Position of Angle-Supported, Iris-Fixated, and
Ciliary Sulcus—Implanted Myopic Phakic
Intraocular Lenses Evaluated by
Scheimpflug Photography
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@ PURPOSE: To examine postoperative positional stability
of myopic phakic intraocular lenses {I0Ls).

& DESIGN: Prospective, nonrandomized clinical study.

¢ METHODS: The study included 46 eyes which received
an anterior chamber angle-supported (Bausch & Lomb
MNuVita; 10 eyes), anterior chamber iris-fixated (Ophtec
Artisan; 20 eyes) or ciliary sulcus—implanted phakic I0L
(Staar ICL; 16 eyes). The distance between the phakic
10L and the erystalline lens and the cornea as well as
rotation around the optical axis was evaliated using
Scheimpilug photography ar 1, 3 to 6, and 12 months
postsurgery.

® RESULTS: The anterior chamber phakic IOLs showed
no significant moverent in anteroposterior direction.
The posterior chamber phakic IOL showed a sigaificant
movement toward the crystalline lens between postoper-
ative months 3 and 12. The median amount of rotation
around the optical axis between the 3- and the 12-month
evaluation was 1.9 degrees {ranpge = 0.0-33.5 degrees)
for the NuVita, 0.6 degrees {range = 0.0-3.5 degrees)
for the Artisan, and 0.9 deprees (range = 0.2-2.3
degrees} for the ICL. Four NuVita 10Ls rotated more
than 10 degrees.

¢ CONCLUSIONS: The angle-supported anterior chamber
phakic IOLs showed a generally stable position regarding
distance to cornea and natural lens, but rotation was
observed in four IOLs. The iris-fixated phakic 10L showed
the highest overall stability. The posterior chamber phakic
IOL was stable in terms of rotation but had a tendency to
decrease in distance toward the crystalline lens. Intraocular
lenses implanted in phakic eves followed for 12 months
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demonstrate stable IO0L position overall.  {Am J Ophthal-
mol 2004;138:723-731. © 2004 by Elsevier Inc. All rights
reserved. )

N THE LAST DECADE, REFRACTIVE SURGERY HAS

gained widespread acceptance. Most procedures for the

correction of ametropia are performed on the cornes,
with laser-assisted in situ keraromileusis (LASIK) being
the most common procedure. LASIK has shown irs limi-
tations, however, For the correction of higher myopic and
hyperopic refractive errors, there are considerable unde-
sired effects of the procedure, such as loss of contrast, glare,
and decreased mesopic vision. Furthermore, excessive ah-
lation of corneal tissue may cause iatrogenic keratectasia,!
especially in eyes with a predisposition to keratoconus.
Therefore, a variery of intraocular lenses (I0Ls), known as
phakic [OLs, have been designed to achicve full correction
of high myopia and hyperopia withour loss of accommo-
dation. To prevent damage ro intraocular tissues and
achieve a stable refractive outcome, I0Ls must rerain their
position after implantation. With several types of phakic
IOLs, good results have been achieved in people with high
myopia and hyperopia,

Up to now, anly a few studics with long-term results of
implantation with phakic 1OLs have been published 5
The biocompatibility of IOLs depends in part on regularity
of the swface. A previous study demonstrated cxcellent
surface qualities of the phakic IOL models examined heret
Another concern is pustoperative movement of the phakic
IOL. Because of the close proximity of the phakic 10L and
intraoccular structures, possible complications include en-
dothelial cell loss resulring from contact berween the JOL
and cornea,” pupil ovalizatdon due to conract widh the
delicate iris tissue,® and secondary plaucoma due o crowd-
ing of the anterior chamber angle or pupiliary hlock.?
Posterior chamber 10Ls can cause cataract due to contact

with the crystalline lens and glaucoma due to dispersion of
iris pigment and closure of the pupil opening.’9-12 Further-
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FIGURE 1. Scheimpflug slit images taken of the examined
phakic intraccular lenses. (A) Bansch & Lomb NaVita MA 20
angle supported anterior chamber phakic 10L. (B) Ophtee
Artisan iris-ixated anterior chamber phakic I0L. (C) Staar
ICL collamer pesterior chamber phakic 10L. The vault be-
tween the phakic FOL and the crystalline lens is clearly visible.

