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Purpose. To compare refractive stability, central endothelial cell density (ECD), and complications between Verisyse (Abbott
Medical Optics, Netherlands) and Veriflex (Abbott Medical Optics, Netherlands) phakic intraocular lenses (pIOL) over five years.
Methods. We retrospectively reviewed the medical records of patients who underwent Verisyse or Veriflex pIOL implantation for
surgical correction of myopia. Patients with a 5-year follow-up period were included in the study. Uncorrected distance visual
acuity (UDVA), corrected distance visual acuity (CDVA), spherical equivalent of manifest refraction (SE), and ECD were
compared between the groups preoperatively and 1, 3, and 5 years postoperatively. Results. *e study included 47 eyes in the
Verisyse group and 50 eyes in the Veriflex group. *ere was no significant difference in mean SE, UDVA, CDVA, and ECD
preoperatively or postoperatively. In both groups, there was a statistically significant myopic shift between 1-year and 5-year visits
(−0.25± 0.30D and −0.23± 0.48D in the Verisyse and Veriflex groups, respectively). *ere was no significant difference between
the groups in terms of efficacy and safety indexes at 5 years. ECD loss was highest during the first year (3.9% loss in the Verisyse
group and 3.9% loss in the Veriflex group, p � 0.670). At 5 years, the mean cumulative ECD losses in the Verisyse and Veriflex
groups were 7.42% and 7.64%, respectively (p � 0.709). Cataracts developed in 2.1% of the eyes in the Verisyse group and in 2.0%
of those in the Veriflex group. No sight-threatening complications were observed. Conclusion. Verisyse and Veriflex pIOLs are
highly effective for treating high myopia up to 5 years after surgery. Longitudinal studies with longer follow-up periods are
necessary to determine the endothelial safety profile.

1. Introduction

Phakic intraocular lens (pIOL) implantation is a surgical
method for treatment of high myopia [1]. Other options are
corneal refractive surgery and clear lens extraction [2, 3].
pIOL implantation offers some advantages in highly myopic
individuals. It allows maintenance of accommodation and
results in better quality of vision when compared with
corneal refractive surgery [4].

However, most early designs have been abandoned
because of high rates of complications such as cataracts,
glaucoma, and excessive endothelial cell loss in the long term
[5, 6]. Verisyse (Abbott Medical Optics, Netherlands) and
Veriflex (Abbott Medical Optics, Netherlands) are pIOLs
that are considered to have good safety and efficacy [7–10].
Both of them are implanted in the same location with the

same mechanism of fixation, but they have different material
properties and require different incision sizes. *us, they
may have different efficacy and safety profiles.

*ere are only a limited number of studies comparing
the long-term clinical outcomes following implantation of
these lenses [11]. As a result, there is still a need for data on
long-term follow-up and comparison of these lenses to
establish their long-term efficacy and safety profiles. *e aim
of this study was to compare Verisyse and Veriflex in terms
of the refractive results, central endothelial cell density
(ECD), and complications over the long term.

2. Materials and Methods

*is study was approved by the Institutional Review Board.
Tenets of Declaration of Helsinki were followed. Medical
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records of patients who underwent an iris-claw pIOL im-
plantation were evaluated retrospectively. *e operative
records of a single surgeon (senior author, AA) were que-
ried, and patients with a 5-year follow-up period were in-
cluded in the study. Uncorrected distance visual acuity
(UDVA), corrected distance visual acuity (CDVA), spherical
equivalent of manifest refraction (SE), and ECD were
compared between the groups preoperatively and 1, 3, and 5
years postoperatively.

All patients received a full ophthalmological examina-
tion including refraction, UDVA and CDVA measurement,
slit-lamp evaluation, Goldman applanation tonometry,
fundoscopy, anterior-chamber depth measurement (from
endothelium) using IOL Master (Carl Zeiss Meditec, Ger-
many), and ECD measurement using a specular microscope
(CEM 530, NIDEK, Japan). *e patients were scheduled for
yearly follow-up after the first year of surgery, which is
routine in our clinic. A lens opacity that results in the loss of
≥2 lines of CDVA during follow-up was defined as cataract.

2.1. Verisyse Phakic Intraocular Lens Implantation.
Myopic model 206 was used for myopia less than −15.5D,
and model 204 was used for higher myopia. *e target was
emmetropia in all cases. Power calculation was performed
using the modified vergence formula provided by the
manufacturer. A surgical caliper was used to mark the
planned borders of a 6mm main incision centered at 12
o’clock. Two paracenteses were performed on two sides of
the planned main incision. Acetylcholine 0.01% (Miochol-
EO, Novartis) was injected into the anterior chamber from
one of the paracenteses to constrict the papilla. *e anterior
chamber was filled with a cohesive viscoelastic material
(Provisc, Alcon), and then the main incision was performed.
*e Artisan IOL was introduced from the main incision and
rotated inside the eye until it was horizontal. *e IOL optic
was grasped with specially designed forceps, and the iris was
enclaved in the claws of the pIOL using a special needle
introduced from the paracentesis. Iridotomy was performed,
and two interrupted nylon sutures were used to close the
main incision.

