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Abstract 
Purpose: To compare efficacy, safety and stability of Femtosecond assisted LASIK and 
implantable collamer lens implantation in correction of high myopia. Methods: This study was non-
randomized comparative prospective consecutive interventional study. It included 74 eyes with 
high myopia (≥ -6 Ds) of 40 patients attended to the outpatient ophthalmic clinic of Sohag 
university hospitals from the period from Jan.2016 to Jan.2017. The patients were divided into 
two groups depending on: Degree of myopia, corneal thickness and corneal tomography. The 
first group (34 eyes) of 20 patients were subjected to implantable collamer lenses 
implantation and the second group (40 eyes) of 40 patients were subjected to femtosecond 
assisted LASIK. Results: Group one (ICL group) showed UCVA preoperative was (1.90±0.29) 
and UCVA postoperative was (0.27±0.21) with (p-value<0.000*). BCVA preoperative was 
(0.526±0.272) and that of BCVA postoperative was (0.217±0.128) with (p-value<0.001*), which 
means that BCVA postoperative was better than what was expected from the BCVA preo-
perative. Spherical error decreased from (-13.576±3.945) preoperative to (-0.0385±0.821) post-
operative with (p-value<0.000*).Cylindrical error preoperative was (-1.134±0.617) and postope-
rative was (-0.352±0.250) with (p-value<0.000*).Spherical equivalent preoperative was (-15.173± 
4.079) and that of postoperative was (-0.269±0.787) with (p-value<0.000*). Pachymetry preo-
perative was (518.153±22.981) and postoperative was (521± 22.304) with (p-value <0.140). 
Group two (Femtosecond assisted LASIK) UCVA preoperative was (1.42±0.27) and UCVA 
postoperative was (0.366±0.21) with (p-value<0.000*).There wasn�t significant difference between 
BCVA preoperative and postoperative. Spherical error preoperative was (-8.398±1.733) and post-
operative (-0.796±1.186) with (p-value<0.000*). Cylinder error mean value preoperative was (-
1.648±0.838) corrected to (-0.765±0.423) with (p-value< 0.005). Spherical equivalent preop-
erative was (-9.213±1.899) and that of postoperative is (-0.935±1.11) with (p-value<0.000*). 
Pachymetry preoperative was (535.111±26.33) and postoperative (419.88± 43.063) with (p-
value<0.000*). Conclusion: Both implantable collamer lens and Femtosecond assisted 
LASIK proved high efficacy and safety but implantable collamer lens showed more stability for 
high myopic patients. 
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1. Introduction 

Myopic eye bends the coming light 
too much, which means that the light 
comes to a focus point before it reaches 

the retina. When moving the target object 
closer to the eye, this changes the focu-
sing of the light and the object is then in 
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focus on the retina and therefore looks 
clear. Myopic can be classified into mild 
myopia includes powers up to -3.00 diopters 
(D), moderate myopia, values of -3.00 to 
-6.00D and high myopia is usually 
myopia over -6.00D [1]. Femtosecond (FS) 
laser is an infrared laser has a wavelength 
of 1053 nm. It works by production of 
photo disruption or photo ionization of 
the optically transparent tissue such as 
the cornea [1]. Phakic intraocular lenses 
(PIOLs) are alternative treatment for 
ametropia correction among various ref-
ractive ranges. Fast visual recovery, high 
efficacy, predictability and stability of 
visual quality, preservation of accomm-
odation, and reversibility are several adv-
antages that have been attributed to PIOL 
implantation [2]. The Visian Implantable 
Collamer Lens (ICL; STAAR Surgical 
Co, Monrovia, California) is approved 
by the United States Food and Drug 
Administration (FDA) for the treatment 
of moderate to high myopia. The trade-

