
RESEARCH ARTICLE

Influence of extended depth of focus

intraocular lenses on visual field sensitivity

Makiko Takahashi1, Chiemi Yamashiro2, Takuya Yoshimoto2, Yuka Kobayashi2,

Fumiaki Higashijima2, Masaaki Kobayashi2, Makoto Hatano2, Manami Ohta2,

Tomohiko Nagai2, Shinichiro Teranishi2, Katsuyoshi Suzuki2, Ryu Takabatake1,

Kazuhiro KimuraID
2*

1 Takabatake West Eye Clinic, Okayama City, Okayama, Japan, 2 Department of Ophthalmology,

Yamaguchi University Graduate School of Medicine, Ube City, Yamaguchi, Japan

* k.kimura@yamaguchi-u.ac.jp

Abstract

Purpose

To investigate the influence of EDOF IOLs, TECNIS Symfony® (Johnson & Johnson Surgi-

cal Vision, Inc.), on visual field sensitivity and to compare the IOLs with other kinds of IOLs.

Methods

The subjects included the normal fellow eyes of patients who underwent the Humphrey

Field Analyzer (HFA) 30–2 with Swedish Interactive Threshold Algorithm Fast within 6

months after cataract due to glaucoma or suspected glaucoma. Each parameter of HFA

was compared among eyes implanted with TENIS Symfony® (EDOF group), diffractive bifo-

cal IOLs (bifocal group), and monofocal IOLs (monofocal group).

Results

The total of 76 eyes, including 24 eyes in the EDOF group, 26 eyes in the bifocal group, and

26 eyes in the monofocal group, were included in this study. Mean deviation (MD) of HFA

was -0.24±0.58 dB in the EDOF group, -1.38±0.58 dB in the bifocal group, and 0.02±0.44

dB in the monofocal group. Foveal threshold (FT) of HFA was 35.8±1.6 dB in the EDOF

group, 33.6±1.7 dB in the bifocal group, and 36.6±1.4 dB in the monofocal group. In both

MD and FT, there was significant difference between the bifocal group and the others

(p<0.001). There was no difference between the EDOF group and the monofocal group.

Moreover, there was no significant difference between the three groups about pattern stan-

dard deviation (PSD) of HFA.

Conclusion

TECNIS Symfony® may have little influence on visual field sensitivity, whereas diffractive

bifocal IOLs decrease visual field sensitivity.
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Introduction

Multifocal intraocular lenses (IOLs) can yield a better quality of life (QOL) and higher satisfac-

tion of patients due to decreasing spectacle dependence rate. On the other hand, diffractive

bifocal IOLs also provide good uncorrected visual acuity both in the far and near, although the

IOLs contribute to the low contrast sensitivity owing to distributing the incident light to the

distance and near images [1–4]. Given the fact, when contrast sensitivity reduction is unac-

ceptable because of some diseases, such as glaucoma and retinal diseases, these kinds of IOLs

should be selected more carefully.

Recently, new concept of IOLs, called extended depth of focus IOLs (EDOF IOLs), have

been released. The IOLs broaden the range of clear vision due to expanding the range of

depth, which provides natural appearance for patients without a decline at middle-distance.

TECNIS SymfonyⓇ (produced from Johnson & Johnson Surgical Vision, Inc.) is one of the

EDOF IOLs using a unique technology that enhances the correction of chromatic aberration

and that maintains good contrast sensitivity as well as monofocal IOLs [5–7]. It is possible that

EDOF IOLs become indicated for patients who have not been a candidate for diffractive bifo-

cal IOLs. Several studies have recently addressed that multifocal IOLs decrease mean deviation

(MD) of VF test using (Humphrey field analyzer, Carl Zeiss Meditec, Inc.) compared to dif-

fractive bifocal IOLs, monofocal IOLs, or phakic eyes [8, 9]. A report shows a correlation

between contrast sensitivity and visual field (VF) sensitivity [10]. However, to our knowledge,

there were no reports on the relationship between EDOF IOLs, which may not decrease con-

trast sensitivity, and VF sensitivity. This study investigated the influence of TECNIS Symf-

onyⓇ, one of the EDOF IOLs, on VF sensitivity.

