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Purpose: We evaluate visual outcomes in patients with EVO/EVO+™ (posterior chamber phakic intraocular lens with a central port)
within approved United States (US) age and refractive range indications.

Patients and Methods: This single-center retrospective study evaluated one-month, single-center postoperative data for 225 eyes
meeting inclusion criteria and undergoing EVO/EVO+ implantation from April to October 2022. Data included lens size (mm), lens
power (diopters of spherical and cylindrical power), preoperative best corrected visual acuity, preoperative spherical equivalent from
manifest refraction, achieved postoperative uncorrected visual acuity, postoperative refraction, intraocular pressure (mmHg), and
adverse events.

Results: A total of 225 eyes underwent EVO/EVO+ Implantable Collamer Lens (ICL) implantation from April to October 2022, with
51.5% receiving toric lenses. The most common ICL size was 12.6mm (56.4%), followed by 13.2mm (27.5%), 12.1mm (15.1%), and
13.7mm (0.9%). Among patients with preoperative BCVA of 20/20 or better (149 eyes), 95.2% achieved postoperative UCVA of 20/20
or better, and 99.3% achieved UCVA of 20/25 or better at postoperative month one. About 75% of eyes were within a spherical
equivalent target of +0.50 D and 94% within £1.00 D. Toric ICLs were implanted in 116 eyes (51.8%). Of these, anticipated residual
cylinder >1 diopter was seen in 21 eyes (18.1%) resulting in three rotations, three explants, and three laser vision correction (LVC)
enhancements. The postoperative adjustment rate (including rotations, exchanges, and LVC enhancement) was minimal (4.8%).
Incidence of major adverse events was 0%.

Conclusion: Our study, the largest US single-center analysis of EVO/EVO+ ICL implantation, demonstrates strong early results and
infrequent adverse events, supporting ICL safety and effectiveness. High predictability and favorable visual outcomes, including 20/20
or better, highlight the reliability of this technology. Despite study limitations, our findings underscore this technology’s effectiveness.
Future research should refine patient criteria and assess long-term outcomes in this evolving landscape.

Plain language summary: This research study aimed to investigate the outcomes of the EVO/EVO+ Implantable Collamer Lens
(ICL), a potential alternative to laser vision correction procedures for people with refractive errors such as myopia, with and without
astigmatism. One of the goals was to study how effective and safe the EVO ICL is by analyzing a large group of patients (225 eyes,
113 patients) who had undergone implantation of these lenses at a single practice in the US.

We examined postoperative vision, complication rates, and percentage of patients that required a secondary procedure for a visual
enhancement. One hundred percent of patients whose vision was correctable to 20/20 in either eye preoperatively achieved 20/20
vision or better without correction at one month postoperatively. Among eyes that were correctable to 20/20 preoperatively, 95%
achieved 20/20 or better without correction postoperatively and 99% of eyes achieved 20/25 or better.
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EVO ICL offers great visual outcomes and is an effective treatment option for the treatment of myopia with and without
astigmatism. This procedure has a low risk for complications, indicating its safety. By providing this comprehensive evaluation, we
hope to give people considering incorporating the EVO ICL surgery into their practice a better understanding of the safety and
effectiveness of the procedure. Ultimately, our study aims to improve patient outcomes and enhance the overall quality of care in the
field of refractive surgery.

Keywords: refractive surgery, visual outcomes, postoperative complications, myopia, astigmatism

Introduction

Uncorrected refractive errors, including myopia, hyperopia, and astigmatism, are the primary cause of visual impairment
and the second most common cause of blindness worldwide.* The evolution of refractive surgery has seen significant
advancements in recent years, with the introduction of new forms of laser vision correction and novel surgical techniques
including intraocular devices designed to address refractive errors. Among these innovations, the EVO and EVO+ Visian
Implantable Collamer Lenses™ and STAAR Surgical Inc. (posterior chamber phakic intraocular lens with a central port),
introduced in 2011 and 2015, respectively, have been documented as an effective and safe option for vision correction.®”’
These lenses have gained considerable attention as a refractive surgery option due to their potential advantages, such as
excellent optical quality, removability, and minimal induction of dry eye symptoms, especially for individuals with thin
corneas, high myopia, or irregular corneal topography.®*'® In March 2022, the United States Food and Drug
Administration (US-FDA) granted approval for the EVO/EVO+ Sphere and Toric ICL lenses.'' These lenses are
specifically indicated for individuals aged 21-45 years seeking correction or reduction of myopia with and without
astigmatism, including patients with a spherical equivalent (SE) of —3.0 D to —20.0 D at the spectacle plane, as well as
for individuals with myopic astigmatism with a SE of —3.0 D to —20.0 D, and astigmatism of 1.0 D to 4.0 D at the
spectacle plane.'?

