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ABSTRACT

PURPOSE: To evaluate the long-term results of phakic
refractive lens (PRL; Carl Zeiss Meditec) implantation in
eyes with high myopia.

METHODS: n this retrospective, noncomparative, inter-
ventional case series, 143 myopic eyes of 82 patients
were treated for high myopia with the implantation of
the silicone PRL in the posterior chamber.

RESULTS: Mean follow-up was 3.8+1.7 years (range:
1to 6 years). Six years postoperatively (n=34), a statis-
tically significant reduction was noted in the cycloplegic
spherical equivalent from —14.08+4.00 diopters (D)
(range: —24.88 to ~4.75 D) before PRL implantation
10 —0.45x0.62 D (range: —1.00 to 1.00 D) (P<..001).
At 6 years, 67.6% (23 eyes) and 91.2% (31 eyes) were
within £0.50 and =1.00 D of target refraction, respec-
tively. Mean logMAR uncorrected and corrected distance
visual acuity improved significantly (P<.001) (counting
fingers preoperatively in all eyes to 0.17+0.15 [range:
0.54 to —0.06] and 0.19+0.19 [1.00 to —0.08] to
0.07%0.10 [range: 0.30 to —0.10], respectively). Com-
plications included anterior capsule damage (3 eyes),
temporary intraocular pressure increase (14 eyes), pig-
ment dispersion (1 eye), and PRL decentration (1 eye).
No eyes presented any signs of cataract up to 6 years
postoperatively.

CONCLUSIONS: Long-term results show that PRL im-
plantation is an effective and safe method for treating
high myopia. [J Refract Surg. 2011;27(11):787-791.)
d0i:10.3928/1081597X-20110628-01

hakic intraocular lenses (PIOL) have gained their
7 | place in intraocular refractive surgery as a relatively
~ new, evolving technique for the correction of moder-

ate to high refractive errors. In certain cases of high myopia
and hyperopia, excimer laser treatment is not advised because
of residual corneal stromal thickness concerns.? The main
issue is to avoid the risk of postoperative ectasia, attributed
mainly to LASIK,? in which the cornea progressively thins
and steepens resulting in myopia, irregular astigmatism, and
loss of corrected distance visual acuity (CDVA). Furthermore,
it has been established that attempted corrections of high
myopia/hyperopia induce more higher order aberrations,
affecting vision quality and creating problems such as glare,
halos, and ghost imaging.3

Phakic intraocular lens implantation does not affect the
shape and central thickness of the cornea and has the advan-
tage of being potentially reversible. In comparison to clear lens
extraction, PIOL implantation preserves accommodation and,
as a result, is a better solution for younger patients. Phakic in-
traocular lens implantation carries risks such as cataract for-
mation, inflammation and infection, decentration, and retinal
detachment especially when treating high myopia.*

Currently, three types of refractive lenses are used for cor-
recting refractive errors: anterior chamber, iris-fixated, and
posterior chamber. Two types of posterior chamber phakic
refractive lenses are available for the correction of high myo-
pia and hyperopia—Implantable Collamer Lens (Visian ICL;
STAAR Surgical, Monrovia, California) and Phakic Refractive
Lens (PRL; Carl Zeiss Meditec, Jena, Germany). The latter is
made of silicone with a high refractive index (1.46), which
allows its ultra-thin design. The PRL is not supported in the
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sulcus angle, but due to its hydrophobic material and
aqueous fluid dynamics, it theoretically should avoid
contact with the crystalline lens, even during accom-
modation. Because no true centration is achieved dur-
ing implantation, minor rotation of the lens might occur
during the follow-up period. One- and 2-year clinical
results of PRL implantation suggest that it is efficient
and predictable for the treatment of high myopia and
hyperopia.>® However, longer follow-up is mandatory
to evaluate its safety and stability.

The purpose of our study was to evaluate the long-
term efficacy, predictability, and safety of PRL implan-
tation in highly myopic eyes. To our knowledge, this is
the longest follow-up of PRL implantation to be reported
in the literature.

PATIENTS AND METHODS

One hundred forty-three myopic eyes of 82 patients
were treated with PRL implantation by the same surgeon
{I.G.P.). Mean patient age was 28.7+6.1 years (range: 18
to 45 years). Preoperative evaluation included cyclople-
gic refraction in spherical equivalent, uncorrected dis-
tance visual acuity (UDVA), CDVA, intraocular pressure
(IOP), slit-lamp microscopy, pupil size measurement
under scotopic conditions, white-to-white corneal di-
ameter measurement with the use of a caliper, dilated
funduscopy, and A-scan ultrasonography (Axis-IL;
Quantel Medical, Clermont-Ferrand, France).

Exclusion criteria were age <18 years, previous
intraocular surgery, anterior chamber depth <3 mm,
glancoma, cataract, and active ocular infection.

Each patient was informed about the nature of the
procedure, possible outcomes and current clinical ex-
perience, and gave written consent according to the
Declaration of Helsinki and institutional guidelines.
Institutional review board/ethics committee (Univer-
sity of Crete) approval was obtained.

Lens power calculations were based on the preoper-
ative cycloplegic spherical equivalent, average kerato-
metric power, anterior chamber depth calculated with
use of A-scan ultrasonography, and target postopera-
tive refraction, and were based on the manufacturers’
nomogram. The model of the myopic PRL implanted
was based on the horizontal white-to-white diameter.
The two PRL models available are the PRL 101, with a
length of 11.3 mm for a white-to-white diameter >11.3 mm,
and the PRL 100, with a length of 10.8 mm for a white-
to-white diameter between 10.5 and 11.3 mm.

SURGICAL TECHNIQUE

One hour before surgery, cyclopentolate 1% and
phenylephrine 5% were used every 15 minutes to di-
late the pupil. Phakic refractive lenses were implanted

under retrobulbar anesthesia through a 3.2-mm clear
corneal temporal incision made with a diamond knife.
The anterior chamber was filled with a low-viscosity
viscoelastic agent.

Lenses were inserted with the use of special forceps.
The haptics of the lens, one after the other, were placed
under the iris. At the end of the procedure, a surgical
iridectomy was performed with the use of a vitreotome
in 76 eyes, whereas 2 YAG-laser iridotomies were per-
formed 1 week before the procedure in 67 eyes.

Patients remained in the hospital on the day of suz-
gery, as they were closely monitored during the first
24 hours for IOP increase. Acetazolamide was ad-
ministered immediately after surgery. Patients were
discharged the following day, and topical antibiotic-
corticosteroid drops {tobramycin 0.3%-dexamethasone
0.1%, TobraDex; Alcon Laboratories Inc, Ft Worth,
Texas) were prescribed four times daily for 15 days.

STATISTICAL ANALYSIS

Statistical analysis was performed using the paired
Student £ test and Wilcoxon signed rank non-paramet-
ric test (SPSS statistical software; SPSS Inc, Chicago,
Illinois) in accordance with data normality test. Test
for normality was performed using the Kolmogorov-
Smirnov test. Results are presented as mean*standard
deviation. P values <.05 were considered statistically
significant.

RESULTS
Mean follow-up after PRL implantation was 3.8+1.7
years (range: 1 to 6 years). Approximately 68.5% of
eyes (98/143) had =2 year follow-up after PRL implan-
tation. The term “last follow-up” refers to the last re-
ported examination for each eye in the entire cohort.

EFFICACY

Mean logMAR UDVA significantly improved from
counting fingers preoperatively in all eyes to 0.13+0.87
(range: 0.70 to —0.18) at 2-year follow-up (n=62) to
0.17+0.15 (range: 0.54 to —0.06) at 6-year follow-up
{n=34) {P<.001) (Fig 1).

SAFETY

Mean logMAR CDVA also improved from 0.19+0.19
(range: 1.00 to —0.08) to 0.07+0.10 (range: 0.30 to —0.10)
at 6 years (P<.001). Compared to the preoperative value,
73.5% of eyes (25/34 eyes) gained 1 to 4 lines of CDVA at
6 years postoperatively. Also, compared to the preopera-
tive value, at last follow-up, 57.3% of eyes (82/143 eyes)
gained 1 to 4 lines of CDVA (Fig 2). Approximately 8% of
eyes lost 1 or 2 lines of CDVA at last follow-up. This loss
of lines is presumably not correlated to the PRL implanta-
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Figure 1. Efficacy. Uncorrected distance visual acuity (UDVA) in eyes that
underwent PRL implantation.
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Figure 2. Safety. Change in corrected distance visual acuity in eyes that
underwent PRL implantation.
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Figure 3. Stability of mean spherical equivalent refraction in eyes that
underwent PRL implantation.

tion, as those patients were high myopes who developed
myopic retinopathy during the follow-up period, which
resulted in deterioration of visual acuity.

STABILITY

Refractive results remained relatively stable, with a
slight change from —0.35 at 2 years to —0.45 at 6 years
(Fig 3).

PREDICTABILITY

A statistically significant reduction was noted in the
cycloplegic spherical equivalent from —14.08+4.00 D
(range: —24.88 to —4.75 D) preoperatively to
—0.45%0.62 D (range: —1.00 to 1.00 D} 6 years post-
operatively (P<.001). At 6 years, 67.6% (23/34) and
91.1% (31/34) of eyes were within =0.50 and +1.00 D
of target refraction, respectively (Fig 4).

Figure 4. Predictability of cycloplegic spherical equivalent refraction in
eyes that underwent PRL implantation.

COMPLICATIONS

No eye presented signs of cataract over 6-year follow-
up. During surgical iridectomy with the probe of a vit-
reotome, 3 eyes experienced damage of the anterior cap-
sule of the crystalline lens with no further consequences.
In 14 (~10%) eyes, a statistically significant increase in
IOP was found during the first month postoperatively.
Intraocular pressure returned to preoperative levels at
3 months (6 patients were corticosteroid responders).
One eye had pigment dispersion, high IOP, and PRL
extraction 3 years postoperatively due to reverse PRL
implantation (ie, the lens was implanted upside down).
One eye experienced severe PRL decentration and sub-
sequent extraction 3 years postoperatively (Fig 5).

DISCUSSION
In the current study, we evaluated the long-term
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Figure 5. Slit-lamp photograph showing PRL decentration.

results of posterior chamber PRL implantation in highly
myopic eyes. The PRL design used in our study is
an improved version of a 1987 Fyodorov!! prototype
made of silicone.

Six years postoperatively, efficacy, safety, stability,
and predictability were adequately proven. At last fol-
low-up, approximately 57% of eyes gained 1 to 4 lines
of CDVA whereas mean UDVA improved significantly
and mean cycloplegic spherical equivalent refraction
was significantly reduced. Our results are similar in
respect to other posterior chamber lenses.12-2¢

A slight difference is present in the predictability
results of our patient series in comparison with the US
Food and Drug Administration clinical trials of the ICL,
as reported in the 2- and 3-year results.’”*® Predictabil-
ity results with the ICL seem better, but this may be
mainly attributed to the difference in the preoperative
spherical equivalent refraction in both groups. In our
study, mean spherical equivalent refraction was ap-
proximately —14.00 D compared to —10.00 D in the
ICL group. Because high myopes do not always pro-
vide accurate refractions, this might influence the final
predictability result.

A small percentage (~8%) of our patients lost lines
of CDVA at last follow-up (see Fig 2). This finding
could be attributed to the myopic retinopathy that
patients developed due to high myopia and is probably
not correlated to the PRL implantation.

Regarding complications, those that were encoun-
tered in our study are similar to the complications
included in the report of the American Academy of

Ophthalmology.!® In our study, only one PRL extraction
3 years after the original implantation was performed
due to lens decentration and one was performed due
to pigment dispersion and high IOP caused by reverse
PRL implantation. The remaining complications, such
as postoperative IOP increase, were managed without
the need for further surgical intervention.

No eye experienced luxation in the vitreous. Dislo-
cation of the PRL in the vitreous cavity is a potentially
severe complication,?®?? which can occur in high
myopes, especially in cases with previous unrecog-
nized ocular trauma or intraoperative manipulations
resulting in spontaneous PRL decentration. The cases
reported in the literature suggest that PRL rotation
causes excess pressure against the zonules.?®?? Pars
plana vitrectomy and removal of the PRL are essential
to manage this serious complication.

An important limitation of our study is the lack of
information regarding endothelial cell loss after PRL
implantation. Other studies mention inevitable endo-
thelial cell loss during posterior chamber PIOL im-
plantation, which varies between 2.1% and 7.6%,232
After ICL implantation, a decrease of endothelial cells
(12.3%) has been reported, but stability in size and
morphology has been noted 4 years postoperatively.?s

Long-term results suggest that PRL implantation is
an effective, predictable, stable, and safe method for the
treatment of high myopia.
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Phakic intraocular lenses

Part 2: Results and complications

Thomas Kohnen, MD, PhD, FEBO, Daniel Kook, MD, Merce Morral, MD, Jose Luis Giiell, MD

The second part of a review of phakic intraocular lenses (plOLs) addresses results and complica-
tions with current plOL models. Phakic |0Ls 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, plOLs also show good
results in hyperopic patients. Toric plOL designs enable spherocylindrical correction. Complica-
tions are rare and primarily related to plOL position and type. The main complications of angle-
supported anterior chamber plOLs are glare and halos, pupil ovalization, and corneal endothelial
cell loss; of iris-fixated anterior chamber plOLs, chronic subclinical inflammation, corneal endo-
thelial cell loss, and dislocation or pupillary block glaucoma; and of posterior chamber plOLs,
anterior subcapsular cataract formation, pigment dispersion, and luxation or pupillary block glau-
coma. No causative relationship between plOL 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 been withdrawn
from the market are not discussed. As in Part 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

0886-3350/3 - see front matter
doi;10.1016/j.jcrs.2010.10.007
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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 plOLs

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 plOLs

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.>! For the
Vivarte pIOL, results of only the refractive bifocal
Vivarte pIOL are included.'® 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
plOLs have been available, few long-term studies ex-
ist.>* Anterior chamber pIOLs generally demonstrate
good predictability, efficacy, and safety. However,
there is a tendency toward undercorrection of the re-
fractive error.

Resulls of iris-Fixated Anterior Chamber plOLs

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.%7%"% 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 ZeIOL
implantation. ”%%%%739 Recently, Giiell et al.? 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.

Resulis of Posterior Chamber plOLs

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.%'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

2169

complication rate.*! 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.** In
a few case reports, results with the toric posterior
chamber pIOL have been shown. > %% Schallhorn
et al>® 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, plOLs 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.”® 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 plOLs
General Complieations 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.”
Recently, a prospective randomized multicenter
study by the European Society of Cataract and Re-
fractive Surgeons’> 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.” 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.
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Table 1. Visual acuity, predictability, efficacy, and safety of angle-supported anterior chamber pIOLs.
Efficacy
Mean Postoperative Postoperative

Type of Number Follow-up Mean Postop Postoperative Postoperative =~ UCVA UCVA Efficacy
pIOL/Study* of Eyes  (Mo) Preop SE SE +05D %] F10D[%] =>1.0[%] >05[{%] Index
ZB5M

Baikoff® 133 6-36 -~12.5 -13 40 65 No data Nodata No data

Utine® 37 24-145 1745 -1.76 No data No data No data No data 0.79

Javaloy* 225 12-144 1723 -1.80 No data 39.28 No data 3469 126
ZSAL4

Pérez-Santoja” 23 24 -19.56 —-0.55 56.5 826 0 54.5 112

Leccisotti® 12 12 -1023 -1.31 67 100 0 100 0.77

(keratoconus)

Leccisotti” 190 12 -1437 1.55 19 40 ~7 ~60 0.78
Kelman Duet

Alig® 169 1-12  -14.26 -0.15 57.72 81.30 28.68 8372 119
I-CARE

Gierek-Ciacura’ 20 12 -15.76 No data 85 100 No data 85 1.58
Vivarte Presbyopic

Baikoff'” 55 05-21 +18(-5to +5) -012 No data No data No data 84 (> 0.6) 0.80
AcrySof

Kohnen'" 190 12 -10.38 -0.23 72.7 95.7 85.7 No data 1.04
CDVA = corrected distance visual acuity; SE = spherical equivalent; UDVA = uncorrected distance visual acuity
*First author

anporisd Anfarior SChamber ni0L
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Compiications

Loss of Comeanl Endothelial Cells  The main 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,
Ali6 et al.”* 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 ZBSM/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.”>” 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 Alié et al.,”® corneal endothelial cell loss was the
cause in 24%. In the study with the longest follow-up

(up to 12 years) after pIOL implantation, Javaloy
et al.* 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.” 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,'’ 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
plIOL, the corneal endothelial cell loss was 4.8% after
a 1-year follow-up.'' In this context, a recent study
by Kohnen and Klaproth” 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.

Fapll Dvalizationflvis Retrastion  Ovalization of the pu-
pil is a specific complication of anterior chamber
pIOLs (Figure 2). The position of haptics in the
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Table 1. (Cont.)
Safety
Loss of 2 or Loss of Gain of Gain of 2
More Lines 1 Line of No Change 1 Line of or More Lines
of CDVA (%) CDVA (%) in CDVA CDVA (%) of CDVA (%) Saftey Index
No data No data No data No data No data No data
3.2 No data No data No data 298 145
3.5 ~7 ~23 ~21 ~25 150
0 No data 82.6 No data No data 145
0 0 40 50 10 118
0 0 ~25 ~25 ~40 1.25
0 ~5 ~27 ~11 56.20 137
0 0 5 25 70 No data
No data No data No data No data No data 094
0 12 447 311 23.0 1.25

sclerocorneal angle and their size might lead to mild
deformation of the iridosclerocorneal architecture, re-
sulting in iris retraction and pupil ovalization. Ali6
et al”* 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. Ali6 et al.”* observed
this condition in 5.9% of the eyes; it led to pIOL explan-
tationin2 cases. Allemann et al.” report 8 oval pupils in
a series of 21 eyes. Pérez-Santonja et al.”> observed 4
cases in a series of 23 eyes. Leccisotti and Fields”® report
pupil ovalization not associated with any photic phe-
nomena in 11% of eyes after ZSAL~4 anterior chamber
pIOL implantation. Javaloy et al.* report a cumulative
incidence of 34.7% of pupil ovalization after ZB5SM
implantation within 12 years of follow-up. In an analy-
sis of a series of anterior chamber pIOL explantations
(ZB5M pIOL) by Ali6 et. al.,,”® marked pupil ovalization
extending beyond the edges of the pIOL was the reason
for pIOL removalin 10% of cases. For the novel AcrySof
anterior chamber pIOL implanted in 190 eyes, no case of
pupil ovalization was reported."” Iris retraction with
oval pupil deformation remains primarily a concern
of anterior chamber pIOLs. This together with 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

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

Efficacy

Postoperative Postoperative

Type of Number Follow-up Mean Postoperative Postoperative =~ UCVA UCVA  Efficacy
pIOL/Study* of Eyes (Mo} SEPreop Postop +05D[%] +1,0D[%] = 10[%] >05{%] Index
Artisan/ Verisyse
Alexander'? 264 6 —-12.76 -0.35 No data No data No data 100 No data
Budo'? 249 6-36 ~12.95 -0.6 57 79 34 76.8 1.03
Landesz'* 67 6-36 -14.70 No data No data 67 No data 40.9 No data
Landesz’® 78 6-24 —-17.00 -2.0 50 68 30 73 No data
Maloney® 155 05-6  —12.69 —0.54 55 90 26 83 No data
Malecaze!” 25 12 —-10.19 -0.95 24 60 No data 60 0.71
Menezo™® 137 38-154  -16.17 —-0.78  No data No data 4 81 No data
Lifshitz'? 31 3 -11.25 -0.50 67.8 96.8 93.5 No data 0.95
Benedetti*’ 68 4-24 —-11.8 -0.91 441 69.1 25 83.8 0.84
Benedetti2° 25 4-24 —-189 -1.20 32 52 8 68 0.90
Senthil®! 60 24 -125 No data 733 90 5 75 0.93
Coullet™ 31 12 -10.3 -101  No data 58 No data 51.6 0.60
Moshirfar™ 85 6-24 122 —0.50 55 84 10 84 No data
Gierek-Ciacura’ 20 12 -15.73 No data 65 95 No data 80 1.71
Tahzib® 89 60 -10.36 —0.70 438 68.8 No data 0.80
Stulting™ 662 12-36  ~123 No data 71.7 94.7 346 88 No data
Silva®® 26 12-60 -12.30 —0.44 74 95 74 95 No data
Giiell™ 101 12-60  —19.8 ~0.50 9.9 228 No data 14.8 0.86
Gitell” 173 12-60  —11.27 ~0.64 37.6 572 2.9 42.8 0.74
Fechner™ 67 12-120 +9.98 007  No data No data ~15 ~35 No data
Alig™ 29 12-24  +6.06 0.1 79.3 9.6 6.9 65.5 0.83
Alig® 28 12-24 +5.88 0.55 50 714 3.6 46.4 0.70
Dick™ 22 6 +3.25 -0.24 50 100 18 96 No data
Saxena™ 17 3-36 +6.8 -0.03 59 81 58.8 94 No data
Pop™ 19 1-2 +5.89 -0.03 50 78 No data 89 No data
Gell” 41 12-60 +4.92 —0.02 348 64.2 0 42.8 0.9
Boxer Wachler™® 31 3 ~1231 —-0.78 58 68 55 20 No data
Coullet™ 31 12 -950 ~058  Nodata 83.9 No data 77.4 0.79
Dick™ 290 24 ~7.33 ~0.15 75.2 943 No data 97.2 1.00
Toric Artisan/ Verisyse
Tehrani™ 29 6 -1.9 —~0.56  No data 95 No data ~85 No data
Dick™ 70 6 —3.74 -0.7 72 100 10 88.6 1.03
Giiell® 27 12 -3.43 No data 62.9 96.2 No data Nodata No data
Alig® 8 6-12 Mixed +0.40 75 87.5 125 87.5 1.0
astigmatism
+36
Ali¢®” 8 6-12  Myopic -1.1 62.5 75 125 625 1.2
astigmatism
-8.6
AligY 9 6-12 Hyperopic  +0.50 444 77.8 333 66.6 1.0
astigmatism
+59
Giell” 84 12-48  —0.09 No data 66.6 813 7.1 65.4 0.93
Toric Artisan/Verisyse
post keratoplasty
Nujits™ 16 3-18 —66 142 0 31.25 0 50 No data
Toric Artisan
in keratoconus
Venter™ 18 6-12 —4.64 —0.46 No data 78 22 100 No data

*First author

CDVA = corrected distance visual acuity; SE = spherical equivalent; UDVA = uncorrected distance visual acuity
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Table 2. (Cont.)

Loss of 2 or Loss of Gain of Gain of 2
More Lines 1 Line of No Change 1 Line of or More Lines
of CDVA (%) CDVA (%) in CDVA CDVA (%) of CDVA (%) Saftey Index
6 6 6 72 22 No data
1.2 2 53 44 131
25 97.5 No data
26 6.4 63 28 No data
0 9.5 785 12 No data
0 12 64 24 112
0 0 14 23 62 No data
0 0 35.5 64.5 419 1.29
0 0 35 11 22 112
0 0 3 4 18 139
0 11.6 88.3 1.19
6.4 6.4 29.0 194 258 113
0 7 3 43 19 No data
0 5 20 10 65 No data
2.6 3.9 623 31.2 1.10
1.8 6.6 38.6 404 13.6 No data
0 ~4 ~23 ~56 ~17 No data
No data No data No data No data No data 130
No data No data No data No data No data 1.04
0 ~10 ~73 ~9 ~8 No data
0 34 55.1 27.5 13.7 11
7.2 143 321 39.3 7.2 1.05
0 0 86 14 No data
0 17.6 824 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 25.8 112
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 0 140
0 0 4 2 2 13
0 1 0 1 6 16
2 1 3 1 2 13
No data No data No data No data No data 117
0 0 31.25 18.25 50 No data
0 0 28 39 33 No data
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Table 3. Visual acuity, predictability, efficacy, and safety of posterior chamber pIOLs.
Efficacy
Postoperative Postoperative

Type of Number Follow-up  Mean Mean Postoperative Postoperative Ucva UCVA  Efficacy

pIOL/Study* of Eyes  (Mo) Preop SE PostopSE *05D{%] +10D[%] = = 1.0[%] > 05([%] Index

ICL
Menezo'® 21 11-21 -16.0 -1.60 No data No data 0 76.2 No data
Sanders* 258 12 -10.05 —0.56 57.4 80.2 50.9 933 No data
Sanders"! 369 36 —10.06 No data 67.5 88.8 40.8 81.3 No data
Uusitalo*? 38 6-24 —15.1 -2.0 71.1 816 39.5 947  Nodata
Jimenez-Alfaro*? 20 12-24 141 -1.62 No data 20 No data 60 No data
Gonvers* 22 3-24 115 -1.19 32 45 18 68 No data
Ame®® 58 6-24 -13.85 -1.22 No data 56.9 No data No data 0.84
Zaldivar'® 124 1-36 —13.38 —0.78 44 69 2 68 No data
Rosen*” 16 3 928 -0.83 56.25 No data 25 5625 No data
Rosen*’ 9 3 -154 0.3 88 No data 4.4 88.9 No data
Pineda-Fernandez™® 18 12-36 -15.27 ~0.62 No data No data 55 44.4 No data
Lackner™ 65 6-48 —16.23 -1.77 No data 42 No data Nodata No data
Pesando™ 15 6-18  +7.77 0.02 69.25 923 0 4615 No data
Davidorf™ 24 1-18 4651 —-0.39 58 79 8 63 No data
Lackner*’ 10 6-48 +7.88 0.44 No data 73 No data Nodata No data
Chang™ 61 1-32 ~1453 -0.10 725 88.2 75 100 No data
Kamiya™ 56 48  -9.83 —~0.38 79 93 70 95 0.83
Sanders™ 164 1-6 —6.01 —0.09 85 97 63 99 No data
Boxer Wachler™ 30 3 —11.48 —0.40 88 100 67 100 No data
Rayner™ 116 12 -883 Nodata  No data 100 785 100 No data
Rayner™ 10 12 +4.25-888 Nodata Nodata 100 78.5 100 No data

Toric ICL
Schallhorn® 4 1-12  -8.04 -0.17 76 100 97 100 No data
Alfonso® 15 24 ~7.08 —0.95 66.6 80 No data 46.6 1.02
Chang™ 44 1-12 -12.81 No data 82.9 97.1 70.6 100 No data
Park™ 30 1-18 -10.63 0.04 70 94 67 100 No data

PRL
Pallilkaris® 34 12-24 147 —0.61 44 79 No data Nodata No data
Hoyos®' 17 12 -1846 -0.22 53 82 No data Nodata No data
Verde® 90 12 -11.90 +0.04 68 80 ~16 ~92 0.98
Donoso® 53 8 -17.27 -0.23 No data 71.2 60 No data 1.0
Jongsareejit ** 50 12 1254 -0.23 88 96 44 82 No data
Koivula®® 14 24 -10.28 -0.38 79 100 50 100 0.98
Hoyos®! 14 12 +777 -0.38 50 79 No data Nodata No data
Gil-Cazorla® 16 12 +565 +0.07 93.75 100 125 100 08
Koivula®™ 6 24 +567 —0.85 67 100 17 83 0.89
Koivula®” 40 12 +590 -0.46 87.5 100 17.5 825 0.70

Fyodorov posterior

chamber pIOL
Utine® 14 24-132 ~15.83 -0.71 No data No data No data No data 1.0

CDVA = corrected distance visual acuity; SE = spherical equivalent; UDVA = uncorrected distance visual acuity

*First author

that in comparison to posterior chamber pIOLs, ante-
rior chamber pIOLs and iris-fixated pIOLs led to im-
proved contrast sensitivity at all frequencies.®® With
the AcrySof Cachet pIOL, no glare has been reported
during a 1-year follow-up."

