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SUMMARY

Purpose: To determine the changes in endothelial cell density, refractive results, and risk factors associated with endothelial loss in patients with irisclaw phakic intraocular lenses for myopia/myopic astigmatism (Artisan).
Methodology: Data collection was obtained from an existing database with information on patients with a phakic Artisan lens implant between 1998
and 2011 at the Virgilio Galvis Ophthalmology Centre, with at least 5 years of follow-up. As a second stage, an analysis was carried out to identify the
change in endothelial cell density and its potential associated factors.
Results: A total of 80 eyes with myopic errors were included with a follow-up of 11.9 + 3.48 years. The percentage of total loss of endothelial cells
was greater than 25% of the preoperative density in 43.8% of the eyes. A postoperative annual loss > 1.6% was found in 47.0% of the eyes with that
information available. 41 eyes (51%) had final endothelial density < 2000 cells/mm2, and 7 (8.8%) eyes had endothelial cell density < 1000 cells/mm2.
Among the variables studied, no associated factors for long-term endothelial loss were found. During the course of the study, 8 (10%) phakic intraocular
lenses were explanted, including 3 with accelerated endothelial loss, and another 2 with cataract associated and a significantly low endothelial density.
The last mean spherical equivalent was -0.81 (±1.01 D), and the final uncorrected distance visual acuity was 0.45 logMar (Snellen 20/56).
Conclusion: Artisan-type phakic lenses are a good alternative for the correction of high myopic defects, with predictable refractive results in the long
term. However, there is an increased loss of endothelial cells in the long term in a high percentage of patients. Strict postoperative follow-up, including
endothelial evaluation, is required, and further studies are warranted.
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INTRODUCTION
Patients with high refractive errors (myopia, hyperopia
and high astigmatism) or with corneal pathologies, such
as advanced keratoconus, among others, are not suitable
for refractive correction with Excimer laser or glasses,
a fact that has led to the search for alternatives in their
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treatment. In the last two decades, the placement of phakic intraocular lenses fixed in the iris (such as the iris-claw
Artisan lens) has been indicated as a surgical alternative
for refractive correction in these patients.
The number of patients in whom the Artisan lens has
been implanted has increased progressively in recent decades, leading to the need for studies of refractive results
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and possible complications secondary to its use. Good
visual results and safety have been found in short- and
mid-term follow-up studies. However, on the other hand,
few studies have been done on the long-term outcomes
(10 years or more), in terms of possible late postoperative complications (including corneal endothelial loss).
Endothelial cells are responsible for maintaining the cornea in a stable state of hydration; the density of these endothelial cells is thus critical for that function. Any type
of surgical procedure that is performed in the anterior
chamber involves some type of trauma to these cells and
leads to a decrease in their population. For this reason,
it is important to estimate the percentage of endothelial
cell loss after implantation of phakic iris-claw intraocular
lenses. Considering that this procedure is done in young
adults, long-term studies are critical to determine the
continuous loss of endothelial cells related to the surgery
and the phakic intraocular lens presence, which is added
to the normal loss secondary to aging.
For this reason, in this study we aim to evaluate the refractive results after the implantation of phakic iris-claw
intraocular lenses, and to investigate the main factors associated with the loss of endothelial cells in the long term.

