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Purpose: To evaluate patient satisfaction and visual outcomes with extended depth of focus (EDOF) intraocular lens (IOL) 
implantation in post myopic refractive surgery patients with high corneal spherical aberrations.
Methods: This was a non-interventional, observational, ambispective, bilateral, single center multi-surgeon study. Patients had history 
of myopic LASIK or PRK, and relatively high corneal spherical aberrations, and were bilaterally implanted with Vivity or Vivity toric 
EDOF IOLs targeting emmetropia. Endpoints included monocular and binocular uncorrected and distance corrected visual acuities at 
distance (UDVA, CDVA), intermediate (UIVA, DCIVA; 66cm), and near (UNVA, DCNVA; 40cm), binocular defocus curve, and 
patient satisfaction (IOLSAT) and visual disturbance (QUVID) questionnaires.
Results: A total of 20 subjects (40 eyes) completed the study. Mean binocular UDVA, UIVA, and UNVA were 0.02 ± 0.16 logMAR, 
0.14 ± 0.13 logMAR, and 0.24 ± 0.14 logMAR, respectively. The percentages of eyes with mean residual spherical equivalent and 
residual astigmatism ≤0.50 D were 95% (38/40) and 98% (39/40), respectively. On the QUVID questionnaire, 0% (0/20), 5% (1/20), 
and 0% (0/20) of patients reported being “Bothered quite a bit” or “Bothered very much” by halo, starbursts, or glare, respectively. On 
the IOLSAT, patient reported spectacle use was “Never” or “Rarely” in 90% (18/20), 75% (15/20), and 30% (6/20) of patients at 
distance, intermediate, and near, respectively.
Conclusion: Results suggest good visual outcomes at distance, intermediate and functional near vision and high patient satisfaction 
with Vivity and Vivity toric IOL implantation in post myopic refractive surgery patients with high corneal spherical aberrations.
Keywords: Vivity, EDOF, cataract surgery, post-refractive

Introduction
One of the most common elective procedures performed in ophthalmology is laser vision correction (LVC). The three 
general types are photorefractive keratectomy (PRK), laser in situ keratomileusis (LASIK), and, relatively recently, 
keratorefractive lenticule extraction (KLEx). As LVC was introduced more than 30 years ago, many of these patients 
have since developed cataracts and require surgery and intraocular lens (IOL) implantation. Patients who have undergone 
LVC, which provides spectacle independence prior to the onset of presbyopia, may wish to retain or return to spectacle 
independence following cataract surgery. Therefore, careful consideration of the IOL to implant is needed.

One option would be to implant a trifocal IOL, which can provide clear vision at distance, intermediate, and near by 
splitting incoming light into 3 distinct foci. However, multifocal IOLs, including trifocal IOLs, use diffractive technol
ogy, which may cause unwanted photic phenomena such as halos and glare.1,2 In addition, LVC alters the curvature of the 
cornea as well as corneal anterior/posterior curvature ratio, making lens power calculation less accurate. Current IOL 
power calculation formulas may only achieve less than 70% of post-LVC eyes within ± 0.50 D of the target refraction.3,4 
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Missing the refractive target may impact trifocal IOL recipients more than monofocal patients, although it is worth noting 
that a few studies have reported successful outcomes implanting trifocal IOLs in post-myopic LASIK and PRK eyes,5–8 

and that this author (JMM) routinely uses trifocal IOLs in appropriate post-myopic LVC patients. Furthermore, post-LVC 
eyes may have high corneal aberrations prior to cataract surgery, which can make it even more challenging to achieve 
good visual outcomes.9

Another IOL option to implant would be an extended depth of focus (EDOF) IOL. Rather than creating distinct foci, 
EDOF IOLs aim to create one continuous focal point, enabling clear vision at distance, intermediate and functional vision 
at near.10,11 Compared to diffractive multifocal or diffractive EDOF IOLs, non-diffractive EDOF IOLs have less photic 
phenomena.12,13 In addition, missing the refractive target may be less impactful on final visual outcomes compared to 
a multifocal IOL.14 Indeed, there are reports of successful outcomes with EDOF IOLs in post-LVC eyes.15–17

The AcrySof® IQ and Clareon Vivity IOLs (Alcon Vision, LLC, Fort Worth, Texas, USA) create an EDOF effect 
using wavefront shaping technology.18 The shaping is done using two surface transition elements on the anterior surface 
that stretches and shifts, but does not split nor bend, the emerging wavefront to provide an extended depth of focus.19 

Visual outcomes including extended range of vision and low visual disturbances have been reported with the Vivity IOL 
in normal cataract patients.13,20,21 However, studies of outcomes with the Vivity in post-LVC eyes are lacking. In 
addition, many surgeons consider high spherical aberration as an exclusion to implanting presbyopia correcting IOLs, 
such as diffractive trifocal and EDOF lenses. The purpose of this study was to evaluate patient satisfaction and visual 
outcomes with bilateral AcrySof® IQ or Clareon Vivity implantation in post myopic refractive surgery patients with high 
corneal spherical aberrations.

