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Purpose: To determine the risk factors and incidence of cataract formation over a long-term mean follow-up of 7.5 years after
type V4 implantable collamer lens (ICL) implantation.

Methods: We analyzed the preoperative, 3-month postoperative, 3-year postoperative, and last follow-up data of 228 eyes (118
patients) with mean preoperative spherical equivalent of -12.7 D and minimum postoperative follow-up of 3 years. Additionally,
we determined the risk factors for cataract formation and calculated the 10.3 year cumulative cataract formation rate and 10.3
year cumulative cataract surgery rate using a survival curve.

Results: After type V4 ICL implantation with minimum follow-up of 3 years, the calculated 10.3 year cumulative cataract for-
mation rate was 20% and actual cataracts developed in 34 eyes (14.9%). The 10.3 year cumulative cataract surgery rate was
12% based on a survival curve and actual cataract surgery was performed in 12 eyes (5.3%). The risk factors for cataract for-
mation were age (odds ratio [OR] = 1.10, p=0.00), preoperative spherical equivalent (OR = 0.90, p = 0.00), crystalline lens thick-
ness (OR = 9.54, p=0.00), axial length (OR = 1.33, p=0.00), 3 months postoperative vault (OR = 0.50, p = 0.03), and existence
of peripheral touch between ICL optic margin and crystalline lens at last follow-up (OR = 7.84, p = 0.00).

Conclusions: We suggest one of the main risk factors for cataract formation after ICL implantation is decreased central vault and
peripheral touch between ICL optic margin and crystalline lens.
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Table 1. Preoperative patient demographics

Parameter Value Range
Age (years) 31.0 + 8.3 19~54
Sex and eyes (n)

Male/eyes 31/60

Female/eyes 87/168
Follw up (years) 75+ 19 3~10.3
SE (diopters) -12.7 + 4.4 -4.6~-28.3
IOP (mm Hg) 15.1 £ 3.0 9~23
LT (mm) 3.74 £ 0.29 3.20~4.54
ACD (mm) 3.15 £ 0.29 2.8~4.36
AXL (mm) 28.09 + 1.88 24.52~33.54
WWD (mm) 11.6 + 0.39 10.8~13.0
CCT (um) 529 + 34 449 ~610
Mean BCVA 0.96 + 0.35 0.15~1.5
Mean UCVA 0.03 + 0.05 0.01~0.4

Values are presented as mean + SD unless otherwise indicated.
Age = age at implantable collamer lens implantation; SE =
spherical equivalent; IOP = intraocular pressure; LT = crystalline
lens thickness; ACD = anterior chamber depth; AXL = axial
length; WWD = white to white diameter measured with caliper;
CCT = central corneal thickness; BCVA = best corrected visual
acuity; UCVA = uncorrected visual acuity.

Table 2. Time to develop initial late onset cataract’

Time to initial cataract
Range (years)

(years)
Group A (n = 13) 2.6 +2.0 0.34.5
Group B (n = 21) 47 + 1.3 0.9-9.1

Values are presented as mean + SD unless otherwise indicated.
*p = 0.00.
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Table 3. Patterns of cataract after ICL implantation (number of eyes)

ASCOonly PSCOonly NSonly ASCO +PSCO ASCO + NS ASCO +NS + PSCO NS + PSCO Total
Group A 4 0 1 6 1 1 0 13
Group B 10 4 0 6 0 0 1 21

ICL = implantable collamer lens; ASCO = anterior subcapsular opacity; PSCO = posterior subcapsular opacity; NS = nuclear sclerosis.

Table 4. Touch between ICL optic periphery and crystalline lens at last follow up*

Group A (n = 13)

Group B (n = 21)

Group C (n = 194)

No. of eyes (%) 6 (46)

2 (10 40

ICL = implantable collamer lens.
*p = 0.00. Based on Chi-square test.
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Figure 1. Superior or inferior peripheral crystalline lenticular
touch by superior or inferior periphery of implantable collamer
lens (ICL). (A) The arrows indicate the superior or inferior pe-
riphery of ICL is not touching the crystalline lens and there is no
cataract formation. (B) It shows visually significant anterior
subcapsular opacity. (C) The same eye with (B) shows the supe-
rior periphery of ICL is touching the crystalline lens (arrow).