more, & well-centered and nontilted position of the optic is
tequired to achieve good visual acuity, particularly for toric
phakic IOLs. Therefore, positicnal stability of the phakic
1OL is of great importance. The phorograshy of the
anterior eye segment according ro Scheimpflug's principle
prevides reproducible noncontact slit-lamp images with

724 AMERICAN JOURNAL OF OPFHTHALMOLOGY

FIGURE 2. Infrared retroflluminarion images of the examined
phakic intraocular lenses. {A) Bausch & Lomb NuViea MA 20.
(B) Ophtec Artisan. {C) Staar ICL.

high depth of focus, which are appropriate for measure-
ment of intraccular structures and long-term follow-up. 13
Several studies have shown that Scheimpflug photography
is useful for derermining 1OL position. 1410 The aim of this
study was ro determine the stability of the intrascular
position for three types of phakic I0Ls using Scheimpflug
photography.
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TABLE 1. Patient Characieristics in a Study Comparing Three Designs of Phakic intfraccular
tenses $0Ls)
104 Mode! Eyas {N) Wean SE = SD Patients (N} Sex Mean Ags = SD
NuVita o ~13.30 ¢ 462 6 GMBF 37:-6
Asrtisan 20 -~14.38 £ 473 12 S5M,7TF 34 = 11
S DN CT6 1380 33T L e M B 44

F = female; M = maleg; SE = spherical equivalent.

TABLE 2. Distances (mim) Betwean the Comea, the Phakic Intraocular Lenses (10Ls}, and the Crystalline Lens Measured Along
the Optical Axis at 1 month, 3 to 6 Months, and 12 Months After Implantation

1 Month 4-6 Months 12 Months
oL Distance tedian franga) Mean i SD hedian {ranges Mean = 8D Median {range) Mean = 8P
NuVita Cornea-OL 2.08 (1.9-2.3) 206+ 016  2.15{1.82.3) 2010156  201(182.3 U204 = 016
CL-IOL 0.790A7-1.01) 081016  068047-1.01) 074+ 022  0.79(0.57-1.00) 0.80 = 0.14
Addisan o Comea-lOLT L e R e BT (0.02-276) 112485 025100 282 (2.07-2.90) ©2.51 £ 015
' CL-oL — — 0.42 (0.23-0.74)  0.46=015  0.37(0.200.6%  041=012
ICL i ComeadOLY U281 (187-3.02) 25850341 25 (1.84-3.11) 25665035 2,60 (2.23-3.08) .. 2752027, .
CLOL 0.33 (0.0-0.8) 0332023 029{0.0-08) 0.07 x 001 0.18 (0.0-0.5) 0.1+ 017

CL = crystalline lens.

METHODS

FIFTY EYES OF 29 CONSECUTIVE PATIENTS RECEIVED IM-
plantation of a phakic I0L 1o correct myopia or myopic
astigmatism. Inclusion criterin were informed consent,
patient age of at least 18 years, and myopia of ar least —5
dioprers. Exclusion criteria were preshyopia, cataract, glau-
coma, shallow anterior chamber (<2.8 m), malforma-
tions of the globe or the ocular adnexa, previous retinal
derachment, macular edema, disheric retinopathy, optic
nerve arrophy, previous corneal or inrraocular surgery, and
serious inflammation of the anrerior or posterior sepment.
The study was conducted according to the teners of the
HMelsinki agreement and was approved by the institutional
review hoard of Frankfure University.

For myopic corrections, the following phakic IOLs were
implanted:

1. An anterior chamber angle-supported phakic JOL
{Bausch & Lomb NuVita MA20). Material: poly
{methyl)-methacrylate {PMMA); optic diameter: 4.3
10 5.3 mm; overall length: 11.5 w 13.0 mm; refrac-
tive power —7.0 ro —20.0 diopters in (.5-dioprer
increments; Figures 1, A, and 2, A).

An anterior chamber iris-supported phakic IOL
{Ophtee Artisan}, Marterial: PMMA. For model
204, opric diameter: 6.0 mm; overall length 8.5
mun; refractive power —5.0 to —13.5 diopters in
0.5-diopter increments. For model 206, optic di-
ameter: 5.0 mmy; overall lengeh 8.5 mum; refracrive
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power =3.0 to —23.5 diopters in 0.5-diopter in-
crements; Figure 1, B; 2, B).

