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Abstract

e AIM: To investigate the efficacy of epithelial - off
accelerated corneal cross-linking (CXL) in the treatment
of advanced keratoconus.

e METHODS: A retrospective study was performed on
data collected from 32 patients (43 eyes) with advanced
keratoconus who underwent epithelial - off accelerated
CXL at Ningxia Eye Hospital from April 2020 to December
2021. Slit-lamp, intraocular pressure, uncorrected visual
acuity ( UCVA ), acuity, specular
microscope, Pentacam and Corvis ST were tested before
and at 1, 3 and 6mo after surgery. Preoperative and
postoperative corneal condition, UCVA, best corrected
acuity ( BCVA) and the values of corneal
endothelial, maximum keratometry ( Kmax ), thinnest
corneal thickness ( TCT), anterior and posterior surfaces
of the cornea K1, K2, biomechanically corrected
intraocular pressure (blOP), applanation time 1 (A1T),
applanation length 1 ( AlL ), applanation velocity
1 (A1V), applanation time 2 ( A2T), applanation length
2 (A2L), applanation velocity 2 (A2V), highest concavity
deformation amplitude ( HCDA ), radius at highest
curvature( HCR) , highest concavity peak distance (HCPD)
and stiffness parameter at first applanation (SP-A1) were
recorded.

e RESULTS: There were differences between UCVA
(LogMAR; 1.06+0.49, 0.78+0.39) and BCVA (LogMAR;
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0.48+0.34, 0.38£0.29) before and at 6mo after surgery ( P<
0.05), but there were no differences in corneal endothelial
cells (2917.39+288.38 vs. 2959.19+ 336.27 cells/mm?, P=
0.477). There were differences among Kmax, TCT,
anterior surface K1 and K2 and posterior surface K1 before
and after surgery ( P<0.05), and all increased at Tmo after
surgery then returned to preoperative level at 3mo after
surgery, while there was no difference in the posterior K2.
Furthermore, there were statistical significance in A1T,
HCPD and SP- A1l before and after surgery ( P<0.05),
while there were no statistical significance in A1L, A1V,
A2T, A2L, A2V, HCDA, HCR and blOP ( P>0.05).

e CONCLUSION: Epithelial - off accelerated CXL can
prevent the progression of keratoconus within half year
after surgery, and it has certain safety.

« KEYWORDS: ; keratoconus; epithelial - off corneal cross-
linking; corneal topography; corneal biomechanics
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[53 £fE £f1 JE ( keratoconus , KC ) F&—F XU A JE 8T i PR AR
R 5 DATT 7= A R RO 5 00 R B R AT 3L
BHEIRE 2R E N 0.05% ~0.23%" I FI T 2
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55 AR R ME— AT O i, R BT &k E &R A
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64 R KC H 4 30 K AT, B 1k 4k 4 0t e
RS S5 3 WA o 4 O A0 5 80 SR A B B D A T R
(corneal cross—linking, CXL) J&ME—REASFH 1 KC # Ry
%, 2003 4, Wollensak 1A Wi B bR ifE 25 F K2 CXL il
R e TR KC HERE ., BE TR 7 Ak,
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26 HR 24 11 4] 17 HR 4R 1% 19~29 (P44 24+5) %, HEJR
[0 44 £ 2 T s o % 2 2 IR [ TR A o A2 W IR 97
LRI (2019 4F) ) R4 A B2 180 12 R ) & 30 1k 58 1
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ST IR RS 00 R A (B A R 3 R AL 1Y 6mo
H A A Rl %( maximum keratometry value, Kmax) §iyili|
=1.00D , s SRR E DL EE RN = 1.00D 47 A bRk ;
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AE ) ) 5 5 A 153 S92 SR A 0 e TS 1 i R e S
PRI A RS 5 (3) A RS d P B > 400 pwm ; (4) ff1 i H e G
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ARJG awk #5245 (AR 95 R J5 Bl U5 15 00 98 % 245 9 8 %
MFE])

