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INTRODUCTION

Phakic intraocular lenses (PIOLs) are clear implantable 
lenses that are surgically placed either in anterior 
chamber (AC) or posterior chamber (PC) without 
removing the natural lens, enabling light to focus on 
the retina for improved uncorrected visual acuity.[1] 
PIOLs demonstrate high optical quality and potential 
gain in visual acuity in myopic patients due to retinal 
magnification.[2] Correction is not limited by corneal 
thickness or topography; faster visual recovery and 
stable refraction are expected.[2,3] As a reversible 
refractive procedure that preserves accommodative 
function, PIOL implantation is attractive to both patients 
and refractive surgeons.[4,5]

INDICATIONS

The principal indication for PIOLs is correction of 
myopia or myopic astigmatism beyond the range of laser 
vision correction (LVC).[1]

Phakic Intraocular Lenses and their Special Indications
Roberto Pineda II, MD; Tulika Chauhan, MD

Keratorefractive Surgery Service, Massachusetts Eye and Ear Infirmary, Boston MA, USA

Abstract
Phakic intraocular lenses revolutionize refractive surgery and continue to serve as an excellent option for 
vision correction in patients who are not ideal candidates for laser vision correction. This article will review 
special indications of phakic intraocular lenses in the clinical practice.

Keywords: Anterior Chamber; Intraocular Lens; Phakic; Posterior Chamber; Special Indications

LOCATION

Three locations for PIOLs have been described. These 
include: anterior chamber angle-fixated PIOL; anterior 
chamber iris-fixated PIOL; and posterior chamber PIOL. 
More specifically, PIOLs approved by Food and Drug 
Administration (FDA) include iris-fixated PIOL and 
posterior chamber PIOL for myopia correction.[6,7] Toric 
PIOLs are also available outside the United States to 
correct both myopia and astigmatism.[8]

PREREQUISITES FOR PHAKIC 
INTRAOCULAR LENSES

General criteria should be followed for good predictability 
and safety. These include: Age >21 years; stable 
refraction (less than 0.5D change for 1 year); clear 
crystalline lens; ametropia not appropriate for excimer 
laser surgery; unsatisfactory vision with contact lenses or 
spectacles; appropriate pupil size for the specified PIOL; 
adequate anterior chamber depth (ACD); minimum 
endothelial cell count (ECC) specified for each PIOL; 
no ocular pathology such as compromised corneal 
endothelium, iritis, iris atrophy, rubeosis iridis, cataract, 
glaucoma, and retinal disorders.[8]
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Ancillary Testing
Additional ancillary tests are necessary when using 
PIOLs such as specular microscopy or confocal 
microscopy to evaluate ECC and morphology looking for 
polymegathism and pleomorphism;[9] ACD measurement 
can be done by ultrasound, anterior segment optical 
coherence tomography (AS‑OCT), optical biometry, 
slit beam topography, or Scheimpflug imaging,[6,7,10] 
White‑to‑white (WTW) diameter is mandatory for 
selection of the PIOL diameter. However, the best 
method to measure sulcus‑to‑sulcus distance is high 
frequency ultrasound. Other methods such as AS‑OCT; 
slit-beam topography or Scheimpflug imaging can also 
be used to estimate the sulcus‑to‑sulcus distance by 
measuring the WTW diameter and adding 0.5 mm.[11,12]

ANTERIOR CHAMBER IRIS‑FIXATED 
PHAKIC INTRAOCULAR LENSES

Artisan/Verisyse™ and Artiflex/Veriflex™ PIOL 
[Figures 1 and 2].

