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The second part of a review of phakic intraocular lenses (pIOLs) addresses results and complica-
tions with current pIOL models. Phakic IOLs demonstrate reversibility, high optical quality, poten-
tial gain in visual acuity in myopic patients due to retinal magnification; correction is not limited by
corneal thickness or topography. With proper anatomical conditions, pIOLs also show good
results in hyperopic patients. Toric pIOL designs enable spherocylindrical correction. Complica-
tions are rare and primarily related to pIOL position and type. The main complications of angle-
supported anterior chamber pIOLs are glare and halos, pupil ovalization, and corneal endothelial
cell loss; of iris-fixated anterior chamber pIOLs, chronic subclinical inflammation, corneal endo-
thelial cell loss, and dislocation or pupillary block glaucoma; and of posterior chamber pIOLs,
anterior subcapsular cataract formation, pigment dispersion, and luxation or pupillary block glau-
coma. No causative relationship between pIOL implantation (of any pIOL type) and retinal detach-
ment has been established.
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Implantation of intraocular lenses in the phakic eye
(pIOL) is a relatively new technique to correct high
ametropia. Time between the introduction of new
pIOL designs is short; thus, experience with a new
pIOL is short when the pIOL is implanted. New pIOLs
are presented to overcome specific complications of
older pIOLs. Currently, many studies with short
follow-up and various case reports addressing results
and complications of pIOLs have been published, but
there are few long-term studies of pIOLs that have
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been on the market for some time. This second part
of the pIOL review reassesses the published data
about results and complications of currently available
pIOLs. The results of pIOLs that have beenwithdrawn
from the market are not discussed. As in Part 1,1 re-
sults and complications are shown for each type of
pIOL: angle-supported anterior chamber, iris-fixated
anterior chamber, and posterior chamber.

Journal articles were considered for this review
article after a thorough literature search. A Medline
(National Library of Medicine, Bethesda, Maryland,
USA) search from 1994 to 2009 was performed to iden-
tify all articles describing pIOLs. The terms intraocular
lens and intraocular lens implantation from the Medical
Subject Headings (MeSH) and the text word “phakic”
were used for a broad and sensitive search. Five other
searches were performed to look for additional articles
(using the text words “phakic” and “lens,” “phakic”
and “IOL,” “anterior chamber lens,” “iris fixated
lens,” and “posterior chamber lens.” All abstracts
from the Medline search were read to identify articles
that were pertinent to clinical results, surgical tech-
niques, or complications of anterior chamber, iris-
fixated, and posterior chamber pIOLs. Copies of the
articles were obtained and the bibliographies searched
manually for additional articles published in peer-
reviewed journals. Complete articles were reviewed
0886-3350/$ - see front matter
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to identify those that reported original clinical data or
complication(s) of pIOLs. Articles that covered previ-
ously published cases were included if they added
new cases or up-to-date results.

FUNCTIONAL RESULTS OF pIOLs

To provide an overview, results of published data for
the pIOL types are shown in Tables 1 to 3.
Results of Angle-Supported Anterior Chamber pIOLs
Visual acuity, predictability, efficacy, and safety of
the Baikoff ZB5M (Domilens Corp.), Kelman Duet
ZSAL-4 (Tekia, Inc.), I-Care (Corneal Laboratories,
Inc.), Vivarte (Ioltech), and AcrySof Cachet (Alcon,
Inc.) pIOL models are shown in Table 1.2–11 For the
Vivarte pIOL, results of only the refractive bifocal
Vivarte pIOL are included.10 At the time this review
was written, no peer-reviewed studies of the Thin-
PhAc (Thin Opt-X) and Vision Membrane (Vision
Membrane Technology) pIOLs had been published.
Despite the long period in which anterior chamber
pIOLs have been available, few long-term studies ex-
ist.3,4 Anterior chamber pIOLs generally demonstrate
good predictability, efficacy, and safety. However,
there is a tendency toward undercorrection of the re-
fractive error.
Results of Iris-Fixated Anterior Chamber pIOLs
Visual acuity, predictability, efficacy, and safety of
the Artisan (Ophtec BV)/Verisyse (Abbott Medical
Optics, Inc.), toric Artisan/Verisyse, and Artiflex/
Veriflex iris-fixated anterior chamber pIOL models
are shown in Table 2.9,12–39 Several studies have long
follow-up. The nontoric and toric models demonstrate
good predictability, efficacy, and safety. With the
toric pIOL models, larger amount of preoperative
astigmatism can be managed successfully. Several
studies address clinical outcome after toric pIOL
implantation.27,30,36,37,39 Recently, G€uell et al.27 re-
ported a larger series with a mean follow-up of 3 years
after implantation of the toric Artisan pIOL. The toric
Artiflex is currently undergoing a multicenter clinical
trial; it has shown excellent interim efficacy and safety
results in the first 6 months of follow-up.
Results of Posterior Chamber pIOLs
Visual acuity, predictability, efficacy, and safety of
the implantable Collamer Lens (ICL) (Staar Surgical
Co.) and the Phakic Refractive Lens (PRL) (Carl Zeiss
Meditec) posterior chamber pIOL models are shown
in Table 3.3,18,33,40–67 The safety and efficacy of these
2 pIOL models are good. In a United States Food
and Drug Administration (FDA) study, the ICL pIOL
showed good functional results with a low
J CATARACT REFRACT SURG - V
complication rate.41 In a prospective study comparing
matched populations of laser in situ keratomileusis
(LASIK) and Visian ICL implantation, the ICL per-
formed better than LASIK in almost all measures of
safety, efficacy, predictability, and stability.54 In
a few case reports, results with the toric posterior
chamber pIOL have been shown.59,68,69 Schallhorn
et al.56 report better results with the toric ICL than
with conventional photorefractive keratectomy in
a randomized prospective comparison of safety, effi-
cacy, predictability, and stability.

In summary, pIOLs show good refractive and clini-
cal results. They demonstrate reversibility, high opti-
cal quality, potential gain in visual acuity in myopic
patients due to retinal magnification, and correction
is not limited by corneal thickness or topography.
With proper anatomical conditions (especially suffi-
cient anterior chamber depth [ACD]), pIOLs also
show good refractive and clinical results in hyperopic
patients.70 Phakic IOLs preserve corneal architecture,
asphericity, and accommodation. With recent innova-
tions in the design of toric pIOLs, spherocylindrical
correction is also feasible. However, pIOL implanta-
tion is not without complications. The spectrum of
common and rare complications with each type of
pIOL is presented in the following section.
COMPLICATIONS OF pIOLS
General Complications of Intraocular Surgery
With the increasing use of topical or parabulbar
anesthesia, complications due to anesthesia such as
retrobulbar hemorrhage, penetration of the globe, or
life-threatening systemic side effects from accidental
injection into the optic nerve are very rare. Because
implantation of a pIOL is an intraocular procedure,
it bears a potential risk for the development of post-
operative endophthalmitis. The risk for this complica-
tion in general cataract surgery with implantation of
a posterior chamber IOL is 0.1% to 0.7% with an op-
timal antiseptic perioperative treatment regimen.71

Recently, a prospective randomized multicenter
study by the European Society of Cataract and Re-
fractive Surgeons72 showed that an additional intra-
cameral application of cefuroxime after cataract
surgery significantly reduced the rate of postopera-
tive endophthalmitis. Only one case of postoperative
endophthalmitis after pIOL implantation has been
reported.73 In this case, endophthalmitis developed
on the first day after anterior chamber pIOL implan-
tation and was caused by b-hemolytic streptococci.
Intraoperative sterility and meticulous postoperative
follow-up examinations may help prevent this severe
complication or enable early and aggressive
treatment.
OL 36, DECEMBER 2010



Table 1. Visual acuity, predictability, efficacy, and safety of angle-supported anterior chamber pIOLs.

Efficacy

Type of
pIOL/Study*

Number
of Eyes

Follow-up
(Mo)

Mean
Preop SE

Mean
Postop
SE

Postoperative
G0.5 D [%]

Postoperative
G1.0 D [%]

Postoperative
UCVA

R 1.0 [%]

Postoperative
UCVA

R 0.5 [%]
Efficacy
Index

ZB5M
Baikoff2 133 6–36 �12.5 �1.3 40 65 No data No data No data
Utine3 37 24–145 �17.45 �1.76 No data No data No data No data 0.79
Javaloy4 225 12–144 �17.23 �1.80 No data 39.28 No data 34.69 1.26

ZSAL-4
P�erez-Santoja5 23 24 �19.56 �0.55 56.5 82.6 0 54.5 1.12
Leccisotti6 12 12 �10.23

(keratoconus)
�1.31 67 100 0 100 0.77

Leccisotti7 190 12 �14.37 1.55 19 40 w7 w60 0.78
Kelman Duet

Ali�o8 169 1–12 �14.26 �0.15 57.72 81.30 28.68 83.72 1.19
I-CARE

Gierek-Ciacura9 20 12 �15.76 No data 85 100 No data 85 1.58
Vivarte Presbyopic

Baikoff10 55 0.5–21 C1.8 (-5 to C5) �0.12 No data No data No data 84 (R 0.6) 0.80
AcrySof

Kohnen11 190 12 �10.38 �0.23 72.7 95.7 85.7 No data 1.04

CDVA Z corrected distance visual acuity; SE Z spherical equivalent; UDVA Z uncorrected distance visual acuity
*First author
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Angle-Supported Anterior Chamber pIOL
Complications
Loss of Corneal Endothelial Cells Themain concern with
anterior chamber pIOLs is the loss of corneal endothe-
lial cells or damage to the endothelial integrity
(Figure 1). Excessive corneal endothelial cell loss
was, along with pupil ovalization, the main reason
for recalling several anterior chamber pIOLs from
the market, as described in part 1. Exact preoperative
examination should exclude patients with low corneal
endothelial cell counts or with shallow anterior cham-
bers because the risk to corneal endothelial cells in-
creases as the distance between the pIOL and the
endothelium decreases. In a 7-year follow-up study,
Ali�o et al.74 report an early postoperative loss of cor-
neal endothelial cells of 3.8%, gradually decreasing
to about 0.5% per year after the second postoperative
year. In this study, the ZB5M/ZB5MF was evaluated
for the full 7 years and the ZSAL-4, for only 4 years.
The percentage of corneal endothelial cell loss over 7
years was 8.4%. Other studies have confirmed the ini-
tial significant corneal endothelial cell loss and the re-
duction of this tendency in the second postoperative
year.2,5,75 At 2 years, the corneal endothelial cell loss
was 12% for the NuVita pIOL (Bausch & Lomb) and
4.2% for the ZSAL-4; at 3 years, it was 4.8% for the
ZB5M. In a study of the reasons for pIOL explantation
by Ali�o et al.,76 corneal endothelial cell loss was the
cause in 24%. In the study with the longest follow-up
J CATARACT REFRACT SURG - V
(up to 12 years) after pIOL implantation, Javaloy
et al.4 report an initial reduction in corneal endothelial
cells of 10.6% in the first year followed by a mean an-
nual decrease rate of 1.8% after ZB5M pIOL implanta-
tion. The mean corneal endothelial cell loss after
implantation of an I-Care pIOL was 6.1% after 1
year, as reported by Gierek-Ciaciura et al.9 All these
anterior chamber pIOLs except the I-Care were poly
(methyl methacrylate) (PMMA) rigid IOLs.

