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Abstract
● AIM: To investigate the safety and efficacy of using a one-
step viscoelastic agent technique for posterior chamber 
phakic implantable collamer lens with a central hole (ICL 
V4c) implantation for myopia correction.
● METHODS: The one-step viscoelastic agent technique 
for ICL V4c implantation was used in 100 eyes of 52 
patients. Refractive outcomes, intraocular pressure (IOP), 
corneal endothelial cell, and corneal densitometry values 
were evaluated at 1d, 1wk, 1 and 3mo postoperatively.
● RESULTS: All the surgeries were uneventful. No 
corrected distance visual acuity was lost after 3mo. IOP was 
16.12±3.18 mm Hg before surgery, and 14.74±3.08 mm Hg at 
1d and 14.50±2.56 mm Hg at 3mo after surgery (P<0.05). 
Corneal endothelial cell density was 2580±242 cell/mm², 
the coefficient of variation in cell size was 42.11%±7.92%, 
and the percentage of hexagonal cells was 40.98%±9.46% 
before surgery. No significant difference was found when 
these outcomes were compared between the studied 
time points (P>0.05). The corneal densitometry values of 
the central 2 mm and 2 to 6 mm areas showed similar 
regularities. After surgery, the values significantly increased 
at 1d, then decreased to the preoperative values at 1wk, 
and then continued to decrease at 3mo (P<0.05).

● CONCLUSION: The one-step viscoelastic agent 
technique for ICL V4c implantation is found to be safe and 
effective for myopia correction and causes little disturbance 
to the cornea.
● KEYWORDS: phakic intraocular lens; V4c; viscoelastic 
agent; myopia; intraocular pressure; corneal endothelial 
cell; corneal densitometry
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INTRODUCTION

T he use of posterior chamber phakic implantable collamer 
lens with a central hole (ICL V4c) implantation has 

grown rapidly since it was approved in China in 2014. 
Its safety and efficacy have gained wide acceptance[1-5]. 
The central hole design of the ICL V4c helps maintain the 
intraocular pressure (IOP) without performing an additional 
peripheral iridotomy, which is needed with a conventional 
ICL (without a central hole). Thus, compared to implantation 
of conventional ICLs, ICL V4c implantation is less traumatic, 
and makes the perioperative preparation more efficient. The 
0.36-mm central hole improves aqueous humor circulation, 
and potentially decreases the risk of pupillary block glaucoma 
and anterior subcapsular opacification[6]. Therefore, ICL V4c 
implantation has replaced conventional ICL implantation as a 
mainstream surgical procedure. 
Improvements in surgical technique are also required in 
addition to ICL design innovation. We refer to the conventional 
ICL V4c implantation procedure as a two-step viscoelastic 
agent technique, where the viscoelastic agent is injected 
twice[1-5]. After a lot of clinical practice, the procedures were 
simplified, and a one-step viscoelastic agent technique for 
ICL V4c implantation was developed (details in the Methods 
section). The present study investigated the safety and efficacy 
of this one-step technique for ICL V4c implantation for 
myopia correction. We focused mainly on its impact on the 
cornea during the 3-month observational period. 
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SUBJECTS AND METHODS
Ethical Approval  The study complies with the tenets of 
the Declaration of Helsinki and was approved by the Ethics 
Committee of the Eye and ENT Hospital, Fudan University. 
Informed consent was obtained from all patients after a 
detailed explanation of the possible risks and benefits of the 
study. 
This is a non-randomized prospective study (ChiCTR1900024713). 
All the patients underwent routine ophthalmic examinations 
at the Refractive Surgery Center of the Department of 
Ophthalmology, Eye and ENT Hospital of Fudan University 
(Shanghai, China) and met the surgical requirements for 
ICL V4c (STAAR Surgical Company, Monrovia, CA, USA) 
implantation. Exclusion criteria were: corneal endothelial cell 
density (ECD) ≤2000 cell/mm2, and a history of ocular surgery, 
cataract, glaucoma, amblyopia, retinal detachment, neuro-
ophthalmic diseases, and ocular inflammatory diseases. 
One hundred eyes of 52 patients who underwent the one-step 
viscoelastic agent technique for ICL V4c implantation were 
enrolled in the study. Mean preoperative spherical equivalent 
(SE) was -11.48±5.06 D (range: -2.50 to -28.75 D), and mean 
age was 28.88±7.12y (range: 18 to 47y).
Surgical Procedure  The ICL V4c (STAAR Surgical 
Company, Monrovia, CA, USA) is a posterior chamber 
intraocular lens designed with a 360 μm central hole. It 

