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Abstract

Purpose This study aimed to assess the optical quality of myopic and presbyopic IPCLs with different additional powers,
and to investigate the effects of pupil size on the optical quality of these IPCLs using an in-vitro modulation transfer function
(MTF) measurement system.

Methods Linear scatter functions (LSFs) were recorded using the OPAL Vector system and an eye phantom consisting of
wet cells filled with a balanced salt solution. A myopic IPCL or a presbyopic IPCL was placed in the posterior chamber of
this model. The MTF was calculated from the LSF using the fast Fourier transform techniques. The effective apertures were
set at 2.0 to 5.0 mm in 1.0 mm steps.

Results The in-focus MTF values of the myopic IPCL and presbyopic IPCL with additional powers of +2.0 and + 4.0 diop-
ters at 100 cycles/mm for an effective aperture of 3.0 mm were 43%, 27%, and 24%, respectively. The in-focus MTF value of
both myopic and presbyopic IPCLs was the highest when the effective aperture was set at 3.0 mm, and it gradually worsened
when the effective aperture became larger than 3.0 mm at 20, 60, and 100 cycles/mm.

Conclusions Both myopic and presbyopic IPCLs provided excellent MTF values, but the additional power profile can dete-
riorate optical performance in presbyopic IPCL-implanted eyes, even with a low additional power. Pupil size can influence
visual quality in IPCL-implanted eyes for both myopia and presbyopia.

Key Messages

What is known:

+ Implantable phakic contact lens (IPCL) has been reported to be effective for the treatment of both myopia and presby-
opia, with a noticeable advantage in reducing the patients’ cost burden.

* The optical properties of IPCL have not yet been thoroughly investigated, neither for myopic IPCLs nor for presbyopic
IPCLs.

What is new:

* The MTF of presbyopic IPCL was slightly lower than that of myopic IPCL even with a low additional power.

* The MTF values of both myopic and presbyopic IPCLs were the highest for a 3.0 mm-pupil size, with gradually wors-
ened for a larger pupil size.
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aged 40 or older, regardless of the type of refractive surgery.
This natural phenomenon can cause one of the common dis-
satisfactions when post-surgical patients become older even
if we simply correct refractive disorders. At present, there
are many surgical options for the correction of presbyopia,
such as monovision with IOLs or corneal laser surgery,
simultaneous images with IOLs and corneal inlays, pinhole
technology with IOLs and corneal inlays, crystalline lens
softening with femtosecond laser, and restoring accommo-
dation with IOLs and scleral expansion. There are certain
curative effects, but due to their respective disadvantages,
none of them has become dominant. As we all know, pres-
byopia correction is assumed to be the last frontier of refrac-
tive surgery in middle-aged patients [3, 4].

The posterior chamber implantable phakic contact lens
(IPCL V2, Care Group Sight Solutions, India) has been
developed as an alternative to the posterior chamber pIOL
(Visian ICL, STAAR Surgical, Monrovia, CA, USA), with
a noticeable advantage in reducing patients’ cost burden.
Indeed, Rateb et al. [5] showed, in a prospective, random-
ized comparative study, no statistically significant differ-
ences in postoperative uncorrected and corrected visual
acuities at any time points between the IPCL- and ICL-
implanted patients for the correction of myopia and myopic
astigmatism, although the lens material and the lens archi-
tecture were different between these pIOLs. Vasavada et
al. [6] found that IPCL showed good visual and refractive
outcomes during the 3-year observation period. IPCL can
also provide correction for a wide range of ametropia up
to -30.0 D and astigmatism up to 10 D. Moreover, Schmid
et al. [7] firstly demonstrated in a preliminary study that a
presbyopic IPCL can provide good visual outcomes and
spectacle independence for near to far distances. These
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Fig. 1 Appearance of posterior chamber implantable phakic contact
lens (IPCL V2) for myopia (left) and presbyopia (right)
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previous findings indicate that IPCL may be one of the fea-
sible surgical options for moderate to high myopic patients
with and without presbyopia. However, there have been so
far no relevant published studies on the optical properties of
the IPCL, not only for myopia but also for presbyopia, and
on optical changes depending on pupil size. It may contrib-
ute to better understanding of the optical characteristics and
subsequent future prevalence of these promising pIOLs.

The goal of the current study is twofold; to assess the
optical performance of the current version of myopic IPCL
as well as presbyopic IPCL, and to investigate the effects
of pupil diameter on the optical performance of these myo-
pic and presbyopic IPCLs with different additional powers,
using an in-vitro modulation transfer function (MTF) mea-
surement system. To our knowledge, this is the first study to
assess detailed optical properties of the IPCLs not only for
myopia but also for presbyopia.

