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PURPOSE: To study changes in intraocular pressure (IOP) during the early postoperative period in
eyes having implantation of a posterior chamber phakic intraocular lens (pIOL) (Visian Implantable
Collamer Lens V4c).

SETTING: Cl�ınica Baviera, Instituto Oftalmol�ogico Europeo, Madrid, Spain.

DESIGN: Case series.

METHODS: This retrospective review included the first consecutive eyes having implantation of
a spherical or toric myopic pIOL with a central hole at Cl�ınica Baviera from December 2011
to June 2012 by the same experienced surgeon. The IOP was evaluated preoperatively and
1 day, 1 week, and 1 month postoperatively.

RESULTS: The study comprised 100 eyes. The mean IOP changed from 14.6 mm Hg G 3.4 (SD)
(range 8 to 26 mm Hg) preoperatively to 14.5 G 4.6 mm Hg (range 6 to 30 mm Hg) 1 day post-
operatively, 14.2 G 4.2 mm Hg (range 6 to 29 mm Hg) at 1 week, and 12.3 G 3.4 mm Hg (range
9 to 24 mm Hg) at 1 month. No statistically significant changes were detected over time postoper-
atively (P>.2). No perioperative complications associated with the implantation of the pIOL were
recorded. No pIOLs were explanted, no toric pIOL rotation was detected, and no pupillary block
or acute angle closure was observed.

CONCLUSION: The short-term clinical data for the new pIOL model with the central hole
(KS-Aquaport) suggest that it is a safe and effective means for controlling postoperative IOP.

Financial Disclosure: No author has a financial or proprietary interest in any material or method
mentioned.
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Since the first-generation Visian Implantable Collamer
Lens (Staar Surgical Co.) was introduced in 1993,
successive models of this posterior chamber phakic
intraocular lens (pIOL) have been developed. These
IOLs have proven to be effective for the correction of
moderate to high ametropia.1–10 Several studies
show that its implantation has no significant influence
on postoperative intraocular pressure (IOP)11 or
trabecular pigmentation.12,13 A statistically significant
increase in IOP has been observed in highly myopic
eyes 1 month after surgery,14 although the IOP
normalized in all patients when steroid treatment
was completed. To prevent pupillary block, peripheral
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laser iridotomies before implantation or surgical
peripheral iridectomies were mandatory. In some
cases, these maneuvers cause discomfort for the
patient or intraoperative surgical difficulties. Despite
the performance of peripheral iridectomies, some
studies15–18 describe cases of pupillary block.

Kimiya Shimizu, in cooperation with Staar Surgical
Co., recently developed a new pIOL with an artificial
central hole (Visian V4c Implantable Collamer Lens)
to overcome these difficulties.19–21 No significant
increase in IOP (O21 mm Hg) occurred in any case
during the observation period.22 The need for iridec-
tomy was obviated by the central hole (KS-Aquaport)
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Figure 1. The new pIOL model.
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of the pIOL, which allows free flow of the aqueous
humor between both sides of the pIOL. The 0.36 mm
central hole defines the new design of this pIOL.
This posterior chamber pIOL is a newer version of
the Centralflow design developed in 1994.A The Visian
V4c pIOL was given the Conformit�e Europ�eene Mark
in April 2011. No cases of pupillary block have been
reported since then.

In this study, we evaluated early safety results and
alterations in IOP after implantation of the Visian
V4c Implantable Collamer Lens pIOL for the correc-
tion ofmyopia andmyopic astigmatism in consecutive
eyes.

PATIENTS AND METHODS

This retrospective review included the first consecutive eyes
having implantation of spherical and toric myopic pIOLs
(Visian V4c) at Clínica Baviera from December 2011 to June
2012. All procedures were performed by the same experi-
enced surgeon (F.G.-L.). Assessment of IOP was based on a
comparison of preoperative and postoperative values at
1 day, 1 week, and 1 month. All study procedures adhered
to the recommendations of the Declaration of Helsinki.
Written consent was obtained from all participants.

