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PURPOSE: To evaluate the long-term safety and efficacy of a refractive phakic intraocular lens
(pIOL) (PRL) to correct moderate to high myopia.

SETTING: Department of Ophthalmology, University Medicine Charit�e Berlin, Berlin, Germany.

DESIGN: Retrospective cohort study.

METHODS: Uncorrected (UDVA) and corrected (CDVA) distance visual acuities, refraction, intraoc-
ular pressure, endothelial cell loss, and adverse events were evaluated.

RESULTS: The study enrolled 53 eyes (mean spherical equivalent [SE]�12.17 diopters [D]G 4.12
[SD]) of 29 patients. Themean agewas 34.6G 9.2 years and themean follow-up, 86G 21.2months.
The mean UDVA improved from 1.37G 0.28 logMAR preoperatively to 0.14G 0.19 logMAR at the
last postoperative visit (P<.05). The mean CDVA improved from 0.10G 0.18 logMAR to �0.01G
0.09 logMAR (P<.05). The overall mean efficacy index and mean safety index were 0.9 and 1.21,
respectively, at the last follow-up visit. The mean endothelial cell loss at the last follow-up was
6.4%. The complications were slight posterior chamber (PC) pIOL decentration (5 eyes, 9.4%),
severe PC pIOL decentration resulting in pIOL removal (1 eye, 1.8%), glaucoma (4 eyes, 7.5%),
clinically significant cortical lens opacification resulting in cataract surgery (4 eyes, 7.5%),
clinically asymptomatic anterior subcapsular cataract formation (6 eyes, 11.3%), and retinal
detachment (2 eyes, 3.8%).

CONCLUSIONS: Posterior chamber phakic pIOL implantation to correct moderate to high myopia
provided predictable and stable refractive results but with a high rate of serious complications
over the long term.

Financial Disclosure: No author has a financial or proprietary interest in any material or method
mentioned.
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Phakic intraocular lens (pIOL) implantation to correct
moderate to high myopia has become the first surgical
option in the field of refractive surgery in patients
who may not be appropriate candidates for keratore-
fractive procedures because of residual corneal stro-
mal thickness concerns.1–3 Phakic IOL implantation
has several advantages, including fast visual recovery,
excellent refractive accuracy and stability, improved
visual acuity, preservation of accommodation, and
reversibility.4–7

The main pIOL types are angle-supported and
iris-claw anterior chamber (AC) as well as posterior
chamber (PC).8 Complications associated with angle-
supported and iris-claw AC pIOLs are corneal
endothelial cell loss, glare and halos, chronic anterior
uveitis, and pupil ovalization.9–12 The main concerns
d ESCRS

ier Inc.
with PC pIOL implantation relate to its higher rate of
cataract formation13 and pigment dispersion.14,15

The aim of the current study was to evaluate the
long-term visual and refractive outcomes and the com-
plication rates after implantation of a PC pIOL (PRL,
IOLTech/Carl Zeiss Meditec AG) in eyes with moder-
ate to high myopia. To our knowledge, this is the
longest reported series of this pIOL model.

PATIENTS AND METHODS
Patients
This retrospective observational study included the
medical records of consecutive patients who had implanta-
tion of a PRL pIOL for myopia correction at Charit�e Univer-
sity Hospital, Berlin, Germany, and regularly returned for
evaluations for at least 5 years postoperatively. All patients
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provided informed written consent in accordance with the
tenets of the Declaration of Helsinki.

