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Abstract   

Purpose  To assess the early clinical outcomes of central hole phakic posterior 

chamber intraocular lens(ICL V4c) implantation for correction low and moderate 

myopia, and to explore the relationship among arch height, intraocular pressure(IOP), 

and central anterior chamber depth(ACD). 

Methods  This retrospective clinical study included 27 patients (47 eyes )which 

underwent implantation of ICL V4c for correction of myopia with spherical equivalent 

between -1.75 D and -6.0 D, From January 2017 to December 2018. Preoperative 

corrected distance visual acuity (CDVA), postoperative uncorrected visual acuity 

(UCVA), and IOP were evaluated at one day, one week, three mouths, six mouths, and 

twelve months. ACD, arch height, and endothelial cell density (ECD) were evaluated 

at one, three and twelve months. 

Results  At 1 year follow-up, the UCVA of 75% eyes are larger than the preoperative 

CDVA, and that of 25% eyes are equal to the preoperative CDVA. The postoperative 

UCVA of the patients was higher than the preoperative BCVA and showed a stable trend. 

There was no significant difference in ECD (P > 0.05). One month after surgery, the 

arch height was (0.77 ±0.32) mm, and decreased to (0.63 ± 0.26) mm at the one-year 

after surgery. ACD was (3.24±0.25) mm in the preoperative, decreased significantly to 

(2.05±0.39) mm at one month, and rose to (2.2± 0.39) mm at one year after surgery. 
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There was no significant correlation between IOP and ACD and arch height at 1 month 

and 1 year after operation. The correlation coefficient between ACD and arch height 

was -0.72 at 1 month after surgery, and it was -0.71 at 1 year. One patient had visual 

fatigue, one patient had glare, and none of subjects developed cataract, glaucoma and 

decompensation of corneal endothelium. 

Conclusion  ICL implantation is a safe, effective and stable method for the correction 

of low and moderate myopia, and it may be a good alternative for patients with low and 

moderate myopia who cannot undergo corneal refractive surgery. 

keywords: low and moderate myopia; central hole phakic posterior chamber 

intraocular lens (ICL V4c) implantation; effectiveness; safety 

Introduction 

At present, the main surgical methods for correcting ametropia include corneal laser 

surgery and posterior chamber intraocular lens (ICL) implantation. Corneal laser 

surgery is effective and safe [1] for low and moderate myopia, but a contraindication 

for those with thin cornea or potential lesions such as suspicious keratoconus [2-4]. ICL 

may be a better choice for patients unsuitable for corneal laser surgery because it is 

reversible without corneal excision [5] and retains accommodation for eyes. Meanwhile 

it gives patients better visual acuity compared with laser-assisted in situ keratomileusis 

(LASIK) [6]. Besides, astigmatism posterior chamber intraocular lens (TICL) shows 

higher safety and gives patients better visual acuity in the treatment of moderate and 

high myopic astigmatism compared with PRK [7]. ICL currently becomes the first 

choice for patients with high myopia, and it is also favored by more and more people 

with low and moderate myopia. However, it also has some defects such as the formation 

of cataract, elevated IOP, TICL rotation, pigmented diffuse glaucoma, loss of 

endothelial cells, etc. [7] probably caused by the closely contacting with human lens. 
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The most distinguishing feature of ICL V4c is that there is a central hole in the center 

of the lens with a diameter of about 360um, which can make aqueous humor flow 

directly into the anterior chamber through the pupil area, avoiding preoperative laser 

iris drilling and high intraocular pressure caused by pupil blockage. A large number of 

studies have reported its safety and effectiveness in correcting high myopia [8-9]. 

However, there are few reports on the correction of low and moderate myopia by ICL. 

In this work, a case-control study was conducted to explore the validity, safety and 

stability of ICL V4c implantation in the correction of low and moderate myopia. 

Subjects and methods 

This study was a retrospective review of the medical records of patients with low and 

moderate myopia who had ICL V4 implantation at Chongqing Aier General 

Ophthalmology Hospital from January 2017 to December 2018. The inclusion criteria 

were listed as follows: (1) the refraction remains stable for at least 1 year and the annual 

change was within ±0.5 D; (2) the equivalent spherical lens (SE) was within -6.0 D; (3) 

the ACD ≥ 2.8 mm; (4) the anterior chamber angle was open; (5) the ECD>2,000 

cells/mm2. Exclusion criteria were listed as follows: (1) patients younger than 18 years 

old, patients with Cataract, glaucoma, uveitis, retinal detachment, optic neuritis and 

other eye diseases; patients with diabetes, hypertension and other systemic diseases.  

