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M
yopia, commonly known 

as near-sightedness, is a 

common cause of refractive 

error, which impacts a significant 

proportion of the global adult 

population. Characterized by the 

inability to clearly see distant 

objects, moderate-to-severe myopia 

not only affects visual acuity but 

also has broader implications for an 

individual’s quality of life.

The management of moderate 

(–3.0 to –6.0 D) myopia has evolved 

substantially over the past few 

decades, driven by advancements 

in technology. Treatment modalities 

range from conventional methods 

like eyeglasses and contact lenses to 

more advanced surgical interventions 

such as laser in-situ keratomileusis 

(LASIK), photorefractive keratectomy 

(PRK), laser-assisted lenticule 

extraction (LALEX) and phakic 

intraocular lenses (IOLs), including 

Implantable Collamer® Lenses 

(ICLs). Each of these treatments 

o�ers advantages and limitations, 

necessitating a personalized 

approach based on the patient’s 

specific needs, lifestyle and the 

degree of refractive error.

A consensus group of eleven 

refractive surgeons and specialists 

used a combination of an online 

survey, online face-to-face interviews 

and wri�en feedback to provide this 

guidance on the use of phakic IOLs, 

with particular consideration of: 

• optimal patient identification

• lens power calculation and size 

selection

• surgical best practice

• postoperative care

• patient expectations, involvement 

and education

Building 
Proficiency 
with Phakic 
IOLs
Patient selection, 

preoperative assessment, 

lens selection and effective 

placement techniques
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Refractive correction 

in the adult myopic 

population: The current 

landscape 

The high and increasing prevalence 

of myopia (Box 1) presents significant 

 

The increasing prevalence of myopia

The prevalence of myopia has been rising steadily, 

making it a public health concern with considerable 

socioeconomic impact.

22.9% (1.406 

billion) of the world 

population was 

estimated to have 

myopia

with about 2.7% 

(163.0 million) having 

higher levels of myopia 

(more than –5.00 D)

around 49.8% (4.758 

billion) of the global population 

will have myopia

and 9.8% (938 million) 

will have a higher degree of 

myopia1

This trend is expected 

to increase significantly, 

with predictions suggesting 

that by 2050

As of 2000, approximately: 

requirements and opportunities 

for myopia-induced refractive error 

correction. 

Patients have access to four primary 

types of intervention for myopia 

correction: LASIK, LALEX, PRK and 

phakic IOLs, each of which have their 

own advantages and disadvantages 

(Table 1). Familiarity with each 

intervention and its optimal use, and 

full awareness of patient suitability 

for each option, are key to achieving 

the best possible results for patients.

Where do phakic IOLs fit 

into the refractive surgery 

armamentarium today?

The expert group were unanimous in 

the opinion that phakic IOLs should 

be in every clinic’s armamentarium in 

order to be able to o�er appropriate 

options to all patients. Most of the 

experts o�ered LASIK, PRK, LALEX 

and phakic IOL options in their 

practice. 

Phakic IOLs have traditionally been 

reserved for patients with moderate-

to-high myopia, or for those with 

contraindications for laser surgery 

– most frequently a thin or abnormal 

cornea.

“ICL surgery is 

considered the highest 

level of refractive surgery 

for patients at this time 

because of its wide 

range of correction, 

reversible surgery and 

excellent postoperative 

outcomes.”

— Prof. Kimiya Shimizu (Japan)

There was consensus that, in 

routine practice, there is a ‘growing 

practical indication’ for phakic IOLs, 

particularly ICLs, and that patients 

with myopia of –3.0 D and greater 

should be considered, even with 

healthy corneas, based on positive 

experiences. 

In Prof. Shimizu’s clinic in Japan, 

ICL was the only elective refractive 

surgery o�ered, having ceased 

o�ering LASIK in 2008 and having 

o�ered LALEX from 2010–2015.

Which types of phakic IOL are 

recommended by the expert 

group?

Of the available phakic IOL products 

BOX 1
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Major types of phakic IOL 

Phakic IOLs are implanted into the eye without 

removing the natural lens, preserving the eye’s natural 

accommodation ability.

The development of phakic IOLs was 

challenged by concerns regarding 

long-term corneal endothelium cell 

density and crystalline lens clarity. 

Over time, improved designs and 

surgical techniques have enhanced 

the safety and e�icacy of these lenses.3 

Several studies have demonstrated the 

superior visual outcomes of phakic IOLs,4 

including when compared with LASIK.5

There are three main types of phakic IOL: angle-

supported, iris-fixated and posterior chamber 

lenses.4,6 Each type has its specific indications, 

selection criteria and surgical techniques. 

The AcrySof Cachet (Alcon) is a single piece 

foldable hydrophobic acrylic anterior 

chamber lens that was designed to achieve 

predictable positioning, stable vaulting 

and low compression forces on the 

irido-corneal angle. It is indicated 

for correcting myopia ranging from 

–6.00 to –16.50 D, but was voluntarily 

withdrawn by Alcon due to concerns 

over endothelial cell loss.

STAAR Surgical introduced a foldable ICL made from 

Collamer®, a proprietary hydroxyethyl methacrylate 

(HEMA)/porcine collagen containing biocompatible 

polymer material, in 1993. The lens features a plate-

haptic design with a central convex/concave optical 

zone and now has a central port; the lens 

incorporates a forward vault to minimize 

contact of the ICL with the central 

anterior capsule. See Box 3 for more 

information.

The IPCL V2.0 is a single-piece 

posterior chamber phakic IOL, similar 

to a so� contact lens and can be 

inserted into the eye through a small 

incision. The lens is custom-made 

for each patient, ensuring a precise fit 

according to the eye’s shape and size. The IPCL 

V2.0 is available in a wide range of powers, making it 

suitable for correcting various refractive errors.

A comparative short term study found that both 

the IPCL and ICL demonstrate similar e�icacy and 

safety profiles. The study included patients who 

underwent either IPCL or ICL implantation 

and were followed for over a year. The 

outcomes measured included corrected 

and uncorrected visual acuity, 

refractive predictability, stability 

and complications. No significant 

di�erences were observed between 

the two groups in terms of visual 

outcomes and safety, indicating that 

both IPCL and ICL are e�ective options 

for correcting myopia.7

(Box 2), the majority of the expert 

group now only use ICLs and have 

used each iteration of the Collamer® 

lens available (Box 3).