3. A ciliary sulcus-implanted posrerior chamber phakic
JIOL (Sraar ICL V4). Marerial: Collamer, a copolymer
of porcine collagen and Z-hydroxyethyl-methacrylate
{(HEMAY); optic diameter: 4.5 to 5.5 may; overall length
115 1o 130 mm; diopric power —3.0 o =200
diopters in Q.5-diopeer increments; Figures 1, C; 2, O),

All phakic IOLs were implanted by the same surgeon
{TK). The IOL size of the angle-supported IOL and the
posterior chamber phakic 10L was determined according
10 white-to-white (WTW) measurermnents. For the anterior
chamber angle-supporzed phakic I10L, T mm was added o
the WTW measurement; for the ciliary sulcus implanted
posterior chamber phakic 101, 0.5 mm was added. Both
angerior chamber phakic JOLs were implanred through a
scierocomneal tunnel incision; for the posterior chamber
phakic IOQL, a remporal clear cornen incision was used.
Three of the eyes with an iris-supported anterior chamber
phakic 1OL received the model 206 with 5.0-mm optic
dimmeter, and the other 17 eves received model 204 with
an optic diamerer of 6.0 mm.

Foue eyes of three parients were excluded because of
incomplete follow-up, and one Artisan IOL had to be
repositioned because of insuficient enclavarion during the
tollow-up period. There were no orher intra- or postoper-
arive complications and no securrence of persistent ele-
vared intraocular pressure (IOP) or pigment dispersion.

INTRAOCULAR PosiTioN OF Praxic 101

Patient demographics (46 eves of 27 patients} are as
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FIGURE 3. (A) Box plot diagram of the median distance berween the examined phakic intraccular lenses (H0Ls) and the cornea
measured at different points of time postoperatively. There is a continuous inerease of the distance between the cornex and the
posterior chamber phalde HOL. (B} Box plot diagram of the median distance between the examined phakic 10Ls and the crystalline
lens. An apparent movement of the ICL toward the lens is visible. mo = months; pIOL = phakic IOL.

described in Table 1. Similar mean values = SD for the | implanration of the posterior chamber 1OL because of
preoperative spherical equivalent were found for the dif- | possible iatrogenic cararact formation.

ferent IOLs (Table 1). Because this was a nonrandomized The posterior chamber phakic 10Ls and the anverior
study, there was a tendency to select older parients for the | chamber angle-supported phakic I10Ls were examined at 1
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TABLE 3. Anterior Chamber Depth Before and After Impiantation of a Myopic Phakic intraocular Lens {104, mm), Determined by
Scheimpfiug Photography

Praoperalive 1 Month

3-6 Montiis 12 Maonths

i Median frange} kean © SO Mectian franga}

Maan * 5D

Median (range) ddean = 5D Median {range) Maoan + SO

NuVita  2.99 (2.83-3.51) 307 + 022 2.08(270-348 302 x 024 2.87(272-350) 289+ 030 289{270-3.44) 299+ 026

Artisan  3.14 (2.80~3.84)

3.15 = 0.20 e —

3.18{2,09-3.36) 3.14+:019 3.18(260-3.3% 8112019

SHCLLT 0 316{2.84-3.80) © 3,18 2023 3.07 (2.7953.31) 3.05 £'0.19 7 '3.04 (2.80-3,46) - 3.07 £.0.18°"3.18 (2.89-3.45) 216+ 0.10 S

4.00

3.751

anterior chamber depth [mm]

2.257

2.00 -

[ INuVita
[ Artisan
ICL

pre 1 mo

3-6 mo

12 mo

FIGURE 4. Box plot diagram of anterior chamber depth measurements before and after implantation of phakic intraccular lenses.
There is a slight tendency toward a decrease of anterior chamber depth. mo = months,

month, 3 to ¢ months, and }2 months postoperatively, and
the iris-supported phakic IOLs were examined at 3 1o 6 and
12 months postoperatively. All examinations were per-
formed with Scheimpflug photography using the EAS-
1000 anterior eve segment analysis system  (Nidek,
Gamagori, Japan). The measuring methods have been
described previously by Sasalki and asseciates.™ In brief, a
digital Scheimpthey sl image at 20 degrees slit position
and an infrared rewo illumination image of each eye were
obtained, ransferred 1o the computer, and stored on the
hard disk for further evatuation. The subjects fixared a
light source inside the device, and the reflection of the
fixation light was centered in the pupil by the examiner w

Vi, 138, No. s

ensure that the same section was obrained. The images
were measured using the axial hiomesry function of the
sofeware provided by the manufacrurer {vession 2.23), All
images were taken after pupil dilation with wopicamide
0.5% (Mydriaricum, Stulln Pharma, Stulln, Germany)
given twice with an interval of 10 minutes.

