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Purpose: To report visual outcomes following surgical correction of myopic astigmatism 
with Visian Toric implantable collamer lens (ICL) (STAAR Surgical, Monrovia, CA, USA) 
at a single tertiary refractive center in the United States.
Patients and Methods: Toric ICL was implanted in 96 eyes (55 patients) with mean 
preoperative sphere of −8.98 ± 3.04 diopters (D) and cylinder of −2.67 ± 1.02 D from 
December 2018 to February 2021. Primary visual outcomes of efficacy, safety, stability, 
predictability of refractive correction, and astigmatic analysis were reported at three and 
twelve months postoperatively. Secondary subjective outcomes included patient-reported dry 
eye symptoms and glare/halos at postoperative visits. Other secondary outcomes were 
biometric data and postoperative vault over time.
Results: At three and twelve months, 75 and 46 eyes were evaluated, respectively. At twelve 
months, the mean manifest refraction spherical equivalent (MRSE) was −0.23 ± 0.47 D with 
93% achieving within ±1.00 D of target refraction. The manifest refractive cylinder (MRC) 
at twelve months was −0.73 ± 0.51 D, with 86% within ±1.00 D of target. Uncorrected 
distance visual acuity (UDVA) was 20/20 or better in 74% of eyes at twelve months. No 
patients lost ≥2 lines of corrected distance visual acuity (CDVA) at twelve months. The mean 
angle of error was −0.9 ± 10.2° at three months and −1.6 ± 12.8° at twelve months. One 
patient required bilateral lens rotation, four patients underwent secondary enhancement with 
LASIK/PRK, and seven patients underwent postoperative limbal relaxing incisions.
Conclusion: This initial single-site experience finds Toric ICL implantation for myopic 
astigmatism to be safe and effective. Patients can achieve markedly improved UDVA in 
a single surgery with stable vision over time and minimal adverse subjective symptoms.
Keywords: Toric ICL, visian, myopic astigmatism, visual outcomes

Introduction
Patients with high myopic astigmatism have limited options for surgical correction of 
refractive error. Corneal refractive procedures like laser-assisted in situ keratomileu
sis (LASIK) and photorefractive keratectomy (PRK) are constrained by corneal 
thickness and keratometry for safe ablation and thus, preferred candidates are patients 
with low to moderate myopic astigmatism.1 Over-ablation in patients with high 
myopic astigmatism can result in postoperative complications such as corneal ectasia 
and higher order aberrations.2 Bioptics strives to address this limitation by distribut
ing the large refractive correction between a corneal laser ablation and an implantable 
posterior chamber phakic intraocular lens.3,4 With the approval of the Visian Toric 
Implantable Collamer Lens (STAAR Surgical, Monrovia, CA, USA) (Toric ICL) in 
2018, patients with high myopic astigmatism now have an alternative option that 
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decreases the need for a second surgery. Initial data con
cerning Toric ICLs shows promise for improved visual 
acuity with a safe and predictable outcome.5–7

To our knowledge, only the Sanders et al Multicenter 
FDA clinical study5 and most recent 2018 Food and Drug 
Administration (FDA) clinical trial8 have investigated out
comes of Toric ICL within the United States. The present 
study analyzes outcomes after Toric ICL implantation at 
a single site from December 2018 to February 2021. 
Visual outcomes include efficacy, safety, stability, and 
predictability up to twelve months postoperatively. 
Biometric analysis and subjective measures of dryness 
and glare/halos are also reported.

Materials and Methods
This retrospective de-identified study consisted of a chart 
review of protected medical record data from a single 
refractive surgery center. Patients who underwent Toric 
ICL implantation with V4 Visian Toric ICL (STAAR 
Surgical, Monrovia, CA, USA) by two surgeons from 
December 2018 to February 2021 were included. Other 
inclusion criteria were age 18 years and older; −3.0 D to 
−20.0 D myopia; aqueous depth >3.0 mm; and above 
minimum age-adjusted endothelial cell density. Any 
patient with a history of previous ocular diseases other 
than myopic astigmatism was excluded from the study. 
Bioptics patients were also excluded.

Preoperative measurements recorded from LENSTAR 
LS 900 (Haag Streit Switzerland) were (1) axial length; (2) 
white-to-white value; (3) flat keratometry; (4) flat axis; (5) 
steep keratometry; (6) steep axis; (7) aqueous depth; and 
(8) lens thickness. Preoperative ultrasound biomicroscopy 
(UBM) VUmax (Sonomed Escalon, New Hyde Park, NY) 
was utilized to measure (1) aqueous depth; (2) sulcus-to- 
sulcus dimension; (3) lenticular rise; and (4) nasal and 
temporal anterior chamber angles. Preoperative Pentacam 
Scheimpflug imaging (Oculus Optikgeräte GmbH) mea
sured keratometry and pachymetry at the apex.

