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Abstract. The present study aimed to assess the visual and 
refractive outcomes of an implantable collamer lens with a 
central hole (ICL V4c) for residual refractive error correction 
after corneal refractive surgery in individuals with myopia. 
A total of 16 eyes of eight consecutive patients with myopia 
undergoing ICL V4c implantation after corneal refractive 
surgery were investigated. The uncorrected visual acuity (VA) 
and best‑corrected VA were examined prior to surgery and 
at 1, 3 and 6 months after surgery. The post‑operative values 
of the modulation transfer function (MTF) cutoff frequency, 
Strehl ratio (SR), objective scattering index (OSI) and Optical 
Quality Analysis System (OQAS) values (OVs) were quanti‑
tatively assessed using an OQAS. At 6 months after surgery, 
the mean uncorrected LogMAR VA was 0.06±0.10 and the 
values had improved in 100% of the eyes. The mean MTF 
cutoff frequency, SR, OSI, OV 100%, OV 20% and OV 9%, 
were 31.294±4.321 cycles/degree, 0.187±0.039, 1.399±0.274, 
1.066±0.261, 0.748±0.287 and 0.509±0.229, respectively. 
In conclusion, ICL V4c implantation for the correction of 
residual refractive error after corneal refractive surgery 
appeared feasible and safe and also had an excellent optical 
performance. However, long‑term changes in visual quality 
require further investigation.

Introduction

The Visian Implantable Collamer Lens (ICL™; STAAR 
Surgical) has been used for the correction of high myopia for 

>10 years (1‑4). Particularly in recent years, with improve‑
ments in surgical techniques and the update of ICL design, 
it has been widely used. This surgical procedure is largely 
reversible, allowing the lens to be exchanged when refractive 
changes and unexpected complications occur after surgery. 
The currently used approaches for the correction of residual 
refractive error after corneal refractive surgeries mainly 
include corneal enhancement surgeries and relaxing corneal 
incisions (5‑8). Considering the thinner corneal thickness after 
corneal refractive surgery, it is unsafe to perform corneal laser 
surgery again without sufficient residual stromal bed thick‑
ness. The safety of repeating corneal laser surgery therefore 
depends on the residual stromal bed thickness and the amount 
of residual correction required. Particularly in patients with 
large residual refractive error, the application of ICL has 
unique advantages.

Previous studies have demonstrated that ICL V4c 
implantation for correcting moderate to high myopia has 
good safety, efficacy, predictability and stability after 
long‑term follow‑up (9‑11). Recently, ICL implantation has 
also been confirmed to perform well for low and moderate 
myopia (12,13). These results provide theoretical support and 
guidance for the use of ICL to correct residual refractive errors 
after corneal refractive surgery.

In the present study, to evaluate the visual quality after ICL 
implantation, an Optical Quality Analysis System (OQAS; 
Terrassa, Spain), a device that employs the double‑pass 
technique to assess the quality of retinal imaging, was used. 
Previously, it has been generally used to evaluate the visual 
quality after ICL implantation, which allows the detection of 
possible asymmetries in retinal images and objective measure‑
ment of ocular scatter (14‑16).

In the present study, the safety and efficacy of ICL implan‑
tation for residual refractive errors after corneal laser surgery 
were evaluated by measuring the visual acuity and visual 
quality.

Materials and methods

Subjects. The present study included a total of 16 eyes from 
eight patients (three males and five females) who underwent 
implantation of a phakic posterior chamber ICL V4c for 
residual refractive error after corneal refractive surgeries 
between August 2015 and February 2018 at the Shanghai 
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Ninth Hospital Affiliated with Jiao Tong University (Shanghai, 
China). Among these, four eyes of two patients were treated 
with photorefractive keratectomy (PRK) 20 years ago (June, 
1998‑October, 1999) and 12 eyes of six patients were treated 
with laser in situ keratomileusis (LASIK) 10 years ago 
(August, 2006‑September, 2009). There was no intraoperative 
or postoperative complication during the first operation and 
the diopters of all patients were stable during the last 2 years.

All patients underwent a full ophthalmic evaluation 
pre‑operatively and met the surgical requirements. The uncor‑
rected visual acuity (UCVA), best‑corrected visual acuity 
(BCVA), manifest refractive error, intraocular pressure (IOP; 
non‑contact tonometer; Topcon), anterior chamber depth 
(ACD; Pentacam; Oculus), endothelial cell density (ECD; 
Topcon‑SP), corneal topography (Pentacam), slit‑lamp micros‑
copy, funduscopic examination and visual quality (OQAS; 
Terrassa) measurements were performed prior to surgery.

