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Ultrasound biomicroscopy study of the Verisyse
aphakic intraocular lens combined

with penetrating keratoplasty in pseudophakic
bullous keratopathy

Jean-Jacques Gicquel, MD, MS, Sébastien Guigou, MD, Riad A. Bejjani, MD, PhD,
Benoit Briat, MD, Pierre Ellies, MD, Paul Dighiero, MD, PhD

PURPOSE: To evaluate anterior segment modifications after penetrating keratoplasty (PKP), previ-
ous anterior chamber intraocular lens (IOL) removal, and Verisyse IOL (AMO) implantation over the
iris or under the iris for the treatment of pseudophakic bullous keratopathy (PBK) using ultrasound
biomicroscopy.

SETTING: Department of Ophthalmology, Poitiers University Hospital, Poitiers, France.

METHODS: A prospective randomized comparative case series included 27 patients (27 eyes) with
PBK who had PKP and implantation of a Verisyse VRSA54 aphakic IOL. The IOL was implanted over
the iris in 13 patients (Group A) and under the iris in a reversed position in 14 patients (Group B).
Ultrasound biomicroscopy scans 6 months after surgery measured central anterior chamber depth
(ACD), iris thickness (IT), distance of the haptics from the corneal endothelium (CED), distance of
the haptics from the ciliary body (CBD), angle opening distance (AOD) 500 mm from the scleral spur
(AOD500) and the iridocorneal angle q on the 4 o’clock meridian lines (AOD3; AOD9; AOD12; AOD6/
q12, q6, q3, q9).

RESULTS: No significant difference was found in IT, CBD, or AOD12 between Group A and Group B
(P >.05). In Group B, the mean ACD was deeper by approximately 55% (P Z .008); CED3 was larger
by 69% (P Z .0162), CED9 by 80% (P Z .0128), AOD3 by 57% (P Z .0309), AOD9 by 140%
(P Z .0057), and AOD6 by 44% (P Z .0399); and q3 was wider by 52% (P Z .046), q9 by
123% (P Z .0068), q12 by 50% (P Z .0492), and q6 by 81% (P Z .0237).

CONCLUSION: Ultrasound biomicroscopy showed that in eyes that had PKP with Verisyse IOL
enclavation to the posterior plane of the iris, which involved posterior translation of the iridal plane,
the ACD was significantly deeper and the CED and AOD were significantly larger than in eyes with
anterior enclavation of the IOL.
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The ideal position of the intraocular lens (IOL) after
extracapsular cataract extraction is behind the iris plane.
However, if there is a major capsule tear, the IOL must
be sutured to the sclera or fixated in the anterior cham-
ber because there are not enough capsular bag remnants
for sulcus implantation. The use of angle-supported an-
terior chamber IOLs with iridocorneal angle (ICA) fixa-
tion may cause endothelial cell loss and pseudophakic
bullous keratopathy (PBK). Complications caused by
transscleral sulcus-sutured IOLs include chronic inflam-
mation, IOL–iris contact, IOL decentration, pigmentary
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dispersion, high aqueous flare, vitreous incarceration,
and best corrected visual acuity (BCVA) loss resulting
from cystoid macular edema.1

The next-generation refractive iris-fixated anterior
chamber IOLs maintain sufficient space between the
IOL and the endothelium so as not to harm the
endothelium in phakic and aphakic eyes in the absence
of penetrating keratoplasty (PKP).2 Verisyse (AMO)
are single-piece poly(methyl methacrylate) iris-claw
anterior chamber IOLs designed primarily for additive
refractive surgery.3
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We wondered whether the aphakic version of the
Verisyse IOL (VRSA 54) would not be as satisfactory
when implanted in the anterior chamber in combination
with PKP for PBK. Thus, the aim of this study was to
find an improved surgical technique that would better
respect the anterior segment anatomy. Two groups of
patients had combined surgery, 1 with the iris-fixated
IOLs implanted in the anterior chamber and enclavated
over the iris plane (classic technique) and the otherwith
the IOL placed under the iris and enclavated to its
posterior plane.We compared the quantitative changes
in anterior segment configuration using the ultrasound
biomicroscopy (UBM) technique developed by Pavlin
et al.4 in 1990 to determine which technique was more
appropriate for PBK surgical treatment.

