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Corneal Collagen Crosslinking in Progressive Keratoconus
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Department of Ophthalmology and Visual Science, College of Medicine, The Catholic University of Korea, Seoul, Korea

Purpose: To report the clinical efficacy and safety of progressive keratoconic eyes in Korean patients treated with accelerated
corneal cross-linking.

Methods: This retrospective study focused on progressive keratoconic eyes in Korean patients that underwent accelerated cor-
neal cross-linking from February 2015 to October 2015. Keratoconus was diagnosed in 45 eyes in 30 patients. After accelerated
corneal cross-linking with VibeX rapid solution, best corrected visual acuity, maximum keratometry, mean keratometry, corneal
thickness, corneal astigmatism, and endothelial cell count were measured at the preoperative visit and post operation 1 week,
1 month, 3 months, and 6 months.

Results: Best corrected visual acuity (log MAR) was 0.51 + 0.23 at pre operation and 0.51 + 0.26 at post operation 6 months,
showing no improvement. The maximum keratometry measured with Auto K, Pentacam, and Orbscan Il at pre operation was
49.11 +4.5 D, 48.37 + 3.31 D, and 48.98 + 4.88 D and changed to 49.29 + 4.34 D, 46.99 + 3.63 D, and 47.01 + 3.62 D post-
operatively, respectively. Only Pentacam and Orbscan II measurements showed a statistically significant decrease (p < 0.05).
Corneal thickness (at the thinnest area) was measured with Pentacam and Orbscan Il; pre-operative and post-operative 6 month
data showed changes from 485 + 26.27 and 479.24 + 27.89 to 471.64 + 27.12 and 472.52 + 25.36, respectively. Only the
Pentacam method resulted in a statistically significant decrease. Endothelial cell count was measured with confocal microscopy
and showed a statistically significant difference between pre-operative 2,857 + 390.49/mm? and post-operative 6 month 2,639.21
+ 249.92/mm’.

Conclusions: This 6-month follow-up study of Korean keratoconus patients who underwent accelerated corneal cross-linking in-
dicates that the method is effective in stabilizing the progression of keratoconus, according to maximum keratometry change.
With regard to endothelial cell count change, further long-term evaluation is required. Other than endothelial cell count change,
this procedure is expected to show long-term safety comparable to that of conventional corneal cross-linking.
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Table 1. Progression of keratoconus during preoperative 12
months in patients

Subject CDVA (log MAR) Kmax change Kmean change
ref. line change (D) (D)
1 2 2.5 1.8
2 2 2 1.4
3 2 1.5 1.5
4 2 2.5 1.8
5 4 1.6 1.4
6 2 1.3 1.2
7 2 1.2 1

8 3 1.4 1
9 2 2.5 1.5
10 2 2.2 1.9
11 2 2.7 1.7
12 2 1.7 1.2
13 3 7.5 1.5
14 2 2.7 1.3
15 2 1.2 1
16 2 1.5 1.0
17 2 2.2 1.9
18 2 1.6 1.4
19 3 1.3 1.2
20 2 1.1 1.8
21 2 1.5 1
22 2 1.4 2.1
23 2 1.4 1.2
24 2 1.7 1.4
25 2 1.5 1.6
26 2 1.6 1.6
27 2 1.7 14
28 2 2.2 1.5
29 2 2.3 1.3
30 3 1.6 1.5
31 4 1.5 14
32 2 1.6 1.3
33 2 1.2 1.6
34 2 1.2 1.5
35 2 1.5 1.8
36 2 1.5 1.3
37 2 1.2 0.8
38 2 1.6 0.9
39 3 1.7 1.1
40 2 1.7 0.5
41 2 1.2 1
42 2 2.9 1.1
43 2 1.6 1.3
44 2 1.8 1.1
45 2 1.2 1

CDVA = corrected distance visual acuity.

