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Purpose:  This study aimed to compare the short-term outcome of implanting the Visian implantable collamer lens V4 ICL versus the 
Visian V4c ICL in patients with moderate and high myopia.
Patients and Methods:  This is a retrospective that was conducted on patients with moderate or high myopia who were scheduled 
for ICL implantation at our institution, Patients who underwent V4 ICL implantation with peripheral iridectomy were assigned to 
group A, and those who underwent V4c ICL implantation without peripheral iridectomy were assigned to group B. In group A, 
a preoperative peripheral iridectomy was performed. In group B, the patients received cycloplegic and dilating agents. The patients 
underwent a complete ocular examination preoperatively and during the follow-up visits that were conducted at 3, 6, and 12 months 
postoperatively.
Results: This study included 214 eyes from 107 patients; group A included 110 eyes, and group B included 104 eyes. Postoperatively, 
the UCVA and BCVA showed statistically significant improvement across the follow-up time points (p<0.001), with no significant 
difference between the two groups. No statistically significant difference was found between the two groups in the mean achieved 
correction or the residual refraction. Both groups showed a strong correlation between the target and the achieved correction, with R2 
= 0.99 in the two groups. No significant difference was found between the two groups in the IOP across all time measures. However, 
the intraocular pressure showed a statistically significant postoperative increase in group A (p=0.004), and no significant change in 
group B (p=0.817). There was a downward slope in the vaults of both groups across time, with significant variation in the last follow- 
up measure compared to the 3-month measure in the two groups (p<0.001). No significant difference was found between the two 
groups across all time measures.
Conclusion: The current study adds new evidence concerning the feasibility, safety, and efficacy of ICL V4c implantation for the 
treatment of moderate and high myopia, with safer postoperative IOP.
Keywords: moderate and high myopia, Visian implantable collamer lens, central hole, peripheral iridectomy

Introduction
Myopia is one of the most prevalent ophthalmologic disorders that is commonly encountered during clinical practice.1 

The surgical management of moderate and high myopia includes refractive lens exchange, corneal refractive surgery, and 
phakic intraocular lens (pIOL) implantation.2 Refractive lens exchange can treat severe myopia but causes accommoda
tion loss in addition to other potential adverse effects; hence, it is typically not recommended for patients who are not 
presbyopic.2 Patients with high myopia are typically not candidates for corneal refractive surgery since, above a certain 
point, both the quality of vision and the complication risk increase. Phakic intraocular lens implantation may produce 
superior vision and have considerable advantages over corneal refractive surgery in terms of quality-of-life factors 
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relating to vision.3,4 In patients with moderate or high myopia who refuse or are not candidates for corneal refractive 
surgery, it has been found that pIOL implantation is a particular and reproducible approach that is frequently employed.5

Iris-fixated anterior chamber lenses, angle-supported anterior chamber lenses, and posterior chamber lenses have all 
been employed for intraocular implantation.4,6 Posterior-chamber phakic lenses have received particular attention, with 
the Visian implantable Collamer lens (ICL) having been found to be an efficient, secure, and reliable way to correct 
moderate to high myopia.7,8 The intraocular pressure (IOP) and aqueous humor flow, however, may necessitate a second 
peripheral iridotomy either before or during the operation. To address these concerns, the V4c Visian ICL model was 
designed with a 360 µm central hole. This central hole was designed to increase the aqueous circulation in the eye and 
allow the aqueous humor to flow more naturally. Thus, there is no more need for peripheral iridectomy.9,10 Numerous 
clinical studies have demonstrated that V4C-Visian ICL is currently stable, safe, predictable, and efficacious.11–16 Most 
recently, the FDA approved the EVO/EVO+ VISIAN Implantable Collamer Lens – P030016/S035 with a center hole in 
March 2022.17

To date, a few studies compared the outcome of traditional V4 ICL with that of V4c ICL, especially in the region of 
the Middle East. This study aimed to compare the short-term outcomes of implanting V4 ICL versus V4c ICL in patients 
with moderate and high myopia.

Materials and Methods
This is a retrospective that was conducted on patients with moderate to high myopia who were scheduled for ICL 
implantation at our institution during the period from December 2020 to January 2023. The study was commenced after 
approval by the institutional review board at Qena Faculty of Medicine and followed the Declaration of Helsinki.

Adult patients with a clear central cornea who had a stable refraction for 2 years and a best-corrected visual acuity 
(BCVA) of 20/40 were eligible for the study. Patients with cataracts, an endothelial cell count (ECC) of less than 2000 
cells/mm2, and an anterior chamber depth (ACD) of less than 2.8 mm were excluded from the study. Patients with 
a history of retinopathy, macular degeneration, retinal detachment, glaucoma, neuro-ophthalmic diseases, ophthalmic 
surgery, or chronic systemic diseases were also excluded from this study.

