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ABSTRACT 

Background: Astigmatism is the most prevalent refractive error among children and adults, and it can lead to visual impairment 

if left uncorrected. The management of compound hyperopic astigmatism is more challenging. This study presents the 12-month 

outcomes of toric implantable collamer lens (ICL) implantation in eyes with hyperopic astigmatism. 

Methods: This interventional case series included patients with simple or compound hyperopic astigmatism who underwent 

toric ICL implantation. All eligible individuals underwent a detailed ocular examination. Uncorrected and corrected distance 

visual acuities (UDVA and CDVA, respectively), intraocular pressure, and manifest and cycloplegic refraction results were 

documented. Pentacam corneal tomography was performed to assess the central corneal thickness, iridocorneal angle width, 

and anterior chamber depth. Endothelioscopy was performed to determine endothelial cell density. The ICL V4b model was 

implanted in all the included eyes. Safety and efficacy indices were calculated as postoperative CDVA/preoperative CDVA and 

postoperative UDVA/preoperative CDVA, respectively. 

Results: Twenty-six eyes with low-grade simple or compound hyperopic astigmatism were included. All eyes experienced a 

significant improvement of four lines in postoperative UDVA (P < 0.001), and their postoperative CDVA remained stable at the 

12-month follow-up (P > 0.05). The safety and efficacy indices were 1.0. None of the eyes lost two or more lines of CDVA; in 81% 

of the eyes, CDVA was unchanged, and the proportion of eyes with 20/30 or better postoperative UDVA was identical to that 

with 20/30 or better preoperative CDVA (81% for each). The mean manifest spherical equivalent at the 12-month postoperative 

visit had significantly improved (P < 0.001). The percentages of eyes with postoperative spherical equivalent within ± 0.50 D and 

± 1.00 D were 81% and 96%, respectively. The postoperative refractive cylinder improved significantly (P < 0.05), and the 

percentage of eyes with refractive cylinder within ± 0.50 DC and ± 1.00 DC were 50% and 77%, respectively.  

Conclusions: Our outcomes indicate that toric ICL implantation is safe and effective for managing low-grade simple or 

compound hyperopic astigmatism. The proportion of eyes with 20/30 or better postoperative UDVA was identical to that with a 

20/30 or better preoperative CDVA. The manifest spherical equivalent and refractive cylinder were significantly reduced. No 

serious safety concerns were observed. Further prospective large-scale studies with a wide range of ages and grades of hyperopic 

astigmatism are required to verify these preliminary outcomes. 

 

KEYWORDS 

astigmatism, hyperopic astigmatism, phakic intraocular lenses, intraocular collamer lens, compound hyperopic astigmatism, 

ocular refraction. 

 

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-

NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/) which permits copy and 

redistribute the material just in noncommercial usages, provided the original work is properly cited.  

mailto:iamabdulaziz10@gmail.com
https://orcid.org/0000-0002-3359-7646
https://doi.org/10.51329/mehdiophthal1502
https://ivorc.com/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


 Intraocular collamer lens implantation in hyperopic astigmatism 

 
 

INTRODUCTION 

Complications related to uncorrected refractive errors are responsible for a global financial burden, annually [1]. 

Astigmatism is the most prevalent refractive error among children and adults [2] and may lead to visual impairment if 

uncorrected [3]. The management of compound myopic or hyperopic astigmatism is more challenging [1-3]. Although 

corrective lenses are a feasible treatment option for myopic and hyperopic astigmatism, they are associated with several 

complications. Therefore, alternative treatment modalities, such as keratorefractive surgery or intraocular lens 

implantation, have been introduced [4-9]. 

Keratorefractive surgery using an excimer laser is a common procedure for correcting refractive errors. However, 

corneal thickness and a high degree of astigmatism restrict its use, and it has limitations in correcting a high degree of 

ametropia [4-6]. Phakic intraocular lens implantation for refractive correction has several advantages over 

keratorefractive procedures, and the advantages are more pronounced for high degrees of ametropia. These include 

better contrast sensitivity, retinal image magnification, and a lower rate of surgically induced optical aberrations [7-9]. 