Preoperative examination included: UCVA and CDVA (measured in international 

standard visual acuity chart), manifest and cycloplegic refractions, IOP (KT-500, Kowa, 

Tokyo, Japan), endothelial cell density count(measured by Corneal endothelium 

microscope, NIDEK, Japan), corneal topography (Pentacam, OCULUS, Germany), 

central pachymetry (CT1000, Shin Nippon), anterior segment ultrasonic biomicroscopy 

(UBM) for sulcus to sulcus diameter, horizontal corneal diameter (white-to-white), 

ACD, and fundus examination (using slit lamp microscopy). All the implanted ICL V4c 
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were produced by STAAR company in Switzerland. The diopter and model of ICL V4c 

were calculated by the lens calculation software (STAAR). 

All ICL implantation surgeries were performed by a standardized method. One 

drop of levofloxacin ophthalmic (Towering pharmaceutical, China) was given three 

days before the operation, 4 times daily. Those who need to be implanted with 

astigmatic intraocular lens (TICL) were axially labeled before surgery. The patients 

were administered dilating and cycloplegic agents, and the surgery was performed 

under surface anesthesia with promecaine hydrochloride. All operations were 

performed by the same experienced surgeon. An auxiliary incision of 1mm was created, 

and the anterior chamber was filled with viscoelastic material. Then, the main incision 

of 3mm was created. The ICLV4c was pushed into the anterior chamber with an injector, 

adjusted to the center, and its loop was implanted into the ciliary sulcus. If it was 

astigmatic lens, the lens angle was marked according to the TICL surface line. Make it 

coincide with the preset corneal surface marker. At last, irrigation and aspiration were 

performed. After the surgery, the eye was coated with tobramycin Dexamethasone Eye 

Ointment (S.A. Alcon Couvreur N.V.),and covered with dressing. 

The patients were followed up for 1 day, 1 week, 1 month, 3 months and 1 year. 

UCVA, CDVA, comprehensive optometry (before reaching the preoperative best 

corrected visual acuity), IOP, postoperative adverse reactions and complications were 

collected. ECD, ACD and arch height were collected in the postoperative examinations 

at 1 month and 1 year. 

Statistical analysis 

Statistical analysis was performed with SPSS22.0. Visual acuity data were converted to 

logarithm of the minimum angle of resolution (Log MAR) values for statistical analysis. 

Repeated measurement data were analyzed by repeated measurement variance. Paired 



 

5 

data were compared by paired sample t-test, spearman or Pearson's method was used to 

study the correlation between IOP, ACD and arch height, and P value less than 0.05 was 

considered statistically significant. 

Results 

A total of 27 patients (47 eyes) with moderate and low myopia were enrolled in this 

study, aged from 19 to 37 years (27 males and 20 females), The mean spherical 

equivalent (SE) was -4.55 D ±1.05 D, and the mean preoperative spherical was -4.28 D 

±1.14 D, and the mean preoperative cylinder was - 0.54 D ±0.67 D. There were no 

significant differences in patient preoperative demographic information. 

Table 1 Comparison of preoperative CDVA (Log MAR) with postoperative UCVA (Log MAR) and 
preoperative and postoperative intraocular pressure (x ±s) 

CDVA: corrected distance visual acuity; UDVA: uncorrected distance visual acuity; IOP: 

intraocular pressure; log MAR: logarithm of the minimum angle of resolution. 

Table 1 shows the preoperative and postoperative visual acuity measurements. At 

the one-year postoperative visit, the postoperative UCVA of 75% of the eyes are larger 

than the preoperative CDVA, the others are equal to the preoperative CDVA, and the 

visual acuity at each review point was statistically significant (F = 32.93, P < 0.01). In 

the pairwise comparison, there was no statistical significance (P > 0.05) between UCVA 

(log MAR) one day after surgery and CDVA (log MAR) before surgery, and there was 

statistical significance (P < 0.01) between UCVA other period after surgery (log MAR) 

and preoperative CDVA (log MAR). UCVA of patients after surgery was significantly 

improved compared with CDVA before surgery, and this trend was basically stable 

(Figure 1);  

