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Long-Term Endothelial Cell Loss in Patients
with Artisan Myopia and Artisan Toric Phakic
Intraocular Lenses

5- and 10-Year Results

Soraya M.R. Jonker, MD, Tos T.J.M. Berendschot, PhD, Annick E. Ronden, BSc, Isabelle E.Y. Saelens, MD, PhD,
Noël J.C. Bauer, MD, PhD, Rudy M.M.A. Nuijts, MD, PhD

Purpose: To evaluate the long-term change in endothelial cell density (ECD) after the implantation of 2 types
of rigid iris-fixated phakic intraocular lenses (pIOLs) for the treatment of myopia and astigmatism.

Design: Prospective, clinical cohort study.
Participants: A total of 507 eyes of 289 patients receiving the Artisan Myopia or Artisan Toric (Ophtec B.V.,

Groningen, The Netherlands) iris-fixated pIOL for the treatment of myopia or astigmatism at the University Eye
Clinic Maastricht as of January 1998.

Methods: Atotal of 381myopicand126 toricpIOLswere implanted.Five-and10-year follow-upswerecompleted
by 193 and127eyes implantedwith themyopic pIOLandby 40 and20 eyes implantedwith the toric pIOL, respectively.

Main Outcome Measures: Chronic endothelial cell (EC) loss, percentage of eyes with a decrease of �25%
in ECD, and percentage of eyes with an ECD <1500 cells/mm2.

Results: Chronic EC loss was calculated from 6 months postoperatively to the end of follow-up and
showed an annual ECD decline of 48 cells/mm2 (standard error, 3.14) and 61 cells/mm2 (standard error, 6.30)
in the myopic (P < 0.001) and toric (P < 0.001) groups, respectively, resulting in a total EC loss of 16.6% and
21.5% from 6 months to 10 years postoperatively, respectively. Ten years after implantation, ECD had
decreased by �25% in 7.9% and 6.3%, whereas ECD was <1500 cells/mm2 in 3.9% and 4.0% in the myopic
and toric groups, respectively. Explantation of the pIOL occurred in 6.0% in the myopic group and 4.8% in the
toric group. Risk factors for increased EC loss were a shallow anterior chamber depth (ACD) (P � 0.005) and a
smaller distance between the central and peripheral pIOL edge to the endothelium (P � 0.005).

Conclusions: A significant linear chronic EC loss was reported after implantation with myopic or toric
iris-fixated pIOLs. A smaller ACD and smaller distance between pIOL edge and endothelium were risk factors for
EC loss. Modification of preoperative age-related ECD thresholds is indicated to maintain an ECD that warrants
safe future combined pIOL explantation and cataract surgery. Ophthalmology 2018;125:486-494 ª 2017 by the
American Academy of Ophthalmology

See Commentary on page 495.
Implantation of phakic intraocular lenses (pIOLs), whether
angle supported, iris fixated, or positioned in the posterior
chamber, is associated with an accelerated decrease in endo-
thelial cell density (ECD).1e9 Themagnitude of endothelial cell
(EC) loss after pIOL implantation surpasses the physiologic
annual decrease of 0.6% as reported in 42 adults in a 1997
benchmark study.10 The importance ofEC loss for assessing the
safety of pIOLs was emphasized in 2006 when the French
Health Products and Safety Agency (l’Agence Française de
Sécurité Sanitaire des Produits de Santé [AFSSAPS])
withdrew the foldable angle-supported Vivarte pIOL (Ioltech
S.A., Perigny, France) from themarket because of excessiveEC
loss.More recently, the American Academy ofOphthalmology
(AAO) Task Force has formulated guidelines that define the
percentage of eyes with a total EC loss equal to or more than
486 ª 2017 by the American Academy of Ophthalmology
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25% after 3 years as an end point for clinical investigation of a
new pIOL. In addition, the AFSSAPS guidelines describe an
ECD of less than 1500 cells/mm2 as an explantation crite-
rion.11,12 However, so far none of the published studies have
used these newly established EC loss criteria as outcome mea-
sures. In this study, we applied these criteria as outcomes
measures in our patient cohort of myopic and toric pIOLs that
was followed over a 10-year period using the same specular
microscope and ECD measurement protocols.

Methods

Design

From January 1998 to June 2016, 507 eyes of 289 patients received
a myopic or toric iris-fixated pIOL implant at the University Eye
http://dx.doi.org/10.1016/j.ophtha.2017.08.011
ISSN 0161-6420/17
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Clinic Maastricht, Maastricht University Medical Center, The
Netherlands. Patients were prospectively evaluated preoperatively
and at 1 day, 1 week, and 1, 3, 6, and 12 months postoperatively in
the first postoperative year. Regular follow-up continued with
annual visits. The rigid myopic pIOL was implanted in 381 eyes of
209 patients, and 193 and 127 eyes completed the 5- and 10-year
follow-ups, respectively. The rigid toric pIOL was implanted in
126 eyes of 80 patients, with 40 and 20 eyes completing the 5- and
10-year follow-ups, respectively.

