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Purpose: This prospective, single-site study aimed to assess the corresponding change in 

monocular visual acuity with induced astigmatic defocus in subjects implanted with a small-

aperture intraocular lens (IOL).

Patients and methods: Ten subjects with a mean age of 65.1 years were recruited. Eleven 

eyes of these 10 subjects were implanted (9 unilaterally, 1 bilaterally) with an IC-8 small-aperture 

IOL. Baseline manifest refraction and best-corrected distance visual acuity were measured 

with a Snellen chart (Tumbling E chart). Astigmatic defocus was induced in the same axis as 

the manifest sphere-cylinder refraction or at 180° for a spherical refraction. Cylinder defocus 

was reduced in 0.50 D steps from -2.50 D, and distance visual acuity was measured at each 

level of defocus.

Results: Mean distance visual acuity was 0.08 logarithm of minimum angle of resolution 

(logMAR) ±0.08 (20/24) at 1.50 D of defocus, 0.18 logMAR ±0.08 (20/30) at 2.00 D of defocus, 

and 0.24 logMAR ±0.07 (20/35) at 2.50 D of defocus. Eight out of 10 subjects achieved 20/25 

or better vision with 1.50 D of cylinder defocus, and all subjects were 20/30 or better. Ten out 

of 11 subjects were 20/40 or better with 2.50 D of defocus.

Conclusion: The IC-8 IOL shows good tolerance to astigmatic defocus with minimal effect on 

visual acuity. Overall, 20/25 or better distance acuity was maintained through 1.50 D cylinder 

defocus.

Keywords: multifocal intraocular lenses, extended depth of focus lenses, refractive errors, 

cataract

Introduction
The IC-8 small-aperture intraocular lens (IOL; AcuFocus, Inc., Irvine, CA, USA) is 

an aspheric monofocal IOL embedded with an opaque mini-ring that is intended to 

extend depth of focus by decreasing the size of the blur circle at the retina. The rela-

tion between decreasing pinhole size and increasing acuity in ametropia has been well 

established.1,2 This principle is already being used successfully by the KAMRA corneal 

inlay (CorneaGen, Seattle, WA, USA), which is US Food and Drug Administration-

approved for presbyopia correction.3,4 Likewise, the unilateral implantation of the IC-8 

IOL with an aspheric monofocal IOL in the fellow eye provides reduced spectacle 

dependence by extending the depth of focus from far through near in the IC-8 eye.5,6 

Subjects implanted contralaterally in a prospective clinical trial achieved uncorrected 

binocular visual acuities of 20/18, 20/22, and 20/29 for distance, intermediate, and 

near, respectively.6

Residual refractive error in an eye implanted with an IOL is one of the primary 

factors influencing postoperative visual acuity and patient satisfaction. Multifo-

cal IOLs can tolerate up to 0.75 diopters (D) of astigmatism, beyond which visual 
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acuity, spectacle independence, and patient satisfaction are 

compromised.7 Similarly, the Symfony IOL (J&J Vision, 

Costa Mesa, CA, USA) has been shown to tolerate up to 

1.00 D of astigmatism.8 Laser in situ keratomileusis, photo-

refractive keratectomy arcuate corneal incisions, piggy-back 

IOLs, and IOL exchange are some of the techniques used to 

correct residual refractive error when spectacle independence 

is desired after cataract surgery.9–11

In contrast, a small aperture is able to provide good uncor-

rected distance, intermediate, and near vision while being 

more tolerant to sphero-cylindrical residual refractive errors 

as a result of its extended depth of focus.6,12 In a recently 

published prospective clinical trial, patients with up to 1.75 D 

of corneal astigmatism that were treated with an IC-8 IOL 

without any additional astigmatic management were able to 

tolerate up to 1.50 D of refractive astigmatism.6

Thirty-two percent of patients present for cataract sur-

gery with between 0.75 and 2.00 D of corneal astigmatism 

before cataract surgery.13 For eyes with .0.50 D of corneal 

astigmatism, a toric IOL may be needed.14 The IC-8 IOL has 

the potential to bridge the gap between the monofocal and 

monofocal toric IOLs for correcting low-grade astigmatism 

and/or to have greater tolerance for residual postoperative 

astigmatism. This pilot evaluation was designed to inves-

tigate the tolerance of the IC-8 IOL to increasing levels of 

induced astigmatism.

Patients and methods
This was a prospective, single-center, single-visit, observa-

tional pilot study on 11 eyes implanted with the IC-8 IOL. 

