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Purpose: To evaluate the patient-reported spectacle independence and quality of vision for 
patients who were bilaterally implanted with a trifocal intraocular lens (IOL).
Design: Single site, prospective, single-arm study.
Methods: Subjects presenting for cataract surgery who had an interest in reducing their 
dependence on glasses at multiple distances were enrolled. Subjects were bilaterally 
implanted with a trifocal IOL and followed for 3 months post-surgery. A spectacle indepen-
dence questionnaire and a quality of vision questionnaire were administered at the 3-month 
visit. The binocular visual acuity at distance (4 m), intermediate (60 cm) and near (40 cm) 
was also measured in the uncorrected and distance-corrected state.
Results: All but one subject reported no need for glasses for distance and intermediate work, 
and most (25/29) reported no need for glasses for near work. Almost all subjects reported never 
wearing glasses or wearing them only a little, and being able to function without glasses at any 
distance all or most of the time. Ninety percent of subjects (26/29) reported being completely or 
mostly satisfied with their vision overall, without the use of glasses or contact lenses. The mean 
binocular visual acuity 1 and 3 months after surgery was better than 0.1 logMAR (20/25) at all 
test distances in both the uncorrected and distance-corrected states. The reported quality of vision 
appeared similar to previously reported data for the same IOL.
Conclusion: The trifocal IOL provided nearly all subjects with functional vision and 
spectacle independence for distance, intermediate and near work. It is a viable alternative 
for patients looking to reduce their overall dependence on spectacles after cataract surgery.
Keywords: panoptix, trifocal IOL, presbyopia correction, cataract surgery, spectacle 
independence

Plain Language Summary
Patients having cataract surgery are often offered alternative lenses that are intended to 
reduce their need for glasses to function at various distances, from driving to reading. The 
lenses that are believed to best improve vision at distance, intermediate (computer distance) 
and near (reading) are called trifocal intraocular lenses (IOLs). These lenses can focus light 
at all three of the distances described above.

Our study was designed to determine whether patients implanted with trifocal lenses 
achieved a high level of spectacle independence at a variety of working distances, from far to 
near. We were also interested in learning whether they were satisfied with their vision, and 
whether they experienced any visual disturbances such as glare or halos.

The clarity of vision achieved at the tested distances was very good. Nearly all subjects 
reported being able to function without glasses or contact lenses most or all of the time at all 
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working distances. Nine of ten subjects were completely or 
mostly satisfied with overall vision after surgery. Trifocal IOLs 
appear to be a good vision correction option for patients. Patients 
should be aware that dry eye can affect results, and should expect 
that halos may be experienced.

Introduction
Patients presenting for cataract surgery are often interested 
in options to reduce their dependence on spectacles for 
a variety of tasks, from distance vision to computer work 
(intermediate vision) and/or reading (near vision). 
Intraocular lens (IOL) options are available for a variety 
of patient needs. The major considerations for the patient 
are usually the distances at which they desire spectacle 
independence and whether the slightly increased potential 
for visual disturbances is likely to be a bother to them. 
Currently, the best option for those who desire good vision 
at distance, intermediate and near is likely to be a trifocal 
IOL, which provides 3 distinct foci at those distances. 
Trifocal IOLs have been shown to provide better inter-
mediate vision than is obtained with a bifocal IOL 
design1,2 and to provide better near vision than can be 
obtained with an extended depth of focus IOL.3,4

Early trifocal IOL designs were constrained by their 
optics to provide an intermediate focus that was half the 
dioptric distance of the near focus. For instance, the 
FineVision trifocal (PhysIOL, Liège, Belgium) design 
included a 1.75 D and 3.50 D intermediate and near 
focus respectively, corresponding to roughly 80cm for 
intermediate viewing and 40 cm for near viewing.5 These 
values are similar to those reported for the AT Lisa tri IOL 
(Carl Zeiss Meditec, Jena, Germany), with a 1.66 
D intermediate add and a 3.33 D near add.6 The best 
intermediate focus for both of these trifocals is thus 
located further than where most patients place 
a computer or hold a cellphone or tablet; in the latter 
two cases “arm’s length” is often a limiting factor.7 With 
traditional trifocal designs, the only way the intermediate 
add could be increased was if there was a corresponding 
increase in the near add – an undesirable side effect as the 
optimal reading distance would be moved closer than 
40 cm.