name of lens material is Collamer, is a 
hydrophilic collagen-polymer combination 
with a water content of 34% and a refra-
ctive index of 1.45 [3]. Although the 
ICL offers outstanding advantages, there 
have been reports in the literature of pos-
toperative complications associated with 
high and low vaults of the ICL over the 
crystalline lens. Low vault leads to mech-
anical contact with the crystalline lens or 
inadequate circulation of the aqueous, 
which is responsible for a high incidence 
of anterior capsular opacification and 
cataract formation [4,5]. Conversely, mar-
ked high vault of the lens causes mechan-
ical contact between the ICL and the iris, 
resulting in inflammation, high intraocular 
pressure, angle-closure glaucoma and 
pigment dispersion syndrome [6]. Aim 
of the work is to compare efficacy, safety 
and stability of Femtosecond assisted 
LASIK and implantable collamer lens 
implantation in correction of high myopia. 

 
2. Patients and methods 

Forty individuals (34 eyes) subjected 
to implantable collamer lens implant-
tation surgery and (40 eyes) subjected 
to femtosecond assisted Lasik surgery , 
aged 27-33 years who attended to the 
outpatient ophthalmic clinic of Sohag 
university hospitals from the period 
from Jan.2016 to Jan.2017.Group one 
(ICL) had Spherical refractive errors mean 
value -13.576D(±3.945) with astigmatism 
-1.134 D(±0.617). The patients were 
with clear intraocular media and had no 
ocular pathology. Group two (Femto 
second assisted Lasik) had Spherical 
refractive errors mean value -8.398(±1.733) 
with astigmatism -1.648(±0.838). The 
patients were with clear intraocular 
media and no had no ocular pathology. 
The tenets of the declaration of Helsinki 
were followed. Informed consent was 
obtained from each participant after 
verbal and written explanations of the 
nature and possible consequences of the 
study were provided .The study protocol 
received institutional review board appr-

oval. The Visian ICL is a plate-haptic 
single-piece intraocular lens, which is a 
flexible. It is folded and implanted in 
the posterior chamber via a 2.8-3.2 mm 
corneal incision. It has a high degree of 
biocompatibility, permeability of gases and 
metabolites, and absorption of ultraviolet 
radiation. In this study, the ICL V4c lens 
designs phakic IOL were used.  The ICL 
V4c has a width of a 6.00 mm and is 
found in four sizes (12.1, 12.6, 13.2 and 
13.7 mm in length). It has an optic zone 
diameter is 4.9-5.8 mm, with a spherical 
power of - 0.50  up to - 18.00 DS and a 
cylindrical power range of +0.50 up to 
+6.00 DC. ICL power were calculated 
by the manufacturer (STAAR Surgical) 
using a modified vertex formula. The 
variables in the formula included preop-
erative manifest spherical and cycloplegic 
refractions, keratometric power, central 
corneal thickness and central anterior 
chamber depth (ACD, Pentacam, measured 
from the corneal endothelium to the 
anterior lens). The size (length) of the 
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implanted ICL was determined based 
on the patient�s WTW and ACD.  For 
the ICL V4c, the sizes (lengths) of 12.1, 
12.6, 13.2 and 13.7 mm were equal to 
the ICL V4 sizes (lengths) of 11.5, 12.0, 
12.5 and 13.0 mm, respectively [7]. ICL 
Surgical Procedure, on the day of surgery, 
patients apply dilating and cycloplegic 
agents, after which an anesthetic is applied 
to the operative eye. After placement of 
viscoelastic into the anterior chamber, 
ICL insertion through a small 3-mm 
clear corneal incision. The lens was 
injected through the incision into the 
anterior chamber (STAAR Micro STAAR 
injector) and is allowed to slowly unfold. 
Distal and proximal footplates are 
tucked under the iris with a modified 
intraocular spatula. The ICL is positioned 
correctly in the center of the pupillary 
zone before intraocular miotic is used to 
decrease pupil size. Any remaining vis-
coelastic is scrupulously irrigated out of 
the anterior chamber with balanced salt 
solution (BSS) [8], fig. (1). Flap creation 
using (FS), the suction ring is centered 
over the pupil and suction is applied once 
the proper centration of the ring has 
been ensured. The docking procedure is 
then initiated while the suction ring is 
kept parallel to the eye. An applanating 
glass contact lens is used to stabilize the 
globe and to flatten the cornea. It is 
important to achieve complete applanation 
of the cornea to avoid an incomplete 
flap or other flap related complications. 
Once the laser�s computer has confirmed 
centration, the surgeon administers the FS 
laser treatment. Each pulse of the laser ene- 