PATIENTS AND METHODS

The study consisted of a prospective comparative ran-
domized case series of 27 patients (27 eyes) who had
PKP for PBK followed by Verisyse IOL implantation
between September 2002 and July 2004. Approval of
the Institutional Review Board of the University of
Poitiers, Jean Bernard University Hospital, Poitiers,
Poitou-Charente, France, was obtained, and informed
consent was signed by all patients in the study, accord-
ing to French regulations (http://www.agmed.sante.
gouv.fr/htm/5/essclindm.htm [online]. Accessed:
September 19, 2006).

Inclusion criteria were PBK, previous implantation
of an angle-supported IOL, and preoperative BCVA
worse than 20/100. Patients with major extensive go-
niosynechias in whom goniosynechialysis may have
compromised iris integrity or who had insufficient iri-
dal support (iris damage after phacoemulsification)
were excluded, as were those with limbal stem cell dis-
ease and dysfunction.5

Surgical technique

All surgery was done by the same surgeon (P.D.).
All patients had PKP with systematic open-sky
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removal of the formerly implanted angle-supported
IOL followed by anterior vitrectomy associated with
synechiolysis of the angle and/or iridoplasty to obtain
a centrally placed pupil. Eyes were trephinated with
a Hanna trephine. The corneal button was then cut
out with scissors. An oversized graft diameter of
8.25 mm was chosen (8.00 mm for the recipient bed).
Before implantation of the Verisyse IOL, the pupil
was constricted with intracameral acetylcholine (Mio-
chol). In all cases, the Verisyse IOL was enclavated,
trapping a fraction of the midperipheral iris within
the haptics (haptics at 3 o’clock and 9 o’clock) using
an open-sky approach over the iris (Group A,
13 eyes) or under the iris (Group B, 14 eyes).

In Group A, once the pupil was centered in the ante-
rior chamber, a fold of the peripheral iris was grasped
with a forceps and the IOL was pressed over the top.
The procedure was repeated with the other haptic. In
Group B, the IOL was enclavated in a reverse position
by guiding it through the pupil with a posterior
vaulted orientation (avoiding rubbing against the
iris) into the posterior chamber and lifted against the
iris and centered before being trapped on the iris
with a Sinskey-type manipulator. Previously per-
formed anterior vitrectomy helped IOL vaulting, and
no iridectomy was necessary. The donor corneal but-
ton was then sutured to the recipient bed with 10-0 ny-
lon interrupted sutures that were not to be removed
before 12 months after surgery.

All patients received a postoperative regimen of top-
ical dexamethasone and neomycin 4 times a day for 1
month. This treatment was tapered over 4 to 6months.

Corneal endothelial cell count

Six months and 1 year after surgery, specular
microscopy of the graft endothelium was performed
using a noncontact specular microscope (Topcon
SP-2000P).

Ultrasound biomicroscopy

In both groups, postoperative UBM was performed
to accurately study the position of the IOL and the
anatomical changes in anterior chamber structures.
Ultrasound biomicroscopic measurements were taken
with a UBM P40 (Paradigm Medical) using a 50 MHz
transducer, giving 5.0 mm of tissue penetration and
50 mm resolution. The examination technique was de-
scribed in detail by Pavlin and Foster6 ( Video 1).
The same examiner did the examinations using topical
anesthesia (oxybuprocaine 0.4%), a blepharostat, and
an orbital cup.7 All UBM examinations were done 6
months after surgery and recorded on videotape for
further analysis.
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Eyes were examined using the same protocol, and
measurements were taken using the cursors provided
by the UBM software. Examinations were performed
under constant room illumination (50 lux). The pa-
tients were asked to fixate on a ceiling target.

A central sagittal (vertical) section through the cor-
neal apex and IOL was taken to verify that the IOL
was well centered and measure the distance between
the corneal endothelium and the anterior face of the
IOL, corresponding to the anterior chamber depth
(ACD).