Surgical scheme design. In view of the inherent measurement 
of refractive errors in eyes after corneal refractive surgery, the 
pre‑operative subjective refraction was assessed using the same 
illumination conditions by two experienced residents who were 
trained to measure refractive errors using a comprehensive 
refractometer. The patient underwent small pupil refrac‑
tion and cycloplegia refraction. In addition, considering the 
relatively advanced age of the patients, the diopters (D) were 
easily overcorrected after corneal refractive surgery; therefore, 
emmetropia was usually selected as the target refraction in the 
dominant eye and the target D was adjusted to retain ‑0.50 D in 
the non‑dominant eye when the patients were >45 years of age.

Inclusion criteria. An anterior chamber depth of ≥2.80 mm 
and an endothelial cell density >2,000 cells/mm2 were 
included in the inclusion criteria in the present study. It 
required that patients have a reasonable expectation of surgical 
outcomes and patients with keratoconus, cataract or glaucoma 
and systemic disease were excluded. The baseline data of all 
patients are listed in Table I.

Surgical procedure. All surgeries were performed by the same 
experienced surgeon (JZ). In the present study, the ICL model 
was ICL V4c with a 0.36‑mm central artificial hole (ICL 
V4c™; STAAR Surgical). For ICL V4c implantation, without 
pre‑operative peripheral iridotomy or intraoperative iridectomy, 
the procedure was different from the V4 surgery process. On 
the day of surgery, the pupils of patients were first enlarged. 
After topical anesthesia, a model V4c ICL was inserted into the 
anterior chamber through a 3‑mm temporal clear corneal inci‑
sion without sodium hyaluronate injection. When ICL V4c was 
injected into the anterior chamber, viscoelastic agent was injected 
into the surface of the ICL in the anterior chamber, and the ICL 
was then adjusted to enter the posterior chamber. Afterwards, the 
viscoelastic surgical agent was easily washed out of the anterior 
chamber using automatic irrigation/aspiration.

Postoperative follow‑up. All surgeries were uneventful and 
no intraoperative complications occurred. After surgery, 0.1% 
tobramycin dexamethasone eye drops (Tobradex; Alcon) 
were prescribed three times daily for 1 week, after which the 
dose was tapered off over 2 weeks. Steroidal medication was 

provided at any time if the IOP monitoring suggested that it 
was required. Antibiotic medications (ofloxacin; Santen) were 
given four times daily for 1 week and artificial tears were 
administered four times daily for 2 months.

Prior to and 6 months after surgery, the UCVA, BCVA, 
Spherical equivalent (SE), IOP, ECD, and ACD were checked 
(Table II). The optical quality assessment was performed by 
OQAS, pre‑operatively and 1, 3 and 6 months post‑operatively.

OQAS measurement. The objective scattering index (OSI), 
the values of modulation transfer function (MTF) cutoff 
frequency, the Strehl ratio (SR) and the OQAS values (OVs) 
were used to evaluate the visual performance. The meanings 
and calculations of the parameters were reported in several 
previous studies (14‑16). The determination of the OSI is an 
objective evaluation of intraocular scattered light. The index 
is calculated by evaluating the amount of light outside the 
double‑pass retinal intensity point spread function (PSF) 
image in relation to the amount of light in the center (14‑16). 
The MTF cutoff value is the frequency at which the MTF 
reaches a value of 0.01. It refers to the frequency, up to which 
the eye is able to focus an object on the retina with a signifi‑
cant 1% contrast. The three OVs are normalized values of 
three spatial frequencies, which correspond to MTF values 
that describe the optical quality of the eye for three contrast 
conditions, commonly used in ophthalmic practice: 100% (OV 

Table I. Characteristics of participants who underwent refrac‑
tive error adjustment with the collamer lens implantation 
(n=16 eyes).