In a study of the new flexible anterior chamber pIOL
by Baikoff et al.,10 the corneal endothelial cell loss 1
year after implantation of the Vivarte pIOL was less
than 5.0%, but there was a difference between the
loss in myopic eyes (2.3%) and that in hyperopic
eyes (5.4%). For the AcrySof foldable anterior chamber
pIOL, the corneal endothelial cell loss was 4.8% after
a 1-year follow-up.11 In this context, a recent study
by Kohnen and Klaproth77 reports a stable adequate
central clearance distance between the AcrySof pIOL
and the corneal endothelium over a period of 3 years
using Scheimpflug imaging. However, meticulous
long-term follow-up of each patient with an anterior
chamber pIOL is necessary to detect patients who
have significant damage to the endothelium and ex-
plant the pIOL whenever clinically necessary.

Pupil Ovalization/Iris Retraction Ovalization of the pu-
pil is a specific complication of anterior chamber
pIOLs (Figure 2). The position of haptics in the
OL 36, DECEMBER 2010



Safety

Loss of 2 or
More Lines
of CDVA (%)

Loss of
1 Line of
CDVA (%)

No Change
in CDVA

Gain of
1 Line of
CDVA (%)

Gain of 2
or More Lines
of CDVA (%) Saftey Index

No data No data No data No data No data No data
3.2 No data No data No data 29.8 1.45
3.5 w7 w23 w21 w25 1.50

0 No data 82.6 No data No data 1.45
0 0 40 50 10 1.18

0 0 w25 w25 w40 1.25

0 w5 w27 w11 56.20 1.37

0 0 5 25 70 No data

No data No data No data No data No data 0.94

0 1.2 44.7 31.1 23.0 1.25

Table 1. (Cont.)
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sclerocorneal angle and their size might lead to mild
deformation of the iridosclerocorneal architecture, re-
sulting in iris retraction and pupil ovalization. Ali�o
et al.74 report mild deformation of pupil shape in
10.3%, which did not affect the refractive, cosmetic,
or optical results of surgery.

Severe ovalization causes glare and is unacceptable
from a cosmetic point of view. Ali�o et al.74 observed
this condition in 5.9% of the eyes; it led to pIOL explan-
tation in 2 cases.Allemann et al.75 report 8 ovalpupils in
a series of 21 eyes. P�erez-Santonja et al.5 observed 4
cases in a series of 23 eyes. Leccisotti and Fields78 report
pupil ovalization not associated with any photic phe-
nomena in 11% of eyes after ZSAL-4 anterior chamber
pIOL implantation. Javaloy et al.4 report a cumulative
incidence of 34.7% of pupil ovalization after ZB5M
implantation within 12 years of follow-up. In an analy-
sis of a series of anterior chamber pIOL explantations
(ZB5MpIOL) byAli�o et. al.,76markedpupil ovalization
extending beyond the edges of the pIOLwas the reason
for pIOL removal in 10%of cases. For the novelAcrySof
anterior chamberpIOL implanted in190eyes, no caseof
pupil ovalization was reported.11 Iris retraction with
oval pupil deformation remains primarily a concern
of anterior chamber pIOLs. This togetherwith potential
damage to endothelial cells are the major objections to
the anterior chamber pIOL design.

Topical use of miotic agents should be considered in
the early postoperative phase if pupil ovalization
J CATARACT REFRACT SURG - V
associated with glare is detected. Minor pupil ovaliza-
tion requires observation only, but gross ovalization
indicates entrapment of the iris root and ovalization
may become irreversible if the pIOL is not explanted
promptly.

Optical Quality, Glare, Halos One disadvantage of ante-
rior chamber pIOLs is that they are positioned in front
of the pupil, with edge effects a potential source of op-
tical aberrations. Furthermore, the relationship be-
tween pupil size and the center of the pIOL optic is
a crucial factor that should be evaluated and discussed
preoperatively. Sometimes the anterior chamber pIOL
optic center and the pupil center are not coincident. If
the scotopic pupil size is significantly larger than the
optic of the pIOL, one should be very cautious about
implanting a pIOL because it will probably result in
postoperative glare and subjective discomfort. The in-
cidence of glare is dependent on the size and position
of the optic, which varies in different IOL designs and
generations. A study by Maroccos et al.79 shows that
all tested types of pIOLs, in particular posterior cham-
ber pIOLs and anterior chamber pIOLs, lead to de-
creased nighttime visual performance due to glare
and halos.

Topical use of miotic agents should be considered in
the early postoperative period if the patient is dis-
turbed by glare and halos. A study of the effects of
pIOL implantation on contrast sensitivity showed
OL 36, DECEMBER 2010



Table 2. Visual acuity, predictability, efficacy, and safety of iris-fixated anterior chamber pIOLs.

Efficacy

Type of
pIOL/Study*

Number
of Eyes

Follow-up
(Mo)

Mean
SE Preop Postop

Postoperative
G0,5 D [%]

Postoperative
G1,0 D [%]

Postoperative
UCVA

R 1.0 [%]

Postoperative
UCVA

R 0.5 [%]
Efficacy
Index

Artisan/Verisyse
Alexander12 264 6 �12.76 �0.35 No data No data No data 100 No data
Budo13 249 6–36 �12.95 �0.6 57 79 34 76.8 1.03
Landesz14 67 6–36 �14.70 No data No data 67 No data 40.9 No data
Landesz15 78 6–24 �17.00 �2.0 50 68 30 73 No data
Maloney16 155 0.5–6 �12.69 �0.54 55 90 26 83 No data
Malecaze17 25 12 �10.19 �0.95 24 60 No data 60 0.71
Menezo18 137 38–154 �16.17 �0.78 No data No data 4 81 No data
Lifshitz19 31 3 �11.25 �0.50 67.8 96.8 93.5 No data 0.95
Benedetti20 68 4–24 �11.8 �0.91 44.1 69.1 25 83.8 0.84
Benedetti20 25 4–24 �18.9 �1.20 32 52 8 68 0.90
Senthil21 60 24 �12.5 No data 73.3 90 5 75 0.93
Coullet22 31 12 �10.3 �1.01 No data 58 No data 51.6 0.60
Moshirfar23 85 6–24 �12.2 �0.50 55 84 10 84 No data
Gierek-Ciacura9 20 12 �15.73 No data 65 95 No data 80 1.71
Tahzib24 89 60 �10.36 �0.70 43.8 68.8 No data 0.80
Stulting25 662 12–36 �12.3 No data 71.7 94.7 34.6 88 No data
Silva26 26 12–60 �12.30 �0.44 74 95 74 95 No data
G€uell27 101 12–60 �19.8 �0.50 9.9 22.8 No data 14.8 0.86
G€uell27 173 12–60 �11.27 �0.64 37.6 57.2 2.9 42.8 0.74
Fechner28 67 12–120 C9.98 0.07 No data No data w1.5 w35 No data
Ali�o29 29 12–24 C6.06 0.1 79.3 96.6 6.9 65.5 0.83
Ali�o29 28 12–24 C5.88 0.55 50 71.4 3.6 46.4 0.70
Dick30 22 6 C3.25 �0.24 50 100 18 96 No data
Saxena31 17 3–36 C6.8 �0.03 59 81 58.8 94 No data
Pop32 19 1–2 C5.89 �0.03 50 78 No data 89 No data
G€uell27 41 12–60 C4.92 �0.02 34.8 64.2 0 42.8 0.9
Boxer Wachler33 31 3 �12.31 �0.78 58 68 55 90 No data
Coullet22 31 12 �9.50 �0.58 No data 83.9 No data 77.4 0.79
Dick34 290 24 �7.33 �0.15 75.2 94.3 No data 97.2 1.00

Toric Artisan/ Verisyse
Tehrani35 29 6 �1.9 �0.56 No data 95 No data w85 No data
Dick30 70 6 �3.74 �0.7 72 100 10 88.6 1.03
G€uell36 27 12 �3.43 No data 62.9 96.2 No data No data No data
Ali�o37 8 6–12 Mixed

astigmatism
C3.6

C0.40 75 87.5 12.5 87.5 1.0

Ali�o37 8 6–12 Myopic
astigmatism
--8.6

�1.1 62.5 75 12.5 62.5 1.2

Ali�o37 9 6–12 Hyperopic
astigmatism
C5.9

C0.50 44.4 77.8 33.3 66.6 1.0

G€uell27 84 12–48 �0.09 No data 66.6 81.3 7.1 65.4 0.93
Toric Artisan/Verisyse
post keratoplasty

Nujits38 16 3–18 �6.6 �1.42 0 31.25 0 50 No data
Toric Artisan
in keratoconus

Venter39 18 6–12 �4.64 �0.46 No data 78 22 100 No data

CDVA Z corrected distance visual acuity; SE Z spherical equivalent; UDVA Z uncorrected distance visual acuity
*First author
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Safety

Loss of 2 or
More Lines
of CDVA (%)

Loss of
1 Line of
CDVA (%)

No Change
in CDVA

Gain of
1 Line of
CDVA (%)

Gain of 2
or More Lines
of CDVA (%) Saftey Index

6 6 6 72 22 No data
1.2 2 53 44 1.31
2.5 97.5 No data
2.6 6.4 63 28 No data
0 9.5 78.5 12 No data
0 12 64 24 1.12
0 0 14 23 62 No data
0 0 35.5 64.5 41.9 1.29
0 0 35 11 22 1.12
0 0 3 4 18 1.39
0 11.6 88.3 1.19
6.4 6.4 29.0 19.4 25.8 1.13
0 7 31 43 19 No data
0 5 20 10 65 No data
2.6 3.9 62.3 31.2 1.10
1.8 6.6 38.6 40.4 13.6 No data
0 w4 w23 w56 w17 No data

No data No data No data No data No data 1.30
No data No data No data No data No data 1.04

0 w10 w73 w9 w8 No data
0 3.4 55.1 27.5 13.7 1.1
7.2 14.3 32.1 39.3 7.2 1.05
0 0 86 14 No data
0 17.6 82.4 0 No data
0 0 73.6 21 5.2 No data

No data No data No data No data No data 1.25
3 3 66 16 6 No data
9.7 0 29.0 22.6 25.8 1.12
0 9 51 33 7 1.09

No data No data No data No data No data No data
0 0 35 65 0 1.25
0 11 19 70 0 1.40
0 0 4 2 2 1.3

0 1 0 1 6 1.6

2 1 3 1 2 1.3

No data No data No data No data No data 1.17

0 0 31.25 18.25 50 No data

0 0 28 39 33 No data

Table 2. (Cont.)
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Table 3. Visual acuity, predictability, efficacy, and safety of posterior chamber pIOLs.