rates free electrons and ionized mole-
cules leading to formation of micr-
oscopic gas bubbles dissipating into 
surrounding tissue. Multiple pulses are 
applied next to each other to create a 
cleavage plane and ultimately the LASIK 
flap. Suction is then released. A spatula 
is passed across the flap starting from 
the hinge and sweeping inferiorly to lift 
the flap for starting Excimer laser 
ablation [9-12]. Efficacy by definition is 
the percentage of eyes with uncorrected 
visual acuity (UCVA) of 20/20 and 
20/40 (2) Efficacy index, which is the 
ratio of the mean postoperative UCVA 
to the mean preoperative BCVA (i.e. mean 
postop. UCVA/mean preop. BCVA). 
(This is most easily calculated by conv-
erting the values of geometric mean 
acuities to decimal values) This measure is 
particularly useful in describing outcomes 
of high myopia when the preoperative 
BCVA is worse than 20/20 [13]. Safety 
can be defined as number and percentage 
of eyes losing two or more lines of best 
spectacle corrected visual acuity BCVA. 
(2) Safety index, which is the ratio of 
mean BCVA over mean preop. BCVA 
(i.e. Mean postop. BCVA/ mean preop. 
BCVA) this is most easily calculated by 
converting the values of geometric 
mean acuities to decimal values [13]. 
Stability is the number and percentage 
of eyes with a change of spherical equi-
valent of manifest refraction ≥ 1.00 D 
within a specified interval, the recomm-
ended minimal interval is 6 months [13]. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (1) Shows pre and post ICL implantation 
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3. Statistical analysis 
Statistical analysis was performed 

using SPSS version 16 (IBM, USA). An 
independent samples t-test was used to 
compare mean values of measured para-

meters.  Pearson's correlation coefficient 
was used to evaluate the correlation bet-
ween quantitative variables. 

 
4. Results 

Group one (ICL) showed UCVA 
preoperative was (1.90±0.29) and UCVA 
postoperative was (0.27±0.21) with (p-
value <0.000*). BCVA preoperative was 
(0.526±0.272) and that of BCVA pos-
toperative was (0.217±0.128) with (p-
value <0.001*), which means that BCVA 
postoperative was better than what was 
expected from the BCVA preoperative. 
Spherical error decreased from (-13.576± 
3.945) preoperative to (-0.0385±0.821) 
postoperative with (p-value <0.000*). Cyli-
ndrical error preoperative was (-1.134± 
0.617) and postoperative was (-0.352± 
0.250) with (p-value <0.000*).Spherical 
equivalent preoperative was (-15.173± 
4.079) and that of postoperative was (-
0.269±0.787) with (p-value <0.000*). 
Pachymetry preoperative was (518.153± 
22.981) and postoperative was (521± 
22.304) with (p-value <0.140). Group two 
(Femtosecond assisted Lasik) showed 
UCVA preoperative was (1.42±0.27) and 
UCVA postoperative was (0.366±0.21) 
with (p-value <0.000*). There wasn�t 
significant difference between BCVA 
preoperative and postoperative. Spherical 
error preoperative was (-8.398±1.733) 
and postoperative (-0.796±1.186) with 
(p-value<0.000*). Cylinder error mean 
value preoperative was (-1.648±0.838) 
corrected to (-0.765±0.423) with (p-
value< 0.005).Spherical equivalent preo-
perative was (-9.213±1.899) and that of 
postoperative is (-0.935±1.11) with (p-
value <0.000*). Pachymetry preoperative 