Materials and methods

Patients

This study was approved by the Institutional Review Board (IRB) of Yamaguchi University

and examined retrospectively. We received ethical approval prior to accessing and analyzing

the data. The subjects included the fellow eyes of patients who underwent a VF test for glau-

coma or suspected glaucoma within 6 months after uniocular cataract surgery from July 2013

until March 2019 at Takabatake West Eye Clinic and Yamaguchi University. There is no glau-

comatous or other abnormal finding of disc shape and retinal nerve fiber layer in these fellow

eyes under the fundus photography and spectral-domain optical coherence tomography (3D

OCT-2000, Topcon). There is also no glaucomatous or other abnormal finding of VF under

VF test using HFA. Exclusion criteria were defined as follows: (1) logMAR corrected visual

acuity <0.0 (naked eyes corrected logMAR visual acuity for diffractive bifocal IOLs <0.0) (2)

Adults aged�70 years (3) ocular axial length of�26 mm (4)� 15% in any reliable indicators

of the VF test (fixation loss, false positive, and false negative), and (5) ocular disease that may

affect the VF. A retrospective study was performed on 76 eyes with respect to the following

parameters: sex, age, best corrected visual acuity (logMAR), spherical equivalent, and ocular

axial length.

The subjects were allocated into three groups by the kind of IOLs. We defined eyes

implanted with TECNIS SymfonyⓇ ZXR00V as the EDOF group, diffractive bifocal IOLs,

such as TECNISⓇ Multifocal including ZLB00 and ZMB00 (Johnson & Johnson Surgical

Vision, Inc.), as the bifocal group, and monofocal IOLs, such as TECNISⓇZCB00 (Johnson &

Johnson Surgical Vision, Inc.) or Nex-AcriⓇ N4-18YG (NIDEK, CO., LTD.) as the monofocal

group.
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Visual field test

HFA30-2 Swedish Interactive Threshold Algorithm Fast was used for measuring the VF.

Foveal threshold (FT), MD, total deviation (TD), and pattern standard deviation (PSD) were

evaluated. TD was divided into three areas (central, midperipheral, and peripheral areas) with-

out Mariotte blind spot (Fig 1) based on the important location of the VF for the quality of

vision such as reading and mobility [11], which were compared by average value for each area.

Then, we compared the difference in these parameters among EDOF group, bifocal group and

monofocal group. All patients underwent VF testing with the best corrected near vision using

add-on lens subjectively if needed. No patients in the bifocal group required add-on lens for

correcting the focus under VF test. All patients underwent VF test using HFA at the first time

or the second time. Reliable results of VF tests according to the above exclusion criteria were

applied to data analysis.

Statistical analysis

As a statistical analysis method, x2 test was used for sex. For the other indicators, a one-way

analysis of variance (ANOVA) was used in this study. When ANOVA showed a significant dif-

ference, Student’s t-test was used for multiple comparisons. The significance level was set at

p<0.05. Results are expressed as mean ± standard deviation (SD).

Results

Of the 76 eyes in 76 patients, 24 eyes were in the EDOF group, 26 eyes were in the bifocal

group, and 26 eyes were in the monofocal group. The patient background of each group was

shown in Table 1. The spherical equivalent of the monofocal group was significantly lower

compared to that of the EDOF group (p = 0.002) and the bifocal group (p<0.001) respectively.

The spherical equivalent of the EDOF group was significantly lower compared to that of the

bifocal group (p = 0.007). The other indicators had no significant differences. The bifocal

group included 21 eyes implanted with TECNIS1Multifocal ZLB00, and 5 eyes implanted

Fig 1. Three visual fields sectors. The TD was divided into three areas (central, midperipheral, and peripheral) of the

HFA.

https://doi.org/10.1371/journal.pone.0237728.g001
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with TECNIS1Multifocal ZMB00. The monofocal group included 20 eyes implanted with

TECNIS1 ZCB00, and 6 eyes implanted with Nex-Acri1N4-18YG.