Efficacy

Type of
pIOL/Study*

Number
of Eyes

Follow-up
(Mo)

Mean
Preop SE

Mean
Postop SE

Postoperative
G0,5 D [%]

Postoperative
G1,0 D [%] R

Postoperative
UCVA

R 1.0 [%]

Postoperative
UCVA

R 0.5 [%]
Efficacy
Index

ICL
Menezo18 21 11–21 �16.0 �1.60 No data No data 0 76.2 No data
Sanders40 258 12 �10.05 �0.56 57.4 80.2 50.9 93.3 No data
Sanders41 369 36 �10.06 No data 67.5 88.8 40.8 81.3 No data
Uusitalo42 38 6–24 �15.1 �2.0 71.1 81.6 39.5 94.7 No data
Jimenez-Alfaro43 20 12–24 �14.1 �1.62 No data 20 No data 60 No data
Gonvers44 22 3–24 �11.5 �1.19 32 45 18 68 No data
Arne45 58 6–24 �13.85 �1.22 No data 56.9 No data No data 0.84
Zaldivar46 124 1–36 �13.38 �0.78 44 69 2 68 No data
Rosen47 16 3 �9.28 �0.83 56.25 No data 25 56.25 No data
Rosen47 9 3 �15.4 0.3 88 No data 44.4 88.9 No data
Pineda-Fernandez48 18 12–36 �15.27 �0.62 No data No data 5.5 44.4 No data
Lackner49 65 6–48 �16.23 �1.77 No data 42 No data No data No data
Pesando50 15 6–18 C7.77 0.02 69.25 92.3 0 46.15 No data
Davidorf51 24 1–18 C6.51 �0.39 58 79 8 63 No data
Lackner49 10 6–48 C7.88 0.44 No data 73 No data No data No data
Chang52 61 1–32 �14.53 �0.10 72.5 88.2 75 100 No data
Kamiya53 56 48 �9.83 �0.38 79 93 70 95 0.83
Sanders54 164 1–6 �6.01 �0.09 85 97 63 99 No data
Boxer Wachler33 30 3 �11.48 �0.40 88 100 67 100 No data
Rayner55 116 12 �8.83 No data No data 100 78.5 100 No data
Rayner55 10 12 C4.25-8.88 No data No data 100 78.5 100 No data

Toric ICL
Schallhorn56 42 1–12 �8.04 �0.17 76 100 97 100 No data
Alfonso57 15 24 �7.08 �0.95 66.6 80 No data 46.6 1.02
Chang58 44 1–12 �12.81 No data 82.9 97.1 70.6 100 No data
Park59 30 1–18 �10.63 0.04 70 94 67 100 No data

PRL
Pallilkaris60 34 12–24 �14.7 �0.61 44 79 No data No data No data
Hoyos61 17 12 �18.46 �0.22 53 82 No data No data No data
Verde62 90 12 �11.90 C0.04 68 80 w16 w92 0.98
Donoso63 53 8 �17.27 �0.23 No data 71.2 60 No data 1.0
Jongsareejit 64 50 12 �12.54 �0.23 88 96 44 82 No data
Koivula65 14 24 �10.28 �0.38 79 100 50 100 0.98
Hoyos61 14 12 C7.77 �0.38 50 79 No data No data No data
Gil-Cazorla66 16 12 C5.65 C0.07 93.75 100 12.5 100 0.8
Koivula65 6 24 C5.67 �0.85 67 100 17 83 0.89
Koivula67 40 12 C5.90 �0.46 87.5 100 17.5 82.5 0.70

Fyodorov posterior
chamber pIOL

Utine3 14 24–132 �15.83 �0.71 No data No data No data No data 1.0

CDVA Z corrected distance visual acuity; SE Z spherical equivalent; UDVA Z uncorrected distance visual acuity
*First author
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that in comparison to posterior chamber pIOLs, ante-
rior chamber pIOLs and iris-fixated pIOLs led to im-
proved contrast sensitivity at all frequencies.80 With
the AcrySof Cachet pIOL, no glare has been reported
during a 1-year follow-up.11

Surgically Induced Astigmatism Surgically induced
astigmatism (SIA) is significant because patients
J CATARACT REFRACT SURG - V
request acceptable uncorrected visual acuity. The
surgeon needs to consider the preoperative amount
and axis of astigmatism to decide whether to use
a larger incision with a PMMA IOL or to implant
a foldable pIOL such as the AcrySof Cachet
through a small incision. If significant SIA is noted,
further refractive surgical procedures might be
OL 36, DECEMBER 2010



Safety

Loss of 2 or
More Lines
of CDVA (%)

Loss of
1 Line of
CDVA (%)

No Change
in CDVA

Gain of
1 Line of
CDVA (%)

Gain of 2
or More Lines
of CDVA (%) Saftey Index

0 0 9.5 19 71.4 No data
1.6 7.8 41.2 38.5 10.9 No data
0.8 No data No data No data 10.8 No data
0 6.3 18.8 31.3 40.6 No data
0 0 0 0 100 No data
0 0 9.1 90.9 No data
3 5 19 35 38 1.46
0.8 7 29 28 36 No data
0 6.25 50 37.5 6.25 No data
0 11.1 44.4 22.2 22.2 No data
5.5 0 55.5 5.5 33.3 No data

13.8 1.5 84.6 1.31
7.7 0 76.9 0 15.4 No data
4 0 33 29 8 No data

60 0 40 0.98
0 w3 w27 w62 w8 No data
0 9 32 46 13 1.19
0 4 52 41 3 No data
0 0 50 40 10 No data
0 0 38 62 No data

0 0 5 92 3 No data
0 0 54 13 33 1.58
0 2.2 58.2 31 8.6 No data
0 0 No data No data No data No data

2.9 0 23.5 29.4 44.1 No data
0 0 35 47 18 No data
0 0 35 33 32 1.22
5.7 1.9 15.1 41.5 35.8 1.40
0 2 40 10 14 No data
0 No data No data No data No data 1.18
0 7 86 7 0 No data
0 31.25 68.75 0 0 0.9
0 No data No data No data No data 0.98
5.0 No data No data No data 0 0.89

9.1 No data No data No data No data 1.21

Table 3. (Cont.)
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considered. Irregular astigmatism due to large inci-
sions too close to the corneal center should be
avoided.81

Pigment Dispersion or Intraocular Lens Deposits Although
no incidence of pigment dispersion or deposits on the
IOL are reported, these conditions are seen in clinical
J CATARACT REFRACT SURG - V
practice (Figure 3). However, they do not usually nega-
tively affect visual acuity and, thus, no further procedure
is required. Besides pigment dispersion, intraoperative
hemorrhage (Figure 4) may lead to erythrocyte deposits
on the pIOL and intraocular pressure (IOP) elevation.
Bleeding originates from vessels in the scleral tunnel or
from the intraoperative iridectomy.
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Figure 2. Severe cat-pupil ovalization followinganterior chamberpIOL
implantation (courtesy of J. Ali�o, Alicante, Spain).

Figure 1. Confocal microscopic image of the endothelium showing
endothelial cell loss after implantation of an anterior chamber
pIOL (700 cells/mm2).
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Chronic Inflammation or Uveitis The first paper that de-
scribed breakdown of the blood�ocular barrier was
published by Alio et al. in 1993 after implantation
of anterior chamber pIOLs.82 As anterior chamber
pIOLs are positioned directly in front of the iris,
chronic inflammation and development of pigment
dispersion is possible as pupil movement can induce
some friction with the pIOL. P�erez-Santonja et al.5 re-
port a rate of 8.7% of eyes presenting with slight
chronic inflammation during the first 6 months after
ZSAL-4 IOL implantation. Allemann et al.75 removed
1 of the 21 implanted pIOLs because of a chronic
postoperative inflammatory response associated
with ocular hypertension. Ali�o et al.74 observed acute
postoperative iritis in 4.6% of 263 anterior chamber
pIOLs (ZSAL-4 and ZB5M). Leccisotti7 reports an
Figure 3. Protein deposits on an anterior chamber pIOL in a 34-year-
old woman 1 month postoperatively.
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incidence of 3.1% of clinically significant iridocyclitis
that appeared within 1 to 31 months of ZSAL-4 im-
plantation. Van Cleynenbreugel83 report one case of
late intrapupillary membrane formation and chronic
uveitis associated with corneal endothelial cell loss
years after backward implantation of Vivarte anterior
chamber pIOLs. Removal of the pIOL led to recovery
of visual acuity. Aswith other complications, if conser-
vative topical treatment does not succeed, removal of
the pIOL should be considered to avoid long-term
risks.

