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Posterior Chamber Phakic 
Intraocular Lens Implantation in 
Eyes with an Anterior Chamber 
Depth of Less Than 3 mm: A 
Multicenter Study
Kazutaka Kamiya1, Kimiya Shimizu2, Akihito Igarashi2, Yoshihiro Kitazawa3, Takashi Kojima4, 
Tomoaki Nakamura5 & Kazuo Ichikawa6

This study was aimed to assess the clinical outcomes of Visian ICL (hole ICL; STAAR Surgical, Inc.) 
implantation for the correction of myopic refractive errors in eyes having an anterior chamber depth 
(ACD) below the current manufacturer’s recommendation (<3.0 mm). We comprised 365 eyes of 201 
consecutive patients (mean age ± standard deviation, 35.7 ± 7.5 years) with spherical equivalents of 
−8.66 ± 3.54 D. We evaluated the safety, efficacy, predictability, stability, intraocular pressure (IOP), 
endothelial cell density (ECD), and complications. The safety and efficacy indices were 1.12 ± 0.22 
and 0.98 ± 0.22. At 1 year, 90% and 98% of eyes were within ± 0.5 and 1.0 D of the attempted 
correction, respectively. Changes in the manifest refraction from 1 week to 1 year postoperatively were 
−0.08 ± 0.34 D. The mean ECD loss was 0.2 ± 8.7%. No eyes showed a significant ECD loss (≥30%). 
We found no significant correlation between the ACD and the change in ECD (Pearson correlation 
coefficient r = −0.048, p = 0.360). No significant IOP rise or vision-threatening complication occurred at 
any time. These findings indicate that the surgical indication of ICL implantation should be reconsidered 
in terms of ACD.

The EVO Visian ICL (Hole ICL; KS-APTM; STAAR Surgical Inc, Monrovia, California, USA), a posterior chamber 
phakic intraocular lens with a central hole, has been widely accepted as one of the viable surgical options for the 
correction of moderate to high ametropia1–4. The manufacturer currently recommends this surgery in eyes with 
an anterior chamber depth (ACD) of 3.0 mm or more for hole ICL implantation, especially in consideration of 
corneal endothelial cell density (ECD) safety issues. However, this ACD recommendation, possibly derived from 
undisclosed data of manufacturer, was not definite, and still controversial, especially among ICL experienced 
surgeons. Indeed, we encountered some candidates who seek refractive surgery and have an ACD below the 
manufacturer’s recommendation. This tendency is more prominent in older patients. So far there have been no 
published studies on the outcomes of ICL implantation in eyes with a relatively low ACD, or on the relationship 
between ACD and corneal endothelial cell loss. This study may give us basic insights in the expansion of the cur-
rent surgical indication of ICL implantation in terms of ACD. The purpose of the current study was to retrospec-
tively evaluate the visual and refractive outcomes of hole ICL implantation in eyes having a relatively low ACD in 
a large cohort of patients presenting at major medical centers, with special attention to corneal ECD.
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Results
Study Population.  Preoperative demographics of the study population are summarized in Table 1. Toric and 
non-toric ICL models were implanted in 191 eyes (52%) and 174 eyes (48%), respectively. No significant intraop-
erative complications occurred in any case.

Safety and Efficacy.  The safety and efficacy indices were 1.12 ± 0.22 and 0.98 ± 0.22. Logarithm of the 
minimal angle of resolution (logMAR) CDVA significantly improved from −0.17 ± 0.09 preoperatively to 
−0.21 ± 0.08 postoperatively (Student t test, p < 0.001). At 1 year postoperatively, logMAR UDVA also signifi-
cantly improved from 1.36 ± 0.30 preoperatively to −0.15 ± 0.11 postoperatively (p < 0.001). At 1 year postoper-
atively, 94%, 98%, and 99% of eyes had UDVA of 20/20 or better, 20/25 or better, and 20/32 or better, respectively 
(Fig. 1A). Two hundred one eyes (55%) showed no change in CDVA, 127 eyes (35%) gained 1 line, 12 eyes (3%) 
gained 2 lines, and 23 eyes (6%) lost 1 line, and 1 eye (0.3%) lost 2 lines (Fig. 1B).