Methods

The IPCL is made of reinforced hybrid acrylic material with
medium water content and has 6 holes in the optic and optic-
haptic vault to reduce light scattering and allow equalization
of the pressure between the posterior and anterior chamber
across the lens (Fig. 1). The presbyopic IPCL has a diffrac-
tive optical zone of 5.8 mm with an additional power rang-
ing from + 1.0 D to +4.0 D in 0.5 D steps (Fig. 1). We used
the current version of the IPCL (IPCL Version 2.0) having a
dioptric power of -5.5 D with additional powers of +2.0 D
and +4.0 D for near vision (presbyopic IPCL) and without
any additional power (myopic IPCL) as representative pow-
ers in the present study. We also used a hydrophilic acrylic
monofocal IOL (VA-60BBR, HOYA. Japan) as an artificial
crystalline lens, with a spherical power of +30.0 D, a length
of 12.5 mm, and an optical diameter of 6.0 mm.

Linear scatter functions (LSFs) were recorded using the
OPAL Vector system (Image Science Ltd., Oxfordshire,
UK) and an eye phantom consisting of wet cells filled with
a balanced salt solution (Menicon Co., Nagoya, Japan)
(Fig. 2). We placed a myopic IPCL or a presbyopic IPCL
in the posterior chamber of the model at room temperature.
The MTF was calculated from the LSF using the fast Fou-
rier transform techniques from an average of 16 array scans
hold. The eye model consisted of a cornea model (Achro-
mat, SSK4 and SF8) and a variable effective iris with a BK7
window and follows ISO standards. The effective apertures
were set at 2.0, 3.0, 4.0 and 5.0 mm. In this system, the
light source was limited to 546 nm. The detector type used
was the RETICON K series silicon linear photodiode array,
with a length of 2.8 mm and 512 pixels. The contrast values
were determined with an average of 16 array scans. These
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Fig. 2 Appearance of in vitro
modulation transfer function
(MTF) measurement system
(OPAL Vector System)

Fig. 3 In-focus modulation
transfer function (MTF) values
for the myopic IPCL (-5.5 D) and
presbyopic IPCL (-5.5 D, with
additional powers+2.0 and +4.0
D) at 100 cycles/mm for an effec-
tive aperture of 3.0 mm
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MTF measurements comply with the standardized require-
ments of international organizations, except for the effective
aperture.

Results

Figure 3 shows the in-focus MTF measurements of myo-
pic and presbyopic IPCLs at 100 cycles/mm for an effec-
tive aperture of 3.0 mm. The in-focus contrast of the myopic
IPCL was 43%. In contrast, the corresponding figures of the
presbyopic IPCL with additional powers of +2.0 and +4.0
diopters (D) at 100 cycles/mm for an effective aperture of
3.0 mm were 27% and 24%, respectively.

Figure 4 shows the in-focus MTF measurements of the
myopic and presbyopic IPCLs at 20, 60, and 100 cycles/mm
for various effective apertures ranging from 2.0 to 5.0 mm.
The in-focus MTF value of both myopic and presbyopic
IPCLs was the highest when the effective aperture was set
at 3.0 mm, and it gradually worsened when the effective

aperture became larger than 3.0 mm at 20, 60, and 100
cycles/mm.

Discussion

In the present study, our findings demonstrated that both
myopic and presbyopic IPCLs provided excellent MTF
outcomes, although the MTF of the presbyopic IPCL was
lower than that of the myopic IPCL, and that MTF with
high additional power was slightly lower than that with low
additional power, indicating that the additional power pro-
file can deteriorate visual performance in presbyopic IPCL-
implanted eyes, even when the additional power is low. Our
findings also showed that the MTF values of both myopic
and presbyopic IPCLs were highest for a 3.0 mm-pupil
size, and that the MTF gradually worsened when the pupil
size became larger than 3.0 mm, indicating that pupil size
can affect the postoperative visual performance in IPCL-
implanted eyes not only for myopia but also for presbyopia.
In this study, we applied in vitro MTF measurements, which
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Fig.4 In-focus modulation
transfer function (MTF) values
for the myopic IPCL (-5.5 D) and
presbyopic IPCL (-5.5 D, with
additional powers+2.0 and +4.0
D) at 20, 60, and 100 cycles/mm
for various effective pupil diam-
eters ranging from 2.0 to 5.0 mm

a. 20 cyc/mm

Contrast(%)