MATERIALS AND METHODS
Study design and patient population
This was a descriptive, longitudinal, retrospective, observational study. The study group included patients who
had undergone implantation of phakic iris-claw intraocular lenses (Artisan) at Virgilio Galvis Ophthalmological
Centre from 1998 to 2012 in Floridablanca (Colombia). Inclusion criteria were age older than 18 years; preoperative
transparent cornea; preoperative measurement of the
anterior chamber (from the endothelium) > 2.9 mm; presurgical endothelial count greater than 2000 cells/mm2
and postoperative follow-up for at least 5 years.
Exclusion criteria included patients with previous intraocular surgery; patients with ocular past history of ocular
conditions, such as retinopathies, glaucoma, uveitis, and
Fuchs endothelial dystrophy.
Variables studied
The collection of information on the variables was obtained from an existing database with information on
patients who had an iris-claw phakic intraocular lens
implanted between 1998 and 2012 at the Virgilio Galvis
Ramírez Ophthalmological Centre. The information was
handled with codes, in order to be anonymous. Variables
analysed included: follow-up time in years, age, gender,
eye, visual acuity, subjective refraction, endothelial cell
density (Tomey EM-1000 or Topcon SP-3000P devices),
power of the implanted lens, model of the implanted
lens, and surgeon. In addition, the following variables
were analysed, if available: preoperative depth of the
anterior chamber (measured with Visante® or Orbscan
IIZ® devices), postoperative distance in microns from the
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centre of the lens to the endothelium, and distance in microns from the most nasal and temporal border of both
haptics to the endothelium (MS-39 device); preoperative
(measured with Orbscan or Visante devices) and postoperative pachymetry (measured with Orbscan, Visante or
MS-39 devices).
Data were collected with the R version 4.1.1 program to
perform the statistical analysis.
Analysis of the endothelial cell density was performed
as follows:
Total corneal endothelial cell loss was determined by
comparing the last corneal endothelial density with respect to the preoperative one, thus including the endothelial cell loss related to the surgical trauma, age, and
that related to the presence of the iris-claw phakic intraocular lens in the anterior chamber.
Endothelial cell loss directly related to the surgical
procedure was determined by comparing the presurgical density versus the postoperative one, obtained at
6 months or earlier, after surgery.
Finally, progressive endothelial cell loss after surgery,
excluding surgical trauma, was determined by comparing endothelial cell density in an examination at least
6 months after surgery with the last examination available. Both examinations should have been undertaken
with the same specular microscope.
The physiological annual loss of cell density was considered abnormal if it was above 1.6% of annual loss, calculated as 2 standard deviations higher than the mean in
the longitudinal study by Bourne et al. [1].
The corrected distance visual acuity and refractive result (performed by an optometrist) of each patient in the
preoperative period was used, to compare it with the visual acuities and refractions in the postoperative period at
6 months after the procedure, and every year thereafter.
In the database, they were reported in Snellen notation
(which is how they are measured in the clinical examination) and converted to LogMar notation for statistical calculation, and the refraction data reported by optometry.
The measurement of distances in microns from the optics and haptics of the phakic iris-claw intraocular lens to
the endothelium was performed, using the MS-39 Tomograph and Topographer. An analysis was performed to
identify the presence of associated factors with endothelial cell loss.
Statistical analysis
In the descriptive analysis, the measures of central tendency and dispersion of the quantitative variables were
estimated according to the frequency distribution. Regarding the univariate analysis, the nominal qualitative
variables were presented in proportions, the ordinal ones
were presented in medians, the numerical ones were presented in averages or medians, and standard deviation or
interquartile range according to their normality. The possible relationship between them was evaluated, using the
Chi Square test according to the frequency distribution.
Subsequently, a correlation analysis was done between
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the number of endothelial cells/years, which made it possible to identify potential losses associated with the procedure, independent of endothelial loss due to age.
In addition, with the variables of total loss, loss due to
surgical trauma, and percentage of annual loss, a multiple regression was performed that included the quantitative variables of the different distances from the lens
to the endothelium and pachymetry. For the statistical
analysis, an alpha of 0.05 was used and the R version 4.1.1
program was used.

RESULTS
Regarding the demographic data of the population,
data were obtained from a total of 80 eyes of 52 patients,

with 77% of patients being female. Mean follow-up time
was 11.73 years, ranging from 5.3 to 18.5 years. 68.7% of
the eyes had at least 10 years of postoperative follow-up.
All the patients had a pre-surgical myopic defect. 10 toric
lenses and 70 spherical lenses were included in the study
(Table 1).
At the last follow-up, total endothelial cell loss was
greater than 25% in 43.8% of eyes. An annual percentage
of loss > 1.6% was found in 31 eyes at the last follow-up
(47.0% of the eyes with that information available), with
a maximum value of annual endothelial loss of 13.9%. As
final endothelial count, 41 eyes (51%) had endothelial
counts < 2000 cells/mm2; of these, 7 eyes had endothelial
cell counts < 1000 cells/mm2 (Table 2).
The measurements of the distances of different parts of
the phakic intraocular lenses to the corneal endothelium

