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ABSTRACT

Introduction: To assess the 1-year outcomes of
vertically fixated posterior chamber phakic
intraocular lens implantation through a supe-
rior corneal incision.
Methods: This pilot study comprised 78 eyes of
53 consecutive patients undergoing vertically
fixated implantable collamer lens (ICL)
implantation through a superior corneal inci-
sion to correct moderate to high myopia and
myopic astigmatism. We prospectively deter-
mined the safety, efficacy, predictability, sta-
bility, and adverse events preoperatively, and at
1 week and 1, 3, and 12 months
postoperatively.
Results: The mean follow-up period was
10.4 ± 5.4 months. Uncorrected and corrected
visual acuity were -0.20 ± 0.10 and
-0.25 ± 0.07 logMAR, respectively, at 1 year
postoperatively. At 1 year postoperatively, 98%

and 100% of eyes were within 0.5 and 1.0 D,
respectively, of the targeted correction. A non-
significant change in manifest refraction of
-0.01 ± 0.08 D occurred from 1 week to 1 year.
The manifest astigmatism decreased signifi-
cantly, from 0.69 ± 0.73 D preoperatively to
0.21 ± 0.27 D at 1 year postoperatively
(Mann–Whitney U test, p\ 0.001). No vision-
threatening complications occurred at any time
in this series.
Conclusions: According to our experience, the
vertically fixated ICL through a superior inci-
sion achieved good results, without significant
complications. Considering that younger
patients requiring ICL surgery tend to have
with-the-rule astigmatism, this surgical tech-
nique may be a viable option for reducing
astigmatism without using toric ICLs.
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Key Summary Points

Why carry out this study?

A superior corneal incision is beneficial
for reducing astigmatism especially when
using non-toric implantable collamer
lenses (ICLs), and subsequent vertical ICL
fixation may be surgically easier than
horizontal fixation. Nevertheless, detailed
outcomes of this new approach have not
been investigated so far.

What was learned from the study?

Vertically fixated ICL implantation
through a superior corneal incision
achieved good results for the correction of
moderate to high myopia and myopic
astigmatism, with a significant reduction
in refractive astigmatism. The results
suggest that this promising approach is a
viable option for such refractive
candidates, especially when using the
non-toric ICL models.

INTRODUCTION

The EVO Visian implantable collamer lens (EVO
Visian ICLTM, STAAR Surgical, Monrovia, CA,
USA), a posterior chamber phakic intraocular
lens with central port technology, has been
established as a long-term safe and effective
means to correct moderate to high ametropia
[1–4] and has also been shown to be more
effective in reducing significant postoperative
complications such as cataract formation than
the conventional ICL without a central port
[1–5], possibly resulting from the improved
circulation of the aqueous humor to the ante-
rior surface of the crystalline lens [6, 7]. The ICL
is generally fixated to the horizontal plane
through a temporal corneal incision according
to the manufacturer’s recommendations. How-
ever, based on our findings that ICL implanta-
tion induces corneal astigmatism by an

approximately 0.5 diopter (D) with-the-rule
(WTR) shift [8, 9], a superior corneal incision
may be clinically beneficial to reduce astigma-
tism, and subsequent vertical ICL fixation may
be surgically easier than horizontal fixation
when using a superior incision because ICL
rotation is no longer required. Nevertheless, the
clinical outcomes of this new surgical technique
remain unknown. Therefore, an investigation of
the outcomes of this procedure may give us
essential insights into further improving good
unaided outcomes of non-toric ICL surgery. The
goal of this pilot study is to prospectively
investigate the 1-year outcomes of vertically
fixated ICL implantation through a superior
corneal incision in patients with moderate to
high ametropia. To the best of our knowledge,
this is the first case series to assess the detailed
outcomes of vertically fixated ICL implantation
through a superior incision.

METHODS

Study Population

The protocol was registered with the University
Hospital Medical Information Network Clinical
Trial Registry (000046332). This prospective
study comprised consecutive patients who
underwent implantation of the posterior
chamber phakic intraocular lens with a 0.36-
mm central port (EVO-ICL, KS-APTM, V4c and
V5 models, STAAR Surgical) for the correction
of moderate to high myopia and myopic astig-
matism at Kitasato University Hospital from
January to December 2020, and who completed
at least a 3-month routine examination follow-
up.