The current study was performed in adherence to the tenets of
the Declaration of Helsinki. The Maastricht University Medical
Center Institutional Review Board stated that approval was not
required for this study.

Implantation Criteria

Before pIOL implantation, patients had to be aged �18 years and
have a stable refraction for at least 2 years. Anterior chamber depth
(ACD) from the corneal endothelium to the anterior plane of the
crystalline lens had to be at least 2.8 mm with a maximal clear lens
rise of 600 mm.1,13,14 Preoperative minimal ECD depended on age
with >2800 cells/mm2 required for patients aged 21 to 25 years,
>2650 cells/mm2 for patients aged 26 to 30 years,>2400 cells/mm2

for patients aged 31 to 35 years, >2200 cells/mm2 for patients aged
36 to 45 years, and >2000 cells/mm2 in patients aged more than
45 years.1,15

This article does not contain data of patients treated with iris-
fixated pIOLs in keratoconus or irregular astigmatism or patients
treated with iris-fixated pIOLs after corneal transplantation. Data
from a subset of patients from the present study were reported in
previous studies.16e19

Phakic Intraocular Lenses and Surgical
Technique

The Artisan Myopia pIOL is a 1-piece, polymethyl methacrylate,
rigid lens with a convex-concave optic and a total diameter of
8.5 mm. The optic diameter is variable and depends on the required
refractive correction; pIOLs from �1.0 to �15.5 diopters (D) are
available in a 6.0-mm optic diameter, whereas a 5.0-mm optic
diameter is available for pIOL powers from �1.0 to �23.5 D.

The Artisan Toric pIOL is a 1-piece, polymethyl methacrylate,
rigid lens with a convex-concave optic, a spherical power ranging
from þ14.0 to �22.0 D, and a cylindrical power of up to �7.5 D.
The total diameter is 8.5 mm with an optic diameter of 5.0 mm.
Lens power calculations were performed by the manufacturer using
the formula of van der Heijde et al.20

All surgeries were performed by the same surgeon
(R.M.M.A.N.) at the University Eye Clinic Maastricht under
general or local anesthesia. Previous reports by our group have
described the surgical procedure and postoperative medication
regimen.16e19

Evaluation

Preoperative examination consisted of subjective and cycloplegic
refraction, Snellen uncorrected distance visual acuity (VA) and
corrected distance VA measurements, and slit-lamp examination,
including Goldmann applanation tonometry and fundoscopy.
Additional measurements consisted of corneal topography (Orbs-
can [Bausch & Lomb, Rochester, NY, USA], Pentacam HR
[OCULUS Optikgeräte GmbH, Wetzlar, Germany], Sirius
[Schwind eye-tech-solutions GmbH & Co. KG, Kleinostheim,
Germany]), biometry (A2500 [SonomedEscalon, New Hyde Park,
NY, USA], IOLMaster [Carl Zeiss AG, Oberkochen, Germany]),
anterior segment optical coherence tomography (OCT) (Visante
[Carl Zeiss AG, Oberkochen, Germany]) and specular microscopy
(NONCON ROBO PACHY SP9000 S/N PK1-1137; [Konan
Medical Inc., Nishinomiya, Japan]). All preoperative measure-
ments were performed 1 week after removal of soft contact lenses
and 2 weeks after removal of rigid gas-permeable contact lenses.

From 2006 onward, OCT was used to perform preoperative
pIOL simulation to measure the ACD, the vault between the pIOL
and crystalline lens, the distance between the anterior pIOL and the
endothelium, and the clear lens rise as reported previ-
ously.1,13,14,18,21,22 Annual postoperative follow-up visits consisted
of subjective refraction, Snellen uncorrected distance VA and
corrected distance VA measurements, slit-lamp examination,
tonometry, corneal topography, anterior segment OCT, and spec-
ular microscopy.

In respect of the known variation between specular microscopes
and the influence of this variation on the correct calculation of EC
loss, all eyes continued their measurements with the same specular
microscope.23e26 Per protocol, the mean ECD in each eye was
calculated by determining the mean of 3 consecutive measurements
of 50 central ECs using the manual center-to-center method.27

Outcome Measures

The definitions of outcome measures were based on the recent
guidelines of the AAO and AFSSAPS, describing the percentage of
eyes reaching the AAO end point (i.e., EC loss �25% compared
with the preoperative measurement) and AFSSAPS explantation
criterion (i.e., ECD <1500 cells/mm2).11,12 We calculated the
mean ECD 5 and 10 years after pIOL implantation, as well as the
annual EC loss. To adhere to the AAO-defined guidelines, we not
only presented the percentage of eyes meeting the AAO-defined
end point after 5 and 10 years but also added the percentage of
eyes meeting this end point after 3 years.12

