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Abstract
Purpose The aim of this study was to evaluate the long-term efficacy and safety of the Artiflex® lens implant and to follow
the evolution of the number of corneal endothelial cells over time.
Design It was a retrospective study of an observational case series of patients who underwent surgery at “The INVISION
Ophthalmic Hospital” (Almería, Spain) in 2007 and who were followed for 10 years.
Methods Setting: Clinical practice. Study population included 53 eyes of 30 patients who underwent an Artiflex® lens
implant for the correction of myopia from −4 to −14 D. Each patient included in this study had stable myopia for at least 2
years and a contraindication for corneal refractive surgery. The efficacy index was defined as the quotient between
uncorrected distance visual acuity postoperative and best-corrected distance visual acuity (BCDVA) preoperative. The safety
index was calculated as the quotient between BCDVA postop and BCDVA preop.
Results The average efficacy and safety indices of the lenses implanted were 1.1 (SD 0.30) and 1.06 (SD 0.2) at 10 years of
follow-up. In this period of time there has been a loss of 12% of the corneal endothelial cells. The postoperative compli-
cations were pigment dispersion in four eyes (7%) of four patients and decentration of phakic intraocular lens in two eyes
(4%) of another two patients.
Conclusions The Artiflex® foldable phakic lens could be a safe and effective long-term alternative for myopic patients in
whom laser surgery was contraindicated.

Introduction

The main objective of refractive surgery is to improve the
quality of life of patients by reducing their dependence on
glasses and contact lenses. In the past years, corneal surgery
with Excimer laser has become the standard for correcting a
wide range of refractive errors with usually good results [1].

For patients not suitable for corneal surgery, the implanta-
tion of a phakic intraocular lens (pIOL) can be a good
alternative [2]. Currently, there are two types of pIOL:
anterior chamber phakic lens and posterior chamber phakic
lens. Phakic anterior chamber lenses can be rigid poly-
methylmethacrylate (PMMA) or a foldable version where
the optic is made of polysulfone and has two opposite
haptics of PMMA that allows the fixation to the periphery
of the iris [3, 4]. This folding phakic lens can be inserted or
eliminated through a small corneal incision without sutures.
The advantages of anterior chamber phakic lenses are the
preservation of the corneal tissue eliminating the risk of
ectasia, maintenance of the corneal topography without
inducing high-order aberrations, and the possibility of
removal [5]. The anterior chamber phakic lens fixed to the
iris can be centered on the pupil, which is very important in
the eyes with a decentration. Another advantage of this lens
is that the tear film is preserved [5]. The main disadvantages
of iris-fixed lenses are the difficulty of implantation, and the
potential damage to the iris and the corneal endothelium [6].
Other possible postoperative complications described are
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endophthalmitis, elevated intraocular pressure, subclinical
inflammation, corneal decompensation, dislocation of
pIOL, cataract formation, retinal detachment, ovalization of
the pupil, and pigment dispersion [7–10]. Several studies
have demonstrated the safety, efficacy, and high predict-
ability of the implantation of pIOLs [11–13], but there are
no articles publishing 10-year results.

Patients and methods

It was a retrospective study of an observational case series of
patients that included 53 eyes of 30 patients who underwent
of an Artiflex® lens implant for the correction of myopia from
−4 to −14 D with an spherical equivalent (SE) of −9.97 D
(3.55). They were all patients in the refractive surgery
department of “The INVISION Ophthalmologic Hospital
(Almeria, Spain). The lenses were implanted during 2007 and
followed until 2017. Each patient included in this study had
stable myopia for at least 2 years and contraindications to
corneal surgery, mainly irregular corneal topography and not
enough corneal thickness for corneal surgery. In addition, the
following preoperative conditions must be met: anterior
chamber depth (ACD) ≥3.4mm, the EC count ≥2500 cells/
mm2, diameter of the mesopic pupil ≤6.5 mm, and astigma-
tism ≤2.0 D. The exclusion criteria were: patients under 21
years of age, active pathology of the eye, such as cataract,
glaucoma, and chronic recurrent uveitis, previous surgical
procedure, macular and retinal pathology, systemic auto-
immune diseases, diabetes, and pregnancy. The principles
followed the Helsinki agreement; all patients signed an
informed consent form and were provided with a copy of it.
The preoperative examination included uncorrected distance
visual acuity (UCDVA), best-corrected distance visual
acuity (BCDVA) (decimal fraction, Snellen scale) [14],
refractive using autorefractometer (Nidek ARK- 700, Japan),
IOP (Noncontact tonometer, Reichert Inc., Buffalo, NY,
USA), biomicroscopic examination (HaagStrait BQ 900
Swiss), pachymetry ((DGH 500, DGH Technology Inc.,
Exton, PA, USA) fundus examination, corneal topography
(CSO, Oftaltech, CM02 Italy), CE count (SP-2000, Topcon,
Japan)), and size of pupil (Pupilographer, Florence, Italy).
Phakic IOL calculations were based on nomograms or soft-
ware developed by the manufacturers (Ophtec, Netherlands)
that require refractive error, corneal curvature, and ACD
aiming at emmetropia. When the lens calculated to obtain the
emmetropia was not available (due to steps 0.50D in lenses),
a slight myopia was preferred. The corneal incision was
3.2mm at twelve o’clock. Two vertical paracenteses were
performed at two and ten o’clock. After the intracameral
injection of acetylcholine and viscoelastic material, the pIOL
(Artiflex®, Ophthec) was implanted in the anterior chamber.
The phakic intraocular lens was fixed with a locking needle in