Nine subjects were contralaterally implanted with an IC-8 

IOL in conjunction with a monofocal IOL in the fellow eye 

and 1 subject was implanted bilaterally with the IC-8 IOL 

(both eyes from this subject were enrolled in the study). The 

study was performed at the Asian Eye Institute in accordance 

with the Declaration of Helsinki and approved by the ethics 

committee of the investigational site. Subjects were screened 

for eligibility, and written informed consents were obtained 

from all eligible subjects.

Eligibility criteria included eyes with best-corrected 

distance visual acuity (BCDVA) of 20/25 or better and clear 

intraocular media with no posterior capsular opacification. 

Eyes with any pathology resulting in loss of BCDVA were 

excluded from the study.

The baseline manifest refraction and BCDVA were 

measured in all eyes using a Snellen chart (Tumbling E 

chart). With the manifest refraction in place, -2.50 D of 

astigmatic defocus was induced in the IC-8 IOL eye either 

in the same axis as that of the manifest sphere-cylinder 

refraction or at the 180° axis in eyes with a spherical refrac-

tion. The amount of astigmatism induced was decreased in 

0.50 D steps from -2.50 to -0.50 D. Distance visual acuity 

was recorded at each defocus level with the Snellen chart. 

No spherical adjustments were made in order to isolate the 

astigmatic defocus effect.

statistical analysis
Statistical analysis was performed using JMP statisti-

cal software version 13.0 (SAS Institute, Inc., Cary, NC, 

USA). Snellen visual acuity data were converted to logarithm 

of minimum angle of resolution (logMAR) for analysis. 

The mean and SD of visual acuity at each level of induced 

astigmatic defocus were calculated. Continuous parameters 

were compared using the Wilcoxon test. A P-value of ,0.05 

was considered to be statistically significant. Change in mean 

visual acuity with an increase in induced astigmatic defocus 

was plotted to generate astigmatic defocus curve.

Results
Demographics and baseline characteristics
The mean age ± SD was 65.1 years ±6.1 (range: 54.3–72.9 

years, n=10). Of the 10 subjects analyzed, 60% (n=6) subjects 

were female and 40% (n=4) subjects were male. All (100%) 

subjects were Asian. Demographics results and the baseline 

sphere, cylinder, and manifest spherical equivalent refrac-

tion, BCDVA for the IC-8 IOL eyes (n=11) are presented 

in Table 1.

Visual acuity with induced astigmatic 
defocus
Figure 1 shows the mean far visual acuity in logMAR at 

different levels of induced astigmatic defocus. The baseline 

Table 1 Demographics and baseline Mrse, sphere, cylinder, and 
BCDVa in 11 iC-8 eyes of 10 subjects (n=10 for demographic 
parameter, and n=11 for baseline parameters)

Demographic 
and baseline 
parameters

Mean ± SD 95% CI Range

age (years) 65.11±6.09 60.8, 69.5 54.3, 72.9
Mrse -0.57±0.38 -0.82, -0.32 -1.25, -0.125
sphere -0.18±0.45 -0.48, 0.12 -1.00, 0.50
Cylinder 0.64±2.28 -1.08, -0.47 -1.50, 0.00
BCDVa 0.00±0.04 -0.03, 0.03 -0.10, 0.10

Abbreviations: Mrse, manifest refractive spherical equivalent; BCDVa, best-
corrected distance visual acuity.
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mean logMAR ±95% CIs ([min, max]; mean Snellen equiva-

lent) visual acuity was 0.00±0.03 ([-0.01, 0.10]; 20/20) at 

0.00 D defocus, ie, BCDVA with manifest refraction. Visual 

acuity was 0.02±0.05 ([-0.10, 0.18]; 20/21) with -0.50 D, 

0.07±0.05 ([0.00, 0.18]; 20/24) with -1.00 D, 0.08±0.05 

([0.00, 0.18]; 20/24) with -1.50 D, 0.19±0.07 ([0.00, 0.40]; 

20/31) with –2.00 D, and 0.26±0.08 ([0.10, 0.54]; 20/36) 

with -2.50 D of defocus. The mean logMAR visual acuity 

showed a statistically significant difference from baseline 

at -1.00 D (P=0.0025), -1.50 D (P=0.0009), -2.00 D 

(P,0.0001), and -2.50 D (P,0.0001) of induced astig-

matism. There was no statistically significant difference in 

visual acuity between -0.50 and -1.00 D (P=0.0767) and 

between -1.0 and -1.50 D (P=0.73) of astigmatic defocus. 

Figure 2 shows the distribution of visual acuity scores. 

For astigmatism defocus up to -1.50 D, 73% and 100% of 

subjects had 20/25 or better and 20/30 or better visual acuity, 

respectively. At 2.50 D, 46% and 91% of eyes had acuity of 

20/30 or better and 20/40 or better, respectively.