Four transversal radial sections following the 4main
meridians (3 o’clock, 6 o’clock, 9 o’clock, and 12
o’clock) were taken. These allowed measurement of
the minimum distance between the IOL haptic and en-
dothelium (corneal endothelium distance [CED]) and
between the IOL haptic and the ciliary body (ciliary
body distance [CBD]) at the 3 o’clock and 9 o’clock
positions (CBD3 and CBD9, respectively). The angle
opening distance (AOD) 500 mm from the scleral
spur (AOD500) in millimeters and the iridocorneal an-
gle q (ICA) in degrees weremeasured along the 4main
meridians (AOD3 AOD6, AOD9, and AOD12, respec-
tively, and q3, q6, q9, and q12, respectively) (Figure 1).
The ICA is defined as an angle formedwith the apex at
the iris recess and the arms passing through the point
on the meshwork 500 mm from the scleral spur and the
point on the iris perpendicularly opposite. Pavlin and
Foster6 define AOD as the length of a line drawn from
the point on the endothelial surface 500 mm anterior
to the scleral spur to the iris surface perpendicular to
the corneal endothelial surface.
Statistical analysis

Statistical analysis was performed using SAS for
Windows (version 8.0, SAS Institute). Quantitative
variables were compared using the nonparametric 2-
tailed Wilcoxon test with an approximation to a t dis-
tribution. Qualitative variables were analyzed using
the 2-tailed chi-square test when applicable or with
the nonparametric 2-tailed Fisher test. A P value of
0.05 or less was considered statistically significant.

RESULTS

Preoperative and perioperative data

Group A comprised 7men and 6women and Group
B, 9 men and 5 women. The mean age was 79.4 years
G 6.7 (SD) (median 77 years) and 79.5 G 8.33 years
(median 81 years), respectively. There were 8 right
eyes and 5 left eyes in Group A and 7 right eyes and
7 left eyes in Group B. There was no statistically signif-
icant between-group difference in sex ratio (P Z .058),
age (P Z .904), or laterality (P Z .11).

The angle-supported anterior chamber IOL was
a significant cause of corneal endothelium failure in
all patients. Vitreous loss was recorded in all patients.
The ACD measured during preoperative ultrasound
biometry was not statistically different between the 2
groups (P Z .3); the mean was 3.22 G 0.11 mm (range
3.05 to 3.42 mm) in Group A and 3.17 G 0.13 mm
(range 2.95 to 3.45 mm) in Group B. Iridoplasty to
give the best IOL centration was necessary in 2 pa-
tients in Group A and 3 in Group B.
Figure 1. Schematic representation of a normal
ICA (q) in a phakic eye (A) and its appearance
in UBM (C). In UBM, the cornea (C), anterior
chamber (AC), and iris (I) are visible. Sche-
matic representation of the ICA at 3 o’clock
and 9 o’clock after implantation of an Artisan
IOL enclavated under the iris (B) and its ap-
pearance in UBM. The same anatomical attri-
butes are visible. A modified aspect of the
iridocorneal angle and new angle caused by
Artisan haptic enclavation (H) were noted
(AOD Z angle opening distance; CBD Z dis-
tance between the haptic and ciliary body;
CEDZdistance between the haptic and endo-
thelium; S Z scleral spur).
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Complications

No intraoperative complication was recorded. In
Group B, partial disenclavation of the IOL (Figure 2, A)
occurred in 1 patient (#16) 3 weeks after surgery.
(The iris remained entrapped in the 9 o’clock haptic
and the 3 o’clock haptic, and the IOL bodywas sinking
into the vitreous.) Reenclavation and complementary
anterior vitrectomy requiring small 1.5 mm incisions
were performed using tetracaine 0.5% topical anesthe-
sia in the outpatient ophthalmology department. The
patient recovered with no complications. Two cases
of IOL decentration (Figure 2, B) were observed in
both groups (P Z 1). In 3 patients in Group A and 4
in Group B, there was onset of a pupil ovalization
(Figure 2, C) (P Z 1). There were 2 cases of pigmentary
dispersion in Group B (P Z .48). In 3 patients in
GroupA, the haptic was in contact with the corneal en-
dothelium, although this was not observed in Group
B. Postoperative iridal synechias were noted in 7 pa-
tients in Group A and 3 patients in Group B (P Z .12).

Endothelial cell loss

Six month after surgery, the corneal endothelial cell
count was not significantly different between Group A
and Group B; the respective means were 1460 G
133 cells/mm2 (range 1250 to 1705 cells/mm2) and
1478 G 198 cells/mm2 (range 950 to 1755 cells/mm2)
(P Z .78). At 1 year, however, the endothelial cell
count was significantly lower in Group A (mean
1185 G 222 cells/mm2; range 855 to 1535 cells/mm2)
than in Group B (mean 1426 G 215 cells/mm2; range
880 to 1745 cells/mm2) (P Z .008).