Patients received one of four available lens implants 
(12.1 mm, 12.6 mm, 13.2 mm, or 13.7 mm). The selection 
of proper Visian Toric ICL size was based upon the 
Parkhurst nomogram utilizing measurements of sulcus-to- 
sulcus dimension, lenticular rise, and aqueous depth 
obtained by UBM. Magnitude of sphere and cylinder for 
the ICL was selected based on STAAR Surgical Online 
Calculating and Ordering System (OCOS, Monrovia, CA, 
USA https://evo-ocos.staarag.ch/Live/).

Postoperative visits were conducted at one day, one 
week, one month, three months, six months, and twelve 
months after Toric ICL implantation. Outcomes measured 
by interview and examination at each postoperative visit 
were (1) intraocular pressure (IOP) measured with 
Tonopen; (2) uncorrected distance visual acuity (UDVA); 
(3) corrected distance visual acuity (CDVA); (4) manifest 
refraction; (5) vault measured by optical coherence tomo
graphy (OCT) RTVue-XR Avanti OCT system (Optovue, 
Inc., Fremont, CA); and (6) subjective data of dry eye 
symptoms and glare/halos. When available, postoperative 
Pentacam data were analyzed.

Vector Analysis
Postoperative refraction data were collected from patient 
charts at their three month and twelve month postoperative 
visits. Predicted postoperative refraction was selected as 
plano with zero cylinder and an axis of 0° unless mono
vision was targeted in the patient. For all eyes in which 
monovision was targeted, the adjusted predicted post
operative sphere was accounted for in vector analysis. 
The data collected for the vector analysis were entered 
into the American Society of Cataract and Refractive 
Surgery astigmatism double-angle plot tool.9 Data were 
compiled and presented in accordance with the method 
proposed by Abulafia et al.10

Toric ICL Surgical Procedure
At least one week prior to ICL implantation, YAG (Yttrium- 
Aluminum Garnet) peripheral iridotomies (PI) were per
formed at the 11 and 1 o’clock positions. In the preoperative 
area, patients were dilated with phenylephrine hydrochloride 
2.5% and tropicamide 1.0%. Patients’ eyes were marked 
preoperatively by the surgeon at the 0° and 180° orientation 
while the patient was seated in the upright position. Under 
the operating microscope, the planned axis of orientation of 
the toric ICL was marked using the preoperative markings 
for guidance. Two 1 mm paracenteses were created and 
dispersive viscoelastic was injected into the anterior cham
ber. The ICL was inserted through a temporal 3.0 mm clear 
corneal incision and placed into the sulcus in the planned 
orientation. Sterile balanced salt solution was used to irrigate 
out the remaining viscoelastic (OcuCoat) and the toric lens 
was again confirmed to be oriented correctly. Miochol-E 
(acetylcholine chloride, Bausch & Lomb, Bridgewater, NJ, 
USA) was injected intracamerally and the PIs were observed 
to appear patent. Postoperatively, patients received ofloxacin 
0.3% or moxifloxacin 0.5% four times a day for one week. 

https://doi.org/10.2147/OPTH.S321095                                                                                                                                                                                                                               

DovePress                                                                                                                                                                 

Clinical Ophthalmology 2021:15 2894

Moshirfar et al                                                                                                                                                       Dovepress

https://evo-ocos.staarag.ch/Live/
https://www.dovepress.com
https://www.dovepress.com


Prednisolone acetate 1% was also applied topically four 
times daily for the first week then tapered weekly.

Results
Patient Demographics and Lens 
Characteristics
In this retrospective study, the medical records of 96 eyes 
(49 right, 47 left) of 55 patients (21 male, 34 female) who 
underwent Toric ICL implantation were evaluated. 
Fourteen patients underwent unilateral implantation, 
while 41 patients underwent bilateral implantation. Mean 
patient age at time of surgery was 33 ± 8.25 years (18 to 
54 years) (Table 1). The reported number of eyes (n) is 
reflective of eyes measured for each outcome at each 
postoperative visit. Preoperative manifest sphere and 
cylinder ranged from −2.75 to −20.00 D and −1.50 to 
−5.75 D, respectively. Preoperative UDVA was worse 
than 20/400 in 84 eyes (87.5%). Seventy-nine eyes 
(81.3%) corrected to 20/20 or better preoperatively. 
Follow up was 96 eyes (100%) at one day, 93 eyes 
(96.9%) at one week, 85 eyes (88.5%) at one month, 75 
eyes (78.1%) at three months, 46 eyes (47.9%) at six 

months, and 46 eyes (47.9%) at twelve months (Table 2). 
Preoperative and postoperative measurements obtained 
over time are displayed in Table 2. Data of visual acuity 
and manifest refraction preoperatively and postoperatively 
were summarized with standard outcome reporting 
(Figures 1 and 2).11 Patients received one of four available 
lens implant diameters: four eyes (4.2%) were implanted 
with a 12.1 mm, 63 eyes (65.6%) with a 12.6 mm, 29 eyes 
(30.2%) with a 13.2 mm, and no eyes received a 13.7 mm 
Toric ICL. Mean Toric ICL sphere, cylinder, and manifest 
refraction spherical equivalent (MRSE) are presented in 
Table 3.