Patients who underwent V4 ICL implantation with peripheral iridectomy were assigned to group A, and those who 
underwent V4c ICL implantation without peripheral iridectomy were assigned to group B.

In group A, preoperative peripheral iridectomy was performed (single-hole Nd:YAG; LIGHTMED laser iridectomy) 
at the location 11:00 or 1:00. The diameter of the hole was 1 mm. No peripheral iridectomy was performed for patients in 
group B, otherwise, they received cycloplegic and dilating agents.

In both groups, the surgery was performed under topical anesthesia, as previously described.12 Postoperatively, 
topical antibiotics and steroids were administered 4 times per day for 2 weeks, and then doses were reduced gradually.

Follow-up visits were planned 3, 6, and 12 months after surgery. The patients underwent a complete ocular 
examination preoperatively and during the follow-up visits, including the assessment of the uncorrected visual acuity 
(UCVA) and the best-corrected visual acuity (BCVA), which were measured in Snellen’s values, then their LogMar 
values were obtained. Manifest refraction (spherical equivalent, SE), the anterior chamber (anterior segment optical 
coherence tomography; AS-OCT, Visante, Zeiss Meditec AG, Jena, Germany), horizontal white-to-white distance 
(WTW; AS-OCT), central corneal thickness (CCT; AS-OCT), intraocular pressure (IOP; the Goldmann applanation 
tonometer, AT 900, Haag-Streit, Zug, Switzerland), and mean keratometry (K; RM-8800 Autorefractor, Topcon, Tokyo, 
Japan) were assessed before and after surgery. Vault assessment was done using AS-OCT at the follow-up visits. The 
preoperative ICL sizing was performed based on the WTW and anterior chamber depth.18 The efficacy index was 
estimated as the 12-month UCVA divided by the preoperative BCVA, and the safety index was estimated as the 12-month 
BCVA divided by the preoperative BCVA. In this study, the emmetropia was considered the target refraction correction.

Study Outcomes
The primary outcome of our study was the difference in visual quality between the two groups. The secondary outcomes 
were the safety of the procedures, IOP, and adverse events.
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Statistical Analysis
The patient’s data and the eye measurements in both groups were assessed using SPSS statistical software, version 26 
(IBM Corp., Armonk, NY, USA). Categorical values were presented as frequencies and percentages and compared using 
the Chi-square test. Numerical values were presented as mean and standard deviation and compared using the 
independent t-test. A repeated measures analysis of variation (ANOVA) test was used to compare numerical data across 
multiple time points. A p-value less than 0.05 was considered statistically significant.

Results
This study included 214 eyes from 107 patients with a mean age of 23.21 ± 5.16 years. Fifty-nine patients were male 
(55.1%) and 48 were female (44.9%). Fifty-five patients (110 eyes) underwent V4 ICL implantation with peripheral 
iridectomy (group A), and fifty-two patients (104 eyes) underwent V4c ICL implantation (group B).

The baseline data are shown in Table 1. No statistically significant differences were noted between the two groups in 
the ophthalmic measures (p>0.05).

Postoperatively, the UCVA and BCVA showed statistically significant improvement across the follow-up time points 
(p<0.001), with no significant difference between the two groups, as the UCVA changed from 0.09 ± 0.04 and 0.08 ± 0.06 
logMAR preoperatively to 0.556 ± 0.159 and 0.557 ± 0.16 logMAR at 12 months postoperatively in the two groups, respectively, 
with a p-value of 0.985. The BCVA changed from 0.387 ± 0.2 logMAR preoperatively to 0.605 ± 0.191 logMAR at 12 months 
postoperatively in group A and from 0.392 ± 0.22 logMAR preoperatively to 0.607 ± 0.192 logMAR in group B (p=0.933).

The mean efficacy index was 1.86 ± 1.01 in group A and 1.72 ± 0.63 in group B, with no statistically significant 
difference (p=0.245). The mean safety index was 2 ± 1.16 in group A and 1.85 ± 0.73 in group B, with no statistically 
significant difference (p=0.243).

The spherical equivalent showed statistically significant improvement in both groups compared to the preoperative 
values (p<0.001). There was evident stability in the SE values across the postoperative time measures in the two groups 
with a 3-month mean SE of - 0.659 ± 0.45 in group A and - 0.658 ± 0.44 in group B (p=0.994), 6-month mean SE of - 
0.641 ± 0.43 in group A and - 0.639 ± 0.43 in group B (p=0.98), and 12-month mean SE of - 0.614 ± 0.415 in group 
A and −0.62 ± 0.421 in group B (p=0.909) (Figure 1). Across the postoperative measures, the difference in mean SE was 
0.045 ± 0.21 in group A and 0.039 ± 0.19 in group B (p=0.8).