Intraocular Pressure Elevation/Pupillary Block Glauco-
ma The risk for acute pupillary block glaucoma is
well known from aphakic anterior chamber IOLs;
therefore, a peripheral iridectomy is recommended.
Figure 4.Anterior chamber hemorrhage after anterior chamber pIOL
implantation (courtesy of E. Rosen, Manchester, United Kingdom).
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Figure 5. Nuclear cataract in an eye with an anterior chamber pIOL
(courtesy of J. Ali�o, Alicante, Spain).
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Anterior chamber pIOLs have at least the same risk for
acute glaucoma, primarily because the continuously
growing crystalline lens is still inside the eye. Ardjo-
mand et al.84 observed one case of pupillary block after
implantation of an anterior chamber pIOL that was
successfully treated with a neodymium:YAG
(Nd:YAG) iridotomy. Leccisotti and Fields78 report
a 3.0% rate of pupillary block 6 hours after anterior
chamber pIOL implantation caused by incomplete iri-
dectomy with uninterrupted pigment layer. Kohnen
et al.11 report no case of pupillary block after AcrySof
foldable pIOL implantation. Moreover, increased IOP
for a period of at least one month after surgery that re-
quired treatment was noted in only 3.2% of cases. Of
note, iridotomy was only performed in 5 of 190
surgeries.

Two steps are recommended to prevent acute pupil-
lary block glaucoma for angle-supported and other
types of pIOLs. All the ophthalmic viscosurgical
device (OVD) must be removed from the anterior
segment at the end of surgery. In addition, a preopera-
tive iridotomy using a laser or an intraoperative surgi-
cal iridectomy to forestall acute pupillary block
glaucoma is mandatory. Particularly with foldable an-
terior chamber pIOLs, the need for a peripheral iridec-
tomy has been discussed by experienced refractive
intraocular surgeons. For the latest AcrySof pIOL,
however, peripheral iridectomy does not seem to be
mandatory, even though reports of acute angle-
closure or pupillary block glaucoma have been pub-
lished.11 These cases might be attributed to incomplete
OVD removal. Javaloy et al.4 report a mean difference
between preoperative and 12-year postoperative IOP
of only 2 mm Hg. Prolonged therapy with antiglau-
comatous medication was used in only 5 of 225 eyes
during the complete follow-up in this study. Other fac-
tors of postoperative elevated IOP may be the steroid
medication. Leccisotti and Fields78 report steroid-
related IOP elevation in 14% after ZSAL-4 implanta-
tion. Intraocular pressure elevation should be carefully
observed and treated, with conversion to nonsteroidal
antiinflammatory drugs and topical medication. Oth-
erwise, if chronic IOP elevation develops, the anterior
chamber angle should be examined to rule out syne-
chiae formation and other pathologies. Removal of
the pIOL should be considered, if necessary.

Phakic Intraocular Lens Rotation Rotation of an anterior
chamber pIOL might occur because of undersizing.
Allemann et al.75 report that 80% of eyes showed
greater than 15 degrees of rotation by 2 years; in 60%
the rotation occurred between 1 year and 2 years, im-
plying some instability in the anterior chamber. P�erez-
Santonja et al.5 observed rotation in 43.5% of 23 treated
eyes. With the AcrySof pIOL, most eyes (71.1%) did
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not show an IOL rotation of more than 15 degrees
but 28.9% did. However, IOL rotation was not associ-
ated with any clinical sequelae in these cases.11
Cataractogenesis As the position of anterior chamber
pIOLs is away from the lens, the formation of cataract
is less significant than with a posterior chamber pIOL
(Figure 5). Since cataract formation is more frequent in
highly myopic patients than in the general population,
discriminating between myopia-associated cataract
formation and surgically triggered or hastened cata-
ract is difficult. Ali�o et al.74 report 9 cataract removals
during a 7-year follow-up (3.4%). Cataracts were nu-
clear, and calculated survival curves for cataract devel-
opment indicate that more than 90% of patients would
be expected to remain free from cataract after 98
months. The same authors report that cataractogenesis
seems to be increased in patients older than 40 years
with an axial length longer than 29 mm.85 A metaanal-
ysis of cataract development after pIOL implantation
reports that 15 of 1161 eyes developed new-onset cat-
aract.86 Of these, 9 were nuclear sclerotic, 3 were non-
progressive posterior subcapsular cataract, 2 were
nonprogressive anterior subcapsular cataract, and
1was both anterior and posterior subcapsular cataract.
The total incidence of cataract formation for anterior
chamber pIOLs was 1.3%. The incidence was 2.6%
for the ZB5M anterior chamber pIOL and 0.6% for
the ZSAL-4 anterior chamber pIOL; no cataracts
were reported in eyes with the ZB, the Newlife/
Vivarte Presbyopic, or the AMO multifocal prototype
pIOLs.86 With the novel AcrySof Cachet, the incidence
of cataract formation was 2.6%. In 1.0% of the eyes,
cataract formation was secondary to concurrent
ophthalmic disease.11 A recent study by Kohnen and
Klaproth77 using Scheimpflug imaging reports a stable
distance between the AcrySof pIOL and the crystalline
lens over a period of 3 years. Excessive postoperative
OL 36, DECEMBER 2010
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use of steroids should be avoided because of the
potential risk for delayed cataract formation.87

Retinal Detachment Ruiz-Moreno et al.88 report a reti-
nal detachment (RD) rate of 4.8% 1 to 44 months after
anterior chamber pIOL implantation (ZB5M and
ZB5MF). In this study, no correlation between axial
length and the incidence of RD was reported. The
mean preoperative refraction was �18.6 diopters (D)
and the mean axial length, 29.5 mm. Patients in this
myopic range have been shown to have a 15 to 110
times higher risk generally than emmetropic patients
for spontaneous RD.89 Ruiz-Moreno et al.88 also state
that the time lapse between pIOL implantation and
RD (mean 17.4 months) makes it difficult to infer
that intraoperative hypotony with imbalance in pre-
mature degenerated vitreous structures played a role
in the development of RD. In the study analyzing
causes of anterior chamber pIOL explantation by
Ali�o et al.,76 one case of RD was noted and the pIOL
had to be removed to enhance fundus visualization
for retinal surgery. In a recent study reporting
outcomes up to 12 years after ZB5M implantation by
Javaloy et al.,4 no case of RD was noted. For the novel
AcrySof pIOL, no case of RD has been reported to
date.11

Oddities Urrets-Zavalia syndrome, fixed dilated
pupil, iris ischemia, and IOP of 60 mm Hg despite
a permeable surgical iridectomy after anterior cham-
ber pIOL implantation were reported as a single case
report by Yuzbasioglu et al.90 in a 26-year-old highly
myopic patient 1 day after surgery. In this case report,
the type of pIOL is unfortunately not stated. Spontane-
ousmacular hemorrhage has been reported in 2 eyes.78

In these cases, repeat fluorescein and indocyanine an-
giography did not show a neovascular membrane and
spontaneous improvement occurred. Also, incorrect
power or upside-down placement is one possible com-
plication that might cause secondary complications
such as cataract formation. This complication is
reported in 2 of 190 cases in the study by Kohnen
et al.11 after implantation of the AcrySof Cachet
pIOL. A recent modification (marking) of this pIOL
might prevent this complication in the future.
Iris-Fixated Anterior Chamber pIOL Complications
Optical Quality, Glare, Halos A pIOL can be implanted
in eyes with large scotopic pupil diameters because
of the mean age of preponderantly young patients.
This can result in glare phenomena if the pupil is larger
than the IOL optic. Glare and halos affect night vision
and driving and are therefore important consider-
ations in pIOL implantation. A study by Maroccos
et al.79 shows significantly less glare and halos with
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the Artisan pIOL than with other pIOLs (anterior
chamber pIOL NuVita and posterior chamber pIOL
ICL), especially the 6.0 mm optic. This was attributed
to the larger optic (6.0 mm versus 5.0 mm) and the fix-
ation of the IOL to the iris, which causes less pupil di-
lation. Therefore, the 6.0 mm optic iris-fixated pIOL
seems to be preferable to the 5.0 mm optic. However,
it is not always possible to implant this optic because
of the greater thickness of the optic with higher correc-
tions and the possible damage to the corneal endothe-
lium in a given ACD. The power of the 6.0 mm optic
has an upper limit of –15.5 D for myopia. The range
of the 5.0 mm optic is C1.0 to C12.0 D for hyperopia.
Menezo et al.91describe a case of permanent wide dila-
tion of the pupil, causing decreased postoperative vi-
sual acuity because of glare. Landesz et al.14 report 2
of 38 patients that required pilocarpine eyedrops be-
cause of halos after implantation of the 5.0 mm optic
Artisan IOL. Maloney et al.16 report mild to moderate
glare in 18 eyes (13.8%) and severe glare in 1 eye (0.8%)
of 130 eyes. In 3 eyes, an IOL with a 5.0 mm optic was
exchanged for an IOL with a 6.0 mm optic, with no
glare noticed afterward. Senthil et al.21 report no glare
and halos after implantation of the Artisan pIOL in 60
myopic eyes, probably because Indian eyes generally
have smaller pupils than white eyes. Moshirfar
et al.23 report an incidence of 6.0% of glare and halos
1 month after Artisan/Verisyse implantation, which
decreased to 2.7% at 2 years follow-up. In a recent
study by Stulting et al.25 analyzing the 3-year results
of the Artisan/Verisyse pIOL, no contrast sensitivity
decrease was seen. In this prospective study, patients
with a mesopic pupil greater than the pIOL optic
were not included; 80% of the pIOLs had a 6.0 mm op-
tic and only 20% had a 5.0 mm optic. A study by
Chung et al.92 shows that Artisan pIOLs do not alter
higher-order aberrations (HOAs) significantly, a find-
ing comparable to that of Chandhrasri et al.,93 who re-
port a small increase in HOAs under photopic
conditions after Verisyse pIOL implantation. One
study investigating HOAs shows that after Artiflex
pIOL implantation, postoperative trefoil increased
and spherical aberration decreased.94 The authors
report a significant correlation between pIOL decen-
tration and postoperative spherical aberration and
coma. However, both trefoil and spherical aberration
increased in the Artisan pIOL group postoperatively.
Different incision sizes may explain differences in
trefoil, whereas the different optic design of the two
pIOLs seems to affect spherical aberration.93,94 B€uhren
and Kohnen81 report slightly increased HOAs after
Artisan pIOL implantation,with induction of trefoil
as a result of the incision and increase in spherical ab-
erration from the pIOL. Cisneros-Lanuza et al.95 report
some degree of lenticular glistenings in 20% of the eyes
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Figure 6. Induction of corneal SIA
due to a 6.0 mm superior limbal
incision (35-year-old man). A: Preop-
erative topography. B: Corneal to-
pography 6 months postoperatively.
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after Artiflex IOL implantation. Glistenings were
noted from 6 days to 6 months after surgery, and nei-
ther decreased over time nor affected visual acuity or
caused complaints.