Exclusion criteria were age younger than 18 years, corneal
astigmatism higher than 3.00 diopters (D), previous corneal
or intraocular surgery, anterior chamber depth (ACD) less
than 3.00 mm, endothelial cell density (ECD) lower than
2000 cells/mm2, glaucoma, history of uveitis, crystalline
lens opacity, active retinal disease, scotopic pupil diameter
larger than 7.0 mm, and other ocular disease.
Posterior Chamber Phakic Intraocular Lens
The PRL pIOL used in this study has a monofocal bicon-
cave spherical design and has been described.16 It is a single-
piece plate pIOL of medical-grade hydrophobic silicone with
a refractive index of 1.46 and a relative density of 0.99. The
silicone material contains 0.2% porcine collagen with the
goal of making the pIOL material lighter, more hydrophilic,
and permeable to gas and nutrients. The PC pIOL has spher-
ical thin flexible haptics to allow adaptation to the anatomy
and dynamic changes in the eye. The pIOL is not supported
in the sulcus angle; however, due to its hydrophobicmaterial
and aqueous fluid dynamics, it should theoretically avoid
contact with the crystalline lens, even during accommoda-
tion. The available optical power of themyopicmodel ranges
from�3.00 to�20.00D in 0.50D increments. The optic diam-
eter varies from 4.5 to 5.0 mm depending on the pIOL’s re-
fractive power. There are 2 models for myopia: PRL 100,
with a total diameter of 10.8 mm and PRL 101, with a total
diameter of 11.3 mm.
Preoperative Examination
Before pIOL implantation, patients had a complete oph-
thalmologic examination including refraction (objective,
manifest, cycloplegic); uncorrected (UDVA) and corrected
(CDVA) distance logMAR visual acuities; slitlamp evalua-
tion; Goldmann applanation tonometry; pupil size measure-
ment under scotopic conditions (Colvardpupillometer,Oasis
Medical); corneal topography (Orbscan, Bausch & Lomb);
corneal endothelial cell count (Noncon Robo, Konan Medi-
cal), optical biometry (IOLMaster, Carl Zeiss Meditec AG),
measurements of the white-to-white (WTW) distance, axial
length, and ACD; binocularity evaluation; and fundoscopy.

Power calculation was performed based on the anatomic
parameters obtained with the optical biometer and on the
refractive error. The optical zone varied from 4.5 to 5.0 mm
depending on the required dioptric power. The target
postoperative refraction was emmetropia in all eyes.
Submitted: November 5, 2012.
Final revision submitted: January 19, 2013.
Accepted: January 22, 2013.

From the Departments of Ophthalmology, University Medicine
Charit�e Berlin (Torun, Bertelmann, Klamann, Maier, Gonnermann),
Berlin, and Ernst von Bergman Klinikum (Liekfeld), Potsdam,
Germany.

Drs. Liekfeld and Gonnermann contributed equally to this work.

Corresponding author: Necip Torun, MD, Department of Ophthal-
mology, University Medicine Charit�e Berlin, Augustenburger Platz
1, 13353 Berlin, Germany. E-mail: necip.torun@charite.de.

J CATARACT REFRACT SURG
Surgical Technique
Peribulbar anesthesia was administered and the pupil di-
lated with tropicamide–phenylephrine 10.0% every 15 min-
utes 1 half hour before surgery. Iodine solution 5.0% was
instilled in the eye 10 minutes before surgery. A paracentesis
was made 60 to 90 degrees clockwise from the main incision,
and the anterior chamber filled with sodium hyaluronate
1.0%. The pIOL was implanted through a 2.75 mm clear cor-
neal tunnel incision createdwith ametal knife on the steepest
meridian tominimize postoperative astigmatism.Dementiev
implantation forcepsprovidedby themanufacturerwasused
to introduce the pIOL. The haptics were introduced into the
posterior chamber using a spatula. The surgeon removed
the ophthalmic viscosurgical device (OVD) using the irriga-
tion/aspiration system. The pupil was constricted with
acetylcholine 0.01%, after which 1 peripheral iridectomy
was made to avoid potential blockage by the pIOL haptics.
Postoperatively, ofloxacin and dexamethasone drops were
prescribed 5 times daily and slowly tapered over 4 weeks.
Postoperative Follow-up
Follow-up visits were at 1 day, 1 week, 1 and 3 months,
1 year, and yearly thereafter. Evaluations included logMAR
UDVA and CDVA, manifest refraction, slitlamp biomicro-
scopy, Goldmann applanation tonometry, corneal ECD,
and fundus examination. The characteristics of the corneal
endothelial cells were assessed by noncontact specular
microscopy (Noncon Robo). To determine cell density,
50 adjoining cells were counted. The percentage of ECD
loss was determined as follows: endothelial cell loss (%) Z
(preoperativeECD�postoperativeECD)/preoperativeECD.
Statistical Analysis
Data analysis was performed using SPSS for Windows
software (version 16.01, SPSS, Inc.). Normality of data was
checked by the Kolmogorov-Smirnov test and analyzed us-
ing the paired t test, Wilcoxon rank-sum test, or analysis of
variance with multiple comparisons, where appropriate, to
determine statistical differences in refractive, visual, and ad-
verse outcomes. Results are presented as meansG standard
deviation. Differences were considered statistically signifi-
cant when the P value was less than 0.05.