2.2. Veriflex Phakic Intraocular Lens Implantation. *e
target was emmetropia in all cases. Power calculation was
performed using the modified vergence formula provided by
the manufacturer. Two paracenteses were performed on two
sides of the plannedmain incision. Next, 0.01% acetylcholine
(Miochol-EO, Novartis) was injected into the anterior
chamber from one of the paracentheses to constrict the
pupilla. A 2.75mm main incision centered at 12 o’clock was
performed with a slit knife. *e anterior chamber was filled
with a cohesive viscoelastic material (Provisc, Alcon), and
the Veriflex IOL was introduced from the main incision and
rotated inside the eye until it was horizontal. *e IOL optic
was grasped with specially designed forceps, and the iris was
enclaved in the claws of the pIOL using a special needle
introduced from the paracentesis. Iridotomy was performed,
and the incisions were hydrated with BSS.

2.3. Statistical Methods. Statistical analysis was performed
using SPSS for Windows (version 21.0; IBM, Armonk, NY),
and the associated graphics were generated with Microsoft
Excel 2013 (Microsoft Corporation, Seattle, WA, USA). *e
mean, standard deviation, and frequency were used in the
statistical analysis. *e variable distribution was determined
using the Shapiro–Wilk test. A paired t-test was used to
analyze parametric data, and a Wilcoxon signed-rank test
was used to analyze nonparametric data. Chi-square and
Fisher’s exact tests were used to compare categorical vari-
able. One-way repeated measures analysis of variance
(ANOVA) was used to evaluate ECD during follow-up. *e
annual ECD loss was calculated according to the following
formula:

ECD loss/year �
ECDf −ECDi
ECDi × t

, (1)

where ECDf is the endothelial cell count at the last visit,
ECDi is the preoperative cell count, and t is the time in years
between the two endothelial cell count measurements.

3. Results

*e study included 97 eyes from 63 subjects. *ere were 40
(63%) male subjects and 23 (37%) female subjects. *ere
were 47 eyes in the Verisyse group and 50 eyes in the Veriflex
group. *e preoperative patient characteristics are shown in
Table 1. *ere were no statistically significant differences
between the preoperative characteristics of the groups.

Figures 1(a) and 1(b) show the postoperative cumulative
Snellen visual acuities (UDVA and CDVA) of the Verisyse
and Veriflex groups, respectively. *e efficacy indices
(preoperative CDVA and postoperative UDVA) at 5 years
were 1.14± 0.60 and 1.04± 0.47 in the Verisyse and Veriflex
groups, respectively (p> 0.05).

Table 2 shows the SE of manifest refraction pre-
operatively and at postoperative visits. In both groups, SE
was similar between the groups preoperatively and at the
postoperative visits at 1, 3, and 5 years. However, post-
operative SE increased significantly during the five-year
follow-up in both groups. In both groups, there was a sta-
tistically significant myopic shift (−0.25± 0.30D and −0.23±
0.48D in Veriflex and Verisyse groups, respectively) be-
tween 1-year and 5-year visits. At the end of the follow-up
(5-years), the mean SE was −0.68± 0.44 and −0.72± 0.40 in
the Veriflex and Verisyse groups, respectively. Tables 3 and 4
list refractive sphere and refractive cylinder during follow-
up. *e refractive sphere increased significantly during the
five-year follow-up in both groups. In Veriflex group, there
was no significant change in the refractive cylinder during
follow-up. In Verisyse group, the refractive cylinder was not
significantly different at the end of follow-up when com-
pared with preoperative cylinder.

At the 1-year postoperative visit, 74% of the eyes in both
groups were within ±0.5D of emmetropia. However, at the
5-year postoperative visit, only 40% and 56% of the eyes were
within ±0.5D of emmetropia in the Verisyse and Veriflex
groups, respectively (Figures 2(a) and 2(b)). *e difference
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between the groups was statistically insignificant (Chi-
square test, p � 0.156).

None of the patients lost ≥2 lines of CDVA (Figure 3).
*e safety indices (preoperative CDVA and postoperative
CDVA) at 5 years were 1.39± 0.63 and 1.31± 0.50 in the
Verisyse and Veriflex groups, respectively (p> 0.05).

In one patient in the Veriflex group, one of the haptics of
the iris-claw lens was refixated at the 1-year visit because it
was loosely fixated to the iris. It was mobile and slightly
decentered. *is patient did not report a history of trauma,
allergy, or eye-rubbing behavior, and the pIOL was stable
and centralized at the last follow-up. *e decentration was

Table 1: Preoperative characteristics.

