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Purpose: To show the visual and refractive outcomes in cataract patients with corneal astigmatism when bilaterally implanted with
a biconvex aspheric toric monofocal intraocular lens (IOL) with a double C-loop haptic-design.

Methods: Forty-seven cataract patients (94 eyes) with corneal astigmatism (=0.75D) were implanted with the monofocal PODEYE toric
IOL and assessed for 4—6 months post-surgery. Measurements included monocular and binocular uncorrected-distance visual acuity
(UDVA) and corrected-distance visual acuity (CDVA), under both photopic and mesopic lighting conditions. Refraction, photopic and
mesopic contrast sensitivity (with and without glare), and rotational stability were also recorded at the last postoperative visit.
Results: At 4-6 months, 78.2% and 98.9% of eyes were within £0.50D and +1.00D of the target refraction, respectively. The mean
spherical equivalent and refractive cylinder values were 0.09+0.35D and —0.36+0.35D, respectively. 76.5% and 98.8% of eyes
presented a postoperative refractive cylinder of <0.50D and <1.00D, respectively. 91.5% and 100% of patients had a binocular
UDVA and CDVA of >20/25, respectively. The mean binocular UDVA and CDVA were 0.02+0.08 and —0.02+0.07 logMAR,
respectively. Under mesopic conditions, 78.7% and 83.0% of patients presented a binocular UDVA and CDVA >20/32, respectively.
The mean binocular UDVA and CDVA were 0.15+0.11 and 0.12+0.11 logMAR, respectively. The patients showed good contrast
sensitivity under photopic and mesopic conditions. The mean absolute IOL rotation was 1.22+2.21 degrees with 97.87% of eyes
having a rotation of <10 degrees.

Conclusion: This study shows good visual and refractive outcomes for the PODEYE toric IOL when implanted bilaterally in cataract
patients with corneal astigmatism.
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Introduction

It is well known that corneal astigmatism is a common condition among cataract patients. One recent study carried out in
a large population indicated that in eyes undergoing cataract surgery, a preoperative corneal astigmatism of >1.0 diopters
(D) was present in 42%, while 11% had a value of >2.0D." It has been reported that, in most subjects, astigmatism under
0.50 D did not degrade visual acuity, suggesting that under clinical conditions, the visual benefit of precisely correcting
astigmatism of less than 0.50D would be limited.> Therefore, predicted postoperative residual refractive corneal
astigmatism of 0.75D should be addressed for those patients looking for spectacle independence.

A meta-analysis and systematic review of toric intraocular lenses (IOLs) for correcting astigmatism during cataract
surgery evaluated the benefit and harm (surgical complications and residual astigmatism) associated with the implanta-
tion of these lenses, focusing on postoperative uncorrected-distance visual acuity (UDVA) and distance spectacle
independence.” That study analyzed 13 randomized clinical trials with 707 eyes randomized to toric IOLs and 706
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eyes randomized to non-toric IOLs. The authors found good-quality evidence that UDVA was better in the toric IOL
group, which also provided greater spectacle independence, and moderate-quality evidence that toric IOL implantation
was not related to an increased risk of complications. They concluded that toric IOLs provided better UDVA, greater
spectacle independence, and lower amounts of residual astigmatism than non-toric IOLs. The authors also pointed out
that their conclusions were limited to the range of preoperative astigmatism reported in the studies analyzed (generally
0.75 to 3.00D). The use of toric IOLs is therefore recommended in cataract patients with regular corneal astigmatism who
want postoperative spectacle independence for distance vision.

The PODEYE toric IOL is a new monofocal lens with a double C-loop and posterior angulated haptic design. Only
one recent study has been published on this lens, a retrospective study aiming to assess rotational stability and clinical
outcomes in 136 eyes (102 patients). The conclusion was that the PODEYE toric IOL showed high rotational stability,
allowing for the correction of corneal astigmatism during cataract surgery.* However, to date, there has been no
prospective analysis of this lens when implanted bilaterally. The main purpose of this prospective study was to assess
the visual and refractive outcomes in cataract patients with corneal astigmatism when bilaterally implanted with the
PODEYE toric IOL.