Phakic intraocular implants are safe and effective in correcting hyperopia. Preservation of accommodation is a distinct 

advantage over other treatment modalities such as clear lens extraction [10]. An implantable collamer lens (ICL) is 

commonly used to correct refractive errors because its material is safe and well tolerated. Its long-term safety, efficacy, 

and predictability were established in a 10-year follow-up study [11]. 

Although many studies have evaluated the efficacy, safety, and predictability of intraocular lenses in correcting 

myopia [12-14], hyperopia [10, 11, 15, 16], and myopic astigmatism [17-20], to our knowledge, only one study has 

reported the results of surgical correction of hyperopic astigmatism using the toric ICL. The findings of that study 

indicated that hyperopic toric ICL implantation is safe and yields stable refractive outcomes in patients with high 

hyperopia and astigmatism [21].  

Our study aimed to present one-year outcomes of toric ICL implantation in eyes with simple or compound 

hyperopic astigmatism. 
 

METHODS 

This interventional case series analyzed the medical records of patients with simple or compound hyperopic 

astigmatism who underwent refractive surgery with toric ICL implantation at a tertiary eye hospital in the eastern 

province of Saudi Arabia from January 2017 to March 2018. This study was approved by the Institutional Research and 

Ethics Committee of Dhahran Eye Specialist Hospital, Aljamiah District, Dhahran, Saudi Arabia. The study protocol 

complied with the principles of the Declaration of Helsinki. Written informed consent was obtained from all participants 

prior to the surgical procedure. 

Patients aged ≥ 21 years with stable refraction for at least one year, an endothelial count > 2200 cells/mm2, 

iridocorneal angle width of ≥ 30°, normal pupillary reflexes without iris anomalies, mesopic pupil size of ≤ 6 mm, and 

anterior chamber depth (ACD) of ≥ 3 mm were included. Eyes with unstable refraction, irregular corneal topography, 

active corneal disease, cataract, chronic or recurrent uveitis, ocular hypertension, glaucoma, active or old retinal entities, 

previous intraocular or corneal surgery, history of ocular trauma, and those with active systemic diseases such as 

collagen vascular disease, autoimmune disorders, or allergies were excluded. 

The detailed medical histories and current medical statuses of all participants were recorded. All eligible 

individuals underwent detailed ocular examinations, including orthoptic assessment, uncorrected and corrected 

distance visual acuities (UDVA and CDVA, respectively) measured using a Snellen chart (Good-Lite Company, Elgin, 

Illinois, USA), anterior and posterior segment slit-lamp (Haag-Streit Photo-Slit Lamp BX 900, Haag-Streit, Koeniz, 

Switzerland) examinations, and intraocular pressure (IOP) measurement using Goldmann applanation tonometry 

(Haag-Streit).  

The decision to perform additional imaging studies such as fluorescein angiography and visual field tests was left 

to the discretion of the ophthalmologist after the initial detailed ocular examination. Objective manifest refraction with 

spherical equivalent and refractive cylinder using autorefractometry (Topcon KR-800, Topcon Medical Systems, 

Oakland, NJ, USA) with subjective refinement, cycloplegic refraction using cyclopentolate hydrochloride 1% (Cyclogyl, 

Alcon Laboratories, Fort Worth, TX, USA), and measurement of best spectacle-corrected visual acuity with a vertex 

distance of 12.0 mm (soft contact lens of known power and curvature was used in some cases) were performed. 
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Automated keratometry (Topcon KR-800, Topcon Medical Systems), ultrasound corneal pachymetry, photopic and 

scotopic pupil diameter measurement, Orbscan (Orbscan IIz, Bausch & Lomb, Rochester, NY, USA), and Pentacam 

corneal tomography (Oculus Pentacam HR, Oculus Optikgeräte GmbH, Wetzlar, Germany) to assess the central corneal 

thickness (CCT), iridocorneal angle width, ACD, and distance from the corneal apex to the limbus were performed. 

Endothelioscopy (Konan Noncon Robo SP8000, Konan Medical, Irvine, CA, USA) was performed to determine the 

endothelial cell density (ECD) and morphology of the inner corneal layer. ACD was also measured using optical 

coherence tomography (OCT) (Cirrus OCT, Carl Zeiss Meditec, Dublin, CA, USA). 