A, General

Variable Value

Age (years) 
  Mean ± SD 39.16±7.52
  Range 32‑47
Sex (male/female) 3/5
Safety indicesa    1.26±0.21
Efficacy indicesb   1.19±0.24

B, Pre‑ and post‑operative parameters

  Post‑operative
Variable Pre‑operative (6 months)

Manifest spherical ‑4.26±1.55 ‑0.53±0.12
equivalent (D)
Manifest cylinder (D) ‑0.75±0.23 ‑0.37±0.09
LogMAR UCVA 0.68±0.19  0.06±0.10
LogMAR BCVA 0.09±0.08 ‑0.02±0.07

Values are expressed as the mean ± SD or n unless otherwise speci‑
fied. aSafety indices: Post‑operative BCVA/pre‑operative BCVA; 
befficacy indices: Post‑operative UCVA/pre‑operative BCVA. D, 
Diopters; SD, standard deviation; Yrs, years; UCVA, uncorrected 
visual acuity; BCVA, best‑corrected visual acuity.
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100%), 20% (OV 20%) and 9% (OV 9%). The SR is the ratio 
of the central maximum of the illuminance of the PSF in the 
aberrated eye to the central maximum that would be expected 
in a corresponding aberration‑free system (14‑16).

Statistical analysis. All statistical analyses were performed 
using SPSS version 20.0 (IBM Corp.) and the results are 
expressed as the mean ± standard deviation. Repeated‑measures 
analysis of variance was used to analyze the differences in 
UCVA, BCVA, IOP and ACD as well as ECD between the eyes 
prior to and after the operation. Pre‑operative and post‑oper‑
ative visual quality was determined at different time‑points 
by using repeated‑measures analysis of variance, followed by 
Tukey's post hoc test. P<0.05 was considered to indicate statis‑
tical significance. Pearson's correlation coefficient analysis 
was used to calculate the degree and significance of correlation 
between the achieved and predicted MRSE.

Results

Clinical features of patients. All surgeries were uneventful 
and no post‑operative complications were observed during the 
6‑month follow‑up. The pre‑operative LogMAR UCVA and 

BCVA was 0.68±0.19 and 0.09±0.08, respectively (Table I). 
After the ICL implantation, the LogMAR UCVA and BCVA 
improved significantly, to 0.06±0.10 and ‑0.02±0.07, respec‑
tively (P<0.001). The mean values of manifest refractive 
spherical equivalent (Mean SE) changed from ‑4.40±1.78 D 
pre‑operatively to ‑0.19±0.23 D in the right eye at post‑opera‑
tive 6 months and changed from ‑4.15±1.61 D pre‑operatively 
to ‑0.13±0.18 D in the left eye at 6 months post‑operatively 
(Table II). The parameters of binocular vision 6 months after 
surgery were compared and the differences in UCVA, BCVA 
and SE prior to and after surgery were statistically significant, 
but there was no significant difference in IOP, ECD and ACD 
prior to and after surgery (Table II).

Visual outcomes. At 6 months after surgery, none of the 
examined eyes exhibited a loss in BCVA of one line or more. 
Regarding BCVA, four eyes did not change after surgery, 
eight eyes gained one line and four eyes gained two lines 
(Fig. 1). The safety indices (mean post‑operative BCVA/mean 
pre‑operative BCVA) and the efficacy indices (mean post‑ 
operative UCVA/mean pre‑operative BCVA) at 6 months were 
1.26±0.21 and 1.19±0.24, respectively (Table I).

OQAS results. There was no statistically significant difference 
in the OSI, SR and OVs at contrasts of 9% at 1, 3 and 6 months 
after ICL implantation, respectively. However, there were 
significant differences in the MTF cutoff frequency and OVs at 
contrasts of 100 and 20%, pre‑operatively and 1, 3 and 6 months 
post‑operatively (repeated‑measures analysis of covariance; 
P<0.05). These results are summarized in Table III and Fig. 2.

Changes in MRSE. The deviation of the achieved MRSE from 
the predicted MRSE was determined. At 6 months, all eyes 
were within 0.50 D of the target refractive change (Pearson's 
correlation, R=0.944; P<0.0001; Fig. 3).

Discussion

Posterior chamber phakic intraocular lens (pIOL) implanta‑
tion is a safe and effective refractive surgery that has been 
widely accepted. Previous studies have demonstrated that ICL 

Figure 1. Changes in BCVA 6 months after implantable collamer lens 
implantation (n=16 eyes). BCVA, best‑corrected visual acuity.

Table II. Comparison pre‑ and postoperative parameters in both eyes undergoing implantable collamer lens (ICL) implantation 
after corneal refractive surgery.