The Artisan lens, marketed as the Verisyse lens (Abbott 
Medical Optics, Santa Ana, California, USA), is available 
for correction of myopia in a power range of −3.00 D 
to −23.50 D and hyperopia in a power range of 1.00 D 
to 12.00 D.[13] This PIOL has a fixed overall length of 
8.5 mm (7.5 mm for pediatric group) made of PMMA 
with a 5 or 6 mm optic, requiring an entry wound of 5 
to 6 mm. It is designed to be placed within the anterior 
chamber with fine claws in the haptic incorporating 
iris tissue to hold the IOL in place in a process called 
“enclavation.” Since this type of PIOL is fixated to the 
midperipheral iris, it is available in “one-size-fits-all” 
length. Although the vaulted configuration of the 
Artisan/Verisyse is designed to ensure a normal aqueous 
flow, a peripheral iridectomy is necessary to avoid 
pupillary block glaucoma.[14] This PIOL can be centered 

over the pupil even if pupil is off center. The iris claw 
fixation system in the midperiphery also results in total 
fixation with no rotation on the PIOL, and therefore 
ideal for the toric versions. For safe implantation of 
the Artisan PIOL, the anterior chamber depth should 
be at least larger than 2.8 mm measured from corneal 
endothelium to the anterior surface of the crystalline lens, 
and the distance between the PIOL and the endothelium 
in the periphery must be at least 1.5 mm.[10,15] A 
minimal endothelial cell density is required according 
to age: 18 to 25 years of age = 2800 cells/mm2; 26 to 
30 years of age = 2650 cells/mm2; 31 to 35 years of 
age = 2400 cells/mm2; 36 to 45 years of age = 2200 cells/mm2; 
>45 years of age = 2000 cells/mm2.[3,10,16] The Artisan 
PIOL is contraindicated in patients with: endothelial 
cell counts <2000 cell/mm2; ACD <2.8 mm; glaucoma; 
patients with a history of retinal detachment, macular 
degeneration or retinopathy; any form of cataract; 
recurrent or chronic iritis; a fixed pupil size >4.5 mm 
or scotopic pupil size > 6.0 mm (5 mm PIOL optic) or 
7.0 mm (6 mm PIOL optic); convex, bulging or volcano 
shaped iris; corneal pathology, and age <18 years and 
pregnancy.[6,7]

The Artiflex/Veriflex Phakic IOLs are foldable 
models. These iris-fixated PIOL are made of a flexible 
material and can be inserted through a small, self‑sealing 
wound of approximately 3 mm having the advantage 
of minimizing surgically induced astigmatism.[17,18] The 
overall length is 8.5 mm and powers range from −2.0 D to 
14.5 D in 0.5 D steps. Toric PIOL designs are also available 
to enable spherocylindrical correction.[19] The dioptric 
power range of Artiflex/Veriflex toric PIOL includes a 
spherical correction from −1.0 D to −13.5 D in combination 
with a cylindrical correction from −1.0 D to −5.0 D. For 
safe implantation of Artiflex PIOL, the anterior chamber 
depth should be at least larger than 3.0 mm measured 
from corneal endothelium to the anterior surface of the 
crystalline lens.[13,18] The contraindications reviewed 

Figure 1. Artisan/Verisyse PIOl (Abbott Medical Optics, Santa 
Ana, California, USA).

Figure 2. Artiflex/Veriflex PIOl (Abbott Medical Optics, Santa 
Ana, California, USA).
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above for the Artisan PIOL also apply to the Artiflex 
PIOL. A vacuum enclavation system VacuFix is available 
for all Artisan and Artiflex models. Using the vacuum 
of a phaco machine and a tip with an aspiration hole, 
controlled grasping of iris tissue allows an optimal 
position and centration. Curved VacuFix tips allow 
an easier reach of the enclavation site especially when 
working with toric PIOLs.

POSTERIOR CHAMBER PHAKIC 
INTRAOCULAR LENSES

Visian Implantable Collamer Lens (ICL) STAAR 
Surgical [Figures 3 and 4]; Epi.Lens, Acri.Tec (Carl Zeiss 
Meditec, Jena, Germany).