FT value of each group was 35.8±1.6 dB in the EDOF group, 33.6±1.7 dB in the bifocal

group, and 36.6±1.4 dB in the monofocal group (Table 2). MD value of each group was -0.24

±0.58 dB in the EDOF group, -1.38±0.58 dB in the bifocal group, and +0.02±0.44 dB in the

monofocal group. As regards both MD and FT values, these of the bifocal group were signifi-

cantly lower than the others (p<0.001), and there was no significant difference between the

EDOF group and the monofocal group. As for PSD values, there was no significant difference

among the three groups.

The average value of TD at each area, including central, midperipheral, and peripheral

areas, was shown in Fig 1. The average TD value at each area in the bifocal group was signifi-

cantly lower than that of the EDOF group and the monofocal group (p<0.01) (Table 3). The

average TD value of the EDOF group was significantly lower than that of the monofocal group

at the midperipheral area (p<0.05), whereas no difference was detected at the central or

peripheral area.

Table 1. Demographic data of IOL implanted eyes.

EDOF (n = 24) Bifocal (n = 26) Monofocal (n = 26) P Value

Sex (male/female) 13/11 12/14 9/17 0.375 1)

Age (year) 62.6±7.8 62.6±7.3 65.7±6.1 0.208 2)

BCVA (logMAR) -0.16±0.05 -0.16±0.04 -0.14±0.05 0.340 2)

SE (D) -0.32±0.56 0.02±0.25 -1.18±1.20 <0.001 2)

Axial length (mm) 24.0±1.3 24.7±1.2 24.3±1.4 0.114 2)

BCVA: Best-Corrected Visual Acuity; SE: Spherical Equivalent.
1) Chi-square test;
2) ANOVA test.

https://doi.org/10.1371/journal.pone.0237728.t001

Table 2. Comparison on indices of visual field in IOL implanted eyes.

EDOF (n = 24) Bifocal (n = 26) Monofocal (n = 26) P Value�

MD (dB) -0.24±0.58 -1.38±0.58 0.02±0.44 <0.001

PSD (dB) 1.60±0.34 1.51±0.19 1.54±0.28 0.463

FT (dB) 35.8±1.6 33.6±1.7 36.6±1.4 <0.001

MD: Mean Deviation; PSD: Pattern Standard Deviation; FT: Foveal Threshold.

�Student’s-t test.

https://doi.org/10.1371/journal.pone.0237728.t002

Table 3. Comparison on total deviation at three areas of visual field in IOL implanted eyes.

EDOF (n = 24) Bifocal (n = 26) Monofocal (n = 26) P Value�

Central (dB) 0.38±0.76 -1.17±0.83 0.47±0.84 <0.001

Midperipheral (dB) -0.29±0.62 -1.58±0.57 0.05±0.55 <0.001

Peripheral (dB) -0.54±0.73 -1.17±0.84 -0.17±0.75 <0.001

�Student’s-t test.

https://doi.org/10.1371/journal.pone.0237728.t003
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Discussion

With regard to the influence of multifocal IOLs on VF sensitivity, Aychoua et al have reported

that in the multifocal IOLs (TECNIS1Multifocal ZM900; AMO, AT LISA1 809M; CarlZeiss

Meditec), the MD value of HFA was about 2 dB lower than the monofocal IOLs [9]. Farid et al

also reported that in the multifocal IOLs (TECNIS1Multifocal ZMB00, ZMA00; AMO,

ReSTOR1 SN6AD1; Alcon), the MD value of HFA was about 2 dB lower [8]. In this study,

eyes implanted with diffractive bifocal IOLs did not only reduce the FT value by 3.0 dB in

HFA but also the MD value by 1.4 dB, compared to eyes implanted with monofocal IOLs. Fur-

thermore, eyes implanted with diffractive bifocal IOLs decreased the TD value among them,

but the difference of PSD value was not detected. These results suggest that diffractive bifocal

IOLs reduce the sensitivity of the full VF. In contrast, TECNIS Symfony1, one of the EDOF

IOLs, was even to monofocal IOLs in terms of both MD and FT values. Diffractive bifocal

IOLs tend to suppress the contrast sensitivity due to the optical characteristics dividing the

focal point between far and near [1–4, 6]. Whereas, TECNIS Symfony1 was able to suppress

the decrease in the contrast sensitivity by improving the design fo diffraction [5, 6]. This can

explain that the difference in contrast sensitivity, owing to the difference in the structure of the

IOLs, was reflected in the VF sensitivity.

