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Abstract

e AIM. the epithelial remodeling of
femtosecond laser - assisted stromal lenticule addition
keratoplasty combined with corneal collagen cross-linking
(SLAK-CXL) in patients with progressive keratoconus,
investigate the remodeling rules of corneal epithelial and
influencing factors, and provide clinical data for further
refractive correction.

e METHODS. Retrospective and observational study. A
total of 28 keratoconus patients (29 eyes) who received
SLAK- CXL from September 2020 to October 2021 were
included. Preoperative and postoperative visual acuity,
intraocular pressure ( IOP), diopter, keratometry and
corneal epithelial thickness ( CET) were recorded. The
trend of CET change was observed. The factors affecting
CET were analyzed according to the thickness and depth
of the lenticule.

e RESULTS: Flattest meridian keratometry ( K;) and
steepest meridian  keratometry ( K, ) at 1mo
postoperatively were significantly larger than those
preoperatively ( P<0.05). The thinnest corneal thickness
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(TCT) at 1, 2, 6mo and 1a postoperatively were
significantly larger than preoperative ( P<0.05). The CET
changed with time, with the central CET showing a larger
variation tendency. The CET of superior, superior nasal,
nasal, superior temporal in paracentral area were
thinned, the CET of superior, temporal, superior
temporal in midperipheral area were thinned, while the
CET of superior nasal was thickened in peripheral area at
1, 2, 6mo and 1a postoperatively. The variation of CET
was not correlated with the thickness or depth of lenticule
at 1a postoperatively ( P>0.05).

e CONCLUSIONS: It is firstly found that the corneal
morphology has changed after SLAK-CXL. CET decreases
and then increases and then decreases again. At 1a
postoperatively, the CET of the central and paracentral
areas is thinner, while the CET of the midperipheral and
peripheral areas is thicker. The degree of epithelial
remodeling is not correlated with lenticule thickness or

depth.
o KEYWORDS: stromal lenticule addition keratoplasty;
corneal collagen cross - linking; corneal epithelium;

epithelial thickness; keratoconus
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[ 44t £ B R 95 N 0.05% ~2.3% , S —F LA EA T £
JC™ 5 1A 5 e R RRAE Y A F RS RN R R ELR
W IEA R B AL AR AN BN, e m] Bk
WA EA TR AR TR v A T A A R fh
M5B BT BR A OA R
(intracorneal ring segment implantation, ICRS) SR R A
B AR (corneal collagen cross — linking, CXL ) 1 £ i< #% 4
AR CXL AT ke R A B ke (0 CXLL A2 21 £
JIEC S R A BRI 5 OB MR A B S HE R ( penetrating
keratoplasty , PKP ) i # J& 4 i #0 J1 09 8 3 3397 ik (32
Z BIBERSCE R BRI SRR RO/ B A
PR L T 7 8% B R ((small — incision lenticule extraction,
SMLIE ) #4509 £ IR 5L 325 455 FH T # B RS A v] 36 7 A [R) 2%
(Y Ff BB , A [ A O A RO B R
P £ B L T 355 55 48 A (femtosecond laser —assisted stromal
lenticule addition keratoplasty, SLAK) J& H-#t47 CXL 7] ¥ —
A B 1k ARSI AT 42 ) 4 R A Ak I SR
58 & BL, SLAK J5 /1 B b f2 J& J& ( corneal epithelial
thickness, CET) & & A= A8 467 H #F 5% CXL A5
HUEATRAEVI & BT A 1 e SR A T R A
Eﬁﬁiﬁﬂ%ﬂ%@)‘ﬁﬁﬂﬂ?ﬂ@ﬁ%E%%}ﬁm’fﬁﬁ/\ﬂ%%ﬁlﬂﬁ
JBJFAZIRA (SLAK-CXL) RJ5 &2 A L I L B d
WBA WIFESE SLAK-CXL A 5 52 W) 1 52 p o 58 1 DA
R, Wk, AUETEE 7 3% SLAK - CXL #9159 4 £ i
BE WBETTFORHR IS I b e (%) S SR