The existing body of research has provided encouraging evidence regarding the safety and effectiveness of the EVO
ICL in improving visual acuity, as reviewed by Wannapanich et al.'> However, questions regarding the predictability,
stability, and long-term visual outcomes of the EVO ICL, as well as potential complications and their incidence rates,
need to be further addressed to establish a comprehensive understanding of this refractive surgery technique. While
smaller-scale studies have shown promising results, the absence of more comprehensive evaluations in a large cohort of
ICL patients within the US impedes a thorough understanding of the technique’s efficacy, safety, and long-term outcomes
within this population.

In this study, we aim to bridge this knowledge gap by presenting the largest retrospective single-center analysis of the
EVO/EVO+ ICL in the US to date, examining refractive outcomes and the overall effectiveness of this lens in correcting
a wide range of refractive errors. By analyzing a substantial number of patients who underwent ICL implantation, we
intend to provide a comprehensive assessment of the refractive outcomes achieved and identify factors influencing visual
acuity improvement, predictability, and stability in a post-approval, real-world commercial setting. Additionally, we seek
to investigate the occurrence of complications and secondary procedures, including postoperative visual disturbances,
laser-assisted in situ keratomileusis (LASIK) enhancement, photorefractive keratectomy (PRK) enhancement, and ICL
explantation, to gain insights into the safety profile of the EVO ICL. We hypothesize that the EVO ICL will demonstrate
positive refractive outcomes with a low incidence of complications, positioning it as a viable option for individuals
seeking refractive correction.

Materials and Methods

Patients

This was a single-practice retrospective analysis of 225 ICL procedures for myopia with or without astigmatism using the
EVO and EVO+ lens performed at Parkhurst NuVision between April 2022 and October 2022 by four surgeons.
Informed consent for surgery and institutional review board approval was obtained (Advarra Institutional Review
Board (Columbia, USA)). The study complied with the tenets of the Declaration of Helsinki. Inclusion criteria were
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patients who were deemed candidates for ICL surgery during this time period (including off-label indications) who also
had sufficient follow-up data up to postoperative month one (POM 1) visit with manifest refraction. Subjects were
excluded if they had any prior ocular surgery, active or uncontrolled autoimmune diseases, systemic disease likely to
affect wound healing such as diabetes and severe atopy, or if they were pregnant or nursing. Study data included lens size
(mm), lens power (diopters of spherical and cylindrical power), preoperative best corrected visual acuity, preoperative
spherical equivalent from manifest refraction, achieved postoperative uncorrected visual acuity, postoperative refraction,
intraocular pressure (mmHg), and adverse events.

The lens power closest to the postoperative plano target was selected based on the individual’s age. For patients greater
than 20 years old, the target spherical equivalent was +0.30 D, gradually decreasing to plano until age 45. Patients desiring
blended vision were excluded from the study group. If available, the EVO+ lens was used; otherwise, the EVO lens was used.

Surgical Protocol

The surgical approach for lens implantation displayed a shared methodology among all surgeons in this center. The
patients were administered dilating agents. After topical anesthesia, surgery was initiated by creating an entry point
aligned with the steepest axis of the corneal cylinder, alternatively temporal placement depending on surgeon preference.
To accomplish this, a 3.0-mm keratome blade was employed. Notably, no astigmatic interventions, such as limbal
relaxing incisions, were executed. The ICL was inserted with the use of an injector cartridge (STAAR Surgical) after
placement of an ophthalmic viscosurgical device (OcuCoat, Bausch & Lomb, Rochester, NY) into the anterior chamber.
The ICL was placed in the posterior chamber, and the viscosurgical device was completely washed out of the anterior
chamber with a balanced salt solution. The patients did not undergo preoperative or intraoperative peripheral iridec-
tomies. Sequential bilateral surgery was performed for all cases with completely separate sterile instrument sets, and
medications from separate lot numbers were used. An immediate postoperative examination was conducted 1 hour after
surgery to ensure proper intraocular pressure and secure sutureless wound closure. Patients were monitored after surgery
at postoperative day one (POD 1), postoperative week one (POW 1), and postoperative month one (POM 1). Study data
included lens size, lens power, manifest refraction, achieved postoperative uncorrected visual acuity, intraocular pressure,
and adverse events.