Parameter Preoperative 
Postoperative 

p value 1 d 1 wk 1 mo 1 y 

Mean visual acuity 

(log MAR) 0.01±0.04 -0.01±0.05 -0.06±0.06 -0.06±0.06 -0.05±0.06 <0.01 

Mean IOP 

(mm Hg) 
15.09±2.74 13.54±3.19 13.19±3.3 12.31± 2.89 13.36±2.95 <0.001 
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Figure 1. The change trend of visual acuity  

There was significant difference between intraocular pressure before and after 

operation (F = 32.7, P < 0.001). In pairwise comparison, there was no significant 

difference in IOP between 1 day and 1 year(P=1), 1 month and 1 year after operation 

(P=0.098). The IOP was the lowest on the 1st week after operation, and tended to be 

stable after 1 month. The IOP decreased by 2.8 mmHg at 1 month after operation, and 

1.78 mmHg at 1 year after operation, compared with that before operation (Figure 2). 
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Figure 2 The change trend of intraocular pressure 

There was no significant changes in the mean ECD at any timepoint（F=0.152, 

P>0.05），shown in Table 2. Table 2 also shows the central anterior chamber depth 

(ACD) before and at each time point after surgery. ACD decreased to the lowest in 1 

month and increased in 1 year after surgery. At 1 month after surgery, the range of arch 

height was 0.22 mm~1.42 mm, the mean value was 0.77 ±0.32 mm. It ranges from 0.17 

mm to 1 mm at one-year after surgery, with an average of 0.63 ±0.26 mm, and there 

was significant difference between arch height of the two timepoint (t= 7.24, P < 0.05). 

The correlation coefficient between arch height and ACD was -0.72 (P < 0.05) at 

1 month after surgery and -0.71 (P < 0.05) at 1 year after surgery. ACD was negatively 

correlated with the change of arch height, and ACD deepened with the decrease of arch 

height. 

There were no complications during the operation, one patient had visual fatigue 

and one patient had glare, and the symptoms were significantly relieved one month later. 
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No complications such as cataract, glaucoma and corneal endothelial decompensation 

were found in all patients. 

Table 3 Preoperative vs postoperative measurements(x ± s) 

ECD= endothelial cell density; ACD= central anterior chamber depth 

*P＜0.05 (compared with preoperative value), †P＜0.05 (compared with 6-month postoperative value) 

Discussion 

ICL implantation can preserve corneal integrity, is not limited by corneal thickness, 

and has a wide range of correction of refractive errors. In recent years, ICL is no longer 

the second choice other than corneal laser surgery, but has become the first choice for 

more and more myopia patients. It is not only applicable for high myopia and ultra-high 

myopia patients, but also applicable for low and medium myopia patients with thin 

cornea and potential keratopathy. It is the irreplaceable method to correct myopia and 

its effectiveness and safety for the correction of low and moderate myopia had been 

reported [10]. Kamiya et al. [11] followed up 351 patients after ICL implantation, the 

results showed that ICL could correct not only high myopia, but also low to moderate 

myopia. 

This study evaluated the clinical effect, safety and stability of implanting ICL in 

the correction of low to moderate myopia. Because the goal of ICL implantation is to 

obtain good visual acuity without glasses or contact lenses, we choose UDVA as one of 

the important clinical observation indexes. The results of this study show that ICL is an 

effective correction method for low and middle myopia patients, UDVA of 94% eyes  

at one day after surgery was greater than or equal to CDVA before surgery, and the 

proportion reached 100% at one week after surgery. There was significant difference 

Parameter Preoperative 
Postoperative 

p value 
1 mo 1y 

ECD（cells/mm2) 2915.45±286.92 2906.03±309.1 2915.49±334.77* 0.85 

vault height (mm) -- 0.77±0.32 0.63±0.26† <0.001 

ACD（mm） 3.24±0.25 2.05±0.39* 2.2±0. 39* P<0.001 
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between postoperative and preoperative visual acuity (LogMAR) (P < 0.01), but there 

was no significant difference between the visual acuity (LogMAR) at each recheck time 

point after surgery, which indicated that the visual acuity recovered quickly and tended 

to keep stable after implanting ICL. It is consistent with the previous study on the 

correction of middle and low myopia by ICL implantation [10]. 