In all eves, the distance between the cornea and the
phakic 10L and the distance berween the phakic IOL and
the crystalline lens were measured.

The retroillumination images were evaluated using the
National Insritutes of Health image software (version 1.6,
Bethesda, MD). The angle berween a horizontal line and a
line drawn through the center of the 10L and the haptic

INTRACGCULAR PosiTioN OF PHaxic 10Ls i27



TABLE 4. Median Amount of Rotation {Degrees) Around
the Optical Axs in Angle-Supported, lris-Fixated, and
Sulcus-Fixated Myopic Phakic Intraocular Lenses (I0Ls)

0L 1 Morh/2 Monlhs 3 Months/12 Months
Nuvita 2.6 (0.6-14.0} 1.8 (0.0-33.5)
Artisan . 0.8{0.0-3.5)
SUCL L LB (D.0-3.0) 0.9102-2.9)

TABLE 5. Evaluation of the Four Angle-Supported Anterior
Chamber Phakic intraccular Lenses {I0Ls) That Showed
Marked Rotation Around the Optical Axis

T Month/ 3 Menths/
3 Months 12 Monihs WTW 0L Size
Eye {Degrees) (Degrees) {rm} imm)
T 14.0 1.1 : 11 12.5
2 7.3 229 1 i2.5
pgl O R R - - B P DE T 1 4800
4 1.1 22.3 2.5 13.0

WTW = white-to-white measurement.

insertions was measured. The headrest and chinrest of the
EAS 1000 camera ensured rhar the parient’s head was in
the same upright position for each follow-up examinarion.
Sraristical evaluagion was performed using the SPSS
software {version 10.0.7, SPSS, Chicago, Illinois). For
comparisons, within-group, repeared-measurements analy-
sis of variance (ANOVAY) was used. A P value <.05 was
considered significant. Measurements are depicred as box
plots. The length of the box marks the inrerquartile range,
and the lines abhove and helow the bex indicare rhe
extreme values. Qutliers (values more than 1.3 box lengths
above or below the box) are represented by asterisks.

RESULTS

THE MEDIAN AND MEAN VALUES AND RANGES FOR THE
distance between the phakic I0Ls and the cornea and lens,
respectively, are presented in Table 2 and Figure 3, A and
B. The anterior chamber phakic TOLs did not move
significantly toward the cornea or the narural lens.

The posterior chamber phakic I0L showed a continuous
decrease in the disrance to the crystalline lens and a
corresponding increase in distance to the cornea that was
statistically significant (P = .011 and P = .003}). One
month after surgery, one eve had no vault berween the I[OL
and the crystalline lens. In the 12-month examination,
tfour eves were found to have conract between the phalkic
IOL and dhe arystalline lens, determined with Scheimpflug
photography.
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In all eves, the mean postoperative anterior chamber
depth showed a slight decrease compared with the preop-
erative status, although the difference was not stazistically
significant (Table 3, Figure 4).

With exception of four angle-supported phakic [OLs, all
examined IOL types were stable in rerms of rotation
around the oprical axis (Figure 5). The median values are
shown in Table 4. Although the angle-supported anterior
chamber phakic IOL showed a stronger rendency ta rotare
than the other models in the evaluarion of the retro
Humination images, the difference was not significant.
Four anterior chamber angle-supported [0Ls of two pa-
tients rotated considerably (in one ¢ase, more than 30
degrees) {Figure 6). The measured angles of roravion of
these [OLs are shown in Tahle 5.

DISCUSSION

PHAKIC INTRAOCULAR LENSES HAVE BEEN SHOWN TQ BE A
valid option for the treatment of high myopia with an
aptical quality thar may be superior to corneal refractive
surgery.17 Because of the rapid introduction of new phakic
FOLs, however, there is no study comparing lenses, and few
data exist ahout long-verm results and complications. Each
phakic IGL has its specific profle of possible comptications
that depends mostly on where ir is implanted.