The ICL V4b model (Visian ICL™, STAAR Surgical Inc., Monrovia, CA, USA) was implanted in all included eyes. 

The ICL power was calculated using the STAAR Surgical Customer Service Department formula, which uses ACD, 

central corneal pachymetry, mean corneal keratometry reading or simulated keratometry values, horizontal white-to-

white (WTW) diameter from caliper measurements, and refraction results 12.0 mm from the corneal vertex or with a 

contact lens.  

On the day of surgery, patients were administered dilating and cycloplegic drops. The horizontal axis of each eye 

was marked with the patient in sitting position; using a surgical marker, two dots were placed on the corneal-limbal 

area indicating 0 and 180 meridians as a reference for later toric ICL alignment. All surgeries were performed under 

topical anesthesia using a standard surgical technique with standard surgical precautions. Two paracentesis incisions 

were made, and the anterior segment was filled with an ophthalmic viscosurgical device. A 3.2-mm clear corneal 

temporal incision was made. The ICL V4b was inserted using a cartridge, and the footplates were placed in the 

retropupillary position, followed by lens rotation to the desired axis position. The viscoelastic material was removed by 

irrigation cannula, and intracameral 1% acetylcholine chloride (Miochol®-E, Bausch & Lomb) was injected to induce 

miosis. The corneal wounds were secured via stromal hydration. Peripheral iridectomy was undertaken using a 

neodymium:yttrium–aluminum–garnet (Nd:YAG) laser [21] one week before surgery, or surgically during the 

operation. Acetazolamide (250 mg, Diamox) was administered two hours postoperatively. All eyes received 1% 

prednisolone acetate (Pred-Forte®; Allergan, Irvine, CA, USA) and 0.5% moxifloxacin hydrochloride (Vigamox; Alcon 

Laboratories) eye drops four times daily for two weeks. The eyes were evaluated regularly according to the 

postoperative schedule. The baseline and 12-month postoperative records were retrieved for analysis. 

If UDVA at the 12-month follow-up was 20/40 or better, the outcome was considered successful. If intra- or 

postoperative complications could not be managed, resulting in explantation of the implant, the outcome was 

considered a complete failure. If the complications were minor and could be managed without surgery, the outcome 

was considered partially safe. If there were no complications except a residual refractive error of ± 0.5 D, without 

symptoms of asthenia, the procedure was considered safe. At the 12-month follow-up examination, the safety and 

efficacy indices were calculated as postoperative CDVA/preoperative CDVA and postoperative UDVA/preoperative 

CDVA, respectively [12, 21]. 

Statistical analyses were performed using IBM SPSS for Windows (version 22; IBM Corp., Armonk, NY, USA). 

Normality of the data distribution was assessed using the Shapiro–Wilk test. A paired t-test was used to compare 

preoperative and postoperative measurements, and the means (standard deviations [SDs]) of the data are reported. 

Pearson’s correlation was used to determine correlations between parameters. Non-normally distributed data were 

compared using the Wilcoxon signed-rank test for the preoperative versus postoperative visits, and the median and 

range of data are reported. Spearman’s rho correlation was used to assess correlation between parameters. The IOPs at 

different follow-up visits were compared using Friedman’s test and post-hoc analysis. P-values < 0.05 were considered 

statistically significant. 

 

RESULTS 
 

Twenty-six eyes of 13 consecutive patients (6 men [46.2%] and 7 women [53.8%]) with a median (range) age of 21.0 (21.0–

25.3) years were included. Table 1 summarizes the preoperative and 12-month postoperative parameters of the included 

eyes. The postoperative UDVA demonstrated a significant improvement of four lines (P < 0.001) compared with the 

preoperative UDVA, and the postoperative CDVA remained stable (P > 0.05) compared with the preoperative value 

(Table 1). The safety and efficacy indices were 1.0 (1.0 – 1.0) and 1.0 (0.74 – 1.0), respectively.  
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Table 1. Preoperative and 12-month postoperative parameters in included eyes 

