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O R I G I N A L  A R T I C L E

Extended depth of focus intraocular lenses (EDOF 
IOLs) seem to be a compromise between conven-
tional multifocal and monofocal IOLs by offering 

a good range of functional vision for everyday activi-
ties, while having minimal impact on distance vision 
or overall quality of vision.1 EDOF lenses create a sin-
gle elongated focal point to enhance depth of focus and 
several technologies have been applied to achieve this.2

In a previous study, we presented our initial 
experience with the AT LARA 829MP IOL (Carl 

Zeiss Meditec, Jena, Germany).3 This EDOF IOL is 
based on a diffractive principle and has, in addi-
tion to a distance focal point, two elongated foci for 
far-intermediate and near-intermediate vision, thus 
creating a continuous range of sharp vision from 
far through near-intermediate distances. The study 
evaluated clinical and patient-reported outcomes in 
patients implanted with this IOL, and relatively high 
spectacle independence and satisfaction rates have 
been achieved. 

ABSTRACT

PURPOSE: To identify independent factors associated with 
postoperative satisfaction after refractive lens exchange with 
an extended depth of focus intraocular lens (EDOF IOL).

METHODS: Patients who underwent a refractive lens ex-
change with bilateral implantation of the AT LARA 829MP 
IOL (Carl Zeiss Meditec, Jena, Germany) and attended the 
3-month follow-up visit were included in the analysis (N 
= 351 patients). Demographics, preoperative and postop-
erative clinical parameters, and patient-reported outcomes 
were used in a regression model to determine predictors of 
3-month postoperative satisfaction.

RESULTS: The mean age of the study group was 58.2 ± 7.0 
years (range: 45 to 79 years) and the mean preoperative 
sphere ranged between -12.50 and +6.75 diopters (D). At 3 
months postoperatively, 86.6% of patients were very satis-

fied or satisfied with outcomes and 93.2% would recom-
mend the procedure to their family or friends. Of all patients, 
90.6% achieved binocular uncorrected distance visual acu-
ity of 20/20 or better, 92.0% achieved binocular near vision 
of 20/50 or better, and 85.5% of eyes were within ±0.50 D of 
emmetropia. Logistic regression identified postoperative dry 
eye symptoms, binocular near and distance visual acuity, and 
glare symptoms as significant independent factors affecting 
patient satisfaction.

CONCLUSIONS: Several factors were independently predic-
tive of postoperative satisfaction after EDOF IOL implantation 
and addressing these may further improve patient satisfac-
tion with the procedure, specifically, proper management of 
early symptoms of dry eye, ensuring good refractive predict-
ability to maximize unaided vision, and counseling patients 
about the possibility of visual phenomena in the early post-
operative period.
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Assuming no vision-threatening complications, pa-
tient satisfaction is arguably the most important out-
come after an elective procedure. However, factors 
that predict satisfaction after EDOF lens implantation 
have not been well described. In the current study, 
we evaluate predictors associated with postoperative 
satisfaction in patients bilaterally implanted with this 
IOL. Using these, we suggest strategies for surgeons to 
improve patient satisfaction and aid in counseling and 
patient selection.

PATIENTS AND METHODS
This study involved retrospective data analysis of 

patients who underwent cataract or refractive lens ex-
change surgery in Optical Express, United Kingdom, 
with bilateral implantation of the AT LARA 829MP 
IOL. All patients provided a written informed consent 
at the time of surgery and agreed to use of their records 
for statistical analysis. The study was exempt from 
full review by the Committee of Human Research at 
the University of California, San Francisco, because it 
used only retrospective, de-identified patient records. 

Data were extracted from the Optical Express elec-
tronic medical record with the following criteria: bilat-
eral implantation of the AT LARA 829MP IOL between 
September 2017 and May 2019, attended the 3-month 
postoperative visit, completed the preoperative and 
3-month postoperative patient experience question-
naire, and had corneal astigmatism (determined by 
IOLMaster, Carl Zeiss Meditec) of 1.50 diopters (D) or 
less in each eye. Patients with retinal/macular pathol-
ogy, neuro-ophthalmic diseases, glaucoma, any active 
or history of ocular inflammation, and previous refrac-
tive surgery were excluded from analysis. All patients 
either underwent a refractive lens exchange (in the ab-
sence of cataract) or had mild cataract changes with 
corrected visual acuity not worse than 20/40.