Statistical Analysis

Postoperative data from the POM 1 visit was used for analysis, if available. Student’s t-tests were used to calculate the
statistical significance of any changes in IOP. Microsoft Excel 2023 (Version 16.74. Microsoft Corporation, Redmond, WA,
USA) was used for data entry and statistical analysis. A p-value <0.05 was defined as statistically significant. To assess the
clinical disparities among the groups, UDVA and refractive data were employed for comparisons when deemed suitable.

Results

Demographics

During the study period, 225 eyes received EVO/EVO+ ICL implantation and met inclusion criteria. Toric lenses
accounted for 116 eyes (51.6%). The most common ICL size was 12.6mm (56.4%), followed by 13.2mm (27.6%),
12.1mm (15.1%), and 13.7mm (0.9%). The mean spherical ICL power was —9.14 D with a range from —3.50 D to —17.50
D. The mean cylindrical ICL power was 2.35 D with a range from 1.00 D to 4.00 D (Table 1).

Outcomes
One hundred percent of patients whose vision was correctable to 20/20 in either eye preoperatively achieved 20/20 vision
or better without correction at one month postoperatively. Among 149 eyes that were correctable to 20/20 or better
preoperatively, 95.1% achieved 20/20 or better without correction postoperatively and 99.3% of eyes achieved 20/25 or
better at postoperative month one.

In all eyes, regardless of preoperative BVCA, 84.4% achieved 20/20 or better UCVA and 99.2% of all eyes achieved
20/40 or better. In patients with preoperative BCVA 20/25 (34 eyes), 32 eyes (94.1%) had a POM 1 UCVA 20/25 or
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Table | Study demographics and ICL
Characteristics

Eyes (Patients) 229 (116)
Toric lens, n (%) 121 (52.84)
ICL size mm, n (%)

12.1 35 (15.28)

12.6 130 (56.77)

13.2 62 (27.07)

13.7 2 (0.87)
Spherical power (D)

Mean (SD) —9.14 (3.05)

Median —-9.00

Min, Max —-3.50, —17.50
Cylindrical power (D)

Mean (SD) 2.35 (0.97)

Median 2.00

Min, Max 1.00, 4.00
Postoperative adjustments, n (%)

LASIK enhancement 4 (1.75)

PRK enhancement | (0.44)

ICL explantation 2 (0.87)

ICL rotation 3 (1.31)

ICL exchange | (0.44)

Abbreviations: n, sample size; %, percentage of all eyes; mm,
millimeters; LASIK, laser-assisted in situ keratomileusis; ICL,
implantable collamer lens; D, diopters; SD, standard deviation;
PRK, photorefractive keratectomy.

