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Purpose: To evaluate vision, visual quality, patient satisfaction and spectacle independence after bilateral implantation of the TECNIS 
Synergy™ intraocular lens.
Setting: Two clinical practices in the USA.
Design: Ambispective unmasked non-randomized clinical trial.
Methods: Patients with a history of uneventful bilateral femtosecond laser assisted cataract surgery with the study IOL implanted, 
targeted for emmetropia, at least 3 months prior to the study visit were enrolled. Monocular and binocular visual acuity (VA) were 
measured at distance, intermediate and near, along with binocular mesopic VA. Low contrast binocular VA and reading speed in 
mesopic and photopic conditions were also measured. Patient satisfaction, spectacle independence, visual symptoms, and functional 
vision questionnaires were completed.
Results: Results from 52 subjects were available for analysis. Mean binocular unaided visual acuity was ~0.1 logMAR (20/20) from 
distance to 33 cm, with 81% of subjects having 0.2 logMAR (20/25) vision or better at all test distances and 92% reporting never 
needing glasses at any distance. Average reading speed at 40 cm was only 10 words/minute slower in dim light (p = 0.03). Mesopic 
and low contrast acuity appeared good. Halos were the most frequent and bothersome visual disturbances, with the greatest effect on 
driving at night. Eighty-eight percent of subjects reported being “completely” or “mostly” satisfied with their overall unaided vision.
Conclusion: This hybrid technology IOL provided a range of binocular visual acuity from distance to 33 cm and good functional 
vision, even in dim light. Patients should be advised of the likelihood of visual disturbances, particularly halos.
Keywords: synergy, multifocal IOL, diffractive, hybrid technology

Introduction
There are a considerable number of intraocular lens (IOL) options for patients interested in reducing their dependence on 
spectacles after cataract surgery. Standard monofocal spherical or toric IOLs generally provide excellent distance vision, but 
no correction for intermediate (computer) or near (reading) vision. Intermediate and near vision is not as good as can be 
achieved with presbyopia-correcting IOLs, but visual disturbances are less frequently noted.1 Enhanced monofocal IOLs 
extend the distant focal point range using spherical aberration, providing improved intermediate vision with little to no 
increase in the frequency of visual disturbances relative to a standard monofocal IOL.2–4 Extended depth of focus (EDOF) 
IOLs further increase the distance focal point range using a variety of optical principles including wavefront shaping,5 

spherical aberration6 and diffractive technologies.7 EDOF lenses improve intermediate and near vision, but results at near are 
not as good as can be achieved with diffractive multifocal IOLs, though the likelihood of visual disturbances may be lower.8 

Previous studies have shown that diffractive trifocal IOLs provide the greatest range of vision to patients, from distance to 
near, though the potential for visual disturbances may be slightly higher than for other correction options.1,8,9
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The TECNIS Synergy™ intraocular lens has a unique proprietary design that incorporates both diffractive EDOF and 
bifocal technology on the posterior optic, to provide a range of vision from distance to near.10 Rather than from a trifocal effect, 
intermediate focus is provided from the EDOF design element while the bifocal component provides near and distance focal 
points. The aspheric anterior surface neutralizes the average spherical aberration in the eye, the improved high resolution 
lathing process decreases light scatter, and a violet-filtering chromophore is included to improve contrast sensitivity in dim 
light.11 For the purposes of this manuscript the IOL is referred to as a hybrid technology IOL or HT IOL.

There have been several international studies of the performance of this HT IOL, evaluating both monocular optical 
performance and binocular clinical outcomes. Shin et al compared optical performance to a monofocal IOL of similar 
design and material.12 They found significantly better intermediate and near vision with the HT IOL, though with 
a higher likelihood of visual disturbances based on objective optical quality measures. The study analyzed monocular 
data and did not include subjective outcomes. Ribeiro et al13 and Ozturkmen et al14 evaluated the lens after binocular 
implantation, which allowed inclusion of subjective patient responses.

The current study was designed to provide the first normative data (clinical outcomes and subjective responses) in the 
USA related to bilateral implantation of this lens with a target of emmetropia in both eyes.

Methods
This was an ambispective (surgery was completed in the past, the study evaluation visit was prospective), unmasked, non- 
randomized bilateral eye study conducted at two sites. It was designed to evaluate the clinical outcomes and subjective patient 
responses associated with bilateral implantation of the study lens when both eyes were targeted for a plano refraction. The study 
was registered with clinicaltrials.gov (record NCT05418153) after review and approval by an institutional review board (Salus 
IRB, Austin, TX, USA). The study adhered to the tenets of the Declaration of Helsinki.