Preoperative examination included evaluation of 
refractive status, slit-lamp biomicroscopy, dilated fun-
dus examination, corrected (CDVA) and uncorrected 
(UDVA) distance visual acuity, and 40 cm uncorrected 
near visual acuity (UNVA). The methodology of ob-
taining visual acuity measurements has been previ-
ously described.3

Preoperative diagnostic scans included autorefrac-
tion and tonometry (Tonoref II; Nidek Co. Ltd., Gama-
gori, Japan), corneal tomography (Pentacam software 
version 1.21r43; Oculus Optikgeräte GmbH, Wetzlar, 
Germany), wavefront aberration measurement (iDe-
sign Advanced WaveScan System; Johnson & John-
son Vision Care, Inc., Santa Ana, CA), endothelial 
cell count (SP 2000P specular microscope; Topcon 
Corporation, Tokyo, Japan), biometry (IOLMaster 700 

software version 1.18; Carl Zeiss Meditec), and retinal 
optical coherence tomography (Cirrus 4000/500 OCT; 
Carl Zeiss Meditec).

All patients underwent phacoemulsification with 
the implantation of the fully preloaded AT LARA 
829MP lens into the capsular bag. The surgery was 
performed with the assistance of a femtosecond laser 
(Catalys Precision Laser System; Johnson & Johnson 
Vision Care, Inc.) using the previously described sur-
gical technique.3 Femtosecond laser–assisted astig-
matic keratotomy was performed in eyes with corneal 
astigmatism between 0.75 and 1.50 D. A nomogram 
developed in our clinics was used for eyes with with-
the-rule astigmatism (Table A, available in the online 
version of this article), whereas a previously described 
nomogram4 was used for all other cases. All intrastro-
mal arcuate incisions were programmed with a depth 
between 20% and 80% of corneal pachymetry and a 
diameter of 8 mm. Surgeries were performed in 11 sur-
gical centers by 10 surgeons.

Patients were advised to return for postoperative 
evaluation at 1 day, 1 week, 1 month, and 3 months. 
At each visit, refraction and near and distance visual 
acuities were recorded. All patients included in this 
study completed preoperative and 3-month postop-
erative patient experience questionnaires. The ques-
tionnaire was self-administered by the patient using a 
password-protected and secure computer terminal in 
a private area of the clinic and stored in the secured 
central database, which is compliant with ISO 27001 
for information security management systems. All 
response fields used a Likert scale to obtain the pa-
tient’s preferences or degree of agreement. The ques-
tionnaire evaluated general satisfaction with vision, 
visual phenomena and dry eye symptoms, spectacle 
independence, and difficulties with common tasks 
that require the use of distance and near vision. Pa-
tients were informed that the postoperative responses 
were not available to clinic personnel or the treating 
surgeon. The questionnaire items are described in de-
tail in Table 1.

StatiStical analySiS
Logistic multivariable regression analysis was used 

to identify significant predictors of 3-month postop-
erative satisfaction with vision (Question 1 from Table 
1). Variables included in the regression model were 
patient demographics (age, gender), surgeon and sur-
gical center, preoperative and postoperative clinical 
variables (visual acuity and refraction), questionnaire 
responses, and postoperative adverse events occurring 
within the first 3 months, such as cystoid macular ede-
ma, anterior uveitis, or clinical signs of dry eye (punc-
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tate epithelial erosions, reduced tear break-up time, 
meibomitis, or blepharitis). Some medical conditions 
from preoperative screening were also included in 
the model, such as current or history of depression/
psychiatric disorders, dry eye, or any ongoing health 
issues (eg, diabetes mellitus, thyroid imbalance, or 

rheumatoid arthritis). Binocular visual acuities were 
used in the regression model because they demon-
strated a stronger association with postoperative satis-
faction compared to monocular vision. 

The paired Student’s t test was used to compare 
the change between preoperative and postoperative 

TABLE 1
Patient Experience Questionnairea

Question 1.Thinking about your vision during the last week, how satisfied are you with your vision? (without the use of glasses or 
contact lenses)

Very satisfied Satisfied Neither Dissatisfied Very dissatisfied
3 months 55.0% 31.6% 5.7% 6.8% 0.9%
Question 2. Because of your eyesight, how much difficulty do you have driving at night?