Ultrasound biomicroscopy measurements

Table 1 shows the UBM examination results 6
months after surgery. The mean ACD was deeper by
about 55% (P Z .008) (Figures 3 and 4). The mean
CED3 was larger by 69% (P Z .0162), CED9 by 80%
(P Z .0128), AOD3 by 57% (P Z .0309), AOD9 by
140% (P Z .0057), and AOD6 by 44% (P Z .0399) in
Group B than in Group A. Also, q3 was wider by
52% (P Z .046), q9 by 123% (P Z .0068), q12 by 50%
(P Z .0492), and q6 by 81% (P Z .0237) in Group B
than in Group A (Figure 3).

The mean CED3 and CED9 were significant larger
in Group B than Group A (CED3 C 69%, P Z .0162;
CED9 C 80%, P Z .0128) (Figure 3). In Group A, 2
patients had permanent contact between 1 haptic
and the corneal endothelium (Figure 4) and 1 patient
between both haptics and the corneal endothelium.
No contact was observed in Group B.

The mean AODs were significantly larger in Group
B than in Group A for all but the 12 o’clock meridian
(C57% AOD3, P Z .0309; C44% AOD6, P Z .0399;
C140% AOD9, P Z .0057). The mean AOD at
12 o’clock was 50% larger in Group B than in Group A,
but the difference was not statistically significant
(P Z .069) (Figure 3).
Figure 2. Slitlamp view of the complications
secondary to the enclavation method. A:
Partial disenclavation: The 9 o’clock haptic is
unclipped in the right eye in patient 3 (Group
B). B: Decentration of the retropupillary-im-
planted IOL in patient 5 (Group B). C: Three
o’clock/9 o’clock pupil ovalization in patient
7 (Group B). D: Pigmentary dispersion on
the anterior optic of the retropupillary-im-
planted IOL in patient 2 (Group B).
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Table 1. Results of UBM measurements.

Mean SD Minimum Maximum Median

Parameter Group A Group B Group A Group B Group A Group B Group A Group B Group A Group B

ACD (mm) 1.857 2.883 0.439 0.773 1.16 1.21 2.5 3.88 1.98 3.01
AOD500 (mm)

12 o’clock 0.289 0.434 0.212 0.159 0 0.15 0.66 0.72 0.34 0.47
6 o’clock 0.323 0.467 0.294 0.110 0 0.29 1.01 0.61 0.35 0.46
3 o’clock 0.334 0.525 0.210 0.216 0 0.12 0.66 0.8 0.38 0.59
9 o’clock 0.221 0.533 0.215 1.89 0 0.18 0.68 0.78 0.22 0.58

ICA (degrees)
q12 29.794 44.877 21.927 16.032 0 15.2 55.9 71.05 41.02 49.54
q6 25.931 47.085 23.469 11.1 0 26.05 61.5 65.12 31.87 48.57
q3 35.66 53.416 18.96 21.288 0 15.06 65.3 87.58 42.4 58.67
q9 24.178 54.01 22.517 20.36 0 19.11 68.06 88.91 27.6 59.58

CED (mm)
3 o’clock 0.862 1.462 0.548 0.472 0 0.49 1.74 2 1.01 1.67
9 o’clock 0.766 1.384 0.554 0.401 0 0.72 1.6 2 0.94 1.37

CBD (mm)
3 o’clock 1.795 1.415 0.723 0.465 0.81 0.62 3.03 2.14 1.7 1.33
9 o’clock 1.978 1.437 0.953 0.478 0.66 0.61 3.89 2.11 1.84 1.57

IT (mm)
3 o’clock 0.335 0.313 0.090 0.065 0.22 0.21 0.53 0.42 0.32 0.31
9 o’clock 0.358 0.357 0.064 0.086 0.28 0.21 0.52 0.48 0.35 0.37

ACD Z anterior chamber depth; AOD500 Z angle opening distance 500 mm from the scleral spur; CBD Z distance from haptic to the body; CED Z distance
from haptic to corneal endothelium; ICA Z iridocorneal angle; IT Z iris thickness
The mean ICA was significantly wider in Group B
than in Group A at all clock meridians (C52% q3,
P Z .046; C81% q6, P Z .0237; C123% q9, P Z .0068;
C50% q12, P Z .0492) (Figure 5). The difference be-
tween the 2 groups in mean CBD was not statistically
significant (CBD3, P Z .274; CBD9, P Z .227). The
mean iris thickness measured on the enclavation sites
was not significantly different between the 2 groups
(3 o’clock; P Z .665; 9 o’clock, P Z .885).