100 )
—a— Myopic IPCL

80 m—
\ - & = Presbyopic IPCL +2.0

-

S o --e--Presbyopic IPCL +4.0
40 \:\‘
20 ?
0
2 3 4 5

Effective pupil diameter (mm)

b. 60 cyc/mm

Contrast(%)

100

—a— Myopic IPCL
80

- & - Presbyopic IPCL +2.0

: --e--Presbyopic IPCL +4.0
0 gemmodnnrm=a ’

-
———

20 T

0
2 3 L 5

Effective pupil diameter (mm)

c. 100 cyc/mm

Contrast(%)

100
- —a— Myopic IPCL
60 - & - Presbyopic IPCL +2.0

--e--Presbyopic IPCL +4.0

Effective pupil diameter (mm)

were internationally accepted as a standardized method for  vitro experiments had higher repeatability of the MTF mea-
assessing the IOL image quality. It has been shown that we = surements when using another pIOL model [10].

can predict in vivo contrast sensitivity and optical image Although IPCL and ICL were classified into the same
based on in vitro contrast values [8, 9], and that these in  category as posterior chamber pIOLs, the optical quality
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may be somewhat different based on the fact that the lens
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material (hybrid acrylic vs. collamer), the refractive index
(1.465 vs. 1.442), the and the overall architecture were dif-
ferent between them. Gros-Otero et al. [11] demonstrated, in
a comparative study on the surface roughness of the ICL and
the IPCL using atomic force microscopy, that the surface
of the IPCL was significantly smoother and thus exhibited
better optical properties in comparison with the ICL. The
MTF of the myopic IPCL was overall as high as that of the
similar myopic ICL. Uozato et al. [10] demonstrated that the
in-focus contrasts of myopic ICLs for —10.0 D and —5.0 D
at 100 cycles/degree for a 3.0-mm effective aperture were
40% and 39%, respectively. In the current study, the corre-
sponding value of the myopic IPCL under same conditions
was 43%, which was slightly better than that of the myopic
ICL, presumably resulting from differences of the surface
smoothness, the material, and the edge shape of the central
hole between the two pIOLs.

It is reasonable that the MTF value of the presbyopic
IPCL tended to be lower as the additional power was higher,
although the differences of the MTF value was relatively
small. These current findings are consistent with previous
findings of multifocal IOL implantation in that contrast sen-
sitivity function decreased especially when using a multifo-
cal IOL with a higher additional power [12—14]. In clinical
application, it is necessary to focus on the needs for over-
all vision of each presbyopic patients. It may be the deci-
sive factor whether the visual improvement at all distances
exceeds the adverse effects of multifocal IOL, as well as the
motivation to achieve spectacle independence.

The difference in pupil size largely depends on the
brightness level in a daily life. The changes in pupil size
may cause changes in wavefront aberrations, resulting in
a degradation of the retinal image quality and subjective
visual performance [15]. This fact is especially important
in consideration of multifocal IOL implantation, because
optical performance as well as subsequent patient satisfac-
tion varies with pupil size [16, 17]. Our results showed that
the image quality of both the myopic and presbyopic IPCLs
was highest, when the effective pupil diameter was set at
3.0 mm, and that it gradually worsened when the pupil size
became larger than 3.0 mm, indicating that the optical per-
formance of post [IPCL-implanted patients at dim-light or
night conditions may be inferior to that at daily light con-
ditions. Actually, Stodulka et al. [18] reported that some
patients undergoing presbyopic IPCL implantation had
some difficulty in seeing under dim light conditions in a
clinical setting, which was in line with our current findings.
Wei et al. [19] also mentioned, in a study of patients under-
going ICL implantation, that both subjective and objective
visual quality decreased significantly when the pupil diam-
eter was 5.0 mm.

There are at least two limitations to this study. One is that
we did not assess the effects of residual accommodation,
spherical aberration, tilt or decentration of the crystalline
lens in this model. We cannot deny the possibilities that it
might affect the MTF results in the current study. However,
this methodology has been well-established in other pub-
lished studies [11, 16], and we aimed to essentially compare
the optical properties of the myopic and presbyopic IPCLs
under the same conditions. Another limitation is that we
selected one representative power (-5.5 D) of IPCLs with or
without additional powers (+2.0 and +4.0 D) in consider-
ation of daily practice.

In conclusion, our results demonstrated that both IPCLs
for myopia and for presbyopia provided excellent MTF
outcomes, but that the MTF of the presbyopic IPCL was
slightly lower than that of the myopic IPCL, suggesting that
the additional multifocal power profile for presbyopia can
affect the optical performance, even when the additional
power is low. Our results also confirmed that the MTF val-
ues of both myopic and presbyopic IPCLs were the highest
for a 3.0 mm-pupil size, and that the MTF gradually wors-
ened when the pupil size became larger than 3.0 mm. We
should be aware that the image quality of these pIOLs might
deteriorate under dim-light or night conditions, especially
for post presbyopic IPCL-implanted patients.