No difficulty
A little 

difficulty
Moderate 
difficulty

A lot of 
difficulty

Unable to do this 
because of vision

Don’t do this for 
other reasons

Preoperative 63.5% 22.5% 11.4% 1.7% 0.0% 0.9%
3 months 50.4% 30.2% 11.1% 4.8% 1.4% 2.0%
Question 3. Because of your eyesight, how much difficulty do you have doing work or hobbies that require you to see well up close, 
such as cooking, fixing things around the house, sewing, using hand tools, or working with a computer?

No difficulty
A little 

difficulty
Moderate 
difficulty

A lot of 
difficulty

Unable to do this 
because of vision

Don’t do this for 
other reasons

Preoperative 56.1% 19.1% 16.0% 8.8% 0.0% 0.0%
3 months 70.4% 18.8% 7.1% 3.1% 0.6% 0.0%
Question 4. Because of your eyesight, how much difficulty do you have taking part in active sports or other outdoor activities that you 
enjoy (like hiking, swimming, aerobics, team sports, or jogging)?

No difficulty
A little 

difficulty
Moderate 
difficulty

A lot of 
difficulty

Unable to do this 
because of vision

Don’t do this for 
other reasons

Preoperative 59.3% 19.4% 14.8% 4.8% 0.0% 1.7%
3 months 86.3% 7.7% 2.6% 0.6% 0.0% 2.8%
Question 5. While you are awake, how often do you wear glasses or contact lenses in either eye to improve your distance vision? Please 
indicate the percentage of the time.

Never use any 
correction

Up to 25% of 
the time

25% to 50% of 
the time

50% to 75% of 
the time

75% to 100% of 
the time

3 months 95.7% 3.7% 0.6% 0.0% 0.0%
Question 6. While you are awake, how often do you wear glasses or contact lenses in either eye to improve your near vision? Please 
indicate the percentage of the time.

Never use any 
correction

Up to 25% of 
the time

25% to 50% of 
the time

50% to 75% of 
the time

75% to 100% of 
the time

3 months 84.9% 10.5% 2.3% 1.4% 0.9%
Question 7. Think about your vision during the last week. Please rate the degree of difficulty you experienced with glare from bright 
lights. (Measured on discrete scale from 1 = no difficulty to 7 = severe difficulty)

1 2 3 4 5 6 7

Preoperative 87.2% 8.3% 1.7% 2.3% 0.0% 0.3% 0.3%
3 months 48.7% 16.5% 12.0% 14.2% 2.8% 2.8% 2.8%
Question 8. Think about your vision during the last week. Please rate the degree of difficulty you experienced with dry eye. (Measured 
on discrete scale from 1 = no difficulty to 7 = severe difficulty)

1 2 3 4 5 6 7
Preoperative 82.1% 11.7% 3.1% 2.3% 0.3% 0.3% 0.3%
3 months 57.5% 16.0% 10.3% 12.3% 2.8% 0.9% 0.3%
aPreoperatively, patients were asked to rate the difficulty with their usual correction (glasses/contact lenses). Postoperatively, patients rated the difficulty without any correction.
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continuous variables, and an unpaired t test was used 
to compare independent groups of patients. The chi-
square test was used to compare percentages. Where 
percentages and number of cases are presented, “N” 
refers to the number of patients and “n” to the number 
of eyes. Data tabulation and statistical operations were 
performed with SAS (version 9.3; SAS Institute, Inc., 
Cary, NC) and Microsoft Office Excel (version 11.0; 
Microsoft Corporation, Redmond, WA) software. 

RESULTS
The total number of patients who met preopera-

tive study inclusion criteria was 569 (1,138 eyes), 
of whom 702 eyes of 351 patients (61.7% of the co-
hort) attended the 3-month postoperative visit and 
completed the patient experience questionnaire. The 
demographics of the study group and the basic pre-
operative and postoperative clinical variables are 
described in Table 2. Preoperative refractive sphere 
ranged from -12.50 to +6.75 D, but most of the pa-
tients (88.9%, N = 312) were hyperopic preopera-
tively. All patients had a statistically significant re-
duction in refraction with the mean postoperative 
manifest spherical equivalent at 3 months close to 
plano (-0.06 ± 0.39 D). Of all eyes, 85.5% (n = 600) 
were within ±0.50 D of emmetropia and 97.9% (n = 
687) were within ±1.00 D or emmetropia. The per-
centage of eyes with a postoperative refractive cylin-
der of 0.50 D or less was 71.4% (n = 501).