Inclusion and Exclusion Criteria

Inclusion criteria were 20 B age\50 years,
stable refraction, moderate to high myopia and
astigmatism, and no history of trauma or ocular
surgery. Exclusion criteria were eyes with con-
comitant corneal disease such as keratoconus,
pellucid marginal degeneration, irregular cor-
neal astigmatism, or severe dry eye, or eyes with
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cataracts, glaucoma, uveitis, other concomitant
eye diseases, or intentional undercorrection or
monovision for middle-aged patients. We
selected a superior corneal incision when con-
ducting non-toric ICL surgery in eyes with
refractive astigmatism of 0.75 D or more, or
when performing non-toric or toric ICL surgery
in eyes in which the predicted vertically fixated
ICL vault was close to 500 lm using the KS
formula [10].

The study was approved by the Institutional
Review Board at Kitasato University Hospital
(B21-196) and followed the tenets of the Dec-
laration of Helsinki. Written informed consent
for ICL surgery was obtained from all patients
after explaining the possible consequences of
the study.

Outcome Measures

Preoperatively, and 1 week and 1, 3, and
12 months postoperatively, we obtained the
following parameters: the logarithm of the
minimal angle of resolution (logMAR) of
uncorrected distance visual acuity (UDVA) and
corrected distance visual acuity (CDVA), the
manifest spherical equivalent, the manifest
cylinder, the intraocular pressure (IOP) using a
non-contact tonometer, the endothelial cell
density (ECD; preoperatively and 3 months and
1 year postoperatively) using a non-contact
specular microscope, and the vault between the
anterior surface of the crystalline lens and the
posterior surface of the ICL using anterior seg-
ment optical coherence tomography (AS-OCT),
in addition to routinely performed ophthalmic
examinations. All available visit data were col-
lected and grouped according to the closest
time point. If more than one visit was available
within a given grouping, we used the visit data
most comparable to the given time point for
this analysis.

Lens Power Calculation and Size Selection

We determined the ICL size (12.1, 12.6, 13.2,
and 13.7 mm) based on the KS prediction for-
mula using AS-OCT (CASIA, Tomey Corpora-
tion, Aichi, Japan). We also selected the ICL

power using an online calculation and ordering
system provided by the manufacturer based on
a modified vertex formula [11, 12]. We chose
the toric model ICL in eyes with manifest
astigmatism of 1 D or more and the non-toric
model ICL in eyes with less than 1 D.

Surgical Procedures

We described the details of the surgical proce-
dures in our previous reports [4, 13–16]. In brief,
on the day of surgery, dilating and topical
anesthetic agents were applied. A model V4c or
V5 ICL was implanted by one experienced sur-
geon (K.K.) through a 3-mm superior clear cor-
neal incision after injection of a viscosurgical
substance into the anterior chamber. Next, the
ICL was inserted into the posterior chamber, the
viscosurgical substance was replaced with a
balanced salt solution, and a miotic agent was
administered. We utilized topical antibiotic and
steroidal medications four times daily for
1 week, reducing the dose gradually.

Statistical Analysis

We first checked the normality of all data sam-
ples using the Shapiro–Wilk test. Then, since no
data fulfilled the criteria for normal distribu-
tion, we applied the Mann–Whitney U test to
compare the pre- and the 1-year postsurgical
data. We also used the Kruskal–Wallis test to
evaluate the time course of the changes, with
the Steel–Dwass test employed for multiple
comparisons. Unless otherwise indicated, the
results are expressed as mean ± standard devi-
ation, and a value of p\ 0.05 was deemed sta-
tistically significant.