corrects up to -18.00 D myopic spherical refraction and up 
to -5.00 D cylindrical refraction[1-2]. ICL V4c implantation 
procedures were performed by an experienced surgeon (Zhou 
XT). Pupils were dilated 1h before surgery. ICL V4c was 
then implanted via a 3-mm temporal corneal incision using 
an injector cartridge. Then, a moderate viscoelastic surgical 
agent, 1% sodium hyaluronate, was injected into the anterior 
chamber. Thereafter, the ICL V4c lens was placed in the 
posterior chamber. The viscoelastic surgical agent was washed 
away using a balanced salt solution. Postoperative medications 
included antibiotic eye drops, non-steroidal anti-inflammatory 
eye drops, steroidal eye drops, and artificial eye drops. 
The differences between the two-step and one-step techniques 
are as follows. During the conventional two-step viscoelastic 
agent technique for ICL V4c implantation, the viscoelastic 
agent is injected twice. The first injection is administered after 
the corneal incision was made. At that point, a viscoelastic 
agent is injected to maintain the anterior chamber depth. The 
second injection is performed after the ICL lens is injected. 
The viscoelastic agent is then injected to protect the endothelial 
cells from mechanical injuries when adjusting the ICL haptics 
into the posterior chamber. After the ICL is placed in an 
appropriate position, the viscoelastic agent is washed away[7]. 
Figure 1 shows a detailed step-by-step diagram of the surgical 
procedures. The main difference between the two-step and 

Figure 1 Detailed surgical procedure of the one-step viscoelastic agent technique for ICL V4c implantation  A: A 3-mm temporal clear 
corneal incision is made; B: The anterior chamber depth is stable, indicating that a good self-closing incision has been made; C: A Toric ICL 
V4c lens is implanted by an injector cartridge; D: The ICL V4c lens unfolds smoothly, and three haptics are placed in the posterior chamber 
and one in the anterior chamber; E: The anterior chamber depth remains stable after the injector is removed; F: A little amount of viscoelastic 
surgical agent is injected above the haptic in the anterior chamber; G: The haptic in the anterior chamber is placed in the posterior chamber using 
a manipulator; H: Adjustments of the ICL V4c position are made; I: The anterior chamber depth remains stable after the ICL V4c is implanted; J: 
The viscoelastic surgical agent is then washed away using a balanced salt solution; K: Self-closing of the incision is finally checked; L: The ICL 
V4c lens implantation procedures is completed.

One-step viscoelastic agent ICL V4c implantation
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one-step techniques is that the first injection of the viscoelastic 
agent is skipped in the latter, and the ICL V4c is immediately 
implanted after the corneal incision is made. The viscoelastic 
surgical agent is then injected, and then, the ICL V4c haptics is 
placed into the posterior chamber, and the viscoelastic surgical 
agent is washed away.
Measurements  Postoperative IOP measurement was 
conducted every hour for 3 to 5h after surgery. Paracentesis 
through corneal incision was performed to prevent sustained 
IOP elevation if it exceeded 30 mm Hg. The patients were 
followed up at 1d, 1wk, 1 and 3mo postoperatively. Corneal 
endothelial cells in the central cornea were assessed using a 
non-contact specular microscope (EM-3000; Tomey, Nagoya, 
Japan). In addition to corneal ECD, the coefficient of variation 
in cell size (CV) and the percentage of hexagonal cells (6A) are 
two important parameters used to evaluate corneal endothelial 
cells. The former represents polymegethism or morphological 
variation, and the latter represents the degree of polymorphism 
of the corneal endothelial cells[8].
Corneal densitometry and the ICL V4c vault measurement 
were performed using a rotating Scheimpflug camera 
(Pentacam, Oculus, Germany). Corneal densitometry values 
represent the degree of transparency of the cornea, which is 
expressed in grayscale units and ranges from 0 (maximum 
transparency) to 100 (completely opaque, minimum transparency). 
The system software automatically divides the cornea into 
four layers. The anterior layer (LA) and posterior layer (LP) 
represent the anterior 120 μm and posterior 60 μm of the 
cornea, respectively. The central layer (LC) refers to the volume 
between two boundary layers. The total layer (LT) refers to 
the entire cornea, from the epithelium to the endothelium. 
For each eye, the average corneal densitometry values of all 
four layers were analysed in two areas. The central zone was 
analysed from 0 to 2 mm, and the relatively central annuli zone 
was analysed from 2 to 6 mm, based on their distance from 
the corneal apex[9-10]. IOP was measured using a non-contact 
tonometer (NCT; Canon, Japan). 
Statistical Analysis  Statistical analysis was performed using 
SAS V9.3 software (Cary, NC, USA). To determine the within-
subject correlation, a linear mixed model was used to detect 
the differences among the variables, including the IOP, corneal 
endothelial cell, and corneal densitometry measurements 
between the study time points. The statistical significance level 
was set at a P value of less than 0.05.
RESULTS
All the surgeries were uneventful. No vision-threatening 
complications, including uncontrollable IOP increase, cataract 
formation, Toric lens rotation, or retinal detachment, were 
observed during the 3-month follow-up period.