The ICL is the most implanted posterior chamber 
PIOL for correction of myopia ranging from −3.0 D 
to −23.0 D.[20] It is a rectangular single‑block made 
of collamer and available in 4 diameters (12.1 mm; 
12.6 mm; 13.2 mm; 13.7 mm), with the variable optical 
zone depending on the optical power (4.65 to 5.8 mm 
for negative lenses and 5.5 mm for positive lenses). The 
PIOL is foldable and can be injected through an incision 
size of 3.2 mm. Once delivered into the anterior chamber, 
four footplates of the lens are tucked under the iris 
into the sulcus. The Visian ICL 4 model implantation 
requires two peripheral iridotomies prior to surgery 
to prevent pupillary block glaucoma although often a 
single peripheral iridectomy is all that is needed. The 
ICL is designed as a sulcus‑supported lens and for this 
reason; sulcus‑to‑sulcus distance is mandatory for an 
appropriate selection of the lens diameter. The correct 
lens size is correlated to the amount of vaulting of the lens 
optic over the crystalline lens, which should be 1.0 + 0.5 
corneal thickness to reduce complications.[21] Outside 
the USA, the Visian ICL is also available for correcting 
hyperopic error ranging from +3.00 D to +12.00 D. A toric 
ICL design also enables spherocylindrical correction 
ranging spherical powers in 0.5 D steps from −3.00 D 

to −20.00 D with astigmatism correction up to 6 D in 
0.5 D steps.

A new ICL model with a central hole (ICL V4c STAAR 
Surgical) is available in Europe for correcting myopia 
with equal safety, efficacy and predictability. The central 
360 micrometer hole, called KS‑Aquaport, differentiates 
ICL V4c from the conventional ICL V4b.CentraFLOW 
technology allows a more natural flow of aqueous 
humor, eliminating the need for an iridectomy.[22] 
Toric PIOLs with the CentraFLOW technology are also 
available and enable spherocylindrical correction. The 
ICL has axis marks at specific meridians. It is designed 
to be aligned with the 180‑degree meridian, with only a 
minor adjustment.[14,22] For a safe implantation, STAAR 
recommends a minimal ECC according to age and ACD 
of 3.2 mm: 21 to 25 years of age = 3800 cells/mm2; 26 
to 30 years of age = 3375 cells/mm2; 31 to 35 years of 
age = 2975 cells/mm2; 36 to 40 years of age = 2625 cells/mm2; 
41 to 45 years of age = 2325 cells/mm2; >45 years of 
age = 2050 cells/mm2.[23‑25] The STAAR ICL PIOL is 
contraindicated when: anterior chamber depth (ACD) 
<3.0 mm; anterior chamber angle < grade II; inadequate 
ECC and pregnancy.[23,24,26,27]

ANTERIOR CHAMBER 
ANGLE‑FIXATED PHAKIC 
INTRAOCULAR LENSES

Alcon AcrySof Cachet Phakic IOL [Figures 5 and 6].
The most recent angle supported lens is the AcrySof 

Cachet (Alcon Laboratories, Inc., Fort Worth, TX, 
USA). The AcrySof Cachet is a single piece foldable 
hydrophobic acrylic lens that can be implanted in 
the anterior chamber through a 2.6 mm clear corneal 
incision. It is designed to achieve predictable positioning 
in the AC, stable vaulting and low compression forces 
on the irido‑corneal angle. This lens can be used for 
correcting myopia ranging from −6.00 D to −16.50 D 
and is available in 0.5 D increments. It has a meniscus 

Figure 3. ICL (STAAR Surgical, Monrovia, CA, USA).
Figure 4. ICL V4c CentraFLOW technology (STAAR Surgical, 
Monrovia, CA, USA).
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type optic with a 6.0 mm optic diameter and 12.5 mm 
overall length.[28]

SPECIAL INDICATIONS FOR PHAKIC 
INTRAOCULAR LENSES

Phakic Intraocular Lenses in Keratoconus

Stable keratoconus
PIOLs can be used to correct myopia and compound 
myopic astigmatism in eyes with keratoconus (KCN), 
which has been stable for 2 years. PIOL implantation is 
a suitable refractive surgical option for stable KCN. It 
may be especially indicated for the management of high 
ametropia[29] and Toric PIOL implantation is beneficial 
according to measures of safety, efficacy, predictability 
and stability for KCN. The refractive stability suggests 
viability of the procedure as a surgical option.[30] A 
study from Tokyo, Japan (Minamiaoyama Eye Clinic) 
which was conducted between May 2005 and December 
2007 demonstrated that PIOL implantation is a good 
option for correction of refractive error of KCN when 
BSCVA is not affected.[30,31]