DISCUSSION

The first study of retropupillary fixation of an iris-claw
IOL in aphakia was published by Rijneveld et al.8 In
the study, 12 patients (mean age 77 years) had anterior
fixation and 7 had implantation behind the iris (mean
follow-up 11.8 months). The authors found iridal syn-
echias in 11% of patients who had anterior fixation and
in 5% of patients who had retropupillary fixation.
Three cases of pigmentary dispersion were observed
in 18 retropupillary implantations, and no cases were
observed in patients with anterior chamber iris-claw
IOLs, although the difference was not statistically sig-
nificant. Rijneveld et al. suggest it is preferable to use
the anterior fixation technique.

Kanellopoulos9 studied Artisan iris-fixated IOL im-
plantation associated with PKP for managing aphakic
keratopathy in 11 patients (mean age 80.5 years). Good
refractive results were obtained, although 1 decentra-
tion and 1 hyphema associated with high intraocular
pressure (IOP) were reported; both were transient,
however. Kanellopoulos considered the open-sky pro-
cedure to be short and simple. He suggested that the
absence of sutures and limited IOL manipulation ex-
plained the low rate of posterior segment complica-
tions. However, he stressed that endothelial trauma
was possible during the surgical procedure and there
was risk for anterior synechias on the limiting ring.
In our study, we observed more iridal synechias than
Rijneveld et al.8 in GroupA but fewer cases of pigmen-
tary dispersion in Group B. Rijneveld et al. concluded
that anterior enclavation was a superior technique.
However, their patients’ characteristics were not the
same as those of our patients. Rijneveld et al. were
studying patients with aphakia during PKP, which is
different from patients in our study, who all required
angle-supported anterior chamber IOL explantation.
Mohr et al.10 published the second study on retropu-
pillary iris-claw IOL fixation in 48 aphakic patients.
No major complications were observed, and the new
retropupillary technique was shown to be superior
(simplicity, reliability, and best anatomical results) to
other techniques. Although complications secondary
to the enclavation method occurred, we found no
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Figure 3. Graphic representation of UBM
measurements in Group A and Group B. A:
Anterior chamber depth in Group A (ACD
Group A) and Group B (ACD Group B). B:
Distance from the haptic to the endothelium
at 3 o’clock in Group A (CED3 Group A)
and Group B (CED3 Group B) and at 9 o’clock
in Group A (CED9 Group A) and Group B
(CED9 Group B). C: Angle opening distance
at 3 o’clock in Group A (AOD3 Group A)
andGroup B (AOD3Group B) and at 9 o’clock
in Group A (AOD9 Group A) and Group B
(AOD9 Group B). D: Angle opening distance
at 12 o’clock in Group A (AOD12 Group A)
and Group B (AOD12 Group B) and at 6
o’clock in Group A (AOD12 Group A) and
Group B (AOD12 Group B).
significant difference between the 2 groups in the onset
of a pupil ovalization. This is not a common complica-
tion, although it has already been reported after
iris-claw IOL implantation11 and is an acceptable com-
plication considering the severity of the initial disease.8

Figure 4. Postoperative composite of 2 longitudinal axial UBM echo-
grams along the 3 o’clock/9 o’clock meridian line. A: The iris-claw
Verisyse IOL (L) implanted over the iris in patient 3 (Group A).
The IOL appears hyperechogenous. The chamber is 2.21 mm. B:
Iris-claw Verisyse IOL (L) implanted under the iris in patient 6
(Group B) (mean anatomical result). The anterior chamber appears
significantly deeper (3.33 mm).
The onset of pigmentary dispersion requires longer-
term follow-up to evaluate whether it is secondary to
the trauma from implantation or to chronic friction be-
tween the posterior face of the iris and the IOL and
whether the patients develop secondary pigmentary
glaucoma.12 Intraocular lens decentration was the
result of poor centration during surgery. These factors
are responsible for a nocturnal halos vision (diffraction
on IOL borders during mydriasis).