Surgically Induced Asfigmalism  Surgically induced
astigmatism (SIA) is significant because patients

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
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Table 3. (Cont.)
Safety
Loss of 2 or Loss of Gain of Gain of 2
More Lines 1 Line of No Change 1 Line of or More Lines
of CDVA (%) CDVA (%) in CDVA CDVA (%) of CDVA (%) Saftey Index
0 0 9.5 19 714 No data
1.6 7.8 41.2 38.5 109 No data
0.8 No data No data No data 10.8 No data
0 6.3 18.8 313 40.6 No data
o} 0 0 0 100 No data
0 0 9.1 90.9 No data
3 5 19 35 38 146
08 7 29 28 36 No data
0 6.25 50 37.5 6.25 No data
0 11.1 444 22 22.2 No data
5.5 0 55.5 5.5 333 No data
13.8 15 84.6 131
7.7 0 76.9 0 154 No data
4 0 33 29 8 No data
60 0 40 0.98
0 ~3 ~27 ~62 ~8 No data
0 9 32 46 13 1.19
0 4 52 41 3 No data
0 0 50 40 10 No data
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 a No data No data No data No data
29 0 235 294 4.1 No data
0 0 35 47 18 No data
0 0 35 33 32 122
5.7 1.9 15.1 415 35.8 140
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 09
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

considered. Irregular astigmatism due to large inci-
sions too close to the corneal center should be
avoided.®!

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

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 1. Confocal microscopic image of the endothelium showing
endothelial cell loss after implantation of an anterior chamber
pIOL (700 cells/mm?).

Ghronic Inflammation or Uveiiis  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.*? 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. Pérez-Santonja et al.” 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.”® removed
1 of the 21 implanted pIOLs because of a chronic
postoperative inflammatory response associated
with ocular hypertension. Ali6 et al.”* observed acute
postoperative iritis in 4.6% of 263 anterior chamber
pIOLs (ZSAL-4 and ZB5M). Leccisotti’ reports an

i
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Figure 2. Severe cat-pupil ovalization following anterior chamber plOL
implantation (courtesy of J. Alié, Alicante, Spain).

incidence of 3.1% of clinically significant iridocyclitis
that appeared within 1 to 31 months of ZSAL4 im-
plantation. Van Cleynenbreugel® 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. As with other complications, if conser-
vative topical treatment does not succeed, removal of
the pIOL should be considered to avoid long-term
risks.

infraccular  Pressure  Elevation/Fupiilary  Blogk  Glauso-
ma The risk for acute pupillary block glaucoma is
well known from aphakic anterior chamber IOLs;
therefore, a peripheral iridectomy is recommended.

Figure 3. Protein deposits on an anterior chamber pIOL in a 34-year-
old woman 1 month postoperatively.

Figure 4. Anterior chamber hemorrhage after anterior chamber pIOL
implantation (courtesy of E. Rosen, Manchester, United Kingdom).
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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.** 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 Fields”® 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."! 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 plOLs. 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." These cases might be attributed to incomplete
OVD removal. Javaloy et al.* 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 Fields”® 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 Infragsular Lens Rotation Rotation of an anterior
chamber pIOL might occur because of undersizing.
Allemann et al.”® 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. Pérez-
Santonja et al.” observed rotation in 43.5% of 23 treated
eyes. With the AcrySof pIOL, most eyes (71.1%) did

2177

Figure 5. Nuclear cataract in an eye with an anterior chamber pIOL
(courtesy of J. Ali6, Alicante, Spain).

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.”

Galaractogenesis  As the position of anterior chamber
plOLs 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. Ali6 et al.”* 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.*> A metaanal-
ysis of cataract development after pIOL implantation
reports that 15 of 1161 eyes developed new-onset cat-
aract.®® Of these, 9 were nuclear sclerotic, 3 were non-
progressive posterior subcapsular cataract, 2 were
nonprogressive anterior subcapsular cataract, and
1 was 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.?® 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.!’ A recent study by Kohnen and
Klaproth”” using Scheimpflug imaging reports a stable
distance between the AcrySof pIOL and the crystalline
lens over a period of 3 years. Excessive postoperative
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use of steroids should be avoided because of the
potential risk for delayed cataract formation.®”

Retinal Detasiment  Ruiz-Moreno et al.®® 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 emmetrogic patients
for spontaneous RD.% Ruiz-Moreno et al.*® 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
Alié et al,,”® 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.,* no case of RD was noted. For the novel
Acryiof plOL, no case of RD has been reported to
date.

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.”” 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-
ous macular hemorrhage has been reported in 2 eyes.”
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'' after implantation of the AcrySof Cachet
pIOL. A recent modification (marking) of this pIOL
might prevent this complication in the future.

is-Fixalad Anterior Shamber piOL Complieations

Opiieal fuality, 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.”” shows significantly less glare and halos with

the Artisan pIOL than with other pIOLs (anterior
chamber pIOL NuVita and posterior chamber pIOL
ICL), especially the 6.0 mum 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 +1.0 to +12.0 D for hyperopia.
Menezo et al.”*describe a case of permanent wide dila-
tion of the pupil, causing decreased postoperative vi-
sual acuity because of glare. Landesz et al."* 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.'® 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.”! 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.? 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*® 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.”* shows that Artisan pIOLs do not alter
higher-order aberrations (HOAs) significantly, a find-
ing comparable to that of Chandhrasri et al.,”* who re-
port a small increase in HOAs under photopic
conditions after Verisyse plOL implantation. One
study investigating HOAs shows that after Artiflex
pIOL implantation, postoperative trefoil increased
and spherical aberration decreased.” 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.”>** Bithren
and Kohnen® 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.”® report
some degree of lenticular glistenings in 20% of the eyes
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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 mun incisions is less than one might expect.
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Menezo et al.”! report no significant increase in post-

operative astigmatism. Alié et al.*’ report a mean
SIA of 1.48 D £ 0.89 (SD) for the hyperopic Artisan
IOL with correction of primary hyperopia and 1.85
+ 1.19 D with correction of secondary hyperogia after
corneal refractive surgery. Maloney et al.'® report
a mean decrease in astigmatism of 0.3 D after 6
months. Stulting et al.”® 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 + 047 D and
—-1.02 + 0.63 D, respectively.”> The mean SIA was
029 + 1.67 D and 0.73 £ 2.9 D, respectively, which
was close to statistical significance (P = .07). In
another study, SIA after Artiflex implantation was
0.42 D.” In a later report, the mean SIA 2 years after
Artiflex pIOL implantation was only 0.33 D.>

Loss of Corneal Endothelial Csils 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.”’
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.” 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.'****>1% Maloney et al.'® report no difference
in corneal endothelial cells between preoperatively
and 6 months postoperatively. Budo et al.” report
a corneal endothelial cell loss of 0.7% 3 years after Ar-
tisan/ Verisyse implantation. Pop and Payette™ report
no significant change in corneal endothelial cells 2
years after Artisan implantation. Senthil et al.*! did
not find significant corneal endothelial cell loss 24
months after Artisan surgery. Moshirfar et al.” 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.” 1 year af-
ter Verisyse implantation. A recent study by Stulting
et al” shows a mean corneal endothelial cell change
of 4.8% 3 years after surgery. Another recent study
by Giiell et al.”” 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,

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

In contrast to these findings, Pérez-Santonja et al.’™
report continuous corneal endothelial cell loss with
a decrease of 17.6% 24 months after surgery and Saxe-
na et al.' report a corneal endothelial cell loss of 8.3%
with a mean follow-up of 35.3 months. Saxena et al,'%*
report a significant negative correlation between ACD
and corneal endothelial cells. Benedetti et al.'” report
a continuous decrease in corneal endothelial cells after
Artisan pIOL implantation; at 5 years, the decrease
was 9.0%. Silva et al.? 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,'* the au-
thors report a yearly corneal endothelial cell loss of
1.0% for a mean minimum distance of 143 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/ mm?
and an edge-distance of 1.43 mm, a critical corneal
endothelial cell level of 1500 cells/mm? 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/ mm?
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.'*'%

Pigmant Dispersion/Lens Deposits  The optic of the iris-
claw pIOL has an anterior vault to prevent iris chafing.
Pop et al."*"? performed postoperative ultrasonic bi-
omicroscopy of the haptics of myopic and hyperopic
plOLs 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.”
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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).

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.’® 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."*" Baikoff et al.**? 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 pm 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.”*

2181
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Figure 8. Inflammatory reaction after iris-claw JOL implantation. A:
Dense fibrin coating on the plOL 1 week postoperatively (34-year-
old woman). B: Persistent deposits 3 months after implantation
(37-year-old man).

Chronie  Inilammation/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
show no leakage of the iris vessels,”*”” whereas studies
conducted using a laser-flare cell meter show different
results. Fechner et al.” report no elevated flare levels in
109 eyes with at least 12 months of follow-up. Pérez-
Santonja et al. (Perez-Santonja JJ, Iradier MT, Berutez
del Castillo JM, Serrano JM, Zato MA. Chronic subclin-
ical inflammation in phakic eyes with intraocular
lenses to correct myopia. J Cataract Refact Surg 1996;
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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. Grop et al.'®° 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.,'*® 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 by Tahzib et al."* 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.**
report postoperative iritis in 3% of the eyes after Arti-
san implantation that resolved completely. Moshirfar
et al.? report an incidence of 1.2% of cells and flare
for 1 month after Artisan/Verisyse surgery. Moshirfar
et al.'"® 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
treatable with drugs, pIOL removal must be considered.

Pupil Ovalization/lzis Retrastion  Pupil ovalization or ir-
regularity can occur if fixation of the pIOL haptics is
performed asyminetrically. No progressive pupil ov-
alization has been reported. Maloney et al.'® report pu-
pil irregularities in 14.0% of eyes on the first day after
surgery and 1.2% after 6 months. Moshirfar et al.** re-
port a pupil ovalization incidence of 2.4% after Arti-
san/ Verisyse implantation. Stulting et al.* 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.” report an incidence of 13.5%
decentration, but in only one case was a second inter-
vention necessary because of double vision. Pérez-
Santonja et al.'"™ report a decentration greater than
0.5 mm in 43% of the examined eyes. Pérez-Torregrosa
etal.!'® 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 occuz.

Figure 9. First generation iris-claw plOL (Worst-Fechner) in an
aphakic eye 11 years after implantation (61-year-old woman). Note
slight decentration.

Intragoular 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.** report that
within 1 year of surgery, IOP did not significantly
change after Artisan or Artiflex pIOL implantation.
However, Yamaguchi et al.'”” report that after implan-
tation of an Artisan/ Verisyse pIOL, partial narrowing
of the anterjor chamber angle of more than 5 degrees
occurred in the area where the pIOL haptics pinched
the iris. This did not affect IOP. A periphera] 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 41621.2561,118,119

Phakie Inirageular 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.>> Using Scheimpflug pho-
tography, Baumeister et al.'*® 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 plIOLs. 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).'%"1012!

falarasingenesis Formation of cataract due to the iris-
claw pIOL is unlikely because the pIOL is inserted
over a miotic pupil without contact with the crystalline
lens. Menezo et al.'** report a nuclear cataract rate
of 3% after implantation of an iris-fixated pIOL. In
this study, the implanted IOL was the older

J CATARACT REFRACT SURG - VOL 36, DECEMBER 201D



Figure 10. Traumatic dislocation of an iris-claw anterior chamber
pIOL (courtesy of D. J. Annen, Winterthur, Switzerland).

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.** 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.®® 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 the Worst-Fechner bi-
concave plOL, 1.1% for the myopic Artisan/Verisyse
pIOL, and 0.3% for the hyperopic Artisan/Verisyse
pPIOL. No cataracts have been reported to date with
the Artiflex pIOL.%® 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.®”

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." Stulting et al.®
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.'?"'® Gitell et al.” 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 ina 39-year-old patient with an axial length of 25.5
mm in the right eye and 25.8 mm in the left eye."*® 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 plOL
implantation.

Oddities Other complications of iris-fixated pIOL
implantation are Urrets-Zavalia syndrome, early post-
operative hyphema, and ischemic optic neuropathy.'”
Hyphema in the early postoperative phase from iris
trauma is occasionally described.’***”! 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.*® Another rare
complication is implantation of a pIOL with incorrect
power. Due to the aim of the surgery—to correct ame-
tropia as precisely as possible—this complication
should not occur with current formulas, as described
in the first part of this review. Kohnen et al.'® 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 pIGL 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."® 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."*"** Maroccos et al.” 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.*” 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.*' After PRL implantation,
26% to 28% of patients complained of glare and halos
at night.**%! 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.”” A recent report by Koivula and
Zetterstrdm®” shows glare and halos after hyperopic
PRL implantation in 2 of 40 eyes, requiring PRL
explantation.

Suryicatly induced Astigmatism Surgically induced astig-
matism has not been reported to be a major concern of
posterior chamber plOLs 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.”

l.oss of Cornsal Endathelial 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%)."%!"%> 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.'? A recent
study by Kamiya et al.'* reports corneal endothelial
cellloss of 3.7 % 4 years after ICL implantation. Another
study shows a cumulative cormeal endothelial cell loss
of 8.5% 3 years after surgery and 8.4% 4 years after

surgery.*"'* These figures also suggest that corneal
endothelial cell density stabilizes over time. Alfonso
etal.”” show corneal endothelial cell loss 0f 8.1% 2 years
after toric ICL implantation in eyes after penetrating
keratoplasty. In a report by Koivula et al.,* 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 Zetterstrom,*”
corneal endothelial cell loss was 3.8% 1 year after hy-
peropic PRL implantation. Verde et al.** did not find
a significant reduction in corneal endothelial cells
12 months after PRL implantation in 90 myopic eyes.
Jongsareejit®* reports corneal endothelial cell loss of
5.4% after a short follow-up of 6 months.

Pigment Dispersion/intraocular Lans Deposits/intraocular
Pressure Elevation Using ultrasound biomicroscopy
(UBM), contact between posterior chamber pIOLs
(ICL, PRL) and the }aosterior surface of the iris has
been shown."*"**7 Pigment dispersion and consec-
utive pigment accumulation in the anterior chamber
angle is one possible consequence (Figure 11).°61119137
However, development of secondary glaucoma has
not been observed. Nevertheless, eyes with pigment
dispersion must be kept under observation to spot
any increase in JOP. Menezo et al.'® report a not statis-
tically significant IOP increase of 1.5 mm Hg over
3 years after ICL implantation. Park et al.** 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.'** did not find an increase of IOP 4 years after
ICL implantation. Zaldivar et al.*® 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."®® 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 Jiménez-Alfaro et al.”! 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.’' 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).

dispersion was probably surgically related. Hoyos
et al.*! 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 minimum ACD of 3.0 mm
for posterior chamber pIOL implantation. Donoso and
Castillo®® report no change in IOP after PRL implanta-
tion with a mean follow-up of 8 months. Koivula and
Zetterstrém® also report no change in IOP 1 year after
PRL implantation. Verde et al.** 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

Figure 12. Pupil ovalization after PRL implantation.

was stopped in all eyes.***3**! Davidorf et al.>
report increasing vascularization of the anterior cham-
ber angle and development of secondary glaucoma af-
ter ICL. implantation in a hyperopic eye. Rosen and
Gore" 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.*” Another study did
not detect any long-term inflammation 2 to 3 years
after ICL implantation.’®

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

Pupillary Block/Malignant Giaucoma Due to the position
of the posterior chamber pIOL, the iris may be pushed
forward and cause acute pugill block glaucoma, es-
pecially in hyperopic eyes.***%*"*1140 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.***””! 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,'?*!41142
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.” 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.”’
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.”’ In a recent report by Koi-
vula and Zetterstrom,”’ 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.""® 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
50 mm Hg; 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.

Decenivation/incorrect size /Phakis inivaccular Lens Hola-
ijon  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. ¥ Although in few cases, Menezo et al.}"” 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.**'

Trindade and Pereira'*® 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.">* Although there was no decentration of the op-
tic, the authors suggest that the diameter of the ICL
was too small.'** In another study,”® decentration oc-
curred after implantation of a PRL with a diameter
that was too small. After the small PRL was exchanged
for a newer generation PRL with a larger diameter, no
decentration was observed. A recent study by Koivula
et al.®® 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.”> The ICL length has to be calculated on
the basis of the horizontal WITW diameter (addition
of 0.5 mm to WTW measure). Baumeister et al.'** 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.”

Catavastogenesis A metaanalysis of cataract develop-
ment after posterior chamber pIOL surgery found
that 223 of 1210 eyes developed new-onset cataract.*®
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.”® 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 comunon type of cataract after
posterior chamber pIOL implantation is anterior sub-
capsular.*>'*® 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 7pos'cerior iris or the haptic on the ciliary
sulcus.*”*>' 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."*"3%%¥7143 Moreover,
anteroposterior movement of the ICL during iris con-
traction or accommodation have led to intermittent
central contact.”*'"** 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,*® 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. Ali6, Spain).

was performed preoperatively. Zadok and Chayet*

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 implan’cat-ion.42 Also, Trindade
and Pereira'’ 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

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
7+ years after implantation of the Visian ICL.'*
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."*? With the V4
model, the recently published FDA study showed an
incidence of 2.1% anterior subcapsular opacities.'*
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.

the midperiphery, lens-IOL contact existed in most
cases.””"!**"¥7 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)."*"3* 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,

Figure 15. Residual OVD substance between a hyperopic ICL and
the crystalline lens 1 week postoperatively (23-year-old woman).

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 in myopic and hyperopic
eyes during accommodation with Visante OCT."”" The
PRL mowved 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.®’ 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 Zetterstrém® 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.*” 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."¥"132

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.™™® As
for all pIOLs, one should also consider that excessive
use of steroids postoperatively is a potential cause of
cataract formation.%”

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.* 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 Parolini*>* 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.' An-
other case of RD as a late postoperative complication
was reported after PRL implantation.*® In a prospec-
tive study comprising 61 eyes, one eye developed
RD 15 months after Visian ICL implantation.>? 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.*’ The largest series of
RD after posterior chamber pIOL surgery was pub-
lished by Martonez-Castillo et al.'*® 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: Zenular Dehiscence There are some reports of
serious complication with PRL luxation into the vitre-
ous cavity. Eleftheriadis et al."*” 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 highly myopic eye
and unrecognized ocular trauma. In a case report by
Martdnez-Castillo et al.,'*® 2 patients had PRL luxation
into the vitreous cavity after normal surgery, 4 and
22 months postoperatively. Hoyos et al.™ report
2 cases of zonular dehiscence 2 years after PRL
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implantation in highly myopic eyes. Donoso and Cas-
tillo® 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 oss; the main complica-
tions of iris-fixated pIOLs are chronic subclinical in-
flammation, cormeal 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,'*® 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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EDITORIAL

Epicrystalline intraocular lens:
«From a challenging start to a promising present»

INTRODUCTION

As we all know, phakic intraocular lens (PIOL) experienced a very challenging nais-
sance. Early prototypes suffered many changes in search of a more physiological design
and ensured biocompatibility, which could address the high rate of postoperative com-
plications associated with the first procedures. The surgical techniques were difficult to
master, presenting long learning curves, and there was an obvious need for significant
improvement in the IOL sizing and power calculation formulas, in hopes of improving
the precision of the initial refractive outcomes. Regardless of all, the posterior chamber
phakic lens (PC PIOL) coined ICL™, became the most popular PC PIOL, registering a
significant penetration in the PIOLs global market share. So, how can we explain the fact
that if their early adoption experienced so many drawbacks, ICLs represent close to 55%
of the phakic IOLs implanted currently, 80% between Spain and Latin America, as well as
registering an annual growth rate of 35%?

A HISTORICAL REVIEW

Numerous events have occurred leading up to the ICLs successful present. Its develop-
ment started in Russia, with Svyatoslav Nikolayevich Fyodorov; MD!; who created the
first phakic mushroom-shaped IOL in the mid 80, followed by Fetchner’s modifications
of the original design; and its evolution has continued ever since, allowing for its gradual
and widespread acceptance. During the early 90’s, STAAR Surgical AG? decided to ex-
plore the Russian idea and soon afterwards they acquired the legal rights to obtain the
materials and designs including sketches and drawings, in order to develop them in the
western hemisphere. In 1991, I was invited to Moscow where I was able to observe these
IOLs, their surgical implantation technique, as well as witness their impressive refractive
outcomes; considering that these IOLs were implanted unfolded in the absence of irid-
ectomies, and while using permanent infusion. Also, the quick post-operative recovery
period was quite note-worthy for those times.

Meanwhile, in the western hemisphere other silicone-elastomer PC PIOLs were being
developed based on Fechner and Ertuck’s modifications of Fydorov’s original prototypes
such as Chiron’s Adatomed boat-shaped plate lens. The Adatomed lens preceded the ICL,
but after several years of clinical trials its use was abandoned in 1997, due to its high
rate of cataract induction. Another PIOL, the phakic refractive lens (PRLTM) was a US-
designed silicone lens whose origin traced back to the first Russian models. International
Vision Inc. of North Olmstead Ohio (IVI Medennium Inc. Irvine, California) originally
designed this PC PIOL, which was later marketed by IOLTech/Carl Zeiss AG, and con-
sequently by Ciba/Vision. Although the PRL came after the ICL, it was commercially
unsuccessful in the long run.

PERSONAL EXPERIENCE

After having initiated in 1987 my learning curve with the BaikofPs anterior chamber
PIOL dubbed «ZB», I began my PC PIOL experience with the Russian model on May 27,
1989 together with Albert Neumann, MD? who had obtained a special permit to implant
these PIOLs in the US. That day, we operated using not only a Fyodorov PIOL model,
but also a ZB and a Japanese PC PIOL model designed by Momose that never achieved
worldwide promotion. Upon my return to Argentina, I implanted my first Fyodorov-
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designed PIOL (1991) and two years afterwards (1993) we implanted the first manufac-
tured ICLs (20/20) in the western hemisphere, simultaneously with European experience
led by Christian Skorpic in Austria, Vicenzo Assetto, Paolo Pesando and Stefano Benedetti
in Iraly. Since then, their development has been non-stop due to several milestones that
should be taken under consideration and which I have highlighted as follows:

— In 1993, after having implanted several unfolded ICLs, we introduced the first fold-
ed PC PIOL technique using the newly designed Staar cartridge, which reduced the size
of the incision considerably. Another issue back in those days was the high incidence of
pupillary block, since the original Russian technique did not include the use of routine
iridectomies. So we decided to perform a laser iridectomy with the aid of an Argon and
a Nd:YAG laser delivery systems. These iridectomies became the first important step for-
ward in addressing safety. They proved to be the key success factor in patients with shallow
or narrow anterior chambers such as moderate to high hyperopic patients where I was
honored by being the first surgeon to implant a Hyperopic ICL. Another advancement
was the use of Metilcellulose instead of Sodium Hialuronate, which minimized the risk
of hypertensive spikes in the immediate postoperative period caused by the obstruction
of either the trabecular meshwork or the iridectomy itself, by the presence of viscoelastic
substance.