Methods
Study Design and Subjects

This was a multicentric prospective open-label study conducted at five centers: the Asian Eye Institute (Makati City,
Philippines), Oftalvist Alicante (Alicante, Spain), Oftalvist Valencia (Valencia, Spain), Gemini Eye Clinic (Zlin, Czech
Republic), and Augentagesklinik Spreebogen (Berlin, Germany). The study was approved by the SCMC-AEI Ethics
Review Committee (Asian Eye Institute), Hospital Clinico San Carlos (Oftalvist Alicante and Valencia), Eticka Komise
OCni Kliniky Gemin (Zlin, Czech Republic), and Arztekrammer Berlin (Berlin, Germany) and followed the tenets of the
Declaration of Helsinki. All participants provided informed consent. The study was registered with the National Institutes
of Health (NCT04778501, NCT04866719, NCT04744467 and NCT04987216).

The inclusion criteria were: male or female adults >50 years of age on the day of screening who had clinically
documented cataracts in both eyes; a calculated IOL power (sphere and cylinder) within the range of the investigational
IOL; regular corneal astigmatism (measured by a topographer); corneal astigmatism of >0.75D and <4.25D (measured by
an automatic keratometer) in both eyes; clear intraocular media other than cataract; dilated pupil size large enough to
visualize IOL axis markings postoperatively; and a corrected-distance visual acuity (CDVA) projected to be better than
0.2 logMAR after toric IOL implantation. The exclusion criteria were: subjects diagnosed with degenerative visual
disorders, such as macular degeneration; subjects with age-related macular degeneration; previous intraocular or corneal
surgery; traumatic cataract; a history or presence of macular edema; unstable keratometry or biometry measurements (an
acceptable maximum standard deviation for the axial length of +50 pum, anterior chamber depth £150 pm, and
keratometry +0.15D); clinically significant, uncontrolled glaucoma with an expected negative impact on contrast
sensitivity and/or visual acuity outcomes; clinically significant dry eye (as judged by the physician); and ocular surface
disease (clinical symptoms or keratitis), among other things.

The patients were bilaterally implanted with the monofocal PODEYE toric IOL (BVI, Waltham, USA). This lens is
based on hydrophobic acrylic GFY biomaterial (with UV and blue light filtration) and has a double C-loop with
Ridgetech and a posterior-angulated haptic design. The IOL has a biconvex aspheric toric optic with a refractive index
of 1.52 and an Abbe number of 42. The front surface is aspherical to yield an optic with a spherical aberration of —0.11
micrometers at 5.0 mm of aperture and the cylinder is located on the posterior surface. The overall diameter is 11.40 mm,
and the optic diameter is 6.00 mm. The spherical power is available from +6.00D to +30.00D in 0.50D steps, and the
cylindrical power (IOL plane) is available for 1.00, 1.50, 2.25, 3.00, 3.75, 4.50, 5.25, and 6.00D.

Cataract surgery was performed using standard phacoemulsification with a 2.2 mm incision, targeting a 5.5 mm
diameter capsulorhexis or femtosecond laser-assisted capsulotomy to allow the optic to be fully overlapped by the

anterior capsular rim.
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Preoperative and Postoperative Assessment

All subjects recruited in this study were evaluated prior to the surgery and the following examinations were performed:
photopic monocular CDVA, refraction, and optical biometry using the IOLMaster device (Carl Zeiss Meditec AG, Jena,
Germany). The IOL power (sphere and cylinder) was chosen to achieve a residual spherical equivalent of between —0.2D
and 0.1D and the lowest residual cylinder possible. The IOL power was principally calculated using the Barrett toric
formula with the online calculator.

Postoperatively, the following parameters were measured at 4-6 months: refraction (sphere, cylinder, and manifest
refraction spherical equivalent (MRSE)), and an astigmatism vector analysis was performed. Monocular and binocular
UDVA, and CDVA under both photopic and mesopic (3.5 cd/m?) conditions were also measured using Clinical Trial
Suite (M&S Technologies, Niles, IL, USA) at 4 m in logMAR scale. Binocular photopic and mesopic contrast sensitivity,
both with and without glare, was also recorded using the Clinical Trial Suite instrument. Absolute rotational stability
(mean, standard deviation and range) of the lenses was obtained between 1- and 4-6 months post-surgery. Any adverse
events or complications were also recorded.