The mean binocular UDVA at 3 months was -0.06 ± 
0.08 logMAR (Snellen equivalent 20/17.5) with 90.6% 
(N = 318) of patients having binocular UDVA of 20/20 
or better and all patients achieving UDVA of 20/40 or 
better. Binocular near visual acuity of 20/32, 20/40, 
and 20/50 or better was achieved in 52.1% (N = 183), 
78.3% (N = 275), and 92.0% (N = 323) of patients, re-
spectively. The mean binocular UNVA at 3 months 
was 0.27 ± 0.13 logMAR (Snellen equivalent 20/37). 
The mean CDVA remained unchanged between the 
preoperative and 3-month postoperative visits (Table 
2). The standard graphs for reporting outcomes of lens-
based surgery are presented in Figure 1.

Patient SatiSfaction
Table 1 presents outcomes of the 3-month post-

operative questionnaire. Of all patients, 86.6% (N = 
304) were very satisfied/satisfied, 5.7% (N = 20) of 
patients were neither satisfied nor dissatisfied, and 
7.7% (N = 27) were dissatisfied/very dissatisfied with 
their visual outcomes. Additionally, 93.2% (N = 327) 
of patients would recommend the procedure to their 
family/friends. 

Table 3 shows some of the most relevant preopera-
tive parameters in relation to postoperative satisfac-
tion. Patients who were “satisfied” (very satisfied or 
satisfied) with vision postoperatively tended to have 
a higher refractive error preoperatively (both myopic 
and hyperopic) and a higher proportion of preopera-

TABLE 2
Demographics and Preoperative and Postoperative Clinical Data

Parameter Preoperative 3 Months P
No. of patients (eyes) 351 (702) 351 (702) –
Age (years), mean ± SD (range) 58.2 ± 7.0 (45 to 79) – –
Gender (male/female) (%) 50.7%/49.3% – –
Myopia hyperopia (%) 11.1%/88.9% – –
Axial length (mm), mean ± SD (range) 23.37 ± 1.06 (20.73 to 28.01) – –
Power of implanted IOL (D), mean ± SD (range) 21.59 ± 3.03 (7.00 to 30.00) – –
Clinical parameters, mean ± SD (range)

Sphere (D) +1.41 ± 2.01 (-12.50 to +6.75) +0.17 ± 0.40 (-1.00 to +2.00) < .01
Cylinder (D) -0.54 ± 0.39 (-2.25 to 0.00) -0.46 ± 0.38 (-2.00 to 0.00) < .01
MSE (D) +1.14 ± 2.01 (-12.63 to +6.13) -0.06 ± 0.39 (-1.25 to +1.63) < .01
UDVA monocular (logMAR) 0.45 ± 0.31 (-0.08 to 1.3) 0.01 ± 0.11 (-0.18 to 0.52) < .01
UDVA binocular (logMAR) – -0.06 ± 0.08 (-0.18 to 0.3) –
UNVA monocular (logMAR) 0.86 ± 0.28 (0 to 1.6) 0.33 ± 0.15 (0.0 to 1.0) < .01
UNVA binocular (logMAR) – 0.27 ± 0.13 (0.00 to 0.90) –
CDVA (logMAR) -0.05 ± 0.06 (-0.18 to 0.22) -0.05 ± 0.06 (-0.18 to 0.30) .20

SD = standard deviation; IOL = intraocular lens; D = diopters; MSE = manifest spherical equivalent; UDVA = uncorrected distance visual acuity; UNVA = uncorrected 
near visual acuity; CDVA = corrected distance visual acuity
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tive hyperopia compared to patients who were “not 
satisfied” (neither satisfied nor dissatisfied, dissatis-
fied, or very dissatisfied). However, most of these dif-
ferences were not statistically significant. There was 
no significant difference in preoperative refractive 
or corneal astigmatism between “satisfied” and “not 
satisfied” patients. Patients who were “not satisfied” 
tended to have more reported depression symptoms 
and ongoing health issues preoperatively, but the dif-
ferences did not reach statistical significance.