Statistical Analysis

Statistical analysis was performed using SPSS for Windows
(version 23, IBM, Armonk, NY). All VA measurements were
converted from Snellen VA to logarithm of the minimum angle
of resolution VA before statistical analysis. Descriptive analyses
were performed to compute mean and standard deviation
(�standard deviation) in primary outcome measures and pre-
operative characteristics. Longitudinal changes were analyzed
using a linear mixed-model analysis with an eye identification
number as a grouping variable and time as a covariate. The best
fitted covariance structure was selected using the Bayesian in-
formation criterion. Similar to previous reports on EC loss, the
effect of pIOL implantation on the endothelium (i.e., acute EC
loss) was assessed from preoperatively to 6 months post-
operatively, whereas long-term changes (i.e., chronic EC loss)
were assessed from 6 months postoperatively to the end of
follow-up. KaplaneMeier and multivariate Cox regression an-
alyses were performed to assess survival from implantation to
the occurrence of the AAO-defined end point (i.e., total EC loss
�25%) and the AFSSAPS-defined explantation criterion (i.e.,
ECD <1500 cells/mm2). P values were considered significant if
the P value was <0.05.

Results

From January 1998 to June 2016, 381 eyes of 209 patients were
implanted with the myopic pIOL and 126 eyes of 80 patients were
implanted with the toric pIOL. Mean follow-up was 94.9�56.5
months in the myopic group and 50.4�46.8 months in the toric
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group. Baseline characteristics of both groups are depicted in
Table 1.

After extensive parental consultation, 4 eyes of 3 patients
younger than 18 years of age were implanted with a myopic pIOL
because of a �7.0 D anisometropia in 1 eye of 1 patient (age 14
years) with contact lens intolerance, because of contact lens
intolerance in 2 eyes of 1 patient (age 15 years) with a �30.0
and �18.5 D preoperative refraction, and to prevent amblyopia in 1
eye of a 5-year-old �12.0 D anisometropic and contact
lenseintolerant patient. Between 1998 and 2006, there were no
definitive thresholds formulated by the Netherlands Society for
Refractive Surgery (Nederlands Gezelschap voor Refractie Chir-
urgie [NGRC]) with respect to preoperative ECD.15 As a result,
myopic pIOLs were implanted in 16 eyes of 12 patients and
toric pIOLs in 4 eyes of 4 patients with an ECD lower than
2000 cells/mm2.

Endothelial Cell Density

The mean ECD preoperatively and at 6 months and 5 and 10 years
postoperatively is reported in Table 2 and Figure 1. There was no
significant acute EC loss from preoperatively to 6 months
postoperatively in the myopic group (P ¼ 0.35) or toric group
(P ¼ 0.59).

With respect to chronic EC loss, we found a mean annual ECD
decline of 48 cells/mm2 (standard error, 3.14) per year in the
myopic group (P < 0.001) and a mean annual ECD decline of
61 cells/mm2 (standard error, 6.30) per year in the toric group (P <
0.001). By using these findings to compute the percentage of EC
loss, from 6 months to 5 years postoperatively in the myopic and
toric groups, these results equal a proportional EC loss of 7.9% and
10.2%, and from 6 months to 10 years postoperatively these results
equal a proportional EC loss of 16.6% and 21.5%, respectively.
When correcting for a physiologic EC loss of 0.6% per year,5,10 the
pIOL-related total chronic EC loss from 6 months to 5 years is
5.2% and 7.5%, and 10.9% and 15.8% from 6 months to 10 years
in the myopic and toric groups, respectively. When performing a
direct subgroup analysis, comparing ECD preoperatively and 5 and
10 years postoperatively, we found a total EC loss of 4.1% and
11.5% in the myopic group and 11.9% and 18.5% in the toric
groups, respectively.

The AAO-defined end point of an EC loss �25% 3 years after
implantation was reached in 1.6% of eyes in the myopic and in
0.8% of eyes in the toric group. For 5 and 10 years after implan-
tation, these proportions were 1.8% and 7.9%, and 3.2% and 6.3%
in the myopic and toric groups, respectively. The percentage of
eyes that reached the AFSSAPS-defined explantation criterion of
ECD <1500 cells/mm2 after 5 and 10 years was 0.8% and 3.9% in
the myopic group and 3.2% and 4.0% in the toric group,
respectively.

Median survival time (i.e., time until 50% of eyes will reach the
AAO-defined end point or AFSSAPS-defined explantation crite-
rion) was 180 months in the myopic group and could not be
calculated in the toric group because there were too few eyes
reaching the defined end point or explantation criterion (Fig 2).