Various potential contributing factors could have an influence on VF sensitivity of multifo-

cal IOLs on VF sensitivity. Patient age has an effect on visual function in the patients with mul-

tifocal IOLs compared to the patients with monofocal IOLs [12]. In this study, we focused on

patients under 70 years of age. Near visual acuity or contrast sensitivity of the eyes implanted

with multifocal IOLs are also susceptible to even mild posterior capsule opacity [13]. There-

fore, we analyzed the VF within 6 months after cataract surgery to avoid the influence of cata-

ract as much as possible. It was reported that the best visual function requires a brain

acclimatization period due to the special optical structure of diffractive bifocal IOL [14, 15].

Farid et al reported that there was no difference between MD value of the VF test within 6

months or after cataract surgery [8]. Given the fact, we considered that the timing of examina-

tion had little effect on the MD value. The ocular axial length is also one of the factors affecting

the VF sensitivity [16–18]. Rudnicka et al reported that, in a myopic eye whose ocular axial

length was 26 mm or more, as the axial length is longer every 1 mm, there was a 0.8 dB

decrease in the MD value of HFA [18]. We, therefore, excluded high myopic eyes with 26 mm

or more axial length in this study. In addition, this study was conducted with sound eyes with-

out any ocular diseases that may affect their VF. There were no differences among the three

groups about visual acuity or ocular axial length.

It was previously reported that diffractive bifocal IOLs decreased the MD value [8, 9]. In

this study, we showed the MD value decreased in patients with diffractive bifocal IOLs but the

FT value and all VF also decreased significantly compared to the monofocal IOLs. VF sensitiv-

ity is correlated with the National Eye Institute 25-Item Visual Function Questionnaire

(NVI-VFQ25), which is the index of vision-related QOL [19]. Especially, there is a strong cor-

relation between NVI-VFQ25 and the desensitization of the central cluster [20–22]. Patients

with diffractive bifocal IOLs may decrease their visual function and compromise their QOL

compared to patients who have low VF sensitivity by progressing glaucoma or retinal diseases

[23, 24]. Implantation with diffractive bifocal IOLs would cause further deterioration of con-

trast sensitivity to patients who underwent laser in situ keratomileuses (LASIK) [25] because

of decreasing contrast sensitivity after LASIK [26]. The result of our study suggests that we

must be careful in implanting diffractive bifocal IOLs to such cases that may reduce the con-

trast sensitivity radically.
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We showed that diffractive bifocal IOLs promoted the decrease in TD among central, mid-

peripheral, and peripheral areas compared to monofocal IOLs. Van der Mooren et al have

reported that retinal straylight is associated with the elevation in luminance detection thresh-

olds and reductions in contrast sensitivity [27]. Retinal straylight of diffractive bifocal IOLs is

stronger than that of monofocal IOLs [28]. These results suggest that diffractive bifocal IOLs

may reduce the TD value at all areas mediated by straylight. TD values of TECNIS Symfony1

at central and peripheral areas were almost equivalent to those of monofocal IOLs. These

results demonstrate that TECNIS Symfony1 has little effect on the central VF that has been

strongly associated with QOL. In contrast, the TD value of TECNIS Symfony1 at midperiph-

eral area was significantly lower than that of monofocal IOLs. The optical quality of TECNIS

Symfony1 is almost similar to that of monofocal IOLs [29]. However, TECNIS Symfony1 has

an elongated focus although monofocal IOLs have a fixed focus for one distance. These results

suggest that straylight may have an influence on the peripheral area exhibiting reduced retinal

sensitivity at EDOF IOLs.