The association between postoperative parameters 
and satisfaction with vision is presented in Table 4. 
Postoperatively, “not satisfied” patients had worse 
binocular UDVA and UNVA. The mean postoperative 
spherical equivalent was similar between “satisfied” 

and “not satisfied” patients, although the standard de-
viation was higher for “not satisfied” patients and the 
percentage of eyes within ±0.50 D of emmetropia was 
also lower among “not satisfied” patients. Postopera-
tive refractive cylinder was slightly worse in “not sat-
isfied” patients, but the difference was not statistically 
significant. There was no difference in the percentages 
of patients who required astigmatic keratotomy be-
tween “satisfied” and “not satisfied” patients.

Exploring the refractive target and predictability 
further, a group of patients who achieved bilateral 
emmetropia (defined as manifest spherical equivalent 
within ±0.25 D with no more than 0.75 D of refrac-
tive cylinder, N = 151) was compared to a group of 
patients who were targeted and achieved slight (mini) 

Figure 1. (A) Uncorrected distance visual acuity (UDVA); (B) postoperative UDVA vs postoperative corrected distance visual acuity (CDVA); (C) 
spherical equivalent refraction accuracy; and (D) postoperative refractive cylinder. D = diopters
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monovision (manifest spherical equivalent in the non-
dominant eye of -0.50 D or more of myopia, N = 25). 
Higher satisfaction rates were achieved in patients 
who achieved bilateral emmetropia (94% “satisfied”) 
compared to those with mini-monovision (80% “satis-
fied,” P = .02).

Postoperatively, patient-reported outcomes such as 
difficulty with dry eye or glare, difficulty with night 

driving, close-up vision, and distance activities and 
dependence on near or distance vision correction were 
worse among patients who were “not satisfied” with 
vision (Table 4). Interestingly, clinical signs of dry eye 
had less impact on patient satisfaction than patient-
reported dry eye symptoms. Of all satisfied patients, 
10.9% had some clinical signs of dry eye postopera-
tively compared to 17% in the group of “not satisfied” 

TABLE 3
3-Month Postoperative Satisfaction With Vision in Relation to Other Preoperative Parameters
Preoperative Parameter Satisfied Not Satisfied P
Age (years), mean ± SD 58.4 ± 7 56.9 ± 6.6 .15
Male/female ratio (% of patients) 51.3%/48.7% 46.8%/53.2% .42
Type of refractive error (myopic/hyperopic sphere) (% of patients) 9.8%/90.2% 15.4%/84.6% .11
Myopic sphere (D), mean ± SD -3.27 ± 2.64 -2.95 ± 2.22 .84
Hyperopic sphere (D), mean ± SD +2.03 ± 0.96 +1.59 ± 0.89 < .01
Refractive astigmatism (D), mean ± SD -0.53 ± 0.40 -0.54 ± 0.38 .78
Keratometric astigmatism (D), mean ± SD 0.57 ± 0.38 0.60 ± 0.42 .55
UDVA (dominant eye) (logMAR), mean ± SD 0.44 ± 0.29 0.37 ± 0.36 .22
Reported depression/psychiatric disorders (% of patients) 10.9% 17.0% .22
Reported ongoing health issues (unrelated to ocular health) (% of 
patients)

17.1% 27.7% .08

SD = standard deviation; D = diopters; UDVA = uncorrected distance visual acuity

TABLE 4
3-Month Postoperative Satisfaction With Vision in Relation to  

Other Postoperative Clinical and Patient-Reported Parameters
Parameter Satisfied Not Satisfied P
MSE within ±0.50 D (dominant eye) (% of patients) 88.2% 74.5% .01
MSE (D) (dominant eye), mean ± SD -0.02 ± 0.37 -0.02 ± 0.53 .97
Refractive astigmatism ≤ 0.50 D (dominant eye) (% of patients) 73% 66% .32
Refractive astigmatism (D) (dominant eye), mean ± SD -0.44 ± 0.36 -0.54 ± 0.43 .12
Required astigmatic keratotomy at least in one eye 42.8% 42.6% .98
Binocular UDVA 20/20 or better (% of patients) 93.1% 76.6% < .01
Binocular UNVA 20/50 or better (% of patients) 95.7% 68.1% < .01
Clinical signs of dry eye (% of patients) 10.9% 17.0% .22
Patient-reported significant dry eyea (% of patients) 1.6% 19.1% < .01
Patient-reported significant glarea (% of patients) 4.9% 31.9% < .01
Significant difficulty with night drivingb (% of patients) 3.7% 23.9% < .01
Significant difficulty with close-up activitiesb (% of patients) 1.3% 19.1% < .01
Significant difficulty with sport/outdoor activitiesb (% of patients) 0% 4.5% < .01
Required glasses/contact lenses for near vision more than 25% of the 
time while awake (% of patients)