FIFA B T AR ARG 1.3 .6mo BEATZLERAT RIS #E
ARAL F7 (uncorrected visual acuity, UCVA) | F A %7 1IE 4L 1
(best corrected visual acuity, BCVA) % PN Bz 45 S = 4 IR
BT 53 #1 A% ( Pentacam ) # A . 10 55 M K #o 2 R/ 5 8.
Kmax . 1 I8 & & B¢ ¥ /5 (thinnest corneal thickness, TCT) |
HI G R K1 K2 ; /T A BEA= 9 127 93 B AL ( Corvis ST)
28 EBRAE (' biomechanically corrected intraocular
pressure, bIOP ) , 5 — YK H F B [8] ( applanation time 1,
ALT) 55— IR RS KB ( applanation length 1, A1L) , 5
K EE-3 ¥ (applanation velocity 1,A1V) 2 — YK F -]
(applanation time 2, A2T) , 55 — ¥k i ¥ & ( applanation
length 2, A2L) , % — YK JE 3 33 & ( applanation velocity 2,
A2V)), I KRIE A5 iF B ( highest concavity deformation
amplitude, HCDA ) , fx K A5 il K242 (radius at highest
curvature , HCR) , fix K JE [ s 5 04 [|] IR ( highest concavity
peak distance, HCPD) , 51 R B A AT ( stiffness
parameter at first applanation,SP—A1) ,
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I BCVA 2 51 i1t 28 L (P<0.05) , FARHi 5
RN M L 22 5 RS it B L (P=0.477), WL
£1,

22FAMEARARERAEMFEESHIER FAAE
Kmax TCT Fi 1 K1 K2 {H J5 &M K1 {H K274
il m X (P<0.05) , 15 0 K2 {8 g 22 7 st
B (P>0.05) W LA LR 2,
2IFAMEARARAHERBEEDNESHLEE FAN
JG AR E] A1T HCPD (SP-A1 #5228t X
(P<0.05) ,A1L A1V A2T A2L A2V HCDA  HCR . bIOP
oA 2 G 3 X (P>0.05) , HE— 0 P LA il
%3,

2ARBHERE KI5 3~7d BT E A4 55 AR5 42 fil
BRI 41 IRARE B2 @G oe 4,2 IR b R k)2 sk
AR, ARG 1wk B8 LR Eem A, RJE 6mo WETA &
R R IR AR R D RS 15 43 00 52, ) HEE 25 440 I B b
oA MR R & TR A B R R IR Ik
(haze) FAREW Y7 | FA RIS AR FR BN B2 R AR 55 0 R 0E
Horb 2 IRTEAR G Twk A1 321 3 PR A @SS FRDE R B, 4
FUERE BB R R VE I, S5 I TJC e, o4

W5 SRR T IR W ek o A K 6 vk, I AR IR,
M 1 U IRIAYT 2wk SRR W R, R B T I B BEES
TS sEm (B 1) .
3itit

Wollensak % J& S b 47 58 6 S Al FF 5 RTIIGG R AF 52
M2 R KC B CXL AR5 e R M I E 6 ) T R e
Wi CXL Al AR IE KC #EJ, IF7E 2003 4F, Wollensak 45>
HRRIE LR A 1 2, 0.19% 4% 8 %5, 370nm L2402k
SIS 30min, FREL 5.4)/em’® BB B AYBRME S B2 CXL AR
I PR R K T CXL AR IR 10 A 4E 76 3. 1 4
IR AR AR R T X U T R I AR 1 B
ABFGEE T A 2019 Fki2 FRBEAT & 1R CXL [ ik
W KC ARG LR R Hrhie, bk B CXL A
AR B RS T AP B AL T S DX B I L

ARG A 3% UCVA B BCVA RIGEAFSH
Tk , 5 Firat 2512013 4R35 (4 [52 4E £ 1A 1T A
LHRARJG 1~3a WBETT SR AL, FBAR CXL M) =2
I P DB 2 K, AT B ) A 8, DT BEL 1k 58 A A 5
Bk H R BAT CXL FoAR M R i nl LIE—E R I
WU R T AR PN B 20 i R A R AT A IR R AR

