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Purpose: To compare the effect of three different phakic intraocular lenses (pIOLs) on the

corneal endothelial cell density (ECD).

Patients and Methods: This was a prospective observational cohort study that included 60

eyes (30 patients) with axial myopia of −6.50 to −22.00 diopters (D). The Verisyse anterior

chamber (AC) rigid iris fixated pIOL, the Veriflex (AC) flexible iris fixated pIOL, and the

Visian posterior chamber (PC) implantable collamer lens (ICL) were implanted in three equal

groups of patients. The effect of the three pIOLs on the ECD was compared over a follow-up

period of one week, and one, three, and six months, and one, two, and three years. Specular

microscopy was done to evaluate the cornea before the surgery and throughout the study.

Changes were statistically analyzed and compared.

Results: In the first three postoperative months, Verisyse and Veriflex pIOLs induced almost

the same amount of endothelial cells loss of 10.3% and 10.6%, respectively, while ICLs

showed endothelial cells loss of 3.5%. At the end of the three-year study, Veriflex pIOLs

induced the highest rate of endothelial cell loss of 25%, while Verisyse and ICL lenses

showed endothelial cells loss of 15.7% and 13.4%, respectively. The main effect of time and

type of lens was statistically significant (p<0.001).

Conclusion: All pIOLs cause a decrease in ECD. The AC pIOLs tend to be associated with

more cell loss than PC pIOLs. Surgical insult is the important factor responsible for the early

endothelial cell loss, while the material from which the pIOL is made may be an important

factor for the continuous corneal endothelial cell loss over a long time.
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Introduction
Patients with high myopia who have an inadequate vision with spectacles or are

intolerant to contact lenses always seek other ways to correct their vision. Laser

in situ keratomileusis (LASIK) can achieve a good result up to-12.00 diopters (D)

of myopia, but patients with a higher degree of myopia are always at risk of corneal

ectasia. Refractive lens exchange with IOL implantation can correct myopia, but

lensectomy results in a complete loss of accommodation for presbyopic patients and

carries the risk of retinal detachment. Phakic IOL is surgically placed either in the

anterior chamber (AC), or in the posterior chamber (PC), to improve visual acuity

(VA) without removing the crystalline lens, and with preservation of the

accommodation.

The purpose of this study is to compare the effect of Verisyse pIOL (Abbott

Medical Optics, Santa Ana, CA, USA), Veriflex pIOL (AMO, Santa Ana, CA,

USA), and Visian Implantable Collamer Lens (ICL, Staar Surgical, Monrovia, CA,
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USA), on the corneal ECD over three years. Phakic IOLs

are implanted in young individuals and are expected to

stay in their eyes throughout their life. Our objective is to

study the possible corneal complications that can occur

due to phakic IOL implantation.

Patients and Methods
All the participants in this study were selected from subjects

seeking refractive surgery in the Refractive Surgery Unit in

The Eye Subspecialty Center, (ESC) Heliopolis, 11402,

Cairo, Egypt. All procedures in this study adhered to the

Declaration of Helsinki (2008) Ethical Principles for

Medical Research Involving Human Subjects, and approved

by the ESC committee. Written informed consent was

obtained from all the candidates. Case recruiting started in

December 2015, and all were followed up for three years.

This prospective observational cohort study included

60 eyes divided into three groups (20 eyes in each group).

In the Verisyse group, patient age ranged between 21–35

years with refraction of - 6.50 to −21.00D, in the Veriflex

group, patient age ranged between 19–32 years with

refraction of −7.00 to −22.00D, and in the ICL group,

patient age ranged between 19–30 years with refraction

of −7.50 to −18.00D.
The Verisyse lens is a single-piece lens made from

Perspex CQ-UV, a clinical-quality ultraviolet light-

absorbing polymethyl methacrylate (PMMA). The lens has

an overall length of 8.50 mm with a 5 and 6mm optic for

correction of myopia, its power ranges from - 3.00 to -

23.50 D and is placed in the AC.1 The Veriflex lens is made

of a flexible material called polysiloxane (silicone material),

the haptics are rigid and made from PMMA. The overall

length is 8.50 mm, the optic diameters are 5 and 6 mm, its

power ranges from −2.00 D to −14.50 D and is inserted in

the AC.2 The ICL is a rectangular single piece lens made of

Collamer (a copolymer of hydroxyethyl methacrylate and

porcine collagen), available in four diameters with variable

optical zones, its power ranges from −3.00 to −23.00D and

is injected in the PC.3

Inclusion and Exclusion Criteria
Corneal ECC of 2800 cells/mm2 for age 19 −25 years,

2650 cells/mm2 for age 26–30 years, and 2400 cells/mm2

for age 31–35 years, were included in the study. Other

factors included AC depth of ≥3 mm, stable refraction

(<0.50D change for one year), clear crystalline lens, ame-

tropia beyond the range of laser surgery and contact lens

intolerance.