Predictability and Stability.  A scatter plot of the attempted versus the achieved manifest spherical equiv-
alent correction, the spherical equivalent refractive accuracy, and the preoperative and postoperative refractive 
astigmatism and the time-course changes in the manifest spherical equivalent are also shown in Figs. 1C–E. At 1 
year postoperatively, 90% and 98% were within ± 0.5 and 1.0 D of the attempted correction, respectively. Changes 
in the manifest spherical equivalent from 1 week to 1 year postoperatively were −0.08 ± 0.34 D (Fig. 1F).

Intraocular Pressure.  The time-course changes in the IOP are shown in Fig. 2. No significant IOP rise 
of > 21 mmHg, pigment dispersion syndrome, pupillary block, or angle-closure glaucoma due to the excessive 
ICL vault, was found at any time in this series.

Endothelial Cell Density.  The time-course changes in the ECD are shown in Fig. 3. The distribution of 
the ECD loss at 1 year postoperatively was listed in Fig. 4. The mean ECD loss was 0.2 ± 8.7%. No eyes showed a 
significant ECD loss (≥30%). We found no significant correlation between the ACD and the change in the ECD 
at 1 year postoperatively (Pearson correlation coefficient r = −0.048, p = 0.360)(Fig. 5).

Secondary Surgeries / Adverse Events.  Of the 365 eyes, 2 eyes (0.6%) developed significant axis rota-
tion of a toric ICL model (≥30 degrees), and required ICL repositioning to the intended axis. Only 1 eye (0.3%) 
required ICL extraction and implantation of a larger ICL in order to prevent frequent axis rotation. Otherwise, 
neither asymptomatic or symptomatic cataract formation, nor other vision-threatening complications occurred 
at any time throughout the 1-year observation period.

Discussion
Our multicenter study supports the view that ICL implantation performed well in terms of safety, efficacy, pre-
dictability, and stability, and that neither vision-threatening complications such as cataract formation, pupil-
lary block, pigment dispersion syndrome, nor angle-closure glaucoma, occurred in any case, even in eyes where 
the ACD was below the manufacturer’s recommendation. Although no eyes showed a significant ECD loss of 
≥30% or a significant IOP rise of >21 mmHg, we should be aware that ECD loss of 15% or more did occur in 
approximately 4% of these eyes. As far as we can ascertain, this is the first study to assess the visual and refractive 
outcomes of ICL implantation in a large cohort of patients having an ACD of <3.0 mm. We believe that this infor-
mation is clinically meaningful for understanding the actual status of ICL implantation in eyes having a relatively 
low ACD, because the number of older candidates who seek refractive surgery is expected to increase, now that a 
new ICL model with a central hole aiming to minimize cataract formation even for such older patients has been 
introduced.

Our current visual and refractive outcomes of hole ICL implantation in a relatively low ACD (<3.0 mm) were 
comparable with previous outcomes with a deep ACD5–14. The mean ECD loss has been reported to be −1.1 to 
8.5% after hole ICL implantation, as listed in Table 2. The ECD loss in the present study was also comparable with, 

Characteristic Mean ± Standard Deviation

Age (years) 35.7 ± 7.5 years (95% CI, 21.1 to 50.3 years)

Gender (Male: Female) M: F = 71: 130

Manifest spherical equivalent (D) −8.66 ± 3.54 D (95% CI, −1.72 to −15.61 D)

Manifest cylinder (D) 1.29 ± 1.16 D (95% CI, 0.00 to 3.57 D)

Log MAR UDVA 1.36 ± 0.30 (95% CI, 0.78 to 1.94)

Log MAR CDVA −0.17 ± 0.09 (95% CI, 0.01 to −0.35)

White-to-white distance (mm) 11.4 ± 0.4 mm (95% CI, 10.8 to 12.1 mm)

Anterior chamber depth (mm) 2.85 ± 0.12 mm (95% CI, 2.62 to 2.98 mm)

Central cornea thickness (μm) 534.3 ± 34.1 μm (95% CI, 467.5 to 601.2 μm)