F1 FAWEMAINEERN KA xts

P ] UCVA(LogMAR) BCVA(LogMAR) FA P B2 A1 cells/mm?)
AHi 1.06+0.49 0.48+0.34 2917.39+288.38
RJG 6mo 0.78+0.39 0.38+0.29 2959.19+336.27

t 5.889 2.181 -0.72
P <0.05 <0.05 0.477

Fx2 FAWEAEEREREESHILE xts
fatr P NG ARJG 1mo AR J5 3mo AR J5 6mo F P
Kmax(D) 58.29+6.85 59.86+7.03" 58.47+7.11° 57.85+7.33¢ 15.24 <0.01
TCT( wm) 453.21+31.15 435.37+36.08" 431.54+32.64° 434.88+30.76" 22.48 <0.01
HiZ2 M K1(D) 47.37+4.25 47.95+4.34° 47.27+4.15° 47.17+4.17° 9.78 <0.01
RAiZem K2(D) 51.50+4.91 52.53+4.76" 51.49+4.66° 51.25+4.75¢ 13.20 <0.01
JE e K1(D) -7.02+0.87 -7.04+0.84 -7.13+0.85"¢ -7.14+0.79"¢ 3.45 0.02
JR 2 K2(D) -7.84+0.91 -7.88+0.96 -7.99+0.86 -7.93+0.86 2.46 0.91

T “P<0.05 vs RHI;°P<0.05 vs RJF 1mo,

3 FANEAENEREENNZSHLE x+s
EiL7D ARHT ARG 1mo ARJF 3mo AJF 6mo F P
Al1T(ms) 7.27+0.46 7.18+0.32 7.19+£0.32 7.09+£0.33"¢ 3.051 0.032
A1L(mm) 2.01+0.37 1.91+0.33 2.01+0.36 1.87+0.59 0.841 0.475
AlV(m/s) 0.15+0.04 0.16+£0.04 0.16+0.03 0.16+0.03 1.339 0.266
A2T(ms) 21.39+0.39 21.47+0.40 21.41+0.46 21.34+0.35 2.138 0.114
A2L(mm) 1.07+0.73 1.05+0.51 1.14+0.89 0.94+0.52 4.066 0.254
A2V (m/s) -0.37+0.06 -0.39+0.04 -0.40+0.06 -0.39+0.06 1.611 0.206
HCDA(mm) 1.14+0.20 1.18+0.13 1.22+0.14 1.19+0.11 1.101 0.352
HCR(mm) 5.43+1.29 5.72+1.26 5.68+0.87 5.64+0.84 0.944 0.431
HCPD(mm) 4.91+0.29 5.15+£0.34" 5.13+£0.33° 5.13+£0.29° 13.749 0.003
SP-Al 62.85+31.50 61.98+16.08" 61.19+19.41*° 61.00+£16.44" 6.095 0.001
bIOP( mmHg) 15.40+2.90 16.00+3.40 15.60+3.40 15.37+2.34 1.205 0.323

T *P<0.05 vs KA ;°P<0.05 vs RJF 3mo,
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1 XERCXLARBEXZEERBEREERN ARG 8d;B.AJS 22d,
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WA T R, XS CXL PRI MR 2 A B
UF e e I 9 45 SR — 30 RS Bl DT 0 I oK & B
AR R LB , ST T Rk 40 A A D T
B WERY CXL FARMZ 2,