RESULTS

Study Population

A total of 71 eyes of 43 patients (20 men and 23
women) met the inclusion criteria of this study.
Table 1 shows the preoperative baseline demo-
graphics of the study population. The number
of eyes examined was 71 (100%), 71 (100%), 71
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(100%), and 50 (70%) at 1 week and 1, 3, and
12 months postoperatively, respectively. The
mean follow-up period was 10.4 ± 5.4 months.
Non-toric and toric ICLs were used in 51 (72%)
and 20 (28%) eyes, respectively.

Safety and Efficacy Outcomes

Standard refractive surgery graphs are shown in
Fig. 1. The corresponding graphs when using
non-toric and toric models are presented in
Supplementary Materials 1 and 2, respectively.
At 1 week and 1, 3, and 12 months postopera-
tively, 100%, 100%, 97%, and 98% of eyes, and
96%, 93%, 96%, and 92% of eyes had UDVA of
20/20 and 20/16 or better, respectively (Fig. 1a).
LogMAR UDVA was -0.22 ± 0.09,
-0.20 ± 0.10, -0.21 ± 0.09, and -0.20 ± 0.10
at 1 week and 1, 3, and 12 months postopera-
tively, respectively (Kruskal–Wallis test,
p = 0.681). We found a significant difference
between preoperative UDVA and 1-year post-
operative UDVA (Mann–Whitney U test,
p\0.001). The efficacy index (mean postoper-
ative UDVA / mean preoperative CDVA) was
0.98 ± 0.19 at 1 year postoperatively.

At 1 year postoperatively, 154 eyes (90%)
showed no change in CDVA, 12 eyes (7%)
gained one line, and one eye (1%) gained two

lines, while five eyes (3%) lost one line, but no
eyes had lost more than one line (Fig. 1b).
LogMAR CDVA was -0.27 ± 0.06,
-0.25 ± 0.07, -0.26 ± 0.06, and -0.25 ± 0.07
at 1 week and 1, 3, and 12 months postopera-
tively, respectively (p = 0.470). We found a sig-
nificant difference between preoperative CDVA
and 1-year postoperative CDVA (p = 0.016). The
safety index (mean postoperative CDVA / mean
preoperative CDVA) was 1.10 ± 0.18 at 1 year
postoperatively.

Predictability and Stability Outcomes

Scatter plots of the attempted versus achieved
manifest spherical equivalent correction, dis-
tribution of spherical equivalent refractive
accuracy, and distribution of refractive astig-
matism are shown in Fig. 1c, d, e, respectively.

Table 1 Preoperative demographics in eyes undergoing vertically fixated implantable collamer lens (ICL) implantation
through a superior corneal incision

Characteristic Mean – standard deviation (95% CI)

Age 30.3 ± 6.3 years (95% CI 17.9–42.7 years)

Gender Male: Female = 20: 33

Manifest spherical equivalent -6.20 ± 2.60 D (95% CI -11.30 to -1.10 D)

Manifest cylinder -0.69 ± 0.73 D (95% CI -2.13 to 0.75 D)

LogMAR UDVA 1.21 ± 0.25 (95% CI 0.72–1.69)

LogMAR CDVA -0.22 ± 0.07 (95% CI -0.35 to -0.09)

White-to-white distance 11.9 ± 0.4 mm (95% CI 11.1–12.6 mm)

Anterior chamber depth 3.34 ± 0.26 mm (95% CI 2.83–3.85 mm)

Mean keratometric reading 43.70 ± 1.35 D (95% CI 41.05–46.35 D)

ICL implantable collamer lens, CI confidence interval, D diopter, LogMAR logarithm of the minimal angle of resolution,
UDVA uncorrected distance visual acuity, CDVA corrected distance visual acuity

Fig. 1 a Cumulative percentages of eyes attaining specified
cumulative levels of uncorrected distance visual acuity
(UDVA). b Changes in corrected distance visual acuity
(CDVA). c A scatter plot of the attempted versus the
achieved manifest spherical equivalent correction. d Distri-
bution of spherical equivalent refractive accuracy. e Distri-
bution of refractive astigmatism, and f time course of
changes in manifest spherical equivalent

c
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At 1 week and 1, 3, and 12 months postopera-
tively, 94%, 94%, 94%, and 90% of eyes, and
100%, 100%, 100%, and 98% of eyes were
within ± 0.25 and 0.5 D, respectively, of the
attempted spherical equivalent correction. All
eyes were within ± 1.0 D at all time points.