Patients 18 years or older who had uneventful bilateral femtosecond laser assisted cataract surgery and implantation of the 
study lens (with a target of emmetropia in both eyes) at least 3 months prior to their diagnostic visit were eligible for inclusion. 
Lenses could be toric or non-toric. For non-toric cases, low amounts of astigmatism (> 0.50 diopters but <1.25 diopters) were 
corrected with using the surgeon’s preferred methodology (limbal relaxing incisions or laser arcuate incisions). Patients with 
ocular pathology that was likely to affect the final visual outcome (eg, glaucoma, uveitis, severe dry eye, corneal dystrophy) were 
excluded, as were patients with a history of prior refractive or intraocular surgery. Corrected distance vision in both eyes at 
enrollment had to be 20/32 (0.2 logMAR) or better. This criterion was adopted to avoid any effects of compounding pathology; 
previous studies of the lens indicate that 99% or more of subjects would meet this criterion.12,13 Subjects read and signed an IRB- 
approved informed consent document on enrollment. No vulnerable subject populations were recruited.

Prior to the diagnostic study visit, the relevant preoperative and surgical data were extracted from the clinical records. 
At the diagnostic visit (or visits, if the patient preferred two visits to reduce fatigue) the manifest refraction was 
determined and the uncorrected and corrected distance visual acuity (UDVA and CDVA, respectively) were measured 
monocularly and binocularly. Binocular intermediate (66 cm) and near (40 cm and 33 cm) VA were also measured in the 
corrected and uncorrected state, in both photopic and mesopic conditions. Corrected binocular low contrast (10%) CDVA 

Table 1 Demographic and Refractive Data  
(n = 52 Subjects, 104 Eyes)

Sex (F/M) 32/20
Age (years) 66 ± 8 (44 to 79)

Sphere (D) 0.28 ± 0.37 (−0.50 to 1.25)

Cylinder (D) 0.37 ± 0.29 (0.00 to 1.00)
MRSE (D) 0.15 ± 0.33 (−0.50 to 1.00)

Monocular UDVA 0.01 ± 0.09 (−0.18 to 0.22)

Monocular CDVA −0.07 ± 0.07 (−0.28 to 0.12)

Note: Values are mean ± standard deviation (range). 
Abbreviations: MRSE, mean refraction spherical equivalent; D, 
diopter; UDVA, uncorrected distance visual acuity; CDVA, cor
rected distance visual acuity.
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was also measured at distance (4 m) in both photopic and mesopic conditions. The subject’s reading speed with a target at 
40 cm was measured under both photopic and mesopic conditions.

In addition to the objective testing above, several questionnaires were completed by subjects at the postoperative visit, 
including the Patient Reported Spectacle Independence Questionnaire (PRSIQ), the Patient Reported Visual Symptoms 
Questionnaire (PRVSQ), and the VFQ-25 visual function questionnaire. Subjects also had the opportunity to provide 
unsolicited comments on their vision at the study visit.

The diagnostic data was collected during the study visit and assembled into Excel spreadsheets, which were then imported into 
an Access database for data checking and preliminary analysis (both Microsoft Corp., Redmond, USA). The Statistica data 
analysis software system, version 12 (TIBCO Software Inc., Palo Alto, CA, USA) was used for more detailed analyses. 
A deidentified copy of the data set on which this study is based can be obtained by emailing a request to rick@scienceinvi
sion.com.

Figure 1 Composite standard graph for evaluating EDOF and multifocal IOL outcomes.
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Results
A total of 52 subjects completed the study visit; no subject required a second visit to complete the testing. Toric IOLs 
were implanted in 22 of 104 eyes (21%). The demographics and postoperative refractive status of study subjects were 
typical of a US surgical practice (Table 1). Eighty of 104 eyes (77%) had a postoperative manifest refraction spherical 
equivalent (MRSE) within 0.50 D of plano with 0.50 D or less of cylinder. Fifty of 52 subjects (96%) had one or both 
eyes in that range. There was no statistically significant difference in the MRSE, refractive cylinder, UDVA or CDVA 
between the eyes implanted with toric or non-toric IOLs (p > 0.05 in all cases).

Figure 1 shows the recently recommended standard set of graphs for evaluating the performance of presbyopia 
correcting IOLs.15 Note that the cumulative VA data on the left are binocular, while the refractive and CDVA/UDVA data 
are monocular. Figure 2 shows the mean binocular uncorrected and distance corrected VA by test distance. In both 
uncorrected and distance corrected conditions at all distances the mean VA was logMAR 0.02 (20/20−1) or better. 
Distance correction significantly improved distance vision (p < 0.01), but there was no statistically significant difference 
between the mean uncorrected and distance corrected VA at any of the other distances (p > 0.05 in all cases). Forty-two 
of 52 subjects (81%) had an uncorrected VA of logMAR 0.1 (20/25) or better at all test distances.