 OD (8 eyes) OS (8 eyes)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameters Preoperative Post 6 months P‑value Preoperative Post 6 months P‑value

Mean SE(D) ± SD ‑4.40±1.78 ‑0.19±0.23 <0.01 ‑4.15±1.61 ‑0.13±0.18 <0.01
Log MAR UCVA 0.53±0.19 0.05±0.09 <0.01 0.44±0.19 ‑0.04±0.05 <0.01
Log MAR BCVA 0.08±0.14 0.01±0.09 0.02 0.00±0.01 ‑0.05±0.05 0.03
IOP (mmHg) 11.95±2.03 12.18±1.99 0.18 11.54±1.58 11.90±1.64 0.12
ECD (cell/mm2) 2,674.25±110.56 2,659.13±98.75 0.05 2,683.00±99.02 2,671.00±101.48 0.06
ACD (mm) 3.29±0.22 3.31±0.21 0.13 3.28±0.24 3.31±0.23 0.11

OD, oculus dexter; OS, oculus sinister; D, Diopters; SD, standard deviation; SE, spherical equivalent; UCVA, uncorrected visual acuity; 
BCVA, best‑corrected visual acuity; IOP, Intraocular pressure; ECD, endothelial cell density; ACD, Anterior chamber depth.
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implantation is better than corneal refractive surgery for the 
correction of moderate and high myopia, particularly in terms 
of the reduced disturbance of night vision (17‑19). However, 
data regarding the consequences of ICLs with a central hole 
for residual refractive error correction after corneal refractive 
surgery are scarce. The aim of the present study was to evaluate 
the efficacy, safety, predictability and quality of vision in 
patients who underwent posterior chamber ICL V4c implanta‑
tion for residual refractive error after corneal refractive surgery.

In the present study, an improvement in UCVA was 
obtained after ICL V4c implantation for residual refrac‑
tive error correction after corneal refractive surgery, and at 
6 months after the second surgery, all eyes gained a UCVA 
of 20/20 or better. The efficacy index was 1.19 at 6 months 
post‑operatively, which was good, with a BCVA of ‑0.02±0.07. 
An effective index greater than or equal to 1 indicates that the 
surgery was effective. The safety index was 1.26. In our study, 
most eyes maintained the BCVA, and some gained more lines 
of BCVA, which was consistent with findings from previous 
case reports (18,19). A safety index ≥1 indicates that the opera‑
tion is safe and acceptable. In the follow‑up period, none of the 
eyes lost >1 line of BCVA. The predictability was also high; 
100% of eyes were within ±0.50 D of the predicted refractive 

Table III. Optical quality parameters in eyes subjected to implantable collamer lens implantation after corneal refractive surgery.

  P‑value
 Post‑operative ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
OQAS ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ Pre‑operative Pre‑operative vs.  Pre‑operative vs. 
parameter Pre‑operative 1 month 3 months 6 months vs. 1 month post 3 months post 6 months

MTF cutoff 28.739 30.274 30.738 31.294 <0.001  <0.001  <0.001
OSI 1.550 1.516 1.469 1.399 0.165 0.153 0.142
SR 0.183 0.171 0.175 0.187 0.089 0.104 0.130
OV100% 0.890 1.021 1.048 1.066 <0.001 <0.001 <0.001
OV20% 0.654 0.701 0.723 0.748 0.008 0.006 0.005
OV9% 0.483 0.509 0.507 0.509 0.122 0.134 0.121

MTF, modulation transfer function; SR, Strehl ratio; OSI, objective scattering index; OQAS, Optical Quality Analysis System; OV, OQAS 
value.

Figure 2. Pre‑ and postoperative optical quality parameters. The measured values were reflected as the percentual changes that were corrected to the preopera‑
tive group values by data normalization. *P<0.05. MTF, modulation transfer function; SR, Strehl ratio; OSI, objective scattering index; OQAS, Optical Quality 
Analysis System; OV, OQAS value; mo, month(s).

Figure 3. Predictability of outcomes. Scatterplot of the attempted vs. achieved 
correction 6 months after implantable collamer lens implantation (R=0.944; 
y=0.33+0.91x). The points enclosed by the squares represent the locations of 
multiple data duplications. D, diopters.
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change. At post‑operative 6 months, the MRSE of all patients 
was near emmetropia (R=0.944).