Dr. Mertens reported a change in 

practice: having previously used 

Artisan (Ophtec) and Implantable 

Contact Lens V2.0 (IPCL; Care 

Group) products, he found greater 

toric stability with ICL,2 and now uses 

these lenses in almost all phakic IOL 

procedures. Dr. Thompson has also 

“[In my clinic]…we only 

use ICL because we trust 

the material and we 

have a thirty-year track 

record with Collamer® 

that we have witnessed 

in person.”

— Dr. Roger Zaldivar (Argentina)

moved away from using the more 

rigid Verisyse (Johnson & Johnson 

Vision) lens (this is the same lens 

as the European-marketed Artisan), 

with a preference for ICL. Dr. Ryu 

noted that he no longer uses iris-

claw lenses, or Eyecryl phakic IOLs 

(Biotech) which he replaced with 

ICLs over endothelial cell count 

loss concerns with the former and 

inflammation observations with 

the second; Dr. Ryu uses IPCL for 

correction of hyperopia. 

BOX 2
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The evolution of the Collamer® lens

STAAR Surgical introduced its first foldable 

posterior chamber phakic ICL made 

from Collamer® in 1993. 

With V2 and V3, the safety 

and tolerability of the implant 

improved; however, studies 

found a small chance of lens 

opacity under the anterior 

capsule, which was a�ributed to 

contact between the phakic lens 

and the crystalline lens.8

The Visian ICL V4 was developed 

to allow more space between 

the crystalline lens and the ICL, and 

consequently reduced cataract formation. 

Two peripheral iridotomies (PIs) were required prior to 

surgery to reduce the risk of pupillary block glaucoma.

Visian ICL V4c gained the KS-Aquaport, a 

central hole in the lens that eliminated 

the need for preoperative PI by 

allowing aqueous humor to flow 

freely, reducing the risk of elevated 

IOP and cataracts.9 V4c has been 

found to o�er the same visual 

quality as V4.8,10

The EVO/EVO+  ICL are the latest 

models, including a central hole, 

and have been designed to treat a 

wider range of refractive errors. 

Expert opinion on ICL 

material and design 

features

The expert group was unanimous 

in their positive opinion of the 

Collamer® material, noting its 

excellent biocompatibility, ease to 

unfold in the eye and the exceptional 

rarity of inflammatory reaction 

postoperatively. Several experts 

noted that when ICLs are explanted, 

usually ahead of cataract surgery, 

they appear ‘as new’ and show no 

evidence of inflammation activity. 

The benefits of the central hole in the 

newer ICL designs were identified as 

the removal of the need for PIs prior 

to implant, and the reduction in rate 

of phakic IOL-associated cataract, 

to nearly nil. Several experts also 

suggested that the aqueous flow 

over the natural lens through the 

central hole was potentially providing 

nourishment and contributing to a 

healthier crystalline lens.

The central hole can be noticed 

by some patients. For many, 

neuroadaptation over the first few 

months following implant overcomes 

noticeable higher-order aberrations 

(HOA); however, for some recipients 

of a central hole ICL, night vision 

“Physiologic aqueous 

flows over the lens, 

through the central hole 

and through the pupil. 

We feel this is better for 

lens health in the long 

run.”

— Dr. Vance Thompson (USA)

aberrations, haloes and glare 

persist.11,12 HOAs are o�en described 

in trial outcomes as ‘acceptable’, 12 

and none of the expert group has 

encountered a request to remove the 

ICL based on HOA experience.

Recent research has shown that 

these ICLs provide uncorrected 

distance visual acuity of 20/20 or 

be�er in 87.6% of treated eyes and 

spherical equivalent within 0.50 D 

of target in 90.5% of eyes.13 Similar 

findings have been reported across 

several markets.14–16 Importantly, in 

these studies, EVO/EVO+ ICL implant 

was associated with minimal loss of 

endothelial cell density; no events of 

increased IOP secondary to pupillary 

block, no angle narrowing and no 

pigment dispersion or intraocular 

inflammation. No events of visually 

significant anterior subcapsular 

cataract have been reported.16,17

The EVO/EVO+ VISIAN ICL™ products 

(and their toric counterparts, 

where appropriate) were used in 

the majority of procedures by all 

members of the expert group; their 

input informing subsequent sections 

relating to ICL use is based on this 

product.

BOX 3
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Table 1. A comparison of the common features of laser-based 

refractive surgeries and phakic IOLs.

Intervention10,18–21

Feature Phakic IOLs LASIK PRK LALEX

Procedure

Involves implanting 

a lens inside the eye 

without removing the 

natural lens. 

The procedure is more 

complex than LASIK or 

PRK and until recently 

was only considered 

when a patient is not 

suited to these options 

due to high refractive 

errors or cornea 

abnormalities.

LASIK involves creating 

a flap in the cornea 

and reshaping the 

underlying tissue with 

a laser. It’s a widely 

preferred method for 

its quick recovery and 

e�ective results.

The outer layer of the 

cornea is removed, and 

the cornea is reshaped 

with a laser. 

Unlike LASIK, no flap is 

created.

LALEX involves using 

a laser to create a 

lenticule within the 

cornea, which is then 

extracted through 

a small incision, 

reshaping the cornea.

Recovery

Postoperative recovery 

is very quick and 

involves monitoring for 

potential complications 

like elevated intraocular 

pressure. 

Vision improvement 

is immediate and 

stabilizes within a 

month.

LASIK has a quick 

visual recovery time, 

with slow corneal nerve 

reinnervation. Post-

surgery monitoring 

of surgical temporary 

ocular discomfort 

syndrome, corneal 

health and the integrity 

of the flap is required.

Vision stabilizes and 

improves over a few 

days.

Recovery is slower 

than LASIK, with 

blurred vision lasting 

up to three weeks. 

A protective lens is 

worn for a few days 

postoperatively.

Recovery from LALEX 

is quicker than PRK 

but slower than 

LASIK. Most patients 

experience improved 

vision within about a 

week.

Visual 

Outcomes

Phakic IOLs provide 

excellent visual 

outcomes, including for 

patients with high levels 

of myopia. 

They have been found 

to result in be�er 

contrast sensitivity 

and overall satisfaction 

compared to LASIK in 

certain studies, and 

fewer higher order 

aberrations than 

LALEX.