Parameter Preoperative Postoperative P-value 

UDVA (logMAR), Median (Range) 0.52 (0.30 to 0.70) 0.13 (0.00 to 0.22) < 0.001 

CDVA (logMAR), Median (Range) 0.00 (0.00 to 0.15) 0.00 (0.00 to 0.22) 0.115 

Spherical equivalent (D), Mean ± SD + 5.14 ± 2.21 - 0.20 ± 0.54 < 0.001 

Refractive cylinder (DC), Median (Range) - 1.38 (- 2.00 to - 0.75) - 0.63 (-1.13 to - 0.25) 0.001 

IOP (mmHg), Mean ± SD 16.38 ± 3.16 13.21 ± 2.67 < 0.001 

ECD (cell/mm2), Median (Range) 2870 (2656 to 2942) 2624 (2528 to 2846) < 0.001 

Angle wide using Pentacam (degree), Mean ± SD 39.74 ± 8.67 28.72 ± 4.08 < 0.001 

ACD using Pentacam (mm), Mean ± SD 3.28 ± 0.28 3.02 ± 0.33 0.002 

Abbreviations: UDVA, uncorrected distance visual acuity; logMAR, logarithm of the minimum angle of resolution; CDVA, 

corrected distance visual acuity; D, diopter; DC, diopters cylinder; IOP, intraocular pressure; mmHg, millimeter of mercury; ECD, 

endothelial cell density; cell/mm2, cells per millimeter square; ACD, anterior chamber depth; mm, millimeter. Note: P-values < 0.05 

are shown in bold; Spherical equivalent was calculated by adding the sum of the spherical component of manifest refraction with 

half of the cylindrical component of manifest refraction. 

 

Figure 1A shows the cumulative preoperative CDVA and the UDVA at the 12-month postoperative visit. When 

comparing the proportion of eyes with a visual acuity of 20/20, 58% of eyes had this level of CDVA before ICL 

implantation, compared to 42% of eyes with this level of UDVA at the 12-month postoperative visit. Similarly, at the 12-

month postoperative examination, 46% of the eyes had 20/22 or better UDVA compared with 65% CDVA at baseline, 

50% had 20/25 or better UDVA compared with 73% CDVA at baseline, and 58% had 20/28 or better UDVA compared 

with 81% CDVA at baseline. The proportion of eyes with 20/30 or better UDVA at the 12-month visit was identical to 

that with 20/30 or better CDVA at baseline (81% for each). Figure 1B illustrates the CDVA change in Snellen lines. As 

shown in this figure, at the 12-month postoperative visit, none of the eyes had lost two or more lines of CDVA, and in 

81% of the eyes, the CDVA was unchanged.  

The mean (SD) preoperative manifest and cycloplegic spherical equivalents were + 5.14 (2.21) D and + 5.88 (2.50) D, 

respectively, with a mean (SD) latent hyperopia of + 0.74 (1.03) D. The mean (SD) manifest spherical equivalent at the 

12-month postoperative visit was - 0.20 (0.54) D (Table 1), indicating that the ICL implantation caused a myopic shift of 

5.34 (2.13) D. The predictability of the ICL implantation procedure was analyzed as shown in Figure 1C. The horizontal 

axis represents the attempted change, and the vertical axis represents the achieved change in the spherical equivalent of 

refraction. The diagonal line indicates the optimum cases for such attempted and achieved corrections, with green and 

red diagonal lines indicating the - 0.50 to + 0.50 D and - 1.00 to + 1.00 D residual refraction bands, respectively. As shown 

in this figure, the precision of the spherical equivalent according to the linear correlation of the attempted versus 

achieved spherical equivalents had an R2 of 0.9395, with a small undercorrection according to the linear equation factor 

of 0.9334. The percentages of eyes with postoperative spherical equivalent within ± 0.50 D and ± 1.00 D were 81% and 

96%, respectively (Figure 1D). 

The median (range) preoperative and postoperative refractive cylinders were -1.38 (- 2.00 to - 0.75) DC and - 0.63 (- 

1.13 to - 0.25) DC, respectively, indicating a significant improvement (P = 0.001). Figure 1E illustrates that the percentages 

of eyes with refractive cylinder within ± 0.50 DC and ± 1.00 DC were 50% and 77%, respectively.  