The inclusion criterion was documented stable refraction
during the previous 12 months. The exclusion criteria were
an anterior chamber depth (ACD) less than 3.0 mm
(measured using ultrasonography from the corneal endothe-
lium to the anterior lens capsule) and an endothelial cell
count less than 2000/mm2. Additional exclusion criteria
included a history and/or clinical signs of iritis or uveitis,
macular or retinal involvement, glaucoma or pigmentary
dispersion, monocular vision, lens opacity, and pseudo-
exfoliation. Both eyes in a patient with keratoconus had
intrastromal corneal ring segment implantation 24 months
previously and had stable corneal disease; both eyes were
included in the study.
Outcome Parameters
The primary outcome parameters were alterations in IOP
and intraoperative or early postoperative complications. The
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IOP was recorded during the 3-month period before surgery
and 3 to 6 hours, 1 week, and 1 month after surgery. The IOP
was evaluated using a noncontact computerized air tonom-
eter (model CT-60, Topcon Corp.). Themean of 3 consecutive
measurements was obtained.
Intraocular Lens
The Visian V4c posterior chamber pIOL was designed to
correct myopia and myopic astigmatism (Figure 1). The
pIOL is implanted in the posterior chamber behind the iris
and in front of the anterior surface of the crystalline lens,
with support on the ciliary sulcus. The pIOL is of Collamer,
which is a copolymer composed of porcine collagen and
hydroxyethyl methacrylate, a collagen-based biocompatible
hydrophilic material. The pIOL has a plate-haptic design
with a central convex–concave optical zone and a cylinder
located on an axis placed in the toric pIOL to address astig-
matism on an individual basis. The pIOL has a 360 mm hole
or port in the center of the optic that is designed to restore
more natural aqueous flow and obviate the need for irido-
tomy. Two 360 mm perioptic holes facilitate removal of
the ophthalmic viscosurgical device (OVD) and provide
redundancy for the central optic hole.

The postoperative target in all cases was emmetropia,
although in some cases the degree of ametropia could not
be corrected with the available power pIOL range and a sec-
ond refractive laser procedure (bioptics) was necessary. The
pIOL sizing, following the manufacturer recommendations,
was performed using ultrasound ACD measurements and
the horizontal white-to-white (WTW) distance, which was
the mean of the 2 WTW measurements obtained with a
scanning-slit topographer (Orbscan, Bausch & Lomb) and
an excimer workstation caliper (Technolas). The power
calculation for the pIOL was performed using software pro-
vided by the manufacturer according to the patient's degree
of refraction.
Surgical Technique
All patients had a standardized surgical technique under
topical anesthesia and oral sedation. Intravenous sedation
was required in a few cases. All implantations were
performed through a 3.2 mm clear corneal tunnel incision
on the steep meridian of the corneal astigmatism (previously
marked at the slitlamp). Phenylephrine hydrochloride 10.0%
eyedrops were instilled 3 times 90 minutes before surgery,
and the eye, eyelids, and skin were irrigated with a mixture
of povidone–iodine 5.0% (Betadine) and lidocaine 5.0%. Two
paracenteses were created to provide access for the pIOL
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mailto:fgonzalez@clinicabaviera.com


1861IOP OUTCOMES AFTER PC P IOL IMPLANTATION
positioning spatulas. Lidocaine 1.0% was then injected into
the anterior chamber, which was filled with hydroxypropyl
methylcellulose 2% (Ocuvis). The pIOLwas implanted in the
posterior chamber using an injector cartridge (Staar Surgical
Co.) and placed anteriorly to the crystalline lens along the
horizontal meridian. The toric pIOLs were oriented accord-
ing to the marks. Aspiration of the OVD was always
performed using a bimanual irrigation/aspiration system
through the 2 corneal paracenteses that were created to
manipulate the pIOL. The hydroxypropyl methylcellulose
was thoroughly removed from the anterior chamber by
gently displacing the pIOL and aspirating it through the
central port. Intraocular acetylcholine chloride 1.0% was
used in cases of iris protrusion only.

The clear corneal incisions were closed without suturing
by stromal hydration, and 0.1mL of intracameral cefuroxime
1.0% was injected into the anterior chamber at the end of the
procedure. No iridotomies were performed in any case. At
the end of the surgery, a drop of brimonidine tartrate 0.2%
(Alphagan) was instilled and 250 mg of oral acetazolamide
was given to all patients, followed by a further 250 mg
6 hours later. Eyes were examined at the slitlamp 30 minutes
later, before the patient left the surgery area, to rule out
excessive pIOL vaulting. Moxifloxacin hydrochloride drops
(Vigamox) were given during first 2 weeks postoperatively.
Rimexolone 1.0% (Vexol 1% ophthalmic suspension) was
prescribed in tapering doses over 4 weeks.
Statistical Analysis
Data were analyzed using SPSS software (version 18.0,
SPSS, Inc.). Normality of data was verified using the
Kolmogorov-Smirnov test. Statistical differences between
preoperative IOP and postoperative IOP were analyzed
using the Wilcoxon signed-rank test. Differences with a
P value less than .05 were considered statistically significant.