1% 27.7% < .01

Required glasses/contact lenses for distance vision more than 25% of the  
time while awake (% of patients)

0% 4.3% < .01

MSE = manifest spherical equivalent; D = diopters; SD = standard deviation; UDVA = uncorrected distance visual acuity; UNVA = uncorrected near visual acuity  
aScore 5, 6, or 7 on scale 1 (no difficulty) to 7 (significant difficulty). 
bPatients who reported to have “a lot of difficulty” or “unable to do the task because of vision.”
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patients, P = .22). In contrast, patient-reported signifi-
cant difficulty with dry eye was indicated in 1.6% of 
all “satisfied” patients, and 19.1% of all “not satisfied” 
patients (P < .01).

RegReSSion analySiS
A multivariable logistic regression model was de-

veloped using a stepwise approach to identify signifi-
cant independent predictors of being “not satisfied” 
(combination of patients who were neither satisfied 
nor dissatisfied, dissatisfied, or very dissatisfied, 
Question 1 from Table 1) with vision 3 months post-
operatively. Of all variables included in Tables 3-4, 
patient-reported glare symptoms, patient-reported 
postoperative difficulty with dry eye, and postopera-
tive binocular UNVA and UDVA were the only inde-
pendent factors affecting patient satisfaction. Overall, 
the predictive power of the model was strong with a 
C-statistics value (a measure of predictive accuracy in 
logistic regression, ranging from 0.50 for a poor model 
to 1 for a perfect model)5 of 0.889.

Specifically, for every unit increase in patient-
reported glare (on a discrete scale from 1 = no diffi-
culty to 7 = severe difficulty), the odds of being “not 
satisfied” increased by a factor of 5.39 (95% confi-

dence interval [CI]: 2.78 to 10.43). Using the same 
scale (1 to 7) for patient-reported dry eye symptoms, 
for every unit increase in dry eye difficulty, the odds 
of being “not satisfied” increased by a factor of 3.08 
(95% CI: 1.45 to 6.55). The relationship between 
glare and satisfaction and dry eye and satisfaction is 
further explored in Figures 2A-2B. More than 96% 
of patients were “satisfied” with vision if they re-
ported no glare or dry eye symptoms, whereas the 
percentage of satisfied patients gradually decreased 
with increasing glare/dry eye difficulty. There also 
is some association between dry eye and glare: 50% 
of all patients who reported significant dry eye 
(score 5 to 7, Table 1) also reported significant glare.

For binocular UDVA, for every Snellen line decrease 
of binocular UDVA, the odds of being “not satisfied” 
increased by a factor of 1.71 (95% CI: 1.10 to 2.64). 
Postoperative binocular UDVA is plotted against sat-
isfaction in Figure 2C. The percentage of “satisfied” 
patients gradually decreased from 98.2% for patients 
who achieved binocular visual acuity of 20/12.5 to 
40.0% for patients who had postoperative UDVA of 
20/32 or worse.

Likewise, for every Snellen line decrease of binocu-
lar UNVA, the odds of being “not satisfied” increased 

Figure 2. Postoperative satisfaction with vision stratified by postoperative (A) glare difficulty, (B) dry eye difficulty, (C) binocular uncorrected dis-
tance visual acuity, and (D) uncorrected near visual acuity.

A B

C D
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by a factor of 1.84 (95% CI: 1.36 to 2.49) and this rela-
tionship is graphically presented in Figure 2D. Of all 
patients who had 20/25 binocular near vision, 95.2% 
were “satisfied,” whereas this percentage gradually 
decreased to 46.4% in patients with postoperative bin-
ocular UNVA of 20/60 or worse.