The mean (SD) angle width measured using the Pentacam decreased significantly from 39.74° (8.67°) to 28.72° 

(4.08°) (P < 0.001). The mean postoperative ACD measured by Pentacam decreased significantly by a value of 0.26 mm 

compared with the preoperative value (P < 0.05) (Table 1). The mean (SD) 12-month postoperative ACD measured by 

OCT was 2.15 (0.23) mm, which was shallower than that measured by Pentacam (3.02 [0.33] mm). The mean (SD) WTW 

distance measured using calipers was 12.34 (0.49) mm. Postoperative ECD was significantly decreased compared with 

the preoperative value (P < 0.001) (Table 1), with a 6% cell loss. The mean (SD) CCT at the 12-month postoperative visit 

was 561.7 (42.8) µm. There was a 3.2 mmHg decrease in IOP at the 12-month postoperative visit compared to baseline 

(P < 0.001) (Table 1). Compared with baseline, the mean (SD) IOP was unchanged at the one-day postoperative visit (P 

> 0.99), then decreased insignificantly to 15.20 mmHg at six months (P = 0.519), and further significantly decreased to 

13.21 mmHg at 12 months (P < 0.001). There was no significant difference in the mean IOP between the one-day and six-

month postoperative visits (P > 0.99); however, at 12 months, it was significantly lower than at day 1 (P = 0.004) and six 

months (P = 0.003).  
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Figure 1 (A-E): Changes between preoperative (red color) and 12-month postoperative (blue color) uncorrected 

distance visual acuity (UDVA)/corrected distance visual acuity (CDVA), spherical equivalent, and refractive cylinder 

in 26 included eyes. 
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The mean (SD) vault using OCT at 12 months after ICL implantation was 0.35 (0.10) mm, with no significant 

correlation with the vault measured using a slit-lamp (r = - 0.28; P = 0.163). Significant correlations were detected between 

baseline WTW and ECD loss (r = - 0.51; P = 0.008); between final vault and baseline manifest spherical equivalent (r = - 

0.50; P = 0.009); between age and baseline WTW (r = + 0.50; P = 0.009), baseline ECD (r = - 0.58; P = 0.002), and baseline 

CCT (r = - 0.55; P = 0.003); and between baseline manifest spherical equivalent and baseline ACD (r = + 0.43; P = 0.027). 

The other parameters were not significantly correlated.  

Slit-lamp examination revealed two eyes (7.7%) with subepithelial infiltrates, which resolved at the last follow-up, 

and one eye with a high vault (3.8%). Dilated fundus examination revealed choroidal nevus in one eye (3.8%). All ICL 

implants were in position, and no cataracts were detected throughout the 12-month follow-up. The peripheral iridotomy 

was not patent in one eye (3.8%), with a high IOP detected, was partially patent in three eyes (11.5%), and was patent in 

22 eyes (84.6%). Augmentation was performed using an Nd:YAG laser in four eyes with non-patent or partially patent 

peripheral iridotomy.  

 

DISCUSSION 

Our participants with low-grade simple or compound hyperopic astigmatism experienced a significant improvement 

of four lines in postoperative UDVA, and their postoperative CDVA remained stable at the 12-month follow-up. The 

safety and efficacy indices were 1.0. At the 12-month postoperative visit, none of the eyes had lost two or more lines 

of CDVA; in 81% of eyes, CDVA was unchanged, and the proportion of eyes with 20/30 or better postoperative UDVA 

was identical to the proportion with 20/30 or better preoperative CDVA. The mean manifest spherical equivalent at 

the 12-month postoperative visit revealing a significant improvement and indicating that the ICL implantation caused 

a mean myopic shift of 5.34 D. The predictability of the ICL implantation procedure was analyzed, and the precision 

of the spherical equivalent according to the linear correlation of the attempted versus achieved spherical equivalents 

had an R2 of 0.9395, with a small undercorrection according to the linear equation factor of 0.9334. The percentage of 

eyes with postoperative spherical equivalents within ± 0.50 D and ± 1.00 D were 81% and 96%, respectively. The 

postoperative refractive cylinder improved significantly, and the percentages of eyes with refractive cylinder within ± 