RESULTS

The study comprised 53 eyes (6 amblyopic) of 29 pa-
tients. The mean age of the 38 women and 15 men
was 34.6 G 9.2 years (range 20 to 51 years). All surge-
ries were uneventful. The mean follow-up was 86 G
21.2 months (range 60 to 120 months).

Themeanpowerof the implantedpIOLwas�9.17G
2.47 D (range �3.5 to �15.0 D). In 42 eyes (79.2%), the
horizontal WTW distance was greater than 11.3 mm
and the model selected for implantation was the PRL
101 based on the manufacturer’s guidelines. In the
other 11 cases (20.8%), the PRL 100 was implanted.
Visual Acuity, Safety, and Efficacy
Table 1 shows the visual acuity over time. There
was a significant improvement in logMAR UDVA
- VOL 39, JULY 2013
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Table 1. Visual and refraction during the complete follow-up.

Parameter

Mean G SD

P
Value*

�1 Day
(n Z 53)

3 Months
(n Z 53)

12 Months
(n Z 53)

3 Years
(n Z 53)

5 Years
(n Z 53)

7 Years
(n Z 22)

9 Years
(n Z 8)

Last Visit
(n Z 53)

LogMAR
UDVA

1.37 G 0.28 0.04 G 0.19 0.06 G 0.17 0.10 G 0.15 0.11 G 0.16 0.20 G 0.21 0.24 G 0.18 0.14 G 0.19 !.05

LogMAR
CDVA

0.10 G 0.18 �0.01 G 0.11 �0.03 G 0.11 �0.01 G 0.10 �0.02 G 0.10 0.03 G 0.14 0.00 G 0.13 �0.01 G 0.09 !.05

SE (D) �12.14 G 4.12 �0.04 G 0.57 �0.08 G 0.49 �0.20 G 0.65 �0.25 G 0.97 �0.35 G 0.84 �0.20 G 1.22 �0.32 G 0.81 !.05

CDVA Z corrected distance visual acuity; SE Z spherical equivalent; UDVA Z uncorrected distance visual acuity
*Preoperative to postoperative
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3 months after surgery (P!.01), with no significant
changes during the remainder of the follow-up (3 to
12 months, 12 to 24 months, 24 to 36 months, 36 to
48 months, 48 to 60 months; 60 months to last visit;
PO.05).

There was a significant improvement in logMAR
CDVA at 3 months (P!.01), with no significant
changes afterward (PO.05). At the end of the follow-
up, the postoperative logMAR UDVA was 0.3 (ap-
proximately 20/40) or better in 48 eyes (90.1%) and
0.1 (approximately 20/25) or better in 35 eyes
(66.0%). The postoperative logMAR CDVA was 0.2
(approximately 20/32) or better in 52 eyes (98.1%)
and 0.1 or better in 49 eyes (92.5%).