UDVA and Efficacy Index
Visual outcomes at three and twelve months are presented 
via the standard graphs in Figure 1A–C, including cumu
lative postoperative UDVA, and postoperative UDVA ver
sus preoperative CDVA. At three months postoperatively, 
44 eyes (62.0%) achieved UDVA of 20/20 or better. At 
twelve months, 35 eyes (74.0%) achieved UDVA of 20/20 
or better (Figure 1A). The efficacy index was 0.92 at three 
months and 0.98 at twelve months. Postoperative visual 
acuity is compared to preoperative visual acuity in Table 2.

CDVA and Safety Index
The UDVA was the same or better than the preoperative 
CDVA in 66% of eyes at three months and 74% of eyes at 
twelve months postoperatively (Figure 1B). At three 
months, 42% of eyes gained one line of CDVA and 4% 
gained ≥2 lines, while at twelve months 19% of eyes 
gained one line and 5% gained ≥2 lines (Figure 1C). At 
three months, 3% of eyes (2 eyes) lost one line of CDVA 
and at twelve months 5% of eyes (same 2 eyes) lost one 
line, both of which went from 20/15 preoperatively to 20/ 
20 postoperatively. Of eyes seen at twelve months (n=43), 
0 eyes lost CDVA of ≥2 lines compared to preoperative 
CDVA. The safety index was 1.14 at three months and 
1.10 at twelve months.

Stability and Predictability
The postoperative MRSE and manifest refractive cylinder 
(MRC) over time are reflected in Table 2. The attempted 
vs achieved MRSE at three months has a slope of 0.94, 
indicating slight undercorrection, while the slope at twelve 
months is 1.02, indicating slight overcorrection 
(Figure 1D). There was no change in the MRSE between 
one and twelve months (Figure 1F). Within 0.50 D of 
target was achieved in 77% of eyes at three months and 

Table 1 Preoperative Baseline Characteristics

Demographics Mean ±SD (Range) | % (n)

Patients (n) 55

Age (years) 33 ± 8.25 (18–54)

Male/Female 38.2% (21)/61.8% (34)
Unilateral/Bilateral Implantation 14.6% (14)/85.4% (41)

Parameter Mean ± SD (range) | % eyes (n)

Eyes (n) 96

OD/OS 51.0% (49)/49.0% (47)
UDVA* 1.77 ± 0.13 (1.18 to 1.80)

CDVA* 0.02 ± 0.07 (−0.13 to 0.48)

MRSE (D) −10.31 ± 3.10 (−21.75 to −4.88)
Refracted Sphere (D) −8.98 ± 3.04 (−20.0 to −2.75)

Refracted Cylinder (D) −2.67 ± 1.02 (−5.75 to −1.00)

Axial length (mm) 26.74 ± 1.51 (24.09 to 31.61)
Aqueous Depth (mm) 3.78 ± 0.29 (2.96 to 4.49)

White-to-White (mm) 11.99 ± 0.41 (11.12 to 13.14)

Lenticular Rise (mm) 0.64 ± 0.15 (0.37 to 1.01)
Sulcus-to-Sulcus (mm) 11.61 ± 0.49 (10.39 to 12.73)

Corneal thickness (μm) 519.16 ± 34.05 (448 to 588)

Anterior chamber angle, Nasal 43.81 ± 6.45 (30.70 to 62.70)
Anterior chamber angle, 

Temporal

44.02 ± 7.69 (31.50 to 67.80)

Note: *Visual acuity reported as LogMAR. 
Abbreviations: UDVA, uncorrected distance visual acuity; CDVA, corrected dis
tance visual acuity; MRSE, manifest refraction spherical equivalent; D, diopters.
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80% of eyes at twelve months (Figure 1E). Ninety-five 
percent of eyes at three months and 94% of eyes at twelve 
months achieved within ± 1.00 D of target MRSE 
(Figure 1E). MRC at twelve months was −0.73 ± 0.51 
D (Table 2), with 49% achieving within ±0.50 D and 86% 
within ±1.00 D of target (Figure 2A).

