping technology.7 When compared to a monofocal control 
in a large clinical trial, the Vivity IOL provided better intermediate and near visual acuity.14 In addition, comparable distance 
visual acuity and visual disturbance profiles were reported for Vivity and the monofocal control.14 Initial reports of the Vivity IOL 
have been favorable, however, as this is a relatively new IOL, there remains limited data on real world clinical outcomes. There are 
also no reports comparing Vivity to Tecnis monofocal IOLs (Johnson & Johnson Vision).

The purpose of this study was to compare visual acuities, defocus curves, and visual disturbance profiles of two 
similar cohorts of patients bilaterally implanted with either a monofocal IOL or a Vivity IOL.

Methods
This was a non-randomized, non-interventional study. Informed consent for data collection and participation in the study was 
approved by WCG IRB (20201483) and informed consent was collected in all patients participating prior to data collection. 
International Harmonization (ICH) guidelines, the tenets of the Declaration of Helsinki, Good Clinical Practice (GCP), and Health 
Insurance Portability and Accountability Act (HIPAA) regulations were followed.

A total of 33 patients (66 eyes) were bilaterally implanted with a DAT015 or DATx15 toric IOL by a single surgeon, at a single 
clinical location. Emmetropia was targeted in all eyes. One subject in the DATx15 group did not complete the study as they were 
lost to follow up. A retrospective chart review was conducted to identify subjects for inclusion as a control group in this study. The 
control group consisted of a monofocal cohort of previously operated ZCBOO and ZCTx toric patients (Johnson & Johnson 
Vision) who were identified within the surgeon’s practice. All ZCBOO/ZCTx subjects were identified and recruited to follow up 
for a study data collection visit that was administered at least 3 months after the last surgery. The chart review identified 35 subjects 
for inclusion (70 eyes), of which, 33 agreed to participate in this study. A total of 3 subjects in the ZCBOO/ZCTx group did not 
complete the study as they were lost to follow up.

All patients in both the control and treatment group were previous emmetropes or hyperopes between the ages of 50–80 years 
old. To be included in the study all patients had to fall within binocularly 0.50 diopters (D) of emmetropia and have less than 0.75 
D of astigmatism at the final data collection appointment, no previous corneal or retinal surgery, no strabismus, no macular 
disease, and no glaucoma. Ocular hypertension without visual field defects or nerve fiber loss were allowed. Most surgeries were 
traditional phacoemulsification cataract surgeries without femtosecond laser assistance (104 eyes, 84%) and there were no 
complications in any of the cases enrolled in the study. In cases where femtosecond laser assistance was utilized, the Victus 
(Bausch + Lomb) was used. Preoperative biometric data that was collected included a preoperative a-scan biometry with the IOL 
Master 500 (Carl Zeiss Meditec), corneal topography with the Galilei (Ziemer Ophthalmic Systems), macular ocular coherence 
tomography (OCT) with Zeiss Cirrus OCT (Carl Zeiss Meditec), and an interpupillary distance (IPD) with a Topcon KR-800S 
(Topcon Healthcare). Postoperative a-scan biometry with the same device was also obtained. All IOL power calculations were 
performed using the Holladay II or Alcon-Holladay online toric calculator. All vision measurements were obtained using 
a standard logarithm of the minimum angle of resolution (logMAR) early treatment diabetic retinopathy study (ETDRS) chart.

The primary endpoints were binocular distance corrected intermediate visual acuity (DCIVA; 66 cm) and binocular distance 
corrected near visual acuity (DCNVA; 40cm). Secondary endpoints included binocular uncorrected distance visual acuity 
(UDVA), binocular corrected distance visual acuity (CDVA), monocular uncorrected intermediate visual acuity (UIVA; 66cm), 
monocular DCIVA, monocular uncorrected near visual acuity (UNVA), and monocular DCNVA. Binocular defocus curve from 
+3.00 to −3.5 diopters in 0.50 diopter increments was also collected for each group using a standard ETDRS chart. Two 
questionnaires were administered: the questionnaire about satisfaction with your vision after surgery (Post-operative IOLSAT Ver. 
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B, 11 Oct 2019) and the questionnaire about the quality of your vision after surgery (Post-operative QUVID Ver. B, 11 Oct 2019). 
Both of these questionnaires are proprietary Alcon questionnaires (Alcon Vision, LLC) that ask subjects to rate their satisfaction 
with their vision at distance, intermediate, and near and to rate the frequency, severity, and bothersomeness of visual disturbances.