Three hours after surgery, four eyes had IOP exceeding 
30 mm Hg (maximum 35 mm Hg) and corneal paracentesis 
was conducted. After 3h postoperatively, two of the four eyes 
had persistently higher IOP (24-26 mm Hg) compared with 
the preoperative value (18-20 mm Hg). However, no tendency to 
increase was seen in the measurements conducted every 30min for 
another 3 times. Through routine postoperative medication, IOP 
of all the eyes decreased to baseline value at 1d postoperatively. 
IOP was 16.12±3.18 mm Hg (range: 10.4 to 22.3 mm Hg) before 
surgery and 14.74±3.08 mm Hg (range: 8.1 to 22.9 mm Hg), 
15.48±2.72 mm Hg (range: 9.6 to 22.8 mm Hg), 14.30±2.36 mm Hg 
(range: 9.6 to 20.0 mm Hg), and 14.50±2.56 mm Hg (range: 
8.7 to 20.9 mm Hg) at 1d, 1wk, 1 and 3mo after surgery 
(P<0.05), respectively.
At postoperative 3mo, SE decreased from preoperative 
-11.48±5.06 to -0.46±1.42 D (range: +1.38 to -6.60 D). The 
ratio between postoperative uncorrected distance visual acuity 
(UDVA) and preoperative corrected distance visual acuity 
(CDVA; efficacy index) was 1.07±0.26 (range: 0.50 to 2.00). 
The ratio between postoperative CDVA and preoperative 
CDVA (safety index) was 1.21±0.25 (range: 1.0 to 2.00). None 
of the eyes lost one or more lines of the CDVA. The mean vault 
was 562±265 μm (range: 180 to 1160 μm) at 3mo.
Before surgery, corneal ECD was 2580±242 cell/mm² (range: 
2049 to 3143 cell/mm²), CV was 42.11%±7.92% (range: 23% 
to 80%), and 6A was 40.98%±9.46% (range: 24% to 74%). 
No significant difference in these variables was found when 
comparing between the time points (P>0.05; Table 1). 
Corneal densitometry values of the central zone from 0 to 
2 mm (Table 2) and relatively central annuli zone area from 
2 to 6 mm (Table 3) of the four corneal layers showed similar 
regularities. These values significantly increased at 1d after 
surgery (P<0.05), then decreased to the preoperative values at 
1wk postoperatively (P>0.05), and then continued to decrease 
at 3mo after surgery (P<0.05). 

Table 1 ECD, CV, and 6A in the central cornea in 3mo after one-
step viscoelastic agent technique for ICL V4c implantation for 
myopia correction                                                                  mean±SD

Parameters ECD (cell/mm²) CV (%) 6A (%)
Preoperative 2580±242 42.11±7.92 40.98±9.46
1d 2560±224 41.24±5.64 40.36±8.83
1wk 2551±240 41.41±5.87 40.44±9.11
1mo 2548±258 42.32±6.44 39.69±8.47
3mo 2624±249 39.84±5.75 42.33±7.84
P 0.237 0.105 0.394

ECD: Endothelial cell density; CV: The coefficient of variation in 
cell size; 6A: The percentage of hexagonal cells; ICL V4c: Posterior 
chamber phakic implantable collamer lens with a central hole; SD: 
Standard deviation.
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DISCUSSION
ICL V4c is the latest generation of ICLs; it eliminates the need 
for preoperative laser peripheral iridotomy. It was proven to 
be safe and effective for the correction of myopia[1-2]. Based 
on the conventional two-step viscoelastic agent technique for 
ICL V4c implantation, and years of clinical practice, a one-
step viscoelastic agent technique for ICL V4c implantation (the 
one-step technique) was developed. This is an improvement 
over and simplified version of the conventional ICL 
implantation procedures. This study explored whether the one-
step technique is suitable for clinical application by observing 
the anterior segment performance after surgery.
No vision threatening complications were observed, and no 
CDVA was lost. The efficacy and safety indices were 1.07 and 
1.21, respectively, in this study. These refractive outcomes are 
comparable to those reported in previous studies, suggesting 
that the one-step technique is safe and effective for visual 
acuity improvement in myopia correction when compared 
with the conventional technique[1-2,11]. The mean vault 
was 562 μm, which was within the acceptable range. The 
lowest value was 180 μm. In cases of low vault after ICL 
implantation, if there is no evidence of cataract development, 
clinical follow-up could be an appropriate approach instead of 
immediate lens exchange[12-13]. 
Viscoelastic agents are important for anterior chamber 
maintenance and corneal endothelium protection in ophthalmic 
surgeries. However, retained viscoelastic agents are considered 
the main cause of ocular hypertension after ICL implantation. 
The viscoelastic remnant may obstruct the trabecular meshwork 