Parameter Verisyse group Veriflex group
pMean± SD (range) Mean± SD (range)

Age (years) 31± 5 (20 to 42) 30± 5 (20 to 41) 0.247
SE (D) −12.50± 3.51 (−6.25 to −20.00) −11.50± 3.46 (−4.75 to −20.75) 0.207
Cylinder (D) 0.75± 0.53 (0 to 2.00) 0.59± 0.56 (0 to 2.00) 0.176
CDVA (logMAR) 0.34± 0.22 (0 to 1.00) 0.26± 0.16 (0 to 0.70) 0.095
ECD (cells/mm2) 2681± 275 (2278 to 3220) 2656± 270 (2258 to 3205) 0.692
ACD (mm) 3.27± 0.21 (3.03 to 3.69) 3,32± 0.26 (3.02 to 3.82) 0.316
AL (mm) 28.44± 1.58 (24.45 to 31.62) 28.11± 1.49 (23.70 to 30.08) 0.342
SD: standard deviation; D: diopters; SE: spherical equivalent; CDVA: corrected distance visual acuity; WTW: white-to-white; ECD: endothelial cell density;
Sim K: simulated keratometry; IOP: intraocular pressure; AL: axial length.
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Figure 1: Cumulative uncorrected distance visual acuity in Verisyse (a) and Veriflex (b) groups.

Table 2: Spherical equivalent (SE) of subjective manifest refraction during follow-up.

Preoperative (mean± SD) 1 year (mean± SD) 3 years (mean± SD) 5 years (mean± SD) p

Veriflex −11.50± 3.46 −0.36± 0.43 −0.49± 35 −0.68± 0.44 p< 0.001∗
Verisyse −12.50± 3.51 −0.43± 0.34 −0.54± 0.39 −0.72± 0.40 p< 0.001∗∗
p† 0.207 0.398 0.554 0.595
∗Repeated measures ANOVA, p value for all visits. Post hoc analysis: statistically significant difference was observed from the preoperative visit to the 1-year
visit (p< 0.001), from the 1-year visit to 3-year visit (p � 0.036), and from 3-year visit to 5-year visit (p � 001). ∗∗Repeated measures ANOVA, p value for all
visits. Post hoc analysis: statistically significant difference was observed from the preoperative visit to the 1-year visit (p< 0.001), from the 1-year visit to 3-year
visit (p � 0.003), and from 3-year visit to 5-year visit (p< 0.001). †Independent samples t-test.

Table 3: Refractive Sphere during follow-up.

Preoperative (mean± SD) 1 year (mean± SD) 3 years (mean± SD) 5 years (mean± SD) p

Veriflex −11.21± 3.28 −0.10± 0.46 −0.24± 0.40 −0.41± 0.47 p< 0.001∗
Verisyse −12.13± 3.34 −0.11± 0.39 −0.20± 0.43 −0.38± 0.46 p< 0.001∗∗
p† 0.223 0.909 0.740 0.752
∗Repeated measures ANOVA, p value for all visits. Post hoc analysis: statistically significant difference was observed from the preoperative visit to the 1-year
visit (p< 0.001), from the 1-year visit to 3-year visit (p � 0.026), and from 3-year visit to 5-year visit (p< 0.001). ∗∗Repeated measures ANOVA, p value for all
visits. Post hoc analysis: statistically significant difference was observed from the preoperative visit to the 1-year visit (p< 0.001), from the 1-year visit to 3-year
visit (p � 0.010), and from 3-year visit to 5-year visit (p< 0.001). †Independent samples t-test.
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probably due to inappropriate enclavation during the sur-
gery. *e haptic was re-enclaved with a second operation
just after the 1-year visit, and the patient experienced no
further complications. Intraocular pressures (IOP) during
follow-up are listed in Table 5. In all patients, IOP was
≤21mmHg at all postoperative visits.

Table 6 shows the endothelial changes over the course of
the study. ECD was similar between the groups pre-
operatively and postoperatively at all visits. At 5 years, the
mean cumulative ECD losses in the Verisyse and Veriflex
groups were 7.42% and 7.64%, respectively (p � 0.709).
None of the patients lost ≥25% of their baseline ECD during
the 5-year follow-up. Annual ECD loss for Verisyse was
3.05% in the first year, 1.23% between 1 and 3 years, and

1.02% between 3 and 5 years. *e annual ECD loss for
Veriflex was 3.05% in the first year, 1.24% between 1 and 3
years, and 1.05% between 3 and 5 years.

4. Discussion

In this study, we evaluated and compared the long-term
results after implantation of two different types of iris-claw
pIOLs. In line with previous studies, the refractive and visual
results were satisfactory in both groups. *ere were no
significant differences between the groups in terms of MRSE,
UDVA, and CDVA during the follow-up period.

*ere are only a few studies comparing these two pIOLs
in the long term. Bohac et al. [11] compared the refractive
outcomes of Verisyse and Veriflex pIOLs for 36months after
surgery and found that SE was similar at the 36-month visit.
However, CDVA was significantly better in the Veriflex
group, in contrast to our study. An improvement in CDVA
has been reported in the literature, and results from the
magnification effect of pIOLs were compared with specta-
cles. A difference between the CDVA of the groups is dif-
ficult to reveal before the operation, and the difference
probably results from preoperative patient characteristics in
the study reported by Bohac et al. [11].