The PanOptix® Trifocal IOL (Alcon, Fort Worth, USA) 
is currently the only trifocal IOL approved by the FDA for 
use in the USA. It is fundamentally based on an aspheric 
diffractive quadrifocal IOL design, but the light at the first 
focal point is redirected to improve distance vision, mak-
ing it a trifocal IOL in function. The benefit of this design 

is that it redistributes light energy in a unique manner to 
provide focal points at distance, intermediate (60 cm) and 
near (40 cm).8 Studies of the PanOptix IOL have shown 
improved intermediate vision at 60 cm relative to the 
traditional trifocal IOLs described above.9–11 Prior 
reported clinical results indicate that the lens provides 
a good range of vision (~ 3 D) with contrast sensitivity 
values in the normal range.12–14

The purpose of the current study was to provide nor-
mative spectacle independence, quality of vision and 
visual acuity data related to bilateral implantation of the 
PanOptix trifocal IOL.

Methods
This study was a single-site prospective single-arm study 
of clinical and subjective visual outcomes after bilateral 
implantation of a trifocal IOL. The study was approved by 
an institutional review board (Salus IRB, Austin, TX, 
USA). All subjects signed an appropriate informed consent 
document. The study was conducted in compliance with 
Good Clinical Practice (GCP), the tenets of the 
Declaration of Helsinki and International Harmonization 
(ICH) guidelines. The study was registered with clinical-
trials.gov (NCT04124952). Data are not available for 
sharing.

Subjects over 40 years of age who were eligible for 
cataract surgery and interested in a reduced dependence on 
spectacles for near, intermediate and distance vision were 
considered for enrollment. They had to be considered 
appropriate candidates for trifocal IOL implantation 
(toric or non-toric) with no preoperative ocular pathology 
(eg corneal dystrophy, diabetic retinopathy), prior corneal 
or intraocular surgery, or any other pre-existing condition 
likely to confound the results of the study. All potential 
multifocal patients in the practice complete a lifestyle 
questionnaire and are individually counseled by the sur-
geon regarding the need for good lighting when reading, 
the need to manage dry eye and the potential to see halos 
around lights when driving at night for at least several 
months post-operatively. Candidates for any multifocal 
IOL must have 20/30 or better potential acuity in both 
eyes.

Subjects were bilaterally implanted with the trifocal 
IOL on the same day and followed for 3 months after 
surgery, with refractive and VA data collected at both 1 
and 3 months postoperative. Quality of vision and specta-
cle independence questionnaires were completed at the 
3-month visit. All subjects were monitored for adverse 
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events over the course of the study. The primary measure 
of interest was the reported level of spectacle wear for 
distance, intermediate and near vision, and overall, 3 
months postoperative; this was based on responses to the 
Patient Reported Spectacle Independence Questionnaire, 
or PRSIQ.15 Secondary measures included binocular 
visual acuities (uncorrected and best distance-corrected) 
at distance (4m), intermediate (60 cm) and near (40cm) 
at the 1-month and 3-month postoperative visits. The 
Quality of Vision questionnaire, a Rasch-scored question-
naire related to the frequency, severity, and degree of 
bother of various potential visual disturbances, was used 
to evaluate subjectively reported quality of vision.16

All clinical data and questionnaire responses were 
tabulated in Microsoft Access (Microsoft, Redmond, 
WA, USA). Statistical analyses were performed using 
Statistica 12 (TIBCO Software Inc., Palo Alto, CA, 
USA). As a single-arm study, results were generally lim-
ited to descriptive statistics. Where appropriate, statistical 
testing of parametric variables was based on an analysis of 
variance (ANOVA), with a level of statistical significance 
of p ≤ 0.05. While a specific sample size for a single-arm 
study could not be calculated, a sample of 30 subjects (60 
eyes) was considered reasonable to characterize the per-
formance of this trifocal IOL.

Results
A total of 30 subjects were enrolled in the study, with all 
subjects bilaterally implanted with a non-toric or toric 
trifocal IOL between 10/2019 and 10/2020. One subject 
was lost to follow-up after successful bilateral IOL 
implantation (no 1-month or 3-month data available), leav-
ing 29 subjects completing the study. One subject missed 
their 1 month visit due to a COVID-19 closure. Table 1 
summarizes the demographic, preoperative and operative 
characteristics of the group. While not shown, mean IOL 
power was not statistically significantly different between 
the toric and non-toric eyes (p = 0.20).

