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Purpose: To evaluate the refractive and visual outcomes following cataract surgery and implantation of a diffractive trifocal 
intraocular lens (IOL) with a 7.0 mm optical zone.
Methods: A total of 23 patients who underwent bilateral implantation with the Triva-aXAY IOL were analyzed at 6 months post- 
surgery. The main outcome measures were refractive error, monocular and binocular uncorrected and corrected-distance visual acuity 
(UDVA, CDVA), uncorrected and corrected-distance intermediate visual acuity (UIVA, CDIVA) at 60 cm, uncorrected and corrected- 
distance near visual acuity (UNVA, CDNVA) at 40 cm, and binocular defocus curve. Patients also completed the Catquest-9SF 
questionnaire.
Results: All eyes were within ±1.00D, and 91.30% of eyes within ±0.50D, with a mean postoperative spherical equivalent of –0.14 
±0.29D. Similarly, 95.65% of patients showed a binocular UDVA ≥20/25, compared to 100% for CDVA, and the mean binocular 
UDVA and CDVA were 0.02±0.06 and 0.00±0.05 logMAR, respectively. At intermediate vision, 65.22% of patients showed 
a binocular UIVA ≥20/25, compared to 86.96% for CDIVA, and the mean binocular UIVA and CDIVA were 0.07±0.06 and 0.06 
±0.06 logMAR, respectively. At near, 95.65% of patients showed a binocular UNVA and CDNVA ≥20/25, with a mean binocular 
UDNVA and CDNVA of 0.04±0.07 and 0.02±0.05 logMAR, respectively. Finally, 95.65% of patients reported being quite satisfied to 
very satisfied with their vision and about 74% did not report any difficulty with their vision in their everyday life. Between 65.22% and 
100% of patients reported no difficulty performing different tasks.
Conclusion: Our study shows good visual and refractive outcomes with high satisfaction in patients implanted with the Triva-aXAY 
IOL with a 7.0 mm optical zone.
Keywords: large optic, diffractive, trifocal, intraocular lens, cataract

Introduction
One of the most promising recent advances in cataract surgery to correct presbyopia is to reduce spectacle dependence at 
different distances in order to provide patients with a full range of vision from distance to near vision. The increasing 
demand for good visual acuity at different distances has pushed manufacturers to develop multifocal intraocular lens 
(IOL) technology based on the initial designs from the late 1980s.1,2 Bifocal and trifocal IOLs, which split light into two 
or three different foci, have been proved useful for improving near and intermediate vision while maintaining distance 
visual acuity. Different peer-reviewed publications have pointed out that those patients implanted with trifocal models 
may achieve better intermediate vision than their counterparts implanted with bifocal models, while near and far vision, 
postoperative refraction or spectacle independence of bifocal models are similar to those of trifocal ones.3–5

Depending on their design properties and the optical technology used, patient outcomes after implantation may vary 
considerably. Some clinical data suggest that trifocal IOLs led to more photic disturbances (i.e halo and glare) than 
extended depth-of-focus IOLs6 since the light distribution between foci can increase these disturbances, but note that 
objective dysphotopsia is not reduced in extended depth-of-focus IOLs compared to trifocal IOLs.7 Most foldable IOLs 
for cataract surgery currently available on the market have an optical diameter of 6.0 mm, but the occurrence of photic 
phenomena might occur more frequently in patients with large pupils when the IOL optic diameter is only slightly 
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smaller than the pupil size, thus causing optical distortions.8 Dysphotopsia, and the effect of IOL optic size, have been 
discussed such a lingering issue after cataract surgery.9 As such, the implantation of an IOL with a large optic might help 
to reduce these undesired optical images.10,11

A new trifocal IOL with a 7.0 mm optical zone, the Triva-aXAY IOL, has been recently made available to a few 
European surgeons in the context of a controlled market release phase (personal communication with the manufacturer 
HumanOptics Holding AG, Erlangen, Germany). The lens is the trifocal model of the Aspira-aXA.10,11

The aim of the current clinical study was to evaluate the postoperative visual acuity at different distances and 
refractive outcomes in cataract patients with bilateral implantation of this lens. Some additional measurements, such as 
the defocus curve and analysis of the patient’s satisfaction and quality-of-life, were also analysed.