— In 1994, my main concern focused on finding a way to avoid the iridectomies all
together, and therefore and I proposed to STAAR the creation of a central drilling in the
lens in order to balance the pressure between the posterior and anterior chamber. With the
aid of Vladimir Feingold®, I proceeded to implant 30 newly designed lenses with a central
hole. Although STAAR Surgical patented the idea in 1996, the model was discontinued
shortly afterwards, due to manufacturing restrictions. During the same period, while the
company was working hard on obtaining the European Community Mark (CE) approval
there were still some points to improve in the lens’ design, since rotation and consequent
decentration of the ICL were still a weakness and a very frequent drawback. Therefore
suggested to re-design the haptics, which now resembled «handles» in order to avoid lens
rotation, and fortunately enough our goal was achieved. Moreover, I encouraged changing
their angulation so the haptics would lie in the sulcus.

~ In 1996, STAAR also decided to decrease the ICLs posterior curvature in order to
avoid pupillary block, but this change increased considerably the incidence of anterior
subcapsular cataracts and it was probably the darkest period in STAAR’s history as a com-
pany. Something interesting to point out is that the incidence of subcapsular cataracts
in my own practice back in those days was considerably lower than those registered in
patients of the same ethnic group in Europe (Caucasian). After verifying our clinical data
with STAAR, we realized that the average size of the implanted lens in Europe was quite
lower than the ones I was using in Argentina. This discovery contributed to explain not
only Europe’s higher incidence, but also the true importance of the need of privileging
the space between the crystalline lens and the ICL. By the end of the decade we finally
understood the critical role this space played; which by the way, Dr. Michael Deitz, MD>
(medical monitor of the ICL clinical trials) had called VAULT back in the early 90’s, with-
out foreseeing its great importance evidenced only many years later. There were also other
achievements which really enhanced ICLs global success like the use of topical anesthesia
during its implantation or its combination with LASIK, a procedure I coined «Bioptics»
back in February 1996 during a meeting in Aspen, and published in 1999. Bioptics al-
lowed for overarching all those clinical cases that presented extreme refractive errors, and
that were at loss with the use of only one procedure. Therefore, ICLs could be used in
extreme cases of myopes and hyperopes with or without pre-existing astigmatisms, since
the correction of the total refractive error was divided between the corneal (LASIK) and
lenticular plane (ICL), Thus the advantages of both procedures were maximized while at
the same time, their disadvantages as sole procedures in these types of clinical cases mini-
mized.

— The next revolution came with the incorporation of the concept of IOL toricity at
the beginning of the year 2000. This represented another important step forward, allow-
ing not only the correction of higher degrees of astigmatism (= 1.50 D), but also enabling
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the treatment of «suspicious corneas» safely, without decreasing patient’s visual quality and
by preserving their tear film. Another milestone that took place during that same period
was our «obsessive» focus on improving the preciseness of our outcomes. New measuring
methods such as the use of high frequency ultrasound and optical coherence tomography
(OCT) allowed for precise readings of the sulcus-to-sulcus, white-to-white, vaults, and
AC/PC distances and angles and consequently the right selection of the ICLs sizing, The
2000’s were also a breakthrough regarding the visual quality of the human eye. For the
first time, Ophthalmologists started thinking about «how good is my patient really see-
ingy instead of «how much is he seeingy. This new paradigm was also feasible thanks to
the technological evolution witnessed in diagnostic imagery, where new devices improved
significantly not only the selection criteria for the sizing of the ICLs, the preciseness of its
postoperative monitoring, but the patient’s final optical quality too. Personally, I consider
this milestone as one of the most impressive contributions that conferred true competitive
advantages to the ICL, when compared with other refractive solutions. The visual quality
achieved by patients with ICLs was distinctly superior, which was clearly demonstrated
by measuring and comparing their visual acuity with optical performance tools such as
modulation transfer function (MTF), Strehl Ratio, and OSI (objective scattering index)
registered with OQAS (Visiometrics, Spain).

Nonetheless, there are still two critical points that are waiting for a more refined solu-
tion: how to avoid performing iridectomies that cause disphotopic phenomena, and most
importantly, how to choose the sizing of the lens in order to achieve adequate vaulting,
Regarding the first point, the new ICL model V4C has created new market expectations
because it resembles our original 1994 prototype where a central drill (Aquaflow) was
designed to prevent an IOP spike by increasing the central flow. Just like in the past, my
current cases using the new Aquaflow ICL have all presented a normotensive postop-
erative period, and our experiences with the Vic so far, have been very encouraging and
auspicious. In regards to adequate ICL sizing, further studies will be required to prove the
efficacy of the new diagnostic technology.

In conclusion, if we were to define an ideal PC PIOL, it should be similar in design
and present the same biocompatible material and conditions as the current Visian ICL.
Future research should continue focusing on improving imagery diagnostic tools in order
to achieve more precise and user-friendly methods for determining IOL sizing for sophis-
ticated designed PC PIOLs, which would allow for a simpler and more efficient way of
control vaulting of these lens, consequently ensuring long-term visual quality and safety
outcomes.
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LETTER TO THE EDITOR

Posterior chamber phakic intraocular
lenses: a comparative study between
ICL and PRL models.
Choosing/selection criteria

Lentes intraoculares fiquicas de cAmara
posterior. Estudio comparativo entre los
modelos PRL e ICL. Criterios de elecciéon

The objective of this letter is to establish compa-
rative similarities and differences between the two
posterior chamber phakic pre-lens for correcting
myopy and hypermetropy. These are ICL (Staar)
and PRL (oltech-Zeiss/CibaVision). The compari-
son is based on the information provided by the
manufacturers as well as from the PubMed review
of literature, summarized in tables I and II.

The most relevant similarities between both are:
1) Convenience of two prophylactic iridotomies.
These must be broad and are separated at 90° to
avoid possible obstruction of the pupil and conse-
quently acute glaucoma, particularly in hyperme-
tropes. 2) Optic zone diameter. Similar, slightly
smaller in PRL, between 4.5 and 5.5 mm depending
on the power of the lens. Accordingly, to similar
percentage of luminous halos and night blindness is
foreseeable. 3) Choice of lens size. Also similar,
adding all .5 mm to the white-white corneal diame-
ter. 4) Biometric calculation through the lenses. Not
altered, i.e., once implanted none artifacts the mea-
sure of the axial axis of the ocular globe, and this is
particularly relevant for the subsequent calculation

of intra-ocular lens in case of to subsequent cataract
surgery, the long-term prevalence of which could be
increased (1,2). 5) Secondary implant. In both, the
possibility of being utilized as to secondary implant
in pseudophakic patients for correcting residual
emmetropies. 6) Similar range of commercial
power. Although, as we shall see later on, the
patient dioptre correction range is very different. In
myopia from -3 to -20 for PRL and from-3 to —23
for ICL. In hypermetropy, from +2 to + 15 for PRL
and +3 to + 21,5 for ICL. 7) Very similar refraction
index. 1,46 for PRL, 1,45 for ICL. 8) Similar cost.
Approx. 800 euros.

The most relevant differences between both are:
1) Size. Only one hypermetropic PRL lens of 10.6
mm, compared to 4 sizes for ICL from 11.0 to 12.5
mm. Two myopia PRL lenses of 10.8 and 11.3 mm
against 4 ICL sizes from 11.5 to 13.0 mm. +++2)
Possibility of correcting myopic a astigmatism.
From 1 to 6 dioptres (with the axis in positive
powers). Exclusively with the ICL lens. 3) Different
material. Water-repellant purified silicone for PRL
against copolymer collage for ICL. 4) Different
injection technique. Through 3.2 mm micro inci-
sion, utilizing pliers for PRL lens, and injector for
ICL. 5) Distance between lens and the phakic lens.
A lot Jonger in the central area of the ICL lens than
in the PRL, but a lot shorter and therefore greater
possibility of cataratogenic contact with the lens in
the periphery of the ICL lens than in the PRL lens.
6) Point of support. Verified with ultrasound biomi-
croscopy. Most ICL lenses are supported in sulcus
and most of the PRL ones on the zonule. This
explains why only a few cases of dislocation to the

Table I. Similarities and differences between posterior chamber phakic lenses

ICL PR
Hypermetropy sizes 11.0, 11.5,12.0, 12.5 10.6
Myopia sizes 11.5,12.0,125,13.0 11.3-10. 8
Correction in astigmatism From 1 to 6 dioptres No
Commerical range in myopia -3 to -23 -3t0-20
Commercial range in hypermetropy +3t0+21,5 +3to+15
Optic zone 4. 65-5.5 4.5-5.0
Material Copolymer collagen Purified silicon
Refraction index 1.45 1.46
Recommendable to enlarge incision No Yes
Injection method Injector (cartridge) Pliers
Distance from central to lens Longer Shorter
Distance to lens in periphery Shorter Longer
Peripheral support Sulcus Zonule
Company Staar JToltech-Zeiss/Ciba V
National distributor Bloss Group Imex




vitreous have been published in relation to the PRL
lens and not of the ICL between two months and
two years after the implant (3-5).

The most important point, from the clinical view-
point, are two practical facts (table I and fig. 1): 1)
The ICL/ PRL lenses with similar power correct a
very different number of dioptres. By changing the
power of the lens for the same case when using eit-
her PRL or ICL, with the difference being between
1 to 9 dioptres, depending on the number thereof to
be corrected and the type of defect. In addition, said
difference is increased with the increase of the num-
ber of dioptres to be corrected. For example, to
correct -6 dioptres of myopia, a PRL lens of -5 must
be implanted but -8.5 if it is ICL.

To correct 10 dioptres of myopia, the PRL to
implant is—8 and the ICL of —13.5. And to correct a
myopia of -18, the PRL is of —14 and the ICL of
—22. In hypermetropy, to correct +2 dioptres a PRL
of +2 must be implanted or an ICL +3.20. And to
correct +6, the PRL to implant is +6 and ICL +10;
and to correct +11 we should use a PRL of +12 but
an ICL of +21. 2) Some refractive defects can only
be corrected with a specific ICL or PRL lens, wit-
hout alternatives to choose from. For myopic
patients from-2 to —3.25 it is possible to implant
only an ICL lens, because there is no alternative
with PRL. This is important in refractive surgery
post-Lasik cases in which it is not possible to repe-
at laser treatments of the residual defect (flat or thin
cornea) or against moderate regressions, or in cases
where the first refractive option is intraocular sur-
gery (keratocones, etc.). The same occurs in cases
of myopia over -22, where we only have PRL len-
ses for correcting that refractive defect, and in

IcL
= PRL

POTENCIA LENTE

Fig. 1. Differential graph for ICL and PRL lenses for
the same refraction.

hypermetrope patients from +11 to +13 where it is
only possible to implant a PRL lens.

We consider the above to be relevant for choo-
sing the best refractive option in the cases requiring
intraocular phakic surgery.

Diaz-Llopis M1, Montero J%, Amselem 1.2,
Udaondo P?, Garcia-Delpech S!

I Ph.D. in Medicine.

General University Hospital of Valencia. Valencia.
Valencia University. Valencia. Spain.

2 Ph.D. in Medicine.

General University Hospital of Valencia.

Valencia. Spain.

E-mail: manuel.diaz@uv.es

BIBLIOGRAFIA

1. Pitault G, Leboeuf C, Leroux les Jardins S, Auclin F,
Chong-Sit D, Baudouin C. Optical biometry of eyes

Table II. Equivalences between ICL and PRL posterior chamber phakic lenses based on patient refraction to be corrected

(*)
Refractive spherical equivalent in hypermetropy
+2.00 +4.00 +6.00 +8.00 +11.00 +13.00
ICL Power +3.20 +6.64 +10.36 +14.38 +21.08 —
PRL Power +2.00 +4.00 +6.00 +8.00 +12.00 +15.00
Diff. ICL-PRL 1.20 2.64 436 6.38 9.08 —
Refractive spherical equivalent in myopia

-2.00 -3.00 400 -6.00 -8.00 -10.00 -12.00 -16.00 -19.00 -20.00 -22.00-24.00 -27.00
ICL Power -3.12 459 -6.02 -8.74 -11.28 -13.66 -15.90 -19.99 -22.78 — — — —
PRL Power —_— -3.56 -523 -682 -836 984 -1127 -14.65 -1530 -1657-17.81 -19.62
Diff. ICL-PRL — — 246 351 446 530 6.07 734 813 — — — _

* Established for to theoretical calculation with mean comeal dioptres of Ks 42.5, anterior chamber depth 3mm and corneal pachymetry 560 microns.

21A

ARCH SOC ESP OFTAL.MOT. 2008 R3- 215218



corrected by phakic intraocular lenses. J Fr Ophtalmol
2005; 28: 1052-1057.

Menezo JL, Peris-Martinez C, Cisneros-Lanuza AL, Mar-
tinez-Costa R. Rate of cataract formation in 343 highly
myopic eyes after implantation of three types of phakic
intraocular lenses. J Refract Surg 2004; 20: 317-324.
Garcia-Feijoé J, Herndndez-Matamoros JL, Castillo-
Gdmez A, Ldzaro C, Méndez-Herndndez C, Martin T,
et al. High-frequency ultrasound biomicroscopy of sili-
cone posterior chamber phakic intraocular lens for

hyperopia. J Cataract Refract Surg 2003; 29: 1940-
1946.

Pitault G, Leboeuf C, Leroux Les Jardins S, Auclin F,
Chong-Sit D, Baudouin C. Ultrasound biomicroscopy of
posterior chamber phakic intraocular lenses: a compara-
tive study between ICL and PRL models. J Fr Ophtalmol
2005; 28: 914-923.

Hoyos JE, Cigales M, Hoyos-Chacén J. Zonular dehis-
cence two years after phakic refractive lens (PRL) implan-
tation. J Refract Surg 2005; 21: 13-17.

ARCH SOC ESP OFTALMOL 2008; 83: 215-218 217



Phakic Refractive Lens (Medennium) for
Correction of +4.00 to +6.00 Diopters:

1-year Follow-Up

Raquel Gil-Cazorla, DOO; Miguel A. Teus, MD, PhD; Esther Arranz-Marquez, MD, PhD;

Celeste Marina-Verde, DOO

ABSTRACT

PURPOSE: To study the efficacy and safety of phakic re-
fractive lens (PRL) implantation to correct high hyperopia.

METHODS: Inclusion criteria for this prospective,
observer-masked, interventional study were spherical
equivalent =+4.00 diopters (D) of cycloplegic hypero-
pia, best spectacle-corrected visual acuity (BSCVA)
=0.5, anterior chamber depth =3 mm, and mesopic
pupil size <6 mm. Lenses were implanted in all cases
under regional anesthesia using forceps.

RESULYS: Sixteen eyes of nine patients were included in

the study. Mean preoperative spherical equivalent refraction
was +5.65x1.41 D (range: +3.25 to +5.75 D). Mean
1-year postoperative spherical equivalent refraction
was +0.07+0.43 D (range: —0.50 to 0.75 D). Fifteen
(93.75%) eyes were within =0.50 D of emmetropia,
and 16 (100%) eyes were within +£1.00 D of emme-
tropia. Safety and efficacy indexes were 0.9 and 0.8,
respectively. Eight (50%) eyes needed LASIK to correct
residual astigmatism. Five (31.25%) eyes lost one line
of BSCVA,; no eye lost two or more lines of BSCVA. The
BSCVA did not increase in any eye. No significant intra-
ocular complications developed.

CONCLUSIONS: Phakic refractive lens implantation to
correct high hyperopia seems to be a safe and accurate
procedure. A mild but significant loss in BSCVA can be
anticipated. [J Refract Surg. 2008;24:350-354.]

‘| yperopia is a common refractive error, yet its man-
- | agement is much more controversial than that of
.| myopia. Several corneal refractive procedures such as

automated lamellar keratoplasty, holmium:YAG laser thermal
keratoplasty, photorefractive keratectomy (PRK), conductive
keratoplasty, and hyperopic LASIK are being performed, but
none is completely satisfactory to treat hyperopia greater than
5.00 diopters (D). The visual outcomes obtained in patients
with hyperopia using these corneal techniques are not as
favorable as those obtained for treatment of myopia because of
the large ablation zones required and the small optical zones
achieved together with flap-related complications.

Refractive lensectomy provides rapid ocular rehabilitation
with good quality of vision, but the loss of accommodation
limits its use in young patients. Phakic intraocular lenses (PI-
OLs) are gaining popularity because they offer a wide range
of correction, stability, reversibility, and preservation of ac-
commodation; however, both anterior and posterior phakic
refractive lenses have been associated with corneal decom-
pensation, pupil deformation, uveitis, glaucoma, and crystal-
line lens opacification. Hyperopic eyes usually have shallow
anterior chambers,? which becomes more evident with in-
creasing age. This makes hyperopic eyes prone to possible
contact with the corneal endothelium in the periphery and
extreme narrowing of the anterior chamber angle in patients
implanted with angle-supported intraocular lenses (IOLs)
and PIOLs, respectively.

The Phakic Refractive Lens (PRL}*® (Medennium Inc, Irvine,
Calif) is a posterior chamber refractive lens. Its single-piece
plate is made of medical-grade silicone. The IOL has an over-
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all length of 10.6 mm with an optical zone of 4.5 mm,
a refractive index of 1.46, lens powers ranging from
+3.00 to +15.00 D in 0.50-D increments, and an opti-
cal thickness based on the dioptric power (maximum
of 0.6 mm). The PRL seems to float over the crystalline
lens without coming into contact with either the an-
terior capsule® or the ciliary body, which may reduce
the risk of crystalline opacification and postoperative
inflammatory reactions.

Although a few studies have reported short-term op-
tical results with the PRL that are excellent and stable in
a myopic population, the sample sizes of these studies
are small®®; moreover, there are even fewer published
reports dealing with the use of the PRL to correct hy-
peropia 591 In addition, because hyperopic eyes usu-
ally have shallow anterior chambers,? these eyes could
be prone to complications such as extreme narrowing
of the anterior chamber angle and pigment dispersion
caused by chronic abrasion of the posterior iris on the
anterior surface of the implant!? in cases of posterior
chamber PIOLs. For these reasons, we analyzed the
1-year results of PRL implantation in patients with
high hyperopia.

PATIENTS AND METHODS

PATIENT POPULATION

This prospective, observational, non-comparative
study included consecutive patients recruited at the
Vissum Hospital Oftalmoldgico de Madrid, Madrid,
Spain, who fulfilled the inclusion criteria and agreed
to participate. The nature and purpose of the study
were explained in detail to all participants, who pro-
vided informed consent before entering the study.

In this study, PRL implantation was indicated in
patients with a cycloplegic spherical equivalent re-
fractive error between +4.00 D and +11.50 D who de-
sired refractive surgery and in whom laser refractive
surgery was contraindicated. Other inclusion criteria
were age between 20 and 45 years; a normal anterior
segment with an anterior chamber depth of at least 3
mm; mesopic pupil size <6 mm; endothelial cell den-
sity 2500 cell/mm?; white-to-white corneal diameter
measurement of 11.5 to 12 mm measured using a cali-
per; intraocular pressure (IOP) <20 mmHg; and no uve-
itis, cataract, or other ocular disease.

PREOPERATIVE EXAMINATION

The preoperative examination included measure-
ment of best spectacle-corrected (BSCVA) and uncor-
rected visual acuity (UCVA), manifest and cycloplegic
refractions, corneal topography using EyeSys (EyeSys
Technologies, Houston, Tex), ultrasound pachymetry

using the DGH 5100 (DGH Technology Inc, Exton, Pa),
endothelial cell counts with a specular microscope
(SP-2000P; Topcon, Tokyo, Japan), slit-lamp micros-
copy, mesopic pupil size measured with the Colvard
OftalTech pupillometer (Oasis Medical, Glendora,
Calif), white-to-white corneal diameter measured ‘us-
ing a caliper, Goldmann applanation tonometry, and
dilated funduscopy. Keratometry was performed using
an autorefractometer to evaluate the preoperative cor-
neal curvature. Ultrasound measurements {OcuScan,
version 3.02; Alcon Laboratories Inc, Ft Worth, Tex) of
the axial length by applanation and the anterior cham-
ber depth (defined as the distance from the corneal epi-
thelium to the crystalline lens) also were obtained.

LENS IMPLANTATION

One surgeon (M.A.T.) implanted the PRL in all cases
under regional anesthesia through a clear cornea tem-
poral incision. The anterior chamber was filled with
a low-viscosity viscoelastic agent (hydroxymethyl
methyl cellulose 2%; Alcon Laboratories Inc), and the
lens was inserted using forceps. Three laser Nd:YAG
iridectomies (at the 10-, 12-, and 2-0’clock positions)
were performed at least 1 week preoperatively. The
required lens power was calculated using a nomo-
gram provided by Ciba Vision {Apolloc Beach, Fla)
that was based on the refraction, keratometry, anteri-
or chamber depth, horizontal white-to-white value,
and desired postoperative target refraction (emme-
tropia in all eyes).

POSTOPERATIVE PERIOD

Postoperatively, patients received 250-mg tablets of
acetazolamide to be taken three times during the first
postoperative day. Antibiotic-steroid (dexamethasone)
combination drops were prescribed four times daily
for 1 week, followed by tapered doses of fluorometho-
lone for 3 weeks.

Patients were examined 1 day, 1 week, and 1, 3,
and 12 months postoperatively. Patients underwent
a complete ophthalmologic examination including
manifest refraction, slit-lamp microscopy, applana-
tion tonometry, endothelial cell count, and Snellen
visual acuity (decimal notation). Visual acuity was
converted to logMAR units for statistical analysis.

STATISTICAL ANALYSIS

Statistical analysis was performed using Statview
SE + Graphics (Abacus Concepts Inc, Berkeley, Calif)
software on a Macintosh personal computer (Apple
Computer Inc, Cupertino, Calif). The Mann-Whitney
U and Wilcoxon signed rank tests were used for com-
parison when appropriate. Data are expressed as the
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Figure 1. Preoperative best spectacle-cor-
rected visual acuity (BSCVA) and postopera-
tive uncomrected visual acuity (UCVA) in 16
eyes that underwent PRL implantation.

&0 -

Figure 2. Percentage of eyes that gained
and lost lines of best spectacle-corrected
' | visual acuity (BSCVA) 1 year after PRL
" | implantation.
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pressed for each comparison. A P value <.05 was con-
sidered significant.

RESULTS
Sixteen eyes of nine patients (two women and sev-
en men} were included in the study. Mean patient age
was 34 years (range: 25 to 43 years). All patients were
available for 1-year follow-up examinations. Mean pre-
operative anterior chamber depth was 3.10+0.20 mm
(range: 3.00 to 3.50 mm).

Mean Snellen UCVA improved from 0.2£0.3 (range:
0.05 to 0.3} preoperatively to 0.7+0.1 (range: 0.5 to 1)
1 year after PRL implantation. The efficacy index {post-
operative UCVA/preoperative BSCVA) was 0.8 (Fig 1).

SAFETY

Mean BSCVA was 0.9+0.2 (range: 0.5 to 1.25) preop-
eratively and 0.8+0.1 (range: 0.5 to 1) 1 year postopera-
tively (P<.007). Figure 2 summarizes the change in pre-
operative and 1-year postoperative BSCVA. The safety

Jjournalofrefractivesurgery.com
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index (postoperative BSCVA/preoperative BSCVA) was
0.9.

One year after PRL implantation, eight (50%) eyes
lost half a line of BSCVA, and five (31.25%) eyes lost
one line of BSCVA. No eye lost two or more lines of
BSCVA. The BSCVA did not increase in any eye.

PREDICTABILITY

Mean spherical equivalent measurements showed a
significant change from +5.65+1.65 D {range: +4.25 to
+7.75 D) preoperatively to 0.0720.43 D (range: —0.50
t00.75 D) 1 year postoperatively. The mean 1-year post-
operative sphere and cylinder values were 0.17+0.40 D
{range: —0.20 to —1.25 D) and —0.60+0.60 D {range:
0 to —1.50 D), respectively.

Fifteen (93.75%) eyes were within +0.50 D and
16 (100%) eyes were within +1.00 D of the target
refraction at 1-year follow-up. Eight (50%) eyes
needed LASIK retreatment to correct residual astig-
matism.

INTRAOCULAR PRESSURE

Mean preoperative IOP was 13.07%2.78 mmHg
(range: 8 to 17 mmHg). After PRL implantation, mean
IOP values were 14.93+2.67 mmHg (range: 11 to 20
mmHg) 1 week postoperatively, 14.57+2.82 mmHg
{range: 11 to 20 mmHg)} 1 month postoperatively,
14.07%2.05 mmHg (range: 10 to 18 mmHg) 3 months
postoperatively, and 11.44+2.55 mmHg (range: 8 to 16
mmHg) 1 year postoperatively.

POSTOPERATIVE COMPLICATIONS

No horizontal iris transillumination defects (ie,
pigment deposits on the anterior surface of the PRL),
pupillary block, flare, cataract, decentration of the
intraocular implant, or other major complications de-
veloped after 1 year of follow-up.