Intraocular pressure (mmHg) 14.2 ± 2.6 mmHg (95% CI, 9.0 to 19.4 mmHg)

Endothelial cell density (cells/mm2) 2933.6 ± 342.2 cells/mm2 (95% CI, 2262.9 to 3604.3 cells/mm2)

Table 1.  Preoperative demographics of the study population in eyes with a low anterior chamber depth. 
CI = confident interval, Log MAR = logarithm of the minimal angle of resolution, UDVA = uncorrected 
distance visual acuity, CDVA = corrected distance visual acuity.
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or better than, that in previous studies5–12,15. However, ECD loss of 15% or more was found in 4%. These findings 
indicate that the mean ECD loss was clinically negligible, and that the possible risk of significant ECD loss was con-
siderably low, but may increase, despite good visual and refractive outcomes in such eyes. Although a non-contact 
specular microscope has been reported to be considerably reproducible for ECD measurements, it cannot be used 
interchangeably, especially when using automated image analysis software16–18. It should also be emphasized that all 
surgeries were performed by experienced ICL surgeons. Therefore, we do not recommend ICL implantation in eyes 
with an ACD of <3.0 mm for beginner surgeons who did not yet get accustomed to this surgery.

The surgical criteria for the hole ICL surgery at these institutions usually includes unsatisfactory correction 
with spectacles or contact lenses, age of 21 ≥ years, stable refraction, myopia and myopic astigmatism, ACD of 
≥3.0 mm for hole ICL, ECD ≥1800 cells/mm2, and no history of ocular surgery, progressive corneal degen-
eration, cataract, glaucoma or uveitis. With regard to ACD, the manufacturer currently recommends that the 
minimum ACD is 3.0 mm for hole ICL implantation, since the current ICL model is preserved in a balanced salt 

Figure 1.  (A) Cumulative percentages of eyes attaining specified levels of postoperative uncorrected distance 
visual acuity (UDVA), (B) changes in corrected distance visual acuity (CDVA), (C) a scatter plot of attempted 
vs. achieved correction, (D) spherical equivalent refractive accuracy, (E) preoperative and postoperative 
refractive astigmatism, and (F) time course of manifest spherical equivalent after hole implantable collamer lens 
implantation in eyes with an anterior chamber depth (ACD) of <3.0 mm.
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solution, whereas it was previously recommended that the minimum ACD was 2.8 mm for conventional ICL 
implantation, since the previous ICL model was preserved in 0.9% NaCl. This ACD recommendation, possibly 
derived from undisclosed data by the manufacturer, especially in consideration of ECD safety issues, was not 
definite, and is still controversial, among ICL surgeons. Indeed, the anterior chamber is deepened, to some extent, 
by insertion of viscoelastic surgical devices into the anterior chamber, when we perform ICL implantation. We 
found no significant association between the ACD and a change in the ECD in the present study. Based on our 

Figure 2.  Time course of intraocular pressure after hole implantable collamer lens implantation in eyes with an 
anterior chamber depth (ACD) of <3.0 mm.

Figure 3.  Time course of endothelial cell density after hole implantable collamer lens implantation in eyes with 
an anterior chamber depth (ACD) of <3.0 mm.

Figure 4.  Distribution of corneal endothelial cell loss after hole implantable collamer lens implantation in eyes 
with an anterior chamber depth (ACD) of <3.0 mm.
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current findings, it is suggested that the surgical indication of ICL implantation should be reconsidered, and may 
be expanded, especially in terms of ACD.

This study has at least two limitations. One is that our case series were conducted in a retrospective fashion. 
Since our study may include not only information bias but also selection bias, the evidence level is not very high. 
Second, we included only those patients who completed a 1-year follow-up in this series. Therefore, there might 
exist some selection bias in this study. Assuming that patients who were satisfied with visual function tended to 
be lost to follow-up, the overall visual outcomes might be better than those in the current study.