Methods
This two-center prospective study was approved by the Ethics Committee of the Hospital Clínico San Carlos (Madrid, 
Spain) and the Regional Committee for Observational Prospective Studies (CAEPRO; Valencia, Spain). It was conducted 
in accordance with the tenets of the Declaration of Helsinki, and written informed consent was obtained from all patients 
prior to their enrollment in this study after explaining the possible consequences of the study to them.

The inclusion criteria were patients aged 50 years or older submitted to bilateral age-related cataract surgery and 
implanted with the Triva-aXAY IOL according to regular clinical practice, availability, willingness, and sufficient 
cognitive awareness to comply with examination procedures, preoperative corneal astigmatism ≤1.00 D and clear 
intraocular media other than cataract. The exclusion criteria were patients unable to comprehend the study requirements, 
irregular cornea (ie keratoconus, previous corneal refractive surgery, ocular anomalies or pathologies that could reduce 
visual function or postoperative IOL stability (ie severe amblyopia, macular degeneration), uncontrolled glaucoma, 
retinal detachment, macular degeneration or retinopathy and non-reactive pupils).

Intraocular Lens
All patients were implanted with the Triva-aXAY IOL model IOL. This is a one-piece trifocal diffractive posterior- 
chamber IOL with plate cut-out haptics. This IOL has an aspheric aberration-free anterior surface with a 3.5 mm central 
diffractive zone consisting of seven diffraction steps and an outer refractive zone of 2.5 mm, along with a posterior 
surface with 360° lens epithelial cell barrier. It has a total diameter of 11.0 mm and an optical zone diameter of 7.0 mm, 
thus providing an addition for near of +3.35D and +1.75D for intermediate distance. The lens is built in powers ranging 
from +10.00 to +30.00D in 0.50 D increments. It is made from hydrophilic acrylic with a UV-absorber, with a water 
content of 26% at 35°C, and contains a blue light filter that absorbs the high-energy portion of the light between 400 and 
500 nm. Its Abbe number is 56. This IOL was granted CE-mark approval for use in May 2020.

Pre- and Postoperative Assessment
Preoperatively, patients underwent an extensive ophthalmologic examination, including slit-lamp examination, measure-
ment of logMAR uncorrected and corrected-distance visual acuity (UDVA and CDVA), monocular manifest refraction, 
intraocular pressure (IOP) measurement, funduscopy, corneal topography with the Pentacam (Oculus Optikgeräte GmbH, 
Germany) and biometry with the IOLMaster 700 (Carl Zeiss Meditec AG, Jena, Germany). The Barrett formula was used 
to calculate the IOL power.

Postoperative examinations were performed at six months post-implantation. A standard ophthalmologic examination, 
including refraction and slit-lamp biomicroscopy, was performed. Visual acuities were measured using ETDRS charts, 
and specifically, monocular and binocular logMAR UDVA, CDVA, uncorrected distance intermediate visual acuity 
(UIVA), corrected distance intermediate visual acuity (CDIVA) at 60 cm, uncorrected distance near visual acuity (UNVA) 
and corrected distance near visual acuity (CDNVA) at 40 cm were measured. A binocular defocus curve was measured 
for each patient using the ETDRS chart positioned at 4 m, under photopic conditions, from +2.00D to –5.00D in 0.50D 
steps. Patients were asked to complete the Catquest-9SF questionnaire,12 which has been validated in a Spanish 
population for trifocal IOLs.13 All data are shown as the mean ± standard deviation and ranges. Complications and 
adverse events were also recorded during the study.
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Sample Size and Statistical Analysis
The sample size estimated for this “pilot” study was calculated according to Sullivan,14 using the highest standard 
deviation of the monocular visual acuity defocus curve derived from a previous sample of 16 eyes implanted with the 
Triva-aA lens, which shares the same diffractive optic as the Triva-aXA lens but with a different platform (6.0 mm optic/ 
C-loop haptics versus 7.0 mm optic/plate cut-out haptics, respectively). With a standard deviation of 0.24 logMAR at 
+2.00D defocus, a confidence interval of 95% and a maximum tolerated margin of error of 0.10 logMAR; a minimum of 
22 patients was required, considering a drop-out rate of approximately 15% after the 6-month follow-up [N= [(1.96 × 
0.24)/0.1]2=22].