Mean preoperative endothelial cell density was
2620%300 cells/mm? and 2587+332 cells/mm? 1 year
after the procedure. There was no significant difference
between the preoperative and the 1-year postoperative
values (P=.2).

DISCUSSION

The surgical treatment of moderate to high hypero-
pia continues to generate controversy. Photorefractive
keratectomy is effective for hyperopia up to +4.00 D
but is unpredictable for treating high levels of hypero-
pia.*? Furthermore, PRK has been associated with sub-
stantial undercorrection and regression,’* and has
the added risk of a greater incidence of persistent sub-
epithelial scarring. Laser in situ keratomileusis is used
to treat a wide range of hyperopia, but in eyes with

hyperopia +6.00 D or greater, the results are less effec-
tive and less predictable.1%15:18

On the other hand, intraccular procedures, such
as clear lens extraction, can be used to treat moderate
to high hyperopia. However, they are associated with
loss of accommodation and risk of intraccular compli-
cations, which are at least potentially more severe than
those that may occur after laser ablations.

Implantation of PRLs in patients with high myopia
and hyperopia recently has generated renewed interest
because it could become one of the most satisfactory
surgical techniques for high amounts of ametropia.
The results we obtained are in agreement with those
reported previously®' in terms of safety and predict-
ability, but the number of patients with hyperopia in
those studies were smaller than in the current study.

In the current study, no complications developed
at any follow-up. This is in contrast with previous
studies,®!® in which cataract formation, lens decentra-
tion, lens dislocation to the vitreous, horizontal iris
transillumination, pupillary block, increased IOP, and
PRL extraction were reported. Our good results might
be due to the use of a new-generation PRL, good pre-
operative evaluation (ie, selecting eyes with anterior
chamber depths of at least 3 mm), and a correct surgi-
cal technique (including the performance of three laser
iridotornies preoperatively). These factors seem to be
essential for improving the safety with PIOLs.

The fact that no eye gained lines of BSCVA in the
current study probably is the result of a loss of image
magnification and increments of optical aberration.
We believe patients with moderate to high hyperopia
should be advised preoperatively that BSCVA could
decrease up to one line and never be regained. In con-
trast, significant improvements in UCVA and BSCVA
have been associated with PRL implantation to correct
high myopia and appear to be secondary to image mag-
nification 81°

Our results indicate PRL implantation to correct
moderate to high hyperopia appears to be a safe, pre-
dictable, and stable procedure. More studies are need-
ed with a larger number of eyes and longer follow-up
to further elucidate the changes in BSCVA and the
long-term efficacy and safety of PRL implantation to
correct moderate to high hyperopia.
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Fi ial

INTRODUCTION

The Phakic Refractive Lens {PRL) {Cari Zeiss Meditec, ,._mzm\mw::mni isa

posterior chamber phakic JOL for the correction of high-grade myopia (-3

to -27 D) and hiyperopia (+3 1o +15 D).-The PRL is an ultrathin, flexible,

hydrophobic silicone lens with a refractive index of 1.46. There are three"

types of PRL available: PRL100 with a total length of 10.8 mm and PRL101
- with a total leagth of 11.3 mm for myopic eyes and PRL200 with a total

length of 10.6 mm for hyperopic eyes. P Jui for the i of
the PRL is an anterior chamb depth (i corneat thick ) of 3.0
mm. Eyes with retinal detachment, iritis, corneat transplantation, chronic
miosis, diabeti H Y, gl , o g les, uveitis, Marfan
syndrome, history of ocular trauma and Pseudoexfoliation syndrome
should be excluded from mau,_m_:m:o:. The PRL. is implanted via a 3.0 mm
corneal incision with the D iev-folding forceps or via injector. One or
two irido-tomiesiri ies are y {either performed
preoperatively with the Neodym:YAG laser or intraoperatively). The lens
floats in the posterior chamber between | and cristalline lens,

Surgery can be performed in topical, retro- or parabulbar or genera}
anaesthesia, .

The purpose of this study was to evaluate the safety and efficacy of the
PRL implantation-in myopic eyes,

The PRL is :c».muu.‘oswn :,. the United States Aoqnt,,mum_.cmwv. Itis approved
in Europe (CE-Mark).

METHODS

This is a retrosg ive, nol ized, muiti y multi-country
European study. The charts of all eyes with PRL implantation in eight
European centers were reviewed (Northern Europe: 3 centers in :
Germany, Southern Europe: 5 centers in Italy, Spain and Portugai), Only
eyes with at least one postoperative control in the surgical center were
included in the evatuation, Surgeries had been performed between April
30, 2001 and Aprit 17, 2008, To guarantee the anonymity of the patients,
sex and age were not noted. That is the reason, why we cannot tell the
ber of pati ~only the of eyes. The following data were

taken from the charts: white-to-whit , anterior ch depth, axiat eye
length, keratometry, UCVA, BCVA, i and cycloplegic refraction,

- endothelial cell counts and eye pressure before and after surgery,
int ive data were inci: length, PRL power and mode],

P dure, i for tOL insertion and intraoperative

. PO perati ints or ¢ )

“ were recorded,

Al retrieved data were red from the forms into the program
STATISTICA Version 6 (StatSoft Inc., Hamburg/Germany). Before
evaluation, the data were tested for u_mzmmg_f using the minimum/
- maximum method, : .
* Outcome Measures
_-The primary outcome measure was efficacy and safety as measured with
* the visual acuity: R . . T
S d ,< were ==<_ stability, change of - :
intraocular pressure, course of. w:na:ﬁ,:w. cell count and complications.

F : r..m fully or partiaily funded by Carl Zeiss Medi Ceo. that mak

‘RESULTS

- Data evaluation of 228 myopic eyes

..mo:o,,z.c_uam&m:.—N.o_._ac::..m Aau:.awnam.cﬂ
‘m , maxi 60 hs)

« Preoperative refraction m -11.56 £ 5.22 D
« Power of implanted PRLS -3.0 to -20.0 D

* Predi iity: Target n was
+1.0Din82%,20.5Din63 %

- Efficacy index 1.05 to 1.06
+ Safety index 1.19 to 1.33

PREDICTABILITY
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* The PRL impt ! in a reduction of the spherical equivalent of the
myopic eyes from -11.56 £ 5.22 D 10 -0.12 + 0.84 D.

*UCVA i from preop. ively 0.07 £0.12 (0.38 + 0.51 LogMAR) to
postoperatively 0.79 + 0.29 (.15 + 0.24 LogMAR).

*BCVA i from preoperatively 0.74 + 0.26 (0.17 + 0.20 LogMAR) to
nom»ovmaa<m_<a.wmuc.wﬁo.omuchm _-Om_sbmv.

* Only one eye lost more Em: 1 line (due to posterior cataract, not PRL-related).

« Main was g
hypopyon could not be found out.
DISCUSSION AND CONCLUSIONS

The PRL i ion is an effective and safe hod for the correction of myopia of
more than -3.0 D. Safety and efficacy index compare well with the ICL and are better
than with LASIK corrections.

Predictability and stability are excellent.

The reason for one case of

The endothelial cell loss does not excesd what is known from cataract surgery.
The complication rate is low. Cataract is nota of PRL i jon. Main

isd i { ion that requi ion in 8 eyes. None
of the explanted eyes lost visual acuity. The cause for the decentrations is not yet clear.
Zonula d. isap quisite for the d and it could be pre-
existing in high myopic eyes (no subluxation in eyes of less than -10.0 D). Zonula
damage could also be caused during surgery or after surgery. Further research is
needed.

Increase of intraccular pressure only happend in four eyes and was due to inadvertent
pre- or intraoperative iridotomies,

The limitati of the retrospective design of the study are also «m:a for this study. But
the resuits of the study are in agreement with the previous published data on the PRL,
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Phakic Refractive Lens: Two-year Results

Annemari Koivula, MD; Mikaela Taube, RN; Charlotta Zetterstrom, MD, PhD

ABSTRACT

PURPOSE: To evaluate the surgical outcome and ad-
verse events associated with correction of myopia and
hyperopia with a phakic refractive lens (PRL), and to
determine the random errors of the analytical methods
used in the trial.

METHODS: In this prospective clinical study, 14 myo-
pic and 6 hyperopic PRLs were implanted in 20 eyes
of 20 patients from April to November 2002. Follow-up
included evaluation of the PRL rotation with retroillumi-
nation photography, the distance between the PRL and
crystalline lens with Scheimpflug images, laser flare me-
ter, endothelial cell count, uncorrected (UCVA) and best
spectacle-corrected visual acuity (BSCVA), refraction,
intraocular pressure, and induced cataract. The random
errors of the measurements with laser flare meter were
17%, with Scheimpflug images 10%, and with endothe-
lial cell count 2.8%.

RESULTS: Postoperatively, 25% of eyes gained 2 or
more lines and no eye lost 2 or more lines of BSCVA.
Mean UCVA was 0.89x0.34. laser flare values re-
turned to baseline at 3 months and had no changes at
1 or 2 years (P>.05). The PRL rotated less during the
second year than the first year. The distance between
the PRL and crystalline lens was less at 1 year than at
baseline (P<.05) but had no change during the second
year. No statistically significant endothelial cell loss was
noted between 1 week and 1 or 2 years postoperatively
(P>.05). Two (10%) eyes developed pupillary block, one
(5%) hyperopic eye showed unexpected postoperative
myopia, and in another hyperopic eye (5%) the horizontal
iris transillumination defects were noticed at 1 year com-
bined with slight pupil ovalization at 2 years. No induced
cataract, glaucoma, or inflammation was observed.

CONCLUSIONS: Safety and efficacy indexes were high
at 2-year follow-up. The distance between the PRL and
crystalline lens decreased by 59% during the first year
but seemed to stabilize thereafter. The PRL rotated
in only a few eyes after the first year. [J Refract Surg.
2008;24:507-515.]

ince the mid 1990s, LASIK has been the dominant
refractive surgery followed by other corneal refractive
surgeries.! Laser in situ keratomileusis continues to

be the preferred surgical procedure for patients with refrac-
tive errors ranging from +3.00 to —8.00 diopters (D).! But for
high myopes and hyperopes with >+3.00 D the interest in
phakic intraocular lenses (PIOLs) is increasing. Even for eyes
with <-7.00 D of myopia, a PIOL should be considered.?
The optical consequences of corneal refractive surgery are
well known and limit its clinical indications. On the other
hand, PIOL implants respect the cornea, have predictable be-
bavior,? and are reversible. However, some concerns have to
be addressed prior to PIOL implantation. Anterior chamber
implants can compromise the well-being of corneal endo-
thelium in the form of long-term endothelial cell loss, espe-
cially in hyperopic eyes with convex irides.? For posterior
chamber IOLs, the main risk for complications is related to
compromising the transparency of the crystalline lens, which
has been shown in many studies on the Implantable Colla-
mer Lens (ICL; STAAR Surgical, Monrovia, Calif).2%® The
silicone phakic refractive lens (PRL; Medennium Inc, Irvine,
Calif), the other commercially available model of a posterior
chamber PIOL, has a similar plate design to the ICL. How-
ever, the PRL rests on the zonulas and floats in the poste-
rior chamber whereas the ICL is fixated and supported in
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TABLE 1

Preoperative Data for Patients With
PRL Implantation

Variable Myopia Hyperopia
No. of patients 14 6

No. of eyes 14 6

Mean age (y) (range) 32 (24 to 39) 29 (23 to 39)
Right eyes 6 4

No. of females 10 1

Mean SE+SD (D) ~10.28+3.37 +5,67%2.05
Median SE -9.19 +6.13
(range) (D) (—6.88t0 —17.63) (+3.38 to +8.63)

SE = spherical equivalent refraction, SD = standard deviation

the sulcus angle. Cataract formation is less frequently
reported with the PRL!**'%; however, long-term fol-
low-up studies have yet to be performed.

With this in mind, we designed a prospective,
single-center study to evaluate the surgical outcome
and adverse events associated with PRL implantation
for myopia and hyperopia. A parallel sub-study was
designed to evaluate the precision of the analytical
methods used in the main study.

PATIENTS AND METHODS

STUDY CRITERIA

Inclusion criteria were patient age between 20 and
45 years, uncorrected visual acuity (UCVA) 0.5 (20/40)
or worse, best spectacle-corrected visual acuity
(BSCVA) in the fellow eye 0.1 (20/200) or better, stable
myopia between —3.50 and —27.00 D or hyperopia be-
tween +3.00 and +11.50 D corresponding to available
PRL power, normal anterior segment with an anterior
chamber depth at least 3.0 mm including the cornea,
endothelial cell density >2500 cells/mm?, and intra-
ocular pressure (IOP) <20 mmHg.

Patients were excluded if they had regular astigma-
tism =3.00 D, cataract, corneal pathology, narrow angle
or glaucoma, history of anterior or posterior segment in-
flammation, diabetes, infections, or retinal problems.

Only one eye of each patient was included in the
study. The local ethical committee provided approval
for the study. Patients were informed and consent was
obtained. Preoperative data of 20 eyes of 20 patients in
the main study group are shown in Table 1. In the sub-
study of the analysis of the follow-up methods, 20 addi-
tional eyes were included. These eyes met the inclusion
criteria stated above and had undergone PRL surgery.

PHAKIC REFRACTIVE LENS

The PRL is a non-fixated, one-piece posterior cham-
ber PIOL. It is made of a hydrophobic silicone elasto-
mer, with a refractive index of 1.46. The optical por-
tion is biconcave or concave-convex. The haptics are
spherical and flexible, and the overall lens shape is de-
signed to conform to the natural shape of the posterior
chamber of the human eye.

The hyperopic PRL model 200 (Medennium Inc) has
an averall length of 10.6 mm. The myopic PRL is avail-
able in two models depending on the white-to-white
(WTW) diameter of the cornea. The myopic PRL model
100 (Medennium Inc) is 10.8-mm long designed for
eyes with WTW between 10.5 and 11.3 mm, and model
101 is 11.3-mm long for WTW >11.3 mm. The refrac-
tive range of the myopic implant is —3.00 to —20.00 D
and that of the hyperopic design is +3.00 to +15.00 D.
Both are available in increments of 0.50 D.

The clinical department of Ciba Vision Surgical AG
calculated the PRL power using the following data:
refraction, keratometry, anterior chamber depth,
WTW diameter, and desired target postoperative re-
fraction. For evaluation of change in spherical equiv-
alent refraction over time, the PRL Calculation Chart
was used to find the PRL power needed correspond-
ing to the preoperative refraction and to estimate the
deviation in the spherical equivalent correction in
myopic eyes. The goal of PRL surgery was to neutral-
ize the spherical correction because the PRL does not
correct astigmatism.

SURGICAL TECHNIQUE

A detailed description of the surgical technique has
been described previously.!? Two peripheral neodym-
ium:YAG laser iridotomies were performed superiorly
2 weeks before surgery. Fifteen (75%) surgical proce-
dures were performed under subtenonal anesthesia
and 5 (25%) under general anesthesia. Following the
placement of sodium hyaluronate 1.34% (Biocorneal;
Corneal, Paris, France), the PRL was introduced into
the anterior chamber through a 3.2-mm clear corneal
self-sealing incision using implantation forceps. Lens
haptics were placed underneath the iris with a lens
manipulator. The pupil was closed with acetylcholine
chloride (Miochol; Novartis Pharma Stein AG, Stein,
Switzerland) injection. The remaining viscoelastic was
irrigated out of the anterior chamber. At the end of the
surgery, 1 mg of cefuroxime sodium (Zinacef; Baxter
Healthcare Corp, Deerfield, Ill} was injected into the
anterior chamber. Postoperatively, topical dexameth-
asone 0,1% was prescribed 3 times daily for 1 week
with tapered doses for 3 weeks and tropicamid 0.5%
2 times daily for 2 days.

joumalofrefractivesurgery.com
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Figure 1. Percentage of eyes gaining and losing lines of BSCVA at 2
years. No eyes lost two or more lines.

POSTOPERATIVE FoLLOW-UP

All patients were scheduled for follow-up at 1 day,
1 week, 3 months, 1 year, and 2 years; follow-up was
completed in all cases. The visits involved a detailed
ophthalmologic examination including manifest re-
fraction, slit-lamp microscopy, applanation tonometry,
laser flare measurement, Scheimpflug slit images in
dilatation, retroillumination photographs, and endo-
thelial cell count. The crystalline lens was examined
with clinical assessment by slit-lamp, retroillumina-
tion photographs, and Scheimpflug images to analyze
lens transparency. Retroillumination photographs
were taken after pupil dilatation with tropicamid 0.5%
to illuminate at least one edge of the PRL for compari-
son. Endothelial cell density was measured preopera-
tively, at 1 week, 1 year, and 2 years. Visual acuity was
tested with the Early Treatment of Diabetic Retinopa-
thy Study (ETDRS) acuity charts. Safety was evaluated
by the BSCVA. A safety index was defined as the ratio
of the mean postoperative BSCVA over the mean pre-
operative BSCVA, and an efficacy index as the ratio of
the mean postoperative UCVA over the mean preopera-
tive BSCVA.12

ANALYSIS OF THE FOLLOW-UP METHODS

Anterior chamber flare was measured using the
Kowa FM-500 laser flare (Kowa Co Ltd, Tokyo, Japan).
All eyes had dilated pupils during measurements. Ten
sequential scans were averaged. Flare values were ex-
pressed as photon counts per millisecond.

The Topcon SP-1000 specular microscope and
IMAGEnet systems (Topcon, Tokyo, Japan) were used
for measuring corneal endothelial cell density. On the
basis of approximately 100 identified cells taken from
the recorded picture of the endothelium, the computer

Figure 2. Efficacy index at follow-up.

traced the cellular outlines while the investigator cor-
rected false readings (semiautomated method). The
software performed the final calculation and the values
were expressed as cells per square millimeter.

Images of the anterior segment were made using
a NIDEK EAS-1000 Anterior Eye Segment Amnalysis
System (NIDEK Co Ltd, Gamagori, Japan) in a dilated
pupil. After the photographic procedure, the measure-
ment of the distance (in millimeters) between the pos-
terior surface of the PRL and the anterior lens surface
was repeated three times and averaged to obtain final
results for distance.

To evaluate the precision of the analytical methods
used, double independent measurements of laser flare
meter, endothelial cell count, and determination of the
distance between the PRL and the crystalline lens with
Scheimpflug images were performed on 20 eyes after
PRL surgery and they were not included in the main
study. All measurements were done by the same in-
vestigator (M.T.).

STATISTICAL ANALYSIS

Statistical analysis was performed by Friedman
two-way analysis of variance (ANOVA) by ranks with
multiple comparisons.** The level of significance was
P<.05.

RESULTS

SAFETY

At 2 years, 80% of eyes had BSCVA 1.0 (20/20) or
better (93% of myopic and 50% of hyperopic eyes),
an improvement over the baseline level of 65%. The
change in BSCVA is summarized in Figure 1. Five
(25%) eyes gained two or more lines and no eyes lost
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Figure 3. Change in spherical equivalent refraction over 2 years in 14
myopic eyes. Eleven (79%) eyes were within +0.50 D of desired refrac-
tion and 14 (100%) were within =1.00 D.

Figure 4. Change in spherical equivalent refraction over 2 years in 6
hyperopic eyes. Four (67%) eyes were within +0.50 D of the desired
refraction and 6 (100%) eyes were within =1.00 D.

TABLE 2

Mean Distance Between the Posterior Surface of the PRL and the Anterior Lens
Surface With 95% Confidence Intervals for the Means at Follow-up

Mean Distance (mm)

Eyes 1 Day 1 Week 3 Months 1 Year 2 Years

Myopic 0.66+0.09 0.52+0.11 0.45+0.11 0.26+0.06 0.26+0.08
Hyperopic 0.69+0.33 0.62+0.30 0.52+0.25 0.30+0.12 0.31+0.13
Al 0.64+0.13 0.55:£0.12 0.47+0.11 0.26+0.06 0.27+0.06

two or more lines of BSCVA. The mean BSCVA was
0.98 preoperatively, 1.11 at 1 year, and 1.18 at 2 years.
The safety index was 1.2 (ie, 1.18/0.98) at 2 years.

EFFICACY

Regarding the wuncorrected visual results, it
should be noted that only 65% of eyes had BSCVA
of 1.0 (20/20) or better preoperatively. At 2 years,
the mean UCVA was 0.89 and the efficacy index
0.91 (ie, 0.89/0.98). Figure 2 shows the efficacy in-
dex over time. For the entire study group, UCVA
was 1.0 (20/20) or better in 8 (40%) eyes and 0.5
(20/40) or better in 19 (85%) eyes. Of myopic eyes,
50% had UCVA of 1.0 (20/20) or better and 100%
had 0.5 (20/40) or better. Of hyperopic eyes, 17%
had 1.0 (20/20) or better and 83% 0.5 (20/40) or bet-
ter. One hyperopic eye had postoperative UCVA 0.2
(20/100), ie, worse than 0.5 (20/40). The refraction was
+7.00 —2.25 X 70° preoperatively and 0 —3.00 X 85°
postoperatively. After 2-year refractive data inclu-
sion was completed, the eye underwent laser epithe-
lial keratomileusis!®'® (LADARVision4000; Alcon
Laboratories Inc, Ft Worth, Tex) for astigmatism.

The eye resulted in UCVA of 0.8 {20/25), which was
the same as the preoperative BSCVA.

PREDICTABILITY

Fifteen (75%) eyes were within *0.50 D of the
desired refraction and all (100%) eyes were within
#+1.00 D. The change in spherical equivalent refraction
is shown for myopic eyes in Figure 3 and for hyper-
opic eyes in Figure 4. The mean spherical equivalent
refraction in myopic eyes was —0.35 D (range: +0.63 to
—1.63 D) at 1 year and —0.38 D (range: 0 to —1.25D)at 2
years. In hyperopic eyes, the mean spherical equivalent
refraction was —0.60 D {range: +0.125 to —1.75 D) at
1 year and —0.85 D (range: —0.25 to —1.75 D) at 2 years.
If the mean spherical component is studied separately,
it was +0.04 D at 1 year and +0.02 D at 2 years in myo-
pic eyes. The mean spherical correction in hyperopic
eyes was +0.13 D at 1 year and —0.13 D at 2 years.

DISTANCE BETWEEN THE PRL AND CRYSTALLINE LENS
Table 2 shows the central distance between the pos-

terior surface of the PRL and anterior lens surface over

time. In myopic and hyperopic eyes, the gap decreased

journalofrefractivesurger.com
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TABLE 3
Median PRL Rotation Between
Follow-up Examinations
PRL Rotation (Range) (°)
1Dayto 1Weekto 3 Months 1Yearto

Eyes 1Week 3 Months to 1Year 2 Years
Myopic 5 2 1 0
(1to58) (1t072) (Oto87) (0-11)
Hyperopic 7 2 3 o]
(2t015) (0to98) (0to39) (0to55)
Ali 5 2 1

0
(1058 (0to98) (0to87) {(0to55)

Figure 5. Scheimpflug image of a hyperopic eye showing 0.74-mm distance
between the posterior surface of the PRL and the anterior lens surface.

during the first year after surgery without changes during  paring 1- and 2-year distance with distance 1 day after
the second year. Friedman two-way ANOVA showed a  surgery (P<.05). No statistically significant change was
statistically significant difference in distance when com- noted between 1 day and 1 week, 1 week and 3 months,

TABLE 4
PRL Rotation in All Eyes at Various Follow-Up Examinations
PRL Rotation (%)
Follow-up

Patient No. 1 Day - 1 Week 1 Week ~ 3 Months 3 Months - 1 Year 1 Year - 2 Years
1 15 o 2 55
2 2 2 7 4]
3 13 0 3 0
4 — —_ 10 11
5 11 98 2 0
6 1 2 21 4
7 27 5 1 o}
8 i 87 4
9 i 2 0
10 58 2 5
11 2 2 0
12 — 72 1 [¢]
13 3 6 39 22
14 o} 3
15 36 3 2 0
16 4 52 1 (o}
17 10 1 9 o]
18 3 0 4
19 0 0 o]
20 3 [¢] 0
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3 months

Figure 6. Retroillumination photographs of a PRL in a hyperopic eye. The PRL rotated 15° between 1 day and 1 week and 55° between 1 and 2

years.
TABLE 5
Mean Endothelial Cell Density With 95% Confidence Interval Over Time and
Percentage Change From Preoperative Values
Endothelial Cell Density (cells/mm?) (%)
All Eyes (n=20) Myopic Eyes (n=14) Hyperopic Eyes (n=6)
Preoperative 3051+145 2989+151 3198+322
Postoperative
1 week 2804+232 (8.4) 2752267 (8.1) 2925+ 483 (9.3)
1 year 2849+223 (7.1) 27714224 (7.4) 3031539 (6.2)
2 years 2823+209 (7.7) 2753238 (8.0) 2986427 (7.1)

or 1 year and 2 years. Figure 5 illustrates an example of
Scheimpflug images used for evaluation of distance.

PRL RoTATION

The median rotation (18.5° during the first year and
0° during the second year) with range is presented in
Table 3. Fifteen (75%) PRLs during the first follow-up
year and three (15%) PRLs between 1 and 2 years ro-
tated 10° or more (Table 4). In two eyes, the edges of
the PRL could not be evaluated at the beginning of the
study because of compromised pupil dilatation and
corneal edema. The centralization of the PRL was good
in all eyes. Figure 6 illustrates PRL rotation in a hyper-
opic eye over time.