Statistical Analysis and Sample Size

The outcomes were analyzed using Excel (2019, version 16.43, Microsoft Corporation, Redmond, WA, USA). All
measurements are given as the mean + standard deviation (SD) and ranges. To calculate the sample size, we considered
that the primary performance endpoint was to show that the absolute rotation value up to the 4-6 months postoperative
visit was less than 10 degrees in 90% of the cases. The sample size calculation was performed assuming a power of 95%
with a one-sided 97.5% confidence interval. The following parameters were used: significance level (a): 0.025; power
(1-B): 0.95; one-sided test and expected proportion of eyes showing less than 10 degrees in absolute value of rotation
between the day of surgery and 4-6 months postoperative visit: 99%. With these assumptions, the calculation® indicated
that a minimum of 70 eyes were needed to confirm the primary study endpoint. Taking into account the figure of 85% of
patients having a binocular implantation and 15% a monocular implantation, 38 patients were needed to provide a sample
size of 70 eyes implanted with a PODEYE toric lens. With an expected drop-out rate of 15%, approximately, at least 45
patients were needed to prove the primary study goal.

Results

In this study, we evaluated 94 eyes from 47 patients bilaterally implanted with the PODEYE Toric IOL. The mean age of
the patients (32 female) was 68.9+8.2 years (ranging from 51 to 86 years). The demographics and preoperative
characteristics for the whole sample are summarized in detail in Table 1. No adverse events related to the IOL were
reported either during the surgery or up to the final follow-up visit.

Refractive and Astigmatism Vector Analysis

Figure 1 shows the refractive accuracy of the procedure. Specifically, it shows the mean MRSE (top) and cylinder
(bottom) values at 4-6 months of follow-up. 78.2% of eyes were within £0.50 D and 98.9% of eyes were within +1.00 D
of the target refraction. The mean MRSE and refractive cylinder values were 0.09+0.35 D and —0.36+0.35 D, respec-
tively. 76.5% and 98.8% of eyes had a postoperative refractive cylinder of <0.50 D and <1.00 D, respectively. Note that
all eyes presented a mean MRSE value close to emmetropia (<0.25 D) and the mean refractive cylinder was less than half
a diopter. Figure 2 shows the vector analysis of the preoperative and postoperative data.

Visual Acuity Outcomes and |IOL Rotation

Figure 3 shows the difference between photopic UDVA and CDVA in Snellen lines for monocular and binocular
conditions. All eyes/patients showed a UDVA that was the same or better than the CDVA and 38% of eyes and 36%
of patients presented better values. Figure 4 shows the cumulative proportion of eyes/patients with given monocular and
binocular photopic logMAR UDVA and CDVA values. 69.1% and 89.4% of eyes presented monocular UDVA and CDVA
values of 20/25 or better (<0.10 logMAR), respectively. For patients, these percentages increase to 91.5% and 100% for
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Table | Demographic Characteristics of Participants

Mean * Standard Median (Range)

Deviation
Number of patients (n) 47
Number of eyes (n) 94
Gender (female/male) 32/15
Age (years) 689 + 82 69.0 (51 to 86)
IOP (mmHg) 15.82 + 3.40 16.5 (8.0 to 24.0)
Sphere (D) —0.41 + 287 0.0 (—10.00 to 6.00)
Cylinder (D) —1.63 + 0.99 —1.50 (—5.25 to 0.00)
SE (D) -1.23 £2.99 —0.82 (—11.38 to 5.25)
Monocular UDVA (logMAR) 035 +0.17 0.34 (—0.08 to 0.60)
Monocular CDVA (logMAR) 0.24 £ 0.17 0.20 (-0.20 to 0.66)
Kl (D) 43.32 £ .66 43.49 (39.62 to 47.0)
K2 (D) 45.02 £ 1.54 45.00 (42.03 to 48.74)
Corneal Astigmatism (D) 1.70 + 0.62 1.65 (0.75 to 3.56)
Axial Length (mm) 23.90 + 1.32 23.64 (21.69 to 27.55)
Lens Thickness (mm) 4.56 + 0.43 4.60 (3.36 to 5.52)
ACD (mm) 3.13+044 3.11 (2.10 to 4.09)
White to white (mm) 11.91 £ 043 11.80 (11.20 to 13.20)
IOL Power spherical (D) 19.8 £ 4.1 20.5 (6.5 to 30.0)
IOL power cylindrical (D) 20+08 1.5 (1.0 to 4.5)