Table 2 contains a summary of the mesopic and low contrast visual acuity testing. Note that mesopic data from 17 
subjects was unavailable due to incorrect testing procedures (tests were conducted under scotopic conditions instead of 

Figure 2 Mean binocular visual acuity at various test distances. 
Abbreviation: logMAR, the log of the minimum angle of resolution.

Table 2 Mesopic and Low Contrast Visual Acuity Results (logMAR)

Variable n Mean Std. Dev. Minimum Maximum

Mesopic UIVA (66 cm) 35 0.23 0.11 0.00 0.52
Mesopic UNVA (40 cm) 35 0.22 0.13 0.06 0.64

Mesopic UNVA (33 cm) 35 0.23 0.16 0.02 0.56

Mesopic DCIVA (66 cm) 35 0.23 0.13 −0.02 0.50
Mesopic DCNVA (40 cm) 35 0.21 0.12 0.02 0.50

Mesopic DCNVA (33 cm) 35 0.24 0.14 0.02 0.60
Photopic low contrast BCVA 52 0.13 0.08 −0.02 0.40

Mesopic low contrast BCVA 52 0.43 0.16 0.02 0.68
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mesopic). The mean binocular mesopic VA at intermediate and near, in both the uncorrected and distance corrected 
conditions ranged between 0.21 and 0.24 logMAR (between 20/32 and 20/32−2) in all cases, about a 1.5 letter difference. 
There were no statistically significant differences between the uncorrected and distance corrected VA at any distance, and 
no statistically significant difference in VA at the various test distances for the given test condition (p > 0.05 in all cases). 
Fifty-one percent of subjects (18/35) had a mesopic binocular DCNVA at 33 cm of 0.2 (20/32) or better. The mean low 
contrast acuity in photopic conditions was 0.13 logMAR (~20/25-1) and was about 3 lines worse in mesopic conditions. 
The photopic low contrast acuity was about 2 lines lower than the photopic high contrast acuity (Figure 1). Ninety-eight 
percent of subjects (51/52) had a photopic low contrast acuity of 0.3 logMAR (20/40) or better.

A plot of reading speed by reading acuity is shown in Figure 3, in both mesopic and photopic conditions. There were fewer 
results for the mesopic condition, again due to incorrect test procedures while evaluating some subjects. Mean reading speed 
was slightly slower in dim light vs bright light (172 ± 5 vs 182 ± 4, p = 0.03) in the letter size range from 1.1 to 0.6 logRAD (log 
of the reading acuity determination, equivalent to logMAR letter size). The critical print size for reading in photopic conditions 
was 0.2 logMAR, the size of small column newsprint. The critical print size in mesopic conditions was about 0.6 logMAR.

Table 3 contains a summary of the results for the PRSIQ questionnaire. Forty-eight of 52 subjects (92%) reported not 
needing glasses at any distance. The use of glasses was lower, with only two subjects reporting they wore glasses 
sometimes for near work while one wore them sometimes for various distances. The strain to see without glasses was 
highest for distance viewing, with 5 of 52 subjects (10%) reporting straining to see all or most of the time. There was no 
apparent correlation between this strain with distance viewing and the residual refractive error. Subjects tended to be 

Table 3 PRSIQ Summary Results (n = 52)

Need glasses for: Yes No % No

Distance 1 51 98%

Intermediate 0 52 100%
Near 3 49 94%

(Continued)

Figure 3 Reading speed and reading acuity in photopic and mesopic conditions. 
Abbreviation: logRAD, the log of the reading acuity determination.
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most satisfied with their intermediate vision and least satisfied with distance vision, with 88% of subjects stating they 
were “completely” or “mostly” satisfied overall.

Figure 4 shows the frequency and degree of bother for the visual disturbances identified in the PRVSQ questionnaire. 
Halos were the most reported disturbances and were the disturbance that was most often rated extreme. Starbursts and 
light sensitivity were the next most reported, though the degree of bother associated with them was lower. In the four 
subjects that always experienced glare, the degree of bother was rated extreme. As part of the questionnaire, subjects 
were allowed to comment on the effect of any visual disturbances on their daily life; twenty-two subjects provided 
comments regarding these visual disturbances. Difficulty driving was the single most identified item, with 15 of 22 
subjects (68%) reporting this due to one or more of halos, light sensitivity, starbursts and glare. Outside of the 
questionnaires, subjects were asked if they had any general comments regarding their vision. The most common 
comment from subjects was the presence of halos (15/52, 29%), with most mentioning night/dim light conditions.

Selected responses to the VFQ-25 visual function questionnaire are shown in Table 4, ranked roughly by distance 
from near to far. Subjects reported little or no difficulty with a wide range of tasks at varying distances. The most 
difficulty was reported with driving at night. Nine of the 52 subjects (17%) reported severe difficulty (6) or that they had 
discontinued driving at night because of their vision (3).