Table 1 Baseline Data of the Examined Eyes

Group A Group B t p

Mean ± SD Mean ± SD

SE (D) −14.04 ± 4.13 −14.75 ± 4.18 1.25 0.213

UCVA (logMAR) 0.09 ± 0.04 0.08 ± 0.06 1.44 0.151

BCVA (logMAR) 0.39 ± 0.2 0.39± 0.22 0.18 0.86

Mean K (D) 44.23 ± 2.12 44.21 ± 2.12 0.08 0.939

WTW (mm) 11.83 ± 0.47 11.8 ± 0.43 0.52 0.604

ACV (mm3) 200.49± 27.18 200.24± 27.19 0.07 0.948

ACA 36.12± 1.91 1.91± 36.08 0.13 0.896

ACD (mm) 3.54 ± 0.24 3.54 ± 0.24 0.19 0.852

CCT (µ) 529.24 ± 44.8 528.37 ± 44.2 0.14 0.886

IOP (mm Hg) 14.27 ± 2.47 14.25 ± 2.45 0.05 0.957

Abbreviations: SE, spherical equivalent; UCVA, uncorrected visual acuity; BCVA, best corrected visual 
acuity; K, keratometry; WTW, white to white distance; ACV, anterior chamber volume; ACA, anterior 
chamber angle; ACD, anterior chamber depth; CCT, central corneal thickness; IOP, intraocular pressure.
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No statistically significant difference was found between the two groups in the mean achieved correction (−13.42 ± 4.19 in 
group A and −14.13 ± 4.22 in group B, p=0.223) or the residual refraction (- 0.614 ± 0.415 in group A and −0.62 ± 0.421 in 
group B, p=0.909). At the 12-month follow-up, ninety-nine eyes in group A (90%) were within ± 1.0 D of the target correction, 
and sixty-six eyes (60%) were within ± 0.5 D. In group B, ninety-four eyes (89.4%) were within ± 1.0 D, and sixty-two eyes 
(59.6%) were within ± 0.5 D. No statistically significant difference was found between the two groups (p=0.954). Both groups 
showed a strong correlation between the target and the achieved correction, with R2 = 0.99 in the two groups (Figures 2 and 3).

Figure 1 The preoperative and follow-up spherical equivalent in group A (patients who underwent ICL V4 implantation with peripheral iridectomy) and group B (Patients 
who underwent ICL V4c implantation without peripheral iridectomy).

Figure 2 The correlation between the target and achieved correction in group A (patients who underwent ICL V4 implantation with peripheral iridectomy).
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No significant difference was found between the two groups in the IOP across all time measures (p=0.991 
preoperatively, p=0.208 at 3 months, p =0.339 at 6 months, and p= 0.556 at 12 months) (Figure 4). However, the 
intraocular pressure showed a statistically significant postoperative increase in group A (p=0.004), and no significant 
change in group B (p=0.817). Post-hoc correction demonstrated that the significant difference in group A was found only 
between the preoperative and the 3-month postoperative reading (p=0.021).

Figure 3 The correlation between the target and achieved correction in group B (patients who underwent ICL V4c implantation without peripheral iridectomy).

Figure 4 The preoperative and follow-up IOP in group A (patients who underwent ICL V4 implantation with peripheral iridectomy) and group B (patients who underwent 
ICL V4c implantation without peripheral iridectomy).
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There was a downward slope in the vaults of both groups across time, with significant variation in the last follow-up 
measure compared to the 3-month measure in the two groups (p<0.001). No significant difference was found between the 
two groups across all time measures (p=0.271 at 3 months, p=0.369 at 6 months, and p=0.603 at 12 months) (Figure 5). 
All cases had a vault ranging between 0.25 and 0.75 mm.

During the follow-up period, no cases of sight-threatening complications were encountered.

Discussion
The unique central hole in ICL V4c offers several advantages. First, it leads to the avoidance of peripheral iridectomy and 
hence precludes its associated adverse outcome. Second, it re-establishes the physiological cycle of aqueous humor, 
which helps to reduce the incidence of posterior capsule turbidity and then reduces the potentiality of postoperative 
cataracts. In addition, this central hole ensures the IOP’s stability.19

Despite the reported Visian V4c ICL efficacy, it has been argued that its central hole may impact the quality of vision 
in patients with high myopia. In the present study, there was evidently comparable and significant improvement of UCVA 
and BCVA in both groups. Likewise, several previous studies reported significant improvement in the visual acuity after 
ICL V4c implantation,20–27 and found no significant difference between ICL with or without the central hole in the visual 
outcome.21,22,24,27 These findings were further corroborated by the efficacy and safety indices. In this study, we found the 
efficacy index to be 1.86 in group A and 1.72 in group B. These figures reflect that the mean UCVA at the last follow-up 
was considerably better than the preoperative BCVA in both groups. In addition, the improvement in BCVA of the 
patients was reflected in high safety indices in the two groups (2 and 1.85). Higher than one efficacy and safety index was 
also found in the literature-reported outcome of central hole ICL,20–29 which confirms the improvement of UCVA and 
BCVA.