Funding The authors indicate no funding/support, financial disclo-
sures, or financial conflict of interest.

References

1. Barsam A, Allan BD (2014) Excimer laser refractive surgery ver-
sus phakic intraocular lenses for the correction of moderate to
high myopia. Cochrane Database Syst Rev (6): CD007679

2. Kohnen T (2018) Phakic intraocular lenses: where are we now? J
Cataract Refract Surg 44:121-123

3. Wolffsohn JS, Davies LN (2019) Presbyopia: effectiveness of
correction strategies. Prog Retin Eye Res 68:124-143

4. Mercer RN, Milliken CM, Waring GO 4th, Rocha KM (2021)
Future trends in Presbyopia correction. J Refract Surg 37:S28-S34

5. Rateb M, Gad AAM, Tohamy D, Elmohamady MN (2022) A Pro-
spective Comparative Study between Implantable Phakic Intra-
ocular Contact Lens and Implantable Collamer Lens in Treatment
of Myopia in Adults. J Ophthalmol 2022:9212253

6. Vasavada V, Srivastava S, Vasavada SA et al (2018) Safety and
Efficacy of a new phakic posterior Chamber IOL for correction of
myopia: 3 years of follow-up. J Refract Surg 34:817-823

7. Schmid R, Luedtke H (2020) A Novel Concept of correcting Pres-
byopia: First Clinical results with a phakic diffractive intraocular
Lens. Clin Ophthalmol 14:2011-2019

8. Lang AJ, Lakshminarayanan V, Portney V (1993) Phenomeno-
logical model for interpreting the clinical significance of the in
vitro optical transfer function. J Opt Soc Am a 10:1600-1610

9. Rawer R, Stork W, Spraul CW, Lingenfelder C (2005) Imag-
ing quality of intraocular lenses. J Cataract Refract Surg
31:1618-1631

@ Springer



Graefe's Archive for Clinical and Experimental Ophthalmology

10.

11.

12.

13.

14.

15.

16.

Uozato H, Shimizu K, Kawamorita T, Ohmoto F (2011) Modula-
tion transfer function of intraocular collamer lens with a central
artificial hole. Graefes Arch Clin Exp Ophthalmol 249:1081-1085
Gros-Otero J, Ketabi S, Cafiones-Zafra R et al (2021) Atomic
force microscopy comparative analysis of the surface roughness
of two posterior chamber phakic intraocular lens models: ICL
versus IPCL. BMC Ophthalmol 21:280

Altemir-Gomez I, Millan MS, Vega F et al (2020) Comparison of
visual and optical quality of monofocal versus multifocal intra-
ocular lenses. Eur J Ophthalmol 30:299-306

Calladine D, Evans JR, Shah S, Leyland M (2012) Multifocal
versus monofocal intraocular lenses after cataract extraction.
Cochrane Database Syst Rev (9):CD003169

Hall CD, Barnes CS, Gutherie AH, Lynch MG (2022) Visual
function and mobility after multifocal versus monofocal intra-
ocular lens implantation. Clin Exp Optom 105:70-76

Li Y-J, Choi JA, Kim H et al (2011) Changes in ocular wavefront
aberrations and retinal image quality with objective accommoda-
tion. J Cataract Refract Surg 37:835-841

Kawamorita T, Uozato H, Aizawa D et al (2009) Optical perfor-
mance in rezoom and array multifocal intraocular lenses in vitro.
J Refract Surg 25:467—469

@ Springer

Fernandez J, Rodriguez-Vallejo M, Martinez J et al (2020) Pupil
diameter in patients with multifocal intraocular lenses. J Refract
Surg 36:750-756

Stodulka P, Slovak M, Sramka M et al (2020) Posterior chamber
phakic intraocular lens for the correction of presbyopia in highly
myopic patients. J Cataract Refract Sur 46:40—44

. Wei R, Li M, Zhang H et al (2020) Comparison of objective and

subjective visual quality early after implantable collamer lens
V4c (ICL V4c) and small incision lenticule extraction (SMILE)
for high myopia correction. Acta Ophthalmol 98:¢943-€950

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



	﻿Modulation transfer function of implantable phakic intraocular contact lens (IPCL) for myopia and presbyopia
	﻿Abstract
	﻿Key Messages
	﻿Introduction
	﻿Methods
	﻿Results
	﻿Discussion
	﻿References