The exclusion criteria included ECC<2000 cell/mm2,

ACD<3mm, iris or pupil abnormalities, congenital bilateral

cataracts, recurrent anterior or posterior segment diseases,

history of retinal detachment, single-eyed patient, glau-

coma, proliferative diabetic retinopathy, compromised cor-

neal endothelium or dystrophy, pregnancy, and lactation.

The Preoperative Evaluation
It included medical history, a complete ophthalmic exam-

ination, best-corrected VA, cycloplegic refraction, slit-

lamp examination, ocular tension, pupil size, and indirect

ophthalmoscopy to rule out possible retinal breaks in

highly myopic eyes. Before the preoperative evaluation,

soft and hard contact lenses were discontinued for 48 hrs,

and one week respectively. Before the surgery, IOL Master

(The ZEISS IOL Master 500), was used to measure the

pIOL power, the ACD, and the white to white (WTW)

diameter. The (WTW) diameter is measured to select the

pIOL diameter. Specular microscopy (EM-3000 CBD/

Tomey, Phoenix), was used to evaluate the corneal ECD

before the surgery and throughout the study.

Surgical Methods
All surgeries had been done by the same surgeon under

local peribulbar anesthesia using the same surgical micro-

scope (Carl Zeiss OPMI Lumera i, Meditec, USA). For

eyes undergoing implantation of Verisyse AC rigid iris-

fixated pIOL, an MVR 20-gauge needle was used to make

two side ports 9 mm incisions apart at 3 and 9 o’clock.

The main limbal incision was made in the steepest corneal

meridian using microkeratome 3.2 mm and enlarged to

5.2–6.2 mm according to the lens optic size. Carbachol

intraocular solution 0.01% (Carbakol, Optitech®) was

injected inside AC, followed by injection of hydroxypro-

pyl methylcellulose 2% (Aurovisc, Aurolab®). The lens

was introduced inside the AC, rotated horizontally, and

the inclavation was done, followed by peripheral iridect-

omy. The viscoelastic material was removed, and one

stitch was taken to secure the wound. In the case of the

Veriflex AC flexible iris fixated pIOL, the steps were the

same except that the main corneal incision was done using

2.4 mm keratome and enlarged to 2.8 mm. The lens was

introduced in the AC, followed by stromal hydration. In

case of the PC ICL lens, the steps were the same except

that the pupil was dilated before the surgery, 2.8 mm

temporal clear corneal incision was done, the lens was

introduced into the AC through an injector, the four
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footplates of the lens were tucked under the iris into the

sulcus, followed by peripheral iridectomy and stromal

hydration.

Postoperative Follow-Up
Topical steroid (Prednisone acetate 1% Pred Forte,

Allergan®), and antibiotic (Moxifloxacin hydrochloride

0.5% Vigamox, Alcon®), were used five times per day for

a week then tapered gradually over one month to decrease

inflammation and to prevent infection. The patient was

instructed not to rub or to put pressure on the eye during

sleep, and not to lift heavy objects. Long-term follow-up

visits were scheduled from a few days to a few weeks apart

then from several weeks to several months apart, followed

by annual eye examinations. Specular microscopy was per-

formed after one week, one, three, and six months, one,

two, and three years. Slit-lamp examination and ocular

tension measurements were done at each visit. All the

data were collected, recorded, and statistically analyzed.

Statistics
Mean and standard deviations were used to present quan-

titative data. One-way analysis of variance (ANOVA) was

used to compare age and refraction error between the three

groups. Proportions were used to present qualitative data

with the Chi-square test as a test of significance. Data of

ECD and ECD percentage drop from the preoperative

level was analyzed using repeated measure ANOVA with

between-group factor (the lens type). The full model was

used, and when the interaction term proved to be statisti-

cally significant, the simple effects rather than the main

effects were tested using post-hoc Bonferroni correction.