Results
A total of 46 eyes from 23 consecutive patients were enrolled in this study. Table 1 shows the demographics for the 
patients included in the study and some preoperative measurements obtained. The mean age was 70.87±5.35 years (range 
60 to 80 years), with 17 patients being female (73.91%) and six male (26.08%). There were no complications in any of 
the cases during surgery and follow-up.

Standard graphs for reporting refractive and visual acuity outcomes were constructed.15 For the efficacy of the 
procedure, Figure 1 was plotted. This figure shows the cumulative postoperative monocular and binocular UDVA and 
CDVA, UIVA and CDIVA, and UNVA and CDNVA, respectively, at six months post-surgery. Table 2 shows the detailed 
mean visual acuity outcomes for monocular and binocular conditions at the three distances evaluated. At distance 
(Figure 1, top), 69.57% of patients showed a binocular UDVA of 20/20 or better compared to 91.30% for CDVA. These 
percentages increased to 95.65% and 100% for a cumulative value of 20/25 or better, respectively. The postoperative 
mean values for binocular UDVA and CDVA were 0.02±0.06 and 0.00±0.05 logMAR, respectively (about 20/20). At 
intermediate vision (60 cm, Figure 1, middle), 26.09% of patients showed a binocular UIVA of 20/20 or better compared 
to 30.43% for CDIVA. These percentages increased to 65.22% and 86.96% for a cumulative value of 20/25 or better, 
respectively. The postoperative mean values for binocular UIVA and CDIVA were 0.07±0.06 and 0.06±0.06 logMAR, 
respectively. At near (Figure 1, bottom), 52.17% of patients showed a binocular UNVA of 20/20 or better compared to 
65.22% for CDIVA. These percentages increased to 95.65% for a cumulative value of 20/25 or better. The postoperative 
mean values for binocular UNVA and CDNVA were 0.04±0.07 and 0.02±0.05 logMAR, respectively. Figure 2 shows the 

Table 1 Demographic Characteristics and Preoperative 
Measurements of Participants Shown as Means, Standard 
Deviations (SD) and Ranges

Values

Patients (n) 23

Sex (male/female) 6/17
Age (y) 70.87±5.35 (60 to 80)

Sphere (D) 1.96±2.39 (−4.25 to 6.50)

Refractive Cylinder (D) −0.51±0.49 (0 to −2.00)
Spherical Equivalent (D) 1.71±2.34 (−4.38 to 6.25)

CDVA (logMAR) 0.12±0.16 (0.70 to 0.00)

IOP (mmHg) 16.67±2.09 (13 to 23)
K1 (D) 43.04±0.97 (41.03 to 45.20)

K2 (D) 43.62±0.86 (42.01 to 45.50)

Axial length (mm) 23.34±0.86 (21.92 to 25.88)
ACD (mm) 3.10±0.39 (2.25 to 3.97)

IOL spherical power (D) 23.14±3.00 (15.00 to 30.0)

