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Abstract
¢ AIM: To observe the safety and efficacy of epithelium-
off corneal collagen cross-linking (CXL) combined with

rigid gas permeable contact lens (RGPCL) in treatment of
progressive keratoconus.

e METHODS: From January 2015 to January 2017, 51
cases (51 eyes) of patients diagnosed with keratoconus
and epithelium-off CXL treatment at the Eye Hospital of
Nanjing Medical University were collected. The patients
were divided into two groups according to whether they
wore RGPCL or not after treatment. Group A: 30 eyes,
epithelium - off CXL was removed and wear a framed
mirror after treatment; Group B: 21 eyes, epithelium-off
CXL was removed and RGPCL was worn after the
condition was stable. Observed the best corrected visual
acuity ( BCVA), spherical equivalent ( SE), minimum
keratometry of the anterior corneal surface ( K1),
maximum keratometry of the anterior corneal surface
(K2), mean keratometry ( Km), maximal keratometry
( Kmax ), corneal vertex thickness, thinnest corneal
thickness (TCT) before and 12mo after treatment.

e RESULTS: No statistically significant differences were
found before the therapy between the two groups in
BCVA, SE, K1, K2, Km, Kmax, corneal vertex thickness,
and TCT between the two groups ( P>0.05). 12mo after
treatment, BCVA in group B was significantly higher than
that in group A (0.11+0.03 vs 0.26+0.16), the corneal
vertex thickness of group B was lower than that of group
A (431.8+14.41um vs 461.38+32.68um) ( P<0.05), there
was no significant difference in other parameters between
the two groups.

¢ CONCLUSION'  Epithelium-off CXL can effectively delay
or control the progression of keratoconus. Wearing RGPCL
after treatment can effectively improve BCVA.
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1 FABREBFHERERLE xxs
Epill AR %% Y (2) UCVA(LogMAR) BCVA(LogMAR) iR & ( mmHg) SE(D)
A#H 30 21.33%5.21 0.75+0. 71 0.22+0. 08 12.77+3.17 -7.11z4. 61
B 21 21.05+5. 00 0. 80+0. 75 0.30=0. 19 12.48+2.52  —-7.48+4.80
t 0. 196 0. 543 0.252 0. 349 0.272
P 0. 846 0. 596 0. 302 0.728 0. 787

A AT E E RN CXLIAYT R RCEESE SR ; B 4 .47 % F N CXL BT IS B#l RGPCL,

*2 WMABFEITHIG BCVAER (X%, LogMAR) *3 WMARHEBITHIE SEER (x£s,D)
A5 IRE RITHT VRIS 12mo ¢ P @n IRE WBITHT WRITE 12mo 4 P
A#H 30 0.22+0.08  0.26+0.16 -1.584 0.113 AfH 30 -7.11%4.61 -7.21+4.66 -0.426 0.670
B 21 0.30£0.19  0.11+0.03 -3.235 <0.05 B 21 -7.48+4.80 -6.80+3.01 -1.352 0.176
t 0.252 -2.412 ¢ 0.272 -0.221
P 0. 302 <0.05 P 0. 787 0. 827
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i CXL y597 5 B RGPCL,

TR RHT A TR 1 0 e B T, B R B AR O, U
MR AT Lk R R R R A AT
2015-01,/2017-01 #fii2 Ay 1F Ji 309 [0 4 ff IS A9 A B A7 25 1
B CXLAIGYT , AR B8 A7 5 B8 38 1 Ol e fHE B R sl 3
RGPCL, WAl HIlfG RASCR