In conclusion, our multicenter case series showed that ICL implantation was good in all outcomes of 
safety, efficacy, predictability, and stability, for the correction of myopia and myopic astigmatism, and that no 
vision-threatening complications such a significant endothelial cell loss occurred in any case, even in eyes with an 
ACD of <3.0 mm. It is suggested that ICL implantation is a feasible surgical option for the correction of refractive 
errors even in eyes with an ACD outside of the manufacturer’s recommendation, and that the surgical indication 
in terms of ACD should be reconsidered, and may be expanded, after accumulation of long-term clinical data for 
such eyes.

Methods
Study Population.  The protocol was registered with the University Hospital Medical Information Network 
Clinical Trial Registry (000030285). Three hundred sixty five eyes of 201 consecutive patients (71 men and 130 
women, mean age ± standard deviation (SD), 35.7 ± 7.5 years) who underwent hole ICL implantation at 5 major 
clinical centers (Kitasato University Hospital, Sanno Hospital, Kobe Kanagawa Eye Clinic, Nagoya Eye Clinic, and 
Sato Yuya Eye Clinic) from January 2014 to December 2016, and who had an ACD (measured from the corneal 
endothelium to the anterior surface of the crystalline lens) of <3.0 mm, were retrospectively investigated. Those 
patients who regularly returned for postoperative examination, and who completed a 1-year follow up, were 
enrolled in this review of the clinical charts. This study was conducted as a collaborative work of the Japan ICL 
Study Group. In principle, we selected the toric ICL model when manifest cylinder was 1.5 D or more, and the 
non-toric ICL model when it was less than 1.5 D. Preoperatively, we measured the white-to-white distance and 
the ACD with a scanning-slit topography. Preoperatively, and at 1, 3, 6, and 12 months postoperatively, we eval-
uated uncorrected distance visual acuity (UDVA), corrected distance visual acuity (CDVA), manifest spherical 

Figure 5.  A graph showing no significant correlation between the anterior chamber depth (ACD) and 
the change in the endothelia cell density (ECD) at 1 year postoperatively (Pearson correlation coefficient 
r = −0.048, p = 0.360).

Author Year Eyes Follow-up
Mean ECD loss
(%)

Shimizu et al.5 2012 20 6 months 2.8

Alfonso et al.6 2013 138 6 months 8.5

Huseynova et al.7 2014 44 3 months −1.1

Lisa et al.8 2015 147 1 year 1.7

Fernández-Vigo et al.9 2016 50 3 months 6.8

Shimizu et al.10 2016 32 5 years 0.5

Liu et al.11 2016 82 3 months 4.8

Kamiya et al.12 2017 351 1 year 0.1

Goukon et al.15 2017 34 2 years 0.3

Current 2018 365 1 year 0.2

Table 2.  Previous studies reporting central endothelial cell density (ECD) loss after hole implantable collamer 
lens (ICL) implantation. ECD = endothelial cell density.
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equivalent, and intraocular pressure (IOP) using a non-contact tonometer. We also evaluated the ECD using 
a non-contact specular microscope preoperatively, and 3 and 12 months postoperatively. We performed slit-
lamp biomicroscopic and funduscopic examinations on all eyes. Written informed consent for this surgery was 
obtained from all patients after explanation of the nature and possible consequences of the study. This retro-
spective review of the clinical charts was approved by the Institutional Review Board at Kitasato University and 
followed the tenets of the Declaration of Helsinki. Our Institutional Review Board waived the requirement for 
informed consent for this retrospective study.

Lens Power and Size Calculation.  The manufacturer provides an online calculator system based on a 
modified vertex formula, and this was used to determine ICL power. In order to minimize refractive errors, we 
selected emmetropia as the target refraction in all eyes. By using a nomogram provided by the manufacturer, we 
selected the proper ICL size, based on ACD and white-to-white distance.

Surgical Procedure.  We previously described the detailed surgical procedures5,19. In short, topically anes-
thetic and dilating agents were administered, and a 3-mm temporal corneal incision was made. After injection of 
a viscosurgical substance in the anterior chamber, the ICL was gently inserted using an injector. Next, a manipu-
lator was used to fixate the ICL haptics into the ciliary sulcus, all remaining viscosurgical substance was replaced 
with a balanced salt solution, and a miotic agent was administered. Toric model ICL implantation required preop-
erative horizontal axis markings. After insertion in the posterior chamber, the toric ICL needed to be rotated with 
a manipulator to the intended axis. Postoperatively, antibiotic and steroidal medications were topically adminis-
tered for 2 weeks, 4 times a day.