Abbreviations: CDVA, corrected distance visual acuity; IOP, intraocular 
pressure; K, keratometry; ACD, anterior chamber depth; IOL, intraocu-
lar lens power.
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Figure 1 Top: cumulative proportion of patients/eyes having a given photopic monocular and binocular uncorrected distance visual acuity (UDVA) and best-corrected 
distance visual acuity (CDVA) at 6 months post-surgery. Middle: cumulative proportion of patients/eyes having a given photopic monocular binocular uncorrected distance 
intermediate visual acuity (UIVA) and corrected distance intermediate visual acuity (CDIVA) at 6 months post-surgery. Bottom: cumulative proportion of patients/eyes having 
a given photopic monocular binocular uncorrected distance near visual acuity (UNVA) and corrected distance near visual acuity (CDNVA) at 6 months post-surgery.
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change in lines of visual acuity between the postoperative monocular and binocular UDVA and CDVA at six months 
post-surgery. All eyes and patients showed the same or better UDVA than CDVA.

For predictability, Figure 3 (top) shows the histogram of postoperative spherical equivalent (SE) refraction relative to 
the intended target refraction. The highest percentage of eyes (47.83%) was for the range ±0.13D, followed by 30.43% 
for the –0.50 to –0.14D range. All eyes were within ±1.00D and 91.30% of eyes within ±0.50D. The mean postoperative 
SE was –0.14±0.29D (ranging from –0.75 to 0.75D). Figure 3 (bottom) shows the distribution of the postoperative 
refractive cylinder. Specifically, 82.61% of eyes showed a value ≤0.50D and all eyes a value ≤1.00D. The mean 
postoperative refractive cylinder was –0.28±0.35D, ranging from 0.00 to –1.00D.

Figure 4 shows the mean high-contrast photopic binocular defocus curve. The values reported show three peaks, one 
at the expected distance focus (0.00D of vergence), one at the intermediate focus (–1.50D of vergence) and the last one at 
the near focus (–3.00D of vergence). Two smooth valleys can be observed between the three peaks.

Patients were asked to complete the Catquest-9SF questionnaire, which comprises several items, namely global 
daily life difficulty, global vision satisfaction and a group of several items related to day-to-day activities. Almost all 

Table 2 Visual Acuity Outcomes (logMAR) of Patients Implanted with 
the Triva-aXAY Intraocular Lens Shown as Means, Standard Deviations 
(SD) and Ranges at 6 Months of Follow-Up

Monocular Binocular

UDVA 0.07±0.08 (0.00 to 0.30) 0.02±0.06 (−0.10 to 0.15)

CDVA 0.03±0.05 (0.00 to 0.20) 0.00±0.05 (−0.10 to 0.15)

UIVA (60 cm) 0.11±0.07 (0.00 to 0.30) 0.07±0.06 (0.00 to 0.20)

CDIVA (60 cm) 0.10±0.06 (0.00 to 0.20) 0.06±0.06 (0.00 to 0.20)

UNVA (40 cm) 0.08±0.09 (0.00 to 0.40) 0.04±0.07 (−0.05 to 0.30)
CDNVA (40 cm) 0.07±0.07 (0.00 to 0.30) 0.02±0.05 (−0.05 to 0.20)

Abbreviations: UDVA, uncorrected distance visual acuity; CDVA, corrected distance visual 
acuity; UIVA, uncorrected distance intermediate visual acuity; CDIVA, corrected distance 
intermediate visual acuity; UNVA, uncorrected distance near visual acuity; CDNVA, corrected 
distance near visual acuity.

Figure 2 Change in lines of visual acuity between the photopic monocular and binocular postoperative uncorrected distance visual acuity (UDVA) and best-corrected 
distance visual acuity (CDVA) at 6 months post-surgery.
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patients (95.65%) reported being quite satisfied to very satisfied with their vision at present, with a mean score of 
3.30±0.55, and about 74% did not report any difficulty with their vision in their everyday life, while about 26% 
reported finding some difficulties (mean score 3.74±0.44, see Table 3). With regard to difficulties carrying out 
different tasks, in general between 65.22% and 100% of patients reported no difficulty performing the tasks defined 
in Catquest-9SF. Table 3 shows the patient-reported difficulties with their vision assessed using the Catquest-9SF 
questionnaire in greater detail.