In agreement with those of previous studies (20,21), the 
present study demonstrated good results obtained with ICL 
for residual refractive error correction after corneal refractive 
surgery and provided a contribution to accurate pre‑operative 
optometry. In the implantation of posterior‑chamber ICLs, 
the calculation appeared less dependent on corneal refractive 
power but more on precise subjective refraction. The reli‑
ability of autorefractometry after corneal refractive surgery 
is influenced by the pre‑operative amount of myopia and the 
laser optic ablation zone (22). Since the cornea becomes more 
flattened after laser surgeries, there are more possibilities of 
positive spherical aberration, which results from different 
focusing of the beams on the peripheral and central part of 
an optical system (23). When increasing the positive spherical 
aberration after corneal refractive surgery, higher refractive 
power are encountered in the pupil area by peripheral imaging 
rays, where the retinal image form appears to be more myopic 
compared with subjective refraction (22). In consideration of 
these factors, reasonable adjustments were made during the 
design of the operation plan according to age and previous 
surgical history.

Furthermore, the present study indicated that there 
was no significant difference in the OSI, SR and the OVs 
among the optical quality parameters at contrasts of 9%, 
pre‑operatively and post‑operatively. However, significant 
changes of the MTF cutoff frequency were obtained in the 
present study, as well as OVs at contrasts of 100 and 20% 
prior to and after surgery. The OVs at contrasts of 100% were 
directly related to the MTF cutoff frequency (it is the MTF 
cutoff frequency divided by 30 cycles/degree), which reflects 
the patients' vision during the day. In the present study, there 
were significant differences in the MTF cutoff frequencies 
and OVs at contrasts of 100 and 20%, which indicated that 
ICL implantation for correcting residual myopia contributed 
to good visual quality mainly during the daytime. ICL 
implantation does not involve surgical tissue abstraction and 
leaves the central cornea untouched; therefore, the visual 
quality was essentially improved post‑operatively. However, 
the night vision loss due to corneal refractive surgery 
cannot be improved. In the present study, all patients had 
undergone corneal refractive surgeries a few years earlier 
and had increased cornea spherical aberration, which partly 
contributed to the changes in contrasts of 9% OVs after ICL 
implantation. After the corneal refractive surgeries, the 
corneal total higher‑order aberrations (HOAs) and spherical 
aberration are usually increased (24,25), which may lead to 
greater intraocular scattering after the second operation and 
affect the visual quality at contrasts of 9%. OVs at contrasts 
of 9% simulate night vision, which may be disturbed after 
corneal laser refractive surgery, including PRK or LASIK, 
which has been reported to be the main factor affecting night 
vision due to increased spherical aberration (25‑27).

Compared with that used in previous studies (28‑30), a 
novel type of ICL with a central hole, without pre‑operative 
peripheral iridotomy, was used in the present study, and good 
results were also obtained. It was previously reported that 
the presence of a central hole ICL implantation provided 
an excellent visual performance almost equivalent to that 

obtained with conventional ICLs (14). In addition, to evaluate 
the objective visual quality post‑operatively, an OQAS, an 
advanced tool for quantitatively evaluating optical quality 
changes after refractive surgeries, was used in the present 
study. According to the present results, the implantation of 
ICL with a central hole did not induce a significant additional 
change in the subjective intraocular forward scattering. These 
results were in agreement with those of previous studies, 
which demonstrated that ICL implantation resulted in almost 
no interference with the visual quality, as there was no statis‑
tically significant change in OSI after surgery (14,18,31). 
Implantation of ICL with central hole significantly improved 
the optical quality, including the MTF cutoff frequency and 
OVs at contrasts of 100 and 20% in a clinical setting. It is 
therefore indicated that this is a good surgical option for the 
correction of residual refractive error after corneal refractive 
surgeries.

There were several limitations to this study. First, the 
sample size of the present study was relatively small from a 
statistical viewpoint and the follow‑up time was short. If the 
thickness of the cornea was sufficient, most patients chose 
laser surgery for re‑correction, so the number of patients who 
used ICL implantation for secondary surgery was relatively 
small. Another limitation was that the pre‑operative and 
post‑operative corneal total HOAs and spherical aberration, 
which are important factors for evaluating quality of vision, 
were not assessed. In addition, the subjective quality of vision 
was not comprehensively evaluated, e.g. by administering a 
patient questionnaire for night vision.

In conclusion, the present study demonstrated significantly 
improved optical quality parameters, such as the MTF cutoff 
frequency, SR, OSI and OVs at contrasts of 100, 20 and 9%, 
for patients after corneal refractive surgery undergoing ICL 
implantation. These results suggested that ICL implantation 
achieved encouraging results in the correction of residual 
refractive errors after corneal refractive surgery. Further 
studies are required to assess patient satisfaction and evaluate 
subjects for longer post‑operative follow‑up periods to confirm 
the safety of the procedure.
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