The change in visual acuity at each incremental step 

of induced astigmatic defocus was not constant. A gradual 

change of ,1 line was observed from the baseline to -1.50 D 

of defocus, followed by a 1 line loss from -1.50 to -2.00 D 

of defocus and approximately another line of loss from -2.00 

Figure 1 Mean ±95% Ci visual acuity in logMar at different levels of induced astigmatic defocus from 0.00 to -2.50 D.
Abbreviation: logMar, logarithm of minimum angle of resolution.

Figure 2 Visual acuity in logMar by cylinder defocus group.
Abbreviation: logMar, logarithm of minimum angle of resolution.
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to -2.50 D of defocus. Figure 3 shows the mean change in 

visual acuity from baseline by cylinder axis: with-the-rule, 

oblique, and against-the-rule. Change in visual acuity was 

similar between all 3 groups. Eyes with astigmatism in the 

oblique axis or with-the-rule showed slight better maintenance 

of visual acuity at -1.00 and -1.50 D of induced cylinder 

defocus than eyes with against-the-rule astigmatism.

Discussion
Patient satisfaction with presbyopia correcting lenses such 

as multifocal IOLs is largely linked to patient expectations 

of spectacle independence following lens surgery.15,16 While 

80% of the patients experienced spectacle independence,17 

a common complaint among dissatisfied multifocal IOL 

patients is blurred vision due to residual refractive error 

that may require secondary management using refractive 

surgery or IOL exchange.9 Residual refractive astigmatism 

is reported in 29%–64% of complaints of blurred vision 

with a mean residual cylinder amount of 1.00–1.50 D.18,19 

In the presence of astigmatism, the light split between dif-

ferent foci of a multifocal lens further decreases in intensity, 

along with interference of the astigmatic focal lines between 

different foci.20 The IC-8 IOL is an extended depth of focus 

IOL that combines an aspheric monofocal IOL optic and a 

small aperture to elongate depth of focus. By virtue of this 

design, the IC-8 IOL should be more tolerant of residual 

astigmatic refractive error.

A mean acuity of 20/24 was observed at 1.50 D of induced 

astigmatic defocus with the IC-8 IOL. According to the Amer-

ican Society of Cataract and Refractive Surgery (ASCRS) 

committee guidelines for multifocal IOL patient selection, the 

threshold for astigmatic defocus is placed at 0.75 D, beyond 

which satisfactory functional visual acuity and spectacle 

independence may be compromised.7 Astigmatism exceeding 

0.75 D compromised distance visual acuity to 20/40 or less 

with diffractive multifocal and 20/30 or less with refractive 

multifocal.21,22 This doubling of tolerance to astigmatism was 

also observed with computational eye modeling of the small-

aperture inlay. Vilupuru et al12 observed in 20 eyes, if 1.00 D 

of astigmatism remained uncorrected for a pupil diameter of 

3.00 mm in an untreated eye, the equivalent value with the 

small-aperture inlay implanted was 1.90 D (ie, an increase 

of 0.90 D of tolerance to astigmatism).

When comparing induced astigmatism up to 1.00 D with 

minus cylinder, the effect of astigmatic defocus on acuity 

with the IC-8 IOL agrees well with the Symfony IOL.8 

BCDVA was 20/24 with the IC-8 IOL and 20/25 with the 

Symfony IOL for 1.00 D induced cylinder. The impact on 

acuity for the same diopter of induced astigmatism in mul-

tifocal IOLs ranges from 20/29 to 20/40.8 For astigmatic 

defocus .1.00 D, acuity results, at least in this series and 

as reported by Dick et al,6 appear to be better with the IC-8 

IOL compared to the Symfony IOL or multifocal IOLs. 

Acuity with 1.50 D cylinder was 20/24 with the IC-8 IOL, 

20/29 with the Symfony IOL, and worse than 20/30 with 

multifocals IOLs.8

Carones et al8 compared the impact of induced astigmatism 

with 2 multifocals (AcrySof ReSTOR +2.50 D and AcrySof 

ReSTOR +3.00 D; Alcon, Fort Worth, TX, USA), a trifocal 

(AcrySof PanOptix, Alcon), and the extended range of vision 

(Tecnis Symfony ZRX00, J&J Vision, Santa Ana, CA, USA) 

IOLs. The results of the study showed the Symfony IOL to be 

tolerant to up to 1.00 D of astigmatism and be the least sensi-

tive to induced blurriness and change in satisfaction scores, 

when compared to the multifocals and the trifocal IOLs. At 

1.50 D of astigmatic defocus, the average visual acuities 

Figure 3 Mean change in lines of acuity by astigmatic axis with different levels of induced astigmatic defocus from 0.00 to -2.50 D.
Abbreviations: aTr, against-the-rule; WTr, with-the-rule.
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with the multifocals, trifocal, and Symfony IOLs were 20/33, 