Unstable keratoconus
Topographic stability can be achieved by collagen 
crosslinking (CXL) and intrastromal corneal ring 
segments (ICRS). Combined CXL, ICRS and PIOL 
implantation is a safe, predictable and effective treatment 
in eyes with progressive KCN. Favorable results can be 
assessed in terms of visual acuity, postoperative residual 
refractive error, and keratometry values.[31,32]

Clinical studies have demonstrated significant 
improvement in unaided visual performance with 
good safety for toric PIOLs. Such treatment modalities 
offer an alternative in selected contact lens intolerant 

KCN patients for treating myopic astigmatism before 
considering corneal transplantation. Further refinements 
in positioning and implantation of toric PIOLs and 
pre‑operative assessments may allow the greater use 
of refractive techniques for the future management of 
unstable KCN. Furthermore, in advanced KCN, deep 
anterior lamellar keratoplasty (DALK) can be performed 
followed by PIOL for residual refractive error.[33]

Phakic Intraocular Lenses Post‑corneal 
Transplant
A successful corneal graft requires both clarity and an 
acceptable refraction. A clear corneal graft may be an 
optical failure if high astigmatism or spherical error limits 
visual acuity. PIOLs can be implanted post‑keratoplasty 
with adequate ECC and ACD. Posterior chamber PIOLs 
are usually preferred over anterior chamber PIOLS to 
avoid endothelium decompensation and allow small 
incision size. PIOLs are a versatile option for correcting 
high refractive errors, resulting in improved unaided 
and best‑corrected visual acuity, as well as rapid visual 
rehabilitation. Studies indicate that PIOL implantation is 
a viable treatment for refractive error after keratoplasty 
in patients who are intolerant to contact lens and LVC 
are contraindicated. However, LVC for high refractive 
error correction can be unpredictable post corneal 
transplant.[34]

Correction of Residual Refraction in 
Pseudophakia
Implantation of the PIOL has also been found to be 
an effective and predictable option for enhancing 
postoperative refractive results and reducing spectacle 
dependence after cataract surgery.[35] Piggyback insertion 
of a PIOL appears to be effective and predictable 
in correcting refractive error in pseudophakic eyes. 
Piggyback implantation can be performed as a primary 

Figure 5. Acrysof cachet PIOL (Alcon laboratories, Inc, Fort 
Worth, TX, USA).

Figure 6. Acrysof cachet PIOL (Alcon laboratories, Inc, Fort 
Worth, TX, USA).
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or secondary surgical procedure. Principal indications 
being primary hyperopia, symptomatic pseudophakic 
hyperopia, and symptomatic pseudophakic myopia. 
PIOLs can be implanted in the anterior chamber; ciliary 
sulcus and capsular bag. Limitations are interlenticular 
opacities (ILO); iris chafing; pigment dispersion; and IOL 
dislocation. Implantation of a phakic posterior chamber 
IOL may be an alternative to currently available methods 
of managing pseudophakic ametropia.[36,37]