Vector Analysis
Figures 3 and 4 summarize preoperative and postopera
tive refractive astigmatism at three and twelve months, 
respectively. The preoperative datapoints reflect only 
eyes measured at the corresponding three or twelve 
month visit. The preoperative refractive astigmatism cen
troid was 1.28 ± 1.78 D at 90°. The centroid of post
operative refractive astigmatism was 0.39 ± 0.66 D at 
103° at three months (Figure 3) and 0.44 ± 0.80 D at 94° 
at twelve months (Figure 4). The postoperative ellipse 
decreased in the postoperative corneal plane when com
pared to the ellipse from the preoperative refractive astig
matism. The ellipse decreased from ~3.00 D to ~1.00 
D in the postoperative corneal plane compared to preo
perative measures.

There was a prediction error ≤1.00 D in 89% of eyes 
and ≤0.50 D in 44% of eyes evaluated at three months, and 
≤1.00 D in 86% of eyes and ≤0.50 D in 49% of eyes 
evaluated at twelve months (Figure 2A). The mean target 
induced astigmatism (TIA) at three months was 2.11 ± 
0.86 D and surgically induced astigmatism (SIA) was 
1.87 ± 1.03 D with a slope of 1.05. At twelve months, 

the TIA was 2.16 ± 0.86 D and SIA was 1.75 ± 0.85 
D with a slope of 0.93 (Figure 2B). Mean angle of error 
was −0.9 ± 11.2° at three months and −1.6 ± 12.8° at 
twelve months (Figure 2C).

Changes in Vault Over Time
Biometric data collected on preoperative testing is sum
marized in Table 1. The average postoperative vault was 
stable over time (p = 0.05) (Figure 5). Mean vault was 580 
± 222 µm (100 to 1100 µm) at one day, 588 ± 270 µm (50 
to 1580 µm) at one week, 526 ± 189 µm (75 to 1000 µm) 
at one month, 558 ± 181 µm (175 to 966 µm) at three 
months, 482 ± 220 µm (100 to 988 µm) at six months, and 
472 ± 205 µm (112 to 850 µm) at twelve months 
(Figure 5).

Intraocular Pressure Over Time
The mean preoperative IOP was 14.61 ± 2.99 mmHg (9 to 
27 mmHg), compared to a mean IOP of 13.15 ± 4.12 
mmHg (6 to 31 mmHg) on postoperative day one. The 
IOP was highest at one month, with a mean of 17.09 ± 
4.83 mmHg (9 to 32 mmHg). The mean IOP was within 
normal limits at one year postoperatively, mean 14.73 ± 
3.31 mmHg (7 to 21 mmHg) (Figure 6).

Rotational Analysis
Eighty-seven percent of patients had rotation <5° and 
required no additional intervention. Of the thirteen eyes 
(13%) that required secondary intervention for residual 

Table 2 Pre and Postoperative Visual Outcomes at Postoperative Time Points

Parameters Pre-Operative POD 1 1 wk 1 mo 3 mo 6 mo 12 mo

Number of 

eyes (patients)

96 (55) 96 (55) 93 (53) 85 (49) 75 (44) 46 (26) 46 (27)

UDVA* 1.77 ± 0.13  

(1.18 to 1.80)

0.11 ± 0.22 

(−0.15 to 1.30)

0.22 ± 0.28  

(0.10 to 1.18)

0.31 ± 0.38  

(0.00 to 1.18)

0.23 ± 0.36  

(0.10 to 1.18)

0.10 ± 0.00  

(0.10 to 0.10)

0.10 ± 0.00  

(0.10 to 0.10)

CDVA* 0.02 ± 0.07  

(−0.13 to 0.48)

0.14 ± 0.21  

(−0.13 to 0.40)

0.01 ± 0.05  

(−0.13 to 0.10)

0.10 ± 0.00  

(0.10 to 0.10)

0.10 ± 0.00  

(0.10 to 0.10)

0.10 ± 0.00  

(0.10 to 0.10)

0.10 ± 0.00  

(0.10 to 0.10)

MRSE (D) −10.31 ± 3.10 

(−21.75 to −4.88)

−2.75 ± 2.68 

(−6.50 to +0.38)

−0.12 ± 0.47 

(−2.00 to +0.63)

−0.24 ± 1.09 

(−6.75 to +2.50)

−0.33 ± 1.12 

(−6.75 to +2.00)

−0.13 ± 0.54 

(−1.50 to +1.75)

−0.23 ± 0.47 

(−1.25 to 1.50)

Refractive 

Sphere (D)

−8.98 ± 3.04 

(−20.00 to −2.75)

−2.36 ± 2.83 

(−6.50 to +0.75)

+0.24 ± 0.40 

(−0.75 to +1.00)

+0.10 ± 1.06 

(−6.25 to +3.00)

+0.01 ± 1.14 

(−6.25 to +2.50)