Statistical Analysis.  All statistical analyses were performed using a statistical software (Bellcurve for Excel, 
Social Survey Research Information Co, Ltd., Tokyo, Japan). The normality of all data samples was first checked 
using the Kolmogorov-Smirnov test. Since the use of parametric statistics was possible, the Student t test was used 
for statistical analysis to compare the pre- and post-treated data, and the Pearson correlation coefficient was used 
to assess the correlation between the two variables. The results are expressed as mean ± standard deviation, and a 
p-value of less than 0.05 was determined statistically significant.

References
	 1.	 Kamiya, K., Shimizu, K., Igarashi, A. & Komatsu, M. Four-year follow-up of posterior chamber phakic intraocular lens implantation 

for moderate to high myopia. Arch Ophthalmol. 127, 845–850 (2009).
	 2.	 Alfonso, J. F. et al. Posterior chamber collagen copolymer phakic intraocular lenses to correct myopia: five-year follow-up. J Cataract 

Refract Surg. 37, 873–880 (2011).
	 3.	 Kamiya, K., Shimizu, K., Igarashi, A. & Kobashi, H. Factors influencing long-term regression after posterior chamber phakic 

intraocular lens implantation for moderate to high myopia. Am J Ophthalmol. 158, 179–184 (2014).
	 4.	 Igarashi, A., Shimizu, K. & Kamiya, K. Eight-year follow-up of posterior chamber phakic intraocular lens implantation for moderate 

to high myopia. Am J Ophthalmol. 157, 532–539 (2014).
	 5.	 Shimizu, K., Kamiya, K., Igarashi, A. & Shiratani, T. Early clinical outcomes of implantation of posterior chamber phakic intraocular 

lens with a central hole (Hole ICL) for moderate to high myopia. Br J Ophthalmol. 96, 409–412 (2012).
	 6.	 Alfonso, J. F. et al. Clinical outcomes after implantation of a posterior chamber collagen copolymer phakic intraocular lens with a 

central hole for myopic correction. J Cataract Refract Surg. 39, 915–921 (2013).
	 7.	 Huseynova, T., Ozaki, S., Ishizuka, T., Mita, M. & Tomita, M. Comparative study of 2 types of implantable collamer lenses, 1 with 

and 1 without a central artificial hole. Am J Ophthalmol. 157, 1136–1143 (2014).
	 8.	 Lisa, C. et al. Posterior chamber collagen copolymer phakic intraocular lens with a central hole to correct myopia: One-year follow-

up. J Cataract Refract Surg. 41, 1153–1159 (2015).
	 9.	 Fernández-Vigo, J. I. et al. Effects of Implantable Collamer Lens V4c Placement on Iridocorneal Angle Measurements by Fourier-

Domain Optical Coherence Tomography. Am J Ophthalmol. 162, 43–52 (2016).
	10.	 Shimizu, K., Kamiya, K., Igarashi, A. & Kobashi, H. Long-Term Comparison of Posterior Chamber Phakic Intraocular Lens With 

and Without a Central Hole (Hole ICL and Conventional ICL) Implantation for Moderate to High Myopia and Myopic Astigmatism: 
Consort-Compliant Article. Medicine (Baltimore). 95, e3270 (2016).

	11.	 Liu, T., Linghu, S., Pan, L. & Shi, R. Effects of V4c-ICL Implantation on Myopic Patients’ Vision-Related Daily Activities. J 
Ophthalmol 2016, 5717932 (2016).

	12.	 Kamiya, K. et al. Posterior chamber phakic intraocular lens implantation: comparative, multicentre study in 351 eyes with low-to-
moderate or high myopia. Br J Ophthalmol. 102, 177–181 (2018).

	13.	 Tian, Y. et al. Comparison of Implantable Collamer Lens Visian ICL V4 and ICL V4c for high myopia: A cohort study. Medicine 
(Baltimore). 96, e7294 (2017).