The CDVA was stable over time, with no eye losing
more than 1 line. At last visit, 10 eyes (18.9%) had no
change in CDVA, 27 eyes (50.9%) gained 1 line, 13
eyes (24.5%) gained 2 lines or more, and 3 eyes
(5.7%) lost 1 line (Figure 1).

The overall mean efficacy index (ratio of postopera-
tive UDVA/preoperative CDVA) and mean safety
index (ratio of postoperative CDVA/preoperative
Figure 1. Safety. Change in CDVA from preoperatively to
postoperatively.
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CDVA) at the last follow-up visit were 0.92 and 1.21,
respectively.
Stability and Predictability of Manifest Refraction
Figure 2 shows the improvement in and stability of
the mean spherical equivalent (SE) over time. The
mean SE decreased from �12.17 G 4.12 D preopera-
tively to �0.40 G 0.57 D 3 months postoperatively,
�0.27 G 0.97 D at 5 years, and �0.32 G 0.81 at the
last follow-up visit.

High levels of predictability were achieved early af-
ter surgery: 42 eyes (79.2%) were within G0.50 D and
50 eyes (94.3%) were withinG1.00 D of the attempted
correction at the 3-month visit. The improvement was
maintained and relatively stable over the postopera-
tive follow-up. Five years postoperatively, 36 eyes
(67.9%) were within G0.50 D and 43 eyes (81.1%)
were within G1.00 D of the SE; 10 eyes (18.9%) and
1 eye (1.9%) were undercorrected by more than
1.00 D and by more than 2.00 D, respectively
(Figure 2). At the last visit, 42 eyes (79.2%) were within
Figure 2. Stability of mean SE over time (SEZ spherical equivalent).
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Figure 3. Predictability of mean SE (intended versus achieved)
(SE Z spherical equivalent).
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G1.00 D of the target refraction and 35 eyes (66.0%)
were within G0.50 D; 10 eyes (18.9%) and 1 eye
(1.9%) were undercorrected by more than 1.00 D and
by more than 2.00 D, respectively (Figure 3).
Endothelial Cell Density and Intraocular Pressure
ThemeanECDdecreased from2581G 299 cells/mm2

preoperatively to 2432 G 314 cells/mm2 5 years post-
operatively, representing a mean endothelial cell loss
of 5.8%. When this loss was considered cumulatively
at consecutive intervals through 5 years, the total
5-year loss was 5.7%. At the last visit, the mean ECD
decreased to 2418 G 301 cells/mm2, representing
a mean endothelial cell loss of 6.4% (cumulative endo-
thelial cell loss 6.2%). The mean endothelial cell loss
after 10 years was 6.9%.

The mean intraocular pressure (IOP) was 15.1 G
3.1 mm Hg preoperatively and 15.8 G 3.2 mm Hg at
the last follow-up.Therewereno statistically significant
differences in the mean IOP between visits (PO.05).
Adverse Events
There were no intraoperative complications except
for 1 hyphema (absorbed 5 days). In the early postop-
erative period, 4 eyes (7.5%) (all corticoid responders)
had an acute IOP increase in the immediate postoper-
ative period; all resolved with topical treatment. Four
eyes (7.5%) of 2 patients developed glaucoma 2 years
after surgery. One of those patients had pigmentary
glaucoma. Five cases (9.4%) of slight PC pIOL decen-
tration visible on slitlamp examination were observed
during the follow-up; all were under periodic control
(yearly examinations) at the time of this writing. One
eye (1.8%) had severe pIOL decentration and subse-
quent extraction 5 months postoperatively. Four eyes
(7.5%) developed clinically significant symptomatic
lens opacification 6 years after PC pIOL implantation
and required cataract surgery. Six cases (11.3%)
J CATARACT REFRACT SURG
developed an asymptomatic anterior subcapsular cat-
aract after pIOL implantation that had not required
cataract surgery by the last visit. Retinal detachment
occurred in 2 eyes (3.8%) 63 months and 70 months af-
ter surgery. One eye had multifocal IOL implantation
due to clinically significant symptomatic cataract
3 months before the retinal detachment developed.
DISCUSSION