In 23 eyes of 16 patients (6.0%) in the myopic group and 6 eyes
of 5 patients (4.8%) in the toric group, EC loss or corneal
decompensation resulted in explantation of the pIOL after
11.9�2.7 and 7.4�2.6 years, respectively (Table 3). Only 1
myopic pIOL (0.3%) was explanted because of EC loss within 5
years, and 4 eyes of 4 patients (1.0%) required pIOL
explantation because of EC loss within 10 years of pIOL
implantation. Likewise, only 1 toric pIOL (0.8%) was explanted
because of EC loss within 5 years and in 4 eyes of 4 patients
(3.2%) within 10 years. Unfortunately, because of the small
number of eyes requiring pIOL explantation because of EC loss,
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a median survival time (i.e., time until 50% of eyes requires
explantation) could not be calculated (Fig 3).

Risk Factors

Additional analyses were performed to evaluate which eyes were at
risk for an increased EC loss. Univariate risk factors for increased
EC loss in a linear mixed model were smaller preoperative ACD
(P < 0.001), smaller distance from the central pIOL edge to the
endothelium (P ¼ 0.008) and peripheral pIOL edge to the endo-
thelium (P ¼ 0.013), younger preoperative age (P < 0.001), and
higher preoperative ECD (P ¼ 0.008). Based on the anatomy of the
anterior chamber, the position of the pIOL induces a strong cor-
relation between ACD and central or peripheral pIOL edge to the
endothelium distance. Therefore, 3 different multivariate linear-
mixed models were fitted to the data including either the ACD,
central or peripheral pIOL edge to the endothelium distance, and
the earlier mentioned univariate risk factors. This resulted in 3 final
simplified models: 1 model describing a lower preoperative age
(P ¼ 0.001) and smaller preoperative ACD (P < 0.001) as risk
factors and 2 models reporting only smaller central (P ¼ 0.002)
and peripheral (P ¼ 0.003) pIOL edge to the endothelium as sig-
nificant risk factors. The effects of changing age and ACD, and
central or peripheral pIOL edge to the endothelium distance on EC
loss are depicted in Tables 4 and 5 and Figure 4.

To assess which risk factors influenced survival, multivariate
Cox regression analyses were performed. The effect of a risk factor
on survival was expressed as a hazard ratio (HR), with an HR >1
or <1 indicating an increased or decreased probability of a shorter
survival, respectively. All risk factors identified in the univariate
linear mixed-model analyses were added to 3 different multivariate
Cox regression models composed around either the ACD, central
or peripheral pIOL edge to the endothelium distance. After
excluding insignificant risk factors, smaller ACD (HR, 5.69; 95%
confidence interval [CI], 2.71e11.96; P < 0.001), smaller central
pIOL edge to the endothelium distance (HR, 5.35; 95% CI,
2.50e11.46; P < 0.001), and smaller peripheral pIOL edge to the
endothelium distance (HR, 5.94; 95% CI, 2.31e15.26; P < 0.001)
were identified as risk factors for reaching the AAO end point (i.e.,
�25% total EC loss) or AFSSAPS explantation criterion (i.e., ECD
<1500 cells/mm2). Similar results are reported with regard to
survival until explantation, reporting smaller ACD (HR, 18.07
[95% CI, 4.22e77.37], P < 0.001), smaller central pIOL edge to
the endothelium distance (HR, 22.93 [95% CI, 3.52e149.29], P ¼
0.003), and smaller peripheral pIOL edge to the endothelium dis-
tance (HR, 24.44 [95% CI, 2.85e209.87], P ¼ 0.004) as signifi-
cant risk factors.

Discussion

Reporting long-term ECD and EC loss data in studies on
pIOLs is important because it can provide data for estab-
lishing guidelines on risk assessment and follow-up strate-
gies for implantation of pIOLs. In both the distant and recent
past, a multitude of anterior chamber angle-supported and
iris-fixated pIOLs have been taken off the market because of
excessive EC loss and complications such as pupil ovaliza-
tion and cataract formation.1,2,11,12 Subsequently, researchers
and authorities have been pressed to formulate guidelines
specifying safety criteria for implantation of anterior-
chamber pIOLs.1,2,11,17,28e30 In the current study, we
applied recently formulated criteria by the AAO Task Force
and the AFSSAPS on EC analysis after pIOL implantation to
a cohort of myopic and toric pIOL patients with a follow-up



Table 1. Patient and Phakic Intraocular Lens Characteristics at Baseline (Mean � Standard Deviation)

Artisan Myopia Artisan Toric

Age, yrs 41.2�10.7 (range, 5.3 to 62.3) 38.8�11.4 (range, 18.5 to 68.2)
Ratio male/female, % 35/65 49/51
No. of eyes 381 126
No. of patients 209 80
MRSE, D �12.72�5.07 (range, �30.50 to 0.00) �6.52�8.52 (range, �22.25 to 7.50)
Cylinder, D �1.22�0.80 (range, �4.25 to 0.00) �3.52�1.58 (range, �8.50 to �1.00)
CDVA, logMAR 0.13�0.18 (range, �0.18 to 1.70) 0.11�0.15 (range, �0.18 to 0.70)
IOP, mmHg 14.7�3.2 (range, 6.0 to 30.0) 15.1�3.3 (range, 7.0 to 22.0)
ACD, mm* 3.68�0.34 (range, 2.64 to 4.80) 3.49�0.35 (range, 2.82 to 4.99)
AXL, mm* 28.18�2.20 (range, 24.29 to 35.47) 25.68�3.40 (range, 19.95 to 32.74)
Implanted lens power