ENDOTHELIAL CELL CHANGE

Measurements 1 week after surgery showed 8.4%
endothelial cell loss with slight recovery at 1 year
without significant changes at 2 years (Table 5). Fried-
man two-way ANOVA showed statistical significance
between visits preoperatively and all postoperative
visits (P<.05). However, no statistically significant
change was noted in endothelial cell density between
1 week and 1 year or 2 years after surgery.

LASER FLARE
Laser flare measurements are presented in Figure 7.
The highest average flare count was 15.6 photons/ms at

1 day after surgery compared with mean 3.8 photons/
ms before surgery. The mean laser flare returned to the
preoperative level at 3 months and had no significant
change at 1 year or 2 years after surgery (P>.05).

RESULT OF THE ANALYSIS OF THE FOLLOW-UP METHODS
IN THE SUB-STUDY GROUP

The random error for laser flare was 17%, endothe-
lial cell count 2.8%, and distance measurement 10%.

INTRAOCULAR PRESSURE

The mean IOP was 16 mmHg (range: 13 to 21 mmHg)
preoperatively, 15 mmHg (range: 10 to 27 mmHg)
1 day after surgery, 20 mmHg (range: 15 to 49 mmHg) at
1 week, 15 mmHg (range: 11 to 21 mmHg) at 3 months,
16 mmHg (range: 13 to 20 mmHg) at 1 year, and 16 mmHg
(range: 10 to 22 mmHg) at 2 years.

A myopic eye developed corticosteroid-induced
high IOP of 49 mmHg 1 week postoperatively that re-
solved after discontinuation of the steroid drops.

COMPLICATIONS

Complications are reported in Table 6. No cataract
formation was observed at any time. Two eyes, one
hyperopic and one myopic, developed pupillary block
2 and 4 days after surgery, respectively. In both cases,
IOP was normalized with complementary YAG-iri-
dotomies and topical cycloplegic agents. A hyperopic

Jjournalofrefractivesurgery.com
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TABLE 6

Complications in 20 eyes That
Received PRL

Complication No. of Eyes (%) Comment

Pupillary block 2 (10) YAG-iridotomy and
medical treatment

Unexpected 1(5) PRL exchange

postoperative myopia

Iris transillumination 1 (5) Continuous clinical

defect with pupil follow-up

ovalization

Figure 7. Mean laser flare measurement at various follow-up examina-
tions. The error bars indicate 95% confidence intervals for the means.

Iridotomies Transillumination

T

Figure 8. A) Transillumination defects in an iris in a hyperopic eye at 1 year with B) pupil ovalization at 2 years.

eye with preoperative refraction +3.75 —1.00 X 20°
showed unexpected myopia (—1.50 —0.75 X 45°) af-
ter PRL {+4.50 D) implantation. Exchange of the PRL
for +3.50 D changed the postoperative refraction to
+0.25 —1.00 X 45°,

Horizontal iris transillumination defects were noted
in a hyperopic eye at 1 year combined with pupil oval-
ization at 2 years (Fig 8). No pigment deposits on the
anterior surface of the PRL or Krukenberg spindles
were noted. A 360° gonioscopic examination did not
show trabecular pigmentation or anterior synechias.
Ultrasound biomicroscopy (UBM) revealed haptics in
contact with the peripheral iris on both sides with cap-
ture nasally. At 2 years, the distance between the pos-
terior surface of the PRL and anterior lens surface was

0.55 mm (mean for all eyes 0.27 mm). The PRL rotated
slightly during the first year without rotation thereafter.
The laser flare was below the mean values and the IOP
was <16 mmHg during follow up. The patient had no
complaint of glare or halos.

DISCUSSION

The evaluation of the precision of the laser flare me-
ter and Scheimpflug method showed relatively high
random errors, 17% and 10%, respectively. The results
in an earlier laser flare study showed within-subject
variability in aqueous flare of 12% in normal eyes.!”
To achieve more reliable laser flare and Scheimpflug
results, double, or even triple, independent measure-
ments could be used. The endothelial cell count, how-

Journal of Refractive Surgery Volume 24 May 2008




Clinical Outcomes of PRL/Koivula et al

ever, showed low random error (2.8%) and is a reliable
indicator for evaluation of corneal endothelium, This
result is confirmed in another study that used the same
system.'8

Visual acuity outcome showed excellent results.
A total 95% of eyes had UCVA 0.5 (20/40) or better
even though the PRL with its floating design can not
provide correction of astigmatism. In astigmatism with
significant effect on visual outcome, other options exist
which are complementary to PRL. One is bioptics, in
which a PIOL is combined with a corneal laser proce-
dure.’®? For myopic eyes with astigmatism, the toric ICL
is a potential option as it remains rotationally stable
after surgery.®* Unfortunately, no toric hyperopic pos-
terior chamber PIOL exists. In our hyperopic case with
marked astigmatism, bioptics was chosen and the eye
gained 6 lines in UCVA. Complementary treatment was
delayed until the study was completed. However, our
results indicate stabilizing of refraction at 3 months
postoperatively, which could be seen as a recommen-
dation for timing of the bioptics procedure for residual
astigmatism.

For residual refractive error in the form of pure
spherical ametropia after PRL surgery, the easiest op-
tion is to exchange the PRL for the correct power, as we
did in one case in the present study. After replacement
of the PRL in a hyperopic eye, all eyes were within
#+1.00 D and 75% were within +0.50 D of the desired
refraction. These results are better compared with other
studies of posterior chamber lenses, most of which
used the ICL.410.12.13,20

The primary concern with any posterior chamber
PIOL is cataractogenesis, which was not found in our
study. The floating design of the PRL could be a pro-
tecting factor for the crystalline lens. During the first
year, the distance between the posterior surface of the
PRL and anterior lens surface decreased considerably
but stabilized without changes during the second year.
We did not investigate the possible influence of accom-
modation in the distance. In their case report with an-
terior chamber optical coherence tomography (OCT),
Baikoff et al?? showed that the posterior surface of the
PRL touched the anterior lens surface in accommoda-
tion. However, further dynamic studies are essential
to demonstrate the impact of the distance between the
IOL and the lens capsule for lens metabolism and in
cataractogenesis. With its high resolution capacity, the
anterior chamber OCT can have better precision than
Scheimpflug images.

The PRL seems to rotate in the posterior chamber
even though the rotation is much less during the second
year. Garcia-Feijoo et al**? reported in some cases the
PRL had rotated from the original implantation position

and both haptics were on the zonules, which could
indicate this position facilitates mobility of the PRL
in the posterior chamber. However, there are some re-
ports of serious complications with PRL luxation into
the vitreous cavity, suggesting PRL rotation causes ex-
cess pressure against zonules.?>?” Our study can not
confirm this theory. Some degree of rotation is shown
in the majority of the eyes but mostly just once be-
tween different visits. The absence of decentration of
the PRL in the study can be seen as an indication for
correct lens sizing. Two study parameters, the rotation
of the PRL and distance measurements, indicate stabi-
lization of the PRL position in the posterior chamber
1 year after implantation.

After initial endothelial cell loss induced by sur-
gical trauma as reported in our earlier study,! there
was no ongoing cell loss induced by the PRL, The laser
flare values were also low without influence of the PRL
and without changes since our earlier reports.” The
most severe complication in our study was iris trans-
illumination defects in a hyperopic eye noted 1 year
postoperatively!! with progress of pupil ovalization at
2 years. The two factors, UBM result of iris capture and
the anterior convexity of the PRL, indicated poor fit of
the PRL in the posterior chamber.

This study demonstrates excellent visual outcome
in myopic and hyperopic eyes with PRL implantation
without serious intra- or postoperative complications.
No PRL-induced lens opacification was seen. These
clinical outcomes are better or comparable to existing
refractive surgery alternatives. However, further fol-
low-up with a larger study-group is needed to review
the long-term characteristics of the PRL.

REFERENCES
1. Duffey RJ, Leaming D. US trends in refractive surgery: 2003
ISRS/AAO survey. J Refract Surg. 2005;21:87-91.

2. Sanders DR, Doney K, Poco M; ICL in Treatment of Myopia
Study Group. United States Food and Drug Administration
clinical trial of the Implantable Collamer Lens (ICL) for mod-
erate to high myopia: three-year follow-up. Ophthalmology.
2004;111:1683-1692.

3. Alio JL. Advances in phakic intraccular lenses: indications,
efficacy, safety, and new designs. Curr Opin Ophthalmol.
2004;15:350-357.

4. Sarikkola AU, Sen HN, Uusitalo RJ, Laatikainen L. Traumatic
cataract and other adverse events with the implantable contact
lens. J Cataract Refract Surg. 2005;31:511-524.

5. Lackner B, Pieh S, Schmidinger G, Simader C, Franz C, Dejaco-
Ruhswurm I, Skorpik C. Long-term results of implantation of
phakic posterior chamber intraocular lenses. J Cataract Refract
Surg. 2004;30:2269-2276.

6. Gonvers M, Bornet C, Othenin-Girard P. Implantable contact
lens for moderate to high myopia: relationship of vaulting to
cataract formation. J Cataract Refract Surg. 2003;29:918-924,

7. Shen Y, Du C, Gu Y, Wang J. Posterior chamber phakic in-

journalofrefractivesurgery.com




Clinical Outcomes of PRL/Koivula et al

10.

11.

12.

13.

14,

15.

16,

17.

18,

traocular lens implantation for high myopia. Chin Med J.
2003;116:1523-1526.

. Sanders DR, Vukich JA, Doney K, Gaston M; Implantable Contact

Lens in Treatment of Myopia Study Group. U.S. Food and Drug
Administration clinical trial of the Implantable Contact Lens
for moderate to high myopia. Ophthalmology. 2003;110:255-
266.

. Sanchez-Galeana CA, Smith R], Sanders DR, Rodriguez FX,

Litwak S, Montes M, Chayet AS. Lens opacities after posterior
chamber phakic intraocular lens implantation. Ophthalmology.
2003;110:781-785.

Hoyos JE, Dementiev DD, Cigales M, Hoyos-Chacon J, Hoffer KJ.
Phakic refractive lens experience in Spain. J Cataract Refract
Surg. 2002;28:1939-1946.

Koivula A, Petrelius A, Zetterstwom C. Clinical outcomes of
phakic refractive lens in myopic and hyperopic eyes: 1-year re-
sults. J Cataract Refract Surg. 2005;31:1145-1152.

Pallikaris IG, Kalyvianaki MI, Kymionis GD, Panagopoulou SI.
Phakic refractive lens implantation in high myopic patients:
one-year results. ] Cataract Refract Surg. 2004;30:1190-1197.
Koch DD, Kohnen T, Obstbaum SA, Rosen ES. Format for
reporting refractive surgical data. / Cataract Refract Surg.
1998;24:285-287.

Siegel S. CNJ. Nonparametric Statistics for the Behavioural Sci-
ences. 2nd ed. Columbus, Chio: McGraw-Hill; 1988.

Camellin M. Laser epithelial keratomileusis for myopia.
] Refract Surg. 2003;19:666-670.

Claringbold TV IL. Laser-assisted subepithelial keratectomy for the
correction of myopia. J Cataract Refract Surg. 2002;28:18-22.
Shah SM, Spalton DJ, Smith SE. Measurement of aqueous cells
and flare in normal eyes. Br ] Ophthalmol, 1991;75:348-352.

Vecchi M, Braccio L, Orsoni JG. The Topcon SP 2000 and Im-
age-NET systems. A comparison of four methods for evaluating
corneal endothelial cell density. Cornea. 1996;15:271-277.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Sanchez-Galeana CA, Smith R], Rodriguez X, Montes M, Chayet
AS. Laser in situ keratomileusis and photorefractive keratec-
tomy for residual refractive error after phakic intraccular lens
implantation. J Refract Surg. 2001;17:299-304.

Zaldivar R, Davidorf JM, Oscherow S, Ricur G, Piezzi V. Com-
bined posterior chamber phakic intraocular lens and laser in
situ keratomileusis: bioptics for extreme myopia, J Refract Surg.
1999;15:299-308.

Gimbel HV, Ziemba SL. Management of myopic astigmatism
with phakic intraccular lens implantation. ] Cataract Refract
Surg. 2002;28:883-886.

Baikoff G, Lutun E, Wei ], Ferraz C. Contact between 3 phakic
intraocular lens models and the crystalline lens: an anterior
chamber optical coherence tomography study. J Cataract Re-
fract Surg. 2004;30:2007-2012.

Garcia-Feijoo J, Hernandez-Matamoros JL, Castillo-Gomez A,
Lazaro C, Mendez-Hernandez C, Martin T, Martinez de la Casa
JM, Garcia-Sanchez ]. High-frequency ultrasound biomicros-
copy of silicone posterior chamber phakic intraocular lens for
hyperopia. J Cataract Refract Surg. 2003;29:1940-1946.

Garcia-Feijoo ], Hernandez-Matamoros JL, Mendez-Hernandez
C, Castillo-Gomez A, Lazaro C, Martin T, Cuina-Sardina R, Gar-
cia-Sanchez ]. Ultrasound biomicroscopy of silicone posterior
chamber phakic intraocular lens for myopia. J Cataract Refract
Surg. 2003;29:1932-1939.

Eleftheriadis H, Amoros S, Bilbao R, Teijeiro MA. Spontane-
ous dislocation of a phakic refractive lens into the vitreous
cavity. [ Cataract Refract Surg. 2004;30:2013-2016.

Martinez-Castillo V, Elies D, Boixadera A, Garcia-Arumi J,
Mauricio ], Cavero L, Coret A. Silicone posterior chamber pha-
kic intraocular lens dislocated into the vitreous cavity. J Refract
Surg. 2004;20:773-777.

Hoyos JE, Cigales M, Hoyos-Chacon J. Zonular dehiscence two
years after phakic refractive lens (PRL) implantation. J Refract
Surg. 2005;21:13-17.

Journal of Refractive Surgery Volume 24 May 2008




From THE DEPARTMENT OF ANTERIOR SEGMENT
SURGERY AT ST. ERIK EYE HOSPITAL AND THE
DEPARTMENT OF CLINICAL NEUROSCIENCE AT

KAROLINSKA INSTITUTET, STOCKHOLM, SWEDEN

LONG-TERM RESULTS OF
PHAKIC REFRACTIVE LENSES
FOR CORRECTION OF
MYOPIA AND HYPEROPIA

Annemari Koivula, MD

N

> Karolinska
ﬁ @ > Institutet

RO

4’VN0 1‘6”6

Stockholm 2007



All previously published papers were reproduced with permission from the publisher.
Published by Karolinska Institutet. Printed by Universitetsservice US-AB.

© Annemari Koivula, 2007
ISBN 978-91-7357-424-2



To my Marko and our Anton and Edvin






ABSTRACT

The phakic refractive lens (PRL) is a silicone lens implanted into the posterior chamber
to correct myopia and hyperopia. At the beginning of 2002, when the PRL was
introduced at St. Erik Eye Hospital, there had been no reports published on this lens
model and therefore the pilot studies of myopic and hyperopic eyes were conducted to
investigate the surgical outcome.

In the first study, the first 20 consecutive cases with PRL implantation were
followed for 1 year after surgery. The visual acuity results were comparable to
other refractive methods and demonstrated high safety and efficacy indexes. The
mean distance between the posterior surface of the PRL and the anterior lens
surface decreased significantly in all eyes during the 1-year follow-up. The
retroillumination photographs revealed slight rotation of the PRL in most eyes.
The endothelial cell count decreased significantly 1 week after surgery without
changes thereafter indicating that the difference in cell density was caused by
surgical trauma and not the PRL. Few complications were observed. Increased
intraocular pressure (IOP) related to pupillary block developed in two eyes (1
myopic and 1 hyperopic) during the first postoperative days. A myopic eye
developed corticosteroid-induced high IOP 1 week postoperatively, which
resolved after discontinuation of the steroid drops. One hyperopic eye
unexpectedly developed myopia after PRL implantation. The PRL was exchanged
with success. Iris transillumination defects were noticed in a hyperopic eye 1 year
postoperatively. No ongoing inflammation, lens opacification or glaucoma was
found.

The second study was a prospective 2-year follow-up study of the same
myopic and hyperopic population as in the first study. A parallel substudy was
designed to evaluate the precision of the analytical methods used in the main
study. Ninety-five percent of eyes had an uncorrected visual acuity (UCVA) of 0.5
or better even though the PRL with its floating design did not correct astigmatism.
In 65 % of cases the best-corrected visual acuity (BCVA) improved over the
preoperative level. Fifteen eyes (75%) were within 0.5 diopter (D) of the desired
refraction and all eyes (100%) were within +1.0 D. During the first year, the
distance between the PRL and the anterior lens surface decreased 59% but
stabilized without changes during the second year. Fifteen PRLs (75%) rotated 10
degrees or more during the first follow-up year and three PRLs (15%) between 1
and 2 years. These study parameters, the rotation of the PRL and distance
measurements, indicated stabilization of the PRL position in the posterior chamber
1 year after implantation. Endothelial cell count measurements 1 week after
surgery showed 8.4% endothelial cell loss with slight recovery at 1 year without
significant changes at 2 years. No PRL-induced lens opacification or inflammation
was seen. The study showed excellent visual outcomes in myopic and hyperopic
eyes with PRL implantation without serious intra- or postoperative complications.

Evaluation of the precision of the laser flare meter and Scheimpflug method
showed relatively high random errors, 17% and 10%, respectively. The endothelial cell



count, however, showed low random error (2.8%) and indicated that this method is a
reliable indicator for evaluation of the corneal endothelium.

In the third study, the movement of the PRL was evaluated in relation to the
behavior of the crystalline lens and the pupil during accommodation in three
groups: eyes with PRL 101, PRL 100, and PRL 200. The effect of accommodation
was studied with optical coherence tomography (OCT). To evaluate the precision
of Visante OCT, we conducted a double-independent measurement study, which
showed a random error of 5% in the measurements between the PRL and the
anterior lens surface. This result indicated that Visante OCT is sufficiently
accurate and reliable to allow an analysis of distances in the anterior segment.
Fifty-two patients were examined at least 1 year after PRL implantation using the
Visante OCT. During accommodation, significant forward movement of the
anterior lens surface and the PRI was observed in each group. Although the PRL
moved anteriorly with accommodation with all three lens models, the space
between the PRL and the crystalline lens was preserved only with PRL 100, and
the space decreased significantly with the other two models. With the PRL 101,
the baseline distance between the PRL and the anterior lens surface was
significantly smaller in older eyes, indicating a decreased posterior chamber depth
with aging of the lens. In three myopic cases, the PRL touched the anterior lens
surface at baseline and two of them developed lens opacification. Both eyes had
PRL 101 model. During accommodation, an additional implant in the PRL 101
and in the PRL 100 groups came in contact with the crystalline lens. In hyperopic
eyes, there was no contact with the crystalline lens at baseline. During
accommodation, the PRL 200 was in contact in three cases. This study showed
that the PRL and the anterior lens surface moved forward during accommodation,
and in most cases there was no mechanical contact with the anterior lens surface
during accommodation.

The fourth study was conducted to evaluate the surgical outcome and
adverse events associated with PRL implantation in hyperopic eyes. The results
showed excellent predictability with all eyes within £1.0 D of the attempted
refraction. There was no gain in BCVA and three eyes (7.5%) lost two lines of
corrected visual acuity. The initial endothelial cell loss postoperatively was -4.6%
and remained stable thereafter. The mean IOP remained unchanged during the
entire follow-up period. The most frequent complication was development of
postoperative pupillary block in seven eyes (17.5%). Two eyes with severe glare
and one eye with unexpected myopia and discomfort underwent PRL explantation.
Unexpected postoperative myopia was treated with PRL exchange in two eyes and
with laser epithelial keratomileusis (LASEK) in one eye. No PRL-induced
glaucoma or cataract developed. The study showed high refractive stability and
predictability at the 1-year follow-up. There was no gain in corrected visual acuity.
Despite two iridotomies performed 2 weeks preoperatively, the main complication
was early pupillary block.
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1 INTRODUCTION

1.1 BACKGROUND

Almost 10 years ago, Tobias Neuhann wrote in his Journal of Refractive Surgery editorial:
“Excimer lasers are used today practically all over the world to treat refractive errors. This
provides us with a wealth of data and findings that must be analyzed, presented, interpreted, and
discussed. One major finding is already certain: the absolute and indisputable necessity of
refractive surgery. Even those who are skeptical about refractive surgery must accept this. Patients
simply do not care about the ethical or other misgivings of ophthalmologists. People who suffer
from refractive errors seek and desire a treatment. By definition, they are patients and not clients.
We should not ignore this, but rather accept it; in fact, they are calling on us to help
them.”(Neuhann 1998)

Refractive surgery, as all branches of medicine and surgery, is a dynamic process with
advancement of knowledge leading to constant improvement in standards of care. Refractive
surgery continues to evolve: it remains one of the fastest changing fields in medicine. Over the
years, refractive surgeons have experienced a significant change in every aspect of refractive
surgery, including patient selection, diagnostic tools, microkeratomes, refractive lasers, and
refractive lenses. Patient selection has changed from correction of only myopia to include
hyperopia, astigmatism, and presbyopia.

1.1.1 Prevalence of refractive errors

Mild-to-moderate hyperopia can be overcome by accommodation in youth and early adulthood,
with the result that low degrees of hyperopia often are unnoticed until the onset of presbyopia in
mid-adulthood. Myopia results in blurred vision at all ages.
Blurred vision from refractive error can be relived in most
cases by neutralizing the refractive error with spectacles,
contact lenses, or refractive surgery (Figure 1).

In Scandinavia, Fledelius estimated that the frequency of
myopia in the general population was between 25% and 30%
and about in 25% of cases myopia begins during adulthood
(Fledelius 2000). The cause of this type of myopia is unclear,
although some evidence supports an environmental influence §4 -
linked to a greater amount of near work. hyperopia
Comparison of prevalence rates of refractive errors among
young (20-25 years) and middle-aged (40-45 years) adults in
Norway showed that most subjects in both age groups were
emmetropic: 51.8% of young and 52.3% of middle-aged
adults. The prevalence of myopia (defined as spherical
equivalent [SE] < -0.5 D) was 35.0% in the young adult
group and 30.3% in the middle-aged adult group. The
proportion of people with high myopia (<-5.0 D) was similar myopia

in both age groups, with 2.8% among young and 3.3%

among middle-aged adults. Hyperopia (defined as SE > +0.50 D) increased significantly with age
from 13.2% among young adults to 17.4% among the middle-aged (Midelfart et al. 2002).

Figure 1. Spectacle correction
in hyperopia and myopia.




In the Western European population of persons 40 years and older for the year 2000, an estimated
11.6% had hyperopia of >+3.0 D (21.6 million persons), 26.6% had myopia of <-1 D (49.6
million persons), and 4.6% (8.5 million persons; 17.1% of all persons with myopia) had myopia
0f <-5.0 D (Kempen et al. 2004). The prevalence of hyperopia was observed to be progressively
higher with increasing age and the prevalence of myopia of -1 D or less tended to be substantially
lower for individuals older than the younger age groups. Similarly, myopia of -5.0 D or less was
strongly associated with age, with the highest prevalence in the youngest strata (ages 40-49 years)
(Kempen et al. 2004).

1.1.2 Refractive surgery

Why would somebody undergo refractive surgery? Many individuals are uncomfortable with their
refractive error and poor uncorrected visual acuity (UCVA). Although external aids in the form of
spectacles or contact lenses are acceptable to many, several factors are instrumental in the search
for a permanent solution to refractive errors. The most frequently claimed reason in people with
high myopia is that with spectacle correction the viewed objects are minified, and with high
myopia and hyperopia the peripheral fields are severely distorted by spectacles. In addition,
contact lens intolerance, occupational requirements, sporting and other leisure interests, physical
problems wearing glasses, and a psychological (self-image) desire to achieve visual freedom are
the other reasons patients cite for wanting to undergo refractive surgery (Rosen and Gore 1998).

Currently, there are three general approaches to correct a refractive defect:
1. corneal refractive surgery
2. crystalline lens surgery
3. implantation of an intraocular lens (IOL) in the anterior (AC) or the posterior chamber
PC).

In any case, the main goal of refractive surgery is the attainment of the smallest residual refractive
error that preserves vision quality with the same visual capacity.

1.1.2.1 Corneal refractive surgery

Corneal refractive surgery might be divided into three types:
1. Incisional and thermal comeal surgery
2. Corneal ablation surgery
a. Surface ablation
b. Lamellar laser refractive surgery
3. Additive refractive keratoplasty

Cormeal refractive surgery, except for intracorneal lenses, attempts to modify the anterior
curvature of the cornea to obtain its effect. Radial keratotomy was the keystone of corneal
refractive surgery to correct myopia (Fyodorov and Durnev 1979) but resulted in instability of the
corneal dome (Waring et al. 1991). In thermal corneal surgery, the anterior comeal curvature is
modified by thermal induced shrinkage of collagen fibers in the cornea, and the collagen
shrinkage steepens the cornea. The method should be reserved for mild hyperopia in patients over
40 years (Sher 2001).