High refractive predictability after phakic iris-claw has
been reported [7–9,11,12]. In a clinical trial study from the
United States Food and Drug Administration (FDA),
Stulting et al. reported that 71.7% of eyes were within 0.5D
of the target refraction and 94.7% were within 1.0D post-
operatively. In line with the FDA study, we found that 74%
and 96% of the eyes in the Verisyse group were within ±0.5D
and ±1.00D, respectively [7]. *e percentages of the eyes
that were in ±0.5D and ±1.00D were equal in the Veriflex

Table 4: Refractive cylinder during follow-up.

Preoperative (mean± SD) 1 year (mean± SD) 3 years (mean± SD) 5 years (mean± SD) p∗

Veriflex −0.59± 0.56 −0.52± 0.56 −0.51± 0.52 −0.54± 0.53 p � 0.069
Verisyse −0.75± 0.53 −0.64± 0.46 −0.68± 0.49 −0.70± 0.48 p � 0.036†
p∗∗ 0.207 0.398 0.554 0.595
∗Repeated measures ANOVA, p value for all visits. ∗∗Independent samples t-test. †Post hoc analysis: statistically significant difference was observed from the
preoperative visit to the 1-year visit (p � 0.006) and from the preoperative visit to the 3-year visit (p � 0.018). *ere was no statistically significant difference
from the preoperative visit to the 5-year visit (p � 0.162).
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Figure 2: Spherical equivalent of mean manifest refraction in Verisyse (a) and Veriflex (b) groups.
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group. However, we found that the refractive results were
not stable in the long term.*ere was a small but statistically
significant regression at the 1-year and 5-year visits in both
groups (−0.25± 0.30D and −0.23± 0.48D in the Verisyse
and Veriflex groups, respectively). *e amount of regression
was not statistically different in both groups, and it is
probably related to an increase in axial length. Several
studies report that the refractive results are stable after pIOL
implantation, while others report that regression of the
refractive effect occurs, and it is probably related to a pro-
gressive increase in the axial length in at least some patients.
Guell et al. [13] reported a 5-year follow-up study of
399 phakic Artisan-Verisyse IOLs. Among the patients with
myopia, only 10% of the eyes in the 5mm optic Verisyse
PIOL group and 38% of the eyes in the 6mm optic Verisyse
PIOL group were within 0.5D of the target refraction.
Additional refractive surgery was performed in 60% and
20% of the 5 and 6mm optics groups, respectively. *e
stability in the refractive results in several studies probably
results from the amount of initial myopia, relatively short
follow-up, low number of patients, or lack of sufficient
statistical power to find a difference, or a combination of
these factors.

Despite a regression during follow-up, we found the
efficacy index to be 1.14 and 1.04 in the Verisyse and Veriflex
groups (p> 0.05), respectively. It is also our clinical expe-
rience that most patients still have a UDVA equal to or better
than the preoperative CDVA, even in the presence of a re-
sidual refractive error.*e increase in CDVA is probably the
reason for the high efficacy index, despite the residual

refractive errors and a small but statistically significant re-
gression over time.

Approximately 20% of the eyes gained ≥1 line, and one-
third of the eyes gained ≥2 lines.*e exact mechanism of the
increase in CDVA is unclear, but the reason for the im-
provement may be the relative magnification of the image
after an anterior chamber pIOL implantation when com-
pared with spectacle lenses [14]. *ere is agreement in the
literature that improvement occurs in CDVA after corneal
refractive surgery or pIOL implantation [15–17].

A prospective, multicenter U.S. FDA trial reported the
most detailed data with the highest level of evidence on the
ECD loss after a similar rigid iris-claw pIOL (Artisan). *e
ECD loss was −4.8%± 7.8% from baseline to 3 years, with
a 2.4% loss between 2 and 3 years [7]. Benedetti et al. [18]
reported an ECD loss of 4.7% at two years and 9% at five
years after Artisan pIOL implantation. A European pro-
spective multicenter study evaluated the surgical results of
Artiflex, and the mean endothelial cell changes were -0.05%,
1.79%, and -1.07% at 6 months, 1 year, and 2 years, re-
spectively [10]. All of these values are higher than the normal
ECD loss in a nonoperated eye. *e ECD loss after im-
plantation of iris-claw and posterior chamber phakic IOLs
are comparable. *us, it is not clear if one design has an
advantage over the other in terms of ECD [7,18–20]. *e
most detailed data with the highest level of evidence on the
ECD loss after a posterior chamber pIOL implantation was
reported during the U.S. FDA trial (526 eyes, 4 years). In that
study, ECD loss was 3.3± 7.6% at one year (90% confidence
limits: 2.4% to 4.3%) and 9.7± 9.3 at 4 years [19, 20].

Table 6: Endothelial changes over the course of the study.