1 3 &MAFE

1.1 338 B AR REVL S Fo X A SY . £ H 2015-01/
2017-01 FEFRBERA 12 A i o 31 [0 4 A T 47 2 b 2 Jon e
CXLIAITHI R 51 01 51 IR ARG, Horh 35 38 f41], &
13 i AR5 11~34 %, $BIRYT I A LR RGPCL 4324
WL, A 41855 30 141 30 AR A7 25 b e i XLy 97 5 Bl
FAESR S o 55 24 ), 4 6 B AR 19 R, ZEHR 11 AR,
B2 & 21 ] 21 MR AT 25 b 7 ms CXL 36 97 5 e 3%
RGPCL, = 55 14 ], 22 7 ] 47 1R 19 IR, MR 2 iR, A
JYTTM 4 B8 2 AR 0% B IR A 7 (uncorrected visual acuity,
UCVA) | 43 %7 1E L 1 (best corrected visual acuity,
BCVA) S5 BRELIE ( spherical equivalent, SE) 22 7 L4
R (P>0.05), W3R 1, AR w ERFK
RB} B2 g B2 ~A A0 B2 B 2t HFT A R 3 el W i A A
RIT R B R B,

11V BNERE (1) B8 R 5 R PR IR AR R, HL AL T3
JE B HE AR R OE R O VE A bR . AR B B R il R
(maximal keratometry, Kmax ) ¥4 01 1D L) |- F1/al S 25 £ B
% (mean keratometry, Km ) ¥4 11 1D DA I Fil/ 588 SCHOG
W 1D DL F/EL 12 ~ 18mo PN £ I J5E BE U8 2D 10% LA
B (2) E BB b R A R S A A R
=400m; (3) JoHE M) AR R

1.1 2 HEBRARAE (1) RBRMAME L RS A B3 o 5l b
JERE <400mm; (2) & I 2 HR 50 R e mlg H g HR 58 0% s v
PR 5 (3) REAEA IRFP MG st s F AR 038 (4) FAAEIRIK
P S T R L] B R
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FHER R BAG R PR IR W R4 7 2 T R, &% Smin — K, 2 3
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24y 8mm 705 [l %) £f 55 I Rz, o 5 3 T R A T RE IS BR, %
lg/L B EVE W, BF 3min i — K, FF2E 30min, A% E KiH
ARG 7 AR O HEA T P A R 0 i, ) S
PR E] 400pm , ZE4BAT T FHAL 5 (6O SR, 1T WA B R B
BRI EEHER B, KER R, L A
(ultraviolet A ,UVA) HREH{ B 5} /A I 10min, P 1< 370nm,
AE % 9mW/ em?, BRI [A] 4 Smin 55 1 K 1g/L ZHE R
VW, FRS e, Fe o 207 =X A IR 4 M B, Jm 3 1 FH 4R
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H 4 %, 12 1wk 1g/L S FRENTFHIR W, 3 H 3 W, H
24 2wk 33/ L B B R 40T IR A2 E M e L 6, 2
dwk, FTA BFE YT 5d J5 4% bR 90 =X A B4 ks, m
lg/L KRR M S IR, BF H 4 W, B b0 1 Wk, 124
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RGPCL . RGPCL #r 1IE 1 71 SHEAR IR 4% BCVA 22 517E 3 11
N BRI A TR R S B 2R AR (A 4H) , R R it
il RGPCL(B 4H) .
1.2. 2 MBI_HIR A BETT CXL AT XIARIT G 12mo
VAT R AL IR BT SRR A, D 5% BCVA (SE, 2R
JH Pentacam =HEHR §ij 75 20 B 40 2 A B Al e B HIE LS,
AL 1 BT 2 T A /N it 38 (KL A IREAT 2 T e oK il R
(K2) . Km, Kmax, fi & T 45 )& B A B & ol 0 B
(thinnest corneal thickness, TCT) , 7 WEEIT )5 A B S
KA,