0.50 DC and ± 1.00 DC were 50% and 77%, respectively. The mean angle width and ACD by Pentacam decreased 

significantly, and the mean 12-month postoperative ACD by OCT was shallower than that by Pentacam. However, 

compared with the mean IOP at baseline, IOP was unchanged at the one-day postoperative visit, then decreased 

insignificantly to 15.20 mmHg at six months, and further decreased significantly to 13.21 mmHg at 12 months. There 

was no significant difference in the mean IOP between the one-day and six-month postoperative visits; however, at 12 

months, it was significantly lower than at the one-day and six-month postoperative visits. Postoperative ECD showed 

a significant reduction, with a 6% cell loss. A significant moderate inverse correlation was detected between baseline 

WTW and ECD loss, between baseline ECD or CCT and age, and between final vault and baseline manifest spherical 

equivalent, whereas a significant moderate direct correlation was found between age and baseline WTW and between 

baseline manifest spherical equivalent and baseline ACD. All ICLs were in position, and no cataracts were detected at 

the one-year follow-up. Augmentation was performed using an Nd:YAG laser in four eyes with non-patent or partially 

patent peripheral iridotomy. 

Bartels et al. [16] found that the Artisan toric phakic intraocular lens could effectively correct moderate to high 

degrees of hyperopia combined with astigmatism in a mean (range) follow-up of 11.1 (6–36) months. No serious 

complications were observed during the study [16]. Sanders et al. [17] conducted a prospective nonrandomized clinical 

trial on the efficacy of toric ICLs for treating moderate to high myopic astigmatism and proved the safety, efficacy, and 

predictability of this phakic IOL over a 12-month period. The proportion of eyes with postoperative UDVA of 20/20 

or better was equal to the proportion of eyes with preoperative best-corrected spherical visual acuity of 20/20 or better 

(83.1% for each) [17]. Guo et al. [18] investigated the efficacy of toric posterior chamber intraocular lens implantation 

after phacoemulsification in eyes with high myopia versus those with emmetropia or low myopia. The study revealed 

equal efficacy in astigmatism correction and similar rotational stability between the two eye groups. Visual acuity 

improved significantly in both groups during a short-term follow-up of three months [18]. The outcomes of these 

studies [16-18], along with our findings, may indicate the safety and efficacy of toric intraocular lens implantation in 

managing astigmatism. 

Coskunseven et al. [21] followed 20 eyes with hyperopic astigmatism with a mean (SD, range) astigmatism of - 
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1.44 (0.88, - 3.25 to 0.00) DC who were treated using Visian toric ICL implantation. At the 12-month postoperative visit, 

none of the eyes lost two or more lines of CDVA; in 50% of the eyes, CDVA was unchanged, and the proportion of 

eyes with 20/33 or better postoperative UDVA was identical to that with 20/33 or better preoperative CDVA (70% for 

each). No cataract formation or complications related to the IOP were observed at the 12-month postoperative visit 

[21]. The precision of spherical equivalent according to the linear correlation of the attempted versus achieved spherical 

equivalents had an R2 of 0.75912, with a small undercorrection according to the linear equation factor of 0.8236. The 

percentage of eyes with postoperative spherical equivalent between ± 0.50 D and ± 1.00 D were 35% and 70%, 

respectively. The postoperative refractive cylinder improved significantly, and the percentage of eyes with refractive 

cylinder between ± 0.50 DC and ±1.00 DC were 70% and 85%, respectively. This study [21] is one of the few that are 

similar to ours. However, the outcomes differed to some extent. Our study demonstrated that toric ICL implantation 

was safe at the 12-month postoperative follow-up and was an effective method for providing stable refractive 

outcomes in patients with hyperopia and astigmatism, with the added value of finding a significant inverse correlation 

between baseline WTW and ECD loss.  

In a review by Kohnen et al. on phakic intraocular lenses, this treatment modality was reported to have good 

outcomes if the eyes had proper anatomical characteristics [22]. Therefore, we elected to implant ICLs in eyes with low 

grade simple or compound hyperopic astigmatism with stable refraction for at least one year, an endothelial count > 

2200 cells/mm2, iridocorneal angle width of ≥ 30°, normal pupillary reflexes without iris anomalies, mesopic pupil size 

of ≤ 6 mm, and ACD of ≥ 3 mm, and the one-year outcomes of ICL implantation revealed safety and effectiveness in 

these individuals. 