Discussion
Different systematic reviews and meta-analyses have analyzed the visual and refractive outcomes of several trifocal IOLs 
available on the market with different optical designs.3–6 These publications confirmed the good visual performance of 

Figure 3 Histogram of the postoperative spherical equivalent refraction (D), top, and refractive cylinder (D), bottom, at 6 months post-surgery.
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patients implanted with trifocal lenses, especially for intermediate distances. A Bayesian network meta-analysis con-
sidering 27 studies of randomized clinical trials with 2605 patients has recently concluded that, for patients considering 
a multifocal IOL due to presbyopia, bilateral implantation of a trifocal IOL might be an optimal option without 
compromising distant visual acuity.16 The current clinical study aimed to assess the refractive and visual outcomes at 
different distances following cataract surgery and implantation of the new trifocal Triva-aXAY IOL with a 7.0 mm 
optical zone.

Figure 4 Mean, high-contrast, photopic, binocular logMAR visual acuity with best correction for distance, as a function of chart vergence. Error bars represent the standard 
deviation. The right Y-axis shows the Snellen feet acuity and the upper X-axis shows distance values (cm).

Table 3 Outcomes of Patient Reported Difficulties with Their Vision Assessed Using the Catquest-9SF Questionnaire

Mean±SD Response Frequencies (%)

R1 R2 R3 R4 R5

Do you find that your sight at present in some way causes you difficulty in your everyday life? 3.74±0.45 0.00 0.00 26.09 73.91 0.00

Are you satisfied or dissatisfied with your present vision? 3.30±0.56 0.00 4.35 60.87 34.78 0.00

Do you have difficulty…

…Reading text in newspapers? 3.70±0.56 0.00 4.35 21.74 73.91 0.00

…Recognizing the faces of people you meet? 3.91±0.29 0.00 0.00 8.70 91.30 0.00

…Seeing the prices of goods when shopping? 3.78±0.42 0.00 0.00 17.39 82.61 0.00

…Seeing to walk on uneven surfaces? 4.00±0.00 0.00 0.00 0.00 100.00 0.00

…Seeing to do handicrafts, woodwork etc.? 3.57±0.66 0.00 8.70 26.09 65.22 0.00

…Reading subtitles on TV? 3.83±0.39 0.00 0.00 17.39 82.61 0.00

…Seeing to engage in an activity/hobby? 3.65±0.57 0.00 4.35 26.09 69.57 0.00

Notes: Response coding: R1 [Yes, very great difficulty; very unsatisfied (for question 2)], R2 [Yes, great difficulty; quite unsatisfied (for question 2)], R3 [Yes, some difficulty; 
quite satisfied (for question 2)], R4 [No, no difficulty; very satisfied (for question 2)], R5 (Cannot decide). 
Abbreviation: SD, standard deviation.
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Since no previous studies have been published with the Triva-aXAY IOL, we cannot compare our findings with 
previous outcomes, although we can perform a comparison with other studies that analyzed other diffractive trifocal 
IOLs. Note that, in addition to the different optical design, it is challenging to compare our study with previous ones 
using other lenses because of the differences in study design and different samples and follow-ups.