TECNIS Symfony1 uses the company‘s own Echellet diffraction technique to extend the

depth of focus, and correct chromatic aberration with achromatic technology. Therefore, TEC-

NIS Symfony1maintains high contrast sensitivity like monofocal IOLs in spite of having a

wide clear vision region [5, 6]. A report has addressed the correlation between contrast sensi-

tivity and VF sensitivity [10]. This study also showed that both MD and FT values and the cen-

tral visual sensitivity of eyes implanted with TECNIS Symfony1 were better than those of eyes

implanted with diffractive bifocal IOLs. They were almost equivalent to those of eyes

implanted with monofocal IOLs [29]. In this context, we considered that TECNIS Symfony1

is the IOLs that have little influence on VF sensitivity and would be adequate to be implanted

for patients who need to have VF tests regularly even after cataract surgery. It was reported

that eyes implanted with TECNIS Symfony1 had an uneventful course after LASIK [30].

Based on these findings, it is conceivable that TECNIS Symfony1 has a wide indication.

In conclusion, our study showed that TECNIS Symfony1, one of the EDOF IOLs, has little

influence on VF sensitivity and may be a candidate for patients who have not been encouraged

to implant the diffractive bifocal IOLs.

Supporting information

S1 Data.

(XLSX)

Author Contributions

Conceptualization: Kazuhiro Kimura.

Data curation: Makiko Takahashi, Ryu Takabatake.

Formal analysis: Ryu Takabatake.

Investigation: Makiko Takahashi, Yuka Kobayashi, Manami Ohta, Ryu Takabatake.

Project administration: Masaaki Kobayashi.

Supervision: Takuya Yoshimoto, Makoto Hatano, Tomohiko Nagai, Shinichiro Teranishi,

Kazuhiro Kimura.

Writing – original draft: Makiko Takahashi, Chiemi Yamashiro, Kazuhiro Kimura.

Writing – review & editing: Fumiaki Higashijima, Katsuyoshi Suzuki.

PLOS ONE Little influence of the extended depth of focus intraocular lenses on visual field sensitivity

PLOS ONE | https://doi.org/10.1371/journal.pone.0237728 September 14, 2020 6 / 8

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237728.s001
https://doi.org/10.1371/journal.pone.0237728


References
1. Gil MA, Varon C, Cardona G, Vega F, Buil JA. Comparison of far and near contrast sensitivity in patients

symmetrically implanted with multifocal and monofocal IOLs. Eur J Ophthalmol. 2014; 24(1):44–52.

Epub 2013/07/03. https://doi.org/10.5301/ejo.5000335 PMID: 23813113.

2. Ji J, Huang X, Fan X, Luo M. Visual performance of Acrysof ReSTOR compared with a monofocal intra-

ocular lens following implantation in cataract surgery. Exp Ther Med. 2013; 5(1):277–81. Epub 2012/12/

20. https://doi.org/10.3892/etm.2012.740 PMID: 23251283.

3. Kamiya K, Hayashi K, Shimizu K, Negishi K, Sato M, Bissen-Miyajima H, et al. Multifocal intraocular

lens explantation: a case series of 50 eyes. Am J Ophthalmol. 2014; 158(2):215–20 e1. Epub 2014/05/

06. https://doi.org/10.1016/j.ajo.2014.04.010 PMID: 24792105.

4. Rosen E, Alio JL, Dick HB, Dell S, Slade S. Efficacy and safety of multifocal intraocular lenses following

cataract and refractive lens exchange: Metaanalysis of peer-reviewed publications. J Cataract Refract

Surg. 2016; 42(2):310–28. Epub 2016/03/31. https://doi.org/10.1016/j.jcrs.2016.01.014 PMID:

27026457.

5. Pedrotti E, Bruni E, Bonacci E, Badalamenti R, Mastropasqua R, Marchini G. Comparative Analysis of

the Clinical Outcomes With a Monofocal and an Extended Range of Vision Intraocular Lens. J Refract

Surg. 2016; 32(7):436–42. Epub 2016/07/12. https://doi.org/10.3928/1081597X-20160428-06 PMID:

27400074.

6. Pedrotti E, Carones F, Aiello F, Mastropasqua R, Bruni E, Bonacci E, et al. Comparative analysis of

visual outcomes with 4 intraocular lenses: Monofocal, multifocal, and extended range of vision. J Cata-

ract Refract Surg. 2018; 44(2):156–67. Epub 2018/03/29. https://doi.org/10.1016/j.jcrs.2017.11.011

PMID: 29587972.