Phakic eyes are more crowded than aphskic eyes.
Therefore, it is difficult ro avoid touching sensitive
intraocular tissues, especially the crysralline lens, during
implantation. The postoperative stability of the 0L
position is of equal importance. Implant movement and
contact with the iris can cause pigmens dispersion and a
chronic inflammatory reacrion. Conracr with the crys-
tatline lens may cauvse cararacrt, and contact with the
inner surface of the cornea can lead to endothelial cell
reduction and edema.

8 ANGLE-SUPPORTED ANTERIOR CHAMBER PHAKIC
10L: The anterior chamber phakic JOL NuVita MA20 by
Bausch & Lomb is generally described as an efficient
wreatment for high myopia.® However, complications such
as glare, endothelial cell loss, and pupil ovalization have
heen reported with angle-supported phakic FOLs, and
these complicetions seem to increase over time. 1819 This
study showed a marked rotation in fowr of the lenses
despite following the manufacturer’s recommended IOL
size or using an even larger JOL. This could be related o
the fact that the corneal diameter was measured by caliper,
which has been shown o be less accurate rhan auromarted
measurement methods.?® In this study, the distance be-
tween the phakic ICL and the corneal endothelium
remained constant for the 1 2-month follow-up period, but
IOL rotarion remains a major concern for this type of lens.
The exerrion of greater pressure on the anterior chamber
angle in addition to the use of softer haptic materials may

NOVEMBER 2004
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FIGURE 5. Median amount of roration of the examined phakic
intraccular lenses (10Ls) around the optical axis between the
3. and 12-month examinations. The asterisks above the
NuVita box show the four outlying eves that had high degrees
of rotation,

reduce the risk of KOL romvion. Reration of anterior
chamber phakic T0Ls has also been chserved in other
studies. 17 With these 1OLs, the danger is twofold: under-
sizing can result in rotation of the lens and oversizing can
result in pupil ovalization. Furure srudies will determine
whether these problems can be avoided with new anterior
chamber phakic IOLs now available,

#® TRIS-SUPPORTED ANTERIOR CHAMBER PHAKIC I0OL:
The iris-supported I0OL showed almost no rotation around
the oprical axis, as was expected because of the fixarion in
the iris tissue. There have been no reports of long-rerm
changes in the position of iris-claw 10OLs. Postoperative
dislocations due to insufficient enclavation of iris tissus of
blunt ocular trautna have been described 2222 In a series of
three cases, Pop and associates?? examined iris-claw phakic
{OLs by uirrasound biomicroscopy and found an KOL-
cornea distance of 2.11 to 2.44 mm at the same follow-up
interval. In our series of 20 eyes, the iris-claw phakic IOL
showed an average central distance from the cornea of 2.51
min {range = 2.07-2.90 mm).

® CILIARY SULCUS-FIXATED POSTERIOR CHAMBER
PHAKIC 10L: One of the most common complications
with posterior chamber phakic IOLs is the development of
anterior subcapsular carazact. In addition to surgical
trauma (the primary cause of this complicarien), impair-
ment of aqueous humor circulation by contacr of the
phekic 0L to the anterior lens surface has also been

VoL 138, No. s

FIGURE 6. Rerrcillumination images of an angle-fixated ante-
rior chamber phakic intraocular lenses {10Ls) showing rotation
around the optical axis (A} | month after implantation and (B)
12 months after implantation. The rotation in respect 1o the
necdymium: YAG iridotomy is elearly visible.

imnplicated. For this reasom, the shape of the {ens has been
changed over the years to increase the vault between the
phakic IOL and crystalline lens, Gonvers and associates?
examined 75 eyes with ICL models V3 and V4 and found
a relationship berween the degree of vaulting and anterior
subcapsular catarace formarion. They found a high risk of
anterior subcapsular cataract when the vault was smaller
than 0.0% mum and recommend a vault of 0.15 mm. In their
study, the vault was determined by measurement of slit-
lamp photographs 3 months and 12 1o 21 months after
implantation, and they saw only a slight decrease of the
vaulting.