E�ective for treating 

myopia, hyperopia 

and astigmatism, 

with long-term data 

available, LASIK also 

provides rapid visual 

improvement.

Long-term visual 

outcomes are similar 

to LASIK, but the 

initial recovery 

period involves more 

discomfort and slower 

visual improvement.

Suitable for correcting 

near-sightedness and 

astigmatism, LALEX 

has been associated 

with fewer higher 

order aberrations 

compared with other 

laser procedures 

and o�ers similarly 

improved visual quality 

to LASIK later in the 

postoperative period.

IOL, intraocular lens; LALEX, laser-assisted lenticule extraction; LASIK, laser in-situ keratomileusis; PRK, 

photorefractive keratectomy.
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30–60% of their patients as suitable. 

Of these suitable candidates, ICL 

implant was carried out in 10–20%; 

this proportion is increasing and  

is expected to increase further.  

Dr. Michele�i observed a change 

in use from around 1% of clients to 

around 10% this year. Dr. Zaldivar 

noted that he expects to increase 

ICL use in moderate myopia (up 

to –6.0 D) from around 25% of 

eligible candidates to 50%, based 

on the quick recovery time and 

immediate benefit – the ‘wow factor’. 

He explained that when quality of 

vision is measured at the retinal 

plane for either ICLs or LASIK, the 

improvements are at least five-fold 

be�er with ICLs at 4 hours post-

procedure. This expectation for 

greater use of ICLs was common 

across the expert group.

Defining the population 

suitable for phakic IOL 

implants

Who should be o�ered the 

option of a phakic IOL?

The expert group were asked ‘What 

percentage of today’s refractive 

surgery candidates within the 

indication do you believe should be 

considered for phakic IOLs?’

The indication for phakic IOLs 

varies by product and by applicable 

guidelines and authorization criteria. 

Because the expert group were using 

ICLs as their phakic IOL option in 

nearly all cases, this question refers 

to the current ICL indications (Box 4).

The overall expert group opinion 

was that ICLs should be considered 

for at least half of those who meet 

the indication criteria (Figure 1). 

However, the experts answered 

this question from several angles: 

how many people might be suited 

to ICLs, how many people would 

be o�ered the procedure, and in 

what proportion of candidates is the 

surgery actually being performed.

The proportion of people suitable 

for ICLs was generally highest in 

Asian countries (around 90% in 

China, Japan, South Korea and 

the Philippines) with experts from 

the Americas considering around 

“Every myopic eye is 

a candidate for ICL 

implant, unless proven 

otherwise during 

examination.”  

— Dr. Erik Mertens (Belgium)

Question: What percentage of today’s refractive surgery 

candidates within the indication do you believe should be 

considered for phakic IOLs?

100

80

60

40

20

0

Average: 52

High: 100

Low: 20

IOL, intraocular lens.

Figure 1. The panel of experts felt that the majority of patients  

with myopia should be considered for phakic IOL implant.
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ICL indications

The broadest indication 

for the EVO and EVO+ ICLs is 

a correction in adults with –0.5 

to –20.0 D of myopia and up to 

6.0 D of astigmatism in those 

requiring a toric lens.22 

The indication will vary by region- and 

country-specific guidelines. The 

FDA recommendations are for 

people (21–45 years) with –3.0 

to –15.0 D of myopia and up to 

2.5 D of astigmatism at 

the spectacle plane; 

the toric ICL can be 

used in those requiring 

correction of up to 4.0 D 

of astigmatism.

Selecting the most 

appropriate candidates for 

phakic IOL procedures

The expert group provided guidance 

on selecting appropriate candidates 

for phakic IOL implantation and 

discussed factors that would 

contraindicate the procedure. They 

recommended considering five key 

candidate characteristics when 

determining if ICLs are appropriate: 

the degree of myopia, the candidate 

age, anterior chamber depth (ACD), 

the candidate’s refractive history and 

the health of the cornea. 

Degree of myopia, age, ACD and 

corneal health were agreed with 

strong (90%+) consensus, with the 

stability of the candidate’s refractive 

history also important (Figure 2). 

Other aspects, such as lifestyle, 

sports participation, cost and 

candidate preferences should all also 

be discussed.

Myopia

• There was consensus that, for 

candidates with high myopia, ICLs 

would be strongly recommended, 

unless contraindicated.

• There was also agreement that 

ICLs would also be recommended 

for consideration in those with 

myopia in the –3.0 to –6.0 D range. 

In this population of candidates, 

ICLs would be an option alongside 

the laser surgeries, and the patient 

would be consulted regarding other 

aspects of their suitability, including 

lifestyle, age, cost considerations 

and eye health.

Age

• Use of ICL in candidates 18–40 

years of age, who meet the other 

indication criteria, was unanimously 

recommended.

• A di�erence of opinion in the upper 

age limit for ICL was apparent 

among the expert group

 –   Both Prof. Z Wang and Dr. 

Thompson advocated for using 

ICLs as soon as appropriate 

for the candidate, ensuring the 

longest enjoyment and benefit 

from the procedure before 

refractive lens exchange (RLE) 

for cataract is needed later in 

life.

 –   Dr. Mertens and Dr. Nikpoor 

noted that they were increasingly 

using ICLs in people aged 45–55 

years, sometimes instead of 

RLE, in order to minimize dry 

eye disease (DED) and surgical 

temporary ocular discomfort 

syndrome or to preserve the 

cornea for as long as possible.

 –   The expert group agreed that the 

central hole in newer ICLs allows 

physicians to be more confident 

in using the lens in older people. 

In conjunction with findings 

from the objective sca�er index 

(OSI) test (Box 5), ICLs can be 

considered in people aged over 

40 years.

• At the other end of the age 

spectrum, Dr. Zaldivar suggested 

that ICLs could be suitable for 

younger patients with a need for 

correction of astigmatism, or with 

anisometropic myopic amblyopia 

(Box 6).  This is a subtype of 

amblyopia (‘lazy eye’) characterized 

by a significant di�erence in the 

degree of myopia between the two 

BOX 4

  

Objective sca�er index
The OSI test assesses the quality of a 

candidate’s vision. This test is particularly 

useful for evaluating the optical quality of 

the entire visual system, which includes 

checking for conditions like cataracts, 

DED and other factors that can cause 

refractive errors.

Before undergoing refractive surgery, the 

OSI test can help determine how reliable the 

correction will be based on the quality of the 

tear film and the health of the cornea. It is 

also used for evaluating DED by analyzing the 

sca�ering of reflected light over time, which 

may help identify people unsuited to LASIK.