In our study, we obtained good monocular and binocular visual acuity outcomes at different distances. The mean 
values are shown in Table 2. At distance, 69.57% of patients showed a binocular UDVA ≥20/20 compared to 91.30% for 
CDVA (see Figure 1, top). These percentages increased to 95.65% and 100% for a cumulative value of ≥20/25, 
respectively. The mean values for binocular UDVA and CDVA were 0.02±0.06 and 0.00±0.05 logMAR, respectively. 
Alfonso et al17 analyzed a large sample of 102 patients implanted with the aspheric trifocal diffractive AT LISA tri 
839MP IOL (Carl Zeiss Meditec AG) at six months post-surgery. Similarly to us, they found that all patients achieved 
a binocular CDVA ≥20/25. In another study, Alfonso et al18 evaluated 40 patients implanted bilaterally with the AcrySof 
IQ PanOptix IOL (Alcon Labs) at six months post-surgery. They found that all patients achieved a binocular CDVA ≥20/ 
25 and about 80% a CDVA ≥20/20. In our series, the postoperative mean values for binocular UDVA and CDVA were 
0.02±0.06 and 0.00±0.05 logMAR, respectively. Our results are in agreement with those of other authors using other 
lenses. For example, Lapid-Gortzak et al19 compared the PanOptix and AT LISA IOLs in 93 and 89 patients at 4–6 
months. They found a binocular mean UDVA of 0.014±0.098 and 0.003±0.112 logMAR for the PanOptix and AT LISA 
groups, respectively. Similarly, Torky et al20 assessed the visual performance of patients implanted bilaterally with the 
PanOptix (26 patients) and AT LISA (27 patients) IOLs at six months post-surgery. They found a mean CDVA of –0.06 
and –0.08 logMAR for both groups, respectively. Our results also support the safety of the procedure since all eyes and 
patients showed the same or better UDVA than CDVA (Figure 2). At intermediate vision, 26.09% of patients showed 
a binocular UIVA ≥20/20 compared to 30.43% for CDIVA (see Figure 1, middle). These percentages increased to 65.22% 
and 86.96% for a cumulative value of ≥20/25, respectively. In their study, Alfonso et al17 found 39.6% of patients 
implanted with the AT LISA with a binocular CDIVA ≥20/25 at 60 cm and about 30% of patients implanted with the 
PanOptix IOL.18 Our mean values for binocular UIVA and CDIVA were 0.07±0.06 and 0.06±0.06 logMAR, respectively. 
Ferreira et al21 assessed 30 patients implanted with the PanOptix IOL and 30 patients with the FineVision POD 
F (PhysIOL s.a.) at three months post-surgery. They found a binocular CDIVA at 66 cm of 0.00 logMAR or better in 
83.3% and 73.3% of patients in the PanOptix and FineVision groups, respectively. Lapid-Gortzak et al19 found values of 
0.049±0.127 and 0.116±0.125 logMAR for UIVA (60 cm) in their study, and Torky et al20 reported a mean UIVA (60 cm) 
of 0.00 and 0.16 logMAR for the PanOptix and AT LISA groups, respectively. At near (see Figure 1, bottom), 52.17% of 
patients showed a binocular UNVA ≥20/20 compared to 65.22% for CDIVA. These percentages increased to 95.65% for 
a cumulative value ≥20/25. Alfonso et al17,18 found 86.1% and about 85% of patients with a binocular CDNVA ≥20/25 
with the AT LISA and the PanOptix IOLs, respectively. Ferreira et al21 reported that a value of 0.00 logMAR of 
binocular CDNVA was achieved in 83.3% and 76.7% of patients in the PanOptix and FineVision groups, respectively. In 
our series, the mean values for binocular UNVA and CDNVA were 0.04±0.07 and 0.02±0.05 logMAR, respectively. 
Lapid-Gortzak et al19 found mean values of 0.082±0.103 and 0.136±0.13 logMAR for UNVA for the PanOptix and AT 
LISA IOLs, respectively; and Torky et al20 0.00 and –0.01 logMAR for the same groups, respectively.

With regard to the predictability of the procedure, Figure 4 shows the distribution of the postoperative SE and 
refractive cylinder. The mean postoperative SE and refractive cylinder were –0.14±0.29D and –0.28±0.35D, respectively. 
Alfonso et al17 found a mean postoperative sphere and cylinder of –0.06±0.21D and –0.09±0.21D, respectively, for the 
AT LISA IOL. Similarly, for the PanOptix IOL, Alfonso et al18 found a mean postoperative sphere and cylinder of 0.03 
±0.33D and −0.18±0.28D, respectively, and a mean SE of –0.06±0.33D. They also found 55% of eyes with an SE of 
±0.13D and 22.50% of eyes between –0.50 and –0.14D. In our study, we found similar mean values and distribution, with 
the highest percentage of eyes (47.83%) for the range ±0.13D, followed by 30.43% for the range –0.50 to –0.14D. Torky 
et al20 reported slightly higher SE values of –0.31±0.37 and –0.23±0.42D for the PanOptix and AT LISA IOLs, 
respectively.

