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R E P O R T

The posterior chamber phakic intraocular lens 
(pIOL) has revolutionized treatment of patients 
with myopia who are not candidates for laser re-

fractive surgery. Currently, the only posterior chamber 
pIOL approved by the U.S. Food and Drug Adminis-
tration is the Visian Implantable Collamer Lens (ICL; 
STAAR Surgical).1 The ICL’s advantages include faster 
visual recovery, high efficacy and visual stability, and 
reversibility.2 However, the ICL is associated with com-
plications that warrant explantation or exchange in less 
than 4% of patients.3 Improper sizing with consequent 
extreme vaulting is the main cause of explantation, ac-
counting for 68% to 78%. Secondary cataract is the 
second most common reason for explantation (12% to 
13%).4 We present herein a case of bilateral ICL with 
extremely low vault who was followed up over a period 
of 9 years and in whom no cataract was detected.

This case report shows that even though low ICL 
vault is a risk factor for cataract development, with-
holding surgical intervention should be considered 
depending on the patient’s age, characteristics, and 
compliance with close follow-up.

CASE REPORT
A 56-year-old healthy White woman presented to 

our refractive surgery department in September 2013. 
Her corrected distance visual acuity was 20/20 with 
-8.75 (-3.50 × 20°) and -7.75 (-2.00 × 160°) in the right 
and left eyes, respectively. Ophthalmological exami-
nation of the anterior and posterior segments was 
within normal limits; notably there was no significant 
cataract and iridocorneal angle was open 360° (Shaffer 
grade 4). The Optical Quality Analysis System (OQAS) 
(Visiometrics SL) showed an Objective Scatter Index 
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(OSI) score of 1.5 bilaterally. Our patient was not a 
good candidate for laser in situ keratomileusis because 
corneal topography of her left eye revealed moderate 
ectasia risk (Figure 1). We discussed therapeutic alter-
natives with the patient, in particular the benefits and 
risks of ICL implantation and the risk of postoperative 
cataract and residual astigmatism, and she opted for 
bilateral ICL implantation. 

The patient underwent uneventful bilateral ICL im-
plantation. Postoperative ICL vaulting was 10 and 8 µm 
in the right and left eyes, respectively (Figure 2). On re-
evaluation, unexpected low vaulting was not related to 
any error in sizing calculations. Because our patient was 
already at higher risk of developing cataract even without 
ICL implantation due to her age, and because no direct 
contact between the ICL and anterior capsule was noted, 
we decided to observe and withhold ICL exchange or ex-
plantation if her lens remained clear. At 1 month postop-
eratively, the patient had a refraction of -0.25 -1.75 × 45° 
and +0.50 -0.25 × 140° in the right and left eyes, respec-

tively, and persistent low ICL vault with otherwise nor-
mal examination and satisfactory visual acuity. Bilateral 
uncomplicated low ICL vaulting remained stable over 
time. Further laser fine tuning of the right non-dominant 
eye to achieve monovision was done. 

Table 1 summarizes the refraction, visual acuity, 
air-puff tonometry, and OQAS score over the follow-
up period. At 1 month after photorefractive keratec-
tomy, bin- ocular uncorrected visual acuity was 20/20 
for distance and near vision, and her right and left eye 
refraction were -1.75 (-0.75 × 140°) and +0.25 (-0.50 × 
155°), respectively. We followed up the patient post-
operatively at 1, 3, 6, 12, and 18 months, and then 
yearly for 9 years. No clinically significant cataract 
developed and OSI scores fluctuated between 1.5 and 
2.6 over the follow-up period (Figure 3). At the last 
follow-up visit in June 2022, the patient was 65 years 
old and her ophthalmological examination was within 
normal limits: uncorrected distance and near visual 
acuity of 20/20, normal intraocular pressure and open 

Figure 1. Preoperative corneal topography of the right (OD) and left (OS) eyes using the Orbscan corneal topography system (Bausch & Lomb) 
precluding laser in situ keratomileusis for the correction of the high ametropia of the patient: anterior curvature showing asymmetric bowtie/ 
inferior steep with skewed radial axis in the left eye and loss of corneal enantiomorphism.