Table 1. Baseline characteristics of patients and eyes
Baseline characteristics of patients and eyes
Patients (n)

52

Gender
Female (n/%)

40 (77%)

Male (n/%)

12 (23%)

Age, years [mean ±SD (range)]

30 ±8.24 (18 to 51)

Eyes (n)

80

Left (n/%)

39 (48.8%)

Right (n/%)

41 (51.2%)

Anterior chamber depth, mm [mean ±SD (range)]

3.21 ±0.23 (2.74 to 3.81)

Uncorrected Distance Visual Acuity, LogMar [mean ±SD (range)]

1.79 ±0.48 (0.70 to 2.82)

Spherical equivalent, Diopters [mean ±SD (range)]

-11.94 ±5.49 (-26.6 to -2.63)

Endothelial cells density, cells/mm2 [mean ±SD (range)]

2599 ±311 (1860 to 3360)

SD – Standard deviation
Table 2. Corneal endothelial cell loss and density at the last follow up examination
Total endothelial cells loss
Guidelines

Percentage of cell loss

Eyes

Percentage

< 30%

52

65%

≥ 30%

28

35%

< 25%

45

56.3%

≥ 25%

35

43.8%

> 1.6%

31

47.0%

≤ 1.6%

35

53.0%

< 1000

-

7

8.8%

1001–1500

-

8

10%

1501–2000

-

26

32.5%

> 2000

-

39

48.8%

French Medical Devices Agency [14]
American Academy of Ophthalmology [15]
Annual postoperative cell loss*
Classification according to reported physiological loss [1]
Final Cell Density (cells/mm2)

* Calculated excluding cell loss related to surgical trauma
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(Figure 1) yielded an average distance of 2.23 ±0.24 mm
from the centre of the lens optic; 1.79 ±0.30 mm from the
nasal edge of the optic to the endothelium; 1.94 ±0.29 mm
from the temporal edge of the optic to the endothelium;
1.26 ±0.29 mm from the nasal edge of the haptic of the
intraocular lens to the endothelium; and 1.41 ±0.29 mm
from the nasal edge of the haptic of the intraocular lens
to the endothelium.
Mean preoperative sphere was -11.00 ±5.68 Dioptres (D); mean preoperative cylinder was -1.86 ±1.29 D;
and mean preoperative Spherical Equivalent was -11.94
±5.49 D. The mean preoperative uncorrected distance visual acuity was 1.79 LogMAR (Snellen 20/1230). In the last
postoperative visit, the mean sphere was -0.73 ±2.01 D;
mean postoperative cylinder was -1.12 ±0.84 D; mean
postoperative spherical equivalent was -0.81 ±1.01 D.
Postoperative data in 5 eyes were not considered, due
to the presence of cataract at the last follow-up. Defocus
equivalent was obtained (calculated as the numerical value of the absolute value of the spherical equivalent, plus
half the absolute value of the refractive cylinder). Mean
postoperative Defocus Equivalent was 1.40 ±1.1 D (range
from 0 to 1.75 D).
Mean Distance Uncorrected Visual Acuity was 0.45
LogMar (Snellen 20/56) at the last follow-up visit. The cumulative percentages of eyes within a range of spherical
equivalent, refractive cylinder, and postoperative defocus are shown in Table 3.

The correlation between the variables (sex, age, presurgical anterior chamber measurement, presurgical
endothelial count, optic and haptic distances from the
endothelium) and annual endothelial loss, total endothelial cell loss and loss due to surgical trauma, in search of
possible associations was not statistically significant in all
variables (Tables 4–6).
Finally, with the variables total endothelial loss and
percentage of annual postoperative loss, a multiple regression was carried out that included the quantitative
variables of distance between the lens and the endothelium, presurgical endothelial count, age and pachymetry,
in order to identify associated risk factors of postoperative endothelial cell loss. However, no significant results
were found in the regression model. Regarding endothelial loss due to surgical trauma, it was found that, as
pre-surgical pachymetry increased, endothelial loss decreased by 2.3% (95% CI -4.22. -0.49) (p=0.02) (Table 7).
No linear relationship was found between the distances
from the intraocular lens to the endothelium and the total loss of endothelial cells or the percentage of postoperative annual loss.
By the end of the follow-up period, a total of 8 iris-fixed
phakic lenses were explanted, 5 of these having cataract as
the first indication. However, of these, 2 had low endothelial cell count as the second indication, and 3 lenses were
explanted due to very low endothelial cell count, with
a central cellular density between 791 and 887 cells/mm2.