BOX 5
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eyes. Research has looked at the 

use of posterior-located phakic 

IOLs and LALEX in managing this 

condition,23 and the benefits of ICL 

use in 12 patients with amblyopia 

were published in 2017.24-26 

Anterior chamber depth

• The guidelines for the minimum 

indicated ACD vary by region; 

however, this is either 3.0 

mm (including the FDA 

recommendation for the USA),27 or 

2.8 mm, as Prof. Shimizu confirmed 

as the Japanese guidance. Both 

minimum depths are found across 

other regions.28,29 

• There was full consensus about 

performing the procedure at the 

depth described by local guidance. 

• There was also confidence across 

the expert group to use the lens at 

shallower depths.

 –  In regions with a recommended 

ACD of 3.0 mm, experts were 

willing to use the lens at a 

depth of 2.8 mm in candidates 

“We strongly feel that the 

only suitable modality 

to correct the refractive 

errors of people with 

Avellino corneal 

dystrophy is phakic IOL 

implantation.”

— Dr. Ik Hee Ryu (South Korea)

Question: What are your personal demographic criteria for 

recommending phakic IOL implantation? (Select all that apply)

ACD, anterior chamber depth; IOL, intraocular lens.

Figure 2. There are several key factors in determining how 

appropriate a phakic IOL procedure might be for a candidate.

100%

Myopia Age ACD Cornea healthRefractive history

stability

91% 91% 91%

73%

 

Anisometropic myopic 

amblyopia
This is a subtype of amblyopia (‘lazy 

eye’) characterized by a significant 

di�erence in the degree of myopia 

between the two eyes. This discrepancy causes the 

brain to receive two very di�erent visual images; when 

the brain ‘ignores’ the image from the eye with the 

greatest degree of myopia, the patient 

may experience underdevelopment of 

the visual pathway associated with that 

eye.

Research has looked at the use 

of posterior-located phakic IOLs 

and LALEX in managing this condition,23 and the 

benefits of ICL use in 12 patients with amblyopia were 

published in 2017.24-26 

BOX 6
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ICL use in people with Avellino corneal 

dystrophy
Avellino corneal dystrophy is a rare, inherited 

eye disorder characterized by the progressive 

accumulation of gray-white opacities in the stroma of 

the cornea, which are made of an abnormal protein 

called keratoepithelin.

Symptoms include decreased night vision and 

increased sensitivity to light, and patients may 

progress to a gradual decline in visual acuity. LASIK 

has been associated with worsening the condition, 

with recurrence of corneal deposits30 and corneal 

haze can develop in these eyes a�er PRK treatment.31  

Phakic IOLs o�er a suitable alternative for these 

patients, according to the consensus panel.

Image of slit lamp assessment, 6 years post-implant of ICLs in a patient with Avellino corneal dystrophy;  

(A) right eye, (B) le� eye. 

Image provided by Dr. Ryu, Department of Refractive Surgery, B&VIIT Eye Center, Seoul, South Korea and 

Research and Development Department, VISUWORKS, Seoul, South Korea.

ICL, Implantable Collamer® Lens.

BOX 7

with open angle and no 

contraindicating factors.

 –   Dr. Nikpoor noted that even with 

a healthy eye and open angle, 

she would be unwilling to implant 

at a depth of less than 2.8 mm. 

Prof. Shimizu and Prof. X Wang 

felt that in the appropriate eye, a 

wide angle and with the benefit 

of the ICL central hole, implant 

at an ACD of below 2.8 mm could 

be considered a�er consultation 

with the candidate.

Refractive history

• ICLs can be recommended 

from the age of 18 years, but the 

indications are from 21 years old.  

However, several experts noted 

that the candidate’s myopia may 

still be developing in their late 

teenage years, and that there can 

be advantages to waiting until the 

candidate is 20–25 years to help 

ensure refractive error stability and 

aid accurate power calculation.

• Overall, the experts agreed that 6 

months of stable refractive history 

is preferred as a pre-operative 

criterion.

Cornea health

• A candidate’s corneal health – or 

lack of health and thickness – is a 

major decision point in selecting a 

process for refractive correction. 

• Because LASIK creates a flap in 

the cornea and PRK uses corneal 

ablation to correct refraction, both 

processes require the candidate to 

have su�icient corneal thickness, 

no keratoconus and minimal DED.

• Since phakic IOL implant is 

performed with no loss of corneal 

tissue, the expert group noted that 

it may be a suitable alternative to 

laser-based therapies in people 

with suboptimal corneal health.

• Dr. Ryu presented favorable results 

using an ICL in a patient excluded 

from laser-based refractive 

correction on account of Avellino 

corneal dystrophy, a condition that 

presents relatively frequently in his 

practice (Box 7).

Prof. Zhou noted that the indications 

for ICL surgery are similar to other 

corneal refractive surgeries with the 

exception of two factors: the status 

of the corneal endothelium and 

the true ACD. Understanding the 

true ACD means investigating the 

A B
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Contraindications for ICL 

phakic IOL implantation

Because the majority of ICL use 

is in younger people, and the 

implant acts in an inert, natural 

manner, the experts noted 

that contraindications were 

relatively few. 

Most experts were willing to 

consider ICL procedures in 

patients with some degree 

of open-angle glaucoma, 

if well controlled. 

Pigment-dispersion 

glaucoma (PDG) was 

generally considered 

a contraindication; this 

is a form of glaucoma 

characterized by the 

dispersion of pigment 

granules from the iris into the 

eye’s anterior segment. These 

granules can block the trabecular 

meshwork, leading to increased IOP. 

The use of phakic IOLs in patients 

with PDG can be complicated by:

• Increased pigment release: 

the placement of phakic IOLs 

can induce further release of 

pigment granules, exacerbating 

the blockage of the trabecular 

meshwork and increasing IOP.

• Limited anterior chamber space: 

lenses placed in the anterior 

chamber of the eye, which may 

already be compromised in PDG 

due to pigment accumulation, may 

have shallower vault than desired.

• Risk of IOP spikes: the surgical 

procedure to implant phakic IOLs 

can trigger such spikes, increasing 

the risk of optic nerve damage.

Dr. Thompson noted that even in the 

most optimal situation, an additional 

PI would be required in patients with 

PDG even when using an ICL with a 

central hole.