+0.28 ± 0.64 

(−0.75 to +3.00)

+0.14 ± 0.60 

(−1.00 to +3.00)

Refractive 

Cylinder (D)

−2.67 ± 1.02 

(−5.75 to −1.50)

−0.79 ± 0.68 

(−1.75 to 0.00)

+0.24 ± 0.40 

(−1.75 to 0.00)

−0.68 ± 0.43 

(−2.25 to 0.00)

−0.68 ± 0.38 

(−1.50 to 0.00)

−0.82 ± 0.52 

(−2.50 to 0.00)

−0.73 ± 0.51 

(−3.00 to −0.25)

Notes: *Visual acuity reported as LogMAR. Values reported as mean ± SD (range). 
Abbreviations: UDVA, uncorrected distance visual acuity; CDVA, corrected distance visual acuity; MRSE, manifest refraction spherical equivalent.
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astigmatism, eleven eyes underwent additional surgical 
enhancement for rotation between 5° and 15° after proven 
stability over time. Three eyes underwent PRK, one eye 
underwent LASIK, and seven eyes underwent postopera
tive limbal relaxing incisions (LRI). One patient under
went bilateral lens ICL repositioning, with axis rotation of 
27° clockwise, right eye and 16° counterclockwise, 
left eye.

Subjective Measures
Patient-reported dry eye symptoms were present in 13% of 
eyes on postop day one, peaked at three months (29% of 
eyes) and demonstrated improvement with only one 
patient reporting bilateral dry eye symptoms at twelve 
months (Figure 7). The rate of patient-reported glare/ 
halos decreased over postoperative time (Figure 8). Thirty- 
nine percent of eyes had glare/halos at one month, which 
improved to 15% of eyes at twelve months.

Complications
No intraoperative complications were recorded. No lenses 
were explanted postoperatively and no patients were noted 
to have lens opacification on postoperative exams through 
twelve months follow-up. Three eyes in two patients 
required immediate postoperative enlargement of PI 
using YAG laser to avoid impending angle closure glau
coma. Pressure was adequately relieved with no subse
quent adverse events. No other postoperative adverse 
events were noted.

Discussion
This single-center study evaluates the visual outcomes 
after Toric ICL implantation. As reported in previous 
studies,1,5,6,8,12,13 our results support that the Toric ICL is 
a safe, effective, and stable option for patients with myopic 
astigmatism. The outcomes in the present study exceeded 
the Food and Drug Administration (FDA) clinical 

Figure 1 Standard reporting of visual and refractive outcomes for eyes at three and twelve months following Toric ICL implantation. (A) Cumulative preoperative CDVA 
and postoperative UDVA; (B) difference between postoperative UDVA and CDVA; (C) change in CDVA; (D) attempted versus achieved MRSE; (E) accuracy of MRSE; (F) 
stability of MRSE over time. 
Abbreviations: UDVA, uncorrected distance visual acuity; CDVA, corrected distance visual acuity; MRSE, manifest refraction spherical equivalent; D, diopter.
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endpoints for safety, efficacy, and predictability with com
parable MRSE to other studies on Toric ICL (Table 4). 
Regarding MRC, Kamiya et al had the most predictable 
MRC, with 92% of eyes achieving within ± 0.50 D of 
target and 94% of eyes achieving within ± 1.00 D at 36 
months postoperatively.6 The FDA clinical trial of Toric 
ICL also had a high percentage of eyes within ± 1.00 D of 
MRC target at 12 months (92.3%).8 Our MRC was less 
predictable than these studies at 12 months, with 43% of 

eyes within ± 0.50 D and 80% within ± 1.00 D, possibly 
due to high patient preoperative MRC with 10 eyes 
(10.4%) >4.00 D (Table 4).

In our study, two eyes (3% at three months) and the 
same two (5% at twelve months) were reported to have 
lost one line of CDVA. These eyes read 20/15 at preopera
tive visit and 20/20 at the postoperative visit. This may be 
due to examiner technique as patients were not always 
asked to read beyond the 20/20 line.

Figure 2 Outcomes of refractive astigmatism for eyes at three and twelve months following Toric ICL implantation. (A) Change in magnitude of refractive astigmatism pre- 
versus postoperatively. (B) Magnitude of TIA versus SIA. (C) Postoperative angle of error. 
Abbreviations: TIA, target induced astigmatism; SIA, surgically induced astigmatism; D, diopters.
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As expected, the postoperative centroid and ellipse 
decreased after Toric ICL implantation. These findings 
indicate improvement in astigmatism following surgery. 
At three months, the slope of the TIA versus SIA (1.05) 
trends towards overcorrection, while at twelve months the 
slope demonstrates undercorrection (0.93). This is likely 
due to slight lens rotation over time compounded by 
patient attrition. Because 74% and 87% of eyes had 
UDVA ≥ 20/20 and 20/25, respectively, at twelve months, 
we infer that the Toric ICL has utility for improving vision 

and correcting high myopic astigmatism even when accu
racy of postoperative refraction and astigmatism correction 
is less than intended.