DISCUSSION
Patient satisfaction should be considered as one of 

the most important outcome metrics for elective pro-
cedures. Patients who have a suboptimal visual out-
come (eg, residual refractive error of less than 20/20 
visual acuity) may report that they are happy with 
the procedure. It is also not unusual for a patient to 
express dissatisfaction despite adequate objective 
outcomes.6-8 Analyzing patient satisfaction allows cli-
nicians to identify areas in patient care that require at-
tention, develop plans for improvements in postopera-
tive management, and refine patient selection criteria 
and identify patients who are most likely to benefit 
from the particular type of refractive procedure.7,8

EDOF IOLs are increasingly being used in presby-
opic patients, and clinical outcomes of different types 
of these IOLs have been previously reported.2 The AT 
LARA 829MP IOL is a relatively new addition to the 
current portfolio of EDOF IOLs and was designed to 
minimize visual aberrations that have affected previ-
ous generations of multifocal lenses. To our knowl-
edge, this is the first study investigating factors affect-
ing patient-perceived performance of an EDOF IOL. 

Although many clinical factors were included in 
our regression model, it is not surprising that the ac-
tual achieved Snellen visual acuity was a strong pre-
dictor of postoperative satisfaction with vision. Blurry 
distance vision is likely to be the main driver of dis-
satisfaction after any refractive surgery and has been 
reported as a common reason for dissatisfaction with 
other types of presbyopia-correcting lenses.9-11 Howev-
er, although EDOF lenses offer more natural vision for 
intermediate/near distances and a smoother defocus 
curve,2 they may be less effective compared to conven-
tional high-add multifocal IOLs at near distance.12-15 
Hence, it is important to set realistic expectations with 
EDOF IOL candidates and discuss the possibility of 
needing reading glasses. Although 92.0% of patients 
achieved binocular 20/50 or better near vision (equiv-
alent to J6), those with worse near acuity expressed 
dissatisfaction with outcomes. 

Interestingly, although dissatisfied patients had 
poorer refractive predictability, the postoperative re-
fractive error was not an independent predictor of dis-
satisfaction in multivariate analysis. This is possibly 
because the sample of patients with a significant re-

sidual refractive error was small, or the lens might be 
more tolerant to small amounts of residual refraction. 
This mostly applies to the amount of residual refrac-
tive astigmatism, which was not significantly different 
between “satisfied” and “not satisfied” patients. Oth-
er types of EDOF lenses have also previously shown 
higher limits of tolerance for uncorrected refractive 
error.16-18

Despite the fact that postoperative residual refrac-
tion was not an independent predictor in our regres-
sion model, it is a variable correlated to postoperative 
visual acuity. Hence, improving refractive predictabil-
ity should maximize the visual acuity achieved with 
the AT LARA IOL and result in higher satisfaction 
rates. Targeting slight monovision with EDOF IOLs 
has been previously proposed for improvement of the 
near vision performance.19,20 However, the trade-off of 
improved near vision with monovision at the expense 
of distance vision and/or quality of vision needs to be 
carefully considered. We found significantly higher 
satisfaction rates in those patients who achieved bi-
lateral emmetropia than those with mini-monovision, 
but our sample size of patients with monovision was 
relatively small (N = 25). Additional studies would 
be useful to further elucidate the value of targeting a 
small amount of myopia in one eye.

Photic phenomena after multifocal IOLs are associ-
ated with patient dissatisfaction.9,10 The EDOF lenses 
should theoretically induce less glare and halo symp-
toms compared to conventional multifocal IOLs,1,2,21 
but photic phenomena can still be present with these 
lenses in the early postoperative time period.22 Pa-
tients may opt for EDOF IOLs to reduce the chance 
of visual phenomena, and can be disappointed if they 
become symptomatic. As we have previously demon-
strated with the AT LARA IOL, the symptoms are of-
ten transient and a gradual improvement is expected 
with time.3 In our dataset, patients generally expressed 
dissatisfaction with their visual outcomes when their 
postoperative glare score was 6 or 7 (on the scale 1 to 
7, Figure 2), and such significant glare was reported by 
5.6% of patients at 3 months postoperatively. Photic 
phenomena can be associated with factors other than 
multifocal IOL design. In our study, glare was strongly 
associated with symptoms of dry eye, because 50% of 
patients who reported significant dry eye also reported 
significant glare.