Ok 29 7](Oculus, Pentacam, Wetzler, Germany)2} z+H2t
A& Z=(Orbscanll, Bausch & Lomb, Salt Lake City, UT,
USA)E sdll S74sk3ith 34 Al 9 g §o) FA
7 AN Austden SE sold At BEES
s sk

1716

744 Zhat Sebil WAATEY AL Bt Ao,
71 ztak akn) A7) Fjgew AAEIT Qe Herek

0.5% (Alcaine; Alcon, Inc., Mississauga, Ontario, Canada)
2 b ok A% %, Zuh A A7) A 28 2t 5
Z A7 (Pachymeter-SP3000“, Tomey corporation, Tokyo,
Japan) = 375 pm o]4%e SReIstoitt. o]F ehlg zrut
2]g] ¥l7]7]94(Katena Products Inc., Denville, NJ, USA)E
ol g3le] ZBFANE FHOE AF 7.0 mmi2 2} 4]
E AASITE 1 e 2EZ2H1(0.1% solution VibeX;
Avedro Inc., Waltham, MA, USA)S 1524 28 71202
TSl - 1027 Fkelsith Al AHAklA A
Pfo] Mo Hold, Ziup 7@ o] 2l Eeiylo]
5] S Aow TSkl BE AlsolA] o=
Al W2FA3H7] 7] (Avedro Inc., Boston, MA, USA)S
o]-gsto] AelA AS ZhulgAl o] 30 mWem® R HA
EQlo g gRo7 B AZTHE B =& 7.2 Jem).

St Fol Zhupu} AT ) A Re e
£ zRgslal 7HEIERE AR Gatifloxacin, Handok, Seoul,
Korea)Z 315 43] #ol ZTHlE HeFeKFluorometholone,
Hanlim, Seoul, Korea) o} 43] Z<ot FAERA A Holok
0.05% (Cyclosporine, Allergan Korea, Seoul, Korea) 3} 2
5| ekshaict

=7+= SPSS 18.0 (IBM Corp., Armonk, NY, USA)2
olgalolt. 7t WAATE AW AT A s
7] Q3|4 Paired sample t-testS ARSI, ATgHS &
Wik £ BEUAR FF6ITE ARG Ay
T AP A 9] WHslEF H|wofl+= Independent samples #-test
£ o] 833t} p-value”} 0.05 HRtY wf FAFH 2 Folgh
AoR JAsG) o] As A4 1YSI(IRB) 9
5 dhotom, JAA7] AAE 545k A= AT

i

=hs

Hu ofe o A
1

iy

¢}
filo
19

2 at

B AT 4591277 99k, 187) ZhehS 3072] BAlollA
SEste] AaAskrk. AR BA(LA 179, ozt 13%)] B
T Yol 25.18 = 412490k 5% 649 F B Hejad
AlF-& 4 logMAR 0.51 + 0.239]|4] logMAR 0.51 + 0.26
(p=0.985)2.2 BHlo| glglom], BAHOR Sol5kA ot

. 5% 6709 = W UM B logMAR 0.36
02794 logMAR 0.33% 0.20 (p=0.715) 0.2 FAo| glglo.
o, EAHOR o5t UStThFig. 1),

s 619 F ozl aagie] BRgdss A5
AL ARG, AUAFES o] g5lo] ZAsiY

Z¥Z} 49.11 + 4.50D0]| 4] 49.29 + 4.34D (p=0.804), 48.37 +



331DoA] 46.99 + 3.63D (p=0.000), 48.98 + 4.88Doj 4]
47.01 + 3.62D (p=0.000)2 ALHLE 7], Z}u}x] o) A
Sol5HA) ﬂia—}om:]aable 2).
e A e &1 UHY, 370, e7Rde) Hdizey
Bt Z7re] Batghis) Fol= As= AL ek
2971, ARG ES o5t St A=A
9 49.11 + 451D, 49.44 + 547D, 49.18 + 5.04D,
49.27 + 4.68D, 49.29 + 434D BQIE|Qirh. Mok 2o
7] 4837 + 331D, 48.09 + 3.71D, 47.81 + 3.57D, 47.53
+4.17D, 46.99 + 3.63D2 B}QIE|Qirt. ZFulA| g Ei= 48.98
+ 4.88D, 4831 + 4.57D, 47.68 + 3.73D, 47.33 + 4.25D,
47.01 = 3.62DE RIF et AEZAAA Aol A9
+4& 671Y ¥ 0.18 + 3.58D9] F717} BRelE o 57
Ao 2 frofebA] Qotet vk AkRE G|t AP e

|

E)

1o b

0.6

051 _
04— - :
03-
02 =UDVA
: =CDVA
0.1+
O .