In all tests, a p-value of ≤0.05 was considered statistically

significant. The Statistical Package for the Social Sciences

(SPSS version 23, IBM Corporation, Chicago, IL, USA)

was used for the statistical analysis.

Results
The age was 26.1± 3.8 years in the Verisyse group, 25.5±5.0

years in the Veriflex group, and 24.4±3.5 years in the ICL

group. The refraction was −13.30±4.00D in the Verisyse

group, −12.40±7.50D in the Veriflex group, and −11.30

±7.00D in the ICL group. Females represent 60% of both

Verisyse and Veriflex groups, and 65% of the ICL group.

Males represent 40% of both Verisyse and Veriflex groups,

and 35% of the ICL group. No statistically significant dif-

ference between the three groups of patients regarding the

mean age (p = 0.427), the mean refraction (p = 0.595), and

the sex (p = 0.932). The ECD in Verisyse, Veriflex and ICL

groups showed a mean drop of 429, 726 and 392 cells

respectively at the end of the three-year study (Table 1).

The ECD percentage drop in Verisyse, Veriflex, and in

ICL group at one week, one, three, and six months, one,

two, and three years are shown in (Figure 1).

There was less drop in ECD in association with ICL

when compared to both Verisyse and Veriflex at different

points of the follow-up period (p<0.05). Comparing both

Verisyse and Veriflex, there was no statistically significant

difference in the first 3 months, but later, at 6 months, and

through the three- year follow-up period, there was

a statistically significant difference between both lenses

(p<0.05). With Veriflex, the percentage of ECD drop was

the highest after the third month, and through the three

years follow -up, p<0.05 (Table 2).

Verisyse pIOL showed +2 AC reaction in the first week

and decreased by time. Veriflex pIOL showed +2 to +3

Table 1 Mean and SD of the Corneal ECD Preoperatively and at Different Follow-Up Points in the Three Types of pIOLs

Duration Verisyse Veriflex ICL

Mean SD Mean SD Mean SD

Preoperative 2707.0 241.6 2898.5 153.0 2926.0 203.5

One-week postoperative 2518.5 209.8 2693.5 167.4 2866.0 216.8

One-month postoperative 2440.5 189.3 2613.5 147.8 2839.5 220.4

Three-months postoperative 2425.5 193.0 2590.0 144.7 2824.0 221.9

Six-months postoperative 2395.0 181.1 2487.0 136.8 2754.0 230.9

One-year postoperative 2355.0 180.1 2389.0 145.2 2670.5 225.2

Two-years postoperative 2309.0 178.9 2296.0 117.2 2595.0 224.7

Three -years postoperative 2278.5 168.9 2172.5 109.2 2534.0 225.2

Notes: The main effect of time is statistically significant (Greenhouse-Geisser F =808.680, p<0.001). The main effect of the type of lens is statistically significant (F=16.454,

p<0.001). The interaction term is statistically significant (F=42.483, p<0.001). Since the interaction term is statistically significant, the simple effects were reported instead.

Abbreviations: SD, standard deviation; ECD, endothelial cell density. pIOL, phakic intraocular lens; ICL, implantable Collamer lens.
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reaction in the first week and stayed for a longer time with

a possibility of recurrence when the steroids were tapered.

The ICL showed +1 reaction in the first week and

decreased with time.

Morphological changes were monitored in the three

groups of patients. Using the coefficient of variation

(CV), there was an early (first three months) postoperative

increase in cell size diversity (polymegathism) of 0.32–

0.39, which tends to be stable six months postoperatively.

Also, the percentage of hexagonality (HEX) showed

a slight early postoperative (first three months) decrease

which tends to be stable six months postoperatively. All

cases showed HEX more than 65% by the end of the study.

Discussion
Although several studies have demonstrated that the

Artisan/Verisyse, Artiflex/Veriflex, and Visian ICL have

good predictability, stability, and long-term safety, there

are complications especially concerning corneal ECD.

Corneal endothelial cells do not regenerate and are impor-

tant in keeping the cornea clear. Normal corneal ECD at

birth ranges between 4000–5000 (cells/mm2), which

declines with aging at a rate of 0.3–0.6% per year with

an approximate value of 2000–3000 cells/mm2 in a normal

adult eye. At age 40, people tend to have about 3000 cells/

mm2, and by age 70, the count has decreased to about

2000 cells/mm2. It is established that ECD decreases with

Figure 1 The mean and 95% confidence interval of the corneal endothelium cell density percentage drop from the preoperative level throughout the three-year follow-up period.