The present study showed that patients in the two groups achieved similar levels of correction and had similar 
residual refraction errors. Both groups showed a strong correlation between the target and the achieved correction. At the 
final follow-up, we achieved SE values within ± 1.0 D of the target in 90% of group A and 89.4% of group B, and SE 
values within ± 0.5 D of the target in 60% of group A and 59.6% of group B. This was in agreement with the study of 
Yaşa et al28 who found that at one year, 62% and 93% of the eyes were within ± 0.50D and ±1.00D of the target 
refraction, respectively. A similar achievement was obtained by 69% and 87.2% of the eyes, respectively, in the study of 

Figure 5 The follow-up vault measure in group A (patients who underwent ICL V4 implantation with peripheral iridectomy) and group B (Patients who underwent ICL V4c 
implantation without peripheral iridectomy).
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Lee et al.30 Our findings were also supported by the study of Shimizu et al12 who found that using ICL V4c and ICL V4 
showed a similarly strong correlation between the achieved and attempted correction.

We found that there was a steep postoperative rise in the IOP in both groups that showed regression after the 3-month 
follow-up. Interestingly, the difference was significant in the group who had ICL V4 implantation, while it was non- 
significant in the group who had the new ICL V4c implantation. The postoperative elevation of IOP is likely attributable 
to the postoperative inflammatory changes and trabeculitis that regress gradually over time. Although no peripheral 
iridectomy was performed in the ICL V4c group, an appropriate flow of aqueous was maintained as a result of the central 
hole. From our findings, it seems that the fluid circulation function of the central hole is more effective than that of 
peripheral iridectomy. In consistency with our findings, it has been proposed that the ICL V4c central flow technology 
can hinder the effect of metabolism on its crystal, leading to reduced risks of high IOP.31–33 This finding was not reported 
previously in a similar cohort of patients, making us unable to compare our results. However, this indicates an 
appropriate effect if the central hole keeps the aqueous humour flowing naturally and alleviates the postoperative 
inflammatory process with its related effect on metabolism, even more than peripheral iridectomy can do.

The non-significant differences between the two groups in the IOP measures along the study are consistent with the 
studies of Shimizu et al12 and Higueras-Esteban et al,34 that revealed that no statistically significant difference was found 
in the IOP after implantation of either type of ICL.

Other than elevated IOP, vault extremes predispose to adverse events including pupillary block, glaucoma, and 
cataract. However, there are still no definite cutoff values for inadequate and excessive values of the vault. The safe vault 
has been reported to range from 50–250 µ, as a lower bound to about 1000 µ, as an upper bound.29,35–37 However, it is 
currently advised not to be outside the range of 250 µ to 750 µ whenever possible. The appropriate vault is intimately 
dependent on the proper pIOL size of the posterior chamber. In this study, at the last follow-up, all cases had a vault 
ranging between 250 and 750µ, with no significant difference between the two groups across all time measures, 
indicating that the ICL sizing was well-matched with the posterior chambers in the studied eyes. There has been 
a wide variation of vault measures among the studies that evaluated ICL V4 and ICL V4c implantation. Our result is 
within the range of data reported in the literature, where vault measures ranged from values varying from 340 µm38 to 
637 µm.39 A pooled mean of 486 µm was described in the meta-analysis conducted by Montés-Micó et al11 and 357 µm 
in the meta-analysis of Fernández-Vega-Cueto et al.40

In agreement with the previous studies on pIOL implantation, during the follow-up period, no sight-threatening 
complications were encountered.

Overall, this study provided equal efficacy for both procedures, however, with interesting evidence about the ICL V4c 
central flow technology being safer than the traditional ICL V4 even with peripheral iridectomy in terms of IOP after 
surgery. Therefore, this finding could tilt the odds in favor of adopting ICL V4c implantation rather than ICL V4. This 
should be the focus of more research studies. Notably, there was a downward slope in the vaults of both groups across 
time, with significant variation in the last follow-up measure compared to the 3-month measure in the two groups. All 
patients had a proper vault, indicating that the ICL sizing was well-matched with the posterior chambers in the studied 
eyes.

This study is limited by the retrospective design and the short-term follow-up. Also, it is limited by the non- 
assessment of the endothelial cell count which was not available in the patients’ registry. However, it is one of few 
studies investigating the outcome of ICL V4c versus ICL V4 implantation in a sample exceeding 200 eyes. Moreover, no 
similar previous studies were conducted in our geographical region.

Conclusion
The current study adds new evidence concerning the feasibility, safety, and efficacy of ICL V4c implantation for the 
treatment of moderate and high myopia.
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