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Purpose: To determine clinical and refractive results after the implantation of EyeCryl Phakic Toric intraocular lens in patients with
stable keratoconus.

Methods: The study included all patients diagnosed with keratoconus who underwent implantation of an EyeCryl Phakic Toric
intraocular lens (Biotech Healthcare Holding; Ahmedabad, India) in at least one eye and had a follow-up of at least 12 months. Visual
and refractive data were collected for all patients, along with corneal tomography measurements using Pentacam, and vault
measurement using optical coherence tomography. This retrospective study was conducted at a high-volume private refractive surgery
center in Medellin, Colombia.

Results: A total of 83 eyes from 47 patients were included in the study. The majority (71.1%) were female, with a mean age of 31.2 + 5.1
years. After 12 months of follow-up post-surgery, the spherical equivalent improved significantly from —8.19 +4.04 D to —0.06 + 0.48 D (p <
0.001). Furthermore, 77% of eyes had a post-surgical spherical equivalent within +£0.50 D, while 92% had residual astigmatism <0.50
D. Twelve months after surgery, mean manifest astigmatism was —0.28 £ 0.27 D. Uncorrected visual acuity also showed improvement, from
1.11£0.35 LogMAR t0 0.14 + 0.11 LogMAR. Moreover, 52.4% of eyes demonstrated an improvement of at least one line in best-corrected
visual acuity. Notably, no intraoperative or postoperative complications were observed in the study population.

Conclusion: The implantation of EyeCryl Phakic Toric intraocular lenses represents a highly effective and safe option for correcting
refractive errors in patients with a history of keratoconus. Refractive accuracy is excellent, and a significant proportion of patients
experienced an improvement in their best-corrected vision by at least one line.
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Introduction
Keratoconus is a common primary corneal ectasia, typically associated with high levels of refractive error, primarily
myopia and astigmatism. These defects can lead to a decreased quality of life for patients," many of whom seek options
to reduce their dependence on glasses or contact lenses. Additionally, there is a subset of patients who, for various
reasons, do not tolerate external optical correction, such as those with anisometropia (glasses) or difficult-to-treat dry eye
(contact lenses).” Poor tolerance to contact lenses and glasses severely impacts quality of life, so these may not be
optimal options for many patients.

Corneal surgery-based options are not feasible for all patients and usually do not allow for complete correction of the
defect in patients with high ametropias. In these patients, especially those with relatively low levels of higher-order
aberrations, implantation of phakic intraocular lenses (PIOLs) may be a viable option.® These lenses offer the advantage

Clinical Ophthalmology 2024:18 2741-2749 2741
Received: 18 June 2024 © 2024 Balparda et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT Php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 5 September 2024
Published: 2 October 2024

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-4041-9370
http://orcid.org/0000-0002-7302-309X
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Balparda et al Dove

of preserving accommodation in patients who are not yet presbyopic, while largely correcting ametropia without
compromising corneal anatomy and strength.

Currently, there are few studies evaluating postoperative outcomes of PIOL implantation in patients diagnosed with
keratoconus. There are a couple of studies evaluating outcomes using a posterior chamber PIOL based on collamer. Only one
study” evaluated outcomes using a hydrophilic type EyeCryl Phakic Toric lens (Biotech Healthcare Holding; Ahmedabad,
India) in keratoconus patients, but it was a report involving few eyes and relatively short follow-up of only six months.

This study was designed to retrospectively evaluate visual and refractive outcomes in keratoconus patients who had
undergone EyeCryl Phakic Toric lens implantation in at least one eye. The aim is to provide better information regarding
the outcomes achieved with this specific device in this patient population. Providing evidence on the safety of these
devices in keratoconus patients could enhance surgeons’ confidence in recommending them to this group. Consequently,
it could offer another means of improving their quality of life, particularly when they are unable to tolerate glasses or
contact lenses and wish to reduce their dependence on these corrective devices.

Methods

Study Design

This is a retrospective, descriptive study designed to report visual and refractive outcomes 12 months after the
implantation of EyeCryl Phakic Toric intraocular lenses in a population of patients diagnosed with keratoconus.
Patients who received the lens in at least one eye were included. All interventions were performed by the same
experienced refractive surgeon (K. B)., using a standardized surgical technique. Data were collected directly from the
medical records and other diagnostic tests of each patient, prior to surgery, at six months, and 12 months after the
intervention. When multiple preoperative evaluations were available, the value taken as the preoperative status was the
last evaluation performed before the intervention.