Surgically Induced Astigmatism Because the PMMA iris-
claw IOL (Artisan/Verisyse) is not foldable, it requires
an incision that approximately equals the optic diam-
eter (5.0 or 6.0 mm), which may induce SIA
(Figure 6). According to the literature, SIA after the
5.0 to 6.0 mm incisions is less than one might expect.
J CATARACT REFRACT SURG - V
Menezo et al.91 report no significant increase in post-
operative astigmatism. Ali�o et al.29 report a mean
SIA of 1.48 D G 0.89 (SD) for the hyperopic Artisan
IOL with correction of primary hyperopia and 1.85
G 1.19 D with correction of secondary hyperopia after
corneal refractive surgery. Maloney et al.16 report
a mean decrease in astigmatism of 0.3 D after 6
months. Stulting et al.25 report a change of more than
2.0 D cylinder in 3.5% of eyes 3 years after Artisan/
Verisyse implantation and secondary refractive proce-
dures had to be performed in 6.9% of eyes during the
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follow-up. The foldable Artiflex/Veriflex further re-
duces SIA. In a prospective randomized study com-
paring the Artisan pIOL in one eye and the Artiflex
pIOL in the other eye, the mean refractive cylinder
power of the Artiflex pIOL was significantly lower
than that of the Artisan pIOL, �0.56 G 0.47 D and
�1.02 G 0.63 D, respectively.22 The mean SIA was
0.29 G 1.67 D and 0.73 G 2.9 D, respectively, which
was close to statistical significance (P Z .07). In
another study, SIA after Artiflex implantation was
0.42 D.96 In a later report, the mean SIA 2 years after
Artiflex pIOL implantation was only 0.33 D.34

Loss of Corneal Endothelial Cells Damage to the cor-
neal endothelium may be due to direct contact be-
tween the pIOL and the inner surface of the cornea
during implantation or from postoperative changes
in pIOL position. Moreover, subclinical inflammation
may cause direct toxicity to the endothelium and
lead to further damage. In 1991, Fechner et al.97

described the first results of this type of pIOL with
a follow-up of more than 12 months: Five of 109 eyes
experienced corneal endothelial cell loss by surgical
trauma and 5 eyes showed progressive corneal endo-
thelial cell loss that caused corneal edema in one eye.
In a prospective study that included 111 eyes with
a follow-up of 4 years, Menezo et al.98 report that the
largest percentage of corneal endothelial cell loss was
noticed during the first 6 months after implantation
and conclude that the main cause for corneal endothe-
lial cell loss is surgical trauma. Corneal endothelial cell
pleomorphism and polymegathism did not change
significantly after surgery. One pIOL that was placed
too superiorly caused corneal edema and had to be
removed. Other studies have shown similar
results.14,29,99,100 Maloney et al.16 report no difference
in corneal endothelial cells between preoperatively
and 6 months postoperatively. Budo et al.13 report
a corneal endothelial cell loss of 0.7% 3 years after Ar-
tisan/Verisyse implantation. Pop and Payette32 report
no significant change in corneal endothelial cells 2
years after Artisan implantation. Senthil et al.21 did
not find significant corneal endothelial cell loss 24
months after Artisan surgery. Moshirfar et al.23 report
a 6.2% decrease in corneal endothelial cells 2 years af-
ter Artisan/Versisyse implantation. A similar rate,
6.8%, was reported by Gierek-Ciaciura et al.9 1 year af-
ter Verisyse implantation. A recent study by Stulting
et al.25 shows a mean corneal endothelial cell change
of 4.8% 3 years after surgery. Another recent study
by G€uell et al.27 reports a significant decrease in cor-
neal endothelial cells after myopic Verisyse implanta-
tion, whereas corneal endothelial cell loss was not
significant in the hyperopic Verisyse and toric Veri-
syse groups 3 years after implantation. Overall,
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corneal endothelial cell loss in this study was 5.11%
at 4 years. Natural loss of corneal endothelial cells is
about 0.6% per year, as reported by Bourne et al.101

One study has shown that corneal endothelial cell
loss following combined pIOL explantation after
Artisan implantation was only 3.5% 6 months
after surgery.102 Dick et al.34 report corneal endo-
thelial cell loss of only 1.1% 2 years after Artiflex
implantation.

In contrast to these findings, P�erez-Santonja et al.103

report continuous corneal endothelial cell loss with
a decrease of 17.6% 24 months after surgery and Saxe-
na et al.104 report a corneal endothelial cell loss of 8.3%
with a mean follow-up of 35.3 months. Saxena et al.104

report a significant negative correlation between ACD
and corneal endothelial cells. Benedetti et al.105 report
a continuous decrease in corneal endothelial cells after
Artisan pIOL implantation; at 5 years, the decrease
was 9.0%. Silva et al.26 report a decrease of 14.05% cor-
neal endothelial cells 5 years after Artisan implanta-
tion. In a recent study of factors leading to corneal
endothelial cell loss after pIOL implantation,106 the au-
thors report a yearly corneal endothelial cell loss of
1.0% for a mean minimum distance of 1.43 mm
between the edge of the pIOL and the corneal endothe-
lium; the loss was 1.7% for a mean minimum distance
of 1.20 mm and 0.2% for a mean minimum distance of
1.66 mm. In this study, according to a linear mixed
model analysis, patients with preoperative corneal
endothelial cells of 3000, 2500, or 2000 cells/mm2

and an edge-distance of 1.43 mm, a critical corneal
endothelial cell level of 1500 cells/mm2 would be
reached 56, 37, and 18 years after Artisan/Artiflex
implantation.

All authors agree that preoperative endothelial
microscopy is mandatory. Patients with endothelial
damage or corneal endothelial cells below 2000/mm2

should therefore not receive a pIOL. The height of
the Artisan IOL and therefore the potential closeness
to the cornea increases with its dioptric power. There-
fore, a sufficient ACD for the calculated pIOL is neces-
sary so the distance between the pIOL and the corneal
endothelium is not less than 1.5 mm.107,108

Pigment Dispersion/Lens Deposits The optic of the iris-
claw pIOL has an anterior vault to prevent iris chafing.
Pop et al.109,110 performed postoperative ultrasonic bi-
omicroscopy of the haptics of myopic and hyperopic
pIOLs and found no evidence of irritation of the iris
pigment epithelium by the pIOL haptics during
a follow-up of 24 to 371 days. Pigment cells are
occasionally visible on the pIOL optic in the early post-
operative period from surgical trauma. Figure 7 shows
iris pigment defects at the site of enclavation as a pos-
sible source of pigment dispersion. Stulting et al.25
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Figure 7. Iris pigment defects at the site of enclavation may be one
source of dispersed iris pigment (30-year-old man [A] and 47-year-
old woman [B]; both 3 months postoperatively).

Figure 8. Inflammatory reaction after iris-claw IOL implantation. A:
Dense fibrin coating on the pIOL 1 week postoperatively (34-year-
old woman). B: Persistent deposits 3 months after implantation
(37-year-old man).
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report iris pigment precipitates with an incidence of
6.9% at 4 to 6 months follow-up and no case at the
3-year follow-up.Menezo et al.18 report a long-term in-
cidence of 6.6% pigment dispersion with the longest
mean follow-up of 10 years after Artisan implantation.
However, in the phase III trial for the hyperopic iris-
claw pIOL, there are reports of 3 patients who had pig-
ment dispersion or pupillary membrane formation
due to iris touch.111 Baikoff et al.112 consider crystalline
lens rise as a risk factor for developing pigment disper-
sion after iris-fixated pIOL implantation. In their
study, 67% of eyes with a rise of more than 600 mm de-
veloped pupillary pigment dispersion after implanta-
tion of the Artisan pIOL. Nearly all eyes were
hyperopic. For the Artiflex pIOL, pigment precipitates
were reported in 4.8% of eyes, nonpigment precipi-
tates in 1.4%, and synechiae formation in 1.4% 2 years
after surgery.34
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Chronic Inflammation/Uveitis Chronic inflammation
has been a major concern with the iris-claw IOL
because this pIOL is fixated directly to the iris tissue
and causes pressure or shear forces when the eye is
moving or patients rub their eyes (Figure 8). This
may lead to injury or increased permeability of the
iris vessels with breakdown of the blood–aqueous bar-
rier and chronic release of inflammatory mediators.
This has been repeatedly examined using different
technologies. Two studies using iris angiography
showno leakage of the iris vessels,91,97 whereas studies
conducted using a laser-flare cell meter show different
results. Fechner et al.97 report no elevated flare levels in
109 eyes with at least 12 months of follow-up. P�erez-
Santonja et al. (Perez-Santonja JJ, Iradier MT, Benıtez
del Castillo JM, Serrano JM, ZatoMA. Chronic subclin-
ical inflammation in phakic eyes with intraocular
lenses to correct myopia. J Cataract Refact Surg 1996;
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Figure 9. First generation iris-claw pIOL (Worst-Fechner) in an
aphakic eye 11 years after implantation (61-year-old woman). Note
slight decentration.
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22:183–187) report elevated flare levels in 30 eyes com-
pared with the levels in a normal population at 12, 18,
and 24 months after surgery. Grob et al.100 report no
significantly elevated flare after 6 months in a study
with 44 eyes. In all studies, clinically relevant inflam-
mation could be detected in individual cases only. In
a case report by Koss et al.,113 posterior synechias de-
veloped 2 weeks after Artiflex implantation and re-
quired surgical reenclavation. However, 2 years after
surgery, posterior synechiae did not change. A similar
case report byTahzib et al.114 describes development of
severe cell deposition 1 week after Artiflex implanta-
tion. After pIOL exchange, inflammation in the ante-
rior chamber disappeared completely. Senthil et al.21

report postoperative iritis in 3% of the eyes after Arti-
san implantation that resolved completely. Moshirfar
et al.23 report an incidence of 1.2% of cells and flare
for 1 month after Artisan/Verisyse surgery. Moshirfar
et al.115 describe a case of toxic anterior segment syn-
drome (TASS), also known as sterile endophthalmitis,
in a patient who presented with severe corneal edema
1 day after Verisyse pIOL surgery. The TASS resolved
after a 2-month course of topical steroids. However,
corneal endothelial cells decreased by 69% 1 year after
surgery. Careful postoperative monitoring of inflam-
matory signs is generally necessary. If persistent intra-
ocular inflammation occurs and is not sufficiently
treatablewithdrugs,pIOLremovalmustbe considered.