7. Akella SS, Juthani VV. Extended depth of focus intraocular lenses for presbyopia. Curr Opin Ophthal-

mol. 2018; 29(4):318–22. Epub 2018/04/27. https://doi.org/10.1097/ICU.0000000000000490 PMID:

29697436.

8. Farid M, Chak G, Garg S, Steinert RF. Reduction in mean deviation values in automated perimetry in

eyes with multifocal compared to monofocal intraocular lens implants. Am J Ophthalmol. 2014; 158

(2):227–31 e1. Epub 2014/05/03. https://doi.org/10.1016/j.ajo.2014.04.017 PMID: 24784872.

9. Aychoua N, Junoy Montolio FG, Jansonius NM. Influence of multifocal intraocular lenses on standard

automated perimetry test results. JAMA Ophthalmol. 2013; 131(4):481–5. Epub 2013/02/23. https://doi.

org/10.1001/jamaophthalmol.2013.2368 PMID: 23430147.

10. Hawkins AS, Szlyk JP, Ardickas Z, Alexander KR, Wilensky JT. Comparison of contrast sensitivity,

visual acuity, and Humphrey visual field testing in patients with glaucoma. J Glaucoma. 2003; 12

(2):134–8. Epub 2003/04/03. PMID: 12671468.

11. Park K, Kim J, Lee J. Measurement of macular structure-function relationships using spectral domain-

optical coherence tomography (SD-OCT) and pattern electroretinograms (PERG). PLoS One. 2017; 12

(5):e0178004. Epub 2017/05/26. https://doi.org/10.1371/journal.pone.0178004 PMID: 28545121.

12. Koga T, Koga T. [Factors Affecting Uncorrected Visual Acuity following Implantation of Apodized Dif-

fractive Intraocular Lenses]. Nippon Ganka Gakkai Zasshi. 2015; 119(12):846–54. Epub 2016/01/29.

PMID: 26817132.

13. Elgohary MA, Beckingsale AB. Effect of posterior capsular opacification on visual function in patients

with monofocal and multifocal intraocular lenses. Eye (Lond). 2008; 22(5):613–9. Epub 2006/12/26.

https://doi.org/10.1038/sj.eye.6702661 PMID: 17187030.

14. Palomino Bautista C, Carmona Gonzalez D, Castillo Gomez A, Bescos JA. Evolution of visual perfor-

mance in 250 eyes implanted with the Tecnis ZM900 multifocal IOL. Eur J Ophthalmol. 2009; 19

(5):762–8. Epub 2009/09/30. https://doi.org/10.1177/112067210901900513 PMID: 19787595.

15. Lubinski W, Podboraczynska-Jodko K, Gronkowska-Serafin J, Karczewicz D. Visual outcomes three

and six months after implantation of diffractive and refractive multifocal IOL combinations. Klin Oczna.

2011; 113(7–9):209–15. Epub 2012/01/20. PMID: 22256560.

16. Kawabata H, Fujimoto N, Adachi-Usami E. [Sensitivity loss of short wavelength sensitive cones in myo-

pic eyes by blue-on-yellow perimetry]. Nippon Ganka Gakkai Zasshi. 1997; 101(8):648–55. Epub 1997/

08/01. PMID: 9284620.

17. Nitta K, Saito Y, Sugiyama K. [The influence on the static visual field of peripapillary chorioretinal atro-

phy—relation to axial length]. Nippon Ganka Gakkai Zasshi. 2006; 110(4):257–62. Epub 2006/04/29.

PMID: 16642941.

18. Rudnicka AR, Edgar DF. Automated static perimetry in myopes with peripapillary crescents—Part II.

Ophthalmic Physiol Opt. 1996; 16(5):416–29. Epub 1996/09/01. PMID: 8944186.