Preoperative 1 year 3 years 5 years p∗

Central ECD (cells/mm2) (mean± SD (% of cumulative ECD loss))
Verisyse 2681± 275 (N/A) 2599± 242 (3.05) 2534± 238 (5.48) 2482± 242 (7.42) p< 0.001†
Veriflex 2656± 270 (N/A) 2575± 253 (3.04) 2512± 251 (5.42) 2460± 282 (7.64) p< 0.001††
p∗∗ 0.692 0.670 0.678 0.709

Coefficient of variation of cell area (%)
Verisyse 30.8± 5.5 29.0± 5.7 29.4± 4.3 29.1± 5.8 0.083
Veriflex 30.0± 5.2 30.6± 5.2 30.5± 5.4 31.2± 6.0 0.233
p† 0.515 0.185 0.699 0.117

Hexagonal cells (%)
Verisyse 65.4± 7.5 66.1± 7.3 64.8± 6.9 66.0± 8.2 0.114
Veriflex 62.7± 7.7 64.7± 8.4 63.9± 8.2 64.4± 8.8 0.142
p† 0.130 0.422 0.601 0.396
∗Repeated measures ANOVA, p value for all visits. ∗∗Independent samples t-test. †Post hoc analysis: statistically significant difference was observed from the
preoperative visit to the 1-year visit (p< 0.001), from the 1-year visit to 3-year visit (p< 0.001), and from 3-year visit to 5-year visit (p< 0.001). ††Post hoc
analysis: statistically significant difference was observed from the preoperative visit to the 1-year visit (p< 0.001), from the 1-year visit to 3-year visit
(p< 0.001), and from 3-year visit to 5-year visit (p< 0.001).

Table 5: Intraocular pressure during follow-up.

Preoperative 1 year 3 years 5 years
p∗Mean± SD (range) Mean± SD (range) Mean± SD (range) Mean± SD (range)

Veriflex 13.6± 1.7 (10 to 16) 13.9± 2.6 (10 to 21) 13.9± 2.1 (10 to 18) 13.5± 2.1 (10 to 21) p � 0.792
Verisyse 13.9± 2.0 (10 to 17) 13.9± 2.6 (9 to 20) 14.0± 1.5 (11 to 18) 14.3± 2.2 (10 to 20) p � 0.703
p∗∗ 0.561 0.950 0.825 0.088
∗Repeated measures ANOVA, p value for all visits. ∗∗Independent samples t-test.
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Recently, Yasa et al. [21] reported amean ECD loss of 3.9% at
one year after implantation of a new posterior chamber
phakic IOL.

Several studies report that endothelial damage occurs
primarily during the surgical procedure, and the decrease
stabilizes after a certain time [22–24]. However, there are
reports of late endothelial decompensation, which indicate
progressive cell loss in at least some patients. Saxena et al.
[25] found a significant negative correlation between ACD
and endothelium cell loss. Doors et al. [26] found that
a shallow ACD and smaller distance between the pIOL edge
and the endothelium were risk factors for ECD loss. In
a recent study, Jonker et al. [27] reported that in a group of
507 eyes, ECD had decreased by ≥25% in 7.9% of them, and
ECD was <1500 cells/mm2 in 3.9% at 10 years after im-
plantation. Risk factors for increased ECD loss were
a shallow ACD and a smaller distance between the central
and peripheral pIOL edge to the endothelium. However, it is
still not clear if ECD loss in eyes that do not have these risk
factors is still higher than normal ECD loss in a nonoperated
eye.

Verisyse and Veriflex have similar designs and fixation
mechanisms but different material properties. Hedayatfar
et al. [28] compared chronic subclinical inflammation in-
duced after implantation of Artisan versus Artiflex phakic
intraocular lenses (pIOLs). Anterior chamber flare was
assessed quantitatively using laser flare photometry (LFP).
*ey concluded that the inflammatory response induced by
implantation of either type of pIOLs is short-lived without
statistically significant difference between the two models.
However, there are reports showing that the silicon optic
material that is used in Veriflex may cause inflammation and
might be increasing the incidence of pigment deposits
postoperatively [10, 29, 30]. No chronic inflammation was
seen in our patients. However, inflammation was not
assessed quantitatively, and we highlight the possibility that
mild inflammation in the early postoperative period could
have gone unnoticed. *is weakness of the study should be
considered when interpreting the results.

Although there are several studies reporting long-term
ECD loss for both phakic IOLs, it is difficult to compare the
effect of lenses on ECD. It is difficult to draw a conclusion by
comparing different studies because surgeries are performed
by different surgeons and preoperative patient characteris-
tics are different in these studies. For example, in the pro-
spective multicenter U.S. FDA trial, one site had a mean cell
loss of 5.0%, and the others combined had a mean cell loss of
1.7% [13].

In this study, we evaluated two different iris-claw lenses
with different material properties. All the surgeries were
performed by a single surgeon, all the patients had ACD ≥
3.00mm from the endothelium, and preoperative patient
characteristics were similar between the groups. In addition,
the follow-up duration was reasonably long. We found that
the central ECD loss was similar in both groups at all follow-
up points. ECD loss was highest during the first year (3.05%
and 3.04% in the Verisyse and Veriflex groups, respectively),
and at five years, the cumulative loss was 7.42% and 7.64% in
the Verisyse and Veriflex groups, respectively. *e results

correspond to an annual ECD loss of 1.02 and 1.05% in
Verisyse and Veriflex pIOLs between 3-year and 5-year
visits.