 was (535.111±26.33) and postoperative 
(419.88±43.063) with (p-value <0.000*). 
There wasn�t significant difference in 
UCVA, BCVA, spherical error, cylindrical 
error or spherical equivalent preoperatively 
between both groups. There wasn�t signi-
ficant difference in UCVA and BCVA in 
both groups.  Spherical error in group1 
(0.321±0.590) and group2 (-0.75±0.31) 
with (p-value <0.001*). Cylindrical error 
in group1 (-0.392±0.318) and in group2 
(-0.750±0.204) with (p-value <0.00*). 
Spherical equivalent mean value of group1 
(0.0000±0.433), in group2 (-1.392±0.748) 
(p-value <0.001*). There wasn�t significant 
difference in pachymetry in group1 pre 
and postoperative while there was sign-
ificant difference in pachymetry of group 
2 comparing pre and postoperative data. 
There was significant difference in pach-
ymetry postoperative in between both 
groups with (521±22.304) for group1 
and (419.88±43.1) with (p-value <0.00*). 
However, although there is significant 
difference in pachymetry postoperative 
between both groups due to central ablation 
in group 2, but still the average pachy-
metric reading above 400um which is 
attributed to the use of the corneal thick-
ness saving technique (Femto second 
assisted LASIK technique), tab. (1). 
Regarding complications in this study, 
it can be divided into intraoperative and 
postoperative complications for both gro-
ups, tab. (2). 

 

Table (1) Postoperative results for both procedures 

 Group 1 (ICL) (n=34) 
Group 2 (Femto LASIK) 

(n=40) 
P-value 

UCVA 0.27(±0.21) 0.366(±0.21) 0.309 

BCVA 0.217(±0.128) 0.32(±0.21) 0.057 

Spherical error -0.038(±0.821) -0.79(±1.18) 0.099 
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Cylindrical error -0.352(0.250) -0.765(±0.42) 0.002* 

Spherical equivalent -0.269(±0.787) -0.935(±1.12) 0.138 

Pachymetry 521(±22.304) 419.88(±43.1) 0.00* 
 

Table (2) Intra and postoperative complications in the study 
------------------ Group 1 Group 2 
Intra operative - One eye ICL implanted upside down 

with partially torn haptic during 
manipulations for removal and 
reinsertion 

- Three eyes showed decentered abla-
tions detected during follow up, fig. 
(2) 

Postoperative - One eye developed cataract, fig. (3). 
- One eye developed postoperative iritis 

which can be attributed to the mani-
pulations made to remove and reinsert 
the lens intraoperative 

- Three eyes were steroid responders 
and IOP improved by cessation of 
steroids. 

- One eye showed DLK which was 
improved by steroids, fig. (4). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure (2) Shows decentered ablation 

 
 
 
 
 
 
 
 
 

 
 
 
 

Figure (3) Shows complicated anterior sub capsular cataract 
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Figure (4) Shows postoperative DLK 
 
Table (3) Postoperative efficacy and safety of both groups 

---------------------------- Group one(ICL) 
(n=34) 

Group two (Femtosecond Lasik) 
(n=40) 

Efficacy 0.95 1.01 
Safety 1.9 0.98 

 

 
 
 
 
 
 
 
 
 
 

 

Figure (5) Shows both groups showed high efficacy, but Group1 showed more safety (Group1 showed 
100 % stability while group 2 showed 71.4%, as shown in the below graph) 

 
 
 
 
 
 
 
 
 
 
 
 

Figure (6) Shows graph showing difference in stability between both groups 
 
5. Discussion 

The aim of this study was to 
evaluate the visual outcomes of femtosec-
ond LASIK in comparison with implantable 
collamer lenses for correction of high 