The increase in dry eye symptoms after cataract sur-
gery has been commonly reported,23-25 and its effect on 
the performance of advanced technology IOLs should 
not be underestimated. The increase in dry eye follow-
ing intraocular surgery is multifactorial and common-
ly recognized factors include surgical manipulation/
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transection of corneal nerves,25,26 medication toxic-
ity,24,26 goblet cell loss,25,26 inflammation,27 or aggra-
vated meibomian gland dysfunction.27,28 There is also 
often discordance between signs and symptoms of dry 
eye after cataract surgery.29 

In our model, we considered both clinical signs 
found on examination and patient-reported dry eye 
symptoms. We found that subjective symptoms were 
a much stronger predictor of patient satisfaction than 
clinical signs. This is a curious finding, because ob-
jective signs of dry eye would be expected to lead to 
decreased visual quality and thus decreased patient 
satisfaction. It may be that patients reporting dry eye 
symptoms without signs had a fluctuating tear film 
quality that interfered with vision but was adequate 
to maintain a healthy ocular surface, or that patients 
who were dissatisfied were experiencing ocular sur-
face pain from a different source that they interpreted 
as dryness. Nevertheless, prophylactic ocular surface 
treatment in the early postoperative period and inten-
sive therapy in patients with either objective or sub-
jective signs of dry eye should considerably improve 
satisfaction with EDOF IOLs. Appropriate clinical 
management of dry eye has also been shown to have 
an impact on the performance of other types of multi-
focal IOLs.30

The outcomes of this study were based on a data-
set of 351 patients bilaterally implanted with the AT 
LARA IOL. As more patients undergo surgery, it is 
possible that other factors will be recognized as being 
significant, such as preoperative refractive error or pre-
operative visual acuity. Preliminary outcomes showed 
that patients with lower preoperative refraction and 
better preoperative UDVA were less satisfied with the 
AT LARA lens (Table 3), although this was not sig-
nificant in the multivariate model. Patients with lower 
preoperative refractive error may have higher expecta-
tions for near and distance vision, and the relation-
ship between preoperative refraction and satisfaction 
should be further explored in a larger dataset. 

The ability to look at other factors besides ocular 
data also has the potential to improve our understand-
ing of the patient experience. In this study, we used 
data from the patient health questionnaire to explore 
these associations. Other potential confounding fac-
tors such as depression or other ongoing health issues 
may attain significance with a larger sample size, be-
cause they have been found to influence satisfaction 
with other elective refractive surgical modalities.31 
Interestingly, there was a wide age range used in our 
analysis, from patients with early presbyopia (45 
years) to older patients, and age has not been found to 
be a contributor to patient satisfaction. The mean age 

among “not satisfied” patients (56.9 ± 6.6 years) was 
actually lower compared to “satisfied” patients (58.4 
± 7 years), although the difference was neither statisti-
cally nor clinically significant. This is contrary to the 
commonly reported concept that older patients have 
worse outcomes with multifocal IOLs.32,33

This study had several limitations. First, it was ret-
rospective and included only 3-month postoperative 
outcomes, and thus we cannot evaluate the long-term 
impact of photic phenomena or dry eye on satisfac-
tion. The absence of intermediate visual acuity mea-
surements is another limitation of this study. It would 
have been useful to explore the impact of this vari-
able in a regression model predicting satisfaction with 
an EDOF IOL. Unfortunately, intermediate vision is 
not routinely recorded on our electronic medical re-
cord. In addition, there might be other unmeasured 
confounding variables that were not included in our 
model and may be relevant, such as an assessment 
of preoperative expectations or personality traits. 
However, the size of the dataset and the inclusion of 
consecutive patients in the “real world” setting with 
a wide range of preoperative refractive errors offset 
many limitations of this retrospective study. Although 
the questionnaire used in our study was not validated, 
it was derived from a well-established PROWL34 ques-
tionnaire and has been successfully used in previous 
regression analysis and modeling of large datasets of 
refractive surgery outcomes.35,36 

To improve satisfaction in patients undergoing re-
fractive lens exchange with implantation of advanced 
technology IOLs, this study highlights the need for 
the management of postoperative dry eye symptoms, 
avoiding mini-monovision, targeting emmetropia with 
a high level of refractive predictability, and the impor-
tance of counseling patients on expected vision and 
the possibility of visual phenomena. 
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TABLE A
Nomogram for Astigmatic Keratotomy in 
Eyes With With-the-Rule Astigmatisma

Corneal Astigmatism (Diopters)
Age (y) 0.75 1.00 1.25 1.50
40 to 50 35° 45° 55° 60°
50 to 60 30° 40° 50° 55°
60 to 70 35° 45° 50°
70+ 30° 40° 45°
aA clear corneal incision is placed on the steep meridian, and a single arcuate 
incision is created opposite to the corneal incision. The numbers in the table 
represent degrees of arc.