Figure 2. Postoperative anterior segment optical coherence tomography of the (A) right and (B) left eyes showing implantable Collamer lens vault-
ing of 10 and 8 µm, respectively. No anterior subcapsular opacification is noted.
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angle, ICL with low vaulting of 8 to 12 µm, clear lens 
(Figure 4), and normal posterior segment. The patient 
was satisfied with her surgical result and postopera-
tive follow-up. She was thankful we withheld imme-
diate ICL explantation.

DISCUSSION
ICL implantation is now the best alternative for vi-

sion correction in patients with myopia who are not can-
didates for laser refractive surgery. However, in 4% of 
cases, complications may occur and may require ICL ex-

TABLE 1
Vision, Refraction, ICL Details, Biometry Parameters, ICL Vaulting,  

Endothelial Cell Counts, and OQAS Score at Each Visit
Parameter Right Eye Left Eye
Pre-ICL

UDVA CF 2 m CF 2 m
CDVA 20/20 20/20 
CNVA P2 P2
Refraction - 8.75 (-3.50 × 20°) -7.75 (-2.00 × 160°) 
ACD (mm), Orbscan II 2.72 2.66
WTW diameter (mm) 11.6 11.6
AL (mm). IOLMaster 27.27 26.43
IOP (mm Hg) 15 16
OSI score 2.6 1.5

ICL details
Type Visian ICL; STAAR Surgical Visian ICL; STAAR Surgical
Optic diameter (mm) 5.5 5.5
Overall diameter (mm) 12.6 12.6
Power (D) -11.00/+3.50 -10.50/+2.00

Post ICL (4 weeks)
UDVA 20/20 20/20
CDVA 20/20 20/20
CNVA P2 P2
Refraction -0.25 (-1.75 × 5°) +0.50 (-0.25 × 140°)
ACD (mm), Orbscan II 2.95 2.92
ICL vaulting (µm) 10 8
IOP (mm Hg) 17 18
OSI score 2.6 1.1

Postop right eye PRK (1 month)
CDVA 20/20
Refraction -2.25 (-1.25 × 150°)
ICL vaulting (µm) 10
OSI score 2.6

Last follow-up (9 years after ICL)
Uncorrected binocular visual acuity 20/20 P2
CDVA 20/20 20/20
Refraction -1.75 (-0.75 × 140°) +0.25 (-0.50 × 155°)
ACD (mm), Orbscan II 2.55 2.43
ICL vaulting (µm) 9 8
IOP (mm Hg) 17 19
OSI score 2.3 2.3

ACD = anterior chamber depth; AL = axial length; CDVA = corrected distance visual acuity; CF = counting fingers; CNVA = corrected near visual acuity; D = diopters; 
ECD = endothelial cell density; ICL = implantable Collamer lens, IOP = intraocular pressure; OQAS = Optical Quality Analysis System; OSI = Objective Scatter Index; 
PRK = photorefractive keratectomy; UDVA = uncorrected distance visual acuity; WTW = white to white 
The IOLMaster is manufactured by Carl Zeiss Meditec AG, and the Orbscan is manufactured by Bausch & Lomb.
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plantation. The average age at ICL explantation reported 
in the literature varied between 34.5 and 66.3 years. Low 
vaulting is the most common cause of ICL explantation 
or exchange.5 It is usually not advisable to observe these 
otherwise healthy young patients who are seeking elec-
tive surgery. Therefore, it has been recommended in the 
past to remove any ICL with vaulting below 150 µm to 
prevent subsequent cataract,3 with anterior subcapsular 
cataract being the prevalent type, occurring in 83.3% of 
cases at 3.4 ± 1.9 years after ICL implantation.6 A low 
lens vault halts aqueous flow over the anterior capsule 

and impedes lens nutrition and metabolism, resulting in 
anterior subcapsular cataract development.