Pupil Ovalization/Iris Retraction Pupil ovalization or ir-
regularity can occur if fixation of the pIOL haptics is
performed asymmetrically. No progressive pupil ov-
alization has been reported.Maloney et al.16 report pu-
pil irregularities in 14.0% of eyes on the first day after
surgery and 1.2% after 6 months. Moshirfar et al.23 re-
port a pupil ovalization incidence of 2.4% after Arti-
san/Verisyse implantation. Stulting et al.25 report an
incidence of 13.0% of asymptomatic oval pupil 1 day
after Artisan/Verisyse pIOL implantation, which de-
creased to 0.4% at 3 years. As enclavation is performed
in the peripheral iris, pupil dilation is limited after
pIOL implantation. Artisan/Verisyse pIOLs are cen-
tered on the middle of the pupil. This can lead to diffi-
culties if the pupil itself is decentered and the optical
axis is not in the middle of the pupil (Figure 9). Postop-
erative decentration is possible if the enclavation is not
sufficient. Menezo et al.91 report an incidence of 13.5%
decentration, but in only one case was a second inter-
vention necessary because of double vision. P�erez-
Santonja et al.103 report a decentration greater than
0.5 mm in 43% of the examined eyes. P�erez-Torregrosa
et al.116 report a mean decentration of 0.47 with respect
to the pupil center in 22 eyes using a digital imaging
system. If the pIOL is fixated properly, no postopera-
tive decentration or rotation of the optic should occur.
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Intraocular Pressure Elevation The anterior chamber an-
gle is not generally thought to be affected by the hap-
tics of the iris-claw pIOL. Coullet et al.22 report that
within 1 year of surgery, IOP did not significantly
change after Artisan or Artiflex pIOL implantation.
However, Yamaguchi et al.117 report that after implan-
tation of an Artisan/Verisyse pIOL, partial narrowing
of the anterior chamber angle of more than 5 degrees
occurred in the area where the pIOL haptics pinched
the iris. This did not affect IOP. A peripheral iridec-
tomy or iridotomy is necessary to prevent acute
pupillary block glaucoma. In several studies, cases
of elevated IOP in the early postoperative period
resolved without further damage and were
probably related to retained OVD or steroid
medication.416,21,25,61,118,119

Phakic Intraocular Lens Rotation Photographic analysis
after implantation of toric Artisan pIOLs showed no
rotation greater than 2 degrees at 6 months follow-up
in a report by Tehrani et al.35 Using Scheimpflug pho-
tography, Baumeister et al.120 examined the postoper-
ative stability of pIOLs and report that the iris-fixated
pIOL had the best positional stability compared with
anterior chamber and posterior chamber pIOLs. There-
fore, the iris-fixated pIOL is particularly interesting for
toric pIOL designs. However, spontaneous postopera-
tive dislocations or dislocations due to blunt ocular
trauma have been described (Figure 10).16,91,103,121

Cataractogenesis Formation of cataract due to the iris-
claw pIOL is unlikely because the pIOL is inserted
over amiotic pupil without contact with the crystalline
lens. Menezo et al.122 report a nuclear cataract rate
of 3% after implantation of an iris-fixated pIOL. In
this study, the implanted IOL was the older
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Figure 10. Traumatic dislocation of an iris-claw anterior chamber
pIOL (courtesy of D. J. Annen, Winterthur, Switzerland).
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Worst-Fechner pIOL. Patient age older than 40 years
and axial length greater than 30.0 mm were factors
related to nuclear cataract formation. However, new-
onset nuclear cataracts were not ascribed to pIOL sur-
gery. Clinically relevant cataract formation associated
with the iris-claw IOL has also been reported by Stult-
ing et al.25 Most lens opacities were nuclear and un-
likely to be related to the implanted pIOL. Lens
opacities that required cataract extraction developed
in 0.25% of patients. Very few were anterior subcapsu-
lar opacities, which were expected to be caused by sur-
gical trauma. A metaanalysis of cataract development
after pIOL surgery reported that 20 of 2781 eyes devel-
oped new-onset cataract.86 Of these, 10 were nuclear
sclerotic, 8 were cortical vacuoles, and 1 was anterior
subcapsular cataract (data for 1 eye was not clear.)
The incidence of cataract formation was 1.1% for the
iris-fixated pIOL; it was 2.2% for theWorst-Fechner bi-
concave pIOL, 1.1% for the myopic Artisan/Verisyse
pIOL, and 0.3% for the hyperopic Artisan/Verisyse
pIOL. No cataracts have been reported to date with
the Artiflex pIOL.86 As for anterior chamber pIOLs,
an excessive postoperative use of steroids should be
avoided because of the potential long-term risk for cat-
aract formation.87
Retinal Detachment Thorough examination of the pos-
terior segment to rule out vitreoretinal pathologies is
mandatory, although no vitreoretinal complications
have been shown to be causally related to iris-fixated
pIOL implantation to date. In the European multicen-
ter study of the Artisan pIOL over 8 years, retinal de-
tachment (RD) occurred in 2 eyes.13 Stulting et al.25

report an RD rate of 0.3% per year after Artisan/Ver-
isyse implantation in eyes with a mean spherical
equivalent between�11.50 D and�18.6 D. This is sim-
ilar to RD rates that have been reported in the highly
myopic population that did not have refractive
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surgery.123–125 G€uell et al.27 report one case of RD in
a series of 399 eyes with the Artisan/Verisyse pIOL.
Retinal detachment was not thought to be related to
the pIOL implantation. A recent report describes a bi-
lateral giant tear RD following Artisan pIOL implanta-
tion in a 39-year-old patient with an axial length of 25.5
mm in the right eye and 25.8 mm in the left eye.126 In
this report, RD was attributed to a combination of in-
flammatory response and perioperative IOP fluctua-
tions as a causative pathophysiological mechanism
based on the time between the RD and the pIOL
implantation.

Oddities Other complications of iris-fixated pIOL
implantation are Urrets-Zavalia syndrome, early post-
operative hyphema, and ischemic optic neuropathy.127

Hyphema in the early postoperative phase from iris
trauma is occasionally described.14,16,91 Iris bleeding
can also be caused by preoperative argon or Nd:YAG
laser treatment of the iris to mark fixation points for
pIOL enclavation. Iris perforation by the claw haptic
of a pIOL is reported by Benedetti et al.20 Another rare
complication is implantation of a pIOL with incorrect
power. Due to the aim of the surgerydto correct ame-
tropia as precisely as possibledthis complication
should not occur with current formulas, as described
in the first part of this review. Kohnen et al.128 report
a myopic shift of 4.0 D 10 days after Artisan pIOL
implantation. They postulate that this event happened
because of secondary movement of the ciliary body
inwardly or forwardly or irritation of iris innervation
by induction of ciliary body contraction.
Posterior Chamber pIOL Complications
The complication spectrum is similar for the ICL and
PRL and is related to the position of the pIOL between
the rear surface of the iris and the front surface of the
crystalline lens. Differences in the incidence of most
common complications such as cataractogenesis,
pupillary block, and glaucoma are due to the different
pIOL designs and materials.

Optical Quality, Glare, Halos Consequences of a small
optic diameter (ICL up to 5.5 mm; PRL up to 5.0 mm)
and decentration of posterior chamber pIOLs in rela-
tion to the pupil size are glare and halos, especially
at night. Therefore, patients with larger pupils have
increased difficulties driving at night, which, in ex-
treme cases, may lead to an actual inability to drive
at night. Menezo et al.119 report a high incidence of vi-
sual disturbances after implantation of an ICL, which
may be due to decentration of the posterior chamber
pIOL and/or an optic diameter that is too small rela-
tive to the pupil size. Several studies report glare and
diplopia in eyes with decentration of the ICL greater
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than 1.0 mm.129,130 Maroccos et al.79 report a greater
increase in postoperative glare and halos after ICL im-
plantation than after Artisan pIOL implantation in the
anterior chamber. These findings were thought to be
due to the edge effects of the small diameter of the
whole ICL and the small optic diameter (4.5 to
5.5 mm) in relation to the pupil size (5.3 to 7.4 mm).
With the PRL, which has an optic of 4.5 to 5.0 mm,
glare and halos are also a concern. After PRL implan-
tation, 25% of 31 patients reported halos and night
glare.61 To avoid this complication, a preoperative
mesopic pupil larger than 5.0 mm should be consid-
ered a limitation. In large-pupil cases, a larger optic
pIOL should be implanted. For example, an iris-
fixated pIOL with a 6.0 mm optic should be used in
patients with large scotopic pupils. In a study of the
3-year results of ICL implantation, patients were asked
about their optical quality of vision. Improvement of
glare and halos was reported in 11.9% of cases and
9.6% of cases, respectively, and worsening in 9.6%
and 11.5%, respectively.41 After PRL implantation,
26% to 28% of patients complained of glare and halos
at night.60,61 Some of the patients had scotopic pupils
of 6.0 to 7.0 mm so the difference between the pupil
size and the 5.0 mm PRL optic seemed responsible
for the problems.60 A recent report by Koivula and
Zetterstr€om67 shows glare and halos after hyperopic
PRL implantation in 2 of 40 eyes, requiring PRL
explantation.