myopia regarding visual acuity, efficacy, 
safety and stability. The patients were 
divided into two groups. The first group 
was subjected to implantable collamer 
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lenses implantation and the second group 
subjected to femtosecond assisted LASIK. 
Excimer laser surgeries proved effectiv-
eness for myopia correction, but they have 
complications such as myopic regression 
and ectasia which were reported in eyes 
with high myopia [14,15]. It is proved 
that Phakic IOL implantation has predict-
ability in correction of high myopia [16, 
17]. Implantation of PIOL can induce 
complications such as cataract, lens disl-
ocation and elevation of intraocular press-
ure. Therefore, assessing visual and out-
comes of PIOL is helpful when selecting 
the more appropriate, safe, stable and 
effective procedure to correct high myopia, 
especially when the patients have an over-
lapping range of both procedures [18]. 
This study showed excellent refractive 
and visual outcomes with both used 
procedures of ICL implantation and 
Femtosecond assisted LASIK. The study 
showed that with a pupillary diameter 
3-mm, VA values are improved in 
100% of cases which can be up to (0.1 
logMAR or more) after 6 months follow 
up (p<0.000*). There is agreement between 
our results and results of Paul and 
Taylor who studied refractive outcomes 
and safety of the implantable collamer 
lens in young low to moderate myopes. 
Their study was retrospective study perf-
ormed by chart review of (104 eyes) 
with 50 months follow up period [19]. 
The results of group two (Femtosecond 
assisted LASIK group) from the visual 
quality point of view with a pupillary 
diameter 4-mm, VA values improved in 
100% of cases which is up to (0 .1 logMAR 
or more) after 6 months follow up, 
evaluated (p<0.00*). This result is consi-
stent with that of Cari Perez-Vives et al 
[20]. Both groups showed high efficacy 
and safety, but group one (ICL) showed 
more stability during the follow up 
period than group two (Femtosecond 
Lasik), figs.(5 & 6), tab. (3). These 
finding were consistent with that of Xun 
Chen et, al. who studied contralateral eye 
comparison of the long-term visual quality 
and stability between implantable collamer 
lens and laser refractive surgery for myo-
pia. Their study conducted on 52 eyes of 

26 high-myopia anisometropia patients 
who were suitable for surgical treatment. 
In each patient, the higher-myopia eye 
was implanted with ICL and the lower -
myopia eye was treated with LRS. The 
patients were followed for 3 years [21]. 
Regarding intraoperative compli-
cations of Group 1 are one eye ICL 
implanted upside down with partially 
torn haptic during manipulations for 
removal and reinsertion. It is a rare 
complication of ICL implantation which 
is mentioned by Amar Agarwal and 
Kumar, who studied Visco-cannula 
assists in rein version of phakic lens 
[22], and that of Group 2 are three eyes 
showed decentered ablations detected 
during follow up. This complication is 
stated by Hiroko Biessen-Miyajima, a book 
of cataract and refractive surgery [23]. 
Postoperative complications of Group1 
are one eye developed cataract. This comp-
lications is also mentioned by Seyed 
Javad Hashemian, MD, et al studied the 
outcomes and complications of ICL and 
toric ICL for the correction of high 
myopia with and without astigmatism, 
whose study involved 95 eyes and 
followed up for one year [24]. One eye 
developed postoperative iritis which can 
be attributed to the manipulations made 
to remove and reinsert the lens intraop-
erative. Three eyes were steroid responders 
and IOP improved by cessation of steroids. 
This complication is encountered by Sirish 
Senthil, et al. who studied etiology and 
management of raised intraocular pressure 
following posterior chamber phakic 
intraocular lens implantation in myopic 
eyes. They studied 638 eyes between 2009 
and 2015 [25]. Postoperative complication 
of Group 2 is one eye showed DLK 
which was improved by steroids. This 
complication was encountered by Ayad A. 
Farjo, MD, et al. who studied femtosecond 
lasers for LASIK flap creation, a report 
by the American academy of ophthalmo- 
ology [26]. In conclusion both Impla-
ntable collamer lens implantation and 
femtosecond assisted Lasik for high 
myopia proved high efficacy and safety 
but ICL showed more stability during 
the follow up period. 
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6. Conclusion 
Both implantable collamer lens and Femtosecond assisted LASIK proved high efficacy and 
safety but implantable collamer lens showed more stability for high myopic patients 
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