The results of the study on intraocular pressure showed that there were significant 

differences in intraocular pressure at different time points (P < 0.001). The intraocular 

pressure was (13.54 ±3.19) mmHg, (10.54 ±2.9) mmHg, (12.31 ±2.89) mmHg and 

(13.36 ±2.95) mmHg, respectively. There was no statistical difference between 1 day 

and 1 year after operation (P = 1), and there was no statistical difference between 1 

month and 1 year (P = 0.098). No patients had abnormal intraocular pressure. IOP is 

the lowest at one week after surgery. It is considered to be related to the use of IOP-

lowing drugs (acetazolamide tablets and bromonidine tartrate) after refractive surgery. 

At 2~3 weeks, the IOP is in a normal and stable state after the discontinuation of IOP-

lowing drugs. It is consistent with the previous studies on ICL implantation [5,12-13]. 

Elmohamady et al. [14] observed the changes of anterior chamber in 34 patients 

(34 eyes) with high myopia after implanting ICL. It was found that the chamber angle, 

anterior chamber volume and ACD decreased significantly in 1 month postoperatively, 

and there was no significant difference in 3 months, 6 months and 12 months 

postoperatively. The results of this study showed that the ACD was (2.05±0.39) mm at 

one month postoperatively and (2.2±0.39) mm at one year postoperatively, which was 

significantly decreased compared with that before the surgery (3.24±0.25) mm. The 

main reason is the change of arch height. We found that the arch height was negatively 

correlated with ACD. The arch height at 1 month after surgery decreased by 18.18%, 

compared with that at 1 year after surgery. 



 

10 

Arch height is an important index to be monitored after implanting ICL. The 

optimum range of arch height is 0.25 ~ 0.75 mm [15]. A lower ICL vault after 

implantation is closely related to lens opacity [16]. High arch height can lead to shallow 

anterior chamber, angle closure, corneal endothelial damage, pupil occlusion or 

glaucoma [17]. In our study, the arch height ranges from 0.22 mm to 1.42 mm at one 

month after surgery, with an average value of (0.77 ±0.32) mm, and it ranges from 0.17 

mm to 1 mm at one year after surgery, with an average value of (0.63 ±0.26) mm. The 

change of arch height presents a downward trend, consistent with Schmidinger [18]. In 

this study, arch height was negatively correlated with ACD, with a correlation 

coefficient of 0.72 at 1 month after surgery and 0.71 at 1 year after surgery. At 1 month 

after surgery, 51.06% arch height are higher than 0.75mm and 6.4% are less than 

0.25mm. At 1 year after surgery, 23.4% arch height are higher than 0.75mm and 6.4% 

are less than 0.25mm. It indicates that the change of arch height tends to a downward 

trend, but also tends to develop in the direction of safety. 

The relevant research results of the US Food and Drug Administration showed that 

the loss rates of ECD at 1 year, 2 years and 3 years after surgery were 3%, 5.3% and 

8.5%, respectively. The loss rate of ECD in the early postoperative period was 9.9% 

(one month after the surgery), and then decreased to 4.7% (six months after the surgery). 

The number of ECD remained stable during the follow-up of 2~10 years [19-20]. In 

our study, the preoperative ECD count was (2915.45±286.92) mm2 and the 

postoperative ECD count was (2906.03±309.1) mm2 at one month, which was 0.3 % 

lower than the preoperative ECD count. The postoperative ECD count was 

(2915.49±334.77) mm2 at 1 year, which was equal to that before surgery.  

The visual acuity was significantly improved after ICLV4c implantation for the 

correction of moderate and low myopia, but glare in some patients is still a difficult 
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problem to be solved, and it is also the current research hotspot and difficulty. In our 

study, even though one patient had binocular fatigue and one patient had glare, the 

symptoms were significantly relieved after one month, and no complications such as 

cataract, glaucoma and corneal endothelial decompensation were found in the other 

subjects.  

Conclusions 

Our study confirmed the effectiveness and stability of visual outcomes and safety 

after ICLv4c implantation in patients with middle and low degree myopia who can't 

undergo corneal refractive surgery. Arch height tends to decrease over time. But we 

need more cases and longer follow-up time to observe its effectiveness and safety, 

especially the changes of arch height and the development of anterior lens opacification, 

and to make theoretical preparation for the choice of ICL size in low to moderate 

myopia. 
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