Bt/ T . R 1 SPSS 18. 0 FAEXTEE AT 45 1122 4%
Mro FFEIERD IR R x+s FoRx, 4Lt
BRI STREAS ¢ K556, 5T RIS 19 F BRI X AR AR ¢
K, P<0.05 AZESHAGIHE X,
2R
2.1 FEAEEETHISE BCVAIBR JAYFHE, A HilH
BCVA Z R TG E X (P>0.05) . JAJ7)5 12mo, B 4
HBE BCVA BHAITATHGE , AT A 41, 25 H ST
X (P<0.05), %2,
2.2 WMABREBFTFHERENRE BIirai)a, A EEw
SE ¥ JCHA ARk, H AL 2 18] 22 S ¥ RS i124 7 L (P>
0.05), W53,
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x4 WABREFLEFIERAEBRES XES
. K1(D) K2(D
TR T S —— S
MEpagi 1BITIE 12mo t P TRITHI IRITIE 12mo t P
A 30 45. 80+4.25 45.85+4.43  -0.283  0.777 49. 46+4. 63 49.50+4.75  -0.392  0.695
B4 21 48. 88+5. 12 49+6. 04 -2.271  0.7%6 55.26+5. 54 55.00+6.63  —0.405  0.686
t -0. 796 -1.105 -1.371 -1.948
P 0. 430 0.282 0.177 0. 066
. Km(D Kmax(D)
T T © G —1CY S
TR RIS 12mo t P AT 1RITIE 12mo t P
A4 30 47.38+4.21 47.52+4.26  -0.423  0.672 56. 10+9. 35 56.25+9.28  -0.430  0.667
B4 21 51.86+5.28 51.60+6.58  —0.542  0.588 67.16+10.60  66.00£11.07 —1.826  0.068
¢ -1. 191 -1.525 -1.207 -1.878
P 0. 240 0. 142 0.233 0.075
" R T 0 L B TCT
CICTI t R ) L el
YRITHI JRITJE 12mo t P YRYT I RITIE 12mo t P
AH 30 474.00+32.46 461.38+32.68 -1.034  0.301 457.63+40.56 453.25+33.06 —0.440  0.660
B4 21 437.60+26.02 431.80+14.41 -0.944  0.345 423.80+18.65 426.20+16.29 -0.135  0.892
¢ 0. 906 2.152 0. 558 0. 104
P 0. 370 0.044 0. 580 0. 069

TEA 472 B RO CXL AR TR BCRHEZR B ;B 41 .47 25 R CXLiRYT IR BLK RGPCL,
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AR, 2 RG24 E L (P>0.05) . AT, B4R
HZEAREESESHLK, ZR B LEITFE X (P>
0.05) ;33975 12mo, B B H M TS T A 41,2
SAGI2HEE L (P<0.05) , KRS SHNA Z 7] 2 73
TG 2FE L (P>0.05) , iLWE 4,
2ARRRNEEER CXLIAIFRS Id, A REY
AR 258 WiH IR R YA AR R, 5 A A B B
PIR IR, YT 5d PR BIE 2K, 5d 5 B4 B 90 =X A i
FEfis, AR G BEVTIRIE R B R L e A
RAE AR AR R AR B R A5 T R AE
CXLIBIT )G 1mo P H B[] 2 FE 1) A RS i £ B L
2T ARIE M (haze) (1 2%) |, 1mo JEYTH 9,
3iTit

(5] e 5 DL B4 i ek M | I e T D
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T CXL G55 1d H 4~5 FOEI (F£ 0~ 5 BRI, 5 &
SRR E AT ) LA 2d TS 24% , AR, T A
FIRIT IR S 1d R R LUE SR BT R 25 A IR 0% , 5
BIRFIRIT G 1d A7 B, LA fR A R UL S
JT A B AE Sd EIRTE R . DFoR RO, il e 26 1 f
CXL J& TG 1 & RN 7. 6% FEFRAT I M2
PR BUTC B TR A SRR A AR | A
VA SRR N B AR S5 O R E , X 5 B A A g 4 R
—3,