The defocus curve in Figure 4 shows that the maximum visual acuity value was obtained at a vergence of 0D, 
corresponding to the far focus. A second peak was found at –1.50D of vergence, corresponding to the intermediate focus, 
and a third peak at –3.00D of vergence, corresponding to the near focus. Between +1.00D and –3.50D of vergence, the 
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curve showed a wide range of useful vision, with visual acuity values higher than 0.2 logMAR. Our outcomes therefore 
suggest that the creation of a third intermediate focus does not involve a reduction in the other two main foci (distance 
and near focus). These visual acuity values may be considered suitable to obtain a high level of spectacle independence. 
In their study with the PanOptix IOL, Alfonso et al18 found a binocular defocus curve with one peak at the expected 
distance focus with the best visual acuity (0D), followed by a depression with a reduced visual acuity (about 1D, 1 m), 
subsequently improving (about 2D, 50 cm). Similarly, for their PanOptix and AT LISA IOL groups, Torky et al20 

achieved a visual acuity of 0.3 logMAR or better, with defocus levels ranging from –2.50D to 0D. The best results for the 
PanOptix IOL group were obtained at a defocus of 0D and –2.00D, simulating a distance and 50 cm, with values of –0.04 
and 0.01 logMAR, respectively. For the AT LISA group, the best visual acuity (–0.07 logMAR) was obtained with 
a defocus of 0D, progressively decreasing with negative defocus up to a second peak of good acuity at –2.5D (0.07 
logMAR).

The results of the Catquest-9SF questionnaire showed that 95.65% of patients reported being quite satisfied to very 
satisfied with their vision after ¡surgery. Our results agree with those found by Lapid-Gortzak et al19 in this regard. In this 
study, patients were asked to respond either “yes” or “no” to the question “Given your current postoperative vision, if you 
had to do it all over again would you have the same lens implanted?”. These authors found that most patients in both 
groups (PanOptix IOL 96%; AT LISA IOL 97%) responded “yes” to the question, thus showing the high level of patient 
satisfaction. With regard to difficulties carrying out different tasks in our study, in general between 65.22% and 100% of 
patients reported no difficulty performing the different tasks assessed (see Table 3). Torky et al20 found that about 90% of 
patients with the PanOptix and AT LISA IOLs were spectacle-independent for far, intermediate and near vision.

As discussed previously, there are no previous publications with this lens, although it is of interest to discuss some 
articles published using the monofocal version of the lens with the same optical diameter as regards to the stability of the 
lens when implanted. In this sense, Wendelstein et al9 evaluated the rotational stability, tilt and decentration of the 
monofocal Aspira-aXA IOL with an optical diameter of 7.0 mm when implanted in 74 eyes using intraoperative and slit- 
lamp images (for IOL rotation), and Scheimpflug imaging (for IOL tilt and decentration) at 1 week, 1 month and 4 
months. At the latest follow-up, IOL rotation was within 5.0° in 85% of the eyes (n=40) and within 10.0° in 98% (n=46), 
and the IOL vertical and horizontal tilt referenced to the pupillary axis was, on average, <1.5° in both eyes (n=54; 
maximum 5.85°). These authors found that decentration in both meridians was on average <0.10 mm in both eyes 
(maximum 0.30 mm), and concluded that this lens showed good and stable positioning within the capsular bag over 
a four-month period. They also pointed out that the four-point non-angulated haptic design combined with the 7.0 mm 
optic provides a large surface contact between the lens and the capsular bag. In non-toric IOLs is also important to assess 
the rotational stability in order to study how the physical shape and haptic design (friction between the haptic and the 
capsular bag) are important factors that may affect its stability. Schrecker et al22 analyzed the same lens with a large 
follow-up period (1.5 years) on a sample of 55 eyes, finding that the lens was stable over the postoperative course as 
decentration was <0.02 mm and tilt <5.5°, with a median rotation of 1.8° within the first postoperative week, which was 
not significantly different from the rotation between surgery and at 1.5 years (median 1.4°). They concluded that the lens 
shows good position stability in the capsular bag, thus highlighting the advantages of a 7.0 mm optic in the diagnostics 
and treatment of peripheral retinal pathologies.