Rotational stability is an important component of 
visual outcomes over time in Toric ICL implantation. 
Studies that assessed axis misalignment on postoperative 
exams are summarized in Table 5.5,8,14 Astigmatic analysis 
and rotational stability in the current study were based on 
observation, as patients were not always dilated for precise 
objective measurement of rotation at each postoperative 
visit. Eleven eyes had visually significant residual astig
matism, which was attributed to undercorrection and post
operative rotation between 5° and 15°. These eyes were 
enhanced with PRK, LASIK or LRIs. Intraoperative 
3.0 mm temporal clear corneal incisions likely contributed 
to the observed residual astigmatism, which is a reminder 
for surgeons to be mindful of the plane of incisions rela
tive to the astigmatic axis. Only one patient required lens 
rotation after original surgery (27° clockwise, right eye 
and 16° counterclockwise, left eye). Although clockwise 
rotation of the right ICL and counterclockwise rotation of 
the left ICL were observed, literature is lacking in docu
mentation of the degree and axis of rotation that occurs 

Figure 3 Preoperative and three month postoperative refractive astigmatism (n=65, D diopters).

Table 3 Implant Characteristics

Parameter Median (Range) | % Eyes (n)

Size (mm)
12.1 4.2% (4)

12.6 65.6% (63)

13.2 30.2% (29)
13.7 0% (0)

MRSE (D) −10.50 (−5.75 to −15.00)

Refractive Sphere (D) −12.00 (−6.50 to −16.00)

Refractive Cylinder (D) 2.50 (+1.00 to +4.00)

Abbreviations: MRSE, manifest refraction spherical equivalent; D, diopters.
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postoperatively. Further investigation is needed to better 
understand rotational trends. As more data is collected in 
this regard, preoperative axis planning may be able to 
correct for postoperative lens rotation.

Though lens opacity was not noted in any eyes of our 
study, cataract formation, especially anterior subcapsular 
morphology, is a known complication after ICL implanta
tion with mean onset of 3.4 ± 1.9 years postoperatively.15 

Rates of cataract formation have been reported from 
5.2%16 up to 29%15 for visually insignificant lens opacifi
cation. The newer V4c and V5 Toric ICL models have 
been reported to have decreased associated postoperative 
lens opacification.17 It is thought that a small vault may 
contribute to cataract formation.16 In this study, vault over 
time was stable as of the twelve month follow-up (post
operative mean range 472.22 to 587.86 µm), though it 
would be helpful to continue evaluating vault data long- 
term. Vault measurements were reported as obtained from 
physician slit lamp examinations. Alfonso et al compared 
subjective vault measurements and found they were highly 
correlated with objective measurements obtained on OCT, 
supporting the validity of our vault measurements.18

Transient increase in IOP after Visian ICL implantation 
is a common finding,16 with steroid response possibly 

contributing to the postoperative elevation. Three eyes of 
two patients who experienced threatened acute angle clo
sure glaucoma were observed in the present study. Newer 
Toric ICL models with a central port (V4c and V5) to 
increase aqueous flow have been shown to decrease post
operative angle closure glaucoma.19 Significant anterior 
chamber angle narrowing has been noted in other 
studies,20,21 though patients in the present study did not 
undergo postoperative UBM to correlate anterior chamber 
angle changes with IOP. Other possible complications 
include pigment dispersion,15 uveitis with cystoid macular 
edema,15 toxic anterior segment syndrome,13 and 
endophthalmitis,13,22 none of which were seen in our 
study.

Dry eye symptoms are most common in corneal refrac
tive surgeries like LASIK and PRK, with one study noting 
that 59.4% of patients experienced dry eyes at one 
month,23 while another study observed a decrease in tear 
production by 14.57% post-PRK and 23.40% post-LASIK 
at six months postoperatively.24 Although ICL implanta
tion induces a smaller insult to corneal anatomy than 
refractive surgery, evidence from cataract surgery suggests 
that even a small corneal incision can transect the corneal 
nerve plexus and cause postsurgical inflammation, 

Figure 4 Preoperative and twelve month postoperative refractive astigmatism (n=40, D diopters).
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resulting in aqueous tear deficiency,25 with rates of post- 
cataract dryness ranging from approximately 9% to 40%.26 

Postoperative dryness was observed in the present study, 

with peak reported dryness of 29% at three months, which 
subsequently decreased over time. Dry eye symptoms 
prior to surgery were not recorded; thus, residual dryness 

Figure 5 Mean subjective vault over postoperative time.