FrifE2s bR CXL 5858 HE B AR (3mW/em® ) |, HES

AFIE] K (30min ) , AR MPEASEE | 52 0 TR v ) 45 224
WXHEE Rl AR, A 2 U R AT CXL Al fig
S IR YT . HAnifE CXL AH L, S CXL 7E
UVA ZZHRP TS 50 N, S 6 W) 57 2 8 i, 38 ok it o o v 79
PR 4 4 V6 JT F5 22 [|) . Shetty 26 238 T 138 £ 138
R B AT hRvE CXL S5k CXL A%, Bty 1a sk
CXL(9mW/cm’, 10min I 18mW/cm”, 5min) 5 #5 #fE CXL
EA AL A 45 5 E 2 CXL ] B i 45 0497 i), B
TA RN KA AR IR CXL I67 7 i 1) [ 4k
FAME IRITE 12mo WA R SE 53R Y7 A 45 & UL IH I 2
A5 X 5 Elbaz % WF 52 45 ML, 1 0F 58 P ARG 1a X
UCVA &3 SE & KB E2k, ATLHM, A 4
BEIRIT IS BCVA FUNAYTRTA WL 22 5, B CXL &
SRANBE ELHERE i BB Ay (00T DA o) i o 2k 22 30F Je
HEMARR RO — 2 %

FARSIE A2 SRR A 1 [ o A RS2 75 a0 e 1) DG St 4
Fro Wittig—Silva %5 & 4252 CXL VA7 )5 Kmax B i 728
IR ECE I AR HAERIT IS 4a fRR I SR aeAn
o AAWFIE AT IIBE DT UE B | 5 HE A R R ) A R
P RTSBIE CXLIGYT la oW Bk, I HAEZ R 0
Ta Hkspi s o MTEARMF T, I B EBED 12mo K1 |
K2 Km  Kmax 867 0l 25 7 ¥ LG # 2 L, X 5
AU gt SR — S0, UL AN CXL A7 R8s il 1 159 4 £ s
PR i, 0E EC i 38 R R S ) ) S S 800 5 BRI B A T
WERANM— D5, AIFRHGE TCT 78 CXLIGIT S
55 3mo BRI BN S AINE, 4k i3 )2 | AR AR (L R by SR
TRJG B AR Chow 45" i 25 1 2 CXLIBYT G la
TCT 75 5% ,iX 5HRATWBFFERAR, AWFoEd, il
BEVRITHT IGIT)E 12mo TCT 25055177 X, B 4if
I7 5 AT R B A A P AR, BT CXL VAT /Y
1 B JEE B A AT A AR T3, A 5 B 22 AR R I ) i 1 2
— L BIE,
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I A 52 2 B, Bk RGPCL mT LA K Wi 32 sk 2L [ 44 £
JE R OGN 22 3075 RAF BCVAT  SHEALIR R
FeAE  RGPCL (3 AE T 5 IR 2 1H W A %0k &, F1 HTH
W F AR T BRAS KL O , [ i Jl 25 A AR e 5 sk 0z, i 1R
W BEETE ] & 4 /NS T RS Th, B LR IR YT R
BCVA BIARYTHTII B, H A B PR F AL, B 48
FHIRITIE BCVA BLRALT A 41,35 B 4L H 77 J5 A
i RGPCL # I

[ 4 £ FE £ 35 19 RGPCL B e o G 3 K1 R I = Fh 25
A5 Ry =R f | TOUSG 2 R T9US RS AR g
o, B 4R FH BRI = s i, O e T LR AR
AYBCIE A BCVA , SR MESS . vy T [ B A 58 26 2 A 5
TR M AL B Y RGPCL B0 L i 283 1R 22 Y2 Wi i Y
A R | DR I 75 2 B sy ) 6 I F AR MIAE 2 4 22 A I ]
Rk A"l 5 e RGPCL A48 ) 83t il VE T2 Fnd
e ST, AR AR I 3R TR 25 e 1 2 i B e DL
A, AT LU B 22 194 #fE A S A8 4R X LR RGPCL HY
M AT — 2L B LSS B i >