Figure 1. In A) Optic Coherence Tomography of the anterior segment (MS-39, CSO) showing the
distances from the optic, from the nasal and temporal edges of the optic, and from the haptics
of the phakic iris-claw intraocular lens (ARTISAN) to the endothelium. B) and C) Slit lamp photographs of the anterior segment of a patient with the phakic iris-claw intraocular lens (ARTISAN)
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One patient’s eye required phakic lens repositioning after 6 years of implantation, due to subluxation.

we obtained refractive results that remained stable in the
majority of patients throughout the follow-up time, with
a mean preoperative distance uncorrected visual acuity
LogMar of 1.79 (Snellen 20/1230) vs. a postoperative distance uncorrected visual acuity with a mean of 0.45 LogMAR (Snellen 20/56). Mean preoperative SE of -11.0 ±5.68 D
improved to a final SE of -0.81 ±1.0 D.
However, there is concern due to the presence of
long-term adverse effects, such as the accelerated loss of
corneal endothelial cells that exceeds the annual physiological loss of 0.6% [1,8]. There are case reports in the
literature of iris-claw phakic IOL explantation due to corneal decompensation or severe loss of endothelial cells
[9,10]. In our group of 80 eyes, 8 lenses (10%) had to be

DISCUSSION
The treatment of high refractive errors (myopia or hyperopia) has been a challenge in modern ophthalmology.
Various studies have shown that the correction of high
myopic errors with anterior chamber iris-claw phakic intraocular lenses (such as the Artisan and Verisyse) is predictable and has good stability in the short and medium
term [2-6]; having similar results compared to posterior
chamber phakic intraocular lenses (ICL) [7]. In our study,

Table 3. Final postoperative refraction according to spherical equivalent, cylinder and defocus equivalent
Final postoperative refraction according to spherical equivalent, cylinder and defocus equivalent (n=75)
Diopters
Spherical equivalent

Refractive Cylinder

Eyes (n)

Cumulative percentage

±0.50

36

48%

±1.00

48

64%

±2.00

66

88%

±0.50

27

36%

±1.00

42

56%

±2.00

66

88%

±0.50

19

25.3%

±1.00

39

52%

±2.00

54

72%

Defocus Equivalent

Table 4. Correlation: Total Endothelial cells loss at the last follow up examination
Pearson coefficient
correlation

P value

95% CI

Postoperative Anterior chamber depth from
endothelium (microns)

-0.14

0.92

-0.29 0.26

Distance from pIOL optic to endothelium
(microns)

-0.17

2

-0.42 0.09

Distance from nasal border of pIOL optic to
endothelium(microns)

-0.02

0.85

-0.30 0.25

Distance from temporal border of pIOL optic to
endothelium (microns)

0.09

0.51

-0.19 0.36

Distance from nasal border of pIOL haptic to
endothelium (microns)

-0.12

0.48

-0.43 0.22

Distance from temporal border of pIOL haptic
to endothelium (microns)

0.096

0.51

-0.19 0.36

Preoperative pachymetry (microns)

0.00

0.98

-0.22 0.22

Postoperative pachymetry at last examination
(microns)

0.06

0.56

-0.15 0.28

Preoperative endothelial cell density
(cells/mm2)

0.18

0.1

-0.03 0.38

Preoperative Anterior chamber depth from
endothelium (microns)

0.014

0.89

-0.20 0.23

Variables

pIOL – Phakic intraocular lens, 95% CI – 95% confidence interval
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explanted. In 5 cases, a cataract with impact on vision
was found as the first indication for explant, in 2 of which
there was, in addition, a significant decrease in endothelial cell density. In 3 other cases without cataract, a very
significant decrease in endothelial cell density was found

(with cell densities below 1000 cells/mm2), with an average follow-up of 12.6 years in these patients. Jonker et
al., in their published longitudinal study with long-term
follow-up, reported an iris-claw anterior chamber phakic
lens explant rate of 6.1% due to low endothelial counts,