	14.	 Kamiya, K., Takahashi, M., Takahashi, N., Shoji, N. & Shimizu, K. Monovision by Implantation of Posterior Chamber Phakic 
Intraocular Lens with a Central Hole (Hole ICL) for Early Presbyopia. Sci Rep. 7, 11302 (2017).

	15.	 Goukon, H., Kamiya, K., Shimizu, K. & Igarashi, A. Comparison of corneal endothelial cell density and morphology after posterior 
chamber phakic intraocular lens implantation with and without a central hole. Br J Ophthalmol. 101, 1461–1465 (2017).

	16.	 Landesz, M., Siertsema, J. V. & Van Rij, G. Comparative study of three semiautomated specular microscopes. J Cataract Refract Surg. 
21, 409–416 (1995).

	17.	 Luft, N., Hirnschall, N., Schuschitz, S., Draschl, P. & Findl, O. Comparison of 4 specular microscopes in healthy eyes and eyes with 
cornea guttata or corneal grafts. Cornea. 34, 381–386 (2015).

	18.	 Cheung, S. W. & Cho, P. Endothelial cells analysis with the TOPCON specular microscope SP-2000P and IMAGEnet system. Curr 
Eye Res. 21, 788–798 (2000).

	19.	 Shimizu, K., Kamiya, K., Igarashi, A. & Shiratani, T. Intraindividual comparison of visual performance after posterior chamber 
phakic intraocular lens with and without a central hole implantation for moderate to high myopia. Am J Ophthalmol. 154, 486–494 
(2012).

Acknowledgements
The study was approved by the Institutional Review Board of Kitasato University and followed the tenets of the 
Declaration of Helsinki.



www.nature.com/scientificreports/

7SCiENTifiC REPorTS |  (2018) 8:13322  | DOI:10.1038/s41598-018-31782-y

Author Contributions
The authors were involved in the design and conduct of the study (K.K., K.S.); collection, management, analysis, 
and interpretation of data (K.K., K.S., A.I., Y.K., T.K., T.N., K.I.); and preparation, review, and approval of the 
manuscript (K.K., K.S., A.I., Y.K., T.K., T.N., K.I.).

Additional Information
Competing Interests: Drs Shimizu and Kitazawa are paid consultants for STAAR Surgical. No other authors 
have financial or non-financial interests in the product or company described in the current article.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://creativecommons.org/licenses/by/4.0/

	Posterior Chamber Phakic Intraocular Lens Implantation in Eyes with an Anterior Chamber Depth of Less Than 3 mm: A Multicen ...
	Results

	Study Population. 
	Safety and Efficacy. 
	Predictability and Stability. 
	Intraocular Pressure. 
	Endothelial Cell Density. 
	Secondary Surgeries / Adverse Events. 

	Discussion

	Methods

	Study Population. 
	Lens Power and Size Calculation. 
	Surgical Procedure. 
	Statistical Analysis. 

	Acknowledgements

	Figure 1 (A) Cumulative percentages of eyes attaining specified levels of postoperative uncorrected distance visual acuity (UDVA), (B) changes in corrected distance visual acuity (CDVA), (C) a scatter plot of attempted vs.
	Figure 2 Time course of intraocular pressure after hole implantable collamer lens implantation in eyes with an anterior chamber depth (ACD) of <3.
	Figure 3 Time course of endothelial cell density after hole implantable collamer lens implantation in eyes with an anterior chamber depth (ACD) of <3.
	Figure 4 Distribution of corneal endothelial cell loss after hole implantable collamer lens implantation in eyes with an anterior chamber depth (ACD) of <3.
	Figure 5 A graph showing no significant correlation between the anterior chamber depth (ACD) and the change in the endothelia cell density (ECD) at 1 year postoperatively (Pearson correlation coefficient r = −0.
	Table 1 Preoperative demographics of the study population in eyes with a low anterior chamber depth.
	Table 2 Previous studies reporting central endothelial cell density (ECD) loss after hole implantable collamer lens (ICL) implantation.