Methods
This was a non-interventional, observational, ambispective, bilateral, single center multi-surgeon study of patient 
reported satisfaction and visual outcomes following bilateral implantation of the Vivity IOL in post-refractive patients. 
An independent institutional review board reviewed and approved the study (WCG, approval number 1337766). All 
subjects gave written informed consent. The study was registered in a clinical trials database (NCT06064916) and was 
conducted in compliance with international harmonization guidelines, good clinical practice, and the tenets of the 
Declaration of Helsinki. Data are not available for sharing.

Uncomplicated phacoemulsification and implantation with the Vivity IOL were performed by four surgeons at 
a single private practice. Subjects selected their desired IOL after discussion with the surgeon prior to surgery. All 
eyes were targeted for emmetropia and the Barrett II Universal or Kane formulas were used for IOL calculation with 
physician optimized A-constants. Cataract surgery and IOL implantation were performed in the second eye within two 
weeks following surgery in the first eye.

Subjects enrolled were adults (40 years of age or older) having already undergone uncomplicated cataract removal by 
phacoemulsification with a clear corneal incision in both eyes and implantation of bilateral Vivity IOLs, with prior 
uncomplicated bilateral myopic LASIK or PRK surgery achieving optimal distance vision in both eyes, corneal spherical 
aberration (SA) between 0.30 µ and 1.20 µ inclusive in at least one eye prior to cataract surgery (measured with the Atlas 
9000, Carl Zeiss Meditec AG), corrected distance visual acuity (CDVA) of 0.10 logMAR or better, minimum of two 
weeks post neodymium-doped yttrium aluminum garnet (Nd:YAG) laser capsulotomy for posterior capsule opacification 
(PCO) treatment, residual refractive astigmatism ≤0.50 D following cataract surgery (in at least one eye), and post- 
cataract surgery refractive spherical equivalent of 0.00 ± 0.50 D (in at least one eye). The strict inclusion criteria were 
designed to limit confounders and maximally explore the impact of high SA on outcomes with the Vivity IOL. Subjects 
were excluded who had any corneal abnormality (other than LASIK surgery or regular corneal astigmatism, any 
complication during cataract surgery, retinal conditions or predisposition to retinal conditions or anterior or posterior 
segment inflammation of any etiology, amblyopia or strabismus in either eye, any neovascularization on or within the 
eye, glaucoma or other optic nerve atrophy, diagnosed degenerative eye disorders, or systemic illness likely to confound 
the study results.

Subjects meeting the inclusion/exclusion criteria above were identified by retrospective review of consecutive charts 
between July 2023 and December 2024. Subjects attended 1 visit, at least 3 months after their second eye surgery. 
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Assessments included monocular and binocular uncorrected and distance corrected visual acuities at distance (UDVA, 
CDVA), intermediate (UIVA, DCIVA; 66 cm), and near (UNVA, DCNVA; 40) using Early Treatment Diabetic 
Retinopathy Study (ETDRS) charts, subjective refraction, binocular distance corrected defocus curve, and administration 
of two proprietary (Alcon Vision, LLC) and validated questionnaires. The first was the questionnaire for visual 
disturbances (QUVID), which asks subjects to rate the frequency, severity, and bothersomeness of different dysphotop
sias. The second was the intraocular lens satisfaction questionnaire (IOLSAT), which asks subjects to rate their 
satisfaction, spectacle independence, and visual performance at distance, intermediate, and near under different lighting 
conditions. Exploratory endpoints included SA correlation to responses on the QUVID and SA correlation to visual 
outcomes, and p-values were adjusted using Benjamini–Hochberg. A p-value ≤0.05 after adjustment was considered 
significant. All statistical analyses were performed using R (version 4.4.2; The R Foundation for Statistical Computing, 
Vienna, Austria). The trapezoidal numerical integration method was used to calculate areas under the curve for the 
binocular defocus curve, normalizing the 0.5 defocus steps and using a functional vision cutoff of 0.2 logMAR. The total 
defocus range was +1.00 D to −3.00 D, including +0.50 D to −0.50 D for far, −0.50 D to −2.00 D for intermediate, and 
−2.00 D to −3.00 D for near.