Figure 6 Mean measured IOP preoperatively and over postoperative time.
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Figure 7 Percentage of eyes with reported dryness at postoperative follow-up (n = number of symptomatic eyes over eyes at follow-up).

Figure 8 Percentage of patients with reported glare/halos at postoperative follow-up (n = number of symptomatic eyes over eyes at follow-up).
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at twelve months may be due to chronic dry eye rather 
than post-surgical corneal changes.

In the original FDA clinical trial, glare was worse in 
15.1% of patients and halos were worse in 17.8% of 
patients at twelve months postoperatively compared to 
preoperative reports.8 Our patients were not interviewed 
for preoperative symptoms, nor was glare measured 

distinct from halos. However, at the twelve month follow- 
up, 16% of eyes experienced glare/halos, which is compar
able to the initial FDA study.

Most patients in the present study experienced improved 
vision with no additional surgeries (87%). This is a benefit 
compared to bioptics, which inherently requires two proce
dures. Comparison of Toric ICL implantation to bioptics has 

Table 4 Toric ICL Outcomes Compared Between the Present Study and the Literature

Study Year Eyes Time MRSE ± SD 
(Range) D

Abs MRC* ± SD 
Range) D

UDVA 20/ 
20 or 

Better (%)

%  
MRSE/MRC 

± 0.50 
D Intended

%  
MRSE/MRC 

±1.00 
D Intended

Safety 
Index

Efficacy 
Index

Present 

study

2021 96 Preop −10.31 ± 3.10  

(−4.88 to −21.75)

2.67 ± 1.02  

(1.50 to 5.75)

– – – – –

75 3 mo −0.33 ± 1.12  

(−6.75 to +2.00)

0.68 ± 0.38  

(0.00 to 1.50)

62 77/44 95/89 1.14 0.92

46 12 mo −0.23 ± 0.47  

(−1.25 to 1.50)

0.73 ± 0.51  

(0.25 to 3.00)

74 79/49 93/86 1.10 0.98

FDA 

Clinical 

Endpoints8

2018 – – – – – 50/40 75/65 – –

FDA 

Clinical 

Trial8

2018 210 Preop −9.37 ± 2.67  

(−2.38 to −19.50)

1.95 ± 0.84  

(1.00 to 4.00)

– – – – –

191 3 mo 0.13 ± 0.39  

(−1.25 to +1.25)

0.52 ± 0.49  

(0.00 to 3.00)

– – – – –

194 12 mo 0.03 ± 0.46  

(−2.25 to +1.00)

0.52 ± 0.48  

(0.00 to 3.00)

81.9 76.9/69.1 97.4/92.3 – –

Sanders 

et al5
2007 200 Preop −9.36 ± 2.66 1.93 ± 0.84 – – – – –

175 6 mo – – – 71.3/53.4 97.1/86.2 – –

186 12 mo 0.05 ± 0.46 0.51 ± 0.48 83.1 76.9/48.4 97.3/85.5 – –

Hyun 

et al14

2017 24 Preop −10.68 ± 2.44  

(−5.57 to −15.68)

2.50 ± 1.24  

(1.00 to 5.25)

– – – – –

Postop −0.41 ± 0.48  

(−1.50 to 0.56)

0.63 ± 0.33  

(0.00 to 1.25)

62.5 – – 1.14 1.06

Kamiya 

et al6
2013 50 Preop −9.47 ± 2.91  

(−3.00 to −17.25)

2.23 ± 1.09  

(0.75 to 6.50)

– – – – –

3 mo 0.05 ± 0.22 0.50 ± 0.43 94 – – 1.21 1.02

12 mo −0.11 ± 0.32 0.57 ± 0.60 90 – – 1.23 1.03

36 mo −0.22 ± 0.37 0.49 ± 0.41 86 82/92 98/94 1.16 0.94

Sheng 

et al30

2012 54 Preop −12.08 ± 4.22  

(−6.00 to −24.75)

1.88 ± 1.49  

(1.00 to 5.50)

– – – – –

8 mo −0.41 ± 0.61 0.41 ± 0.61 72.2% – – – –

Note: *MRC reported as absolute magnitude for comparison across studies. 
Abbreviations: UDVA, uncorrected distance visual acuity; MRSE, manifest refraction spherical equivalent; D, diopter; MRC, manifest refractive cylinder.
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shown quicker improvement of visual outcomes with ICL and 
equivalent visual outcomes.27,28 There is still a role for biop
tics in patients with severe myopia > −19.0 D and astigmatism 
>4.0 D.3 One patient in our study with preoperative myopia of 
−18.5 D OD and −20.0 D OS experienced a residual refractive 
error of −3.0 and −7.0 D, despite bilateral implantation of 
−15.5 D sphere and 2.5 D cylinder Toric ICLs. Residual 
refractive error is likely due to a limitation of lens power, 
making this patient an ideal bioptics candidate. Bioptics may 
play a role to refine refraction after Toric ICL as was seen in 
our eleven patients who underwent enhancements.