the three o’clock position and nine o’clock in the iris. Sub-
sequently, the viscoelastic material was removed and the
hydration of the corneal incision for its sealing. A post-
operative revision was made on days 1 and 7 and UCDVA,
IOP, and biomicroscopy were recorded. In other test intervals
(3 months, 1, 2, 5, and 10 years), a complete examination was
performed, which included UCDVA, BCDVA, IOP, SE, EC
count, biomicroscopy (slit-lamp examination), and ophthal-
moscopy. The efficacy index [15] was defined as the quotient
between UCDVA postoperative and BCDVA preoperative.
The safety index [15] was calculated as the quotient
between BCDVA postop and BCDVA preop. Statistical
analysis was performed using SPSS for Windows software
(version 17.0, SPSS Inc.). The Kolmogorov–Smirnov test
was applied for all data samples to check for normality. The
Kolmogorov–Smirnov test was applied for all data samples to
check for normality. When parametric statistical analysis was
possible, the Student's test for paired data was applied to
assess the significance of differences between preoperative
data and postoperative data, whereas the Wilcoxon’s signed-
rank test was used when the parametric analysis was not
possible. The level of statistical significance was p < 0.05

Results

We analyzed 53 eyes of 30 patients who underwent an
Artiflex®-type lens implant, of them 23 underwent bilateral
surgery (46 eyes) and 7 monolateral ones. Forty percent (12/
30) were men and 60% (18/30) were women. For all vari-
ables, the arithmetic average and the standard deviation
(between parentheses) were calculated. The average age
was 33.4 (6.45) years. The average BCDVA was 0.63
(0.15). Preoperative patient characteristics are detailed in
Table 1. The power of the Artiflex® lens was −10.88 (2.90).
The number of operated eyes considered in each time period
is specified on the abscissa axiss, between parentheses
(Fig. 1). There was a statistically significant progression of
the UCDVA from the first month until reaching a maximum
at 2 years, then there was no statistically significant change
at 5 and 10 years, respectively, which indicated a stability of
the UCDVA achieved (Fig. 1a). The BCDVA also reached

Table 1 Preoperative characteristics

Mean (SD)

Number of eyes 53

Sphere (D) −9.97 (3.55)

Cylinder (D) −1.53 (1.11)

EC (cells/mm2) 3107.13 (427.71)

Axial length (mm) 27.47 (1.72)

Pachymetry (μm) 508 (36)
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its maximum value after 2 years and remained stable until
10 years (Fig. 1b). Table 2 shows an improvement in the
BCDVA at 10 years compared to that presented by the
patient in the preoperative period, although it was not sta-
tistically significant.

The average efficacy index was 1.01 (0.43) after
1 month, reached a maximum (1.24 (0.41)) after 2 years,
and stabilized (1.1 (0.30)) after 5 and 10 years after surgery.
The average security index was 1.04 (0.27), 1.16 (0.4), 1.1
(0.15), 1.02 (0.1), 0.96 (0.21), 1.06 (0.2) after 1 month,
3 months, and 1, 2, 5, and 10 years, respectively.
Figure 2a–d shows the percentage of accumulated vision
lines for each follow-up period. The UCDVA was ≥20/25 in
89%, ≥20/20 in 68% of the eyes after 5 years of follow-up,
and ≥20/25 in 100% and ≥20/20 in 80% of the eyes after 10
years of surgery. Table 3 shows that there is a statistically
significant improvement in the UCDVA at 10 years

compared to that presented by the patient in the first year
after surgery.

The mean of SE was −0.39 (0.31) D after a year. SE
values increased to −1.19 (1.23) D after 5 years of surgery
reaching a maximum at 10 years (−1.75 (0.05) D) (Fig. 3a).
Table 4 shows that the SE at 10 years differs statistically
from that observed in the first year.

Figure 3b shows the evolution of the average and stan-
dard deviation of corneal endothelial cell count over time.
There is a statistically significant loss of endothelial cells
from the first month to the tenth year (Table 5). An estimated
13.97% of the cells were lost 10 years after surgery, although
the number of endothelial cells was sufficient to not remove
the lenses. The postoperative complications were pigment
dispersion in four eyes (7%) of four patients and decentra-
tion of pIOL in two eyes (4%) of another two patients.