Results
Table 1 summarizes the baseline (prior to cataract surgery) and demographic data. A total of 20 subjects completed the 
study, including 45% (9/20) female subjects and 40% (16/40) non-toric IOLs.

Monocular and binocular uncorrected and distance corrected visual acuities at 3 months postoperative are summar
ized in Table 2 and Figure 1. Binocular uncorrected visual acuities at distance were good, with 85% of subjects (17/20) 
20/25 or better. Binocular uncorrected visual acuities at intermediate and near were functional with 90% of subjects (18/ 
20) 20/32 or better at intermediate and 75% of subjects (15/20) 20/40 or better at near. Figure 1 also summarizes the 
refractive outcomes at 3 months postoperatively. The percentages of eyes with manifest refraction spherical equivalent 
and residual astigmatism ± 0.5 D were 95% (38/40) and 98% (39/40), respectively. The 3 months postoperative binocular 
defocus curve is shown in Figure 1. The defocus curve suggests excellent vision at distance and intermediate and, as 
expected, there was a gradual decline after −1.50 D.

Table 1 Patient Demographic and Baseline Data

Parameter Mean ± SD (Range)

Age (years) 68.0 ± 6.0 (57 to 81)

ACD (mm) 3.54 ± 0.54 (2.94 to 5.81)

Axial Length (mm) 24.82 ± 1.57 (22.02 to 29.23)

Astigmatism (D) 0.74 ± 0.41 (0.14 to 1.81)

Average K (D) 42.00 ± 2.75 (36.11 to 46.01)

Sphere (D) −0.68 ± 1.87 (−4.75 to 3.00)

Cylinder (D) 0.72 ± 0.51 (0.00 to 2.50)

MRSE (D) −0.32 ± 1.85 (−4.50 to 3.25)

Lens Power (D) 20.32 ± 2.23 (15.00 to 24.50)

Target MRSE (D) −0.12 ± 0.17 (−0.50 to 0.00)

Spherical Aberration (µ) 0.54 ± 0.31 (0.021 to 1.34)

Abbreviations: ACD, anterior chamber depth; Astigmatism K, cor
neal astigmatism; Average K, average corneal power (average of K1 
and K2); MRSE, mean residual spherical equivalent.
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Patient responses on the QUVID questionnaire are summarized in Table 3. The three dysphotopsias that had the 
highest percentages of patients reporting as “moderate” or “severe” were glare, starbursts, and halos at 35% (7/20), 25% 
(5/20), and 20% (4/20), respectively. However, only 0% (0/20), 5% (1/20), and 0% (0/20) of subjects indicated that they 
were bothered “quite a bit” or “very much” by glare, starbursts, and halos, respectively.

Patient responses on the IOLSAT questionnaire are summarized in Table 4. Spectacle independence was defined as 
answering “Never” or “Rarely” on the questionnaire. Good visual performance was defined as answering “Very good” or 
“Good” on the questionnaire. Spectacle independence overall at distance, intermediate, and near were 90% (18/20), 75% 
(15/20), and 30% (6/20), respectively. In addition, 80% (16/20) of subjects reported being “satisfied” or “very satisfied” 
with their vision, 65% (13/20) would have the same lenses implanted again, and 70% (14/20) would recommend the 
implanted lens to friends and family. It is important to note that many of these patients initially desired a trifocal IOL, but 
opted for Vivity due to concerns about dysphotopsias given their history of refractive surgery.

Spearman correlations between preoperative SA and postoperative responses about severity or bothersomeness of 
dysphotopsias were weak (rho = 0.03 and rho = −0.01, respectively). Pearson correlations between preoperative SA and 
postoperative visual outcomes are summarized in Table 5. We observed moderate negative correlations between SA and 
monocular UDVA (r = −0.28) and monocular DCNVA (r = −0.32). The association with DCNVA reached significance (p 
= 0.05) prior to adjustment, but not after (p = 0.27).