Statistical analyses were performed using SAS software (version 9.4; SAS Institute, Inc). The Kruskal–Wallis test was used to 
compare non-parametric variables, a one-sided 2-sample test for equality of proportions was used for questionnaire responses, and 
a p-value of less than 0.05 was considered significant. We estimated that a sample size of 20 patients (per group) would be 
required, assuming the difference in DCNVA between the DAT015/DATx15 and ZCBOO/ZCTx groups was −0.138 logMAR, 
with a margin of error of 0.034, and an effect size of 1.09.

Results
Both of the DATx15 and ZCBOO/ZCTx groups had similar preoperative biometric measurements and patient demographics 
(Table 1). No statistically significant differences were found in any of the baseline characteristics of the two groups using the 
Kruskal–Wallis test. Average age, axial length, anterior chamber depth, average keratometry, interpupillary distance, and average 
IOL power implanted were all similar in both groups (p > 0.05). There were more toric lenses implanted in the DATx15 group (29) 
compared to the ZCBOO/ZCTx group (7).

The 3 month postoperative monocular and binocular visual acuities are summarized in Table 2 and Table 3 
respectively. There was the same general trend for both monocular and binocular visual acuities. Postoperative binocular 
and monocular UDVA was not statistically significant between groups (p > 0.05). Postoperative monocular and binocular 
CDVA was statistically significantly different between groups (p = 0.007; p = 0.034), with the ZCBOO/ZCTx group 

Table 1 Preoperative and Patient Demographics

Baseline Factor ZCBOO/ZCTx  
Mean ± SD (Range)

DATx15  
Mean ± SD (Range)

P-value

Eyes (Participants) 60 (30) 64 (32) –
Toric, n (%) 7 (11.7) 29 (45.3)

Non-Toric, n (%) 53 (88.3) 35 (54.7)

Age (Years) 71.9 ± 7.9 (51 to 86) 72.4 ± 6.5 (59 to 90) 0.82
Sex 0.32

Female (%) 60 47

Male (%) 40 53
Axial Length (mm) 23.9 ± 1.3 (22.0 to 27.5) 23.8 ± 1.2 (21.9 to 27.0) 0.96

Anterior Chamber Depth (mm) 3.24 ± 0.42 (2.58 to 4.25) 3.11 ± 0.36 (2.35 to 3.94) 0.18

Keratometry (D) 44.1 ± 1.7 (41.5 to 47.0) 44.1 ± 1.4 (40.5 to 47.4) 0.87
Manifest Refraction Spherical Equivalent (D) −0.06 ± 2.79 (−11.1 to 4.00) −0.25 ± 2.92 (−7.69 to 3.75) 0.97

Interpupillary Distance (mm) 61.4 ± 3.4 (55.0 to 68.0) 62.2 ± 3.5 (56.0 to 70.0) 0.47

Intraocular Lens Power (D) 20.42 ± 3.4 (10.25 to 25.0) 20.17 ± 3.0 (11.5 to 24.0) 0.75

Abbreviations: D, diopters; SD, standard deviation.

Table 2 Summary of Monocular Visual Acuity

Monocular Visual Acuity ZCBOO/ZCTx  
Mean ± SD (Range) logMAR

DATx15  
Mean ± SD (Range) logMAR

P-value

UDVA (6m) 0.08 ± 0.11 (−0.18 to 0.50) 0.10 ± 0.10 (−0.10 to 0.44) 0.14
CDVA (6m) −0.03 ± 0.09 (−0.26 to 0.14) 0.02 ± 0.07 (−0.14 to 0.22) 0.007

UIVA (66cm) 0.24 ± 0.15 (0.00 to 0.60) 0.15 ± 0.10 (0.00 to 0.48) <0.001

DCIVA (66cm) 0.25 ± 0.10 (0.00 to 0.54) 0.18 ± 0.12 (−0.02 to 0.52) <0.001
UNVA (40m) 0.59 ± 0.17 (0.30 to 1.00) 0.36 ± 0.14 (0.10 to 0.70) <0.001