Dr. Zaldivar identified patients with 

Marfan syndrome as unsuitable for 

ICL implant. Marfan syndrome is a 

genetic disorder a�ecting the body’s 

connective tissue; ectopia lentis 

(dislocation of the lens), myopia and 

retinal detachment are the most 

common ocular manifestations. 

Complications with a phakic IOL 

could include:

morphology and width of the ciliary 

sulcus and the ciliary body. Prof. X 

Wang explained that there is still 

work to be done in this area. “There 

are still things we don’t fully know 

about in ICL surgery, and improving 

our understanding and knowledge 

of the ciliary sulcus will greatly 

enhance postoperative outcomes,” 

said Prof. X Wang. Furthermore, he 

added that ICL focuses more on ACD 

and endothelial cell density (ECD) 

requirements, whereas suitability for 

corneal refractive surgery has greater 

emphasis on corneal thickness and 

morphology.

axial length and abnormal anterior 

chamber depth, which could a�ect 

the choice and positioning of a 

phakic IOL.

Other factors that could make 

a candidate unsuitable for ICL 

included: irregular or large degrees 

of astigmatism, ocular inflammation, 

autoimmune disease (this would 

need to be quiescent before 

consideration for ICL implant), 

an S-shaped iris, cataract or the 

presence of retinopathy.

“The posterior chamber 

morphology, assessed by ultrasound 

biomicroscopy (UBM) examination, 

should be considered as the most 

important indicator of ICL surgery. 

If an abnormal posterior structure 

could a�ect the stability of the 

phakic lens, then ICL shouldn’t be 

considered as an option – even 

if that abnormal structure is 

physiological,” concluded 

Prof. Zhou.

Preoperative 

assessment

Accurate power and 

size calculations prior 

to the implant of an ICL 

are crucial for optimal 

outcomes. The quality 

of the measurements 

and interpretations will 

a�ect the patient’s visual 

acuity and comfort, and 

are essential in minimizing 

the risk of complications like 

cataract formation, elevated IOP 

or endothelial cell loss.

Calculating the required 

refractive power for a phakic 

IOL

The power calculation of an IOL 

involves several measurements, 

each contributing to the accuracy of 

prescription and e�ectiveness of the 

lens for the patient. The expert group 

were asked to prioritize the six most 

common methods of determining 

phakic IOL power.32,33

Manifest Refraction: This is the 

standard process for determining 

a prescription for eyeglasses or 

contact lenses. It includes the 

sphere, cylinder and axis. These 

values are crucial in determining the 

• Lens instability and dislocation: 

the zonules, which are the fibers 

that hold the lens in place in the 

eye, are o�en weak or absent in 

Marfan syndrome. This zonular 

laxity can lead to lens instability or 

dislocation, complicating standard 

IOL implantation.

• Increased risk of retinal 

detachment: which can be 

exacerbated by eye surgeries, 

including IOL implantation.

• Altered eye anatomy: Marfan 

syndrome can result in altered eye 

structures, including increased 
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overall refractive error of the eye and 

are key to calculating the power of 

the IOL.

Back Vertex Distance (BVD): 

BVD is the distance between the 

back surface of the spectacle lens 

and the front of the cornea. This 

measurement is important because 

it a�ects how the lens power in 

spectacles translates to the required 

IOL power. 

True ACD: ACD is critical for IOL 

power calculation as it helps in 

determining the e�ective lens 

position, which is a key factor in 

predicting how the lens will behave 

once implanted.

Corneal Thickness: The thickness 

of the cornea can influence the 

accuracy of other measurements 

used in IOL power calculations, such 

as corneal curvature and ACD.

K1, K2: These are measurements 

of the corneal curvature in di�erent 

meridians. They are used to 

determine the overall curvature 

of the cornea, which is vital for 

calculating the refractive power of the 

eye and, consequently, the necessary 

power of the phakic IOL.

Contact lens over-refraction 

sphere: This is a measurement 

taken when a patient is wearing 

their contact lenses. It helps in 

determining the additional refractive 

correction needed over the contact 

lens to achieve optimal vision. This 

measurement can be particularly 

useful for patients who have 

undergone corneal refractive surgery 

previously.

The expert group were unanimous 

in the importance of accurate 

manifest refraction measurement 

as the cornerstone of all phakic 

IOL power calculations (Figure 3). 

It was emphasized that diligence in 

testing was paramount, and that any 

unexpected findings should be re-

tested to ensure reliability. 

Prof. Z Wang and Prof. Shimizu 

noted that BVD is of importance 

in candidates with high degrees 

of myopia; in routine practice Dr. 

Ryu felt that BVD can be di�icult to 

determine and interpret, so unlikely 

to add value for candidates with 

moderate myopia. 

Several options were presented 

for minimizing the e�ect of 

accommodation and preventing 

over-correction. Dr. Zaldivar uses 

cycloplegic drops in all candidates 

and considers the manifest refraction 

pre- and post-administration;  

Dr. Mertens only uses this approach 

in those under 30 years of age and 

finds less value in the process in 

older patients. Drs. Ang, Michele�i 

and Nikpoor all advocate a ‘max 

plus’ or ‘push plus’ approach, using 

plus-power lenses to help relax the 

eye’s accommodation and measure 

the true refractive error without 

the influence of the eye’s natural 

focusing e�orts. Dr. Thompson uses 

the Lenstar to supplement manifest 

refraction with ACD, K1 and K2 

measurements.

Accurate sizing of a phakic IOL: 

Practical experience of the 

expert group

Correct sizing is essential to maintain 

the ICL’s position within the eye, 

preventing rotation or displacement.

Question: For power calculations, what are the most important measurements 

you recommend for the average refractive surgeon to collect for each phakic 

IOL patient? (Select all that apply)

ACD, anterior chamber depth, BVD, back vertex distance, CL, contact lens, K, keratometry reading.

100%

64% 64%

36%

18% 18%

True ACD in 
millimeters

K1, K2 Back Vertex 
Distance (BVD) in 

millimeters

Corneal thickness 
in millimeters

CL Over-refraction 
Sphere

Manifest 
Refraction-Sphere, 

Cylinder, Axis

Figure 3. The was unanimous agreement that manifest refraction  

is the most important parameter in phakic IOL power determination.
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All members of the expert group felt 

that accurate preoperative sizing 

of the ICL was a critically important 

aspect of the procedure to ensure 

optimal outcomes for the recipient. 