Study Population

This study included a total of 83 eyes from 47 patients under 40 years of age, with a confirmed diagnosis of keratoconus
by corneal tomography. These were patients who voluntarily sought surgical intervention to reduce their refractive
burden, either due to intolerance to glasses or contact lenses, or simply due to a desire to decrease their use. All patients
had a completely normal physical examination except for the presence of corneal abnormality and associated refractive
defect. Patients with other ocular comorbidities, including glaucoma, cataracts, or retinal detachment, were excluded.
Patients with any other ocular conditions, such as pterygia, severe dry eye, or maculopathy, were also excluded. All
patients were required to have a visual acuity of at least 20/50 (LogMAR 0.39) or better with the best possible subjective
correction using an automated phoropter.”

All patients underwent tomographic, aberrometric, and axial length measurements using the Pentacam AXL Wave
(Oculus, Wetzlar, Germany) with software version 6.10r59. Additionally, endothelial cell counts were assessed with
a Konan CellCheck specular microscope, and anterior segment optical coherence tomography (OCT) was performed
using a Zeiss Cirrus HD-OCT with software version 11.5.2.54532. All tests were conducted without the use of dilating
drops to avoid altering the vault measurements, which were taken through the undilated pupil.

Intraocular Lens Calculation

For intraocular lens calculation, data from corneal tomography with Pentacam AXL Wave were primarily used. The
manufacturer’s calculator was used for intraocular lens calculation. This calculator is available online at https://
biotechcalculators.com/phakic _home.php currently using version V.1.1.2 2018. It utilises data from steep keratometry,

flat keratometry, pre-operative sphere, pre-operative cylinder, corneal thickness, back vertex distance, white-to-white
distance, and anterior chamber depth. The keratometry readings were primarily obtained using the Equivalent K Reading
65 (EKR Display) in the 4.5mm zone. Refraction was mainly based on subjective manifest refraction, although decision-
making for cylinder power and axis partially relied on data from Total Corneal Refractive Power in the 3.0mm zone and
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objective refraction by aberrometry in the 3.0mm and 4.0mm optical zones. In all patients, the surgical refractive target
was emmetropia, so the lens predicting a spherical equivalent closest to 0.00 D was selected.

Surgical Technique
All surgeries were performed by the first author (K. B). In cases where surgery was performed on both eyes, it was done
under immediate sequential bilateral manner, operating on both eyes the same day, according to protocols previously
discussed by our group.’

All patients initially had biometric evaluation using ARGOS (Alcon; Fort Worth, United States) to compensate for
cyclorotation in the supine position. For all surgeries, the surgeon sat at the head of the patient. No surgery was
performed with the surgeon seated in a temporal approach. The patient’s face was washed with 10% povidone-iodine on
eyelids and 5% on conjunctivas. Sterile surgical fields were placed followed by Tegaderm. The procedure began with
a superior paracentesis using a 1.lmm diamond blade, followed by filling the anterior chamber with preservative-free
lidocaine. Subsequently, the anterior chamber was filled with 1.4% Sodium Hyaluronate (Biohyalur Plus; Biotech
Healthcare Holding; Ahmedabad, India) until complete pressurization was observed. Next, a temporal incision of
2.8mm was made with a diamond blade. Since the surgeon was seated at the top, the incision for the right eye was
made with the right hand, while for the left eye, the hand on that same side was used. The intraocular lens was carefully
injected into the anterior chamber, and its four haptics were then placed behind the iris. Toric orientation was verified
using the VERION system (Alcon) using data previously obtained by ARGOS. Finally, the anterior chamber was filled
with Moxifloxacin 0.5% / Dexamethasone 0.1% preservative-free (Oftamox D UD; Tecnoquimicas, Colombia).

The lead author does not usually use Acetylcholine to induce miosis since some cases of anterior segment toxic
syndrome have been reported in Colombia in patients in which this compound was used.®

Statistical Analysis

All quantitative data are expressed as measures of central tendency and dispersion. On the other hand, qualitative
variables are expressed through absolute and refractive proportions. Data are presented using the six standardized figures
for reporting refractive outcomes.’

When comparisons were made between preoperative and 12-month data, the following approach was taken: First, the
assumption of normal distribution of data for the different variables was evaluated using the Shapiro—Wilk test. If both
variables being evaluated had a normal distribution, a paired Student’s ¢-test was used for comparison. In cases where
there was no normal distribution, a Wilcoxon test was performed. The significance level for achieving statistical
significance was set at 0.05.

Bioethics

The protocol of this study was previously reviewed and approved by the ethics committee of the Clinica de Oftalmologia
Sandiego (Medellin, Colombia). Since it was a retrospective study based solely on the review of medical records,
obtaining informed consent was not deemed necessary, patient data privacy and confidentiality was respected. The study
adhered to the tenets of the Declaration of Helsinki and was approved by local institutional review boards.