PLOS ONE Little influence of the extended depth of focus intraocular lenses on visual field sensitivity

PLOS ONE | https://doi.org/10.1371/journal.pone.0237728 September 14, 2020 7 / 8

https://doi.org/10.5301/ejo.5000335
http://www.ncbi.nlm.nih.gov/pubmed/23813113
https://doi.org/10.3892/etm.2012.740
http://www.ncbi.nlm.nih.gov/pubmed/23251283
https://doi.org/10.1016/j.ajo.2014.04.010
http://www.ncbi.nlm.nih.gov/pubmed/24792105
https://doi.org/10.1016/j.jcrs.2016.01.014
http://www.ncbi.nlm.nih.gov/pubmed/27026457
https://doi.org/10.3928/1081597X-20160428-06
http://www.ncbi.nlm.nih.gov/pubmed/27400074
https://doi.org/10.1016/j.jcrs.2017.11.011
http://www.ncbi.nlm.nih.gov/pubmed/29587972
https://doi.org/10.1097/ICU.0000000000000490
http://www.ncbi.nlm.nih.gov/pubmed/29697436
https://doi.org/10.1016/j.ajo.2014.04.017
http://www.ncbi.nlm.nih.gov/pubmed/24784872
https://doi.org/10.1001/jamaophthalmol.2013.2368
https://doi.org/10.1001/jamaophthalmol.2013.2368
http://www.ncbi.nlm.nih.gov/pubmed/23430147
http://www.ncbi.nlm.nih.gov/pubmed/12671468
https://doi.org/10.1371/journal.pone.0178004
http://www.ncbi.nlm.nih.gov/pubmed/28545121
http://www.ncbi.nlm.nih.gov/pubmed/26817132
https://doi.org/10.1038/sj.eye.6702661
http://www.ncbi.nlm.nih.gov/pubmed/17187030
https://doi.org/10.1177/112067210901900513
http://www.ncbi.nlm.nih.gov/pubmed/19787595
http://www.ncbi.nlm.nih.gov/pubmed/22256560
http://www.ncbi.nlm.nih.gov/pubmed/9284620
http://www.ncbi.nlm.nih.gov/pubmed/16642941
http://www.ncbi.nlm.nih.gov/pubmed/8944186
https://doi.org/10.1371/journal.pone.0237728


19. McKean-Cowdin R, Varma R, Wu J, Hays RD, Azen SP, Los Angeles Latino Eye Study G. Severity of

visual field loss and health-related quality of life. Am J Ophthalmol. 2007; 143(6):1013–23. Epub 2007/

04/03. https://doi.org/10.1016/j.ajo.2007.02.022 PMID: 17399676.

20. Sawada H, Yoshino T, Fukuchi T, Abe H. Assessment of the vision-specific quality of life using clustered

visual field in glaucoma patients. J Glaucoma. 2014; 23(2):81–7. Epub 2012/07/26. https://doi.org/10.

1097/IJG.0b013e318265bbdc PMID: 22828009.

21. Sumi I, Shirato S, Matsumoto S, Araie M. The relationship between visual disability and visual field in

patients with glaucoma. Ophthalmology. 2003; 110(2):332–9. Epub 2003/02/13. https://doi.org/10.

1016/S0161-6420(02)01742-6 PMID: 12578777.

22. Sun Y, Lin C, Waisbourd M, Ekici F, Erdem E, Wizov SS, et al. The Impact of Visual Field Clusters on

Performance-based Measures and Vision-Related Quality of Life in Patients With Glaucoma. Am J

Ophthalmol. 2016; 163:45–52. Epub 2015/12/25. https://doi.org/10.1016/j.ajo.2015.12.006 PMID:

26701273.

23. Karadeniz Ugurlu S, Kocakaya Altundal AE, Altin Ekin M. Comparison of vision-related quality of life in

primary open-angle glaucoma and dry-type age-related macular degeneration. Eye (Lond). 2017; 31

(3):395–405. Epub 2016/11/05. https://doi.org/10.1038/eye.2016.219 PMID: 27813519.

24. Ramulu PY, Swenor BK, Jefferys JL, Friedman DS, Rubin GS. Difficulty with out-loud and silent reading

in glaucoma. Invest Ophthalmol Vis Sci. 2013; 54(1):666–72. Epub 2012/10/18. https://doi.org/10.1167/

iovs.12-10618 PMID: 23074207.

25. Yoshino M, Minami K, Hirasawa M, Oki S, Bissen-Miyajima H. [Clinical Results of Diffractive Multifocal

Intraocular Lens Implantation after Laser In Situ Keratomileusis]. Nippon Ganka Gakkai Zasshi. 2015;

119(9):613–8. Epub 2015/10/20. PMID: 26477066.