Surgically Induced Astigmatism Surgically induced astig-
matism has not been reported to be a major concern of
posterior chamber pIOLs because of the small-incision
surgical procedure. In one study, the SIA after ICL
implantation in 73 eyes through a 3.0 mm horizontal
clear cornea incision was 0.45 D using a keratometer
and 0.49 D using corneal topography.53

Loss of Corneal Endothelial Cells Loss of corneal endo-
thelial cells can be divided into direct trauma loss
caused by surgery and long-term loss. In various stud-
ies of the ICL, immediate corneal endothelial cell loss of
5.2% to 5.5% was documented after 12 months. How-
ever, the pace of corneal endothelial cell loss slowed
down substantially from 1 year to 2 years (6.6% to
7.9%).131,132 Researchers therefore considered surgery
to be the cause of the early corneal endothelial cell
loss. Four years postoperatively, corneal endothelial
cell counts showed further decrease in cell density,
which may be due to the implanted ICL, the learning
curve of the surgeon, or natural cell loss, which is in
the range of 0.5% in the normal population.132 A recent
study by Kamiya et al.133 reports corneal endothelial
cell loss of 3.7%4years after ICL implantation.Another
study shows a cumulative corneal endothelial cell loss
of 8.5% 3 years after surgery and 8.4% 4 years after
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surgery.41,129 These figures also suggest that corneal
endothelial cell density stabilizes over time. Alfonso
et al.57 showcorneal endothelial cell loss of 8.1%2years
after toric ICL implantation in eyes after penetrating
keratoplasty. In a report by Koivula et al.,65 no signifi-
cant corneal endothelial cell loss was noted between
1 week and 1 or 2 years after implantation of a hyper-
opic PRL. In a report by Koivula and Zetterstr€om,67

corneal endothelial cell loss was 3.8% 1 year after hy-
peropic PRL implantation. Verde et al.62 did not find
a significant reduction in corneal endothelial cells
12 months after PRL implantation in 90 myopic eyes.
Jongsareejit64 reports corneal endothelial cell loss of
5.4% after a short follow-up of 6 months.

Pigment Dispersion/Intraocular Lens Deposits/Intraocular
Pressure Elevation Using ultrasound biomicroscopy
(UBM), contact between posterior chamber pIOLs
(ICL, PRL) and the posterior surface of the iris has
been shown.131,134–137 Pigment dispersion and consec-
utive pigment accumulation in the anterior chamber
angle is one possible consequence (Figure 11).51,61,119,137

However, development of secondary glaucoma has
not been observed. Nevertheless, eyes with pigment
dispersion must be kept under observation to spot
any increase in IOP. Menezo et al.18 report a not statis-
tically significant IOP increase of 1.5 mm Hg over
3 years after ICL implantation. Park et al.59 did not
find an IOP increase over 1 to 18 months after toric
ICL implantation. In contrast, other studies of ICLs
or PRLs have reported significantly increased IOP in
rare cases 1 month after implantation. Kamiya
et al.133 did not find an increase of IOP 4 years after
ICL implantation. Zaldivar et al.46 report that 2 of
124 eyes showed IOL-related IOP spikes. One of these
eyes with a decentered ICL had excessive pigment
deposition on the pIOL surface. It remained unclear
whether the pigment dispersion was related to the de-
centration or to the pIOL itself. In both eyes, the ICL
had to be removed and phacoemulsification with cap-
sular bag IOL implantation was performed. The IOP
was subsequently well controlled without medication.
Sanchez-Galeana et al.138 report a case of refractory
IOP increase due to pigment dispersion after ICL im-
plantation. Despite medical therapy and ICL removal,
this patient needed a trabeculotomy to control IOP.

Although Jim�enez-Alfaro et al.131 observed contact
of the ICL and posterior iris with UBM in all cases,
they did not find pigment dispersion. The authors sug-
gest that the similarity between the Collamer and the
anterior capsule of the crystalline lens could prevent
mechanical pigment loss. Davidorf et al.51 report that
the pigment deposition on the pIOL surface remained
stable over time in all eyes, with no occurrence of pig-
ment dispersion glaucoma. They suggest that pigment
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Figure 11.A: Pigment deposits on anterior surface of a PRL posterior
chamber pIOL. B: Pigment dispersion in the anterior chamber angle
after implantation of an ICL posterior chamber pIOL, gonioscopic
view, 3 months after implantation (53-year-old man).

Figure 12. Pupil ovalization after PRL implantation.
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dispersion was probably surgically related. Hoyos
et al.61 report a case of window defects of the iris
and increased angular pigmentation without in-
creased IOP after PRL implantation in hyperopic
eyes. They propose that a too shallow ACD of 2.8 mm
was the cause and suggest a minimumACD of 3.0 mm
for posterior chamber pIOL implantation. Donoso and
Castillo63 report no change in IOP after PRL implanta-
tion with a mean follow-up of 8 months. Koivula and
Zetterstr€om67 also report no change in IOP 1 year after
PRL implantation. Verde et al.62 report an increase in
mean postoperative IOP compared with the preopera-
tive values; the mean IOP was within normal limits in
the follow-up. Only 1 of 90 eyes required antiglaucom-
atous medication. Some authors have reported inci-
dents of secondary induced glaucoma due to the use
of topical steroids. However, IOP normalized after
a postoperative treatment regimen with steroids and
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was stopped in all eyes.46,48,61,131 Davidorf et al.51

report increasing vascularization of the anterior cham-
ber angle and development of secondary glaucoma af-
ter ICL implantation in a hyperopic eye. Rosen and
Gore47 also report the development of secondary glau-
coma after implantation of a hyperopic ICL. In both
cases, the IOL had to be explanted as IOP could not
be controlled by repeated iridotomy and topical
medication.

Chronic Inflammation/Uveitis To detect intraocular in-
flammation, laser flare photometry was performed
6 months after ICL implantation. All eyes showed
normal aqueous flare values.42 Another study did
not detect any long-term inflammation 2 to 3 years
after ICL implantation.139

Pupil Ovalization/Iris Retraction In contrast to anterior
chamber pIOLs, no cases of pupil ovalization or iris re-
traction have been reported to date with posterior
chamber pIOLs. However, in our experience, they
can still occur (Figure 12).

Pupillary Block/Malignant Glaucoma Due to the position
of the posterior chamber pIOL, the iris may be pushed
forward and cause acute pupillary block glaucoma, es-
pecially in hyperopic eyes.46,50,51,131,140 The diameter
of posterior chamber pIOLs is involved in this patho-
physiological process. To prevent pupillary block
glaucoma, preoperative or intraoperative iridotomies
or iridectomies should be performed.46,47,51 In some
cases, preoperative iridotomies become nonpermeable
over time because they are too small or the haptic of
the posterior chamber pIOL blocks them. This may
cause acute pupillary block glaucoma. A second iri-
dotomy has to be performed in these cases.129,141,142

In one case, pupillary block appeared 1.5 years after
PRL implantation because the iridectomy was
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obstructed by the PRL haptic.61 After treatment with
a second iridectomy, the IOP in all eyes normalized.
Especially in the case of the PRL, which may rotate,
2 iridotomies in an angle of 90 degrees are required.61

For hyperopic treatment, preoperative iridotomy is
even more important to prevent early pupillary block.
In such cases, it is necessary to make 2 peripheral and
sufficiently sized iridotomies preoperatively with the
Nd:YAG laser or during implantation surgery using
the vitrectome or scissors.51 In a recent report by Koi-
vula and Zetterstr€om,67 7 of 40 eyes developed pupil-
lary block by a mean of 6 days after hyperopic PRL
implantation. All eyes were treated successfully with
laser iridotomy.

Malignant glaucoma after posterior chamber pIOL
implantation is rare and has only been described by
Kodjikian et al.118 in a myopic eye that had an IOP of
54 mm Hg 3 days after ICL implantation. Both preop-
eratively performed laser iridotomies were patent and
seemed large enough. The iris was not bowed forward,
and the posterior segment did not show any pathol-
ogy. Acute glaucoma due to pupillary block was ruled
out. Despite medical treatment, the IOP remained
50mmHg; 5 days after implantation, ICL explantation
had to be performed. Thereafter, IOP normalized
without medical treatment and the corrected distance
visual acuity was 20/25.

Decentration/Incorrect size /Phakic Intraocular Lens Rota-
tion Preoperatively, it is mandatory to properly mea-
sure the white-to-white (WTW) distance to choose
a pIOL with sufficient length to prevent decentration
or rotation, even though limitations regarding the
WTW distance relative to the sulcus diameter are well-
known.119,130 Although in few cases,Menezo et al.119 re-
port decentration with an adequate IOL length relative
to the corneal diameter. The consequences of decentra-
tion are diplopia, glare, and pigment dispersion syn-
drome because of mechanical trauma.46,51

Trindade and Pereira143 report the exchange of an
ICL because of oversized length. Malpositioning
with a very large vault and undercorrection occurred
because the ICL was too long. The ICL was exchanged
for a smaller ICL with higher power. This procedure
was uneventful, and the patient was satisfied with
the final visual outcome. In a study with a 12-month
follow-up, UBM showed ICL rotation in 11% of
eyes.134 Although there was no decentration of the op-
tic, the authors suggest that the diameter of the ICL
was too small.134 In another study,61 decentration oc-
curred after implantation of a PRL with a diameter
that was too small. After the small PRLwas exchanged
for a newer generation PRL with a larger diameter, no
decentration was observed. A recent study by Koivula
et al.65 showes a median PRL rotation 18.5 degrees
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during the first year after implantation and 0 degree
during the second year. Centration of the PRL was
good in all eyes for up to 1 year. Minor decentration
of a PRL was observed in 5 of 90 eyes in a study by
Verde et al.62 The ICL length has to be calculated on
the basis of the horizontal WTW diameter (addition
of 0.5 mm to WTW measure). Baumeister et al.144 re-
port that a most accurate value of horizontal WTW di-
ameter is determined by the IOLMaster (Carl Zeiss
Meditec). In this study, the mean rotation of the ICL
was 0.9 degrees. A recent study reports that postoper-
ative rotation after toric ICL implantation was less
than 5 degrees in 74% of eyes and less than 11% after
8 months.59

Cataractogenesis A metaanalysis of cataract develop-
ment after posterior chamber pIOL surgery found
that 223 of 1210 eyes developed new-onset cataract.86

Of these, 195 were anterior subcapsular (Figure 13), 5
nuclear sclerotic, and 4 anterior subcapsular and corti-
cal opacities. The overall incidence of cataract forma-
tion for posterior chamber pIOLs was 9.60%, which
is significantly higher than the incidence for anterior
chamber pIOLs and iris-fixated pIOLs. The incidence
was 25.7% for the Adatomed pIOL, 8.5% for the ICL
pIOL, and 3.6% for the PRL.86 Because of this inci-
dence, the Adatomed is no longer in use. Cataracts af-
ter ICL and PRL implantation often remain stable over
a long period of time and rarely lead to a reduction in
visual acuity. The most common type of cataract after
posterior chamber pIOL implantation is anterior sub-
capsular.145,146 Possible reasons are operative trauma,
continuous or intermittent contact of the posterior
chamber pIOL with the crystalline lens, insufficient
nutrition through anterior chamber flow between the
posterior chamber pIOL and the crystalline lens, or
chronic subclinical inflammation with disruption of
the blood–aqueous barrier due to friction between
the pIOL and posterior iris or the haptic on the ciliary
sulcus.49,145,147 Studies with UBM and Scheimpflug-
imaging techniques (Figure 14) have shown a central
gap between the ICL and the crystalline lens but
contact in the midperiphery.131,134,137,143 Moreover,
anteroposterior movement of the ICL during iris con-
traction or accommodation have led to intermittent
central contact.131,134 However, if the distance between
the crystalline lens and posterior chamber pIOL is in-
creased, the posterior chamber pIOL is closer to the
iris with the consequent risk for pigment dispersion
and development of pigment-induced secondary
glaucoma.