The PRSIQ results are summarized in Table 2. As can 
be seen, only one subject reported needing glasses for 
distance work and one needed glasses for intermediate 
work. A significant majority (25/29, 86%) reported no 
need for glasses for near work. Almost all subjects 
reported never wearing glasses or wearing them only 
a little, and being able to function without glasses at any 
distance all or most of the time. Ninety percent of subjects 
(26/29) reported being completely satisfied or mostly satis-
fied with their vision without glasses or contact lenses 
overall. The two least-satisfied subjects were both 
observed to have dry eye postoperatively, with variable 
visual acuity and refractive results.

The Quality of Vision questionnaire measures the 
reported frequency, severity and degree of bother asso-
ciated with 10 different potential visual disturbances, 
then provides an aggregate Rasch-scored (1–100 scale) 
result for each. Figure 1 shows the distribution of aggre-
gate results for these three patient-reported characteristics. 
Table 3 summarizes the reported frequency, severity, and 
degree of bother for haloes, glare, and starbursts. Haloes 
were the most frequently reported visual disturbance, with 
41% of subjects (12/29) rating them as “moderate” or 
“severe”. Haloes were also rated as the most bothersome; 
20% (6/29) of subjects reported halos as “quite” or “very” 
bothersome. Glare and starbursts were the next most fre-
quent disturbances noted but were reported less frequently 
and as less bothersome than haloes. The higher outliers 
were associated with the two subjects with dry eye, iden-
tified above.

The mean monocular spherical equivalent refraction at 
3 months was 0.06 ± 0.53 D, while the mean residual 
refractive cylinder was 0.49 ± 0.36 D. Mean binocular 
visual acuity results at 1 month and 3 months are shown 
in Figure 2 (uncorrected) and Figure 3 (distance-corrected) 
. The mean visual acuity was better than 0.1 logMAR (20/ 
25) at all distances in both the uncorrected and distance- 
corrected states at both time points. There was no statisti-
cally significant difference in any VA measure between 1 
and 3 months postoperative. At the 3-month visit, binocu-
lar distance-corrected acuity was slightly better (less than 
half a line) than uncorrected acuity at 4 m (p < 0.01) but 
not statistically significantly different at 60 cm (p = 0.16) 
or 40 cm (p = 0.33).

There was one unrelated non-serious adverse event 
reported for one subject during the study. They had 
a bicycle accident with minor injuries, none of which 
involved the eye. There was no apparent effect on their 

Table 1 Demographic, Preoperative and Operative Summary

29 Subjects, 58 Eyes

Age (years) 58 ± 7 (45 to 70)*
Female/Male 17/12

Non-toric/Toric 42/16

IOL power (D) 19.0 ± 4.1 (11.0 to 27.0)*

Note: *Mean ± standard deviation (range). 
Abbreviation: D, diopter.
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study results. The accident was unrelated to the cataract 
surgery.

Discussion
The current study was designed to collect spectacle inde-
pendence, subjective quality of vision and visual acuity 

data for the only trifocal IOL currently approved for use in 
the USA, with an emphasis on the degree of spectacle 
independence achieved.

Previous studies have used different tests of patient 
functional vision and spectacle independence, or different 
scoring, so it is difficult to directly compare results. 
However, overall spectacle independence reported by 
Donmez et al for the same trifocal IOL was 94%,17 

while Cochener reported 90%;3 both results appear con-
sistent with findings in the current study. The highest 
reported need for spectacles at any distance in the current 
study (14%) was slightly lower than reported in the study 
performed to obtain FDA approval for the lens (19.5%),18 

indicating somewhat better results in the current study. 
The distance at which spectacles were needed most often 
was 40 cm (near vision) in both studies.