The time-course change in the manifest
spherical equivalent is shown in Fig. 1f. At 1
week and 1, 3, and 12 months postoperatively,
the manifest spherical equivalent was
-0.04 ± 0.15, -0.05 ± 0.16, -0.06 ± 0.16, and
-0.08 ± 0.18 D, respectively (p = 0.685). At 1
week and 1, 3, and 12 months postoperatively,
the manifest cylinder was 0.23 ± 0.31,
0.19 ± 0.28, 0.20 ± 0.27, and 0.21 ± 0.27 D,
respectively (p = 0.887). The manifest astigma-
tism decreased significantly, from 0.69 ± 0.73 D
preoperatively to 0.21 ± 0.27 D at 1 year post-
operatively (Mann–Whitney U test, p\0.001).
It decreased significantly from 0.40 ± 0.44 D
preoperatively to 0.22 ± 0.27 D postoperatively
when using the non-toric models (p = 0.049),
and from 1.43 ± 0.83 D preoperatively to
0.00 ± 0.00 D postoperatively when using the
toric ICL models (p\0.001).

Intraocular Pressure

The IOP was 14.2 ± 3.2, 13.0 ± 2.5, 13.4 ± 2.7,
and 13.1 ± 2.8 mmHg at 1 week and 1, 3, and
12 months postoperatively, respectively
(p = 0.052). No significant increase in IOP
([25 mmHg) occurred in any case throughout
the observation period.

Endothelial Cell Density

No significant change in ECD was observed;
density decreased from 2800 ± 218 cells/mm2

preoperatively to 2762 ± 228 cells/mm2 at
3 months and 2740 ± 232 cells/mm2 at 1 year
postoperatively (p = 0.462). The mean percent-
age of ECD loss was 1.6 ± 6.5% at 1 year
postoperatively.

Lens Vault

The ICL vault was 456 ± 197, 465 ± 192,
435 ± 193, and 382 ± 171 lm at 1 week and 1,

3, and 12 months postoperatively, respectively
(p = 0.075). Figure 2 shows the postoperative
distribution of the ICL vault. No excessive-low
vault (\ 50 lm) or excessive-high vault
([1000 lm) requiring ICL exchange was found
in any case throughout the observation period.

Secondary Surgeries/Adverse Events

There were no obvious intraoperative compli-
cations, such as an upside-down ICL insertion
or traumatic cataract formation, and all surg-
eries were uneventful in this study cohort.
Complaints of mild symptomatic glare or halo
were reported in four eyes at 3 months postop-
eratively, but these symptoms gradually recov-
ered over time without any additional
interventions. Otherwise, there were no vision-
threatening complications, such as symp-
tomatic or asymptomatic cataract formation,
pigment dispersion glaucoma, pupillary block,
retinal detachment, or significant endothelial
cell loss (C 15%), throughout the follow-up
period in any eye.

DISCUSSION

In the present study, our 1-year findings
demonstrated that vertically fixated ICL
implantation through a superior corneal inci-
sion achieved good results in terms of the
safety, efficacy, predictability, and stability for
the correction of moderate to high myopia and
myopic astigmatism and that no serious intra-
operative or postoperative complication occur-
red in any case throughout the 1-year
observation period. These results suggest that
this promising approach represents a viable and
feasible option for such refractive candidates,
especially when using non-toric ICL models.