Notes: Verisyse, anterior chamber rigid iris fixated pIOL; Veriflex, anterior chamber flexible iris fixated pIOL; ICL, posterior chamber implantable Collamer lens.

Table 2 Comparisons Between the Percentage Drop of the

Corneal ECD at Different Follow- Up Points in the Three

Types of pIOLs

Duration Verisyse

vs. Veriflex

Verisyse

vs. ICL

Veriflex

vs. ICL

One-week postoperative 0.804 <0.001 <0.001

One-month postoperative 0.917 <0.001 <0.001

Three-months postoperative 0.679 <0.001 <0.001

Six -months postoperative 0.002 <0.001 <0.001

One-year postoperative <0.001 <0.001 <0.001

Two-years postoperative <0.001 <0.001 <0.001

Three-years postoperative <0.001 0.013 <0.001

Note: All pairwise comparisons were statistically significant at p<0.05.

Abbreviations: ECD, endothelial cell density; pIOL, phakic intraocular lens; ICL,

implantable Collamer lens.
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age, trauma, glaucoma, corneal dystrophies, diabetes mel-

litus, refractive surgery, and intraocular surgery.4

In this study, we did review some other studies relevant

to ours regarding the three pIOLs, and their effect on ECD,

and we did find a lot of discrepancies between results. In

this study, there was a statistically significant difference

among the three groups of patients. The percentage drop in

ECC was 15.7 ± 2.2%, 25 ± 2.1% and 13.5 ± 3.8% in the

Verisyse, Veriflex, and ICL groups, respectively at the end

of the study (p<0.001). In a study done by Karimian et al5

comparing the three pIOLs in 112 (40 Artisan, 36 Artiflex,

and 36 ICL) eyes for a mean of 30±11 months follow-up

period. They reported no statistically significant difference

among the three studied groups. At the end of the follow-

up period, the level of decrease in ECC was 10%, 9% and

9% in the Artisan, Artiflex, and ICL groups, respectively.

Also, Bohac et al6 reported no significant difference in the

mean ECC postoperatively in both Artisan (198 eyes) and

Artiflex (212 eyes) over 36 months. Stulting et al1 showed

EC loss in 684 eyes implanted with Artisan pIOL within

a mean of 4.76% over three years. In a ten-year study of

the ECD after iris fixated pIOL implantation, Chelbi et al7

reported a mean decrease in annual ECD of 0.87%. Budo

et al8 studied 518 eyes implanted with Artisan pIOL over

36 months, they reported a decline in the ECD of 4.8%,

2.4%, 1.7% and 0.7% at 6 months, one, two, and three

years respectively. Benedetti et al9 reported a decline in

ECD of 5.4% in 93 Artisan pIOL over ten years. Tahzib

et al10 reported a decline in ECD of 8.86% in 89 Artisan

pIOL over ten years. These results are in controversy with

our results that reported 12.9%, 14.6%, and 15.7% decline

in the ECD in the Verisyse group throughout one, two, and

three years respectively.

In accordance with our study regarding the Artisan/

Verisyse pIOL, Landesz et al11 reported a drop of 10.9%

of ECD at 36 months in 67 eyes. Silva et al12 reported

a drop in the mean ECD of 14.05% at 5 years in 26 eyes.

Jonker et al13 implanted 127 eyes with the Artisan pIOL.

The ECD showed a total loss of 16.6% over10 years of

follow-up. ECD had decreased by ≥25% in 7.9% of cases,

the count was <1500 cells/mm2 in 3.9% of cases, and the

explantation of the pIOL was done in 6.0% of cases. The

authors claimed that a smaller ACD was a risk factor for

the loss.

Concerning the Artiflex/Veriflex pIOL, a study done by

Dick et al14 to assess the ECD of 290 eyes implanted with

Artiflex pIOL for two years, reported a mean EC loss of

0.05%, 1.79%, and 1.07% at six months, one, and two

years respectively. In another study by Nassiri et al15 55

eyes underwent Artiflex lens implantation for correction of

myopia, there was no statistically significant change in the

ECD after six months of follow-up. The opposite was

reported by Jonker et al.2 They reported chronic EC loss

of 10% over 5 years in eyes implanted with the Artiflex

myopic pIOL. In up to 3.1% of eyes, significant EC loss

resulted in subsequent pIOL explantation. In our study,

there was no statistically significant difference between

both Verisyse and Veriflex lenses till the third postopera-

tive month but starting from the six months and through-

out the study, there was a significant difference between

both lenses. Veriflex showed a more decrease in the ECC

(Table 2, Figure 1).