The Role of Phakic Intraocular Lenses in 
Presbyopia

Presbyopia implantable phakic contact lens
Correcting presbyopia is an essential challenge for 
refractive surgeons. This is not so much to do with 
restoring accommodation, but more a question of giving 
patients an opportunity of living without spectacles for 
distant and near vision. This opens the door to a number 
of alternatives to real accommodation surgery.[38] A recent 
advancement in presbyopia correction is a multifocal 
implantable phakic refractive IOL [Presbyopia 
Implantable Phakic Contact Lens (IPCL)]. This Novel 
PC‑PIOL is for correction of presbyopia in patients aged 
between 40 and 55 years without cataract in addition to 
myopia, hyperopia and astigmatism ranges from +10D 
to − 25D, 8D cylinder with near additions between +1.50D 
and +3.50D. IPCL is a hydrophilic acrylic lens, which can 
be inserted through a 2.8 mm incision. The advantage of 
the PC‑PIOL is reversibility of the procedure with good 
unaided vision. Limitations are optical defects, decreased 
contrast sensitivity, haloes, as well as the usual PIOL 
complications. Long‑term outcomes are required to assess 
the safety and efficacy for this new PC-PIOL.[39]

Phakic Intraocular Lenses Post‑laser Vision 
Correction
The advantages of this technique are straight forward. 
The PIOL corrects residual refraction post LVC. It 
eliminates dependency on CL and glasses and it 
is the treatment of choice if LVC enhancement is 
contraindicated. Additionally, there are less optical 
defects, less aberrations, better contrast sensitivity and 
improved quality of vision.

PHAKIC INTRAOCULAR LENSES IN 
THE PEDIATRIC AGE GROUP

Pediatric refractive surgery was developed with the 
aim of finding a solution for those cases of amblyopia 
where compliance is poor and conventional treatments 
are ineffective. PIOL can be implanted to correct 
high anisometropia in amblyopic children who were 
non‑compliant with traditional medical treatment 

including spectacles or contact lenses, due to social 
circumstances or neurobehavioral disorders.[40] The 
principal indications are high myopic or hyperopic 
anisometropia; bilateral high ametropia; and secondary 
high refractive amblyopia.

When refractive surgery is considered for treating 
a case of anisometropic ametropia with severe 
amblyopia, the associated refractive error is normally 
high in the affected eye, −10.00 D of myopia or 
6.00 D of hyperopia. For this reason, excimer laser 
refractive surgery is not possible in a great number of 
patients because significantly large amounts of tissue 
ablation would be required, which can lead to corneal 
biomechanical instability and/or an increase in corneal 
higher order aberrations resulting in decreased visual 
quality. PIOL implantation is a good option in such 
cases because these types of lenses have proven to 
provide excellent visual recovery and postoperative 
visual quality. Potential complication is intraocular 
surgery in children is more prone to inflammation. 
An additional important factor to be considered is the 
myopic shift that occurs as the patient ages, particularly 
with lens implantation in young children or in cases 
with high myopia. Additional correction with glasses 
or contact lenses may be necessary over time, or in 
extreme cases, the PIOL can be exchanged. Before 
considering PIOL implantation in pediatric patients, 
the risks, benefits and alternatives, as well as the 
necessity for long‑term follow‑up should be carefully 
weighed. Careful patient selection and follow‑up 
of these patients in order to monitor the corneal 
endothelium is essential, as well as instructions to the 
parents. Eye rubbing should be avoided. Different 
models of IOLs have been successfully implanted in 
children with severe anisometropic amblyopia, but 
concern remains regarding unforeseen long‑term side 
effects.[41,42]

SUMMARY

Several  studies have demonstrated that  The 
Artisan/Verisyse, Artiflex/Veriflex and Visian ICL 
have a good predictability, stability, and long term 
safety. While the learning curve is lower with the 
Visian ICL, there is a possibility of lens exchange due 
to incorrect size and vaulting problems. Lenses made 
of PMMA require a larger wound and significant 
induced astigmatism is expected. Several models are 
available and recent application of PIOLS for stable 
KCN, KCN with CXL and ISCRS, post‑keratoplasty and 
presbyopia have been reported with good results. With 
precautions taken, we believe that the improvements 
in lens designs and implantation techniques and 
publication of long term clinical results have led to 
greater adoption and use of PIOLS for a variety of 
indications. Realizing that LVC alone cannot address 
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all refractive errors, multiple options are now available 
and more will likely be on the way. The surgeons must 
use their experience, and published data to decide 
which PIOL to choose for the appropriate patient’s 
circumstance.
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