DCNVA (40cm) 0.56 ± 0.13 (0.32 to 0.90) 0.41 ± 0.14 (0.20 to 0.80) <0.001

Abbreviations: CDVA, corrected distance visual acuity; DCIVA, distance-corrected intermediate visual acuity; DCNVA, distance-corrected 
near visual acuity; SD, standard deviation; UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, 
uncorrected near visual acuity.
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having a lower mean than the DATx15 group. The DATx15 group maintained an average monocular CDVA of 0.02 ± 
0.07 logMAR. Postoperative binocular and monocular UIVA, DCIVA, UNVA, and DCNVA were also significantly better 
in the DATx15 group (p ≤ 0.02).

Defocus curve data was recorded as binocular data for both ZCBOO/ZCTx and DATx15 groups, and is summarized 
in Figure 1. Binocular defocus curve testing followed a similar pattern to near, intermediate, and distance visual acuity. In 
the hyperopic spectrum, from +3 to 0 D, the ZCBOO/ZCTx group demonstrated better visual acuity than the DATx15 
group (p < 0.05). No statistically significant difference was seen at −0.5 D between the two groups (p = 0.6). At all 
myopic or reading defocus points from −1.0 to −3.5 D the DATx15 group demonstrated significantly better visual acuity 
than the ZCBOO/ZCTx group (p < 0.05).

Satisfaction (IOLSAT) and quality of vision (QUVID) questionnaires were collected in all participants, and results are 
summarized in Table 4 and Table 5 respectively. These were patient self-administered questionnaires and there were 3 
patients in the control group and 1 patient in the DAT group that returned questionnaires that were incomplete. Overall, 
there was a statistically significant difference with a reduced reported dependency on glasses in general (p = 0.035) and 
for near (p = 0.004) in the DATx15 group compared to the ZCBOO/ZCTx group. There was no statistically significant 
difference in reported frequency of glasses use between the two groups for distance and intermediate (p > 0.05 for both). 
In bright and dim light at distance, both groups performed similarly, with approximately 90% of subjects in each group 
never or rarely needing glasses. Similarly, both groups had approximately the same percentage of subjects reporting 
never or rarely needing glasses at intermediate in bright light. A higher percentage of subjects in the DATx15 group 
reported never or rarely needing glasses at near in bright and dim light and at intermediate in dim light (71% [22 
subjects], 58% [18 subjects], and 90% [28 subjects] respectively) compared to the ZCBOO/ZCTx group (23% [7 
subjects], 20% [6 subjects], and 74% [22 subjects] respectively). The reported use of glasses for near in both dim and 

Table 3 Summary of Binocular Visual Acuity

Binocular Visual Acuity ZCBOO/ZCTx  
Mean ± SD (Range) logMAR

DATx15  
Mean ± SD (Range) logMAR

P-value

UDVA (6m) 0.03 ± 0.06 (−0.08 to 0.20) 0.06 ± 0.07 (−0.06 to 0.22) 0.071

CDVA (6m) −0.04 ± 0.08 (−0.22 to 0.12) 0.00 ± 0.05 (−0.16 to 0.12 0.034

UIVA (66cm) 0.22 ± 0.21 (0.00 to 1.00) 0.11 ± 0.10 (−0.06 to 0.36) 0.020
DCIVA (66cm) 0.20 ± 0.09 (0.00 to 0.34) 0.12 ± 0.11 (−0.08 to 0.40) <0.001

UNVA (40m) 0.53 ± 0.15 (0.30 to 0.90) 0.32 ± 0.13 (0.10 to 0.56) <0.001

DCNVA (40cm) 0.52 ± 0.11 (0.32 to 0.80) 0.36 ± 0.12 (0.12 to 0.58) <0.001

Abbreviations: CDVA, corrected distance visual acuity; DCIVA, distance-corrected intermediate visual acuity; DCNVA, distance- 
corrected near visual acuity; SD, standard deviation; UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual 
acuity; UNVA, uncorrected near visual acuity.