Table 5. Risk factors for cataract formation after ICL implantation by univariate Cox’s propotional hazards

Parameter Group A + B (34 eyes) Group C (194 eyes) OR (95% CI) s
(Cataract group) (No cataract group)
Age (years) 38.0 +£ 8.3 298 £ 7.6 1.10 (1.06-1.14) 0.00
Preoperative SE (diopters) -152 £ 4.6 -12.2 £ 42 0.90 (0.84-0.96) 0.00
Preoperative LT (mm) 3.92 + 0.36 3.71 + 0.26 9.54 (3.19-28.51) 0.00
Preoperative AXL (mm) 29.2 + 1.70 279 + 1.84 1.33 (1.13-1.57) 0.00
Vault 3m (CCT) 1.3+ 0.6 1.5 +0.7 0.50 (0.27-0.94) 0.03
(range 0-3.0) (range 0.3-4.0)
Last peripheral touch” (eyes) 8/34 24%) 4/194 2%) 7.84 (3.53-17.39) 0.00

Values are presented as mean + SD unless otherwise indicated.

ICL = implantable collamer lens; OR = odds ratio; CI = confidence interval; Age = age at ICL implantation; SE = spherical equivalent; LT
= crystalline lens thickness; AXL = axial length of eye; Vault 3m = vault 3 months after ICL implantation; CCT = central corneal thickness.
“Existence of peripheral touch between ICL optic margin and crystalline lens at last follow up.
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Table 6. Comparison of crystalline lens thickness between cataract group and no cataract group*

Group A + B (Cataract group) Group C (No cataract group)
Preoperative LT >4 mm (eyes) 13 (38) 23 (12)
Preoperative LT <4 mm (eyes) 21 (62) 171 (88)
Total 34 (100) 194 (100)

Values are presented as n (%).
LT = crystalline lens thickness.
“p = 0.00. Based on Chi-square test

Table 7. Comparison of age between cataract group and no cataract group in eyes with thick crystalline lens”

Group A + B Group C
(Cataract group) (No cataract group)
Preoperative LT >4 mm, Age <35 (eyes) 2 (15) 11 (48)
Preoperative LT >4 mm, Age >35 (eyes) 11 (85) 12 (52)
Total 13 (100) 23 (100)

Values are presented as n (%).
LT = crystalline lens thickness.
*p = 0.05. Based on Fisher’s exact test.

Table §. Risk factors for clinically significant cataract formation by univariate Cox’s propotional hazards

Parameter Group A (13 eyes) Group B (21 eyes) OR (95% CI) p-value
Vault 3mo (CCT) 0.9 + 0.3 (range 0.4-1.3) 1.5 + 0.7 (range 0-3.0) 0.29 (0.11-0.75) 0.01
Last peripheral touch” (eyes) 6/13 (46%) 2/21 (10%) 4.19 (1.27-13.79) 0.02

Values are presented as mean + SD unless otherwise indicated.

OR = odds ratio; CI = confidence interval; Vault 3mo = vault 3 months after implantable collamer lens (ICL) implantation; CCT = central
corneal thickness.

“Existence of peripheral touch between ICL optic margin and crystalline lens at last follow up.

o7k 1 mm F7F5 1.33u] F7L & 5 371EA o]

vault7} 1 CCT Z7Fat=2 0.54)] 72, opx|ah Aujakzt A] h

ICLY} =7 A19] F=RF HFo] e A¢ 1394 &2 4 os]

ST 7.8u)7F S S-S Qu|Rith ASR BubS Rt _

23 C9) il S A $4A FAZL 4 mmE W § o

NS AT BT P P 3G F BACGKHOIAT C g

2 1949k % 239K(12%)0]QIthTable 6). 12T AR BE &

= T 2 CH v s A A FATE 4

mmE i FAE 5 354 ofskel Fae] u &L AR} 7

B2 3 ol A= 13¢F F 2QK(15%)01 %L Col A= o]

239t 2= 119K48%)°] 2 tHTable 7). ¢ 1 2 3 4 5 & 7 & & 1 1
3 o] A SAlE & AR R {oRt Time to opacily (years)

W] Hhgo] GRS 2l oz} ool 7] 98 A7} B Figure 2. Life table for cataract formation after implantable

1 0, e o SR B 5 9. (I ()t The st

HEA 9] S vault (OR=0.29, p=0.01), wpA|a} ezt plantation were regarded as “censored” in this survival curve.