Abbreviations: IOP, intraocular pressure; D, diopters; SE, spherical equivalent; UDVA, uncorrected
distance visual acuity; CDVA, corrected distance visual acuity; K, keratometry; ACD, anterior
chamber depth; IOL, intraocular lens.

binocular conditions. Specifically, the mean values of monocular UDVA and CDVA were 0.08+0.10 and 0.02+0.00
logMAR, respectively; and 0.02+0.08 and —0.02+0.07 logMAR for binocular conditions, respectively. Figure 5 shows the
cumulative proportion of eyes/patients with given monocular and binocular mesopic logMAR UDVA and CDVA values.
60.6% and 75.5% of eyes presented a monocular UDVA and CDVA of 20/32 or better (<0.20 logMAR), respectively.
These percentages, for patients, increased to 78.7% and 83.0% for binocular conditions. Specifically, the mean values of
monocular UDVA and CDVA were 0.21+0.12 and 0.17+0.11 logMAR, respectively; and 0.15+£0.11 and 0.12+0.11
logMAR, for binocular conditions, respectively. Our mean absolute rotation was 1.22+2.21 degrees (ranging from 0 to
12 degrees), and 97.87% of eyes had a rotation of <10 degrees.

Contrast Sensitivity

Figure 6 shows the mean + standard deviation values for the photopic and mesopic binocular contrast sensitivity
functions with and without glare. The patients presented good log contrast sensitivity values at 3, 6, 12, and 18 cycles
per degree spatial frequencies analyzed under both lighting conditions. It should be noted that, as expected, the photopic
outcomes were slightly better than those found under low lighting conditions (mesopic), as well as those recorded when

measured with a glare source.

Discussion

As mentioned, toric IOLs have been used worldwide as a standard surgical option for correcting preoperative corneal
astigmatism during cataract surgery. It has been concluded that, in combination with adequate sphere selection, accurate
use of toric IOLs enhances the patient’s vision after the surgery. The various toric IOL models available on the market
have shown excellent visual and refractive outcomes, one of the most important parameters being the rotational stability
of the lens once implanted. In our study, we analyzed the outcomes of the PODEYE toric IOL when implanted bilaterally

in cataract patients with corneal astigmatism.
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Figure | Refraction outcomes: distribution of spherical equivalent prediction error (top) and refractive cylinder (bottom) at 4-6 months post-surgery.

Our results revealed the good refractive outcomes obtained after the bilateral implantation of PODEYE toric 1OLs.
Specifically, almost all eyes (98.9%) were within £1.00D of the target refraction and >75% of eyes were within +£0.50D
(see Figure 1 for a detailed description of percentages as a function of the range). Taking into account the mean refraction
values, all the eyes presented a mean MRSE value close to emmetropia (0.09+0.35D) with a mean refractive cylinder of
<0.50D (—0.36+0.35D). As already stated, there is only one recent study of this IOL. That work, by Chassain et al*
retrospectively analyzed 136 eyes from 102 patients implanted with the PODEYE toric IOL at 1 week, 1 month, and 4 to
6 months after the surgery. As a general conclusion, they indicated that the PODEYE toric lens showed high rotational
stability, allowing corneal astigmatism to be corrected during cataract surgery. Specifically, these authors, based on the
patient’s needs, considered the target refraction for emmetropia or mild to moderate myopia (monovision). In the case of
monovision in emmetropic eyes, they considered a target of 0D for the dominant eye and —1.0D for the non-dominant
eye; for myopic eyes, the target was —0.50D for the dominant eye and —1.50D for the non-dominant eye; and for
hyperopic eyes it was 0.00/-0.50 D in order to avoid binocular problems. They found a MRSE of —0.67+0.56D (ranging
from —2.58 to +0.30D) for the cohort, —1.07+0.44D (ranging from —2.58 to —0.62D) for the myopic eyes, and —0.17
+0.17D (ranging from —0.50 to +0.30D) for eyes with a myopic target of >-0.50D. They reported that the mean values for
MRSE were —0.30+0.54D at the last postoperative visit (4—6 months). This mean value was slightly more myopic than
the mean value recorded in our study, which in both cases was close to emmetropia. For the refractive cylinder, our
results revealed that 76.5% and 98.8% of eyes showed a postoperative refractive cylinder of <0.50D and <1.00D,
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Figure 2 Vector analysis with preoperative and postoperative data. Centroids with standard deviations are also shown.
Abbreviation: D, diopters.