(rigid gas — permeable, RGP ) |

1 W &RMTTE

113 Bk WE AT, gk 2020-09/2021-10
TR — R BRI A T 0 353 SLAK-CXL 1
o2 o M5 A 28 i) 29 W, FLeb 55 21 A1 21 HR, 22 7
8 MR, FIIAFEMY 24.21£5.90 &, WARRHE: (1) 4 18 ~40
A5 (2) W2 Ry It AV B S A7 55 (R F N ) 5 (3) 453 i
fil g% 2= /D 1mo; (4) A K & ¥ 5 )2 & (thinnest corneal
thickness , TCT) <400 wm, HEBRPRIE . (1) ™ H 1 A R IR
BRI (2)%%‘@%ﬁfﬁi (3) BEAEAT HR A5 B IR A8 F
ARH L AT OB /RFIE F ), BV Z T
TA}fﬁ?iziﬂt{E(V‘IE%?I:#:ZOMO%o FT A 22 AR R
AR PR FHAH XU | I AT A R85 1 ol 2R HG A I
T SR WA T, HEBR A7 7R NS H 05 e B g 7 | g i MR lie
T CHUF SN BT 58 55 R 2 B M IR 45

1.2 Fi%

121 EHE PABERETK AR
(uncorrected distance visual acuity, UDVA ) Fl % 1E L 7
(corrected distance visual acuity, CDVA) | iR J& (intraocular
pressure , 10P) JEDGEE AR AR I d ] Sirius = 4E IR 7
T AL I = TCT ., A I A 28 1 gl >% S 33 {5 ( flattest
meridian keratometry, K, ) F1 BE I {H ( steepest meridian
keratometry ,K_) ,f# F§ RTVuel00 R 17 OCT PN B % 4t #A4:
M CET, b OCT A5 #8 /T 2h P9 U 8 34 A (i HIAT: ] 245
Yy, o [F]— 2 2850 7 O HOR N BRI 28 A5 v U i )
AL o0 1 B A2 9mm {8 Bl A CET, 43 ke X
(0~2mm) FZHRIX (2~5mm)  FE X (5~Tmm) Fl5ME
DX (7 ~9mm) 4 /> DX, PR 55 o e X ] XA R X4
HEJ7(S) B ET5(SN) (B (N) ST I (IN) (R JF
(1) G8UR J5 (IT) # (T) (#_EJy (ST) 3£ 25 4~ X I,
(E 1) R OCT & ARG A 343 045 Hh A X 4k
i) CET,

122 FARFE

1221 AEEREENGH & A& kA CHEL
BER/INVFIREE (4924 H 47 SMILE FAR (1 #4 , sE B HOEAR
T-0.5D MR AT E A, KA VisuMax CFMY
JeHEAT SMILE FAR , bk ob 5 & 3 % Oy 500kHz, fE 2
33n) , EEEHE RN 4.5mm, £ BWARS¥ . REEEEHE (¢
[X)6.5~6.7mm, U] BE 130 B, M ARIE B4R 7.5mm , J&
FE 110~200wm, DA 2mm K B2 AT 1 52 8 B 58 50 e