Saxena et al. [23] found a significant negative correlation between ACD and ECD loss during long-term follow-

up after implantation of an Artisan phakic intraocular lens; however, the patient age was not significantly correlated 

with ECD loss [23]. In the current study, the baseline ACD had no significant correlation with ECD loss (r = - 0.27; P = 

0.184) at the 12-month follow-up. This observed difference could be due to the different follow-up periods, as Saxena 

et al. [23] reported an initial non-significant increase in ECD at the one-year postoperative visit and a subsequent 

significant ECD loss from three years onward. Furthermore, they included myopic eyes with ACD > 2.6 mm and ECD 

> 2000 cells/mm2 [23], which differs from our inclusion criteria. 

The safety and efficacy index values in our study were equal to 1, indicating that this procedure is safe and 

effective for managing low-grade simple or compound hyperopic astigmatism. Cano-Ortiz et al. [24] conducted a 

retrospective study of 126 eyes with low- or high-grade astigmatism according to the implanted ICL power. The safety 

and efficacy indices for low astigmatism were 1.09 ± 0.16 and 1.05 ± 0.17, respectively, and for high astigmatism were 

1.11 ± 0.17 and 1.06 ± 0.16, respectively. This indicates safety and efficacy of toric ICL implantation regardless of the 

degree of astigmatism. Cano-Ortiz et al. [24] obtained R2 values of 0.9998 and 0.998 for low- and high-grade 

astigmatism, respectively. Similarly, in the current study, eyes with low-grade hyperopic astigmatism had an R2 value 

of 0.9395. These findings indicate the predictability of ICL implantation in both studies.  

In this study, at the 12-month postoperative refraction, the percentage of eyes with postoperative spherical 

equivalent between ± 0.50 D and ± 1.00 D were 81% and 96%, respectively. At the six-month postoperative refraction, 

Cano-Ortiz et al. [24] found that the percentage of eyes with postoperative spherical equivalent within ± 0.50 D and ± 

1.00 D were 98% and 100% in all included eyes with low- and high-grade astigmatism [24]. None of the eyes lost two 

or more lines of CDVA, 15% lost one line of CDVA, 4% gained one line of CDVA, and in 81% of the eyes, CDVA was 

unchanged. Cano-Ortiz et al. [24] observed no loss in lines of CDVA, and in 65.9% of eyes, CDVA was unchanged; 

however, they detected one line and two or more lines of gain in CDVA in 27.0% and 7.1% of eyes, respectively. 

The novelty of the current study, which focused on eyes with low-grade simple or compound hyperopic 

astigmatism, is considerable; however, it has certain limitations. The limited number of eyes included, retrospective 

design, short-term follow-up, and narrow age range may limit the generalizability of our outcomes. Although the toric 

ICL implantation procedure was safe in eyes with low-grade hyperopic astigmatism, as seen at the 12-month follow-

up, its long-term safety should be ascertained through additional studies with longer follow-up. By introducing 

artificial intelligence and big data analytics, the ICL vault and sizing prediction has significantly improved. In addition, 

artificial intelligence-based data were found to have significantly higher predictability than conventional 

manufacturer’s nomograms [25, 26]. Further studies using big data on preoperative and postoperative ECD in ICL-

implanted eyes may enable clinicians to predict the loss of ECD in their practice. 
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CONCLUSIONS 

Our safety and efficacy indices indicate that toric ICL implantation is safe and effective for managing low-grade simple 

or compound hyperopic astigmatism. None of the eyes lost two or more lines of CDVA; in 81% of the eyes, CDVA 

was unchanged, and the proportion of eyes with 20/30 or better postoperative UDVA was identical to the proportion 

with 20/30 or better preoperative CDVA at baseline (81% for each). The manifest spherical equivalent and refractive 

cylinder were significantly reduced. Despite the significantly narrow anterior chamber angle and shallow ACD, a 

significant reduction in IOP was observed during the one-year follow-up period. Further prospective large-scale 

studies with a wide range of ages and grades of hyperopic astigmatism are required to verify these preliminary 

outcomes. 
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