A superior corneal incision may be beneficial
for reducing the amplitude of astigmatism and
obtaining good unaided vision, especially when
using non-toric ICLs, since most younger
refractive candidates have WTR astigmatism.
Our results also showed that the manifest
astigmatism was significantly decreased even
after non-toric ICL implantation, although the
amplitude of reduction in astigmatism was
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small (approximately 0.25 D). This is in agree-
ment with our recent study in which standard
ICL surgery resulted in a change in mean
arithmetic surgically induced astigmatism (SIA)
of approximately 0.5 D in both the temporal
and the superior incision groups [8, 9], and the
magnitude of the centroid SIA decreased to
approximately 50% of the mean arithmetic SIA
in the temporal incision group, but approxi-
mately 80% in the superior incision group [9],
implying that the effect of a 3-mm incision in
the former group was more prominent than
that in the latter group. Hence, we believe that
this promising approach is clinically beneficial
for the refractive surgeon during preoperative
planning and for the ICL manufacturer to
improve the astigmatic outcomes of non-toric
ICL implantation. It should be emphasized that

the SIA of ICL implantation is small in amount
but not necessarily negligible, because ICL
implantation is one of the refractive surgeries
that aim to provide the best correction not only
of spherical errors but also of cylindrical errors.

Predicting the optimal ICL vault is essential,
especially when considering the safety of ICL
surgery. It has been demonstrated that the ideal
ICL vault is identical to the central corneal
thickness (approximately 500 lm) [10, 15, 16].
There are still ongoing concerns about selecting
the optimal ICL size, even when we employ the
recommended ICL sizing nomogram provided
by the ICL manufacturer, based on the white-to-
white distance and the anterior chamber depth
measurements. Angle closure and subsequent
intraocular pressure rise can occur when
selecting a larger ICL size, whereas cataract

Fig. 2 Distribution of eyes according to vault after vertically fixated implantable collamer lens (ICL) implantation through
a superior corneal incision
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formation or toric ICL rotation can arise when
selecting a smaller ICL size. We determined the
optimal ICL size based on the KS formula (ver-
sion 3) using AS-OCT. We found no excessive-
low vault or excessive-high vault requiring ICL
exchange in any eye, but the postoperative ICL
vault tended to be slightly low in this study
population. We recently reported that a
machine learning technique has advantages
over conventional prediction nomograms for
obtaining the ideal ICL vault and subsequent
optimal ICL size [16, 17]. However, it has been
shown that the vertical sulcus-to-sulcus diame-
ter is longer than the horizontal sulcus-to-sulcus
diameter [18]. Accordingly, it is reasonable that
the ICL vault in a vertical position in this study
was smaller than that in a horizontal position in
previous studies. Indeed, it was recently
demonstrated that the horizontally fixated ICL
vault was significantly higher than the verti-
cally fixated ICL vault [19]. We assume that
further customization of these preexisting for-
mulas is still necessary to select the optimal ICL
size in a vertical position.

This study suffers from several limitations.
Firstly, as this was a pilot study, the sample size
was relatively small, with a median follow-up of
approximately 1 year. Therefore, a larger patient
sample with a long-term observation period is
still necessary to confirm our preliminary
results. Secondly, manifest astigmatism does
not necessarily reflect the precise refractive sta-
tus of the eye, since it can be affected by the
accommodation. However, in our previous
report, we confirmed that corneal astigmatism
was also significantly decreased after ICL sur-
gery through a superior corneal incision [9].
Thirdly, we included both eyes of the same
patient undergoing ICL implantation, although
only one eye per patient should be used for
statistical analysis. We found no significant
inter-eye correlations of logMAR UDVA, log-
MAR CDVA, the manifest cylinder, the IOP, or
the vault at 1 year postoperatively, although
correlations were observed for the manifest
spherical equivalent and the ECD, possibly due
to the small sample size. We also confirmed
similar outcomes when only one eye was
selected randomly from each patient, as shown
in Supplementary Material 3.

CONCLUSION

In summary, our pilot study demonstrated that
a vertically fixated ICL through a superior cor-
neal incision achieved good results in terms of
safety, efficacy, predictability, and stability for
the correction of moderate to high myopia and
myopic astigmatism, without significant com-
plications during the 1-year observation period,
and that a significant reduction in astigmatism
was found not only after toric ICL implantation
but also after non-toric ICL implantation. These
findings indicate that this new approach is a
viable surgical option for correcting moderate
to high ametropia, especially for the clinical
application of non-toric ICL surgery. A longer,
careful follow-up in a large cohort of patients is
still necessary to confirm our preliminary
findings.
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