better and 100% had a POM 1 UCVA 20/30 or better (Figure 1). Patients with preoperative BCVA 20/30 or worse, 24
eyes (52.2%) reached POM 1 UCVA 20/20 or better, 36 eyes (78.3%) reached POM 1 UCVA 20/25 or better, 39 eyes
(84.8%) reached POM 1 UCVA 20/30 or better, and 44 eyes (95.7%) reached POM 1 UCVA 20/40 or better. One month
after surgery, 75.1% of eyes were within a spherical equivalent of £ 0.50 D and 94% of eyes were within a spherical
equivalent of = 1.00 D of target (Figure 2). Toric ICL was implanted in 116 eyes (51.6%). Of these, residual cylinder >1
diopter of anticipated was seen in 21 eyes (18.1%) with 3 of these requiring rotation, 1 requiring ICL exchange, and 3
requiring laser vision correction (LVC) enhancement (Figure 3). Among all study eyes, the rate of postoperative
adjustment (including ICL rotation, exchange, and LVC enhancement) was minimal (4.8%). Of note, 5 eyes with
postoperative astigmatism >/= 1.0 D had either stable keratoconus with history of cross-linking or high degree of
astigmatism (>/= 4.0D) pre-operatively, both off-label (Figure 3). The average IOP showed no clinically meaningful
change from the preoperative to postoperative visits. The mean IOP measurement was 16.6 preoperatively and decreased
postoperatively to 14.1 (POD 1), 15.6 (POW 1), and 15.1 (POM 1) (Table 2).
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Figure | Postoperative Month One Uncorrected Visual Acuity. Achieved uncorrected visual acuity (UCVA) at postoperative month one among patients with a preoperative
best corrected visual acuity (BCVA) of 20/20 or better; n= 149 (A), 20/25, n= 34 (B), and 20/30 or worse, n= 46 (C). 95.30% of eyes with preoperative BCVA 20/20 had

postoperative UCVA 20/20 (A).
Abbreviations: BCVA, best corrected visual acuity; POMI, postoperative month one; UCVA, uncorrected visual acuity; n, number of eyes, %, percentage.

Adverse Events

A total of 8 out of 225 eyes (4.8%) required enhancement by either cornea-based refractive surgery or toric ICL rotation.
Four eyes (4/225 eyes, 1.7%, two subjects) underwent LASIK enhancement, one eye underwent PRK enhancement
(0.44%), three eyes underwent ICL rotation (1.31%), and two eyes (0.87%) underwent ICL explantation due to persistent
bilateral idiopathic anterior uveitis.

Four eyes (4/225 eyes, 1.75%, two subjects) underwent LASIK enhancement. The first patient was hyperopic with a post-
ICL residual manifest refraction of 1.00/-0.25/029 in the right eye and 1.50/0/0 in the left eye. The vault size was on the
higher end of the spectrum but still acceptable LVC vs ICL exchange was discussed, and LASIK was decided on to treat the
residual hyperopia. The patient was 20/20 without correction at distance after LASIK enhancement. The second patient was
also symptomatic to residual hyperopic astigmatism with a post-ICL residual manifest refraction of 1.00/-0.50/149 in the
right eye and 1.00/-0.75/160 in the left eye. Post-LASIK uncorrected distance visual acuity was 20/20-1 in the right eye and
20/20-2 PH 20/20 in the left eye. One eye underwent PRK enhancement (0.44%). This patient had a known history of
amblyopia in that eye and was aware of visual limitations. ICL rotation calculations predicted improvement in residual
manifest refraction with an ICL rotation of 11-12 degrees CCW from the current position. The current toric marking was 179
with the ideal toric marking between 167 and 168 degrees. The patient elected to proceed with PRK enhancement instead of
an ICL rotation with improvement in visual acuity to 200/25-2 PH 20/20-1. IOP and vault size remained stable Three eyes
underwent ICL rotation (1.31%). Of these, the first patient’s ICL vault size was good, but the lens was tilted on ultrasound.
Ultrasound also showed a small ciliary body cyst. The patient had improvement in vision to 20/20 with a stable IOP. The
other two ICL rotations were performed for both eyes of one patient given symptomatic glare in dim settings. The right eye
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Spherical Equivalent Refraction (D)

Figure 2 Postoperative Month One Spherical Equivalent Refractive Accuracy. Accuracy of spherical equivalent refractive correction at postoperative month one. 74% of
eyes were within = 0.50 D and 93% of eyes were within + 1.00 D of emmetropia.
Abbreviations: POM 1, postoperative month one; D, diopters; %, percentage.
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Refractive Cylinder (D)

Figure 3 Postoperative Month One Residual Refractive Cylinder. Among the 229 study eyes, 55% of eyes had 0.50 D or less of residual cylinder and 86% of eyes had 1.00
D or less residual cylinder.
Abbreviations: POM |, postoperative month one; D, diopters; %, percentage.