Regarding the Implantable Collamer lens (ICL),

Sachdev et al16 reported a non-significant EC loss of

2.01% ± 4.12% in 134 eyes implanted with ICL over 36

months. Moya et al17 implanted 144 eyes with ICL for

myopia. Twelve years postoperatively, the mean ECC

decreased by 19.75%. Dejaco-Ruhswurm et al18 implanted

34 eyes with ICL, ECC decreased by 7.9% and 12.9%

after two and three years, respectively. This percentage is

close to our percentage which is an ECC drop of 11.4%

and 13.4% after two and three years, respectively.

Comparing Artiflex/Veriflex versus ICL, Sayman

Muslubas et al19 compared Artiflex with ICL in two

groups of 15 eyes each for 12 months, the mean ECD

was significantly less in the Artiflex group than the ICL

group. This was similar to our study in which the mean

ECD was statistically significantly less in the Veriflex

group than the ICL group from the first week postopera-

tively and throughout the study (Table 2).

Generally, all pIOLs cause a chronic corneal EC loss.

Artiflex/Veriflex pIOLs are reported to be associated with

more flare in the AC and more corneal EC loss.20,21

Edelhauser et al22 think that EC loss one to three years

after surgery is intraoperative trauma and subsequent pro-

longed endothelial cell remodeling following the surgical

procedure rather than ongoing cell loss. Kohnen et al21

claimed that the complications of pIOL are primarily

related to pIOL position and type.

In this study, regardless of the type of implanted pIOL,

there was a continuous postoperative EC loss which was

statistically significant. We think the impact of the surgery

is the factor causing the early EC loss. This includes the

surgical manipulations, the implantation techniques, the

size of the wound, the process of lens inclavation or lens

unfolding, the possibility of contact between the implanted
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lens and endothelium, intraoperative bleeding, and post-

operative ocular tension rise. In general, the iris fixated

lenses (Verisyse, Veriflex), induced more EC loss in the

early three months postoperatively (10.3% and 10.6%),

respectively, while the ICL shows the least EC loss of

(3.5%). This may be because the ocular tissue and corneal

shape are less disturbed during ICL implantation.

We think that the material from which the pIOL is

made is an important factor that causes a continuous EC

loss over a long time. Silicone is well known for its

complications when implanted in the human eye. Its effect

on the cornea, angle, tension, and retina are well known.23

Veriflex pIOL being made mostly of silicone is expected to

cause AC reaction and subclinical chronic uveitis with

a subsequent drop of ECC. Although both AC iris-fixated

lenses (Verisyse and Veriflex) are implanted almost in the

same location in the AC, the response of the eye to each

lens is different. An ICL made of silicone and implanted in

the PC as usual resulted in total bilateral corneal decom-

pensation which required corneal transplantation one year

after surgery.20

We also think that the discrepancies in the results

between different studies are due to the many involved

variables, some related to the eye such as the preoperative

ECC, the AC depth, and the endothelial cell tolerance, or

related to the implanted lens such as location, design, and

material from which the lens is made. Different surgeons’

experience, techniques and using different surgical and

diagnostic equipment during different studies can also

influence the outcomes.

Some limitations of the present study were the rela-

tively low number of participants and a short period of

follow-up. Studies with a larger number of candidates and

longer follow-up periods are necessary to determine the

endothelial safety profile.

Conclusions
All pIOLs cause a decrease in the ECD. Surgical insult is an

important factor responsible for the early endothelial cell

loss. The material from which the pIOL is made may be the

factor causing endothelial cell loss over a long time. The

silicone material may play a part in this continuous cell loss.

Improvement of the surgeons’ experience, surgical

technique, lens design, lens material, proper choice of the

appropriate pIOL for each case is very important. All

patients should be followed-up regularly for the rest of

their life. The ECC, AC reaction and the ocular tension

should be monitored regularly. Trauma should be avoided

as it is a risk factor for plOL dislocation.
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