Discussion
It can be challenging to achieve good refractive and visual outcomes in post-LVC eyes after cataract surgery and IOL 
implantation. In addition, there are concerns that high spherical aberration can cause too much blur, which is then 
worsened by implanting a trifocal or EDOF IOL, leading to poor visual outcomes and patient satisfaction. In this study, 
we investigated the visual outcomes and patient reported satisfaction, spectacle independence, and quality of vision in 
post-myopic LASIK and PRK eyes, with high corneal spherical aberration, after bilateral Vivity implantation. To the best 
of our knowledge, this is the first study that specifically targeted post-myopic LASIK and PRK patients with high corneal 
spherical aberration. We are aware of one other report of the Vivity IOL in post-LVC eyes from patients in Spain.17 

Carreras et al17 reported mean binocular UDVA, UIVA, and UNVA of 0.02, −0.02, and 0.14 logMAR, respectively, at 3 
months postoperatively, compared to 0.02, 0.14, and 0.24 logMAR, respectively, in our study. Differences may be due to 
the higher number of toric IOLs in our study (40%) compared to their study (10%) or patient populations. Our results are 
also comparable to studies of the Vivity IOL in eyes without prior corneal refractive surgery. Mean binocular UDVA, 
UIVA, and UNVA were reported in the US Food and Drug Administration (FDA) clinical trial of the Vivity IOL as 0.04, 
0.06, and 0.21, respectively.20 In addition, a randomized trial of the Vivity IOL from multiple countries reported mean 

Table 2 Postoperative Visual Acuities

Parameter Monocular 
Mean ± SD (Range)

Binocular 
Mean ± SD (Range)

UDVA 0.06 ± 0.11 (−0.20 to 0.30) 0.02 ± 0.16 (−0.20 to 0.60)

UIVA 66cm 0.18 ± 0.12 (−0.08 to 0.40) 0.14 ± 0.13 (−0.08 to 0.54)

UNVA 40cm 0.31 ± 0.19 (0.00 to 0.70) 0.24 ± 0.14 (0.00 to 0.52)

CDVA −0.00 ± 0.08 (−0.18 to 0.20) −0.05 ± 0.09 (−0.20 to 0.10)

DCIVA 66cm 0.17 ± 0.12 (−0.10 to 0.40) 0.11 ± 0.11 (−0.10 to 0.30)

DCNVA 40cm 0.33 ± 0.17 (0.00 to 0.70) 0.25 ± 0.15 (−0.06 to 0.46)

Abbreviations: CDVA, corrected distance visual acuity; DCIVA, distance corrected inter
mediate 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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Figure 1 Standard graphs for presbyopia correcting intraocular lenses, including cumulative percentage of patients achieving binocular uncorrected and distance corrected 
visual acuity at (A) cumulative percentage of patients achieving binocular uncorrected and distance corrected visual acuity at far, (B) postoperative manifest refraction 
spherical equivalent distribution, (C) cumulative percentage of patients achieving binocular uncorrected and distance corrected visual acuity at intermediate, (D) 
postoperative refractive cylinder distribution, (E) cumulative percentage of patients achieving binocular uncorrected and distance corrected visual acuity at near, (F) 
postoperative manifest refraction spherical equivalent distribution over time, and (G) binocular defocus curve. 
Abbreviations: AUC, area under the curve; D, diopters; F, far; I, intermediate; logMAR, log of minimum angle of resolution; N, near; T, total.
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binocular UDVA, UIVA, and UNVA of 0.01, 0.06, and 0.23, respectively.19 The results from our study and others suggest 
binocular uncorrected visual outcomes in post-LVC eyes may be similar to eyes without LVC.

Post-LVC patients may have higher expectations of spectacle independence compared to patients with no prior LVC. 
In our study, 90%, 75%, and 30% of patients overall were spectacle independent at distance, intermediate, and near, 
respectively. Carreras et al17 reported spectacle independence of 91%, 73%, and 50%, respectively, overall at distance, 
intermediate and near on the IOLSAT questionnaire (in post-LVC patients). Differences between their study and ours 
may be due to differences in sample size, as 11 subjects answered the IOLSAT questionnaire in their study compared to 

Table 3 Summary of QUVID Questionnaire Responses at 3 Months Postoperatively (n=20)

Visual Disturbance Frequency (%)  
“Most of the Time” or  

“Always”

Severity (%)  
“Moderate” or  

“Severe”

Bothersomeness (%)  
“Bothered Quite a Bit” or 

“Bothered Very Much”

Starbursts 30 25 5

Halos 10 20 0

Glare 15 35 0

Haze 10 15 10

Blurred Vision 10 5 10

Double Vision 0 0 0

Dark Area 0 0 0

Table 4 Summary of IOLSAT Questionnaire Responses at 3 Months Postoperatively 
(n=20)