ECD loss was highest during the first year and di-
minished thereafter. However, it is still not possible to
conclude that the ECD loss is similar to a normal non-
operated eye. In early cross-sectional studies, the average
annual endothelial cell loss rate in normal eyes was found to
be approximately 0.3 to 0.5% [31, 32]. In a longitudinal
study, in which the same subjects were examined again at
a later date, Bourne et al. reported an annual loss of 0.6±
0.5% over 10 years [33]. In a recent longitudinal study, the
annual rate of cell loss after refractive surgery was found to
be 0.6%± 0.8 % over 9 years [34]. *us, we believe that life-
long ECD follow-up is needed in patients who have un-
dergone pIOL implantation.

In both groups, there were no serious intraoperative
complications, and the safety index was not statistically
significantly different between the groups. None of the
patients lost more than 2 lines, and 1 patient in both groups
lost 2 lines at 5 years (2.1% and 2.0% in the Verisyse and
Veriflex groups, respectively). In both patients, the reason
for CDVA loss was cataracts. Most of the patients un-
dergoing pIOL implantation are young adults.*us, cataract
formation is a major concern when implanting a pIOL. In
a meta-analysis of 6,338 eyes, Chen et al. [35] reported that
the incidence of cataract formation was 1.29%, 1.11%, and
9.60% with anterior-chamber, iris-fixated, and posterior-
chamber pIOLs. However, the rate of cataract formation
may be higher in longer follow-up. Moshirfar et al. [36]
evaluated the incidence rate and indications to investigate
Verisyse pIOLs implanted over a 13.6-year period by one
surgeon at one institution with a mean follow-up of 5.6 years
per eye. Similar to our study, they reported that the oc-
currence of cataract formation in this patient population
was 2.3%.

In our patient group, the only other complication was
a slight decentration of the pIOL due to improper encla-
vation of one of the haptics in the iris. *is patient did not
report a history of trauma, allergy, or eye rubbing, and the
decentration was probably due to inappropriate enclavation
during the surgery.*e haptic was re-enclaved with a second
operation just after the 1-year visit, and the patient did not
have any additional complications in the remaining follow-
up period. No pigment dispersion, glaucoma, or pupillary
block was observed in this patient group.

*e most important weakness of this study is its ret-
rospective nature. For example, there were no cases of
pigment dispersion in our patients. Although intraocular
pressure measurement is routine at every visit in our clinic,
gonioscopy was not performed. *us, very mild clinical
pigment dispersion in some patients could have gone
unnoticed.

We found a myopic shift during 5 years in our patient
group. *is was an expected finding as most of our patients
had high axial myopia. *us, a correlation could have been
found between the axial length (AL) change and the change
in SE if we had performed an analysis. However, it is unusual
to measure AL routinely in postoperative visits. *us, AL
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measurement was not part of our routine postoperative
examinations. Accordingly, neither this study nor the other
retrospective studies in the literature report an analysis of
correlation between the change in SE and the change in AL
[18, 22, 25]. *is is a weakness of this study that results from
its retrospective nature and can be addressed in prospective
studies.

Postoperative examinations were performed by different
residents during the 5-year follow-up, and mild anterior
subcapsular cataracts that do not affect visual acuity or slight
pupil ovalization in a patient may have gone unnoticed. In
addition, it was not possible to measure the distance between
the pIOL edge and the endothelium postoperatively to
evaluate its long-term effect on ECD because of the retro-
spective nature of the study. However, the advantages of this
study are the longitudinal follow-up of ECD measurements
for 5-years in 97 patients for two different pIOLs implanted
by the same surgeon in patients with similar preoperative
characteristics and a minimum ACD of 3.02mm.

In conclusion, we have found that refractive results and
visual acuities were clinically similar after implantation of
both designs of iris-claw pIOLs in patients with highmyopia.
Both pIOLs were highly effective for the surgical treatment
of high myopia, and the incidence of perioperative and
postoperative complications is rare when patients are se-
lected carefully. Central ECD loss was similar in both the
Verisyse and Veriflex groups and slowed down dramatically
after the first year. However, we believe that ECD and in-
traocular lens position should continue to be monitored as
these patients are usually young and will continue to live
with the implanted lens for many decades. Prospective
studies with larger patient groups and longer follow-up
periods are needed to reveal long-term ECD loss profiles.

Data Availability

*e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

*e authors declare that there are no conflicts of interest
regarding the publication of this article.

References

[1] M. Lundstrom, S. Manning, P. Barry, U. Stenevi, Y. Henry,
and P. Rosen, “*e European registry of quality outcomes for
cataract and refractive surgery (EUREQUO): a database study
of trends in volumes, surgical techniques and outcomes of
refractive surgery,” Eye and Vision, vol. 2, no. 1, p. 8, 2015.

[2] J. Burazovitch, D. Naguzeswski, T. Beuste, and M. Guillard,
“Predictability of SMILE over four years in high myopes,”
Journal Français d’Ophtalmologie, vol. 40, no. 6, pp. e201–
e209, 2017.