In our study, the posterior chamber phakic IOLs show
an apparent continuous movement toward the crystalline
tens (Figure 7}, the average distance being reduced from
.33 mun 1 month after surgery to 0.21 mm 12 months after
surgery. This could he relared to actual movement of the
phakic 101, or it may he a consequence of an increasing
thickness of the crystalline lens. Undersizing of ¢he IOL is
a possible cause of movement. Erosion into the sulcus may
also be an explanation, but this has not been described in

INTRAOCULAR POSITION OF Prakic 10Ls 729



FIGURE 7. Scheimpilug slit image of a sulcus-fixated posterior
chamber phakic intraccular lenses (IOLs} showing decrease of
the vault berween I0L and erystalline fens {A) 1 month after
implantation and (B) 12 months after implantation.

the literature thus far. Clinical signs such as IOP or pupil
shape changes were not detected. Although we have not
yet seen cataract formarion, the descriptions of cataract in
the literature occur after more than 12 months of obser-
vagion time, Fechner?® suggested adding another 825 mm
o the {.5-mm addirion to the corneal dameter ro deter-
mine the lenpth of the phakic IOL w he implanted.
However, the duta published by Pop and associates?s
suggest that the white-to-white diameter is not relared to
the sulcus diameter. The use of extremely thin posrerior
chamber phakic IOLs that float in the agueous humer,
which would ensure thar the crystalline lens is always
surrounded by aqueous, could help to minimize the risk of
cataract formation.

As stared earlier, the average age of the patients
receiving an ICL was higher than that of the other groups.
According to a Scheimpflug photographic study by Dub-
belman and associates,? lens thickness increases approxi-
mately (.024 mm per year between the ages of 16 and 65
years. There is no evidence that this increase in lens
thickness accelerares with age. The effects on cararact
formation of an increasing lens thickness and of shape
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changes during accommodarion afrer imphmtation of a
posterior chamber phakic IOL have yet t be studied.

in this study, rotation of the sulcus-implanted phakic
IOL of more than three degrees was not observed. Garcia-
Feijoo and associates*” examined the position of the Staar
posterior chamber phakic 10L by ulrrasound bomicros-
copy and found rotation in 2 of 18 cases.?7

Scheimpflug phorography has been used repestedly for
the evaluation of phakic }OLs.4#2? Ferreira de Souza and
associares?® found ne significant difference  berween
Scheimpflug photography and  eltrasound biomicroscopy
for measurement of the central distance hetween anterior
chamber angle-supported phakic IOLs and the comeal
endotheliom.

An advantage of the Scheimpflug photography tech-
nigue is the fast nonconracr acquisirion of data. One of the
major disadvantages is that it is a purely optical rechnigue
requiring clear optical media and is thus unable to examine
structures behind the iris, which ularasonography can
accomplish. The distance between the anterior chamber
FCL and the iris was not mensured because of the imprecise
depiction of the iris tissue resulting from light scartering;
for moniroring changes in anteroposterior direction, the
central measurement is sufficient, however. Pupil dilarion
before Scheimpflug photography was necessary primarily
for beteer visualization of the posterior chamber phakic
[OLs, but also 1o meintain a similar pupil size ar all
measyrements. We note that pupil dilation with mydriatic
drugs is a nonphysiologic condirion, and thus ir cannort be
ruled our thar changes in IOL position under mydriacic
conditions may occur. This ropic should be addressed in a
separate study,

The main limitation of this study is the comparatively
low number of cases. However, there is no other study to
date in which all three 10L designs were studied with a
12-month foilow-up. In a previous study, no staristically
significant changes within 6 months could be observed in
a smaller number of cases.?® Afrer 12 months, these trends
become clearer.

In this study, the iris-supporred phakic intraocular lens
demonstrated the best positional stabilivy of the three types
of phakic IOLs examined. It maintains 2 safe distance Lo
the corneal endothelium and erystalline lens and does not
rotate inside the eye. This design is especially suitable for
toric phakic 1OLs. The risk of inflammarion by conrinuous
irritation of iris tissue, hreakdown of the blood-aquenus
barsier, and liberation of inflammatory mediarors remains,
however, although clinically relevant inflammation has
only been shown in individual cases and chronic subclin-
ical inflammarion also occuss with other phakic IOLs. 33031

The development of new phakic ICL designs continues
and must be followed carefully. v is likely that the hest
possible design for refractive implants in the phalic eve has
not been determined. ¥
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