Most eyes were implanted with a 12.6 mm Toric ICL 
in the present study, compared with an average implanta
tion size of 13.2 mm in another study,29 suggesting that the 
13.7 mm lens size is infrequently utilized. Sheng et al 
suggest that undersized Toric ICLs, resulting in low 
vault, are more susceptible to rotation.30 Future develop
ment of intermediate lens sizes between 12.6 and 13.2 mm 
may be beneficial to improve accuracy of lens sizing and 
ideally minimize postoperative lens rotation.

There are several limitations to the present study. First, 
data were utilized from bilateral eyes when available to 
maximize study sample size. Current statistical recommen
dations suggest randomized inclusion of OD vs OS due to 
inter-ocular correlations.31 Regarding inclusion criteria, the 
preoperative cylinder of our data exceeded the FDA- 
approved guideline of 1.0 to 4.0 D at the spectacle plane. 
Because some patients’ astigmatism exceeded the maximum 
corrective power of the lens, these patients had an expected 
amount of undercorrection at postoperative time points, 
which was taken into account with attempted versus achieved 
calculations. Also, some patients fell outside the approved 

age range of 21 to 45 years, potentially limiting external 
validity. Patient attrition limited postoperative sample sizes, 
though nearly half of patients were seen at twelve months 
(47.9%). Although initial data suggest stability of refraction 
over time, continuity of visual outcomes through the 12- 
month follow-up would further support this conclusion. 
Finally, most of the biometric data was only collected in the 
preoperative visit, precluding analysis over time. 
Specifically, it would be helpful to correlate anterior chamber 
angles and aqueous depth with postoperative lens rotation.

Conclusion
The present study contributes a single site’s initial out
comes with Toric ICL after FDA approval. In summary, 
Toric ICL is a safe and effective option for patients with 
myopic astigmatism seeking surgical correction. Further 
investigation of the relationship between vault size and 
ICL size is needed to determine risk factors for postopera
tive ICL rotation.

Abbreviations
LASIK, laser-assisted in situ keratomileusis; PRK, photo
refractive keratectomy; Toric ICL, Toric Implantable 
Collamer Lens; FDA, Food and Drug Administration; 
UBM, ultrasound biomicroscopy; D, Diopter; IOP, intrao
cular pressure; UDVA, uncorrected distance visual acuity; 
CDVA, corrected distance visual acuity; OCT, optical 
coherence tomography; YAG, Yttrium-Aluminum Garnet; 
PI, peripheral iridotomy; MRSE, manifest refraction sphe
rical equivalent; MRC, manifest refractive cylinder; TIA, 
target induced astigmatism; SIA, surgically induced astig
matism; LRI, limbal relaxing incisions.

Table 5 Comparison of Toric ICL Complications and Astigmatism Outcomes Between Present Study and Literature

Study Year Remove  
(# Eyes)

Replace  
(# Eyes)

Reposition  
(# Eyes)

Observed 
Rotation

TIA ± SD  
(Range) D

SIA ± SD  
(Range) D

Present 2021 0 0 2 ≤ 5°: 87% 

5–15°: 11% 

>15°: 2%

2.16 ± 0.86 1.75 ± 0.85

FDA Clinical 

Trial8
2018 3 1 1 ≤ 5°: 94.3% 

≤ 10°: 97.9%

– –

Sanders et al5 2007 3 1 1 ≤ 5°: 86.9% 
≤ 10°: 92.3%

– –

Hyun et al14 2017 – – – ≤ 5°: 70.8% 2.31 ± 1.24  
(1.00 to 5.22)

2.11 ± 1.09  
(0.75 to 4.50)

Abbreviations: TIA, target induced astigmatism; SIA, surgically induced astigmatism.
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Ethics Approval and Informed 
Consent
All patients were fully informed and consented to treatment. 
Eight patients underwent off-label Toric ICL implantation 
due to age <21 years or >45 years and were consented and 
counseled appropriately. All methods and procedures fol
lowed the tenets of the Declaration of Helsinki and were 
approved by the Hoopes Vision Research Review Board. 
Biomedical Research Alliance of New York (Brany) 
Institutional Review Board (New York) approved this study.

Consent
This retrospective study using de-identified data has been 
approved by the Hoopes Vision Ethics Board and BRANY 
IRB #20-12-547-823 (New York, NY, USA). The study 
conforms with the Helsinki Declaration of 1964, as revised 
in 2013, concerning human and animal rights. The patients 
signed informed consent.
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