In a study by Zaldivar et al.,46 none of 124 eyes
developed lens opacities due to ICL implantation.
Nevertheless, one eye developed peripheral lens opa-
cification at the position where Nd:YAG iridotomy
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Figure 13. Cataract formation after implantation of posterior chamber pIOL. A: Faint anterior subcapsular opacities, 12 months after implanta-
tion (45-year-old woman). B: Same eye, retroillumination. C: Distinct anterior subcapsular cataract in an eye with posterior chamber pIOL.
D: Retroillumination of anterior subcapsular cataract in an eye with posterior chamber pIOL (C: Courtesy of E. Rosen, Manchester,
United Kingdom; D: Courtesy of J. Ali�o, Spain).
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was performed preoperatively. Zadok and Chayet148

report a case of focal lens opacification under the
Nd:YAG laser iridotomy site, which did not enlarge
after ICL implantation. Another study reports 2 eyes
in one patient with anterior subcapsular cataractogen-
esis 1.5 years after ICL implantation.42 Also, Trindade
and Pereira137 observed anterior subcapsular cataract
formation in the eye of a 59-year-old patient 6 months
after ICL implantation. The surgery was uneventful
and atraumatic. With UBM, they were able to measure
a central vault between the ICL and the natural lens,
whereas contact was present in the midperiphery.
Anterior subcapsular lens opacities developed in the
noncontact area. Therefore, the authors surmised
that both the proximity of the ICL to the natural lens,
which may lead to metabolic disturbances, and pres-
sure from the posterior chamber pIOL on the anterior
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surface of the crystalline lens could trigger cataract
formation. In an FDA trial with a mean follow-up of
4.7 years, a cumulative probability estimate of 6%
to 7% of anterior subcapsular opacities was found
7C years after implantation of the Visian ICL.149

However, only 1% to 2% progressed to a clinically
significant cataract.

With various generations of the ICL, appearance of
cataract formation is different. The less vaulted model
V3 caused a higher incidence of cataract formation
than the newer V4 and V5 models.119 With the V4
model, the recently published FDA study showed an
incidence of 2.1% anterior subcapsular opacities.150

To prevent cataract formation, a sufficient vault
between the posterior chamber pIOL and the lens
seems to be important. With UBM, it was possible to
measure central vault after implantation of ICL; in
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Figure 14. Contact between posterior chamber pIOL and crystalline
lens. A: Myopic ICL, slitlamp image. Note delicate opacities in the
lower hemisphere (40-year-old man). B: Myopic ICL, Scheimpflug
image. C: Hyperopic ICL, Scheimpflug image.

Figure 15. Residual OVD substance between a hyperopic ICL and
the crystalline lens 1 week postoperatively (23-year-old woman).
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the midperiphery, lens–IOL contact existed in most
cases.131,134,137 Also, size changes, the loss of the
central vault, as well as changes in the location and
extension of the contact zone were measured
(Figure 14).131,134 These findings would indicate ante-
roposterior shifts in the position of the ICL. Such shifts
may be due to the flexibility of the pIOL material,
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which would allow the ICL to become deformed, per-
haps while iris movements or accommodation oc-
curred. Nevertheless, lens opacities did not effect
visual acuity in any examined eye. One study evalu-
ated the dynamics of the PRL inmyopic and hyperopic
eyes during accommodationwith Visante OCT.151 The
PRL moved forward during accommodation in all
eyes, with preserved distance between the anterior
surface of the crystalline lens and the smaller PRL
100 model. However, with other PRL models, 101 in
myopic eyes and 200 in hyperopic eyes, this distance
decreased significantly. The authors conclude that
this finding combined with the floating design of the
PRL could permit aqueous humor circulation to the
anterior surface of the crystalline lens, resulting in
a less cataractogenic effect than with the ICL. After
PRL implantation, Hoyos et al.61 observed anterior
cortical opacification in the immediate postoperative
examination in one eye. This opacification remained
stable up to 2 years of follow-up. The authors suggest
that the touch of the natural lens during surgery was
the trigger. Koivula and Zetterstr€om67 report no case
of cataract formation one year after hyperopic PRL
implantation. Other risk factors are experience of the
surgeon, older patient age, and preexisting lens
opacities.49 As a differential diagnosis of lens opacities,
residues of OVD substances (Figure 15) should be con-
sidered, particularly if the opacity is seen in the early
postoperative period. If cataract formation progresses
and leads to a decrease in visual acuity, posterior
chamber pIOL explantation, phacoemulsification,
and posterior chamber IOL implantation are
indicated.137,152

Administration of pilocarpine in eyes with posterior
chamber pIOLs should be considered carefully since
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a case report demonstrated posterior chamber flatten-
ing and resulting crystalline lens opacification after
instillation of pilocarpine eyedrops in a 46-year-old
hyperopic patient who had ICL implantation.153 As
for all pIOLs, one should also consider that excessive
use of steroids postoperatively is a potential cause of
cataract formation.87

Retinal Detachment As for all intraocular surgeries, im-
plantation of a posterior chamber pIOL carries a poten-
tial risk for vitreoretinal complications and RD. Most
implantations of posterior chamber pIOLs are per-
formed in patients with high myopia and long axial
length, who therefore have a predisposition for
spontaneous RD, as discussed previously. Thorough
preoperative and postoperative fundoscopic investi-
gation is mandatory to rule out retinal changes and
to perform prophylactic laser photocoagulation, if re-
quired. Zaldivar et al.46 report a single case of RD after
implantation of a posterior chamber pIOL in 124 eyes.
In this myopic patient, no causal relationship to pIOL
surgery was noted. Panozzo and Parolini154 describe 4
cases of RD after posterior chamber pIOL implantation
in a consecutive case series. Two of the 4 cases had gi-
ant retinal tears. One case of bilateral giant retinal tear
was reported 4 months after posterior chamber pIOL
implantation. The patient had a history of RD.155 An-
other case of RD as a late postoperative complication
was reported after PRL implantation.63 In a prospec-
tive study comprising 61 eyes, one eye developed
RD 15 months after Visian ICL implantation.52 This
case was attributed to the pre-existing axial length of
31.0 mm and not to the pIOL surgery. The largest clin-
ical trial reporting results in 526 eyes after Visian PIOL
implantation found only 3 RDs.41 The largest series of
RD after posterior chamber pIOL surgery was pub-
lished by Mart�õnez-Castillo et al.156 and included 16
eyes after ICL implantation (ICMV2, ICMV3, and
ICMV4). In this retrospective study, RD occurred
from 1 to 70 months after lens surgery (mean 29
months) and no giant retinal tear or retinal dialysis
was noted. As mean axial length of the 16 eyes was
30.1 mm, the authors conclude that these RDs were
part of the natural history of RD in high myopia.

Oddity: Zonular Dehiscence There are some reports of
serious complication with PRL luxation into the vitre-
ous cavity. Eleftheriadis et al.157 report a spontaneous
dislocation of PRL 2 months after uneventful implan-
tation into the vitreous cavity. Luxation was attributed
to preexsisting zonular defect in the highlymyopic eye
and unrecognized ocular trauma. In a case report by
Mart�õnez-Castillo et al.,158 2 patients had PRL luxation
into the vitreous cavity after normal surgery, 4 and
22 months postoperatively. Hoyos et al.159 report
2 cases of zonular dehiscence 2 years after PRL
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implantation in highly myopic eyes. Donoso and Cas-
tillo63 report 2 cases of subluxation of PRL inferotem-
porally through the zonules with no predisposing
factors. The authors speculate that an altered position
and rotation of this type of pIOL and/or preoperative
or undetected intraoperative trauma might contribute
to this rare but potentially severe complication. For
posterior chamber pIOL implantation, selection of
a pIOL with an incorrect power is an avoidable com-
plication that should not occur using current biometric
formulas.

In summary, the main complications of anterior
chamber pIOLs are glare and halos, pupil ovalization,
and corneal endothelial cell loss; the main complica-
tions of iris-fixated pIOLs are chronic subclinical in-
flammation, corneal endothelial cell loss, dislocation
or pupillary block glaucoma; and the main complica-
tions of posterior chamber pIOLs are anterior subcap-
sular cataract formation, pigment dispersion,
pupillary block glaucoma, or luxation of pIOL (PRL).
For all types of pIOLs, there is no established direct re-
lationship between pIOL and RD.

DISCUSSION

According to Charles Kelman,160 learning from com-
plications of former and current pIOL models,
a pIOL to be developed should fit the following re-
quirements: The haptics should not damage the
anterior chamber angle and haptics should not be in
touch with peripheral corneal endothelium; the pIOL
should not be in contact with any part of the iris that
moves during pupillomotoric reflexes; the pIOL
should be flexible if the assumed internal diameter
might be smaller than the diameter of the pIOL; the
pIOL should be placed in the largest diameter of the
eye to avoid rotation; and the edges of pIOL should
be smooth. Additionally, there should be sufficient
space between the pIOL and the corneal endothelium
and between the pIOL and the crystalline lens.
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