In Group B, 1 patient had a partial disenclavation (1
haptic) 8 months after surgery. This rare complication
had been reported.13,14 Haptic repositioning is easily
achieved through small incisions using local anesthe-
sia. Posterior fixation has the advantage over anterior
fixation because if 1 haptic becomes disenclavated (bi-
lateral disenclavation has not been reported), no con-
tact with the endothelium is possible.14,15 Of the 3
patients in Group A who had contact between the
IOL and corneal endothelium, 2 refused surgery to re-
position the IOL behind the iris. The third could not
have additional surgery because of old age and poor
health. This contact leads to unavoidable endothelial
failure.16 From an optical viewpoint, this misplace-
ment of the IOL leads to increased myopia, resulting
in decreased visual acuity.

All complications associated with the retropupillary
fixation technique seem acceptable considering the se-
verity of the initial disease. However, the occurrence of
contact between the IOL haptic and the corneal endo-
thelium in Group A is unacceptable and can directly
result in new corneal endothelial failure. The endothe-
lial cell count data in our series showed a significant
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difference in cell density between Group A and Group
B after 1 year and greater mean cell loss (19.0% versus
3.7%, respectively) between 6 months and 1 year after
surgery. Moshirfar et al.17 report 2 cases of Artisan
phakic IOL implantation for correction of highmyopia
after PKP. They found no significant endothelial cell
loss 6 months after surgery.

In contrast, in a 3-year follow-up of 36 eyes with an
Artisan toric IOL, Tahzib et al.18 report endothelial cell
loss (mean 21.2% between 6 months and 1 year) com-
parable to that in our Group A. The authors conclude
that after iris-claw IOL implantation in phakic eyes
with PKP, endothelial cell loss continues from 6
months to 3 years. In aphakic eyes without PKP, Güell
et al.19 found a mean endothelial cell loss of 10.9% 3
years after Verisyse aphakic IOL implantation. Endo-
thelial cell loss results in phakic eyes without PKP
vary in the literature. Pop and Payette,20 who studied
the Artisan–Verisyse IOL for refractive surgery in
phakic patients, and Bartels et al.,21 who performed
a prospective study of 47 eyes with a toric phakic
IOL for hyperopia and astigmatism, report no signifi-
cant endothelial cell loss 1 year after surgery.

Menezo et al.22 report a mean endothelial loss of
6.6% 1 year after iris-claw IOL implantation. In a pro-
spective clinical trial of 40 eyes of 23 patients with high
myopia or hyperopia with an Artisan toric IOL, Tehra-
ni and Dick23 report a mean endothelial cell loss of
3.2% in the myopic group and 2.9% in the hyperopic
group 3 years after surgery (both values greater than
the physiological annual loss). In a study of phakic hy-
peropic patients, Saxena et al.24 report iris complica-
tions including synechias, pigmentary dispersion,
and pupil ovalization in 2 of 26 patients. They suggest
that good endothelial tolerance is directly correlated

Figure 5. Iridocorneal angle q 6months after surgery in GroupA and
Group B.
with ACD. These data confirm that the farther the Ver-
isyse IOL is from the endothelium, the less the endo-
thelial cell loss. Tehrani and Dick25 recommend the
use of a bolus of a high-viscosity ophthalmic viscosur-
gical device placed over the optic of the iris-fixated
phakic IOL to separate it widely from the endothe-
lium, decreasing the chance for endothelial damage
during enclavation.