ICL rotation axis was changed from 171 to 177. The left eye ICL rotation axis was changed from 158 to 169. The patient had
marked improvement in visual acuity to 20/25+1 PH 20/20 in the right eye and 20/20-1 in the left eye. The vault size
remained adequate with a normal IOP. One eye underwent ICL exchange for a smaller size. The initial 12.6 lens size was
exchanged for a 12.1 lens size to ensure best fit for the patient’s vault size. IOP remained normal before and after the ICL
exchange. Two eyes (1 patient) underwent ICL explantation due to persistent bilateral idiopathic anterior uveitis.
Incidence of cataract, endophthalmitis, toxic anterior segment syndrome, pigment dispersion, any form of glaucoma,
retinal detachment, endothelial cell loss leading to corneal decompensation, sympathetic ophthalmia, and traumatic

rupture of the globe at the incision site were all 0% in this study. No other major adverse events were reported.
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Table 2 Intraocular Pressure Measurements Remained Stable During the
Perioperative Study Period

IOP N (%) Mean Median | Standard Deviation
Preoperative | 208 (90.83) 16.6 17.0 4.02
POD | 227 (99.13) 14.1 14.0 3.68
POW | 148 (64.63) 15.6 15.0 4.07
POM I 214 (93.45) 15.1 15.0 4.16

Abbreviations: N, number of eyes; %, percentage of all eyes; |IOP, intraocular pressure; POD
|, postoperative day; POW |, postoperative week one; POM |, postoperative month one.

Discussion

The evolution of refractive surgery has brought various options for patients desiring vision correction. Among them, the
EVO/EVO+ ICL has offered a revolutionary approach that accommodates diverse patient needs and refractive
challenges."* This retrospective analysis from a single-center private practice accentuates their effectiveness, safety,
and potential benefits. This retrospective analysis, rooted in data from a single-center private practice, underscores the
potential of this technology which promises greater customization for patients. While the results are promising, they also
highlight the continuous journey of innovation in the realm of ophthalmology. Our findings contribute to the growing
body of evidence regarding the effectiveness and safety of these innovative lenses in addressing various refractive errors
and enhancing overall visual quality.

Traditional corneal refractive procedures like LASIK, laser-assisted lenticular extraction (LALEX), and photo-
refractive keratectomy (PRK) have certain limitations, particularly for individuals with thin corneas, high myopia, or
irregular corneal topography.'® In such cases, ICL provides an alternative, preserving the corneal structure. ICLs rest
securely in the sulcus, thereby avoiding any alterations to the cornea’s integrity. This positioning offers an added
advantage as it does not compromise corneal biomechanics or expose the eye to potential surface-related complications.
Furthermore, the removable nature of ICL implantation offers a unique benefit, allowing for adjustments, exchange, or
removal if required, thereby providing a safety net not typically available with corneal reshaping procedures. The
biocompatible materials used in ICLs, combined with their minimally invasive placement, make them a favorable option
for addressing a spectrum of refractive errors while maintaining the eye’s structural and physiological integrity.

Subgroup analysis based on pre-operative BCVA showed the vast majority of patients maintained the same visual
acuity range postoperatively, with a significant proportion of patients gaining 1 or more lines of vision. This improvement
is often attributed to the high-quality optics of the ICL, which can avoid the induction of higher-order aberrations, and the
closer proximity to the nodal point of the eye, leading to sharper vision. This is consistent with prior studies that have
demonstrated effectiveness of the ICL, leading to a gain in lines of vision.'®

Our study observed excellent postoperative visual acuity with a significant number achieving UCVA of 20/20 or
better. This aligns with prior reports on ICL outcomes.'’ The predictability of this lens implantation is further under-
scored by the stability of refraction outcomes.'® The refractive accuracy of post-implantation was corroborated by
a reduced standard deviation in postoperative spherical equivalent values. Additionally, our examination highlighted
a consistent reduction in postoperative astigmatic errors, emphasizing the ICL’s capability to address cylindrical
refractive discrepancies effectively. Collectively, these observations bolster the assertion that ICL implantation offers
not only precision but also repeatability, merging both safety and effectiveness in refractive correction.