ARWFFEBHTE CXL AJF 1mo A Kmax A fif B & T
L MEIARJG 3mo FFIGA TR, Sk T B 545
WA —2, BIFE PR & 2 CXL RJS 1mo Kmax T, K
J&i 3mo ZHT FREEARR K, B MR A (1) RG
6 1 1E 5 N SRR, (2) AR 98 2 A AR ARG 1mo , DT
SN A 22 09 B2 . Nicula 281 X547 £ B 22 6 A 1
I8 £ JBE £ 10K 10a OB 15 v 2% PR R AT B9 Kmax SF-
Y{E R 51.3D, RJ5 6mo Kmax SERE T 0.6D,TMARJ5
10a ) Kmax “FH{H T %N 48.9D, 5 AKHFFE A 5 6mo 45 5
AH— 5, (H T SRS i) A ey BR A | A 98 OS2 3R 5
6mo, M A S5 10a Kmax {HAZSILTE 0t S 4k SRR 3E , AF
SRR K1 K2 {5 Kmax (4L 32 2 —2L,
FRIEFES IR ST 1mo AR5 B 2 T+, RS 3mo FFUR T
[ 2= AR A 7K, Jabbarvand AV R SRR S 6mo
AR T K1 AT K2 fEASAR S Tmo 58 5 FRAL, k15
U 2017 AFEXT 80 BT P 2 I Bz CXLL A [ 4 £ A
FHHATARIG 6mo MELHFE (SAM A AR S8 E—
L KXL RS LEHME A 30mW/em® T % 22 B 4min, SR8
i 7.2])) [FIFE K B AR AR JF 1mo Kmax {H 7 2 1 K1, K2
AN, AT ARG 3.6mo B ARKE FEARFTAKF
I, 7R AT 25 b B CXL AR B 4E £ 15 B Kmax
BRI R T K1 K2 (S EAR G 3~ 6mo B4 T4
FE T AT 4k 2 38 0 %) e #4%, 3 t (B] 42 0E B CXL 1 A3 &%
P, BEAERE 2 bR CXL B SCICZR IR 24 300wm ™ | T
AWFFE G FR i K1 K2 {H7E CXL FARRGIH %A A4
b, A T 25 b CXL F2 S0 T £ S A w3, i
T H eS8 bR 232 3 CXL TR B S MM & A 28 4k, T
JEERT K1 K2 fH R WAL, A58 % TCT 78 CXL R 5
TR LS RS IR B AR, R FAR R R
RHLRIER AR A BRI B o 3 B0 AR SR K L A R e
LA 2 () 253 (B /N | A RS R 0 40 MBS M D 4 A 6 5
£ R AN M I T B b 7 SR R A

Wollensak 257 B YCHE Y CXL {8 F JIE rp e A7 X e 3
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JO S S T A AR B 23 [ 25 R RS M s o L X 1 5 PN
5 A St Tl A KBTI T 388 00 g PG B8 R A ) ) 24 RS
P, BT, BRBR KR 43 BT AL (ORA) Al Corvis ST & H B 7]
DA 2 A Ff A 4 0 2 B A AR %5 . ORA I R IE
A KC S8 A % 2 507 Rk 2 5l
ORA MYMF5E & B CXL AR J5 KC A9 £ A 5 (CH) A i
FEL A1 F (CRF) A8 4L . 2011 4, Corvis ST 4 Jy—Fh
B4 Scheimflug = 3 £ 50 F1 i B B AR I 4 £ Rt A6
FIHR A Ll e PR f A 2 A AR
Sedaghat %" AT — 00 0 ] 4a A9 [ 4E F 152 CXL RS f
JE A= B F 2 PN a BF 9T B0 CXL R J5 i ORA K &E
KIAH S E(CH F CRF) 2078, il id Corvis ST #6545 &
AW 12 AR

AT AIT HARHT 7.27+£0.46ms FEEF ARG 6mo
) 7.09+0.33ms, A1T &K T HA G124 22 % . 7E Salouti
AEPVRRE P & BT TR RE A AR Ak, ALT HHOR BT 7.08 =
0.28msFARJF 4mo FFEZ 7.05+£0.31ms, A1T IEK L
FESHEE B 80 i ASAFSE T AIT FRET 0.1820.13ms, 254
ST R EAR AR Geit 22 S AN REAE IR R LR
KRB X, FUE IEH 0 BN BAR Al 59— 7 T % 8
AT BUE A2 3] F R BE (5% ), 7 2% 1 % CXL AR5 A i
JEEEAR I T ALT M, A58 HCPD {78 S8 AR
J& 1mo F+E , ARJG 3mo B TR, EAR G 6mo & T E, 0
5ARAT AT, UL AR S5 f AR B, X5 — 3
Rt 1i 4a IOBFSEH HCPD FRHT 4.79+0.61mm MK EA 5
4a {9 5.12+0.30mm 25 KA B HCPD B 78 A5 A 38 K
FEUA A I DI A8 B R S SR B A5 2 5, Al n] IE 52
CXL AR5 LA A 8] AT SR A RO IR R RRE o