Ultrasound biomicroscopy measurements

The new generation of iris-claw IOLs (Artisan, Ver-
isyse) has been studied by UBM only in refractive sur-
gery in phakic patients. Pop et al.20,26 used UBM to
study the anatomical characteristics of the Artisan
IOL in hyperopic patients (n Z 4) andmyopic patients
(n Z 3). The ACD decreased by 28% to 34% and from
2.03 to 2.54 mm after IOL implantation. They did not
report contact between the IOL and endothelium,
nor were there cases of iridocorneal synechias. How-
ever, they report possible secondary pigmentary
dispersion resulting from entrapment of the iris, al-
though there were no cases of high postoperative
IOP. Several analyses of normal, glaucomatous,
phakic, cataract, and pseudophakic patients have
been done using UBM.27–30

To our knowledge, there are no published studies of
Verisyse morphology by UBM after PKP. Ultrasound
biomicroscopy is used during the preoperative assess-
ment to evaluate the difficulty of the surgery31 or, in
particular, during the postoperative period to study
the anatomical characteristics of phakic IOLs.20 As
with all ultrasound procedures, reproducibility and
quality depend on the operator. The reproducibility
of UBM echograms and their analysis has been studied
by Yang, et al.,32 de Souza Filho et al.,33 and Spaeth
et al.34 These 3 studies confirmed low interobserver
and intraobserver variability and validated the
method of Pavlin and Foster.6

In our study, there was a strongly significant differ-
ence between the groups in ACD, with the posterior
technique having a 55% deeper mean ACD. Thus, pos-
terior enclavationmakes it possible tomove the optical
zone of Artisan–Verisyse IOLs away from the corneal
endothelium. This increase in the ACD is the result of
several factors: the reversed position of the arciform
IOL, enclavation behind the iridal plane, and posterior
translation of the entire iris. Anterior enclavation re-
sults in the optical zone and haptics being closer to
the endothelium andmay compromise the endothelial
survival rate.24 Ultrasound biomicroscopic analysis re-
vealed permanent contact between the endothelium
and 1 haptic in 2 patients and both haptics in 1 patient,
all 3 in Group A. This major complication leads to
medium-term graft failure (Figure 6).35,36 No contact
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is possible between 1 haptic and the corneal endothe-
lium with the posterior fixation technique used in
Group B.

The CED measurements on the 3 o’clock and
9 o’clock meridian lines (at the most peripheral part
of the IOL) were significantly different between the
2 techniques. Posterior enclavation increased the
CED by a mean of 69% on the 3 o’clock meridian line
and by a mean of 80% on the 9 o’clock meridian line.
A larger CED is needed in PKP because the limiting
ring (junction between the cornea of the receiver and
the donor) is thicker in front of the haptic. This results
in an additional risk for anterior synechias, as high-
lighted by Rijneveld et al.8 and Kanellopoulos.9 The
increase in ACD and in the distance of the IOL haptics
on the 3 o’clock and 9 o’clock meridian lines and the
absence of endothelial contact in Group B are good
prognosis factors.

The AOD500 and ICA measurements on the 4 me-
ridian lines significantly differed except for AOD12,
with the mean AOD500 being larger on average by

Figure 6.Ultrasound biomicroscopic image of the iridocorneal angle
in patient 5 (Group A): angle closure (1) C haptic–corneal endothe-
lium contact (2).
57% for AOD3, 44% for AOD6, and 140% for AOD9
and the iridocorneal angle being wider on average
by 52% for q ICA3, 81% for q ICA6, 123% for q ICA9,
and 50% for q ICA12. The increase in AOD and ICA
along the 3 o’clock and 9 o’clock meridian lines is sec-
ondary to the mechanical traction of the haptics ex-
erted on the iridal stroma. In Group B, the iridal
plane was moved globally backward. The increase in
the AOD500 was also seen on the 6 o’clock and
12 o’clock meridians, which were not enclavation
zones but followed the posterior traction of the whole
iris. In Group A, 23.07% of patients had an AOD500
equal to 0. This confirms the localized angle closure
in eyes with haptic–endothelial contact. This was not
observed in Group B. The mechanical effect caused
by posterior enclavation prevents angle closure over
the full 360 degrees of the iris.

The CBD measurements were not significantly dif-
ferent between the 2 groups. For posterior enclavation,
the increase in ACD and in the distance to the cornea
did not depend on the distance to the ciliary body
(the antero-posterior translation of the IOL and the iri-
dal plane having little effect on the periphery). Thus,
unlike iris-sutured IOLs, an Artisan or Verisyse IOL
that remains far from the ciliary body does not lead
to chronic inflammation caused by irritation.37,38 The
mean iris thickness was similar in the 2 populations,
confirming that the quality of the iridal plane is
preserved with both techniques.