and the canal of Schlemm and cause an increase of IOP[14-15]. 
During the conventional two-step procedures, the viscoelastic 
agent is injected twice into the anterior chamber, before and 
after the ICL V4c lens is injected[7]. It is easy to flush away the 
viscoelastic agent in the anterior chamber in front of the ICL 
lens. However, the ICL lens must be crossed to flush away the 
viscoelastic agent in the posterior chamber. This is difficult 
to achieve fully because of the limited operating space. The 
remaining viscoelastic agent could jam the central hole and 
lead to pupillary block ocular hypertension. Thus, the key step 
that prevents retained viscoelastic agent-related IOP increase is 
a thorough irrigation of the anterior and posterior chambers[16]. 
Skipping the first viscoelastic agent injection procedure greatly 
reduces the amount of viscoelastic residue, decreasing the risk 
of pupillary block ocular hypertension due to retention of the 
viscoelastic agent. The corneal paracentesis rate was 4% and the 
highest postoperative IOP was 35 mm Hg. This indicates that the 
rate of IOP increase caused by the viscoelastic remnant is low 
and can be treated in the early period through IOP monitoring 
after surgery. After one day, postoperative IOP was stable, 
and none of the patients experienced incontrollable ocular 
hypertension during the 3-month observational period. 
In a recent report, anterior subcapsular cataract (ASC) was 
induced during implantation of ICL V4c by cannula irrigation 
as a stream was forced onto the capsule through the central 
hole during the viscoelastic agent removal process[17]. The one-
step technique also makes it possible to avoid the posterior 
chamber viscoelastic agent removal procedure. Thus, it 
decreases the risk of ASC due to operative trauma.
Moreover, the one-step technique reduces the operation 
time and improves the efficiency of the operation. Figure 2 
shows an extreme example of the one-step viscoelastic agent 
technique for ICL V4c implantation, which could be referred 
to as a viscoelastic surgical agent-free technique for ICL V4c 
implantation. In this example, after the ICL V4c was injected, 
the four haptics of a non-toric ICL V4c were directly placed in 
the posterior chamber without adjustment; consequently, it was 
possible to skip the second step of viscoelastic surgical agent 
injection and removal procedures.
During the ICL-V4c implantation procedure, the intraocular 
space for surgical operation is limited, and corneal endothelial 
cell damage or corneal edema is a potential complication. 
Acute corneal endothelial cell loss usually occurs if the 
anterior chamber space is unstable and surgical instruments 
may touch the corneal endothelial layer. Therefore, endothelial 
cell monitoring is important for the safety assessment of ICL 
implantation[18]. Chen et al[7] and Yang et al[19] monitored 
corneal ECD for 12mo or more after the conventional two-
step technique for ICL V4c implantation. They both reported 
that no significant reductions in ECD at the 3-month follow-

Table 2 Corneal densitometry values of the central 2 mm zone of 4 
layers                                                                                       mean±SD
Parameters LA LC LP LT

Preoperative 18.94±1.30 11.55±0.64 9.79±0.57 13.42±0.75
1d 20.26±3.97a 12.24±3.37a 10.52± 2.61a 14.33±3.22a

1wk 18.96±1.13 11.52±0.52 9.85±0.55 13.45±0.60
1mo 18.43±1.06 11.39±0.56 9.74±0.63 13.19±0.65
3mo 17.15±1.36a 10.72±0.76a 9.26±0.75 12.39±0.88a

P <0.001 <0.001 <0.001 <0.001

LA: Anterior layer; LC: Central layer; LP: Posterior layer; LT: Total 
layer. aP<0.05 vs preoperative values.