The first prototypic excimer laser system was debuted at the American Academy of
Ophthalmology (AAO) in 1987 and it generated great interest in alternatives to radial keratotomy.
In 1988, McDonald and colleagues (Waring et al. 1991) performed the first successful excimer
laser photorefractive keratectomy (PRK) on a seeing human eye with myopia. In the early 1990s,
Pallikaris and colleagues (Pallikaris et al. 1990) and Buratto and colleagues (Buratto et al. 1993)
independently described a technique that combined two existing technologies: the microkeratome
and the excimer laser. Pallikaris coined the term laser in situ keratomileusis (LASIK) for this new
technique, which has become a widely used refractive technique worldwide.

Three methods of surface ablation are currently in use: PRK (Tengroth et al. 1993, Hamberg-
Nystrom et al. 1996), laser epithelial keratomileusis (LASEK) (Claringbold 2002, Camellin 2003)
and epi-LASIK ablation (Pallikaris et al. 2003, Pallikaris et al. 2005). These methods differ in the
manner in which the epithelial layer is handled. However, the ablation of the most anterior portion
of the corneal stroma is the same for all procedures. The ablation in particular, through Bowman’s
layer leads to a wound-healing response that might result in stromal haze and scarring (Fagerholm
2000). Recovery after surface ablation is both slower and more painful than after LASIK (Tomas-
Barberan and Fagerholm 1999, Shortt and Allan 2006, O'Doherty et al. 2007).

LASIK is a lamellar laser refractive surgery in which the excimer laser ablation is done under a
partial-thickness lamellar corneal flap. Until recently, the lamellar flap could only be made with a
microkeratome that cut the lamellar flap to depths of 100 to 200 um. A femtosecond laser
provides more accuracy in flap thickness (Kezirian and Stonecipher 2004) and flap creation is less
dependent on the corneal curvature. Compared with surface ablation, LASIK results in earlier and
faster improvement of UCVA, and results in no haze and less postoperative discomfort (Kato et
al. 2007). With LASIK, however, the risks of flap-related complications and corneal thickness
limitations may be associated with the creation of the lamellar flap (Fagerholm et al. 2004, Rao et
al. 2004).

It is easier to flatten the comea permanently for myopia than to steepen it centrally for hyperopia.
In contrast to myopic excimer laser surgery, a hyperopic ablanation profile is a peripheral annular
ablation around the central optical zone, which produces steepening (Haw and Manche 2000).
This requires larger ablation diameter than for myopic corrections. Centration is more critical and
decentration are less forgiving in hyperopic ablanations, whether PRK or LASIK. Decentrations
may be induced by smaller corneas of hyperopic eyes and larger ablanations (O'Brart 1999).

Additive refractive keratoplasty refers to a procedure in which a foreign material, either biological
or synthetic, is added to the corneal tissue to modify the ocular refractive condition. Intracorneal
ring segments and inlays are reversible methods that are under development. One of the important
advantages over corneal laser procedures is that intracorneal ring segments spare the visual axis.
There is essentially no risk of the development of central corneal haze or scarring. No comeal
tissue is removed. However, intracorneal ring segments cannot correct more than -4 D of myopia
without substantially increasing ocular spherical aberration (Malecaze et al. 2002). Synthetic
stromal inlays or intracorneal implants are implanted within the corea at a depth between 36%
and 60% of the corneal thickness to correct hyperopia. However, a variety of complications
occurring postoperatively following implantation of the implant has limited its use in refractive
surgery (Alio 2004).



1.1.2.2  Crystalline lens surgery

Clear lens extraction has been recognized since 1708, when Boerhave described the possible good
results of lens extraction in myopic patients (Seiler 1999). One hundred fifty-five years later, Von
Graefe warned about the increased risk of retinal detachment with this type of procedure. After
the invention of sterilization in 1889, Fukala reported lens extractions through a discission of the
anterior capsule in myopic eyes and has been considered the creator of clear lens extraction (Seiler

1999).

This procedure has been called clear lens extraction by some and refractive lensectomy by others.
The current approach is the substitution of the natural lens with an IOL of proper dioptric power.
The predictability and stability of the results, comparable to those observed after IOL implantation
at the time of cataract surgery, are the main advantages of this technique (Packer et al. 2002,
Leyland and Zinicola 2003). Conversely, this technique to correct refractive error must be
considered with caution because it might increase the risk of retinal detachment in patients with
moderate and high levels of myopia, among other complications (Colin et al. 1999). For some
hyperopic patients, while retinal detachment is not a major concern, they often have a shallow
anterior segment with little room in the anterior or the posterior chamber for a phakic lens, and
refractive lensectomy may be the only surgical alternative (Kolahdouz-Isfahani et al. 1999).
However, young patients undergoing this procedure must be aware of the consequent loss of
accommodation (Fink et al. 2000). In fact, the current use of multifocal IOLs and the emergence
of early accommodative IOLs as refractive surgical techniques now are directed to presbyopia
(Fernandez-Vega et al. 2007).

1.1.2.3  Phakic intraocular lens surgery

The third general approach in refractive surgery is placing an intraocular lens in the phakic eye.
This definition includes any lens located between the cornea and the anterior surface of the
crystalline lens, which is left undisturbed inside the eye. Corneal procedures have the advantage
of preserving the human lens but there are limits to the range of correction at the corneal plane.
With the most popular refractive surgical procedure, LASIK (Duffey and Leaming 2005),
keratectasia is a significant issue and provides a certain myopic limit (Seiler et al. 1998, Pallikaris
et al. 2001), whereas the difficulty in producing added corneal power creates a limit on the
hyperopic side (Zadok et al. 2003, Varley et al. 2004).

Phakic IOLs (PIOLs) allow correction outside the limits of the corneal refractive surgery (Sanders
and-Vukiclr2003): The insertion-of an implant in a phakic eye preserves accommodation and is
reversible. Current IOL choices include AC PIOLs, angle-supported or iris-fixated models, and
PC PIOLs, sulcus-fixated or free-floating models.

Historically, the idea of curing refractive problems by means of built-in or integrated additional
optics (built-in glasses or contact lenses) sounds logical; however, even the great surgeons of our
time failed initially with this approach that dates back to the late 1950s. Despite the well-known
setbacks of Strambelli (Strambelli 1954), Barraquer (Barraquer 1959), and Choyce (Choyce
1966), individual scientists never allowed the idea of PIOL implantation to die. Three different
scientists pursued three different anatomic concepts for PIOLs at roughly the same time: Baikoff
saw a solution in the angle-supported anterior chamber lens (Baikoff and Joly 1990); Fechner



developed another solution in the modification of Worst’s iris fixated lobster claw IOL (Fechner
et al. 1989, Fechner and Worst 1989); and Fyodorov implanted a silicone lens into the posterior

chamber (Fyodorov et al. 1991) (Figure 2).

Angle-supported anterior PIOL Posterior chamber PIOL Iris-fixated anterior PIOL
PMMA Silicone PMMA
(Baikoff 1987) (Fyodorov 1986) (Fechner 1986)
Hydrophilic acrylate PMMA
" V“zac“e (C‘Ff ‘gSiO?) s) Artisan (Ophtec BV)
-(are (Lorneal L.aboratories 0N ;
Kelmann Duett (Tekia, Inc) Silicone Collamer Verisyse (AMO)
PRL ICL
l (Zeiss Meditec) (Staar Surgical) l
Hydrophobic acrylate Silicone + PMMA
AcrySof Foldable PIOL(Alcon) Artiflex (Ophtec BV)
ry Veriflex (AMO)

Figure 2. Three different concepts for phakic intraocular lenses (PIOL) and currently available
models and materials.

The Baikoff design, angle-supported PIOLs evolved from 4-point fixation poly(methyl
methacrylate) (PMMA) versions (Baikoff and Joly 1990) to three-point PMMA versions, and then
to foldable IOLs to decrease induced astigmatism. The PMMA versions failed basically due to
endothelial cell loss, pupil ovalization, and induced astigmatism. To overcome these problems, the
material was changed from PMMA to hydrophilic acrylate or hydrophobic acrylate.

However, severe complications such as endothelial decompensation (Coullet et al. 2007) and
pupil ovalization (Leccisotti 2005) after implantation of an anterior PIOL have resulted in several
European countries having recalled these lenses for the correction of refractive errors (Kohnen

2007).

The iris-fixated PIOL for the correction of myopia was introduced in 1986 as a rigid single-piece
PMMA model with a 5.0- or 6.0-mm optic (Fechner et al. 1989, Fechner and Worst 1989). The
iris-fixated PIOL has been implanted for more than 20 years through a 5.0- to 6.0-mm incision.
The goal of reducing surgically induced astigmatism was achieved with the development of the
foldable iris-fixated model with silicone optic and PMMA haptics introduced in 2003. The
foldable design makes implantation possible through a 3.2-mm incision. However, this PIOL may
be associated occasionally with recurrent intraocular inflammation (Tahzib et al. 2006), enhanced
iris dispersion with posterior synechiae (Koss et al. 2007), and lenticular glistering (Cisneros-
Lanuza et al. 2007).

The posterior chamber PIOLs to correct myopia was introduced first by Fyodorov in 1986
(Fyodorov et al. 1991). The first-generation Fyodorov PC PIOL was a one-piece silicon lens
fixated by a haptic in the PC. In 1990, this lens was replaced by a second-generation model. Using




knowledge of the early model of silicon posterior PIOL designs as a basis, two manufacturers, i.e.,
Medennium Inc., Irvine, CA, USA and Staar Surgical Co, Monrovia,CA, USA, currently are
researching and marketing posterior PIOL designs (Figure 3).

The implantable contact lens (ICL) (Staar Surgical Co) has

undergone many modifications in design since 1993 - ~.
(Assetto et al. 1996). The latest model, V 4, developed in N
1999, made significant improvement in the amount of . \
vaulting over the anterior lens capsule from the previous , \
model (Sanders and Vukich 2002).
The lens has a one-piece plate design with a rectangular ‘ /
shape, 7.5 to 8.0 mm wide, available in four standard /
overall lengths: 11.5 to 13.5 mm for myopic lenses and P
11.0 to 13.0 mm for hyperopic lenses to adapt to eyes of Figure 3. Schematic picture of
different sizes. The diameter of the optic zone is 4.65 to a posterior phakic IOL.

5.5 mm in the myopic lenses, based on the desired dioptric

power, and 5.5 mm for hyperopic ICLs. Available powers

for myopic lenses range from -3.0 to -22.0 D and from +3.0 to +20.0 D for hyperopic lenses
(Lackner et al. 2003).

The lens is introduced by means of a Staar microinjector. The proximity of the ICL to the
crystalline lens, a dynamic phenomenon, has been postulated to be a risk factor for cataract
development, which has been the main problem with this lens, and a greater vault would be
expected to decrease ICL-crystalline lens contact (Sanders and Vukich 2002, Lackner et al. 2003,
Sanders et al. 2003, Sarikkola et al. 2005). However, it is also possible that interference with lens
nutrition instead of IOL contact of the crystalline lens may be the cause of cataract (Olson et al.
2005).

The main differences between the ICL and the phakic refractive lens (PRL) are the lens material
and lens dynamics. The ICL is made of a collamer; which is hydrophilic acrylic with some cross-
linked porcine collagen (Olson et al. 2005). The PRL is made of hydrophobic silicone and rests on
the zonulas and floats in the PC, whereas the ICL is fixated and supported in the ciliary sulcus.
Cataract formation has been reported less frequently with the PRL (Hoyos et al. 2002, Pallikaris et
al. 2004). However, rotation of the PRL in the PC excludes the possibility for cylinder compound
whereas the ICL has the toric alternative for myopic eyes (Sanders et al. 2007).

12 PRL
1.21 History

To reduce the incidence of potential problems with phakic AC lenses, especially such sequelae as
lens contact with the corneal endothelium and pupil ovalization, Fyodorov and co-workers
(Fyodorov et al. 1991, Fyodorov et al. 1993) introduced a PC PIOL made of silicone to be
inserted between the iris and the crystalline lens. Fyodorov performed the first implantation of this
silicone design IOL in a phakic eye to correct high-degree myopia in August 1986. The first
models were pupil-fixated lenses (mushroom lenses) that were implanted in the former Soviet
Union until 1990 (Wiechens et al. 1997). These lenses were designed to be fixated in the ciliary
sulcus, but because the optic had the shape of a collar-button with a small diameter (3.2 mm in the



first model) and protruded into the AC, the pupil could not constrict anterior to the lens optic. The
optic and haptics were connected by a bridge through the pupillary opening.

This Fyodorov IOL was modified to correct high myopia (Fechner et al. 1996). The modified
IOL, the Chiron-Adatomed silicone lens, had a single-piece plate design with plano haptics, and
also was made of silicone. With a wide range of powers (up to -25.0 D), the characteristic features
were the long overall length (up to 12.5 mm) and a larger optic diameter (5.5 mm) (Erturk and
Ozcetin 1995). In some dioptric ranges, the optic edge around its circumference was very thick
(up to 1.1 mm). This lens was withdrawn from the market because of anterior lens fibrotic
opacities in the contact zones with the thick edges of the JOL (Marinho et al. 1997, Brauweiler et
al. 1999, Fechner 1999, Menezo et al. 2001).

The latest version of these lenses is the PRL (Figure 4), now marketed by Zeiss-Meditec (Jena,
Germany), formerly by Ciba Vision (Salt Lake City, UT, USA) and IOLTech (La Rochelle,
France), after the commercial rights were purchased in 2000 from the developer, Medennium
International Vision (Cincinnati, OH, USA) (Lovisolo and Reinstein 2005).

The current design has been manufactured since 1995 worldwide, and sold on the European
market since 2000. The clinical department of the PRL distributor estimates that more than 5500
PRLs have been implanted worldwide until 2004 and thereafter more than 2800 PRLs have been
sold in Europe only. The current data are incomplete and do not reflect the actual number of
implants worldwide (Fresnais Laetita, Product Manager, Zeiss-Meditec, personal communication,
October 2007).

Figure 4. The PRL for myopic and hyperopic eyes.

Myopic model Hyperopic model

1.2.2 PRL design

The PRL is available in myopic and hyperopic models and is manufactured by Medennium Inc.
Irvine, California, USA. According to the manufacturer, it is made from a highly purified,
optically clear silicon elastomer, with a refractive index of 1.46 and a specific gravity of 0.99.

The overall lens shape is designed to conform to the natural shape of the PC of the human eye. A
major feature of this lens is reported to be the hydrophobic nature of its material, which, in
association with aqueous fluid dynamics, should prevent contact of the lens with the AC of the
crystalline lens: The IOL would “float” on the natural lens, and no contact with this ocular
structure would be observed even during accommodation. Because no real fixation is achieved



with this lens, rotation and lens positioning at different meridians during the postoperative period
can be expected to occur.

The PRL has spherical, thin, flexible haptics, which are frosted to reduce the incidence of
postoperative halos or glare (Figure 5). The haptics rest on the zonulas.

The refractive range of the myopic implant is -3.0 to
-20.0 D and that of the hyperopic design is +3.0 D to
+15.0 D. Both are available in increments of 0.5 D.
There are two different sizes of myopic PRL depending
on the white-to-white (WTW) diameter of the cornea:
model PRL 101 with a length of 11.3 mm for WTW
over 11.3 mm and model PRL 100 with a length of 10.8
mm for WTW between 10.5 to 11.3 mm. Hyperopic
PRL is manufactured only in one size with an overall
length of 10.6 mm (model PRL 200). The central optic
zone is biconcave or concave convex. The optic size of
the hyperopic PRL is 4.5 mm and for the myopic models ~ Figure 5. The hyperopic phakic

4.5 to 5.0 mun depending on the dioptric power. refractive lens with frosted haptics to
reduce the incidence of halos or glare.

The PRL neutralizes only the spherical compound and

not the cylinder and the surgical goal is to neutralize the spherical correction. The clinical
department of the PRL distributor calculates the PRL power needed corresponding to the
preoperative refraction using the following data: refraction, keratometry, AC depth, WTW
diameter, and desired target postoperative refraction.

1.3 PRL IMPLANTATION
1.3.1 Indications

The PRL is designed for the surgical correction of moderate to high myopia between -3.5 to
-27.0 D and hyperopia between +3.0 to +11.5 D corresponding to available PRL power. Phakic
IOL implantation is generally performed in patients older than 20 years who have stable
refraction; the refraction might not be stable in younger patients. The upper age limit might be
pre-presbyopic, although this could be seen as a relative recommendation. Especially in highly
myopic eyes with increased risk for retinal complications in intraocular surgery, PRL implantation
can be considered before clear lens extraction if the crystalline lens is clear (Sanders 2003).

To maintain the safety of the comeal endothelium, the AC depth should be at least 3.0 mm
including the cornea and endothelial cell density greater than 2000 cells/mm®. Increased
intraocular pressure (IOP) may imply insufficient aqueous flow and therefore the preoperative
IOP should not exceed 25 mmHg.

1.3.2 Contraindications

A general contraindication to PRL implantation is a history of ocular pathology, including
nanaophthalmos, conditions associated with impaired corneal endothelium, glaucoma and
pigment dispersion syndromes, pseudoexfoliation of the lens capsule, ocular manifestations of
diabetes, the presence of lens opacities (or early cataract formation in a previously operated fellow



eye), and history of uveitis. Dystrophies causing abnormal comeal shape (e.g., keratoconus) are
not corrected by a PRL. Pupil size is a critical factor in refractive surgery. However, the impact of
large pupils in dim light as a reason for halos and glare is debated (Pop and Payette 2004, Villa et
al. 2007). In general, PRLs are best avoided in patients who have large pupils in dim light.

1.3.3 Preoperative evaluation

Before PRL implantation, a general preoperative examination should include assessment of the
UCVA, spectacle-corrected visual acuity with manifest refraction and cycloplegic refraction in
hyperopic eyes, keratometry, corneal topography, slit-lamp microscopy, applanation tonometry,
dilated funduscopy, and biometry. In eyes with pathological myopia, a posterior segment
evaluation should be performed to document and treat if necessary any retinal pathology that may
lead to retinal detachment.

Patient lifestyle, vocation, and hobbies also might affect the selection for surgery, and the choice
of vision correction modality. Considering the limitations of the surgery, patients who can tolerate
zero risk to vision or need perfect stereopsis (and who presently have good vision and stereovision
with other forms of correction) for their jobs or hobbies might not be good candidates for
refractive procedures.

In eyes with pre-existing astigmatism, an arcuate keratotomy can be performed at least 1 month
before PRL implantation. The keratotomies are placed on the steep axis of the corneal
astigmatism (Lindstrom et al. 1994).

Before PRL implantation, two neodymium-yttrium aluminium garnet (Nd: YAG) laser
iridotomies, placed 90 degrees apart, are performed in the peripheral iris (single burst 3-10 mJ) to
avoid the possibility of pupil block after PRL implantation. These generally measure 250 to 500
pm in diameter and are located superiorly in order to be covered by the upper eyelid (Figure 6).
Iridotomies should be performed at least 1 to 2 weeks preoperatively. One surgical, peripheral
iridectomy also can be performed intraoperatively. The choice of anesthesia can vary from general
anesthesia to sub-Tenon’s and topical anesthesia.

Figure 6. Two iridotomies in the superior iris covered by the upper eyelid.

1.3.4 Surgical procedure

A combination of cyclopentolate 0.75% and phenylephrine 2.5% is applied 3 times 30 minutes
before surgery or 150 pl of cyklopentolate 0.1%, phenylephrine 1.5%, and lidocaine 1% is
administered intracamerally (Lundberg and Behndig 2003, Behndig and Eriksson 2004) at the
beginning of the procedure to obtain good pupil dilation. The incision for implantation of a PRL



can be a self-sealing, clear comeal tunnel of 3.2 x 1.5 mm. Intraoperatively, care is taken to
prevent the surgical instruments from touching anatomic structures such as the corneal
endothelium, the crystalline lens capsule, or the iris diaphragm. The use of an ophthalmic
viscosurgical device (OVD) is important for protecting adjacent tissues and allowing the lens to
unfold in a controlled manner (in our case injection of an OVD that is not too heavy; sodium
hyaluronate 1.34% [Biocorneal®, Comeal, Paris, France]).

The PRL is inserted with a forceps specially designed for this lens (Dementiev implantation
forceps, Figure 7). Once the lens unfolds slowly in the AC, the haptics initially lie anterior to the
dilated pupil. Each haptic corner then is placed gently behind the iris through the pupil with a long
spatula or an intraocular hook without placing pressure on the crystalline lens and without
decentering the optic.

Figure 7. The PRL implantation forceps to insert the PRL into the anterior chamber through
3.2 mm incision. After the PRL has introduced into the anterior chamber, it unfolds and the
PRL lies anterior to the dilated pupil.

When proper horizontal PRL orientation is verified, a miotic agent, acetylcholine chloride
(Miochol®, Novartis Pharma Stein AG, Stein, Switzerland) is injected that causes the pupil to
constrict and traps the lens in the PC. The remaining OVD then is irrigated out of the AC. At the
end of surgery, 1 mg of cefuroxime sodium (Zinacef®, Baxter Healthcare Corporation, Deerfield,
IL) is injected into the AC (Montan et al. 2002). Comeal wounds can be closed by stromal
hydration without using a suture.

The suggested postoperative treatment includes 0.1% topical dexamethasone eye drops three
times daily for 1 week with dose tapering over 3 weeks. Cyclopentolate 1.0% is prescribed twice
daily for 2 days to prevent elevated IOP related to retained OVD.

1.3.5 Complications

The PC PIOL is a potentially reversible procedure but one in which the possibilities of
complicating cataract formation, pigment dispersion, and pupil block glaucoma coexist. Like all
refractive surgical procedures, whether corneal or lenticular, it is invasive and therefme carries
small but defitiablé general risks such as inflammation and infection.

1.3.5.1 Cataract formation

The possibility of crystalline lens damage and cataracts formation is probably the most
controversial issue of PC PIOL implantation (Werner et al. 2001). The anterior subcapsular
opacification (Figure 8) has been described as typical form of an posterior PIOL-induced cataract
(Fink et al. 1999, Ame and Lesueur 2000, Gonvers et al. 2003, Sanchez-Galeana et al. 2003). In
the normal, undisturbed lens, the epithelium is confined to the anterior surface and to the
equatorial region and equatorial lens bow (Blumenthal et al. 1991). The epithelium of the
crystalline lens consists of a sheet of anterior epithelial cells (A-cells) that are in continuity with
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the cells of the equatorial lens bow (E-cells). The primary type of response of these A-cells to any
stimulus is to proliferate and form fibrous (Font and Brownstein 1974). The A-cells lining the
anterior capsule are the cells of origin of anterior subcapsular cataract (Apple 2000). The second
zone is a continuation of the anterior lens cells around the equator, forming the equatorial lens
bow (E-cells). In sharp contrast to their precursors (A-cells), mitoses, cell division, and
multiplication in this region are quite common. New lens fibers are continuously produced in this
zone throughout life (Apple 2000).

A primary risk factor for lens opacification seems to be direct mechanical contact with the anterior
lens surface (Sanders and Vukich 2002, Gonvers et al. 2003). Therefore, the distance between the
posterior PIOL and crystalline lens seems to be important when evaluating different models of
PIOLs (Baikoff et al. 2004). In accommodation, the anterior lens surface moves forward and
assumes a more rounded shape (Brown 1973). Fechner and colleagues suggested that pressure
from the posterior PIOL on the anterior surface of the crystalline lens may be caused by constant
or intermittent contact from increased crystalline lens curvature during accommodation (Fechner
1990, Fechner 1999). It can be assumed that in eyes with an implanted PC PIOL, the PIOL moves
closer to the crystalline lens during accommodation, especially in nonpresbyopic eyes (Baikoff et
al. 2004), since with increasing age the maximum possible change in lens movement declines
(Koretz et al. 1997). However, the crystalline lens grows throughout life approximately at the
same rate as the AC depth decreases, i.e., 13 um annually (Koretz et al. 1997). Such growth may
be responsible for reduction of the space between the crystalline lens and the phakic IOL.

Nevertheless, other factors may be involved in
cataractogenesis. The crystailine lens ideally should not
be touched at all during phakic IOL implantation.
However, accidental contact with the anterior lens
capsule can occur during injection of OVD, phakic IOL
injection or insertion, haptics placement behind the iris,
and IOL rotation (Pallikaris et al. 2004, Sarikkola et al.
2005). Pressure applied on the phakic lens should be
reduced to a minimum, if necessary, for IOL
positioning. Anterior capsule trauma, even when
unnoticed, can lead to proliferation of epithelial

subcapsular cells (A-cells), which can provoke Figure 8. The placement in the posterior
crystalline lens opacities months later. A possible effect  chamber close to the crystalline lens

of the Nd:YAG laser used to make iridotomies in the makes cataract formation a primary
preoperative or postoperative period cannot be ignored,  complication of posterior PIOL
although this therapy is not directly related to the implantation. This eye with the ICL has
surgical procedure. a typical anterior subcapsular cataract.