At the time of the surgery, our patient was 55 years 
old, but she had a clear lens, with an OSI score of 2.6 and 
1.5 in the right and left eyes, respectively. In fact, the OSI 
score is known to be higher in individuals with myopia 
and should be interpreted with caution.7 Although lower 
order aberrations are corrected by the OQAS, higher re-
fractive error is commonly associated with an increase in 
higher order aberrations and intraocular scattering, both 
altering the acquired retinal image. For this reason, we 

Figure 3. Graph showing double pass aber-
rometer results at different follow-up visits. 
Nine years of follow-up revealed almost 
stable Objective Scatter Index (OSI). One 
month postoperatively, bilateral transient 
increase in OSI score could be related to 
light diffraction by intraocular postoperative 
inflammation, which recovered completely. 
Further follow-up showed a return of the 
OSI score to its baseline. Therefore, no 
anatomical alteration responsible for light 
scatter and optical interference occurred 
during follow-up. OQAS = Optical Quality 
Analysis System

Figure 4. Nine years postoperatively (last follow-up visit). Slit-lamp examination of the (A) right and (B) left eyes showing very low implantable 
Collamer lens vaulting but no direct contact with lens and no subcapsular lens opacities. Anterior segment optical coherence tomography shows 
implantable Collamer lens vaulting of 8 and 12 µm in the (C) right and (D) left eye.
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consider OSI values of 1.5 and 2.6 with clinically clear 
lens likely attributable to high myopia. To keep her re-
sidual accommodative capacity and to protect her from 
higher risk of retinal detachment with clear lens extrac-
tion in comparison to ICL implantation, we opted for the 
latter to correct her myopia. 

Although preoperative ICL sizing calculations were 
done according to the manufacturer’s nomogram, 
postoperative ICL vaulting was low bilaterally (8 to 
10 µm). A meta-analysis proved that unexpected vault 
results are not related to the sizing methodology and 
are dictated by the interaction of the pIOL with the 
anatomy and physiology of the posterior chamber.8 
According to Trancón et al,9 20% of patients who fol-
low the V4c manufacturer’s nomogram fall outside the 
accepted vault range (< 250 µm and/or > 1,000 µm). 
We acknowledge that borderline anterior chamber 
depth in our patient may have altered the preoperative 
vault estimation, but there is no trend direction relat-
ing anterior chamber depth to postoperative vault, and 
low vault has been reported in anterior chamber depth 
ranging from 2.47 to 3.35 mm.10 With the advent of the 
EVO Viva Implantable Collamer Lens, it is also expect-
ed to have older surgical candidates with subsequent 
narrowing of the anterior chamber depth11 and preop-
erative recommendations should be revised.

Moreover, precise definitions for insufficient vault 
remain elusive. The lower limit of safe ICL vault re-
ported in the literature varied between 50 and 250 µm.9 
Gonvers et al12 reported that although a vault of 90 µm 
or less was a risk factor for anterior subcapsular cata-
ract, the majority of these eyes did not develop lens 
opacities. The ICL V4c has a 360-µm central hole that 
allows for the flow of aqueous humor centrally, thus 
reducing the risk of anterior capsular opacification. 
The U.S. Food and Drug Administration approved 
the safe range of the ICL as 250 to 1,000 µm based on 
the V4 model, prior to the release of the V4c model to 
which the Aquaport was added, and revision of these 
recommendations should be done in the future. 

Finally, our patient maintained stable ICL vaulting 
and OSI scores over the course of 9 years. Low early 
postoperative ICL vault generally remains stable over 
time and does not worsen with progressive increase of 
lens size, as opposed to a higher early postoperative 
vault that is usually associated with progressive re-
duction.10 A low increase in OSI scores over the course 
of 9 years without repercussion on visual acuity may 
be related to clinically insignificant age-related lens 
changes, especially because our patient maintained a 
20/20 visual acuity at her last follow-up visit, whereas 
anterior subcapsular cataract induced by ICL implan-
tation is known to affect visual acuity.6

To our knowledge, this case represents the longest 
follow-up of an extreme low vault following ICL im-
plantation. Low ICL vault is not a complication by it-
self, but it needs to be followed up. Withholding sur-
gical intervention may be considered depending on 
the patient’s age, characteristics, and compliance with 
close follow-up.
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