One of the possible additional benefits of using a 7.0 mm optic IOL is that it allows for a wide posterior capsulotomy 
and permits peripheral retinal visualization, which may be valuable if retinal treatment with laser or vitreoretinal surgery 
is needed. In this sense, Borkenstein and Borkenstein23 assessed six myopic patients with posterior segment disease 
implanted with the lens at 10 weeks post-phacoemulsification and intravitreal injection. They found that, during surgery 
and postoperative examinations, the wide IOL optic permitted an enhanced view of the fundus, and that the IOLs 
remained stable after implantation, especially during intravitreal injection at the end of surgery. These authors did not 
observe any IOL displacement or shift and showed that implantation of this lens enables a wide view of the fundus 
during and after surgery, with no additional risks or negative effects, and may also reduce the risk of dysphotopsia in 
cases of lens decentration in large capsular bags.

And, in relation to possible dysphotopsia, Bonsemeyer et al11 analyzed 120 eyes of 86 patients with 57 eyes receiving 
the Aspira-aXA IOL (7.0 mm and plate-haptics) and 63 eyes with the Aspira-aA IOL (6.0 mm and C-loop haptics, 
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HumanOptics Holding AG, Erlangen, Germany). They found, in relation to positive dysphotopsia, that there was 
a statistically significant difference between both groups at 1 month postoperatively, with a lower incidence in the 
group with the Aspira-aXA lenses (31.6% versus 52.4%). They found a reduction of cases with follow-up not being 
statistically significant at 3 and 12 months, but there was a 2.4-fold reduction in the group with the Aspira-aXA lens 
compared with the Aspira-aA lens. For negative dysphotopsia, the pattern was similar with a lower incidence in the 
group with the Aspira-aXA lens (5.4%, vs 20.6%). Also, the difference was no longer statistically significant at 3- and 
12-months post-surgery, but in the last follow-up, there were no cases with the Aspira-aXA lens and 2 cases with the 
Aspira-aXA lens. These authors finally concluded that the Aspira-aXA lens with 7.0 mm optic diameter and plate haptics 
reduced both positive and negative dysphotopsia.

Finally, we should consider the limitations of our study. First, despite the sample size calculation, our sample is 
relatively small and further studies involving larger samples are desirable. Second, we have evaluated the outcomes of 
patients implanted with the Triva-aXAY IOL, and no comparison with a control monofocal or other trifocal group was 
carried out. Previous literature on the monofocal version of this lens, and other trifocal diffractive lenses, was used to 
discuss the outcomes found. Finally, our study analyzed the outcomes at six months, and a longer follow-up would give 
more information about the performance of the lens, specifically for the patient satisfaction and photic phenomena, which 
are likely to improve due to neuroadaptation with time.

Conclusion
To summarize, the present clinical study confirms that the diffractive Triva-aXAY IOL with a 7.0 mm optical zone is 
a successful trifocal IOL, as supported by several refractive and visual metrics obtained in our sample of patients. The 
high percentage of satisfied patients when this lens is implanted suggests that this model seems to be an excellent option 
to be considered in patients aiming to be spectacle-independent at different distances. Note that this is the first study to 
assess the visual and refractive performance of this IOL, therefore additional clinical studies should be carried out with 
larger samples and longer follow-ups. We consider that future studies should also be carried out with the toric version of 
this model, focusing on astigmatism predictability and the rotational stability at different times post-surgery.
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