g5 LR, 25 1 B CXL A 7 IR 4 # 2 —
Tt A5 BB IR T 7 3, AT LA 250 HE 2% 8 B 1 153 4 £ e
(ke R T JE R 6 C A 0l 9 RGPCL Xt £2 5 & 2 1
o Jo e A R B O ) RO 8 W — AP 1 WL ¢
e,
SE 3k
1 Wollensak G. Crosslinking treatment of progressive keratoconus: new
hope. Curr Opin Ophihalmol 2006;17(4) :356-360
2 Spoerl E, Huhle M, Seiler T. Induction of cross —links in corneal
tissue. Exp Eye Res 1998;66(1) :97-103
3 Wollensak G, Spoerl E, Wilsch M, et al. Endothelial cell damage after
riboflavin—ultraviolet— A treatment in the rabbit. J Cataract Refract Surg
2003;29(9) :1786-1790
4 Binder PS. Ectasia after laser in situ keratomileusis. J Cataract Refract
Surg 2003;29(9) :2419-2429
5 O’Brart DP, Chan E, Samaras K, et al. A randomised, prospective
study to investigate the efficacy of riboflavin/ultraviolet A ( 370nm )

1038

corneal collagen cross—linkage to halt the progression of keratoconus. Br J
Ophthalmol 2011;95(11) :1519-1524

6 Wittig—Silva C, Chan E, Islam FM, et al. A randomized, controlled
trial of corneal collagen cross—linking in progressive keratoconus: Three—
year results. Ophthalmology 2014;121(4) .812-821

7 Vazirani J, Basu S. Keratoconus; Current perspectives. Clin Ophthalmol
2013;7:2019-2030

8 Ghanem VC, Ghanem RC, De Oliveira R. Postoperative pain after
corneal collagen cross—linking. Cornea 2013;32(1) :20-24

9 Koller T, Mrochen M, Seiler T. Complication and failure rates after
corneal crosslinking. J Cataract Refract Surg 2009;35(8) :1358-1362
10 SEWEE, ¥, Aot S MR IR S AR AT 7 4R 17 4t £
BRI RZBCR. AR IR SAER 2435 2017;5(19) :291-295
11 Shetty R, Pahuja NK, Nuijts RM, et al. Current protocols of corneal
collagen cross—linking; Visual , refractive, and tomographic outcomes. Am
J Ophthalmol 2015;160(2) :243-249

12 Elbaz U, Shen C, Lichtinger A, et al. Accelerated (9mW/cm®)
corneal collagen crosslinking for keratoconus — A 1 - year follow — up.
Cornea 2014;33(8) .769-773

13 O’Brart DP, Patel P, Lascaratos G, et al. Corneal Cross—linking to
Halt the Progression of Keratoconus and Corneal Ectasia; Seven— Year
Follow—up. Am J Ophthalmol 2015;160(6) :1154-1163

14 W85, B PRHE. 28 b BAR IR I A2 TR AR I 09 4 AR JIE 114 = o 5 12
LA ARIRSME O IR AL AR 2017;39(7) :500-505

15 Chow VW, Chan TC, Yu M, et al. One — year outcomes of
conventional and accelerated collagen crosslinking in  progressive
keratoeonus. Sci Rep 20153514425

16 Jinabhai A, Radhakrishnan H, Tromans C, et al. Visual performance
and optical quality with soft lenses in keratoconus patients. Ophthalmic
Phystol Opt 2012;32(2) :100-116

17 G5 PR S AR B, bt AU Rt BE 22 kL 2009:12-13

18 Leung KK. RGP fitting philosophies for keratoconus. Clin Exp Optom
1999;82(6) :230-235

19 A, WEH, MR, 4. OCULUS f R MY [l 51 5 F i A 5%
SR 1 RS fi 98 3 [0 A A S 1 B . TR AT 6 2011531(7)
667-669

20 i o T 15 4 A IR HE T AOLBR IE 5IRYT. TR ARIRIDL
S RkAA R 2015;17(1) :1-3