Additionally, contact between the IOL and the

crystalline lens in the midperiphery may block normal circulation of the aqueous humor. A pool
of aqueous stagnation can cause in part metabolic changes and alteration of crystalline lens
nutrition. To clarify the cause of secondary cataract after ICL implantation, Fujisawa et al studied
aqueous circulation in the space between the ICL and crystalline lens in porcine eyes (Fujisawa et
al. 2006). When an ICL similar to the human eye was inserted into porcine eyes, anterior
subcapsular opacities developed in all cases during the 3-month follow-up. No direct contact was
observed between the ICL and crystalline lens at any time. The results suggest that the ICL altered
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the circulatory dynamics of the aqueous humor, probably because of poor circulation on the
anterior surface of the crystalline lens, and resulted in cataract. There are structural and functional
differences between human and porcine eyes, and results cannot be extrapolated directly to human
eyes. However, the findings are interesting and could partly explain the difference in cataract
incidence between ICL and PRL.

1.3.5.2  Inflammation

Like all intraocular procedures, posterior PIOL implantation carries general risks such as
inflammation and infection. The study of Jimenez-Alfaro and associates showed a constantly
elevated flare at all time points, which indicates continuous disruption of the blood-agueous
barrier and subclinical inflammation of the anterior segment. After phacoemulsification with IOL
implantation, anterior segment inflammation measured with the laser flare meter usually returns to
preoperative values 1 year postoperatively. Therefore, the constantly elevated flare values in these
patients can reasonably be attributed to the presence of the phakic lens (Jimenez-Alfaro et al.
2001). The mechanisms may include constant friction between the posterior iris surface and the
phakic lens or between the haptic and the ciliary sulcus. The flare values observed with iris-
fixated or angle-supported AC PIOLs were more elevated than the values observed with the ICL
in the study of Jimenez-Alfaro and associates. The subclinical inflammation may have
repercussions not only on the crystalline transmittance but also on the corneal endothelium.
Subclinical inflammation may cause metabolic disturbances of the crystalline lens, resulting in
cataract formation.

1.3.5.3 Pupillary block glaucoma

Complications also can include pupillary block glaucoma (Figure 9) owing to functional closure
of the laser iridotomies (Rosen and Gore 1998, Pesando et al. 1999, Sarikkola et al. 2005). The
IOP can increase in the immediate postoperative period because of residual OVD, postoperative
inflammation, and steroid drug treatment (Hoyos et al. 2002, Pallikaris et al. 2004).

Figure 9. A schematic representation of an eye that shows pupillary block induced by a
posterior PIOL. If the iridotomies do not facilitate sufficient aqueous outflow, the pupil is
occluded by the posterior PIOL with a large volume of aqueous trapped between the PIOL
and the crystalline lens.

1.3.5.4 Pigment deposits

Fine pigment deposits can be seen on the lens surface in the postoperative period. This seems to
be more frequent when Nd:YAG laser iridotomies are performed. Pigment deposition did not
seem to impair the image quality of the lens (Jimenez-Alfaro et al. 2001). Another concem is
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possible pigmentary dispersion syndrome resulting from contact between the iris and the posterior
PIOL (Brandt et al. 2001). This syndrome is characterized by deposition of pigment in the
trabecular meshwork on the corneal endothelium (forming the Krukenberg spindle) and on the
anterior lens capsule, as well as radial, slit-like, transilluminating defects of the iris (Abela-
Formanek et al. 2001). Although all patients in the series of Jimenez-Alfaro and coworkers had
contact between the ICL and the posterior surface of the iris, no patient had pigmentary dispersion
(Jimenez-Alfaro et al. 2001). Davidorf and associates believe that pigment dispersion on the ICL
surface is surgically related, because the amount of pigment in that series appeared not to progress
(Davidorf et al. 1998).

1.3.5.5 Glare and halos

Subjective edge glare and halos have been reported by many surgeons. Because the optic size of
the posterior PIOLs varies between 4.5 to 5.5 mm, patients whose pupils enlarge beyond that size
in dim light may be subject to minor halos or night glare, phenomena that would also trouble a
patient if the lens optics were decentered. Some surgeons do not consider implanting phakic
lenses if the pupillary diameter in dim conditions is 7 mm or larger. Night halos appear to be less
frequent than might be expected with PC PIOLs, possibly because the lenses are behind the pupil,
thus increasing the effective optic zone (Werner et al. 2001).

Even large iridectomies can increase the risk of light scattering through the iridectomy and cause
glare, especially if the iridotectomy is visible and not covered by the upper eyelid.

1.3.5.6 PIOL decentration and luxation in the vitreous

A decentered posterior PIOL generally arises from an inadequate lens length. Decentration may
also lead to monocular diplopia. There are some reports of serious complications with PRL
dislocations into the vitreous cavity and subluxation, suggesting that PRL rotation causes excess
pressure against the zonules (Eleftheriadis et al. 2004, Martinez-Castillo et al. 2004, Hoyos et al.
2005, Donoso and Castillo 2006). The distributor of the PRL has reported problems in Italy and
Spain with 11 PRL luxations into the vitreous cavity up to 2004 and three cases from 2004 to the
present (2 cases in 2005 and 1 in 2006, all in Italy) (Fresnais Laetita, Product Manager, Zeiss-
Meditec, personal communication, October 2007).

1.3.5.7 Retinal detachment

The patient population undergoing refractive surgery is largely myopic and as such is particularly
vulnerable to posterior segment pathology. PIOL implantation in myopic eyes is associated with
the risk of retinal detachment that ranges from 0.8% to 4.8 % (Ruiz-Moreno et al. 2006). A dilated
fundus examination is an integral part of optimum clinical care in patients who undergo refractive
surgery, and shared preoperative assessment by a retinal specialist is advisable in those with a
predisposing retinal pathology (Brady et al. 2007).

1.3.6 Surgery in hyperopic eyes

Preoperative UCVA plays a significant role in the motivation to undergo refractive surgery; a 30-
year old myopic patient is more likely to seek corrective surgery than a 30-year old patient with
hyperopia. Since refractive surgery is performed less frequently in hyperopic eyes compared with
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myopic, the surgical outcome and adverse effects of PIOLs in hyperopic eyes are not that well
documented in the literature (Sher 2001).

Hyperopic eyes often have relatively smaller anterior segments, which may require more careful
IOL insertion to avoid contact with the corneal endothelium (Davidorf et al. 1998). Hyperopic
eyes with a central AC depth of 3.0 mm or less are an important contraindication to PIOL
implantation to avoid postoperative pupillary block and to maintain a safe distance from the
corneal endothelium. In addition, Davidorf and colleagues reported that the incidence of pupillary
block glaucoma in hyperopic eyes was more than double the incidence of pupillary block they
observed in a previous series of ICL implantations in myopic eyes (Zaldivar et al. 1998). Pupillary
block glaucoma, related to functional closure of the iridotomies or retention of an OVD, seems to
be particularly important with hyperopic eyes (Pesando et al. 1999).

According to Rosen and Gore (Rosen and Gore 1998), an intraoperative surgical iridectomy at a
location away from possible occlusion by the PIOL is important to minimize the risk of pupillary
block, particularly in small eyes with hyperopia and eyes with brown irides.

Pesando and coworkers implanted ICLs in 59 hyperopic eyes with a follow-up of 6 to 10 years.
The postoperative refraction was within +1.00 D in 96% of the eyes. According to those authors,
the refractive predictability appeared better for hyperopia than for myopia using the ICL (Pesando
etal. 1999, Pesando et al. 2007).

1.4 METHODS
1.4.1 Visual acuity

The visual acuity was tested using the Early Treatment of Diabetic Retinopathy Study (ETDRS)
acuity charts in all the studies with modification in the study IV, in which the ETDRS logarithm
of the minimum angle of resolution (logMAR) acuity charts was used.

The safety index was defined as the ratio of the mean postoperative BCVA over the mean
preoperative BCVA and the efficacy index as the ratio of the mean postoperative UCVA over the
mean preoperative BCVA, respectively (Koch et al. 1998).

1.4.2 Intraocular pressure

Goldman applanation tonometry was used to measure IOP at the follow-up visits.

1.4.3 l.aser flare meter

The protein concentration in the AC flare was measured using
the Kowa FM-500 laser flare meter (Figure 10). The laser flare
meter measures indirectly aqueous protein concentrations in the
AC by measuring light scattered from protein (Sawa et al. 1988).
All eyes had pupils dilated with topical 0.5% tropicamide. Ten
sequential scans were averaged. Flare values were expressed as
photon counts per millisecond (ms).

Figure 10. Examination
with Kowa-500 laser flare
meter.
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1.4.4 Corneal endothelial cell count

The Topcon SP 1000 specular microscope and
IMAGERnet systems were used for counting corneal
endothelial cell density (Figure 11). Cell morphologic
indices were not studied. On the basis of about 100
identified cells taken from the recorded picture of the
endotheliwm, the computer traced the cellular outlines
while the investigator corrected false readings
(semiautomated method). The software performed the
final calculation and the values were expressed as
cells/square millimeter (cells/mm?).

1.4.5 Scheimpflug images

Images of the anterior segment were made using a
Nidek EAS-1000 Anterior Eye Segment Analysis
System through a dilated pupil. After the photography,
the measurement of the distance (in millimeters)
between the posterior surface of the PRL (PS-PRL) and
the anterior lens surface was repeated three times and
averaged to obtain final results for distance (Figure 12).
The disadvantage of the Scheimpflug method is the
need for pupil dilation to obtain images of the entire
surface of the crystalline lens and stimulation of the
fellow eye to study accommodation of the eye under
observation.

1.4.6 Retroillumination photographs

The retroillumination photographs were taken after
pupil dilatation with tropicamide 0.5% to illuminate at
least one edge of the PRL for comparison between the
different follow-up examinations. The edges of the PRL
were projected over each other to determinate possible
degrees of rotation (Figure 13).

1.4.7 Optical coherence tomography

Figure 11. Taking endothelial cell
photograph with Topcon SP 1000.

Figure 12. The Scheimpflug image of
the PRL in a dilated pupil. The method
was used to estimate the distance
between the PRL and the anterior lens
surface.

Figure 13. A retroillumination
photograph of the PRL with rotation of
27 degrees between 1 day and 1 week.

Optical coherence tomography (OCT) uses low-coherence interferometry to provide in vivo cross-
sectional images of tissue structures. OCT was developed initially for retinal imaging, using a
near-infrared 800-nm wavelength (Hee et al. 1998). For anterior segment imaging, a longer
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wavelength of 1300 nm allows greater penetration through high light-scattering tissues, such as
the limbus and sclera, and makes it possible to visualize angle structures (Radhakrishnan et al.
2001). The technique works by splitting the light source into a reference and a measurement
beam. The measurement beam from the ocular structures interacts with the reference light
reflected from the reference mirror causing interference.

Figure 14. Scanning with Visante OCT. The patient is asked to focus on a central target
internal to the OCT device. After the scanning in the non-accommodated state the eye is
stimulated with negative lenses to achieve accommodation. The eye can be scanned several
times at different degrees of accommodation.

In study 11, evaluation of different distances in the anterior segment and the horizontal diameter
of the pupil was performed with Visante OCT (Zeiss, Jena, Germany). The patient fixates on a
target that is adjustable with positive or negative lenses, which are located within the OCT device,
allowing compensation for spherical ametropia (Figure 14). It is also possible to defocus the target
with negative lenses to induce physiologic accommodation in the examined eye.

After acquiring the scan, software in Visante OCT automatically finds the anterior and posterior
corneal surfaces. The investigator may apply additional measurement overlays for analysis
(Figure 15).

Figure 15. Visante OCT image of 2 myopic PRL before and after the measurement overlays are
applied for analysis.
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2 AIMS

1. To evaluate the surgical outcome and adverse events associated with correction of myopia
and hyperopia with a PRL (I, II, IV).

2. To investigate the dynamics of the PRL in relation to the behavior of the crystalline lens
and the pupil (I, IT, ITI). -

3. To determine the random errors and evaluate the precision of the analytical methods used
in the trials (11, 1I).
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3 MATERIAL AND METHODS

3.1 PATIENTS AND METHODS (I)
3.1.1 Patients

Twenty eyes of 20 patients (11 women, 9 men) with a median age of 31 years (range, 23-43
years) were included. Fourteen eyes were myopic with a median spherical equivalent (SE)
refraction of -9.19 D (range, -6.88 to -17.63) and six eyes were hyperopic with a median SE of
+6.13 D (range +3.25 to +8.63 D). The local ethics committee provided approval of the study
protocol. The patients were informed about the details of the study and they provided informed
consent.

3.1.2 Inclusion criteria

The inclusion criteria were patient age between 20 and 45 years, UCVA less than 0.5 in Snellen
visual acuity, BCVA of the fellow eye better than 0.1, stable myopia between ~3.5 and —27.0 D or
hyperopia between +3.0 and +11.5 D corresponding to the available PRL power, a normal
anterior segment with an AC depth of at least 3.0 mm including the cornea, endothelial cell
density greater than 2500 cells/mm?, and an IOP less than 20 mm Hg. Only one eye of each
patient was included in the study to avoid bias.

3.1.3 Exclusion criteria

Patients were excluded if they had regular astigmatism of 3.0 D or higher, cataract, corneal
pathology, a narrow angle or glaucoma, a history of anterior or posterior segment inflamnmation,
diabetes, infections, or retinal pathologies.

3.14 Follow-up

All patients were scheduled for follow-up visits on 1 day, 1 week, 3 months, and 1 year
postoperatively. The follow-up examinations were completed in all cases. The visits involved a
detailed ophthalmologic examination including manifest refraction, slit-lamp microscopy,
applanation tonometry, laser flare measurement, Scheimpflug slit images through a dilated pupil
to evaluate the distance between the PRL and the crystalline lens, and retroillumination
photographs to evaluate the PRL rotation in the PC. The endothelial cell density was measured
preoperatively, and at 1 week and 1 year postoperatively. Safety and efficacy indexes were
evaluated based on the UCVA and the BCVA.

3.1.5 Statistical analysis

Statistical analysis was performed using Friedman 2-way analysis of variance (ANOVA) by ranks
with multiple comparisons (Siegel S. 1988). The level of significance was P<0.05.

3.2 PATIENTS AND METHODS (Il)
3.2.1 Patients

In the primary study, the study population and the inclusion and exclusion criteria were the same
as in study I. In the parallel sub-study “analysis of the follow-up methods”, 20 eyes other than
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those in the primary study were included. These eyes met the inclusion criteria as in the primary
study and they also had undergone surgery to implant a PRL.

3.2.2 Follow-up

The patients were scheduled for a follow-up visit 2 years after PRL implantation and the follow-
up was completed in all cases. The visit involved a detailed ophthalmologic examination
including manifest refraction, slit-lamp microscopy, applanation tonometry, laser flare
measurement, Scheimpflug slit images in dilatation, retro-illumination photographs, and
endothelial cell count. The crystalline lens was clinically assessed by slit-lamp, retro-illumination
photographs, and Scheimpflug images to analyze lens transparency. Safety and efficacy indexes
were evaluated in the same manner as in study I.

3.2.3 Analysis of the follow-up methods

To evaluate the precision of the analytical methods used, double-independent measurements of
laser flare meter, endothelial cell count, and determination of the distance between the PRL and
the crystalline lens with Scheimpflug images were performed on 20 eyes after PRL implantation
and they were not included in the primary study. All the measurements were done by the same
mvestigator (M.T.).

3.2.4 Statistical analysis

Statistical analysis was performed by Friedman 2-way ANOVA by ranks with multiple
comparisons. The level of significance was P <0.05.

3.3 PATIENTS AND METHODS (lii)
3.3.1 Study design

The study population included 52 patients (52 eyes) with myopia and hyperopia. The PRLs were
implanted between April 2002 and May 2005. The inclusion criteria included a minimum of 1
year after PRL implantation. Only one eye of each patient was enrolled in the study to avoid bias,
An eye was excluded if any refractive surgery was combined with PRL implantation. The study
had a cross-sectional design in which all patients were scanned with the Visante OCT only once
without follow-up and the association between the distance PRL-anterior lens surface and lens
opacification was investigated. The local ethics committee approved the study. All patients were
provided with written and oral explanations of the study, and they all provided their consent.

3.3.2 Visante OCT as an analytical method

To evaluate the precision of Visante OCT, a double-independent measurement study was
conducted. Twenty-two eyes of 12 patients underwent scanning of the anterior segment; the scans
were repeated after an interval of 5 minutes. The investigator evaluated the distances from the PS-
PRL to the anterior lens surface and from the anterior surface of the PRL (AS-PRL) to the
posterior comneal surface before the patient underwent a new scan. The second scan was analyzed
later without knowledge of the results of the first scan.
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3.3.3 Main outcome measures

Manifest refraction was tested before the OCT scans were performed to compensate for spherical
ametropia during scanning. After scanning, the crystalline lens was examined after the pupils
were dilated using tropicamide 0.5% to determine the presence of lens opacification.

Baseline measurements were performed in the non-accommodated state at the horizontal
meridian. All examinations were performed in a room with dim illumination.

The eye was stimulated with negative lenses to achieve accommodation. The target was slowly
defocused in -0.25 D increments until it was subjectively blurred and could no longer be focused
(push-up method). The mean lens power added before blurred vision was achieved was -4.6 D
(range, -1.25 to -13.0 D).

3.3.4 Statistical analysis

Confidence intervals, based on the t-distribution, were calculated for differences in mean results.
The differences were statistically significant when the confidence intervals did not include zero.
Results are expressed as mean + 95% confidence interval based on a significance level of P<0.05.
Regression analysis was used to determine regression equations.

3.4 PATIENTS AND METHODS (IV)
3.4.1 Patients

The study population included 40 consecutive eyes of 25 patients with hyperopia
independent of the degree of astigmatism. A certain degree of amblyopia was observed in 12
eyes (30%). The local ethics committee approved the study. All patients provided informed
consent after the study was explained fully.

3.4.2 Inclusion criteria

The inclusion criteria were patient age between 20 to 45 years, hyperopia corresponding to an
available PRL power, a normal anterior segment with an AC depth of at least 3.0 mm including
the cornea, an endothelial cell density greater than 2000 cells/mm?, and IOP below 25 mmHg.

3.4.3 Exclusion criteria

Patients were excluded if they had a narrow angle or glaucoma, infections, and a history of
anterior or posterior segment inflammation. In addition, those who did not undergo one of the
postoperative follow-up visits were excluded.

3.4.4 Arcuate keratotomy

The PRL with its floating design cannot correct astigmatism. In cases of astigmatism of 2 D or
greater with a substantial effect on visual outcome, an arcuate keratotomy with a 7-mm-diameter
clear zone (Lindstrom et al. 1994) was performed preoperatively in nine eyes (22.5%). The mean
time between the relaxing keratotomies and the PRL surgery was 2.4 months (range, 1.0-4.6
months). Only a moderate effect was gained in eyes with lower hyperopia and no effect in eyes
with hyperopia over 10 D.
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3.4.5 Follow-up

The patients were scheduled for follow-up visits at 3 months and 1 year postoperatively. The
first six patients (six eyes) had the first postoperative examination at 1 week instead of 3
months. The visits involved a detailed ophthalmologic examination including manifest
refraction, slit-lamp microscopy, applanation tonometry, and measurement of the endothelial
cell count.

3.4.6 Statistical analysis

Each patient was the subject in the statistical analysis and not the eye because in some cases
both eyes were included in the analysis. Statistical analysis was performed by a mixed effects
model. The level of significance was less than 5% (P<0.05). Statistical analyses were
performed by SAS 9.1.3 Proc Mixed (Cary, NC).
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4 RESULTS AND DISCUSSION

4.1 VISUAL OUTCOME (I, Ii, IV)
4.1.1 Safety

Safety was evaluated by measurement of the BCVA. The safety index (I, II) was 1.13 at 1 year
and 1.2 at 2 years. At 1 year, 3 eyes (15%) and at 2 years five eyes (25%) gained two or more
lines of BCVA. All eyes were myopic. No eye lost two or more lines of BCVA (Figure 16).
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Figure 16. Percentage of eyes gaining and losing lines of BCVA 2 years postoperatively
(study II).

At 1 and 2 years, 80 % of eyes had a BCVA of 1.0 or better (93% of myopic and 50% of
hyperopic eyes), an improvement over the baseline level in myopic eyes. There was no change in
the hyperopic eyes. All the eyes had a BCVA of 0.5 or better at 1 year that did not change at 2

years,

The 1-year follow-up in 40 hyperopic eyes showed a safety index 0.89. No eyes gained two or
more lines. Two eyes (5.0%) lost two lines of BCVA. The mean BCVA decreased from 1.03
preoperatively to 0.93 at 3 months (P<0.05) without a change at 1 year (P>0.05). At 1 year,
17.5% of eyes had a BCVA of 1.0 or better and 65% had 0.5 or better.

The BCVA increased significantly in myopic eyes with excellent visual outcome and safety
results. However, in the hyperopic eyes, the BCVA decreased postoperatively, and even though
the clinical relevance of this decrease can be discussed, the result showed no postoperative gain in

BCVA in hyperopic eyes. Limited improvement in BCVA also has been reported in studies with
other hyperopic PIOLs (Davidorf et al. 1998, Bartels et al. 2006). This could be explained by a
smaller image size with corrected refraction closer to the nodal point of the eye and elimination of
the spectacle-induced magnification experienced by patients with hyperopia preoperatively. In
high myopia, the spectacle correction minifies the image, which is eliminated after refractive
surgery resulting in gains of lines of vision (Langenbucher et al. 2007). Preoperative contact lens-
corrected visual acuity compared with postoperative spectacle—corrected visual acuity might
provide a more realistic evaluation of the safety index and a comparison between hyperopic and
myopic eyes (MacRae 1998).
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4.1.2 Efficacy

The efficacy index (I and IT) was 0.89 at 1 year and 0.91 at 2 years (Figure 17).

The UCVA was 1.0 or better in 50% of eyes (64% of myopic and 17% of hyperopic) at 1 year and
in 40% (50% of myopic and 17% of hyperopic) at 2 years. All myopic eyes had an UCVA of 0.5
or better. In hyperopic eyes, the UCVA was 0.5 or better in 67% of eyes at 1 year and 83% of
eyes at 2 years.
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Figure 17. The efficacy index during the 2-year follow-up period.

In 40 hyperopic eyes (IV), the efficacy index was 0.70 at 1 year. The UCVA was 1.0 or better in
seven eyes (17.5%), 0.50 or better in 26 eyes (65%), and less than 0.5 in seven eyes (17.5%). In
the last group, the mean preoperative BCVA was 0.6+0.19 (range, 0.32-0.8). The mean
astigmatism was -1.9+0.61 D (range, -1.0 to -2.5 D) compared with the astigmatism in the other
eyes -0.96+0.65 (range, +0.0 to -2.5 D).

The efficacy index showed slight undercorrection corresponding to uncorrected astigmatism.
However, UCVA showed excellent outcomes especially in myopic eyes in which all eyes had an
UCVA of 0.5 or better even though the PRL with its floating design cannot correct astigmatism.
In cases of astigmatism with a substantial effect on visual outcome, there are other options
complementary to PRL. One of these is bioptics in which the PIOL is combined with a corneal
laser procedure (Zaldivar et al. 1999, Sanchez-Galeana et al. 2001). PRL implantation followed
by LASIK or LASEK enhancement could provide more precise resuits and produce the parallel
treatment of preexisting and surgically induced astigmatism. However, combining corneal and
intraocular surgeries exposes patients to complications from both techniques. The toric ICL can
solve some problems in the myopic eyes, because it remains rotationally stable after surgery
(Gimbel and Ziemba 2002). Unfortunately, there is no toric hyperopic PC PIOL currently
commercially available.

In the study of 40 hyperopic eyes, the fact that 30% of eyes had different levels of amblyopia
certainly had a substantial effect on the postoperative visual outcomes.
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4.2 PREDICTABILITY (I, Il, IV)

The change in SE refraction in studies I and II showed that 15 eyes (75%) were within 0.5 D of

the desired refraction and all eyes (100%) were within +1.0 D at the 1- and 2-year visits. Eighteen
eyes (90%) were within +1.0 D of emmetropia at 1 and 2 years postoperatively.

The study population of 40 hyperopic eyes showed even more precious predictability (Figure 18).
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Figure 18. Distribution of achieved refraction versus intended refraction in diopters (D) in

hyperopic eyes shows that all the eyes were within + 1.0 D of the desired refraction 1 year
postoperatively.

Thirty-five eyes (87.5%) were within £0.5 D of the desired refraction and all eyes (100%) were
within +1.0 D. At 1 year postoperatively, 87.5% (35 eyes) were within +1.0 D of emmetropia.

The current standard-of-care precision in refractive surgery is £1.0 D from the attempted
refraction (Lovisolo and Reinstein 2005). In cases of residual refractive error in the form of pure
spherical ametropia after PRL implantation, the PRL was exchanged for the right power as we did
in two hyperopic cases with primary overcorrection postoperatively. After replacement of the
PRL in these eyes, all cases were within 1.0 D of the desired refraction and the refraction
remained stable during the follow-up period. These results are better compared with other studies
of the PRL and the ICL (Davidorf et al. 1998, Fink et al. 1999, Hoyos et al. 2002, Pallikaris et al.
2004, Sarikkola et al. 2005).