respectively. See also the reduced distribution of points in the vector analysis plot in Figure 2 (more concentrated values
close to (0, 0) show a reduction in astigmatism since this value represents an astigmatism-free eye). Chassain et al* found
values of 84.1% and 98.1% of eyes for <0.50D and <1.00D, respectively, at the same postoperative visit. They found
a mean refractive prediction error of —0.30+0.46D (ranging from —1.74 to +1.23D), and 70% and 92% of eyes were
within £0.50D and +1.00D of the target refraction, respectively. Our results showed similar percentages: 78.2% and
98.9%, respectively (see Figure 1, top).

The visual acuity results obtained in our series revealed excellent outcomes, with 0.02+0.08 and —0.02+0.07 logMAR
for binocular UDVA and CDVA, respectively (about 20/20), and 100% of eyes having a binocular cumulative CDVA of
<0.10 logMAR. Chassain et al* obtained a monocular mean CDVA value of —0.08+0.08 logMAR and all the eyes in that
study had a cumulative monocular CVDA of <0.20 logMAR at 4-6 months. For mesopic conditions (see Figure 5),
78.7% and 83.0% of patients presented a cumulative binocular mesopic UDVA and CDVA of >20/32 (<0.20 logMAR),
respectively, with the mean values being 0.15+0.11 and 0.124+0.11 logMAR, respectively. We have to point out that all
eyes and patients had a UDVA that was the same or better than the CDVA, and 38% of eyes and 36% of patients had
better values (see Figure 3). The outcomes for contrast sensitivity were also good, from 3 to 18 cycles per degree spatial

frequencies, and the differences between the four graphs are a result of the different lighting conditions and the use, or
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Figure 3 Difference between uncorrected-distance visual acuity (UDVA) and best corrected-distance visual acuity (CDVA) value at 4-6 months post-surgery for monocular
and binocular conditions.

not, of a glare source during the measurement (see Figure 5). The best outcomes were found under photopic conditions
without glare. Unfortunately, Chassain et al* did not report outcomes for mesopic visual acuity and contrast sensitivity, so
we were unable to make a direct comparison with those authors under the same IOL and follow-up conditions.

We also assessed the rotational stability of the lens as this is extremely important for toric IOLs. Our mean postoperative
absolute IOL rotation was 1.2242.21 degrees. In their study, Chassain et al* obtained a mean postoperative IOL rotation from
the baseline (surgery) of 2.05+2.17 degrees. With the exception of one outlier with 15 degrees of rotation, IOL rotation was
<10 degrees at the 4-6 months postoperative follow-up in all of the eyes. They pointed out that, with the exception of the
outlier, the maximum IOL rotation was 6 degrees at 1 month in 3 eyes, and 10 degrees at the final visit (4-6 months) in 1 eye.
These authors also indicated that no surgical IOL re-positioning was required in their sample. Our series revealed that
97.87% of eyes had a rotation of <10 degrees. Another IOL using the same C-loop design, the Akoris toric IOL (BVI,
Waltham, USA), also presented a similar absolute mean rotation: 2.16+1.95 degrees.® The difference between these two
lenses is the IOL material: hydrophobic in the case of the PODEYE toric lens versus hydrophilic for the Ankoris toric lens.
The double C-loop design has shown good stability when implanted into the capsular bag. One experimental study, in line
with the International Organization for Standardization (ISO) 11,979-3:2012, analyzed the behavior of the double C-loop in
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visual acuity (CDVA) value at 4-6 months post-surgery.
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visual acuity (CDVA) value at 4-6 months post-surgery.
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Figure 6 Mean photopic and mesopic binocular contrast sensitivity function with and without glare at 4-6 months post-surgery.