Results

A total of 83 eyes from 47 patients were included in this study. Bilateral surgery was performed in 36 patients (76.6%),
while the remaining 11 patients (23.4%) underwent surgery in only one eye. The majority of included patients were
female (n = 33, 70.2%), with a mean age of 31.2 + 5.1 years.

Of the total subjects, 18 (38.3%) had a history of receiving Crosslinking in at least one eye. Similarly, in 8 of the
operated eyes (9.6%), there was a history of intra-stromal ring segment implantation, with half performed by the primary
author of this study and the other half by previous surgeons. One patient (2.1%) had a history of Artiflex phakic
intraocular lens implantation in the contralateral eye to the one undergoing surgery. According to the Amsler-Krumeich
classification, 72 eyes (86.7%) were categorized as grade 1, while the rest (n = 11; 13.3%) were grade 2.
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Table | Table Summarizing the Preoperatory Results and Those Achieved 12
Months After Surgery, Along with the p value of the Wilcoxon Test

Preoperatory (SD) | 12 months (SD) | p value
Refractive Sphere (D) —-6.75 (4.03) 0.07 (0.46) <0.001
Refractive Cylinder (D) —2.88 (1.63) —-0.28 (0.27) <0.001
Spherical Equivalent (D) -8.19 (4.04) —0.067 (0.48) <0.001
IOP (mmHg) 11.3 (1.93) 10.8 (11.82) 0.528
UCDVA (LogMAR) 1.11 (0.35) 0.14 (0.11) <0.001
CDVA (LogMAR) 0.14 (0.09) 0.08 (0.12) <0.001
Cell Density (Cells/mm?) 2968 (250.7) 2957 (292.0) 0.450
Corneal Astigmatism (D) -3.19 (1.85) —-3.07 (1.64) 0.132
Kmax (D) 49.7 (1.30) 49.5 (1.15) 0.092

Notes: Bold values represent statistically significant difference.
Abbreviations: SD, Standard Deviation; D, Diopter; mmHg, Millimeters of Mercury.

The baseline characteristics of the study population, along with visual and refractive outcomes, can be seen in Table 1
and Figures 1 and 2 depicts the slit-lamp examination photograph of one of the study patients with a history of intra-
stromal ring segment implantation in the eye where the intraocular lens was implanted. A Scheimpflug-based image of
the phakic lens in a patient with corneal ring can be found in Figure 3.

All surgeries were straightforward and free of complications. None of the patients experienced elevated intraocular
pressure episodes or spontaneous intraocular lens rotations. No complications were observed throughout the study period.

Discussion
Keratoconus is a relatively common corneal disease that can significantly impact not only visual quality but also the
quality of life of affected individuals.® Patients with this condition typically exhibit high levels of associated refractive
errors, even after undergoing other surgical interventions, such as intrastromal ring segment implantation. On average,
patients with keratoconus managed with glasses or contact lenses may have mean spherical equivalent levels ranging
from —3.87 £ 1.61 D to —4.12 = 1.19 D.° In patients undergoing intrastromal ring segment implantation, the mean
spherical equivalent may be around —7.39 + 2.42 D.'°

Refractive management in patients with keratoconus poses a therapeutic challenge in most situations. Various
approaches may help reduce refractive burden to some extent, aiming to decrease the need for glasses or contact lenses.
Corneal-based approaches, such as the “Athens Protocol” or the “Crete Protocol”, can help regularize the cornea and
decrease refractive burden in well-selected subjects.'’ An important study published by Kannellopoulos'? has demon-
strated how, 10 years after topography-guided photorefractive keratectomy (PRK) followed by corneal cross-linking
(“Athens Protocol”), most patients achieve complete corneal stability and significant visual improvement without
correction. It may also be feasible to consider performing PRK or transepithelial PRK as a secondary procedure (after
cross-linking) in selected patients.''

Approaches based on corneal laser surgery offer the benefit of better corneal regularization, primarily by reducing

3 However, a limitation of cornea-based

higher-order aberrations, a universal characteristic of corneal ectasias.’
approaches is that they require ablation of variable amounts of corneal tissue, producing a decrease in thickness of
a primarily weakened tissue, corresponding precisely to the pathophysiology of the disease. Additionally, only
a percentage of the patient’s refraction typically can be corrected to allow for greater preservation of corneal tissue.

These patients are generally left with variable levels of refractive error.
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Figure 2 Clinical photograph of a patient belonging to this study, with a history of previous corneal ring implantation by another surgeon, who underwent EyeCryl Phakic
Toric intraocular lens implantation.