X 2 ¥
X & &

H1 RELESKREE(UART).
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AR BRI 3 S5 38 5 T A7 T4 R /K 7 W (balanced salt
solution, BSS) H{# 4%,
1.2.2.2 SLAK-CXL B35 AR A7 3 1A RR 5, 4 i L S K
F A 8mm LA b {#H VisuMax K FP IO I VE A R 3 R
HEAE HABYI O 3mm, WWE 110~216pum, B2 7.0~7.5mm,
B B A Bl o P 3848, 4 0.25% 1% B R I A%
4%, R BHR YRR AE AR A L BT SE 10min, il (5 BSS
MR FRAS S S E S (R B B AR A e R B R S i )
FUEANBELS ) DGR A 5% B T A7 A v, o 35 I 335
BV, Weck Cel M34p g4 A I, LA L B LT I 24 BT
1, RH KXL 1 BEASHRAAT AR ik op =X RE ST (1s 52, 15
BE) , EAMR I K 370nm, BEE R 45mW/ em’, FRH} 4min,
BHER 5.4)/em’, ARESHECH A AN HT 45
1223 REAE RFHT 0.3% B> 2R (45 H
3U) NI 2 A AR B IRV (B H 4 1R) L0.1% TR
ISPRENTH IRV (B H 2 ) R84k 1wk, AR5 4d MR L2
R e A G0 4, I 0. 1% 80K Je i IR W (&5 H
6 ), FFEE 6wk, B BRI 1 VK ; FE T HH£F 2 23 HR VR (
H 4 ), #F4E 3mo;0.05% Al R IR (BEH 3 %K), F
ZE 3mo,,
1.2.3 MBI ICRARPHABESH, BEAARE
2wk,1.2 .6mo,la &4 Ku i Jy IOP JEJEE & CET, It
M R AR (AR5 CET-ARHET CET) K dr )y
P N

Geit2 oMy A SPSS 19.0 G834 X B #4748
2200, T BERLZE Kolmogorov —Smirmov 1F 25 M6 56
s 2557 MRG58, DAY B bR 22 (xts ) Fon , 3 I B4
AT I N RN € O =0 Vi N =R <o 1 6] D B N 1)
FCE R H Dunnett —¢ K5 56 5 9 4 8] B 488 R F Al S7 FEAS ¢

Krgr, DL P<0.05 HESHGIFE XL,
28R
21 FRER MABFIARPHABEY HINER, B
B 6.70+0.23mm  JE & 102.00+15.61um JiK 5 16.38+
3.25um FREE R -4.65+1.20D HE45 ¥ %-0.17+£0.22D |
SRR B I U ( spherical equivalent,SE) —-4.73+1.18D, F
ARIEMFN T8 1, A S A WL B R A HE SR S M A i
YL E R DL
22 FARBIEMAFIOP BRIEXE AR5 la, WARE
UDVA B ARATFEAL, CDVA AR FIHCE , 10P AR [T T
BRESBEHOR SE FA BT A, A5 BUR AR Hai/ )N, {H 22 5%
WG E X (P>0.05) , W3k 1,
2I3FARFERBEESTH KRE la, IAERE K, KA
TCT ¥ & AR TN, RS Tmo, WA B H K H 57.85+
5.35D,K_4 63.55+5.84D, S AT L Z F WA G ¥ &
X (P<0.05); RJF 1.2.6mo, la, 4 A # TCT 43 5 K
456.60+49. 85 433.64 £21.09 , 437.56 £ 48.72  439. 64 +
33.15wum, SARFTH b 25 5 394 Ge it 24 X (P<0.05) , WL
=2, K2,
2AFARFERABELEEEETNL A5 2wk, X S
R IX R X AANE X CET B8R RTFFAR ; ARG Tmo, 13k
XA X CET & 2 5, R X ASME X CET #§A7
BN AEAE T AR BT RS 1a, th s X F15% e X CET 5
ARATH L BIFEAR 1.09+7.11,2.42+5.80wm , 1 & X F14b
JHIX CET 5 ARAH Fe 43 5134 fin 1.60+5.30,0.88+6.67wm,
W3 K3,

ARG 2wk, 5P g X[ 7 FIE 77 CET /b4 %, 4y
gL 8.80+5.02.9.60+5.94wm ; H R X & &R 5 FIR
7 CET /08 22 | 43 507> 9.60+9.32 .9.60+£9.71 8.40 +

F1 FAREEWATIOP RENE s

gL UDVA(LogMAR)  CDVA(LogMAR) I0OP( mmHg) EREEEERL(D) B EE(D) SE(D)