Most studies of pIOL implantation report short-term
clinical outcomes (up to 1 or 2 years), and few have
spanned 3 or more years to allow observation of the
long-term clinical and refractive results.7,16–20

In the present study,we confirmed the results in pre-
vious studies7,16–20 of all measurements of safety, effi-
cacy, predictability, endothelial cell changes, and
stability of PRL pIOL implantation to correctmoderate
to high myopia throughout a minimum 5-year follow-
up (maximum 10-year follow-up). Most eyes main-
tained or gained 1 or more lines of CDVA, and no eye
lost more than 1 line. The safety index was higher
than 1.21 at all postoperative visits. There was also
a significant improvement in UDVA; more than 30%
of eyes achieved aUDVAof 0.0 logMAR (20/20) or bet-
ter at all follow-up visits, and at the last visit, 42 eyes
(79.2%) were within G1.00 D of the target refraction
and 35 eyes (66.0%) were within G0.50 D. The visual
improvement and refractive correction achieved with
this PC pIOL model are comparable to those reported
forACpIOLs and other PCpIOLs, such as the Implant-
able Collamer Lens (Staar Surgical Co.).6,20–25

In a study by P�erez-Cambrodí et al.22 of 35 eyes of 20
patients (mean SE �10.25 G 3.19 D) with PRL pIOL
implantation, the mean UDVA and CDVA improved
from 2.40 G 0.20 logMAR and 0.11 G 0.09 logMAR,
respectively, preoperatively to 0.08 G 0.13 logMAR
and 0.02G 0.09 logMAR, respectively, at the last post-
operative visit. The mean follow-up was 57.34 G 9.24
months. Regarding predictability, 34 eyes (97.14%)
had an SE withinG1.00 D and 33 eyes (94.28%) within
G0.50 D. The complications were pIOL decentration
(2 eyes, 5.71%), cortical lens opacification (1 eye,
2.86%), and retinal detachment (1 eye, 2.86%).

Portaliou et al.19 studied 143 myopic eyes of 82
patients (mean SE�14.08G 4.0 D) with PRL pIOL im-
plantation. The mean UDVA and CDVA improved
from counting fingers and 0.19 G 0.19 logMAR, res-
pectively, preoperatively to 0.17 G 0.15 logMAR and
0.07G 0.10 logMAR, respectively, at the last postoper-
ative visit. The mean follow-up was 3.8 G 1.7 years.
At 6 years, 67.6% (23 eyes) and 91.2% (31 eyes) were
within G0.50 and G1.00 D, respectively, of the tar-
geted refraction. Complications included temporary
IOP increase (14 eyes), pigment dispersion (1 eye),
- VOL 39, JULY 2013
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and anterior capsule damage (3 eyes); 1 eye had severe
pIOLdecentrationwith subsequent IOL extraction. Re-
verse pIOL implantation in another eye with pigment
dispersion and high IOP in 1 eye required pIOL re-
moval. No eye presented with signs of cataract up to
6 years postoperatively; however, only 34 eyes
(23.7%) were examined 6 years postoperatively.

Other potential complications, such as secondary
uveitis, choroidalneovascularization,26 andpigmentary
or acute angle-closure glaucoma,19,27 have also been de-
scribed with the PRL. In our study, 4 eyes (7.5%) devel-
oped an acute IOP increase in the early postoperative
period; all resolvedwith topical treatment. (All patients
were corticoid responders.) Four eyes (7.5%) of 2 pa-
tients developed glaucoma 2 years after surgery. One
of those patients had pigmentary glaucoma.