combination with hydrophobic and hydrophilic acrylic lens materials.” That study showed that both lenses presented
statistically insignificant variations and suggested the suitability of this platform for manufacturing premium IOLs, including
multifocal, toric, and multifocal toric models. Another study assessing the biomechanical stability of the double C-loop
models (Finevision POD F and Finevision POD FT lenses, BVI, Waltham, USA) found that the rotation was substantially
less than the acceptable tolerance limits indicated in ISO 11979-2.% That study also analyzed 45 eyes of 45 patients implanted
with the Finevision POD F, Finevision POD FT (C-loop), and Micro F (four-loop, BVI, Waltham, USA), obtaining mean
absolute rotation values of 2.482+1516, 1.5904+0.451, and 2.393 degrees, respectively, for the three models (p < 0.001) at 3
months of follow-up. All the lenses presented a mean value of <3 degrees showing high stability, even, as the authors
indicated, following potential capsular contractions prior to the surgery. A large study assessing the AcrySof Toric IOL
(Alcon Labs, Fort Worth, USA) in 378 eyes, reported a mean absolute rotation for this model of 5.0+4.6 degrees and 4.8+4.4
degrees at 3 and 12-months post-surgery.” However, another study with 75 eyes implanted with the same lens and analyzed
1 year after the surgery reported a large mean absolute IOL rotation of 8.83+5.26 degrees. It should be noted that high levels
of rotation are expected in eyes with a large axial length: >20 degrees of rotation were reported in 6 eyes with axial lengths of
>25 mm®, and 29.33% of eyes showed high myopia and consequently a large axial length.'® In addition, eyes with high
myopia may have weaker zonules, which may therefore affect the rotational stability of the lens. According to the ISO11979-
7:2018, the absolute value of rotation should be <10 degrees in 90% of the eyes implanted.'' In our study, 97.87% of eyes
had a rotation of <10 degrees with a mean absolute rotation of 1.224+2.21 degrees. We consider that this rotation is not
clinically relevant and, based on these values, we conclude that this lens showed a high degree of rotational stability when
implanted in the capsular bag. This stability correlates with the appropriate post-surgery astigmatism correction (mean
refractive cylinder of —0.36+0.35D) and hence good unaided distance visual acuity (91.5% of patients had a binocular UDVA
of <0.10 logMAR).

We consider that the bilateral implantation of the lens is an important characteristic of our study since the binocular outcomes
reported in our sample correspond only to the toric model. If both eyes of the same patient show a specific astigmatism value
which consider the use of toric IOLs, surgeons may benefit for bilateral implantation with these lenses taken into account or
results. Predicted postoperative residual refractive corneal astigmatism of 0.75D should be addressed for those patients looking
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for spectacle independence. It is expected to provide good visual and refractive outcomes after being implanted when combined
with accurate biometric preoperative measurements, an accurate [IOL power choice calculation (sphere and cylindrical powers),
and an appropriate surgical technique to control for surgically induced astigmatism. Future studies should consider a large sample
of patients and, specifically, a longer follow-up time. For example, 1-year follow-up data would be desirable to properly confirm
the good rotational stability of the lens once implanted, despite the fact that further rotation is not expected after 6 months post-

surgery.

Conclusion

Our results revealed that the PODEYE toric IOL is an effective option for improving distance visual acuity and reliably
corrects preoperative corneal astigmatism in patients undergoing cataract surgery when implanted bilaterally. In terms of
rotation, this IOL was rotationally stable with a high percentage of eyes presenting small rotation values.
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