However, there was no consensus 

on a single approach to sizing, and 

considerable variation was apparent 

in approaches to sizing, use of 

technology and interpretation of 

findings across the group’s clinical 

experience and preferences (Figure 

4). The FDA approval was based 

on using white-to-white (WtW) 

measurement, adjusted as needed 

for the candidate’s ACD; however, 

these guidelines recognize that WtW 

is an indirect measure, and that other 

techniques may be appropriate to 

help determine correct lens size.27

Optical coherence tomography 

(OCT) is a non-contact, non-invasive 

imaging technique that is particularly 

useful for assessing anterior chamber 

depth, WtW distance, scleral spur 

to scleral spur, and angle-to-angle 

(AtA) measurements.34 AtA has 

been associated with potentially 

greater accuracy of prediction 

of postoperative vault than WtW 

distance alone.35

UBM employs high-frequency 

ultrasound to produce detailed 

images of the anterior segment of 

the eye and can visualize structures 

not easily seen with OCT, such as the 

ciliary body, zonules and peripheral 

iris. UBM is essential for measuring 

the horizontal sulcus-to-sulcus (StS) 

distance, which has been identified 

as a valuable measurement for 

positioning posterior chamber phakic 

IOLs, because the haptic footplates 

are ideally located on the ciliary 

sulcus.34

A common theme through all expert 

responses was that the accuracy of 

sizing calculation is directly related 

to the accuracy of the measurements 

taken; regardless of the methods 

used, a reliable and repeatable 

process is needed to minimize inter- 

or intra-observer variations.34

 WtW distance was commonly used in 

some form. Dr. Michele�i tries to give 

candidates a ‘LASIK-like’ experience 

and prefers to avoid contact 

methods where possible; he uses the 

IOLMaster swept-source OCT and 

other confirmatory measurements 

to determine optimal size. Prof. Z 

Wang, Dr. Ryu and Dr. Ang all use 

corneal topography measurements 

of WtW (Orbscan) with confirmation 

using calipers; Prof. Z Wang and 

Dr. Ryu supplement this with OCT 

(CASIA2), whereas Dr. Ang has found 

too much inter-machine variability 

between OCT readings and does 

not use this approach. Dr. Thompson 

uses a comprehensive WtW caliper 

measurement on anaesthetized and 

fixated eyes, which he feels is the 

most appropriate way to understand 

the limbal anatomy of the candidate; 

to do this, the measurement is taken 

in the mid-grey region around the iris 

(Figure 5). Manual measurement with 

calibrated calipers can help address 

the documented over-estimation of 

WtW distance across the automated 

options. Several studies have 

shown that there is significant, 

but consistent, variation in WtW 

measurement between calipers and 

topography systems,36 between OCT 

apparatus,37 and between biometry 

and topography systems.38 Care must 

be taken to use one system constantly 

and to allow for over-estimation 

versus measurement with manual 

calipers when choosing a lens size.

Prof. Z Wang and Prof. Zhou use 

UBM for StS in every candidate 

Question: For sizing decisions, what is your primary measurement? 

(Select all that apply)

IOL, intraocular lens; OCT, optical coherence tomography; UBM, ultrasound biomicroscopy; WtW, 

white-to-white distance.

Figure 4. The expert panel had a range of approaches to sizing 

phakic IOLs, based on their experience and preferences.

WtW (mm): calipers 
method

WtW (mm): IOL 
Master, Pentacam, 

Orbscan etc.

OCT UBM Other

0%

45%

36%36%

55%
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Figure 5. Currently, WtW distance (A) is the FDA-approved method of sizing an ICL; (B) this can be 

measured accurately from the mid-gray zone at the 3 o’clock limbus to mid-gray zone at the 9 o’clock 

limbus bisecting the pupil, with topical anesthesia and lid speculum under an operating microscope; 

(C) high magnification leads to the most accurate WtW measurements.

because they believe AtA is the most 

critical measurement, with Prof. 

Zhou noting that a di�erent 

lens position leads to a 

di�erent e�ective lens size, 

which means the AtA 

measurement should 

decide selection of 

size. Prof. X Wang 

and Dr. Nikpoor use 

a combination of 

AtA (UBM) and WtW 

distance, the former 

using Pentacam 

and the la�er using 

digital calipers for this 

measurement.  

Prof. Shimizu has 

developed an OCT-

based approach to AtA 

measurement that has 

proven to be more predictive 

of final vault than previous WtW 

measurement.35 

Several of the experts are pioneering 

artificial intelligence (AI) approaches 

to ICL sizing. Dr. Zaldivar is  

using an algorithm (ICL Guru) that 

combines AtA measurement from 

UBM images with power calculations, 

eye morphology and a proprietary 

risk assessment algorithm to 

forecast outcomes with di�erent 

lens sizes. Dr. Mertens is using the 

LASSO formula, based in OCT 

assessment, which has proved 

to be more predictive of final 

vault than OCOS and has 

demonstrated the capacity 

to estimate postoperative 

vault to within 500 µm in 

100% of trial cases.39 Dr. 

Ryu has developed the 

LOOCUS® algorithm 

based on the OCT 

approach utilized 

by physicians in the 

Republic of Korea, 

which has proven to be 

accurate at predicting 

postoperative vault than 

the embedded so�ware 

provided in the OCT 

apparatus.40

When a candidate appears to be on 

the borderline between two sizes, 

there were two schools of thought. 

Several experts preferred to choose 

the smaller lens based on reduced 

concerns with low vault when using 

an ICL with a central hole; other 

preferred to use the larger of the size 

options to allow for the possibility to 

rotate the lens to reduce the higher 

vault, as needed.

“For ICL sizing, there is 

no universal method.”

—Dr. Robert Ang (Philippines)

FDA, US Food and Drug Administration; ICL, Implantable Collamer® Lens; WtW, white-to-white.

 Image supplied by Dr. Thompson, Vance Thompson Vision, Sioux Falls, SD, USA.

A B C
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Understanding vault and expert 

guidance on ideal ranges with 

an ICL

“Vault” refers to the distance 

between the posterior surface of 

the intraocular lens and the anterior 

surface of the crystalline lens of the 

eye. This measurement is crucial for 

the successful implantation of phakic 

IOLs and is a key factor in avoiding 

postoperative complications.