Figure 1 Binocular defocus curve for ZCBOO/ZCTx group (red) and DATx15 group (blue). Error bars represent mean ± standard deviation.
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bright conditions was statistically significant (p = 0.005 and p = 0.004) in the IOLSAT questionnaire responses. In 

addition, the percentage of subjects reporting being satisfied or very satisfied with their vision was 84% (26 subjects) in 
the DATx15 group and 83% (25 subjects) in the ZCBOO/ZCTx group. Nighttime starburst and haloes, daytime glare and 
blur, and negative dysphotopsias were reported in both groups at similar frequencies. Almost all subjects reported 
a complete resolution of these symptoms, if reported, with the use of corrective lenses.

Finally, the monocular (n = 64) and binocular (n = 32) corrected and uncorrected visual outcomes of the DATx15 
group were analyzed in relation to preoperative and postoperative biometric data to determine if any statistical 
associations could be made with the postoperative vision at near and intermediate. Preoperative and postoperative 

Table 4 Summary of IOLSAT Questionnaire Responses

Condition Percentage of Subjects Never  
or Rarely Needing Glasses

P-value

ZCBOO/ZCTx DATx15

Overall 43.3 74.2 0.035

General Distance (“far away”) 93.3 90.3 0.36
Intermediate (“arm’s length”) 80.0 93.5 0.08

Near (“up close”) 13.4 58.1 0.004

Bright Light Distance (“far away”) 93.4 93.6 0.61
Intermediate (“arm’s length”) 86.7 87.1 0.27

Near (“up close”) 23.4 71.0 0.005

Dim Light Distance (“far away”) 90.0 87.1 0.50

Intermediate (“arm’s length”) 73.3 90.4 0.12
Near (“up close”) 20.0 58.1 0.004

Notes: Note that p-value is based on a one-sided 2-sample test for equality of proportions.

Table 5 Summary of QUVID Questionnaire Responses

Disturbance Percentage of Subjects Reported Experiencing Visual Disturbance

ZCBOO/ZCT 
Without 

Correction

ZCBOO/ZCT 
with 

Correction

DATx15 
Without 

Correction

DATx15 
with 

Correction

Starbursts (Nighttime) 20.7 3.4 28.1 3.1

Halos (Nighttime) 27.6 0 25.0 0
Glare (Daytime) 62.1 3.4 54.8 0

Blur (Daytime) 14.3 3.6 19.4 0

Negative Dysphotopsias 6.9 0 12.5 0

Table 6 Biometric Correlations

Mean ± SD (Range) Comparison 
Variable

P-value R-Value

Preoperative Average Binocular ACD (mm) 3.11± 0.36 (2.35 to 3.94) Binocular DCNVA 0.0319 −0.38

Preoperative ACD (mm) 3.11± 0.37 (1.98 to 4.04) Monocular UNVA 0.0231 −0.28
Intraocular Lens Power (D) 20.17 ± 2.94 (11.5 to 24) Monocular UNVA 0.0049 0.35

Interpupillary Distance (mm) 62.19 ± 3.49 (56 to 70) Monocular DCNVA 0.0053 0.34

Abbreviations: ACD, anterior chamber depth; DCNVA, distance corrected near visual acuity; UNVA, uncorrected near visual acuity.
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biometric variables considered were axial length, interpupillary distance (IPD), anterior chamber depth (ACD), IOL 
power implanted, and preoperative average keratometry. The results are summarized in Table 6. Axial length was not 
found to have any correlation with postoperative near or intermediate visual acuity. Better intermediate visual acuity was 
not predicted by any of the biometric variables measured. A deeper preoperative average anterior chamber depth was 
associated with better binocular vision at 40cm (r = −0.38, p = 0.032). There were also positive associations between 
monocular DCNVA and smaller IPD (r = 0.34, p = 0.005) and larger ACD (r = −0.38, p = 0.032). Similarly, better 
monocular UNVA was also associated with weaker IOL power (r = 0.35, p = 0.005) implanted as well as higher 
preoperative ACD (r = −0.28, p = 0.023).