SP—AT J&— BT 1 W EE 2880, BE S W £ T A5 9 (1)
BARIRPL S, X—S 85 AL R E (B JE
B S8 2 5 IR R A R AR O i o BE A
SCHRHRGE 2 KB SP-AL (HAEARS 1.6mo,2a #8FH i, 2%
1M Sedaghat V5T IN R CXL ARG 5 8 3 3% A % KC
FEE A R A B B v B2 ), BRI I AE Corvis ST A4 B A4 £1 i
KW B BUE I A kA A B R A Lis JE T
FAEIR S TR, T Corvis ST 7E I AR O AIFFE 2
A 10a Zi47, T SP-A1 AR R4 85 BB 2 40T B ik
55 R A RS BE A OG, BOR B PR MY CXL RS A I AR
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Yy 3 2 Al R A Al B R DG SR A AIF ST O 45 R 22 AR KR
AT 25 R 7R SP—AL ARG 1mo A IE(E, R)5
3.6mo BORHTHEAT L TR H A Gt 22 5 X S AT
FEH TCT 78 CXL A5 T B A AZ (L L — B, #ED SP-Al
(EAEAR G B9F B2 T A 585 B2 1 A8 3 B SP- AL
BUAR I 24K, Corvis ST 5 1 5037 th 1) 52 & 24 SP-A1
HAELR G IE S BUE 15 A R TE T2 W 0 o 1 JBE g
KARAE T, WA JEAT PO 85 AR 5 CXL A5 A A 32
AL —AFEAR, ARWDFFE UL SP-AL B A& S 1E hy—
AP CXL ARG A RS BE Y8R .

CXL AR J5 # WL I K 0E £ 24 I BR E R 51ER K
T ROL ALTH, b B HEIR B haze , HE T R, A S
SRR ARG AR 43 IRTE CXL A5
6mo HIREVTIF] R K B b B SEIR &, AR AR AL I
PTG, REBLXT WSS 1 2% 40 i TC W] 008 25 o ol A
CXL A S5 AR A A FRE TR A 15 E B2 R S5 IR IR Mt | 35t
7 SHER R AN B RACER S E R A, R R
YJ7E CXL ARG Iwk 25 K A= Jo e A SR, B 1t A7
FHSCHRGE , BARPLEI A B, B A 32 5% &0 4 il A&
P RE SN, 75 B8 5 A R A SR AP R A IR R DO
e RONA S ABFFE i i Corvis ST T INAR (1457 IF
MR N EAEARTTA 5 I B A 224k, Ui CXL F AR X R 4 1
T A T R W 5 SRR A S 1 T P B 2 D % JE G
S, IXRIESE CXL FARR AN B HAT RAF 2 2 LA
EEERERY] CXL ARG —E W Z e,

Mazzotta 251 B3 CXL ARJ5 6mo P 5E AL T £ L R
90 P %) B R S 2 4 R ) BT DR R AS B 5 3 o o
[k A REAT 25 B B2 CXL ARG 6mo AR A 52 2 T LAAE—
FERREE RN L R CXL ARG f B Ir & 26 i el E
FA IR ] Kmax B 5200 K1, K2 {8 49 712+ HCPD
E L ARSI AT 25 B8 AR AL L CXL AR5 A RS i, f
B PN e A % B2 8 LE IR A T T 25 B A D PPl CXL RS
GATEIEbR . Hl AR AEA BN H R T AR
J&i 6mo A7 — & WY JRy BR 1, A BEHEER 1 70 18 3 23 4k 2 i Jie
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