Table 5. Correlation: Annual Loss of Endothelial cells after surgery excluding surgical trauma
Pearson coefficient
correlation

P Value

95% CI

Postoperative Anterior chamber depth from
endothelium (microns)

-0.06

0.67

-0.36 0.24

Distance from pIOL optic to endothelium
(microns)

-0.07

0.64

-0.35 0.22

Distance from nasal border of pIOL optic to
endothelium(microns)

0.05

0.75

-0.26 0.35

Distance from temporal border of pIOL optic to
endothelium (microns)

-0.1

0.52

-0.40 0.21

Distance from nasal border of pIOL haptic to
endothelium (microns)

0.06

0.74

-0.30 0.41

Distance from temporal border of pIOL haptic
to endothelium (microns)

-0.09

0.63

-0.43 0.27

Preoperative pachymetry (microns)

0.12

0.31

-0.12 0.36

Postoperative pachymetry at last examination
(microns)

0.03

0.8

-0.21 0.27

Preoperative endothelial cell density
(cells/mm2)

-0.11

0.34

-0.34 0.12

Preoperative Anterior chamber depth from
endothelium (microns)

-0.05

0.65

-0.29 0.18

Variables

pIOL – Phakic intraocular lens, 95% CI – 95% confidence
Table 6. Correlation: Endothelial cell loss related to surgical trauma
Pearson coefficient
correlation

P value

Postoperative Anterior chamber depth from endothelium (microns)

0.05

0.86

Distance from pIOL optic to endothelium (microns)

0.07

0.79

Distance from nasal border of pIOL optic to endothelium(microns)

0.36

0.18

Distance from temporal border of pIOL optic to endothelium (microns)

0.33

0.21

Distance from nasal border of pIOL haptic to endothelium (microns)

-0.02

0.97

Distance from temporal border of pIOL haptic to endothelium (microns)

0.02

0.97

Preoperative pachymetry (microns)

-0.4

0.06

-0.12

0.56

Preoperative endothelial cell density (cells/mm )

0.2

0.34

Preoperative Anterior chamber depth from endothelium (microns)

-0.1

0.63

Variables

Postoperative pachymetry at last examination (microns)
2

pIOL – Phakic intraocular lens
Table 7. Multiple Regression Model: Loss of endothelial cells due to surgical trauma and pre-surgical pachymetry
Non-standardized
coefficients
B

Signif.
Stand. error

95% CI for B
Inferior limit

Superior limit

(Constant)

1 397

0.497

0.011

0.36

2 434

Pre srurgical Pachymetry (mm)