Sphere, D �13.15�3.83 (range, �23.5 to �5.0) �4.68�9.23 (range, �19.5 to 11.5)
Cylinder, D NA �3.54�1.80 (range, �8.0 to �1.0)

ACD ¼ anterior chamber depth; AXL ¼ axial length; CDVA ¼ corrected distance visual acuity; D ¼ diopters; IOP ¼ intraocular pressure;
logMAR ¼ logarithm of the minimum angle of resolution; MRSE ¼ manifest refractive spherical equivalent; NA ¼ not applicable.
*Measured from the corneal epithelium.
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of 10 years.11,12 We believe that our patient cohort is unique
in that over the entire 10-year follow-up period the same
protocol and the same specular microscope were used,
thereby decreasing the variability in data acquisition and
increasing the reliability of our ECD data.23e26

Endothelial Cell Density

In this study, annual EC loss was calculated in cells/mm2

per year using mixed-model linear regression analysis,
enabling us to make full use of all gathered data from pa-
tients implanted with an iris-fixated myopic or toric pIOL,
and calculating a generalized mean EC loss on the basis of
the loss per patient (i.e., individual slopes).

Our results showed a linear decrease in ECD over a 10-
year period, without any signs of exponential EC loss or
reaching a so-called plateau or stable ECD during this time.
The results of these analyses were used to calculate the
percentage of total EC loss and the percentage of total EC
loss corrected for an annual physiologic loss of 0.6%.5,10

Our 5-year results computed by linear mixed-model anal-
ysis are in line with previous studies reporting a total EC
loss of 4.6% after 6 months4; 3.6% and 4.8% after 3
years6,7; 1.5%, 2.07%, 12.5%, and 13.4% after 4
years3,7,9; 3.26% after 6 years;*5 8.5% after 7 years;*8 and
8.9% after 10 years* (* ¼ adjusted for 0.6% of annual
physiologic loss).5
Table 2. Mean Endothelial Cell Density in Eyes Implanted with
(Mean � Standar

No. Eyes Artisan Myopia

ECD (cells/mm2)
Preoperatively 381 2670�365 (range, 1144 to
Acute: 6 mos 267 2674�346 (range, 1757 to
Chronic: 5 yrs 193 2588�425 (range, 478 to 3
Chronic: 10 yrs 127 2302�451 (range, 556 to 3

ECD ¼ endothelial cell density.
Key to understanding the difference between the 10-year
results reported in this study and the literature is the ECD
measurement method and data analysis. Contrary to the
current study, a higher variability will be induced in the data
of previous studies because different specular microscopes
were used during follow-up,5,6 the ECD measurement
method was altered during follow-up,8 the type of specular
microscope used was not specified,4,31,32 the location of
ECD measurements varied (i.e., centrally or peripherally),
and the method of ECD measurements was not
mentioned.4,5,7,9,31,32 Moreover, it appears that most studies
compared means or only used descriptive statistics instead
of performing a longitudinal analysis, such as a mixed-
model linear regression analysis.3e7,31e33 Mixed-model
linear regression analyses as performed in this study are
especially useful when testing for significant changes over
time (i.e., per year) and are to be preferred over tests
assessing the mean differences between 2 individual time
points (i.e., t test). The results of the direct subgroup anal-
ysis, implying a nonlinear increase in EC loss between 5 and
10 years in the myopic group, should be interpreted only as
an indication for continued follow-up rather than a definitive
finding. Additional research on EC loss 15 or 20 years after
pIOL implantation is required to put these results into
perspective.

Over the past years, widely accepted guidelines have
been implemented with regard to standardized reporting of
a Rigid Iris-Fixated Myopic or Toric Phakic Intraocular Lens
d Deviation)

No. Eyes Artisan Toric

3753) 126 2695�359 (range, 1760 to 3607)
3584) 79 2665�368 (range, 1623 to 3466)
711) 40 2270�406 (range, 1296 to 3180)
238) 20 2009�475 (range, 1178 to 2807)

489



Figure 1. Mean endothelial cell density (ECD) from preoperatively to 10
years postoperatively in eyes implanted with rigid iris-fixated myopic (n ¼
381) and toric (n ¼ 126) phakic intraocular lenses (mean � standard
deviation). n ¼ number of eyes; y ¼ years.