Achieving optimal vault is important. 

If the vault is too low, there’s a risk 

of anterior subcapsular cataracts 

due to direct contact between the 

intraocular lens and the crystalline 

lens; a very high vault can lead to 

angle-closure glaucoma. Anterior-

segment OCT and UBM are used to 

assess vault.

If the postoperative vault is found 

to be significantly outside the ideal 

range, it may be necessary to rotate, 

or remove and replace, the phakic 

IOL. 

The collective expert group defined  

an average ideal vault range of mean  

213 µm (minimum, 100 µm) to  

mean 885 µm (maximum 1500 µm; 

Figure 6).

Question: What is the ideal vault range (µm)?

ICL, Implantable Collamer® Lens.

350 1600

Lower Limit: Upper Limit:

300

1200

1400

250

1000
200

800

150

600

100
400

50
200

0 0

Average: 213

High: 100

Low: 300

Average: 885

High: 650

Low: 1500

Figure 6. The expert panel suggest a mean vault range of 

213–885 µm was appropriate following ICL implant, but any 

decisions should be made on a patient-by-patient basis.

A frequent comment from the expert 

group was that vault considerations 

are more relaxed in the current era 

of ICLs with central holes and good 

biocompatibility. All experts would 

determine any requirement to act on 

a vault measurement by considering 

the individual. “In a patient with a 

deep anterior chamber, vault can 

be ideal at a measurement of even 

greater than 1000 µm, as long as 

the anterior chamber angle is open,” 

Prof. X Wang said as an example. Drs. 

Nikpoor and Mertens added that at 

higher vaults the combination of vault 

and angle need to be considered in 

combination before any decision is 

made.

Lower vault, even down to 100 µm, 

was not considered an issue with 

ICLs with a central hole, and most 

of the expert group would only 

intervene if the ICL was touching the 

crystalline lens. Otherwise, with good 

aqueous flow over the natural lens, 

monitoring is preferred. Prof. Z Wang 

suggested that he might consider 

lens exchange at very low vaults in 

young people. There is an evidence 

base emerging to support changing 

the indication of ICLs to include an 

ACD of less than 3.0 mm.16 

Vault will change over time, and 

long-term monitoring at check-ups 

is advised. The introduction of the 

central hole ICL has been associated 

with smaller changes in vault from 

week 1 post-implant onwards, 

compared with the ICL without 

central hole.41

Surgical best practices 

and optimal ICL placement

The experts were asked to share their 

guidance for optimized ICL implant 

procedures.

Best practice for the ICL 

implant procedure

An overview of typical practice 

is presented in Table 2. In most 

cases, procedures were carried out 

bilaterally, with sterilization of the 
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room and all apparatus between 

eyes. Dr. Michele�i also uses 

materials from separate batches for 

each eye, to further reduce the risk  

of an unsatisfactory procedure.  

Dr. Ang noted that he prefers to treat 

ICL like cataract surgery, and prefers 

to operate on one eye, send the 

patient home for a few days, and then 

perform implant in the second eye.

Optimal lens positioning

With recent research observing that, 

in many cases, ICLs are not anchored 

in the ciliary sulcus, which may 

contribute to low vault,44 the expert 

group was asked for advice on lens 

positioning during surgery.

and therefore close to the iris. This 

can be done by gently pushing on 

the rim of the haptic.

• Prof. X Wang advocates using an 

individualized orientation based on 

UBM measurements and suggests 

considering selecting a larger lens 

in the vertical alignment to allow 

for rotation to adjust vault, as 

needed.45,46

Postoperative care

The early stages of postoperative 

care following ICL implant are 

important (Figure 7) for ensuring 

the procedure has been successful, 

and then any adverse events can be 

identified and managed.

Table 2. A composite of the practices of the expert group for ICL implant.

 Basic procedure Comments

Pre-visit considerations: 

• discontinuation of contact lens use

• antibiotics

It was recommended that so� contact lenses are discontinued for a 

week, and hard contact lenses for 3 weeks pre-surgery

Preoperative steps:

• Prepare as for cataract surgery

• Dilate eye

• Relax/sedate patient as needed

• Make markings for toric positioning  
            as needed

Most experts induced dilation in all eyes prior to surgery. In some 

instances people receiving a toric lens were not dilated in the pre-

operative se�ing

Intraoperative steps:

1. Small nasal incision (1 mm) for addition  
            of xylocaine/lidocaine and antibiotics

2. Temporal (approx. 2.6 mm) incision 

3.  Add VE
 –  Inject lens with applicator 

4. Locate haptics, distal then proximal, 
 – Position distal haptic through the nasal    

          incision
 – Position proximal haptic through main  

          incision
5. Flush VE from the chamber

Experts recommended using a large enough temporal incision to allow 

full control of the lens unfolding

There was no consensus on the use of intracameral antibiotics

Prof. X Wang successfully uses a one-step VE technique, without pre-

injecting VE prior to lens implant42,43

Those who use VE recommend using it sparingly, so that the ‘worms’ are 

still visible

In most cases, VE should be irrigated until none remains. However, Dr. 

Nikpoor suggested that where the iris is at risk of prolapse, some VE can 

be retained to stabilize

Assess vault

Several experts continually assess vault with OCT during the procedure. 

Prof. Z Wang and Dr. Zaldivar use this technique and can make 

adjustments ahead of the second implant in a bilateral se�ing.

Dr. Ryu does not make any amendments to the procedure, noting that 

the eyes are independent and findings in one eye may not translate to 

the other in the peri-operational phase

OCT, optical coherence tomography; VE, viscoelastic.

The key point raised was there is no 

way to know during surgery whether 

the footplates are in the sulcus 

or not – this would be revealed in 

post-surgery UBM. The expert group 

shared advice on positioning ICLs:

• Don’t fixate on obtaining a sulcus–

sulcus position, most lenses won’t 

be in this position, but it is not a 

cause for concern.

• Pressing gently on the footplate 

and allowing it to glide under the 

iris will result in a suitable lens 

position.