4.3 INTRAOCULAR PRESSURE (I, II, V)

In the mixed myopic and hyperopic study population (I, II), the mean IOP was 16+1.8 mmHg
(range, 13-21 mmHg) preoperatively, 16+2.0 mmHg (range, 13-20 mmHg) at 1 year and 16+3.0
mmHg (10-22 mmHg) at 2 years.
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One hyperopic and one myopic eye developed pupillary block 2 and 4 days after surgery,
respectively. In both cases the IOP was normalized with complementary Nd: Y AG-iridotomies
and medication. A myopic eye developed corticosteroid-induced high IOP of 49 mmHg 1 week
postoperatively that resolved after discontinuation of the steroid drops.

In the hyperopic study population, there was no difference in the mean IOP values between visits
(P>0.05). The mean IOP was 15.5+3.2 mmHg (range, 8-24 mmHg) preoperatively and 15+3.3
mmHg (range, 8-26 mmHg) at 1 year. Seven eyes (17.5%) developed pupillary block by a mean
of 6 days postoperatively (range, 1-15 days) and were treated successfully with Nd:YAG-
iridotomies and medication.

The IOP was stable and no long-term changes or glaucoma was observed, which confirms the
results in the other PRL studies (Pallikaris et al. 2004, Donoso and Castillo 2006). However, the
most frequent complication was early postoperative pupillary block in one myopic and seven
hyperopic eyes. This is discussed further in the chapter 4.9 on complications.

4.4 ENDOTHELIAL CELL DENSITY (I, II, IV)

The mean changes in endothelial cell count (studies I and II) were -247 cells/mm? (range, -1288 —
160 cells/mm?) (-8.4 %) 1 week after surgery, -203 cells/mm? (range, -767 — 176 cells/mm?) (-
7.1%) 1 year postoperatively, and -228 cells/mm? (range, -899 — 173 cells/mm?) (-7.7%) 2 years
postoperatively. Friedman 2-way ANOVA showed statistical significance between visits
preoperatively and at all postoperative visits (P<0.05). However, there was no change in the
endothelial cell density between 1 week and 1 year or 2 years postoperatively (P>0.05).

In 40 hyperopic eyes, the mean change in the endothelial cell count at 3 months was -139
cells/mm’ (range, -911 to +328 cells/mm?) (-4.6%) and at 1 year -115 cells/mm? (range, -847 to
+183 cells/mm?’) (-3.8%) as shown in Figure 19. The endothelial cell densities at 3 months and 1
year were significantly lower than preoperatively (P<0.01). Between 3 months and 1 year
postoperatively, the cell count increased by a mean of 25 cells/mm? (1.1%), a difference that did
not reach significance (P>0.05).
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Figure 19. The mean endothelial cell density in hyperopic eyes. The error bars indicate 95%
confidence intervals. Endothelial cell loss was -4.6% at 3 months without a significant change at 1
year.
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Surprisingly, hyperopic eyes (study IV) had lower endothelial cell loss compared with the myopic
eyes. The results in hyperopic eyes were comparable to the hyperopic ICL implantations that had
a -4.7% endothelial cell loss postoperatively and remaining unchanged throughout the 10-year
follow-up (Pesando et al. 2007). Evaluation of the endothelial cell density in 78 myopic eyes with
PRL implantation showed a -7.1% cell loss at 3 months and a -6.3% cell loss at 1 year (Koivula et
al, Poster presentation, ESCRS Winter Meeting, Athens, Greece, 2007), which confirms the
results in the studies I and II with most myopic eyes.

However, the myopic ICL implantations have shown another pattern. The low initial endothelial
cell change after surgery (-1.8 to -2.1% at 3 months) was followed by continuous cell loss -5.7 to
-7.9% at 2 years and -8.9 to -12.9% at 3 years (Dejaco-Ruhswurm et al. 2002, Edelhauser et al.
2004). With a mean cell density of 3000 cells/mum? at 20 years of age, physiologic endothelial cell
loss is reported to be approximately 0.6% per year (Bourne et al. 1997), indicating that continuous
cell loss after ICL implantation is more than the result of aging. According to the authors, one
explanation could be endothelial cell remodeling. The compensatory changes that occur in the
endothelium during recovery from surgical trauma, such as the migration of cells from the central
cornea to the area where the surgical trauma occurred, may account for the significant central cell
loss over the first postoperative years (Dejaco-Ruhswurm et al. 2002, Edelhauser et al. 2004). In
our studies, there was no continuous cell loss after 3 months, indicating that the initial loss mainly
results from the surgical procedure and is not induced by the PRL.

Although the surgical maneuvers are identical in myopic and hyperopic PRL eyes, the hyperopic
eyes with shallower ACs may have increased risk for contact with the corneal endothelium
intraoperatively. However, the myopic cases still had increased cell loss. Can the difference in the
PRL design with biconcave optics in myopic eyes increase the risk of damage to the corneal
endothelium in myopic eyes at the time of surgery?

4.5 INFLAMMATION (1, ll)

The highest average flare count was 15.6 photons/ms at 1 day after surgery compared with the
mean 3.8 photons/ms before surgery. The mean laser flare returned to the preoperative level at 3
months and did not change at 1 or 2 years after surgery (P>0.05). Laser flare was not influenced

by PRL rotation.

The laser flare measurements were as expected at the highest level 1 day postoperatively due to
surgical trauma. Similar results have been found in eyes implanted with an ICL (Sarikkola et al.
2005). The laser flare findings in eyes with an ICL were compared with the control group that did
not undergo surgery during 2 years. The results showed that laser flare values after ICL
implantation were well within the range of normal values (Sanders 2003).

4.6 PRL ROTATION (I, If)

Fifteen PRLs (75%) rotated 10 degrees or more during the first follow-up year and three PRLs
(15%) between 1 and 2 years. The centration of the PRL was good in all eyes. Figure 20 illustrates
PRL rotation in a hyperopic eye over time.
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The rotation of the PRL may indicate aqueous exchange behind the PRL. Therefore, the floating
design of the PRL could be a protective factor for the crystalline lens. The retroillumination
photographs showed that the PRL rotated in the PC even though the rotation was much less after
the first follow-up year. In addition, the findings from the other PRL studies with ultrasound
biomicroscopy (UBM) suggested that PRL rotation could indicate the right haptic position on the
zonules without capturing in the sulcus (Garcia-Feijoo et al. 2003, Garcia-Feijoo et al. 2003).
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Figure 20. Retroillumination photographs of a hyperopic eye during the 2-year follow-up period.
The PRL rotated 15 degrees between 1 day and 1 week and 55 degrees between 1 and 2 years.

However, there have been some reports of serious complications with PRL luxation into the
vitreous cavity, suggesting that PRL rotation causes excess pressure against the zonules
(Eleftheriadis et al. 2004, Martinez-Castillo et al. 2004, Hoyos et al. 2005). Results in studies I
and II cannot confirm this hypothesis. Some degree of rotation was shown in most eyes but in
most cases just once between different visits. The absence of PRL decentration can be seen as an

indication for right lens sizing.

4.7 DISTANCE BETWEEN THE PRL AND THE ANTERIOR LENS SURFACE (i, Ii,
fi)

Figure 21 shows the central distance between the PS-PRL and the anterior lens surface over time
(L, IT) measured with the Scheimpflug technique. In both myopic and hyperopic eyes, the gap
decreased during the first year after surgery. The mean distance was 0.26+0.14 mm (range, 0.0 —
0.46 mm) at 1 year and 0.27+0.15 (range,

0.0 - 0.56 mm) at 2 years. A significant 0,8 T #All
difference was found when comparing the 0,7 + EPRL 101
1-year and 2-year distances with 1-day 0.6 L ‘ PRL 100
distance (P< 0.05). The possible effect of ! PRL 200
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Figure 21. Mean distance between the posterior

However, the impact of accommodation surface of the PRL and the anterior lens surface at
seems to be essential for distance follow-up.

evaluation. Baikoff and coauthors

27



(Baikoff et al. 2004) showed in a case report with AC OCT that the PS-PRL touched the anterior
lens surface during accommodation. Our distance measurements with OCT showed the mean
baseline distance 0.35+0.18 mm (range, 0.0 — 0.80 mm) and during accommodation 0.28+0.24
mm (range, 0.0 - 0.94 mm). All eyes in the OCT study were investigated at least 1 year after PRL
implantation.

The study population was divided into the groups according to the lens model. There was no
significant difference in the initial PS-PRL and the anterior lens surface distance between the eyes
that received the PRL 101, PRL 100, and PRL 200. During accommodation, with the PRL 200
and the PRL 101, there was a mean 84-um decrease in the distance between the PRL and
crystalline lens. The distance between the PRL 100 and crystalline lens did not change during
accommodation (Table 1). The changes in the distances between the posterior corneal surface and
the anterior lens surface and the posterior corneal surface and the AS-PRL were significant with
all PRL models (P<0.05).

Difference
Baseline Accommodation
PRL 101 0.38 0.29 -0.084:0.044*
(n=31)
1

PRL 100 0.30 0.31 0.002+0.100
(n=10)
PRL 200 0.32 0.23 -0.083 +0.074*
(n=11)

* p<0.05

Table 1. Mean distance between the posterior surface of the PRL and the anterior lens surface
with 95% confidence interval at baseline and during accommodation.

The contact between the PRL and the anterior lens surface at baseline and during accommodation
in different PRL types is shown in Table 2.

Baseline | Accommodation | Cataract
PRL 101 2 3 (2+1) 2
PRL 100 1 2 (1+1) 0
PRL 200 0 3 (0+3) 0

Table 2. The number of PRLs in contact with the anterior lens surface at baseline and in
accommodation in the different PRL models. The last column shows the distribution of
cases with lens opacification between the PRL models.
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All cases with contact between the PRL and the anterior lens surface at baseline had continuous
contact during accommodation. Of these three eyes (5.8%), two (3.8%) developed lens opacities.
In a total of five cases (9.6%), the PRL touched the crystalline lens during accommodation
without contact at baseline. None of these eyes developed a cataract.

In Figure 22, the distance between the PS-PRL and the anterior lens surface at baseline is plotted
against patient age. The initial distance was significantly lower in older eyes implanted with the
PRL 101 (»=~0.36; P<0.05). There was no significant trend in eyes implanted with the PRL 100
and the PRL 200 (rs =—0.12 and 0.14, respectively; P>0.05).
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Figure 22. Significant correlation between age and distance to the crystalline lens in PRL 101
(P<0.05) but not in PRL 100 and 200.

In the development of the posterior PIOL design, a great effort has been directed toward proper
vaulting of the implant because a flat design was shown to produce most of the cataracts (Sanders
and Vukich 2002). Therefore, the evaluation of the distance between the posterior PIOL and the
crystalline lens seems to be important when comparing different PIOL models.

The distance measurements with the Scheimpflug method showed a significant decrease in the
distance between the AS-PRL and the anterior lens surface during the first follow-up year without
changes at the 2-year visit, indicating a time-related interaction. This result was confirmed in a
study with the ICL (Baumeister et al. 2004). The distances measured with the Scheimpflug
method showed comparable results with distances during accommodation investigated with
Visante OCT. However, the baseline measurements evaluated with OCT showed an increased
distance between the PS-PRL and the anterior lens surface compared with the Scheimpflug
technique. This finding is important because it reveals a good average safety distance between the
PRL and the crystalline lens evaluated with a more precise method than the Scheimpflug method.

During accommodation, the anterior lens surface moves forward and assumes a more rounded
shape (Brown 1973). We found a significant forward movement of the anterior lens surface and
PRL in each group. Although the PRL moved anteriorly with accommodation with all three lens
models, the space between the PRL and crystalline lens was preserved only with the PRL 100,
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and the space decreased with the other two models. The smaller size and weight of the PRL 100
may account for the difference in response to accommodation.

Lens thickening with age did not decrease the baseline distance between the PRL and crystalline
lens in eyes with the PRL 100 and PRL 200. However, with the PRL 101 the initial gap decreased
significantly with increasing age, indicating a smaller PC depth with aging of the lens.

The measurements with the Scheimpflug method revealed contact between the PRL and the
crystalline lens in two cases without lens opacifications. In the OCT study, three cases had contact
at baseline and two of them had lens opacifications. No eyes with PRL touch only during
accommodation had lens opacities.

4.8 CHANGE IN PUPIL SIZE (lil)

Another force that pushes the posterior surface of the artificial lens toward the anterior surface of
the crystalline lens is pupil constriction resulting from light as reported by Petternel et al
(Petternel et al. 2004) who found a significantly reduced distance between the ICL and crystalline
lens under photopic conditions with pupil constriction.

The reduction in pupil diameter during accommodation was found in all models (P<0.05). There
was a correlation between the reduction in pupil diameter and the reduction in the distance
between the PS-PRL and the anterior lens surface during accommodation in eyes with the PRL
200 (r = 0.67; P<0.05) but not in eyes with the PRL 101 and PRL 100 (s = 0.20 and —0.41,
respectively). In hyperopic eyes, this correlation confirmed the results from the study of Petternel
et al., although the number of hyperopic cases was rather small. However, pupil constriction in
myopic eyes, as part of the accommodative process with lens changes, did not have the same
effect as pupil constriction induced by light. Even if the pupil closed in front of the PRL, it did not
push the myopic PRL backward to the crystalline lens.

4.9 COMPLICATIONS

4.9.1 Lens opacification (1, 1l, HI, IV)

Anterior subcapsular opacification was observed in two myopic
eyes. No PRL removal or cataract extraction has been performed
due to lens opacities.

In the first case, the mean follow-up time after the onset of lens
opacification was over 3 years. The eye had gained two lines of
vision over the preoperative BCVA without loss thereafter and
had stable opacification. The other eye had progressive
opacification and lost one line from the preoperative value
during 6 months of follow-up (Figure 23).

Both cases had central contact between the PRL and the Figure 23. Anterior subcapsular
crystalline lens. However, the higher age of these patients (48 opacification in a myopic eye of
and 49, respectively), extremely high myopia (SE -17.0 and - 49-year-old man 2 years after

20.25 D, respectively), and the problematic PRL exchange in the  PRL implantation detected at
case with stable opacification cannot be overlooked. The results  the time of OCT scanning.
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from ICL studies indicated that mechanical contact, presbyopic age, and intraoperative trauma are
associated with an elevated incidence of crystalline lens opacification (Gonvers et al. 2003,
Lackner et al. 2004, Sarikkola et al. 2005). High myopia itself increases the risk for earlier
cataract formation compared with emmetropic, low myopic, and hyperopic eyes (Sarikkola et al.
2005).

A 34-year-old hyperopic patient developed anterior lens vacuoles initially after surgery. The lens
was clear at the 3-month follow-up visit without further complications. The obvious reason for the
transient vacuoles was intraoperative trauma to the crystalline lens. In hyperopic eyes with a
shallow AC, the risk of accidental contact of the anterior capsule during surgery is increased and
extra care should be taken during implantation to avoid contact with the lens capsule and coreal
endothelium,

4.9.2 Pupillary block (I, I ,IV)

The most frequent complication was early postoperative pupillary block in one myopic and seven
hyperopic eyes despite two iridotomies performed 2 weeks preoperatively. Residual OVD in the
posterior chamber or incomplete iridotomies were reported to be the most common reasons for
increased IOP postoperatively (Jimenez-Alfaro et al. 2001, Hoyos et al. 2002, Sarikkola et al.
2005). Pupillary block itself was reported to be the most important complication in the earlier
studies with the hyperopic ICL (Rosen and Gore 1998, Pesando et al. 1999). But in recently
published ICL study, this was not a problem if double peripheral Nd:YAG laser iridotomies or a
classic 12 o’clock iridectomy was performed (Pesando et al. 2007).

However, ICL implantation in 61 Asian eyes with myopia showed transient rise in IOP in 26% of
eyes within the 2 months postoperatively (Chang and Meau 2007). Compared to myopic
Caucasian eyes, the Asian eyes have smaller WTW diameter and shallower anterior chamber,
which can cause problem with ICL sizing because the recommended protocol is based on
Caucasian populations. The myopic Asian eyes can be compared with Caucasian hyperopic eyes,
which also have narrow iridocorneal angles. The presence of an implant can have long-term
effects on the redirection of the aqueous flow. In contrary to results of Chang and Meau, our
findings suggest that the risk for angle-closure glaucoma seems to increase during the first 2
weeks after surgery. Identifying eyes with a narrow iridocorneal angle could determine those
needing extreme care in the creation of sufficiently large laser iridotomies or surgical iridectomy.

The difference between the PRL and the ICL is in the dynamics of the implant. The PRL floats in
the posterior chamber, whereas the ICL is fixated and supported in the sulcus angle. The floating
design of the PRL makes rotating the implant possible. Even if the PRL is most often implanted in
the horizontal meridian (at the 3 to 9 o’clock meridian), it can easily change the meridian after the
implantation and thus occlude one of the iridotomies at the superior part of the iris or even both of
them if they are too close together (Hoyos et al. 2002). Even though the rotation mechanism of the
PRL is the same in myopic and hyperopic eyes, the risk of pupillary block in hyperopic eyes
seems to be more prorinent.

Our findings suggest that if there is any doubt of penetration through the all iris layers with the

initial Nd:Y AG-iridotomy treatment, the patient should return for complementary treatment so
that absolutely reliable iridotomies are performed before PRL implantation, particularly in small
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eyes and eyes with brown irides. The distance between the iridotomies should be over 6.0 mm,
which is the width of the PRL. If the laser treatment fails, the Nd: Y AG-iridotomies should be
combined with an intraoperative surgical iridectomy.

4.9.3 lIris transillumination defect (I, II, IV)

No pigment dispersion was found in any case even though the posterior iris surface seems to
touch the anterior PRL surface. However, horizontal iris transillumination defects (Figure 24)
were observed in a hyperopic eye 1 year after PRL implantation combined with pupil ovalization
at 2 years and no other complications. The same kind of iris atrophy has been reported in another
PRL study (Hoyos et al. 2002) as well as in myopic eyes with ICLs (Brandt et al. 2001).

UBM showed iris capture and the anterior convexity of the PRL, indicating poor fit of the PRL in
the posterior chamber. The patient had no complaint of glare or halos. Since the hyperopic PRL is
manufactured in only one size, exchanging it for a smaller model was impossible. The patient is
followed on a regular basis.

Figure 24. Transillumination defects in the iris in a hyperopic eye. The PRL has signs for
oversizing for the actual posterior chamber. The patient was satisfied with the visual outcome and
did not require PRL explantation.

4.9.4 Overcorrection of hyperopia (I, Ii, IV)

Unexpected postoperative myopia with a mean postoperative SE of -1.35 D (range, -1.35 to
-1.75 D) was found in four hyperopic eyes (studies I, II and IV) with a mean preoperative

SE +5.53 D (range, +3.25 - +8.75). The PRL was exchanged in two cases and in one case a
LASEK enhancement was performed. These procedures changed the mean SE to -0.08 D (range,
+0.0 to -0.25 D).

In the fourth case, the patient did not desire PRL exchange or LASEK enhancement but wanted
PRL explantation, after which the patient returned to spectacle use without loss in BCVA.

The refraction of a hyperopic eye can be challenging. Young hyperopes can transiently
accommodate without correction while reading an eye chart but cannot maintain accommodation
without asthenopic symptoms. Accommodation affects the manifest refraction, which should be
combined with cycloplegic refraction before surgery, because the theoretical approach to
calculating the lens power is as important as the proper surgical technique. Additionally,
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preoperative contact lens-corrected visual acuity and refraction may provide more accurate results
for PRL power calculation in high myopia and hyperopia than the traditional spectacle-corrected
visual acuity and refraction. '

In hyperopic eyes, slight postoperative hyperopia seems to be more acceptable than myopia,
which must be considered in the power calculation. Young patients are used to accommodate and
prefer that after surgery rather than vice versa. In the hyperopic study population, the mean patient
age was comparable with that in the studies of myopic eyes. However, hyperopia becomes
increasingly problematic with advancing age and patients treated for hyperopia might on average
be older than myopic patients. Therefore, hyperopes approaching presbyopia do not gain any
benefits if the surgery leaves them hyperopic.

4.9.5 Halos and glare (|, II, IV)

Two hyperopic eyes had severe glare and halos in dim light and night. The PRL was

removed 17 and 24 months postoperatively, which resulted in symptom relief in both cases.

In the study of Hoyos and associates, night halos and glare were reported in 26% of eyes,
although the PRLs were well centered (Hoyos et al. 2002). The study of Pallikaris and coworkers
confirmed this result: 28.5% of high myopic eyes had minor glare and halos at night. In most
cases the pupil diameter was greater than 7 mm. However, these symptoms decreased 6 months
after implantation (Pallikaris et al. 2004).

Because the optic size of the PRL is 4.5 to 5.0 mm, patients whose pupils dilate beyond that size
in dim light may be subject to halos or night glare, phenomena that also would be problematic for
a patient if the lens optics were decentered.

4.10 ANALYSIS OF FOLLOW-UP METHODS (i, lli)

In the assessment of any new instrument, an estimate of the reproducibility is essential before
further data analysis can be performed. To evaluate the precision of the instruments used in the
main trials, double-independent measurement studies were conducted.

Evaluation of the precision of the laser flare meter showed a random error of 17%, which was
higher compared with the 12% within-subject variability in aqueous flare in normal eyes (Shah et
al. 1991). The endothelial cell count, however, showed a low random error (2.8%) as a reliable
indicator for the evaluation of corneal endothelium. The result was confirmed in another study
with the same system as ours (Vecchi et al. 1996).

The random error using the Scheimpflug method (with the EAS-1000 system in the evaluation of
the distance between the PRL and the anterior lens surface) was 10%. For Visante OCT, the same
study design using double-independent measurements, repeated after 5 minutes, showed a random
error of 5% in the measurements between the PRL and crystalline lens and 1.25% in the
measurements between the PRL and the posterior corneal surface. This result indicated that
Visante OCT is sufficiently accurate and reliable to allow an analysis of distances in the anterior
segment and confirmed the results of a study with Visante OCT in measurements of the AC
(Koch et al. 1998). Because the PRL does not change thickness during accommodation, the mean
central thickness of the PRL in each group at baseline and during maximum accommodation
served as an internal control. The results were comparable to the error analysis and confirmed the
accuracy of the measurements. With its high-resolution capacity, AC OCT is more precise than
Scheimpflug images.
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5 CONCLUSIONS

Treating high myopia and hyperopia is a more challenging task than treating patients with low
ametropia. The clinical outcomes of PRL implantation are better or comparable to existing
refractive surgery alternatives. PRL implantation meets the high expectations of refractive surgery
and provides excellent quality of vision and corrects myopia and hyperopia with good
predictability and refractive stability. The lens has a biocompatible design and material that do not
induce ongoing endothelial cell loss and only induce subtle iris or lens damage resulting in less
cataractogenesis than that seen with other PC PIOL models. The lens is foldable and can be
implanted through a small, self-sealing incision. It is adjustable and can be exchanged. In
addition, the method is reversible in contrast to techniques that permanently alter corneal tissue.

However, the PRL does not have all the ideal qualities of a PIOL. The future implant could be
improved with a 7-mm diameter functional optic, which might decrease the risk for edge effects,
glare, and halos. Lens design should better guarantee the free flow of aqueous and minimize the
risk of pupillary block. The lens should be easy to implant to facilitate the development of fewer
intraoperative complications and decrease the psychologic stress for the surgeon, which results
from reports of luxation of the PRL. The ideal PIOL should not be manufactured only in negative
and positive powers but also have a spherocylindrical alternative for eyes with astigmatism. In the
best of worlds, the PIOL would even correct presbyopia without reducing the quality of vision.
This would provide an implant with a solution for virtually every refractive problem and would be
tolerated by the patient for decades, perhaps for life. The method therefore has to be refined
further and studied carefully.
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Questions & Common questions about ICL/PRL
Answers
Cataracts Will the result be permanent?

Serious short-sightedness can arise later in life, and you may
require weak spectacles or contact lenses to see clearly at a
Common distance. You may need reading glasses after 45 years of age, as
questions about .

all short-sighted persons may.

Refractive surgery

ICLIPRL
Common . How long does it take to acquire good vision after the
questions about procedure?
RLE/muitfocal Itis usual to ther well ly as the next d
surgery is usual to see rather well as early as the next day.
Glaucoma How can | manage in the period after treating the first eye, and
screening before treating the second?
Eyelid surgery it will be necessary to try to cope with having only one good eye, or
Finance to use a contact lens on the eye that has not yet been corrected.

How long will it be before the second eye can be treated?
Itis usual to treat both eyes on the same occasion, but it is also
possible to wait a week or a few weeks.

How soon can nommal life begin again?

You should avoid rubbing your eyes the first week, and you should
not go swimming. You may have to take the first week after surgery
off work.

What are the risks?

We work in extremely sterile conditions, and the risk for infection is
thus very low (less than 1 in 2,000). There is, however, a slightly
increased risk (1 in 100) of developing a cataract. This arises when
the eye's own lens becomes cloudy during the surgery, or under the
influence of pressure from the lens. If this occurs, the lens must be
surgically removed and an artificial lens inserted.

Short-sightedness can also be cured in this case by choosing a lens
with a suitable power. This method is sometimes used to correct
severe short-sightedness (see the section dealing with RLE). it will,
however, be necessary to use spectacles for reading and other
tasks requiring near vision, and thus this methed is normally used
for those over 45 years old.
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