Figure 2. Survival curve for reaching the American Academy of
Ophthalmology (AAO) end point (i.e., �25% decrease in endothelial cell
density [ECD]) or French Health Products and Safety Agency (AFSSAPS)
explantation criterion (i.e., ECD <1500 cells/mm2) in eyes implanted with
rigid iris-fixated myopic (n ¼ 381) and toric (n ¼ 126) phakic intraocular
lenses. n ¼ number of eyes.
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refractive and visual outcomes in studies on refractive sur-
gery.34 However, no standardized guidelines exist for
reporting ECD data after refractive surgery (e.g.,
implantation of phakic IOLs). In early 2017, the AAO
Task Force published a guideline with regard to
standardized reporting on EC loss in studies on new types
of pIOLs.12 The key point of this guideline is to report the
percentage of eyes with �25% EC loss 3 years after pIOL
implantation. However, the guideline does not provide a
recommendation with respect to the percentage of eyes
with �25% EC loss that would warrant withdrawal of a
specific pIOL from the market, nor does it make a
statement whether any individual case with �25% EC loss
warrants explantation of the pIOL in that particular eye.
The AFSSAPS however, has recommended an ECD
<1500 cells/mm2 or a total EC loss of 30% as thresholds
for pIOL explantation.11 This value of 1500 cells/mm2 is
selected because it is assumed that this ECD threshold
will tolerate pIOL explantation and cataract surgery
without compromising the integrity of the corneal
endothelium in the long run. Given the difficult decision
to explant pIOLs in individual cases of highly myopic
patients who desire spectacle independency, a global
consensus on explantation criteria would be highly
desirable; therefore, we propose to compose an international
working group that sets thresholds for EC loss that warrant
pIOL explantation. Following the AAO guidelines, 1.6%
and 0.8% of eyes in our myopic and toric groups reached
the end point of EC loss �25% after 3 years, values that
increased to 7.9% and 6.3% of eyes after 10 years. Given
the young age of most patients undergoing a pIOL
implantation, we believe that 10 years of endothelial
safety data certainly should be included in the decision
making for explantation of pIOLs. Pending international
consensus, we have meanwhile adopted the threshold level
of <1500 cells/mm2 in our clinic as a criterion for pIOL
explantation. In the present study, 0.8% and 3.9% of eyes
from the myopic group had an ECD <1500 cells/mm2

after 5 and 10 years, whereas these figures were 3.2% and
4.0% in the toric group, respectively. Endothelial cell loss
resulted in pIOL explantation in 4 eyes of 4 patients in
the myopic (1.0%) and toric (3.8%) groups after 10 years.
In total, 6.0% of the implanted myopic and 4.8% of the
490
implanted toric pIOLs had to be explanted because of
EC loss after a mean of 11.9 and 7.4 years, respectively.
Unfortunately, it was not possible to compare our results
with previous reports because no previous study reported
the percentage of eyes with an ECD <1500 cells/mm2.
Because of the small number of eyes requiring
pIOL explantation due to EC loss, it also was not possible
to compose a median survival describing how long it
would take until 50% of eyes would reach an ECD
<1500 cells/mm2 or require pIOL explantation due to
EC loss. This underlines earlier findings with angle-
supported anterior chamber pIOLs in that it may take
many years before the endothelial safety profile of a pIOL is
known.35

In addition to presenting new guidelines on reporting
ECD, the AAO guideline also refers to clause D.4.2 of
American National Standards Institute (ANSI) standard
Z80.13 (ANSI Z80.13 Phakic Intraocular Lenses standard
[clause D.4.2]) for recommendations on how ECD mea-
surements should be performed. Clause D.4.2 recommends
3 acceptable specular microscopy measurements of the
central cornea to account for differences in the measurement
location and issues an ECD measurement of at least 100
clearly identifiable cells using the center-to-center method.
To decrease variance, measurements should be performed
using the mean of multiple ECD measurements, while using
the same noncontact specular microscope. In this study, all
our ECD data are composed of the mean of 3 repeated
specular microscopy measurements of the central cornea,
measured with 1 noncontact specular microscope (Noncon
Robo Pachy SP9000 S/N PK1-1137), while using the
center-to-center method as specified in the referenced ANSI
standard (ANSI Z80.13, clause D.4.2). However, clear
identification of the advised number of 100 cells was not



Table 3. Incidence and Indications of Phakic Intraocular Lens Explantations in Patients Implanted with Rigid Iris-Fixated Myopic
(n ¼ 381) and Toric (n ¼ 126) Phakic Intraocular Lenses (Mean � Standard Deviation)

Artisan Myopia Artisan Toric

No. Eyes
[Patients]

Ratio
(%) Time (Mos)

No. Eyes
[Patients]

Ratio
(%) Time (Mos)