RESULTS

The study sample comprised 100 eyes (52 right, 48 left)
of 56 patients (37 women, 19 men). Spherical pIOLs
were implanted in 91 eyes and toric pIOLs in 9 eyes.
Table 1 shows preoperative demographic characteris-
tics and pIOL parameters.

Eyes had a baseline preoperative spherical equiva-
lent (SE) of �9.48 diopters (D) G 3.56 (SD) (range
�3.37 to �23.12 D). One month after surgery, the SE
was �0.25 G 0.62 D (range C0.37 to �4.50 D). At
Table 1. Demographic data of patients and characteristics of the
pIOL.

Parameter Mean G SD Range

Age (y) 32.9 G 6.8 21, 49
Refractive sphere (D) �8.68 G 3.43 �2.25, �22.50
Refractive cylinder (D) �1.61 G 1.21 �0.25, �5.00
CDVA (Snellen lines) 0.85 G 0.18 0.3, 1.0
pIOL spherical power (D) �10.20 G 3.09 �4.00, �18.00

CDVA Z corrected distance visual acuity; pIOL Z phakic intraocular
lens
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this time, 70 (70%) eyes had an uncorrected distance
visual acuity (UDVA) that was equal to or better
than the preoperative corrected distance visual acuity
(CDVA). Onemonth after surgery, 97 (97%) eyes had a
CDVA that was equal to or better than the preopera-
tive CDVA. No eye lost 2 or more lines of CDVA.
Three eyes lost 0.5 lines of CDVA. Six eyes had a
postoperative SE greater than 1.00 D (range �1.25 to
�4.50 D); 5 of these received the highest powermyopic
pIOL available (�18.00 D). Six bioptic procedures
were performed in 4 patients as follows: 3 arcuate ker-
atotomies, 2 photorefractive keratectomies, and 1 laser
in situ keratomileusis. The mean efficacy, based on the
quotient of postoperative UDVA and preoperative
CDVA, was 1.03 G 0.27 (range 2.00 to 0.25), and the
mean safety, based on the quotient of postoperative
CDVA and preoperative CDVA, was 1.16 G 0.24
(range 2.50 to 0.94).

The mean IOP was 14.6 G 3.4 mm Hg (range 8 to
26 mm Hg) before surgery. Postoperatively, the
mean IOP was 14.5 G 4.6 mm Hg (range 6 to
30 mm Hg) at 1 day, 14.2 G 4.2 mm Hg (range 6 to
29 mm Hg) at 1 week, and 12.3 G 3.4 mm Hg (range
9 to 24 mm Hg) at 1 month. No statistically significant
alterations were detected over time after implantation
(PO.2). Figure 2 shows the IOP variations compared
with the preoperative measurement (baseline value)
in each eye at each follow-up visit. It reflects the
percentage of eyes over the whole sample that had
increased IOP (1 to 2 mm Hg, 3 to 4 mm Hg,
5 mm Hg, O5 mm Hg, or R10 mm Hg), decreased
IOP (1 to 2 mm Hg, 3 to 4 mm Hg, or R5 mm Hg),
or no change in IOP (0 mm Hg) from baseline. No
eye had an IOP greater than 30 mmHg in any postop-
erative measurement. In 6 eyes, the IOP increased
significantly (R10 mm Hg) during the early
Figure 2. Percentage of eyes over the whole sample with changes
from preoperative IOP 1 day, 1 week, and 1 month postoperatively
(IOP Z intraocular pressure).
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postoperative period with respect to baseline values (4
eyes at 1 day and 2 eyes at 1week). The IOPwas higher
than 25 mmHg in 6 eyes (5 patients) during the study.
At discharge, no eye had an IOP that was 10mmHg or
more above the preoperative IOP measurement.

No perioperative complications related to pIOL
implantation were detected. No eye had a postopera-
tive pIOL vaulting grade of 0 (pIOL in contact with
the lens) or 4 (excessive angular narrowing due to
anterior displacement of the iris), both of which would
have required pIOL explantation. In addition, no toric
pIOL rotation, pupillary block, or acute angle closure
was recorded.
DISCUSSION

Fujisawa et al.19 report that inserting an Implantable
Collamer Lens pIOL alters the dynamics of the
aqueous humor. In contrast, other authors showed
that its insertion had no significant effect on postoper-
ative IOP11 and that it narrowed angle width without
increasing trabecular pigmentation (compared with
values after laser iridotomy), thus indicating that this
approach is safe regardless of pigmentary changes
in the trabecular meshwork.12,13 In their analysis of
highly myopic eyes, Jim�enez-Alfaro et al.14 reported
a statistically significant increase in IOP 1 month after
surgery. This increase normalized by 3 months in all
patients after steroid treatment was completed.