• Footplates should be encouraged 

to locate as shallow as possible, 
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A – Question: On a scale of 1 to 10, how vital do you consider the early postoperative care 

phase in determining the long-term success of the procedure? (1 being low, 10 being high)

B – Question: On a scale of 1 to 10, how significant is patient compliance in early 

postoperative care to achieving maximum visual outcomes? (1 being low, 10 being high)

Figure 7. There was broad consensus on: (A) the importance of 

early postoperative care a�er an ICL implant and (B) for the need 

for the patient to be compliant to follow-up visits.
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Collectively, the experts suggested 

a postoperative follow-up schedule 

comprising:

• Immediately post-surgery

 –   IOP is the most important 

measure a�er ICL surgery, and 

this should be taken hourly for 

the 3–4 hours a�er implant. The 

FDA guidance is 1-6 hours. Any 

spike in IOL (e.g. a measurement 

of more than 20–25 mmHg in 

most cases) should be observed 

and potentially treated with IOP-

lowering drops. 

 –   Ensure all VE has been removed.

• Next day

 –   IOP check.

 –   Vault check.

 –   Assess uncorrected distance 

visual acuity (UDVA), corrected 

distance visual acuity (CDVA), 

manifest refraction.

 –   Discussion with the patient 

about any adverse events or 

dissatisfaction.

 –   Prescribe post-operation 

eyedrops, as needed.

• 1- or 2-week visit

 –   IOP check.

 –   Vault check.

 –   Assess UDVA, CDVA, manifest 

refraction.

 –   Discussion with the patient 

about any adverse events or 

dissatisfaction.

 –   Prescribe post-operation 

eyedrops, as needed.

• 1 month visit, continued for 6 

months

 –   IOP check.

 –   Vault check.

 –   Assess UDVA, CDVA, manifest 

refraction.

 –   Discussion with the patient 

about any adverse events or 

dissatisfaction.

 –   Prescribe post-operation 

eyedrops, as needed.

 –   From 3 months onwards: 

measure the ECD.

• Annual visits with the patient’s 

ophthalmologist are also required 

to monitor the candidate’s myopia, 

with awareness of change in ECD, 

assessment of crystalline lens 

status, and an elevated risk of 

retinal detachment due to high 

myopia. 
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Compliance with this schedule is 

important but can be challenging 

when people are satisfied with their 

surgery, have greatly improved 

vision and can’t perceive any 

issues. Physicians should remind 

patients that they have had a 

surgical procedure and that the 

visits are necessary in preventing 

infection. Moreover, if they require 

any adjustment to the ICL, this may 

be easier to accomplish earlier in 

the recovery period.

The expert group had li�le reason to 

remove ICLs for vault issues or other 

concerns (Figure 8), and anecdotally, 

removals and replacements were 

even less frequent with ICLs with the 

central hole.

Question: How common is phakic IOL exchange or removal in your practice today 

due to insu�icient/inadequate vault or other concerns?

ICL, Implantable Collamer® Lens; IOL, intraocular lens.

Figure 8. The expert panel rarely needed to remove an ICL a�er implant.

9%

0% 1% 2% 3-5% 6-10%Less than 1% More than 10%

73%

9% 9%

0% 0% 0%

Managing expectations 

and the importance of 

clear communication

It’s essential for refractive surgery 

candidates to have realistic 

expectations and understand that 

while the aim of treatment is to 

reduce dependency on glasses or 

contact lenses, perfection (such as 

20/20 vision without glasses) isn’t 

guaranteed for everyone. The choice 

of procedure depends on various 

factors including the degree of 

refractive error, corneal thickness, 

lifestyle and occupational needs. 

Detailed counseling and a thorough 

preoperative evaluation are crucial 

for aligning patient expectations with 

potential outcomes.

Patients undergoing refractive 

surgeries like LASIK or ICL 

implantation o�en have high 

expectations regarding the 

outcomes. These expectations 

are influenced by several 

factors, including the cost of the 

procedures, the desire for spectacle 

independence and the promotion of 

these surgeries as life-enhancing.

The expert group emphasized 

the importance of discussing 

expectations, potential side 

e�ects, cost and the performance 

of the intervention over time with 

candidates (Figure 9). In particular, 

it should be noted that in the case 

of myopia correction, the treatment 

will be optimized to o�er the greatest 

degree of improvement immediately, 

but over time with aging, the onset 

of presbyopia, natural thickening of 

the crystalline lens and the possible 

progression of myopia, that visual 

quality and acuity can change 

over time. A key component in the 

education on phakic IOLs is that the 

procedure is reversible and preserves 

more options for treatment in the 

future, as required.

All of the experts o�ered educational 

materials and consultation time 

with support sta� to candidates to 

help them make informed decisions. 

Awareness of non-LASIK procedures 

is an important consideration.  

Dr. Nikpoor observed that when 

some people are initially told that 

they are not suitable for LASIK, they 

assume they have no other options. 
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The role of ICL in 

correcting myopia – ‘take 

home’ thoughts from the 

expert group

The expert group agreed that, in 

order to help people across the 

spectrum of myopia and cornea 

health, ICL should be in a physician’s 

toolkit – it ‘completes the refractive 

correction o�ering’.

As with all procedures, the ‘pros 

and cons’ must be balanced and 

discussed with the candidate. The 

procedure will usually have ‘life 

changing’ benefits for those with 

severe myopia, but the benefits in 

someone with moderate myopia 

must be aligned 

with their 

expectations 

and 

communication 

is essential in 

these decisions.

The experts 

o�ered 

reassurance 

to physicians who might consider 

ICL procedures as complicated, 

especially compared with laser-based 

refractive correction. It was noted 

that the procedure was more suited 

to experienced practitioners, but 

ultimately ‘no more complicated than 

LASIK’. Following 

guidelines 

on candidate 

selection and 

qualification, 

taking accurate 

manifest 

refraction 

measurements 

and care in 

choosing a lens 

size were identified as the critical 

steps in achieving a successful 

outcome.

“ICL surgery is not di�cult, 

but it requires excellence 

at every stage for it to be 

the greatest success.”

— Dr. Robert Ang (Philippines)

A – Question: On a scale of 1 to 10, how would you rate the importance of understanding 

patient expectations in the decision-making process for phakic IOLs? (1 being low, 10 

being high)

B – Question: On a scale of 1 to 10, how important are ideal patient communications to 

maximizing satisfaction with a phakic IOL patient? (1 being low, 10 being high)

Average: 8

High: 10

Low: 1

Average: .18

High: 10

Low: 6
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IOL, intraocular lens.

Figure 9. There was consensus that both (A) and understanding 

of candidate expectations, and (B) e�ective communication with 

candidates were important in obtaining satisfactory results from 

the procedure.
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