Explantation
Cataract 44 [30] 11.55 100.4�33.1 (range, 20.7e163.7) 3 [3] 2.38 50.5�26.6 (range, 13.8e75.8)
EC loss 14 [9] 3.67 145.9�35.0 (range, 44.4e182.9) 5 [4] 3.97 79.4�24.2 (range, 48.6e121.7)
Cataract and EC loss 4 [3] 1.05 157.6�23.5 (range, 120.0e179.7) 1 [1] 0.79 136.9
Corneal edema*,y 5 [4] 1.31 108.1�27.3 (range, 60.0e134.5) NA NA NA
High IOP 4 [2] 1.05 53.2�26.5 (range, 25.7e80.3) NA NA NA
Anisometropia 1 [1] 0.26 15.6 NA NA NA
Decentration 1 [1] 0.26 1.4 NA NA NA
Recurrent retinal detachmentz 1 [1] 0.26 82.8 NA NA NA
Unstable VA NA NA NA 1 [1] 0.79 10.6

Combined explantation
DSAEK* 1 [1] 0.26 60.0 NA NA NA
PKy 1 [1] 0.26 102.6 NA NA NA
Retinal surgeryz 1 [1] 0.26 82.8 NA NA NA

DSAEK ¼ Descemet’s stripping automated endothelial keratoplasty; EC ¼ endothelial cell; IOP ¼ intraocular pressure; NA ¼ not applicable;
PK ¼ penetrating keratoplasty; VA ¼ visual acuity.
*Corneal edema requiring DSAEK in 1 eye of 1 patient.
yCorneal edema requiring PK in 1 eye of 1 patient.
zRecurrent retinal detachment requiring retinal surgery in 1 eye of 1 patient.
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possible in a large number of measurements.12 It is our
opinion that a measurement method of 50 instead of 100
contiguous cells is unlikely to significantly affect our
results because we reported the mean of 3 central
measurements performed on primarily healthy corneas,
which decreases the possibility of misrepresentation of the
data. We would like to highlight our doubts about the
practical feasibility of marking 100 contiguous cells in 1
noncontact specular microscopic image, given the
Figure 3. Survival curve for reaching endothelial cell (EC) losserelated
phakic intraocular lens explantation in eyes implanted with rigid iris-
fixated myopic (n ¼ 381) and toric (n ¼ 126) phakic intraocular lenses.
n ¼ number of eyes.
variation in image quality within 1 patient and between
patients. The ANSI standard might press researchers in
selecting cells that would not qualify as clearly
identifiable, resulting in misrepresentation of ECD and
morphology. This could be especially worrisome in
studies reporting data on a small number of eyes with a
short follow-up period because a small error can have a
large influence on the data.

The ECD follow-up schedule of the AAO Task Force is
in accordance with our past and current follow-up schedule
and describes regular visits at 6, 12, 24, and 36 months after
pIOL implantation, whereas the NGRC guidelines strongly
recommend patients to come in every other year.12,15 We
applied an annual follow-up pattern in the current study, as
suggested by the AAO Task Force, and would suggest
lifelong continuation on the basis of our 10-year results.
Furthermore, the recently formatted guidelines recommend
additional visits with a 4- to 6-month interval in eyes with
>20% EC loss or an ECD <1500 cells/mm2, a policy we
agree with and implement in current practice.12

Risk Factors

In line with previous studies, our results showed a smaller
distance between the central and peripheral pIOL edge and
the endothelium, as well as a smaller preoperative ACD as
risk factors for increased EC loss.8,17,18,30 The effects of
ACD and distance between central and peripheral pIOL
edge to the endothelium on both EC loss and survival can be
explained by the close proximity of the pIOL to the endo-
thelium, resulting in a higher risk of (intermittent) contact
between pIOL and corneal endothelium, ultimately leading
to cell damage and increased EC loss.10,36 The multivariate
linear-mixed model focused around the preoperative ACD
491



Table 4. Changes in Endothelial Cell Loss over 5 and 10 Years
with Altering Preoperative Age and Anterior Chamber Depth in
Eyes Implanted with Iris-Fixated Myopic (n ¼ 381) or Toric

(n ¼ 126) Phakic Intraocular Lenses

(mm)

Preoperative Anterior Chamber Depth*

Mean �2 SD Mean Mean þ2 SD

2.94 3.64 4.34

EC loss: 5 yrs
Preoperative age (yrs)

Mean �2 SD 18.7 17.4% 12.3% 6.7%
Mean 40.6 15.3% 9.5% 3.3%
Mean þ2 SD 62.5 12.6% 6.1% NAy

EC loss: 10 yrs
Preoperative age (yrs)

Mean �2 SD 18.7 34.9% 24.5% 13.4%
Mean 40.6 30.5% 19.0% 6.5%
Mean þ2 SD 62.5 25.3% 12.3% NAy

NA ¼ not applicable; SD ¼ standard deviation.
*Measured from the corneal epithelium to the anterior pole of the crys-
talline lens.
yGain in ECD.