Ultrasound biomicroscopy studies of modifications
to the ICA have been reported27–30 (Table 2). Pereira
and Cronemberger30 studied the biometric changes
in the ICA before and after cataract surgery in 21 pa-
tients (mean age 65 G 10 years) with IOL implantation
in the capsular bag. After phacoemulsification, UBM
shows a mean increase in ACD of 850 mm and
a mean widening of the ICA of approximately 10 de-
grees. We observed an average widening of 21 de-
grees, an increase in mean ACD of 103 mm, and an
enlargement in the mean AOD of 198 mm in Group B
over Group A. In our study, both the ICA and AOD
values were larger than those seen after cataract sur-
gery. The widest angle measurements in Group A
Table 2. Comparison of the variations in AOD500 and ICA in previous studies and our study.

Pavlin27–29 Pereira and Cronemberger30 Present Study

Parameter Normal Iris Plateau Cataract Patients Posterior Chamber IOL Group B Group A

Mean ACD (mm) 3.128 G 0.37 2.228 G 0.275 2.857 G 0.402 3.732 G 0.303 2.88 G 0.77 1.857 G 0.439
Mean AOD500 (mm) 0.347 G 0.18 0.087 G 0.839 0.303 G 0.13 0.467 G 0.6 0.489 G 0.117 0.291 G 0.22
Mean ICA (degrees) 30 G 11 NC 25.05 G 9.98 34.4 G 9.9 49.847 G 11.7 28.891 G 18.47

Means G SD
ACD Z anterior chamber depth; AOD500 Z angle opening distance 500 mm from the scleral spur; ICA Z iridocorneal angle
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were almost as high as those observed in patients with
cataract, whereas those in Group Bwere higher than in
all studied populations, even than in patients with
posterior chamber IOLs.

Using Scheimpflug photography, Hayashi et al.39

found a correlation between the increase in the ICA
and ACD and a decrease in IOP after cataract surgery.
Cataract extraction has been shown to be beneficial in
patients with narrow- or closed-angle glaucoma.40,41

Steuhl et al.41 suggest that widening the ICA and in-
creasing the ACD could facilitate trabecular aqueous
humor filtration through a simple mechanical effect.

CONCLUSION

Pseudophakic bullous keratopathy represents a thera-
peutic challenge involving a triple procedure: PKP,
IOL explantation, and secondary IOL implantation.
With UBM, the anterior segment can be assessed
with a high degree of accuracy, and it is a gold stan-
dard examination for objective, reliable evaluation of
the 2 surgical approaches. In our study, IOL fixation
over the iris in the anterior chamber led to more major
complications including iridal synechias, endothe-
lium–IOL contact, and ICA closure. The endothelial
cell loss 1 year after surgery when the iris-claw IOL
was enclavated in the anterior chamber was compara-
ble to data reported in patients with iris-fixated phakic
IOLs and PKP. In patients with the IOL retropupillary
enclavation, the endothelial cell loss was lower. Ante-
rior fixation of the Verisyse IOL caused secondary dis-
placement of the iris and the IOL toward the graft
endothelial surface, which may lead to long-term en-
dothelial loss. Retropupillary implantation of the Ver-
isyse IOL in a reversed position involves posterior
translation of the iridal plane and of the optical zone,
shown in UBM by a significantly deeper ACD, larger
CED, and AOD than with anterior enclavation. The
literature reports that good endothelial tolerance is
directly correlated with ACD, which reinforces the in-
terest in the posterior technique over the traditional
technique when associated with PKP.
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2. Alió JL, Mulet ME, Shalaby AMM. Artisan phakic iris claw intra-

ocular lens for high primary and secondary hyperopia. J Refract

Surg 2002; 18:697–707

3. Budo C, Hessloehl JC, Izak M, et al. Multicenter study of the

Artisan phakic intraocular lens. J Cataract Refract Surg 2000;

26:1163–1171

4. Pavlin CJ, Sherar MD, Foster FS. Subsurface ultrasound

microscopic imaging of the intact eye. Ophthalmology 1990; 97:

244–250
5. Tsubota K. Ocular surface management in corneal transplanta-

tion, a review. Jpn J Ophthalmol 1999; 43:502–508

6. Pavlin CJ, Foster FS. Ultrasound Biomicroscopy of the Eye. New

York, NY, Springer-Verlag, 1995; 214
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