In the current study, 90% of subjects reported that they 
were completely or mostly satisfied with their vision overall, 
which appears consistent with the findings of Garcia-Perez 
et al19 and Rementeira-Capelo et al4, though the question-
naires used in all 3 studies were different. At present, there is 
no standardized questionnaire related to spectacle 

Table 2 PRSIQ Summary Data (n = 29)

Need Glasses for Yes No % No

Distance 1 28 97%
Intermediate 1 28 97%

Near 4 25 86%

Wear glasses or contacts for All the time Most of 
the time

Some of the 
time

A little of 
the time

None of 
the time

% None or a little of 
the time

Distance 1 28 97%

Intermediate 1 28 97%
Near 1 4 24 97%

Overall 2 27 100%

Function comfortably without 
glasses or contacts

All the time Most of 
the time

Some of the 
time

A little of 
the time

None of 
the time

% All or Most of the 
time

Distance 28 1 97%

Intermediate 26 2 1 97%

Near 24 2 2 1 90%
Overall 25 3 1 97%

Satisfaction with vision without 
glasses or contacts

Completely 
satisfied

Mostly 
satisfied

Moderately 
satisfied

A little 
satisfied

Not at all 
satisfied

% Completely or 
Mostly Satisfied

Distance 19 6 3 1 86%
Intermediate 19 6 3 1 86%

Near 18 6 2 2 1 83%

Overall 19 7 3 90%

Abbreviation: PRSIQ, patient reported spectacle independence questionnaire.

Figure 1 Box whisker plot showing the distribution of the Quality of Vision 
aggregate scores (lower is better).
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independence and satisfaction. We used the PRSIQ because 
it is very short, with relevant questions and is easy for 
patients to understand. In general, overall satisfaction with 
vision appears higher with trifocal IOLs than with extended 
depth of focus IOLs, primarily due to the better near vision.4

Quality of vision scores reported here were slightly 
higher (worse) than results from a recent study in 
Norway,10 but very similar to recently reported results in 
the USA20 and somewhat lower than reported results from 
a study in Portugal,21 all of which included the same ques-
tionnaire and IOL. It appears that responses may reflect 
different patient attitudes and expectations in different 
regions. This suggests that comparisons of questionnaire 
data from different regions may be less reliable. While rela-
tive values varied, in all four studies haloes were the most 

frequently reported visual disturbance and reported as the 
most bothersome. The quality of vision scores here are also 
similar to those reported for other trifocal IOLs, and gener-
ally equivalent to or better than those reported with extended 
depth of focus (EDOF) IOLs.9,10,21 In all studies patient 
satisfaction with the trifocal IOL is high, indicating that 
there is an appreciated tradeoff between visual disturbances 
and good near vision.

As noted in the results, the outliers in the quality of 
vision data collected in the current study were associated 
with subjects who had postoperative dry eye; their 
reported satisfaction was also the lowest. This reiterates 
the need to identify and aggressively treat dry eye before 
and after cataract surgery with advanced technology IOLs. 
One recent study indicated that the cause of dissatisfaction 

Table 3 Frequency, Severity and Degree of Bother for Select Visual Disturbances (n = 29)

Disturbance Never Occasionally Quite Often Very Often

Frequency Glare 20 5 3 1
Haloes 7 8 9 5

Starbursts 17 8 4

Disturbance Not at all Mild Moderate Severe

Severity Glare 20 6 2 1
Haloes 8 9 9 3
Starbursts 19 6 4

Disturbance Not at all A little Quite Very

Degree of 

Bother

Glare 22 4 2 1

Haloes 12 11 2 4
Starbursts 23 4 1 1

Figure 2 Binocular uncorrected visual acuity by test distance and postoperative 
visit. 
Abbreviation: logMAR, log of the minimum angle of resolution.

Figure 3 Binocular distance-corrected visual acuity by test distance and post-
operative visit. 
Abbreviation: logMAR, log of the minimum angle of resolution.
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with presbyopia correcting IOLs could be traced to dry eye 
in 35% of subjects.22 Appropriate management of dry eye 
postoperatively can improve results in many patients.23

The binocular visual acuities reported here appear con-
sistent with previous findings for the same IOL.4,5,24 

Several studies have found, as in the current study, that 
intermediate VA was slightly worse than for both distance 
and near VA, but the relative differences reported were 
generally small (less than one line).17,22,25

There are limitations to the current study. It was con-
ducted at a single site with a relatively small sample size. 
Objective quality of vision data such as contrast sensitivity 
or low contrast acuity were not collected. Finally, the 
study was a single-arm study, so no comparative data 
relative to other IOLs were collected.

In summary, the trifocal IOL evaluated in this study 
appears to be a good alternative for appropriate patients 
interested in reducing their overall dependence on specta-
cles for distance, intermediate and near work. As with all 
multifocal IOLs, potential patients should be advised of 
the increased likelihood of visual disturbances such as 
halos, relative to implantation of a monofocal IOL. The 
management of dry eye is also important.
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