Figure 4. Differences in linear decrease in endothelial cell (ECD) with
changing preoperative anterior chamber depths (ACDs) in eyes implanted
with rigid iris-fixated myopic (n ¼ 381) and toric (n ¼ 126) phakic
intraocular lenses. n ¼ number of eyes; SD ¼ standard deviation; y ¼ years.
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also identified a younger age as a risk factor for EC loss, but
this effect was not described in the literature or reciprocated
in any of our other analyses. With every diopter of ac-
commodation, the anterior pole of the crystalline lens moves
into the direction of the endothelium by 30 mm, resulting in
a similar decrease in ACD. It is known that the accommo-
dative capacity is greater in younger patients, ranging up to
10 D, whereas it decreases gradually until reaching an
accommodative capacity of 0 D at approximately age 65
years.35 This fluctuating ACD in younger patients could
induce a shallower ACD during the day, attributing to the
effect of ACD in the described analysis.
Table 5. Changes in Endothelial Cell Loss over 5 and 10 Years
with Altering Distance from the Central or Peripheral Phakic
Intraocular Lens Edge to the Corneal Endothelium in Eyes

Implanted with Iris-Fixated Myopic (n ¼ 381) or Toric (n ¼ 126)
Phakic Intraocular Lenses

(mm)

Central pIOL Edge to the
Endothelium Distance

Mean �2 SD Mean Mean þ2 SD

1.60 2.17 2.74

EC loss: 5 yrs 13.5% 10.3% 6.7%
EC loss: 10 yrs 27.0% 20.5% 13.4%

(mm)

Peripheral pIOL Edge to the
Endothelium Distance

Mean �2 SD Mean Mean þ2 SD

1.00 1.55 2.10

EC loss: 5 yrs 13.0% 10.2% 6.9%
EC loss: 10 yrs 26.0% 20.3% 13.8%

pIOL ¼ phakic intraocular lens; SD ¼ standard deviation.
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Our survival analyses confirmed the significant roles of
ACD, central, and peripheral pIOL edge to the endothelium
distance on the described ECD-related outcome measures:
AAO end point (i.e., �25% total EC loss) or AFSSAPS
explantation criterion (i.e., ECD <1500 cells/mm2) and
pIOL explantation due to EC loss.
Recommendations

This study reported a total chronic EC loss of 16.6% and
21.4% from 6 months to 10 years in the myopic and toric
groups, respectively, as well as 6.0% and 4.8% explanta-
tions due to EC loss, respectively. Our analyses confirm
those of previous studies describing a smaller, crowded
anterior chamber as a risk factor for EC loss.8,17,18

Application of the recently defined AAO end points 10
years after implantation showed 7.9% of myopic and 6.3%
of toric eyes with a total EC loss �25%. This is in line with
a linear annual ECD decline of 48 cells/mm2 and 61 cells/
mm2 in the myopic and toric groups, respectively. Our data
showed the importance of preoperative ACD as a risk factor
for increased EC loss and suggests the need for a higher
threshold of preoperative age-related ECD to ensure the
cornea is healthy enough to endure future cataract surgery
and pIOL explantation. In our study cohort, patients un-
dergoing pIOL explantation due to cataract formation had a
mean age of 56.1�8.5 in the myopic group and 57.1�5.9 in
the toric group (data on file). The mean age at pIOL im-
plantation was 41.2 years in the myopic group and 38.8 in
the toric group, meaning that a patient at the time of im-
plantation would need a preoperative ECD of at least
2215 cells/mm2 in the myopic group and 2616 cells/mm2 in
the toric group to maintain a safe ECD of �1500 cells/mm2

until cataract surgery is required. However, an 18-year-old
patient scheduled for pIOL implantation should have a
preoperative ECD of at least 3310 cells/mm2 in the myopic
group and 3885 cells/mm2 in the toric group to maintain an
ECD of �1500 cells/mm2 until cataract surgery is
performed.

On the basis of our study, we recommend scheduling
patients with pIOLs for annual follow-up visits to evaluate
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the corneal endothelium. International guidelines are needed
to set thresholds for pIOL explantation in case of increased
EC loss.
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Pictures & Perspectives
Oculodermal Melanocytosis, Darker Complexion,
Choroidal Melanoma: A Missed Clue

A 68-year-old African-American woman with known
history of an abnormally pigmented right optic nerve head
was referred for a choroidal mass. Examination of the right
eye demonstrated numerous pigmented scleral patches,
diffuse iris thickening with mammillations, a hyperpigmented
optic disc with slightly asymmetric hyperpigmentation of the
choroid compared with her left eye (Fig 1A-B), and a
choroidal melanoma (Fig 1C). External examination with
bright illumination revealed subtly increased skin pigmenta-
tion of the right hemiface (Fig 1D). The patient’s oculodermal
melanocytosis had been undiagnosed because of her darker
skin complexion, possibly delaying diagnosis of choroidal
melanoma; her asymmetric optic nerve pigmentation was a
misunderstood clue.
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