During the past decade, several authors15–18 have re-
ported cases of pupillary block, a complication that
carries a potential risk for loss of vision. To prevent
pupillary block, the conventional technique requires
2 preoperative laser iridotomies or 1 intraoperative
peripheral iridectomy, leading to discomfort for the pa-
tient and difficulties for the surgeon. Peripheral
iridectomies can cause complications, such as iritis,
intraocular hemorrhage, increased IOP, posterior iris
synechia, lens zonule damage, and corneal decom-
pensation. Intraoperative iridectomy is a laborious
maneuver that is not free from complications, such as
iris or anglebleedingor iris pigmentdispersion. Further-
more, in some cases, these peripheral iridectomies can
produce dysphotopsia, which may require complex
treatments, such as iris suture or corneal tattooing.

Our standard surgical technique for implantation of
the conventional Implantable Collamer Lens was to
perform a surgical iridectomy using an anterior
segment vitrectomy. The introduction of the V4c
model obviated this maneuver, reducing surgical
time and eliminating potential associated complica-
tions (inflammation, pigment dispersion, and iris
hyphema due to bleeding). This approach may also
have had a positive impact on the changes in IOP after
surgery. Despite these advantages, the port design of
J CATARACT REFRACT SURG - V
the V4c model raises doubt about whether it alone
can control postoperative IOP.

In a pilot study, Shimizu et al.22 did not find a signif-
icant increase in IOP during the early postoperative
period (3 to 6 hours). In our study, at the first reading,
5 eyes had an IOP over 22 mm Hg (30 mm Hg,
28 mm Hg, 25 mm Hg, 24 mm Hg, and 24 mm Hg).
We consider obstruction of the trabecular meshwork
or even of the central hole by residual OVD material
to be the main cause of this increase. Postoperative
trabeculitis may also have affected early changes in
IOP; however, the minimal surgical trauma, reduced
intraoperative time, and absence of intraoperative
iridectomy minimized the degree of impact of the
inflammation on IOP.

Highly myopic patients are more prone to steroid-
related increases in IOP. We use topical rimexolone
1.0%, which is known for its minimum effect on
IOP.23,24 Nevertheless, during the first month after sur-
gery, 10 eyes required temporary topical hypotensive
treatment. Consistent with other authors,1,14 we attri-
bute the increase in IOP during the first month after
surgery to the effect of postoperative inflammation
and topical steroids. One month after surgery, 3 eyes
had an IOP of more than 21 mm Hg (24 mm Hg,
22 mm Hg, and 22 mm Hg). Considering the preoper-
ative measurement was 21 mm Hg, 21 mm Hg, and
16mmHg, respectively, and the central corneal pachy-
metry was 560 mm, 596 mm, and 552 mm, respectively,
these values were not considered clinically relevant.
Likewise, at the end of our study, 3 eyes had more
than a 5 mm Hg increase in IOP over the preoperative
value; however, the increases were not considered
clinically relevant. After topical steroid treatment,
no eye required further hypotensive treatment to
maintain IOP.

One main concern about the Visian V4c pIOL is the
possibility of pupillary block caused by obstruction of
the central port. No cases of pupillary block were
reported in our series or in any of the few previously
published studies (theoretical and in vivo).20–22 Only
by increasing the number of implantations will we
know whether the central port ensures the free flow
of aqueous humor in all possible clinical situations.
We agree with other authors that these findings
show that this new surgical approach, which
does not require additional iridectomies, is a safe
alternative to conventional myopic pIOL refractive
procedures.22 In addition, a further study to evaluate
the potential association between IOP and pIOL
vaulting should be performed.

In summary, short-term clinical data for the new
Visian V4c pIOL with the KS-Aquaport suggest
safe control of IOP after surgery. Future studies are
necessary to substantiate these early results.
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WHAT WAS KNOWN

� Insertion of a Visian Implantable Collamer Lens pIOL is a
safe and effective treatment option for correction of
refractive error.

� Insertion of a pIOL requires preoperative neodymium:YAG
iridotomies or intraoperative peripheral iridectomy to
prevent the increased IOP associated with pupillary block.
WHAT THIS PAPER ADDS

� Implantation of the new pIOL model with a central hole
to correct moderate to high myopia provided good IOP
outcomes during the early postoperative period.
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