PreCXL 1week 1month 3 months 6 months

UDVA 0.36x0.27 0.25+0.26 0.27+0.23 0.29+0.24 0.33x0.20
CDVA 051+0.23 047+0.31 0.49+0.26 0.51+0.29 0.51+0.26

log MAR

Figure 1. Visual acuity changes in patients. The mean log MAR
+ standard deviation, uncorrected and corrected distance visual
acuity of patients with keratoconus with thin corneas before and
after the accelerated corneal collagen cross-linking. CXL = cor-
neal collagen cross-linking; UDVA = uncorrected distance vis-
ual acuity; CDVA = corrected distance visual acuity.
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Figure 2. Keratometric changes in patients. The mean + stand-
ard deviation of keratometric changes in Auto Kmax, Pentacam
Kmax, ORB scan Kmax before and 1 week, 1 month, 3 month,
and 6 months after the accelerated corneal collagen cross-link-
ing in patients with keratoconus with thin corneas. CXL = cor-
neal collagen cross-linking.

Table 2. Visual refractive and topographical parameters on preoperative assessment and at follow up (n = 45)

Mean before CXL Mean after CXL Difference p-value
CDVA (log MAR) 0.51 +0.23 0.51 + 0.26 0 +0.26 0.985
Spherical error (D) -4.85 + 3.86 -4.98 + 3.68 0.13 + 1.7 0.707
Cylindrical error (D) -3.96 + 2.52 -3.98 +£2.53 0.02 + 1.71 0.954
Spherical equivalent -6.86 + 4.25 -6.9 + 4.15 0.04 + 1.64 0.904
Auto Kmax (D) 49.11 + 4.5 49.29 + 4.34 -0.18 + 3.58 0.804
Astigmatism by AutoK (D) 4.70 + 2.64 4.58 +2.42 0.12 + 1.70 0.750
Pentacam Kmax (D) 48.37 £+ 3.31 46.99 + 3.63 1.38 + 1.27 0
Astigmatism by Pentacam (D) 4.55 +2.71 4.40 + 2.52 0.15 + 1.74 0.711
ORBscan Kmax (D) 48.98 + 4.88 47.01 + 3.62 1.96 + 2.02 0
Astigmatism by ORBscan (D) 4.77 + 2.98 4.61 + 2.88 0.16 + 1.90 0.650
Apex corneal thickness on Pentacam (pm) 485 + 26.27 471.64 £+ 27.12 13.36 + 12.33 0
Apex corneal thickness on ORB scan (um) 479.24 + 27.89 472.52 + 25.36 6.72 + 18.18 0.077
Endothelial cell density (cells/mm?) 2857 + 390.49 2639.21 + 249.92 218.32 + 400.24 0.012

Values are presented as mean + SD unless otherwise indicated.

CXL = corneal collagen cross-linking; CDVA = corrected distance visual acuity.
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Table 3. Visual topographical correlation between preoperative parameters and the degree of postoperative corneal flattening using

Pentacam method

Pentacam Kmean (D) Difference p-value
Before CXL After CXL
Pentacam Kmax > 50 (D) before CXL 52.70 + 1.85 51.49 +2.83 1.20 £ 1.26 0.045
Pentacam Kmax < 50 (D) before CXL 46.68 + 1.88 45.23 +2.25 1.45 + 1.31 0

Values are presented as mean + SD unless otherwise indicated.
CXL = corneal collagen cross-linking.

Table 4. Visual topographical correlation between preoperative parameters and the degree of postoperative corneal flattening using

ORB scan method

ORB Kmean (D)

Difference p-value
Before CXL After CXL
ORB Kmax > 50 (D) before CXL 55.02 + 4.77 51.71 +£2.52 3.31 £+ 3.00 0.027
ORB Kmax < 50 (D) before CXL 46.64 + 2.18 45.19 + 1.93 1.44 + 1.24 0

Values are presented as mean + SD unless otherwise indicated.
CXL = corneal collagen cross-linking.

Figure 3. Image of demarcation line. Corneal stromal demarca-
tion line image with anterior segment optical coherence tomog-
raphy 1 month after accelerated corneal collagen cross-linking
([CXL] 8 minutes at 30 mW/cm2, total surface dose of 7.2 J/cmz).
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