20/40, and 20/29, respectively. In contrast, with 1.50 D of 

astigmatic defocus, the average visual acuity was 20/24 with 

the IC-8 IOL. At 1.50 D of induced astigmatic defocus, the 

multifocals, trifocal, and Symfony IOLs, on average, lost 3, 4, 

and 2 lines of visual acuity from their baseline visual acuity, 

respectively. In contrast, with 1.50 D of astigmatic defocus, 

eyes implanted with the IC-8 IOL lost ,1 line of visual acu-

ity. Additionally, at 1.00 D of induced astigmatic defocus, the 

Symfony IOL, on average, lost 2 lines of visual acuity, while 

eyes with the IC-8 IOL, lost ,1 line of visual acuity.

Hayashi et al21 recommended that residual astigmatism be 

within 1.00 D with multifocal IOLs to achieve a functional 

distance visual acuity of 20/40 required for most tasks such 

as driving. In this study, all eyes except 1 achieved 20/40 or 

better acuity with 2.50 D of induced defocus.

The individual defocus curves of the 11 eyes showed 

some differences in response to astigmatic defocus between 

subjects. We observed that some subjects implanted with the 

IC-8 IOL had a change in baseline acuity at 1.00 D while 

others did not have any change in baseline acuity until 2.00 D. 

If the eyes had a baseline refraction that was categorized to 

be mixed or simple astigmatism and if the astigmatism was 

against-the-rule, the eyes tended to exhibit lower tolerance 

to induced astigmatic defocus.

Residual astigmatism after cataract surgery is difficult 

to control as a result of conditions like corneal curvature 

changes induced by a corneal incision and possible postop-

erative IOL tilt and rotation. In addition, toric IOL power 

calculation, reference marking, IOL axis placement intra-

operatively, and monitoring of IOL rotation postoperatively 

can be tedious and time-consuming. In the event of toric IOL 

misalignment, every degree of off-axis rotation results in a 

loss of up to 3.3% of IOL cylindrical power. This means 

with a 10° off-axis rotation, the toric IOL provides only 

0.66 D of effective cylinder power and hence one-third of 

the cylindrical effect is lost.23 The small-aperture lens design 

is symmetric, with the small aperture placed at the IOL optic 

center. With no axis to align, astigmatism management is 

less complex and the potential for postoperative rotational 

misalignment is eliminated.

Dick et al6 compared visual acuity results by cylinder 

power in the European postmarket study on the IC-8 IOL. 

They showed that subjects who had 1.50 D or less uncor-

rected astigmatism achieved mean visual acuity of 20/22 

where subjects with more than 1.50 D of uncorrected 

astigmatism achieved 20/38. While this prior study com-

pared groups based on preexisting corneal astigmatism, this 

study evaluated the influence of increasing amounts of cyl-

inder defocus in a consistent cohort of IC-8 IOL eyes. This 

study provides additional support for astigmatism tolerance 

of the IC-8 IOL up to 1.50 D and new information about 

influence of cylinder axis. The IC-8 IOL expands the surgical 

options for the treatment of low-level corneal astigmatism 

without the inconveniences associated with toric alignment, 

surgically induced astigmatism, and postoperative lens rota-

tion with axis misalignment.

While the results are promising, this study is limited 

by the sample size. Further studies are required on a larger 

cohort for a more precise determination of tolerance to 

astigmatic defocus with the IC-8 IOL. Additional measures 

of patient satisfaction scores and contrast sensitivity can help 

to complement acuity data in subjects. Other future modifica-

tions to the study include inducing astigmatism at horizontal, 

vertical, and oblique axes as well as use of optotypes such 

as Landolt C without any orientation bias rather than linear 

optotypes such as Tumbling E.

Conclusion
Induced astigmatic defocus up to 1.50 D may be reasonably 

compensated for with the IC-8 IOL, and up to 2.00 D in 

some subjects following monocular implantation of the IC-8 

IOL in the nondominant eye. The IC-8 IOL may provide 

improved tolerance to blur from residual induced astigmatism 

compared to multifocals, with minimal impact on distance 

acuity of 20/25 or better. With each type of IOL having its 

benefits and trade-offs, this knowledge will be clinically 

useful for surgeons in considering IOL options for cataract 

and refractive lens exchange patients with astigmatism. 

Additional study is ongoing to fully describe the benefits 

and limitations of a small-aperture IOLs tolerance to corneal 

astigmatism.
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