Discussion

In this study, the visual acuity and changes in SE and
endothelial cells before and after Artiflex® lens implant
were evaluated. The Artiflex® lens surgery has been con-
sidered as an appropriate alternative to glasses and contact
lens, especially in patients younger than 40 years with a
high myopia and for patients not suitable for corneal sur-
gery. The aim of our work has been to evaluate the efficacy
and safety of this lens implantation followed over 10 years.
According to our results, there was a progression of the
UCDVA and the BCDVA from the first month until
reaching a maximum at 2 years, then there was no statisti-
cally significant change at 5 and 10 years, respectively
(Fig. 1a, b). In a 2015 retrospective study with 158 eyes
comparing results at 6 months, 1 year, and 2 years, Aerts
et al. [13] obtained a higher UCDVA than 20/25 at 1 year
and 2 years of follow-up in 95% of the cases. In our study,
we obtained at 2 years an UCDVA ≥20/25 in 94% of the
eyes, and ≥20/20 in 71% of the eyes (Fig. 2b) Ghoreishi
et al. [16, 17] in 2014 in a prospective non-randomized
study of 31 eyes of 18 patients starting from an initial SE of
−9.58 (1.92) obtained an UCDVA equal to or better than
20/20 in 45% of the cases after a follow-up of 6 months;
83.8% of the eyes gained a line or more after surgery. Doors
et al. [18] in 2012 published the results of the multicentric
European prospective study of 115 eyes of 73 patients,
followed 6 months with an initial SE of −7.10 (2.70), which
were obtained in 99% of patients, with the UCDVA >20/40
in 74.5%. Nassiri et al. [19] in 2018 in a retrospective study
of 55 eyes of 29 patients followed 6 months, the UCDVA
was 20/25 or better in 81.5% of the cases. The results of
Hashemi et al. [20, 21] in a study with 53 eyes of 28
patients with sphere −10.22 ± (3.02) were that 72.2% of the
eyes had 20/25 or more vision and the safety and efficacy

Fig. 1 a Uncorrected distance visual acuity (UCDVA) time after sur-
gery (months). b Corrected distance visual acuity (CDVA) time after
surgery (months)

Table 2 Comparison of the averages of BCDVA (SD) over time

Pre 0.87 (0.17)

Post 1 month 0.91 (0.10)

Post 3 months 0.91 (0.10)

Post 1 year 0.99 (0.02)a

Post 2 years 0.95 (0.07)

Post 5 years 0.89 (0.20)

Post 10 years 0.92 (0.05)

aStatistically significant differences with the results 10 years after
surgery
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were 1.16 and 1.05 per year. In our study, the efficacy index
was increased from 1.01 (0.43) at 1 month, 1.07 (0.36) at
3 months, 1.11 (0.43) after 1 year, 1.24 (0.41) after 2 years,
to 1.1 (0.30) after 5 years and 10 years. The safety index
was increased from 1.04 (0.27) at 1 month to 1.06 (0.2) after

10 years. Ruckhofer et al. [22] in a retrospective study in
2012 of 42 eyes of 24 patients with a preoperative SE of
−7.52 (2.22) obtained results at 6 months postop of 90% of
the eyes with ≥20/20 of UCDVA. Finally, Dick et al. [23] in
2009 in a 2-year multicenter prospective study with 190
eyes of 191 patients and a preoperative SE of −7.33 (2.60)
achieved a UCDVA ≥20/40 in 97.2% of the cases after 2
years . The loss of endothelial cells was 1.07% at 2 years. In
other studies, the results of UCDVA [24–27] are coincident
with our work, especially in the first and second year.
According to the results of our study, the endothelial cell
losses in percentages were similar to those obtained by the
different authors after 2 years of follow-up [24–28]. In
conclusion, our findings showed that the patients operated
with an Artiflex® phakic lens implant maintained their
BCDVA and UCDVA over time. The results reported that

Fig. 2 a Cumulative Snellen visual acuity 1 year after surgery. b Cumulative Snellen visual acuity 2 years after surgery. c Cumulative Snellen
visual acuity 5 years after surgery. d Cumulative Snellen visual acuity 10 years after surgery

Table 3 Comparison of the averages of UCDVA (SD) over time

Post 1 month 0.75 (0.25)a

Post 3 months 0.79 (0.23)a

Post 1 year 0.89 (0.14)

Post 2 years 0.98 (0.11)

Post 5 years 0.94 (0.20)

Post 10 years 0.96 (0.07)

aStatistically significant differences with the results 10 years after
surgery
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endothelial cell loss was <10% after 10 years. It could be
proposed as a good alternative when laser surgery is con-
traindicated; however, it is necessary to continue increasing
the number of patients analyzed up to 10 years to corro-
borate these results.

Summary

What was known before

● There are very few studies on the safety and efficacy of
the implantation of phakic lenses of anterior camera type
iris claw in the long term.

What this study adds

● The article contributes to demonstrate the efficacy and
safety of the phakic lenses of anterior camera type iris
claw as the artiflex in the correction of myopia.
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