Discussion
Ribeiro et al reported a functional range of vision of 3.0 D with this HT IOL, with a relatively flat binocular defocus 
curve in that range, between 0.0 logMAR and 0.1 logMAR.13 This appears consistent with our binocular visual acuity 
results at the 4 distances we tested. Dick et al reported similar results, with CDVA outcomes at various test distances that 
matched those in the current study.16 The findings of Dick et al regarding mesopic DCNVA at 33 cm and low contrast 
CDVA were also similar to those in the current study, and somewhat better than results reported for the Panoptix trifocal 
IOL (Alcon).16 VA results from Ozturkmen et al at various test distances were also very similar to the results in the 
current study.14

The average reading speed found here matched the speed determined by Benyoussef et al for the same lens, and was 
higher than that reported for the FineVision HP trifocal (PhysIOL).17 Reading distances were similar in all cases. We 

Table 3 (Continued). 

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 52 100%

Intermediate 52 100%

Near 2 50 96%
Overall 1 51 98%

Strain to see without glasses or 
contacts

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 4 1 7 6 34 77%
Intermediate 1 1 2 4 44 92%

Near 2 6 5 39 85%

Overall 1 1 7 6 37 83%

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 30 13 8 1 83%

Intermediate 41 8 2 1 94%
Near 38 7 4 2 1 87%

Overall 31 15 5 1 88%

Abbreviations: PRSIQ, patient reported spectacle independence questionnaire, Version 2.
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could find no comparative mesopic reading speed results in the literature. This would be an area of interest for future 
research, as functional reading may often take place in suboptimal illumination conditions (eg, reading on a bus or 
reading the menu in a restaurant).

Spectacle independence at all distances was very high, which corroborates the findings of Ribeiro et al13 and Ozturkmen 
et al,14 though the latter study found complete spectacle independence at near while several subjects in the current study 

Figure 4 Reported visual disturbances from the PRVSQ. (A) Frequency of occurrence and (B) Degree of associated bother. 
Abbreviation: PRVSQ, patient reported visual symptoms questionnaire.
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reported needing/wearing spectacles for near vision. The former study found 3.7% of subjects required some use of spectacles 
for intermediate and/or near work, which is in line with the findings in the current study.

Ribeiro et al13 also reported on visual disturbances. As with the current study, halos were the most commonly 
reported and one of the most bothersome. Glare was reported less frequently, but tended to be more severe and more 
bothersome than halos. This appears consistent with the findings in the current study, though both of these studies 
reported frequency/bother of halos that were much higher than reported by Gabric et al for the same lens.18 Using 
a different questionnaire, Ferreira et al found results for visual disturbances that were very similar to those in the current 
study.19 They also reported that the frequency, severity and degree of bother of visual disturbances from this HT IOL 
were similar to those found with two diffractive trifocal IOLs: the Panoptix trifocal (Alcon) and the FineVision trifocal 
(Physiol). Dick et al15 also found halos were the most common visual disturbance with the HT IOL, with overall rates/ 
severity of visual disturbances similar between the HT IOL and the Panoptix trifocal. Ozturkmen et al14 found in their 
study of the same HT IOL that driving at night was rated the most difficult task by study subjects, an observation that 
appears confirmed in the current study. These results suggest that a “mix-and-match” approach with the lens may be 
a preferred alternative in some patients, replacing the HT IOL in one eye, presumably in the dominant eye, with an 
EDOF IOL designed to provide superior distance vision (ongoing study).

The level of satisfaction reported in the current study is remarkably similar to the level found by Ribeiro et al,13 with 
88% of subjects being “completely” or “mostly” satisfied with their overall vision.

There are limitations to the current study. The COVID pandemic significantly reduced the number of patients 
interested in participating in a post-operative diagnostic visit, so enrollment was lower than planned. Mesopic testing 
was conducted incorrectly in some patients, reducing the effective sample size for those tests.

In summary, visual outcomes with the HT IOL studied here showed a wide range of functional vision, with better 
very near to intermediate vision than has been reported for other presbyopia-correcting IOLs, and with a similar profile 
for the frequency/severity of visual disturbances.
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Table 4 VFQ-25 Questionnaire, Selected Responses

n Difficulty Discontinued  
Due to Vision

% None or a Little

None A Little Moderate Extreme

Reading newspapers 50 42 6 2 96%

Hobbies 52 39 10 1 1 1 94%
Movies, plays, sports events 52 49 2 1 98%

Finding things on a crowded shelf 52 50 1 1 98%

Driving during the day 51 49 2 100%
Driving at night 52 18 16 9 6 3 65%

Reading street signs 52 31 11 8 2 81%
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