Type Spectacle Independence Good Visual Performance

Distance (Overall) 90 –
Distance (Bright Light) 90 90

Distance (Dim Light) 90 75

Intermediate (Overall) 75 –
Intermediate (Bright Light) 80 70

Intermediate (Dim Light) 70 60

Near (Overall) 30 –
Near (Bright Light) 40 45

Near (Dim Light) 30 25

Table 5 Correlation of Preoperative Spherical 
Aberration to Postoperative Visual Outcomes

Postoperative 
Visual Acuity

Pearson r p-value Adjusted 
p-value

UDVA –0.28 0.09 0.27

UIVA –0.09 0.58 0.87

UNVA –0.15 0.37 0.74
CDVA –0.01 0.94 0.94

DCIVA −0.02 0.92 0.94

DCNVA –0.32 0.05 0.27
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20 in our study. Other studies of patients without prior LVC also suggest high spectacle independence with the Vivity 
IOL. Kandavel et al22 reported spectacle independence of 90%, 94%, and 58%, respectively, overall at distance, 
intermediate and near on the IOLSAT questionnaire. In the US FDA clinical trial of the Vivity IOL, spectacle 
independence was reported in 94% and 87% of subjects at distance and intermediate, respectively. Studies using different 
questionnaires, in patients without prior LVC, have also reported high spectacle independence with the Vivity IOL.11,23

Of particular concern when implanting presbyopia-correcting IOLs in post-LVC patients are dysphotopsias. Even 
mild dysphotopsias can lower patient satisfaction, and in some cases, lead to secondary surgical intervention. In our 
study, 25%, 20%, and 35%, of subjects reported the severity of starbursts, halo, and glare as “Severe” or “Moderate”, 
respectively, on the QUVID. In contrast, Carreras et al17 reported that 16%, 12%, and 12% of subjects (with prior LVC) 
reported the severity of starbursts, halo, and glare as “Severe” or “Moderate”, respectively, on the QUVID. Other studies 
of patients without prior LVC also suggest low severity of dysphotopsias with the Vivity IOL. In the US FDA clinical 
trial of the Vivity IOL,1 17%, 9%, and 9% of subjects reported the severity of starbursts, halo, and glare as “Severe” or 
“Moderate”, respectively, on the QUVID. Scheepers and Hall20 observed that 9%, 0%, and 3% of subjects reported the 
severity of starbursts, halo, and glare as “Severe” or “Moderate”, respectively, on the QUVID. Differences between our 
study and others may be due to differences in patient population, especially considering the post-LVC eyes and high 
corneal spherical aberration in our study.

It is worthwhile to touch on the result that 65% of patients would have the same lens implanted again. Notably, these 
patients originally preferred a trifocal IOL, and this level of satisfaction could be a reflection of their desire and 
expectations for spectacle independence from a trifocal IOL, rather than dissatisfaction with the EDOF IOL, given the 
good and functional visual outcomes in our study. For a future study, it may be interesting to ask if patients had a choice 
between the EDOF and a monofocal, would they choose the same lens again.

We observed a moderate negative correlation between preoperative SA and postoperative UDVA and DCNVA, although 
we note that these were exploratory endpoints. The Vivity IOL has been shown to have net negative SA,24 which can 
partially correct the positive SA of the cornea. It is possible that patients with higher SA (mean 0.54 ± 0.31 µ in our study) 
may have higher remaining positive SA that increases the depth of focus. Savini et al25 reported a positive correlation 
between preoperative corneal SA and DCNVA, opposite to our study, although the mean SA (0.10 ± 0.21 µ) in their study 
was lower than in our study. Our sample size was also relatively low, therefore further studies are warranted.

The primary limitation of this study was the relatively low sample size. Presbyopia-correcting IOLs are not routinely 
implanted in post-refractive eyes, therefore it was challenging to get a larger sample. Despite this, there is a sufficient 
sample to be able to describe the performance of the Vivity IOL in post-refractive eyes. Another limitation was the 
single-arm nature of the study. A comparator group of patients without prior refractive surgery and who were implanted 
with the Vivity, or a group of post-LVC eyes implanted with a different IOL, would allow for more robust conclusions to 
be drawn. Finally, long-term stability was not addressed.

Conclusions
The results of this study are encouraging and suggest good visual outcomes with high patient satisfaction with Vivity and 
Vivity toric IOL implantation in post myopic refractive surgery patients.
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