Figure 3 Scheimpflug-based image corresponding to one of the patients in the study. Please note the presence of the phakic lens (A) along with the intra-stromal ring.
Scheimpflug-based vault measurement is 485 micrometers.

Hence, some authors have suggested that phakic intraocular lens implantation may enable precise and safe correction
of refractive error in some keratoconus patients. This could be particularly applicable in patients with ectasias with low
levels of higher-order aberrations, either because their disease is mild, or because they have undergone previous corneal
regularization procedures such as intrastromal ring segment implantation or topography-guided excimer laser.'*
Therefore, phakic intraocular lens implantation might be especially recommended in patients younger than 40 years
with relatively mild keratoconus, achieving relatively good vision with phoropter or glasses.

An additional benefit of intraocular lens implantation is that it allows for essentially complete correction of refractive
error. This is important because, as known, corneal-based approaches do not always target complete correction due to the
imperative need to conserve most of the corneal tissue.

The present study demonstrates the 12-month follow-up experience in a group of keratoconus patients who underwent
EyeCryl Phakic Toric intraocular lens implantation by a high-volume expert surgeon in Colombia (K. B). This same
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research group had previously published their experience in such situations, with a shorter follow-up (six months) and
a smaller number of cases.*

In the current study, visual and refractive outcomes were excellent. The preoperative spherical equivalent of —8.19 + 4.04
D improved to —0.06 + 0.48 D after 12 months of postoperative follow-up. This value is similar to that reported previously
using the same type of intraocular lenses,” where an improvement in spherical equivalent from —10.31 D to +0.09 D was found
six months after surgical intervention. Previously, Antonios et al'> had found that, after implantation of ICL lenses in
keratoconus patients, the spherical equivalent improved from —6.81 + 3.68 D to —0.83 £ 0.76 D. The fact that our results
are slightly closer to emmetropia can probably be explained by the fact that, in Antonios’ study, the steeper keratometry and
maximum keratometry (50.49 + 4.42 and 53.08 + 5.17, respectively) were higher than those found in the present study,
corresponding to patients with more advanced clinical conditions than those reported in the present study.

The improvement in visual quality with and without correction after implantation of this type of device is also
significant. In the present study, 20% of patients achieved uncorrected visual acuity of 20/20 (LogMAR 0.00) or better.
This is similar to the 40.6% of patients who achieved similar vision after surgery in Fairaq et al’s study.'® In a previous
article,'” using ICL lenses, the uncorrected visual acuity achieved 12 months after surgery was 0.17 £ 0.06 LogMAR,
similar to the 0.14 £+ 0.11 achieved in the present study. Our group had previously reported uncorrected vision of 0.18
LogMAR at six months in a similar population.*

Regarding refraction, the present study demonstrated excellent refractive accuracy, with 77% of eyes having
a spherical equivalent within +0.50 D after twelve months of follow-up. This value is comparable to previous studies

such as that of Kamiya et al,'’

who found this level of refractive accuracy in 67% of their cohort.

In the studied population, no postoperative complications compromising visual quality occurred. There were no
instances of ocular hypertension, glaucoma, unintended lens rotations, or other adverse events. This supports the concept
of the safety of such interventions, as emphasized by previous articles.

This article has several limitations that should be acknowledged. First, the retrospective nature of the study may lead to
incomplete data for some patients and lacks the higher level of standardization typically achieved in a prospective clinical
study. Second, it is important to note that the biometric data for intraocular lens (IOL) calculation was obtained using
different equipment (Pentacam AXL Wave) than what was used for toric alignment (Argos/Verion). Some may consider this
discrepancy a potential limitation. However, the authors have been using this combination for several years without any
issues. While Argos/Verion is primarily employed to assist with the precise placement of toric IOLs, all IOL power
calculations were conducted using the Pentacam AXL Wave, which has proven to be reliable across a wide range of clinical
scenarios. Another potential limitation is the presence of varied surgical backgrounds among the patients, with some having
undergone crosslinking and others having intra-stromal ring implantation, for example. This diversity could introduce some
confounding factors into the measurements. However, this variability might also be considered a strength, as it offers
evidence on the effectiveness of these phakic lenses in well-selected patients, regardless of their prior surgical history.

Conclusions

The implantation of EyeCryl Phakic Toric intraocular lenses represents a safe, effective, and efficient option for
correcting high refractive errors in patients with mild to moderate keratoconus. In the studied population, up to 98%
of patients had a spherical equivalent of £1.00 D. This suggests that, with proper patient selection, individuals with mild
keratoconus can achieve excellent visual outcomes with this surgery, with 98% attaining uncorrected functional vision
(20/40 or better).
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