Al ICLY =74 9] S5 H5(OR=4.19, p=0.02)°] 9I¥

AARZ BHRIE YU tH(Table 8). of= WU WAYLoA = ok o] e gHEo] 4192 Utk lS = 9

2 37HEA S vault7h 1 CCT S71Hd5 2= /9 ] gtch

oF o] vhyeh ghEo] 0.29u = fhaxshgl o, npAjup Fig. 2= AP ate] whg s dha o) EitAs o

7 Al ICL gehi Bl =749 o] SISl Bl Zlog 10339 3 YHES 20%%oH, oA

57 29A 2 AeET AR R AR SS Zh odetel Ak 7k Ao & LS 3



- Oigtotutets| x| 20158 Xl 56 H K 6 S -

B3 A0 10319 A4 WU By B AT B
T2 YHA 342A(149%0l ek Fig 3 ICL A% F
A7l ket MU g W) b Tl dhel A
R L CERUEE R CREC
=2 O

= A

Fl

12%%0m 10.3d7F AR Wil <
A= AT 139 3 122K5.3%) 0] Tk
Table 9% AZF3Tho] W2 7} g0l M o] FRUARG S
2], USIAIE, vaultE YEPH B2 A, B, C2 FolA A
o] Aol wah 4 T 2rHT FEHOR FAR
vault7} 7”\6‘]—"7 TFHAZYSH7F ZAHYE RoH

sxtgomy Yuurel 22 A R 3%,
g 20t0] QI9LOr] ICL £ 29k 44 50]
4 WS 2970] UgItTable 10). ICL @A 19

o]
T e

(83%)°1A AN
ko] HHIOTE 60F |

1 %J#E‘; O yault=2 QI3
Falolgz algt AJg A} 5

ha

L

) T

087

0.4+

Survival function

T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 1"

Time to cataract surgery (years)

Figure 3. Life table for cataract surgery after implantable col-
lamer lens (ICL) implantation. The moments when the patients
in group A underwent cataract surgery were regarded as
“censored” in this survival curve.

Mo

YA AL ICL (Toric ICL, TICL)29] mA| 29k =
vault2 QIS ICLY} zZhahfja]ete] H 19k &2 vault=
Q13F Wz o] 5¢to] ¢l tHTable 11).

-

L.

TG ICLO| 2= BIefe| Fohiel A A2 o]
oA lor] FHR7L 53 FSHLE ZHA AL Qi) -6D
olge] A ICLE T4 FA= 0.11 mm= L3}
o HEE7 S71E s = SRl SAVE AN
TR o]ojA ekt LETA A W] Ao
el HaE o] o]gq & NS, PSCO7} Hi1Eo] Q=
H ICL AP 4 W2 Sl A= ASCO7} Bk AR
o] o2 AollAl aﬁiME}.l’” MHT 0 1910 = ICLat 4

Table 10. Adverse events after ICL implantation

Adverse event No. of eyes
Retinal detachment 2(0.9)
Myopic CNV 3(1.3)
Pigment dispersion glaucoma 2(0.9
Turbid ICL 2 (0.9)
Immediate postoperative sterile hypopyon 2 (0.9)
Total 11 (4.8)

Values are presented as n (%).
ICL = implantable collamer lens; CNV = choroidal neovascularization.

Table 11. Causes of ICL exchange

Causes of ICL exchange No. of eyes
Low vault with cataract formation risk 6 (2.6)
Decenteraion with decreased visual acuity 5@2.1)
Exchange to TICL 2 (0.9
Iris-corneal endothelium touch due to high vault 10.4)
Halo due to high vault 5@2.1)
Total 19 (8.3)

Values are presented as n (%).
ICL = implantable collamer lens; TICL = toric implantable
collamer lens.

Table 9. Changes of postoperative values over time after ICL implantation

3 months 3 years Last follow up p-value

Group A SE (diopters) -1.3+£1.7 2.7+1.7 3.3 +£2.7 0.045
(n =13) UCVA 0.67 + 0.32 0.52 + 0.26 0.46 + 0.35 0.151
Vault (CCT) 0.92 + 0.29 0.83 + 0.47 0.71 + 0.40 0.017

Group B SE (diopters) -1.3+0.9 -1.9+1.3 22+1.5 0.000
(n =21 UCVA 0.77 + 0.32 0.72 + 0.29 0.65 + 0.33 0.157
Vault (CCT) 1.48 +0.70 1.48 +0.89 1.17 + 0.85 0.001

Group C SE (diopters) -09 + 1.0 -1.3+1.1 -1.6 £ 1.4 0.000
(n = 194) UCVA 0.89 + 0.33 0.84 + 0.31 0.80 + 0.33 0.000
Vault (CCT) 1.54 + 0.68 1.50 + 0.79 1.30 + 0.90 0.000

Values are presented as mean + SD unless otherwise indicated.

ICL = implantable collamer lens; SE = spherical equivalent ; UCVA = uncorrected visual acuity; CCT = central corneal thickness.
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