[3] J. L. Arne, “Phakic intraocular lens implantation versus clear
lens extraction in highly myopic eyes of 30- to 50-year-old
patients,” Journal of Cataract & Refractive Surgery, vol. 30,
no. 10, pp. 2092–2096, 2004.

[4] H. Kobashi, K. Kamiya, A. Igarashi, K. Matsumura,
M. Komatsu, and K. Shimizu, “Long-term quality of life after

posterior chamber phakic intraocular lens implantation and
after wavefront-guided laser in situ keratomileusis for myo-
pia,” Journal of Cataract & Refractive Surgery, vol. 40, no. 12,
pp. 2019–2024, 2014.

[5] J. L. Guell, M. Morral, D. Kook, and T. Kohnen, “Phakic
intraocular lenses part 1: historical overview, current models,
selection criteria, and surgical techniques,” Journal of Cataract
& Refractive Surgery, vol. 36, no. 11, pp. 1976–1993, 2010.

[6] T. Kohnen, D. Kook, M. Morral, and J. L. Guell, “Phakic
intraocular lenses: part 2: results and complications,” Journal
of Cataract & Refractive Surgery, vol. 36, no. 12, pp. 2168–
2194, 2010.

[7] R. D. Stulting, M. E. John, R. K. Maloney et al., “*ree-year
results of Artisan/Verisyse phakic intraocular lens implan-
tation. Results of the United States Food And Drug Ad-
ministration clinical trial,” Ophthalmology, vol. 115, no. 3,
pp. 464–472, 2008.

[8] N. Nassiri, S. Ghorbanhosseini, E. Jafarzadehpur,
S. Kavousnezhad, N. Nassiri, and K. Sheibani, “Visual acuity,
endothelial cell density and polymegathism after iris-fixated
lens implantation,” Clinical Ophthalmology, vol. 12, pp. 601–
605, 2018.

[9] C. Albarran-Diego, G. Munoz, T. Ferrer-Blasco, S. Garcia-
Lazaro, and L. Belda-Salmeron, “Foldable iris-fixated phakic
intraocular lens vs femtosecond laser-assisted LASIK for
myopia between -6.00 and -9.00 diopters,” Journal of Re-
fractive Surgery, vol. 28, no. 6, pp. 380–386, 2012.

[10] H. B. Dick, C. Budo, F. Malecaze et al., “Foldable artiflex
phakic intraocular lens for the correction of myopia: two-year
follow-up results of a prospective European multicenter
study,” Ophthalmology, vol. 116, no. 4, pp. 671–677, 2009.

[11] M. Bohac, M. Anticic, N. Draca et al., “Comparison of verisyse
and veriflex phakic intraocular lenses for treatment of
moderate to high myopia 36 months after surgery,” Seminars
in Ophthalmology, vol. 32, no. 6, pp. 725–733, 2017.

[12] Q. Qasem, C. Kirwan, and M. O’Keefe, “5-year prospective
follow-up of Artisan phakic intraocular lenses for the cor-
rection of myopia, hyperopia and astigmatism,” Oph-
thalmologica, vol. 224, no. 5, pp. 283–290, 2010.

[13] J. L. Guell, M. Morral, O. Gris, J. Gaytan, M. Sisquella, and
F. Manero, “Five-year follow-up of 399 phakic Artisan-
Verisyse implantation for myopia, hyperopia, and/or astig-
matism,” Ophthalmology, vol. 115, no. 6, pp. 1002–1012, 2008.

[14] I. S. Barequet, T. Wygnanski-Jaffe, and A. Hirsh, “Laser in situ
keratomileusis improves visual acuity in some adult eyes with
amblyopia,” Journal of Refractive Surgery, vol. 20, no. 1,
pp. 25–28, 2004.

[15] S. W. Kwon, H. S. Moon, and K. H. Shyn, “Visual im-
provement in high myopic amblyopic adult eyes following
phakic anterior chamber intraocular lens implantation,”
Korean Journal of Ophthalmology, vol. 20, no. 2, pp. 87–92,
2006.

[16] A. Agca, E. B. Ozgurhan, O. Baz et al., “Laser in situ kera-
tomileusis in adult patients with anisometropic amblyopia,”
International Journal of Ophthalmology, vol. 6, no. 3,
pp. 362–369, 2013.

[17] N. Cagil, N. Ugurlu, H. B. Cakmak, S. I. Kocamis, D. Turak,
and S. Simsek, “Photorefractive keratectomy in treatment of
refractive amblyopia in the adult population,” Journal of
Cataract & Refractive Surgery, vol. 37, no. 12, pp. 2167–2174,
2011.

[18] S. Benedetti, V. Casamenti, and M. Benedetti, “Long-term
endothelial changes in phakic eyes after Artisan intraocular
lens implantation to correct myopia: five-year study,” Journal

Journal of Ophthalmology 7



of Cataract & Refractive Surgery, vol. 33, no. 5, pp. 784–790,
2007.

[19] H. F. Edelhauser, D. R. Sanders, R. Azar, H. Lamielle, and
ICLiToMS Group, “Corneal endothelial assessment after ICL
implantation,” Journal of Cataract & Refractive Surgery,
vol. 30, no. 3, pp. 576–583, 2004.