Spontaneous dislocation of the PC pIOL in the vitre-
ous cavity and zonular dehiscence, as described in
other studies,28,29 are also serious complications. Al-
though these complications did not occur in our series,
5 cases of slight pIOL decentration were detected on
slitlamp examination. The decentration was not quan-
tified or evaluated accurately using an advanced ante-
rior segment imaging technique, such as anterior
segment optical coherence tomography or ultrasonog-
raphy. This may be considered a limitation of our
study. One eye (1.8%) in our study had severe pIOL
decentration and subsequent extraction 5 years post-
operatively. Donoso and Castillo30 report 1 case of
PC pIOL subluxation in 53 eyes during a mean
follow-up of 8 months. Inadequate selection of the
pIOL size may play a role in poorly positioned PC
pIOLs, with subsequent damage to the zonules. The
manufacturer recommends selecting the pIOL diame-
ter based on theWTWdistance; however, this distance
is not equivalent or comparable to the diameter of the
ciliary sulcus or any other intraocular distance.31

In the present study, 10 eyes (18.9%) developed late
anterior subcapsular cataract. Thecataractwas clinically
significant in 4 cases (7.5%), leading to pIOL removal
and phacoemulsification with IOL implantation. Other
studieswith a shorter follow-up report lower secondary
cataract formation rates (between 0%19 and 3%).22

Retinal detachment occurred in 2 cases (3.8%) 63
months and 70 months after surgery in our study.
One eye had multifocal IOL implantation due to
clinically significant symptomatic cataract 3 months
before retinal detachment. P�erez-Cambrodí et al.22

and Donoso and Castillo30 also report 1 case of retinal
detachment after PRL pIOL implantation.

Endothelial cell loss is another concernwith pIOL im-
plantation. To our knowledge, this is the first study to
evaluate the endothelial cell change over a long-term
follow-up after PRL pIOL implantation. One-year re-
sults showed no significant change in ECD after
J CATARACT REFRACT SURG
surgery.16 In our study, the mean ECD decreased
from 2581 G 299 cells/mm2 preoperatively to 2432 G
314 cells/mm2 5 years postoperatively, representing
a mean endothelial cell loss of 5.8%. When this loss
was considered cumulatively at consecutive intervals
through 5 years, the total 5-year loss was 5.7%. At the
last visit, the mean ECD decreased to 2418 G
301 cells/mm2, representing a mean endothelial cell
loss of 6.4% (cumulative endothelial cell loss 6.2%).
Studies of other PC pIOLs report a rate of postoperative
endothelial cell loss of approximately 6.5% at 2 years32

and 6.09% at 3 years.33 In the U.S. Food and Drug Ad-
ministration clinical study of the Implantable Collamer
LenspIOL,Edelhauser et al.34 foundacumulativeendo-
thelial cell loss between 8.4% and 8.9% over the first 3
years and between 8.4% and 9.5% over the first 4 years.

In summary, our long-term results suggest that PRL
pIOL implantation to correct moderate to high myopia
provides good predictable and stable refractive results
over the long term. In addition, to our knowledge, this
is the first study to evaluate the endothelial cell change
over a long-term follow-up. Visual outcomes compare
favorably with those of other lOL types. However, the
outcomes were combined with a high rate of serious
complications, such as cataract formation, IOL decen-
tration, and endothelial cell loss over the long term,
which should be kept in mind considering the eyes in
our studywere healthyother thanbeing highlymyopic.
-

WHAT WAS KNOWN

� Phakic IOL implantation to correct moderate to high
myopia is a safe and effective procedure that provides
predictable and stable refractive results over a medium-
term follow-up.
WHAT THIS PAPER ADDS

� Posterior chamber pIOL implantation to correct moderate
to high myopia provided predictable and stable refractive
results over a long-term follow-up. Visual outcomes
compare favorably with those of alternative IOL types.
However, there was a high rate of serious complications,
such as cataract formation, IOL decentration, and endo-
thelial cell loss, over the long-term.
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