Discussion
In this study, we have compared visual acuity, and patient reported spectacle independence and visual disturbance 
between a non-diffractive EDOF IOL (Vivity) and a monofocal IOL (Tecnis monofocal). Binocular uncorrected and 
distance corrected visual acuities at near and intermediate were significantly better in the DATx15 group compared to the 
ZCBOO/ZCTx group, and there were no significant differences at distance between the groups. This is an expected 
result, since the aim of any presbyopia correcting IOL (such as a multifocal or EDOF) is to offer increased visual 
performance at near or intermediate, compared to a monofocal IOL, without degrading visual performance at distance. 
The results of our study suggest that the Vivity lens achieves this aim. Two large, multicenter15 and multicounty16 studies 
reported similar visual performance of the Vivity lens compared to a different monofocal IOL (SN60WF AcrySof IQ 
monofocal; Alcon Vision, LLC).

Patients who undergo cataract surgery and IOL implantation have high expectations of spectacle independence. This is 
especially true for presbyopia correcting IOLs, which are typically premium IOLs requiring patients to pay extra out of 
pocket expenses. Spectacle independence overall and under bright lighting conditions was high (> 80%) at distance and 
intermediate for both groups. Spectacle independence at near under all conditions was significantly higher in the DATx15 
group compared to the ZCBOO/ZCTx group (a difference in reported percentage of 38 to 48). This is also expected since the 
uncorrected near visual acuity was significantly better in the DATx15 group compared to the ZCBOO/ZCTx group. In bright 
conditions, 71% of patients reported being spectacle independent at near with the DATx15 IOL compared to 23% in the 
ZCBOO/ZCTx group. Higher spectacle independence with the Vivity lens compared to a monofocal (SN60WF) has been 
reported in other studies.15,16 There was no significant difference in spectacle independence between groups at intermediate, 
under bright light conditions. This is unexpected given the nature of the lenses and the differences under dim light conditions. 
A possible explanation is that under bright conditions, monofocal IOLs can provide acceptable visual acuity at intermediate.

A concern with presbyopia correcting IOLs is that they may lead to increased visual disturbances for patients 
compared to a monofocal. Increased visual disturbances have been reported with multifocal IOLs (including bifocal 
and trifocal)4,5 and diffractive EDOF IOLs.13 The QUVID results between the monofocal ZCBOO/ZCTx group and 
the DATx15 group were very similar for the frequency of all visual disturbances reported. This indicates that the 
Vivity IOL may have a visual disturbance profile that is similar to a monofocal IOL, which has been observed in 
other studies.4,15,16 The reported frequency of glare in this study (55 to 62%) appears to be higher than reports of 
Vivity and monofocal IOLs in other studies (33 to 53%).4,12,16–18 Comparing patient reported outcomes across 
studies with different endpoints, patient populations, and methodologies is challenging, which may explain these 
differences.

The biometric data comparison to postoperative visual acuity in this study is, to the best of our knowledge, not 
reported in any other studies of the Vivity IOL. We found significant correlations between biometric data and 
postoperative near visual acuity. Correlations between near visual acuity and IPD, ACD, and IOL power were 
stronger and statistically significant when analyzing these outcomes with the monocular data. The binocular visual 
acuity results likely yielded less than significant outcomes due to the lower sample size. Interestingly, a smaller 
IPD relating to better monocular vision would theoretically have no relevance to binocular fusion playing a role in 
better near vision. Another intrinsic feature of patients with smaller IPD may be a more likely reason for this 
trend. Further research to help refine our understanding of how reduced IPD may result in better near vision with 
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EDOF IOL is warranted. Weaker IOL power and deeper ACD are also novel trends that may benefit from further 
study as well. Further study of biometric data may allow improved preoperative patient selection for EDOF lenses.

A limitation of this study was the mix of prospective and retrospective data. A randomized and patient 
examiner masked prospective study comparing the 2 groups would have yielded stronger results. Unmasked 
subjects and examiners could have introduced bias. However, including the retrospective control group does add 
strength to the study compared with a study of a single group. Future comparisons of the EDOF used in this study 
to other EDOF or multifocal IOLs are warranted. Another limitation was the inclusion of toric and non-toric 
lenses, as well as the use of both standard phacoemulsification with femtosecond laser assisted cataract surgery. 
However, this does provide a real world comparison of the ZCBOO/ZCTx and the DATx15 groups.

In conclusion, this study supports previous reports that the DATx15 toric and non-toric IOLs have a similar visual disturbance 
profile to monofocal IOLs while providing improved near and intermediate vision with reduced dependence on spectacles.
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