[20] D. R. Sanders, K. Doney, M. Poco, and ICLiToMS Group,
“United States Food and Drug Administration clinical trial of
the implantable collamer lens (ICL) for moderate to high
myopia: three-year follow-up,”Ophthalmology, vol. 111, no. 9,
pp. 1683–1692, 2004.

[21] D. Yasa, U. Urdem, A. Agca et al., “Early results with a new
posterior chamber phakic intraocular lens in patients with
high myopia,” Journal of Ophthalmology, vol. 2018, Article ID
1329874, 8 pages, 2018.

[22] D. Yasa, A. Agca, Z. Alkin et al., “Two-year follow-up of
Artisan Iris-supported phakic anterior chamber intraocular
lens for correction of high myopia,” Seminars in Ophthal-
mology, vol. 31, no. 3, pp. 280–284, 2016.

[23] C. Budo, J. C. Hessloehl, M. Izak et al., “Multicenter study of
the Artisan phakic intraocular lens,” Journal of Cataract &
Refractive Surgery, vol. 26, no. 8, pp. 1163–1171, 2000.

[24] Y. Chen, Q. Liu, C. Xue, Z. Huang, and Y. Chen, “*ree-year
follow-up of secondary anterior iris fixation of an aphakic
intraocular lens to correct aphakia,” Journal of Cataract &
Refractive Surgery, vol. 38, no. 9, pp. 1595–1601, 2012.

[25] R. Saxena, S. S. Boekhoorn, P. G. Mulder, B. Noordzij,
G. van Rij, and G. P. Luyten, “Long-term follow-up of endo-
thelial cell change after Artisan phakic intraocular lens im-
plantation,” Ophthalmology, vol. 115, no. 4, pp. 608–613, 2008.

[26] M. Doors, D. W. Cals, T. T. Berendschot et al., “Influence of
anterior chamber morphometrics on endothelial cell changes
after phakic intraocular lens implantation,” Journal of Cat-
aract & Refractive Surgery, vol. 34, no. 12, pp. 2110–2118,
2008.

[27] S. M. R. Jonker, T. Berendschot, A. E. Ronden, I. E. Y. Saelens,
N. J. C. Bauer, and R. Nuijts, “Long-term endothelial cell loss
in patients with artisan myopia and Artisan toric phakic
intraocular lenses: 5- and 10-year results,” Ophthalmology,
vol. 125, no. 4, pp. 486–494, 2018.

[28] A. Hedayatfar, H. Hashemi, S. Asghari, N. Badie, and
M. Miraftab, “Chronic subclinical inflammation after phakic
intraocular lenses implantation: comparison between Artisan
and Artiflex models,” Journal of Current Ophthalmology,
vol. 29, no. 4, pp. 300–304, 2017.

[29] M. L. Passos, R. C. Ghanem, and V. C. Ghanem, “Removal of
persistent cellular deposits after foldable iris-fixated phakic
IOL implantation,” Journal of Refractive Surgery, vol. 33, no. 6,
pp. 426–428, 2017.

[30] M. J. Koss, M. Cichocki, and T. Kohnen, “Posterior synechias
following implantation of a foldable silicone iris-fixated
phakic intraocular lens for the correction of myopia,” Jour-
nal of Cataract & Refractive Surgery, vol. 33, no. 5, pp. 905–
909, 2007.

[31] R. W. Yee, M. Matsuda, R. O. Schultz, and H. F. Edelhauser,
“Changes in the normal corneal endothelial cellular pattern as
a function of age,” Current Eye Research, vol. 4, no. 6,
pp. 671–678, 1985.

[32] K. H. Carlson, W. M. Bourne, J. W. McLaren, and
R. F. Brubaker, “Variations in human corneal endothelial cell
morphology and permeability to fluorescein with age,” Ex-
perimental Eye Research, vol. 47, no. 1, pp. 27–41, 1988.

[33] W. M. Bourne, L. R. Nelson, and D. O. Hodge, “Central
corneal endothelial cell changes over a ten-year period,”

Investigative Ophthalmology & Visual Science, vol. 38, no. 3,
pp. 779–782, 1997.

[34] S. V. Patel and W. M. Bourne, “Corneal endothelial cell loss 9
years after excimer laser keratorefractive surgery,” Archives of
Ophthalmology, vol. 127, no. 11, pp. 1423–1427, 2009.

[35] L. J. Chen, Y. J. Chang, J. C. Kuo, R. Rajagopal, and D. T. Azar,
“Metaanalysis of cataract development after phakic in-
traocular lens surgery,” Journal of Cataract & Refractive
Surgery, vol. 34, no. 7, pp. 1181–1200, 2008.

[36] M. Moshirfar, L. M. Imbornoni, E. M. Ostler, and
V. Muthappan, “Incidence rate and occurrence of visually
significant cataract formation and corneal decompensation
after implantation of Verisyse/Artisan phakic intraocular
lens,” Clinical Ophthalmology, vol. 8, pp. 711–716, 2014.

8 Journal of Ophthalmology