-2 374

0.937

0.02

-4.33

-0.419

Stand. error – Standard error, Signif. – Significance, 95% CI – 95% confidence interval
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a percentage which correlates with our study, where we
obtained a 6.25% percentage of lenses explanted due to
low endothelial count.
Most longitudinal studies available in the literature
have shown medium-term follow-up results [11,12].
Few studies have reported long-term results > 5 years.
In the predecessor study to this one, Galvis et al. found
an endothelial cell loss percentage of 11.9% and 15.8% at
6 and 10 years, respectively. Jonker et al. reported results
of endothelial loss in a group of 127 eyes, with a follow-up of up to 10 years, finding chronic postoperative
endothelial loss, excluding that caused by surgical trauma of the lens implant, with an annual loss percentage of
1.75%. and 2.27% per year in patients with spherical and
toric Artisan implants, respectively [13]. In the present
study, we obtained a postoperative average annual loss
of 2%, excluding the percentage of endothelial cell loss
due to surgical trauma, with 47.0% of the eyes, with such
information available, having a percentage of annual loss
>1.6% – data that also correlate with those of Galvis et al.,
where 2.14% endothelial loss per year was obtained, with
a mean postoperative follow-up of 9.6 years.
In 2006, the French Medical Devices Agency recommended that, regarding endothelial evaluation in phakic lens cases, specular microscopy density should be
performed every six months, and if greater than 30%
endothelial loss was observed compared to preoperative
cell density and/or a density of less than 1500 cells/mm2,
intraocular lens explantation should be considered [14].
In 2017, the American Academy of Ophthalmology formulated guidelines regarding the follow-up of patients
with phakic intraocular lenses, indicating that a total loss
of endothelial cells > 25% compared to the presurgical
count should be an evaluation criterion to consider intraocular lens explant and replacement. [15]. In the present
study, we found that 28% of the eyes had a total loss of
endothelial cells > 30% of the preoperative value, and
35% of the eyes had a loss > 25% of the preoperative value at the end of the follow-up. In addition, 18.8% of eyes
presented endothelial cell density < 1500 cells/mm2. All
these data allowed us to indicate that there was a significant loss of endothelial cells in patients after iris-claw
phakic intraocular lens implantation, which exceeded
the normal physiological limits.
In search of factors related to this accelerated loss of
endothelial cells, various studies have sought associations and correlations with other anatomical factors as
risk factors. Saxena et al. identified a significant negative
correlation between the anterior chamber depth and
postoperative endothelial cell loss [12]. However, some
researchers have not detected such association, e.g.
Bouheraroua et al. and Galvis et al. [8,16].
With the advent of new technologies in the last decade, for the present study we decided to perform measurements with a new Optical Coherence Tomographer
for the anterior segment (the MS-39 tomograph/topographer), which allows good visualisation of different parts
of the phakic intraocular lens. We therefore performed
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several measurements of the distance of different portions of the phakic intraocular lens to the endothelium.
The distances from the haptics to the endothelium were
found to be lower than the distances from other portions
of the intraocular lens. A multiple regression was performed without detecting a relationship between these
measurements and postoperative endothelial cell loss.
Therefore, we could not identify any of these distances
as a risk factor for endothelial cell loss in patients with
iris-claw phakic intraocular lenses. In contrast, Doors et
al. performed a measurement of the distance between
the edge of the optic and the endothelium, obtaining an
average of 1.43 mm, using the Visante OCT device. They
found an association between the annual postoperative
cell loss and this distance [17].
Recently, another variable has been included as a possible factor related to endothelial loss, i.e. preoperative
pachymetry, based on the idea that a thinner cornea may
have higher capacity to deform under mechanical pressure, compared to a thicker cornea, promoting increased
phakic intraocular lens to endothelium contact. This
factor would be important in the context mentioned in
a previous study by Galvis et al., where they mentioned
a possible extrinsic mechanical factor, such as ocular rubbing or ocular compression when sleeping, as a possible
cause of chronic endothelial loss in these patients.[8]
Nemcova et al., in their recently published study, found
an inverse correlation between baseline pachymetry and
endothelial cell loss with a 12-year follow-up [18]. In the
present study, an association between central corneal
thickness and postoperative endothelial cell loss was not
detected. On the other hand, a multiple regression found
that, for each millimetre that increased in presurgical pachymetry, the loss due to surgical trauma during lens implantation decreased by 2.37% on average. However, the
plausibility of this association is not clear.
Finally, despite the presence of dozens of studies in the
literature, there is still doubt concerning the long-term
safety results regarding the effects that the presence of
the iris-claw phakic intraocular lens in the anterior chamber may have. In the present study, as in a previous one
by Galvis et al. in our institution [8], a fairly significant
total and annual postoperative endothelial cell loss was
found in a significant percentage of patients. One year
ago, seeing this trend, we decided to abandon the implantation of iris-claw phakic intraocular lenses.
Finally, as no risk factor clearly associated with chronic
endothelial loss was found in these patients, additional
studies with larger samples and longer postoperative follow-up times are warranted.

CONCLUSION
After long-term follow-up, it was found that iris-claw
phakic intraocular lenses are a good alternative for the
correction of high myopic defects, with stable and predictable long-term refractive results. However, an unac-
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ceptable endothelial cell loss and postoperative annual
percentage of significant loss were found. 18.8% of eyes
had an endothelial count < 1500 cells/mm2 at the end
of the follow-up period, 35% had a total loss > 25% and
47.0% had a postoperative annual loss > 1.6% – values

that are found outside the limits proposed as safe in the
available literature. In the present study, no evidence was
found of risk factors related to long-term endothelial loss
in patients with an iris-claw phakic Artisan intraocular
lens.
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