26. Yamane N, Miyata K, Samejima T, Hiraoka T, Kiuchi T, Okamoto F, et al. Ocular higher-order aberra-

tions and contrast sensitivity after conventional laser in situ keratomileusis. Invest Ophthalmol Vis Sci.

2004; 45(11):3986–90. Epub 2004/10/27. https://doi.org/10.1167/iovs.04-0629 PMID: 15505046.

27. van der Mooren M, Rosen R, Franssen L, Lundstrom L, Piers P. Degradation of Visual Performance

With Increasing Levels of Retinal Stray Light. Invest Ophthalmol Vis Sci. 2016; 57(13):5443–8. Epub

2016/10/21. https://doi.org/10.1167/iovs.15-18514 PMID: 27760270.

28. de Vries NE, Franssen L, Webers CA, Tahzib NG, Cheng YY, Hendrikse F, et al. Intraocular straylight

after implantation of the multifocal AcrySof ReSTOR SA60D3 diffractive intraocular lens. J Cataract

Refract Surg. 2008; 34(6):957–62. Epub 2008/05/24. https://doi.org/10.1016/j.jcrs.2008.02.016 PMID:

18499001.

29. Yoo YS, Whang WJ, Byun YS, Piao JJ, Kim DY, Joo CK, et al. Through-Focus Optical Bench Perfor-

mance of Extended Depth-of-Focus and Bifocal Intraocular Lenses Compared to a Monofocal Lens. J

Refract Surg. 2018; 34(4):236–43. Epub 2018/04/11. https://doi.org/10.3928/1081597X-20180206-04

PMID: 29634838.

30. Ferreira TB, Pinheiro J, Zabala L, Ribeiro FJ. Comparative analysis of clinical outcomes of a monofocal

and an extended-range-of-vision intraocular lens in eyes with previous myopic laser in situ keratomileu-

sis. J Cataract Refract Surg. 2018; 44(2):149–55. Epub 2018/03/13. https://doi.org/10.1016/j.jcrs.2017.

11.007 PMID: 29526338.

PLOS ONE Little influence of the extended depth of focus intraocular lenses on visual field sensitivity

PLOS ONE | https://doi.org/10.1371/journal.pone.0237728 September 14, 2020 8 / 8

https://doi.org/10.1016/j.ajo.2007.02.022
http://www.ncbi.nlm.nih.gov/pubmed/17399676
https://doi.org/10.1097/IJG.0b013e318265bbdc
https://doi.org/10.1097/IJG.0b013e318265bbdc
http://www.ncbi.nlm.nih.gov/pubmed/22828009
https://doi.org/10.1016/S0161-6420%2802%2901742-6
https://doi.org/10.1016/S0161-6420%2802%2901742-6
http://www.ncbi.nlm.nih.gov/pubmed/12578777
https://doi.org/10.1016/j.ajo.2015.12.006
http://www.ncbi.nlm.nih.gov/pubmed/26701273
https://doi.org/10.1038/eye.2016.219
http://www.ncbi.nlm.nih.gov/pubmed/27813519
https://doi.org/10.1167/iovs.12-10618
https://doi.org/10.1167/iovs.12-10618
http://www.ncbi.nlm.nih.gov/pubmed/23074207
http://www.ncbi.nlm.nih.gov/pubmed/26477066
https://doi.org/10.1167/iovs.04-0629
http://www.ncbi.nlm.nih.gov/pubmed/15505046
https://doi.org/10.1167/iovs.15-18514
http://www.ncbi.nlm.nih.gov/pubmed/27760270
https://doi.org/10.1016/j.jcrs.2008.02.016
http://www.ncbi.nlm.nih.gov/pubmed/18499001
https://doi.org/10.3928/1081597X-20180206-04
http://www.ncbi.nlm.nih.gov/pubmed/29634838
https://doi.org/10.1016/j.jcrs.2017.11.007
https://doi.org/10.1016/j.jcrs.2017.11.007
http://www.ncbi.nlm.nih.gov/pubmed/29526338
https://doi.org/10.1371/journal.pone.0237728