Table 3 Corneal densitometry values of the relatively central 
annuli zone from 2 to 6 mm of 4 layers                               mean±SD
Parameters LA LC LP LT

Preoperative 16.85±1.15 10.33±0.56 8.84±0.54 12.01±0.69
1d 18.01±2.55a 10.86±1.42a 9.09±0.81a 12.65±1.52a

1wk 16.87±1.11 10.32±0.48 8.91±0.49 12.03±0.60
1mo 16.39±0.92 10.19±0.51 8.81±0.58 11.80±0.58
3mo 15.31±1.26a 9.59±0.68a 8.38±0.70a 11.10±0.82a

P <0.001 <0.001 <0.001 <0.001

LA: Anterior layer; LC: Central layer; LP: Posterior layer; LT: Total 
layer. a P<0.05 vs preoperative values.

One-step viscoelastic agent ICL V4c implantation
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up visit were noted. In the current study, all the corneal 
endothelial cell parameters, including ECD, CV, and 6A, were 
stable over time using the one-step technique. Goukon et al[8] 
reported that ICL V4c implantation may have advantages over 
conventional ICL implantation only in terms of maintaining 
the density in the superior regions, possibly because 
preoperative laser iridotomies are unnecessary. This suggests 
that reducing unnecessary operation procedures would lead 
to less disturbance to the corneal endothelial cells. In the 
current study, the simplified one-step technique did not induce 
a significant change in either the density or morphology of 
the central corneal endothelial cells. The corneal endothelium 
was effectively protected by viscoelastic injection only 
once. In terms of surgical skill, surgeons need to master the 
conventional method before using the one-step technique. The 
key point of the one-step technique is that its effectiveness 
is based on good self-close corneal incision making, which 
ensures a stable anterior chamber depth. When this occurs, the 
first viscoelastic injection can be skipped and the ICL injection 
can be directly performed. The ICL V4c injection is another 
important part of the procedure because the lens has to be kept 
wet. In addition, the lens incarceration in the corneal incision 
and rotation in the anterior chamber should be avoided. When 
using the one-step technique, if any situation emerges that 
impacts the anterior chamber stability, surgeons should switch 
to the conventional method to avoid mechanical disturbance to 
the corneal endothelial cell, crystalline lens, or iris.
In the current study, we also obtained densitometry values of 
the central 6-mm corneal area. This allowed an assessment 
of the impact of the one-step technique on the central optical 
zone. Physiological and pathological changes in the corneal 
composition can lead to changes in corneal transparency. 
A decrease in corneal transparency can be revealed by an 
increase in corneal densitometry value. This often occurs when 
an edema or inflammation occurs[20-21]. In the current study, it 
was found that corneal densitometry peaks and then declined 
to the baseline value in the early period (1d) after the one-
step technique ICL V4c implantation procedure. Transient 

increase in corneal densitometry value usually occurs due to 
transient epithelial defects or mild corneal edema. Moreover, 
corneal transparency improved within 3mo postoperatively. 
This further proved that the one-step technique causes minimal 
disturbance to the cornea. Chen et al[7] investigated corneal 
densitometry changes in 12mo after the conventional two-step 
technique for ICL V4c implantation. They found that corneal 
densitometry increased slightly at postoperative one day and 
then decreased gradually. Hence, their results are consistent 
with those of the present study. Therefore, compared with the 
conventional surgical method, the simplified one-step method 
showed equal safety for the corneal transparency.
The surgical procedures in the present study were performed 
by an experienced surgeon. This avoided confounding effects 
derived from surgical technique variability. One limitation is 
that this study evaluated ECD of the central area of the cornea. 
Hence, peripheral endothelial damage was not measured. 
However, the corneal densitometry assessed not only the 
central area (0-2 mm) but also the relative peripheral area (2 to 
6 mm) of the cornea. Thus, it provided information on a wider 
central optical zone of the cornea[22]. Tekin et al[23] reported that 
ECD, CV, and 6A were statistically significantly correlated 
with the corneal densitometry values in all layers, indicating 
that corneal densitometry values can potentially be used as 
indicators of the health of the corneal endothelium. Both 
corneal endothelial cells and corneal densitometry values were 
evaluated in this study. Therefore, a relatively comprehensive 
corneal condition evaluation was performed. Another limitation 
is that the participants in this study were recruited only from a 
single refractive centre in China. Thus, the current study was 
limited by its single-centre design and monoracial background. 
Further multi-centric studies and long-term observation periods 
are needed.
In conclusion, the one-step viscoelastic agent technique 
for ICL V4c implantation is safe and effective for myopia 
correction and causes little disturbance to the cornea.
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