In our analysis, we aimed to provide an evaluation of the short-term safety profile associated with ICL implantation.
Earlier ICL models posed safety concerns including endothelial cell loss, cataract formation and narrowed iridocorneal
angles.'” ' However, the EVO version, with improved design which removes the need for preoperative peripheral
iridotomy, seems to mitigate such complications.'> Our study is in line with other recent evidence and demonstrates an
excellent safety profile of the EVO ICL. We did not observe any incidence of cataract, endophthalmitis, toxic anterior
segment syndrome, pigment dispersion, any form of glaucoma, retinal detachment, endothelial cell loss leading to
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corneal decompensation, sympathetic ophthalmia, traumatic rupture of the globe at the incision site, or infectious
keratitis. It is important to note that no cases of postoperative angle closure were noted with EVO ICL in this study.

In recent years, the stability and safety of intraocular pressure (IOP) following EVO ICL implantation have garnered
significant attention in ophthalmological research. The EVO ICL design incorporates features to maintain the natural
flow of aqueous humor, ensuring stable IOP postoperatively.”® This is to not only ensure rotational stability but also
eliminates the need for preoperative peripheral iridotomy, reducing potential associated complications.”> Our study
observed that the average IOP post-implantation remained within normal parameters at various postoperative timeframes,
without notable spikes. Lisa et al emphasized that IOP remained stable across several postoperative intervals, suggesting
a satisfactory safety profile.”* Further supporting these findings, Kamiya et al concluded that the EVO ICL effectively
shows stable IOP long term at 5 year follow-up, which showcases its reliability.*’

Comparing our results with corneal refractive surgeries, especially for high myopia, indicates ICL’s potential super-
iority in extreme cases.”® The ICL appears to demonstrate similar effectiveness as wavefront-guided LASIK in post-
operative higher order aberrations and contrast sensitivity postoperatively.”’ Contrast sensitivity is a pivotal aspect of
visual function, going beyond mere visual acuity to reflect real-world visual experiences. This has been studied where
ICL implantation exhibited commendable performance in terms of simulated night vision, outpacing the results from
wavefront-optimized LASIK.*® This finding accentuates the growing evidence that ICL can offer a holistic enhancement
in vision, emphasizing both clarity and the ability to distinguish between varying shades of light. ICL also preserves
corneal integrity. The biomechanical stability of the cornea post-ICL implantation offers a distinct advantage, particularly
for those at an elevated risk for keratectasia.”” While our study focused on visual outcomes in patients with EVO/EVO+,
we recognize additional areas for potential exploration in subsequent research. Comprehensive astigmatic analyses,
encompassing the flattening effect, summated vector mean of individual incision sites, and the mean magnitude of
surgically induced astigmatism (SIA) for all incisions as a group would help refine our understanding of surgical
outcomes. The work by Yoon et al serves as a noteworthy example in a similar context.>* Their exploration of astigmatic
and uncorrected visual acuity outcomes provides a foundation for our understanding and underscores the significance of
adopting standardized approaches to incisional analysis.

Our study possesses several key strengths that contribute significantly to the field of cataract, refractive, and anterior
segment surgery. Firstly, it stands as the largest single-center retrospective study conducted in the United States,
evaluating postoperative outcomes following EVO/EVO+ ICL implantation. Moreover, the potential variability of
outcomes attributed to surgical technique is minimized, as all patients underwent the procedure performed by the
same surgical team at a single facility. However, it is important to acknowledge that the retrospective nature of our
study does introduce potential biases, and results might not generalize across all clinical settings.

Conclusion

In conclusion, our study, the largest single-center retrospective analysis of EVO/EVO+ ICL implantation in the United States
to date, demonstrates promising early postoperative results with high predictability and favorable visual acuity outcomes.
Safety profiles are positive, adverse events are infrequent, and the study benefits from a consistent surgical technique. While
the short-term follow-up and retrospective nature of the study present as limitations, our findings support the effectiveness
and safety of EVO ICL implantation, further establishing it as a valuable option for refractive correction. Future research,
including prospective studies, should focus on long-term outcomes and refining patient selection criteria, acknowledging the
dynamic landscape of refractive surgery. Patient-centric care remains at the forefront, requiring ongoing research, feedback,
and adaptability. The findings from this analysis not only contribute to the growing body of knowledge but also pave the way
for further studies to validate and expand upon the effectiveness and safety of the EVO ICL.
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