A 1.25+0.41 0.56+0.34 8.91+2.79 -11.60+7.08 -5.99+4.27 ~14.60+7.17
ARJF 2wk 1.46+0.25 0.72+0.05 9.00+1.00 ~12.95+2.49 -5.55+0.67 -15.73+2.51
ARG 1mo 1.40+0.33 0.76+0.37 10.56+2.50 -12.30+6.58 -5.111.27 -14.85+6.56
ARJ5 2mo 1.40+0.35 0.56+0.29 9.82+2.64 -12.52+7.58 -5.07+2.88 ~14.94+7.82
ARJF 6mo 1.48+0.46 0.52+0.22 11.50+3.07 -14.22+7.97 -2.833.15 ~15.64+7.89
ARJG 1a 1.45+0.40 0.50+0.27 10.56+1.42 ~14.81+7.65 -4.5622.62 ~17.09+7.11
F 0.745 1.742 1.460 0.934 1.131 0.680

P 0.592 0.137 0.217 0.465 0.271 0.640

o0 g

B2 FAREGHT OCT MELEE A ARfi;B: AJF 6mo,
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2 FRUBABEHRESHEN xxs 201 R
i il Ki(D) K.(D) TCT(pm) E BRI
ARHT 52.36+5.60 57.50+6.39 372.93+29.73 b 10-] K
ARJF 2wk 53.30£4.26 57.18+5.46 405.77+63.49 Y B
ARJG Imo  57.85£5.35"  63.55+£5.84"  456.60+49.85" "f o7
ARJG 2mo  55.05+4.32 59.98+6.03  433.64221.09" = 104
ARJF 6mo  55.87+5.93 59.18+6.07  437.56+48.72° =
AJG 1a 56.08+3.21 60.35+2.95  439.64x33.15" = 20 . : . . .

F 3.044 2467 8.812 RJG2wk A JF1mo R J52mo KR JF6mo K j51a
p 0015 0.040 <0.001 B3 REARRSRAREEEELTHE,

7" P<0.05 vs KA,

%3 AAXERELEEETLE (X£S, um)
41X ARG 2wk ARJ5 1mo ARG 2mo ARJF 6mo ARG la
e X -0.40+3.36 5.63+8.86 1.62+6.28 2.85+7.55 -1.09+7.11
X -5.85+5.18 0.24+9.43 -2.29+6.96 -0.51%6.62 -2.42+5.80

i -8.80+5.02 -3.94+9.31 -6.00+8.01 -1.54+8.49 -6.09+4.35
i) -6.2024.60 -2.88+8.94 -5.00+7.62 -1.85%7.00 -2.73%5.99
Xl -3.80£6.69 -1.44£6.79 -5.31+6.54 -1.69%6.91 -4.64+6.23
BTH -3.20+2.59 1.50+7.16 -0.38+7.00 1.08+6.32 -2.91+2.88
T -5.80%5.45 2.44+7.63 2.85+5.61 0.62£6.45 1.55+4.93
W -5.00+6.60 3.88+8.63 1.31+4.37 0.85+3.96 1.00+6.66
] -4.40%2.97 4.31%12.09 -0.69+4.63 0.77£5.29 -0.73+5.02
-y -9.60+5.94 -1.94+11.58 -5.08+6.30 -2.318.11 -4.82+6.05
X -7.50+6.08 -2.59+7.72 -2.83+5.74 -0.96+6.89 1.60+5.30
i -6.00£2.12 -3.06+7.66 -2.38+8.95 -1.15%8.04 -0.45+7.85
7 ~7.40£4.22 0.31+7.64 -1.15+7.09 -0.54%5.47 4.18+5.00
LR -9.60+9.32 -2.38+8.59 -2.46%5.33 -2.38+7.46 2.18+4.36
SR J7 -9.60+9.71 -2.38+9.97 -2.46+6.60 0.38+7.33 1.27+4.20
T -8.40%9.15 -4.13+5.91 -2.31+3.52 -0.08+7.00 4.00+5.18
R -6.60£5.90 -1.94£5.67 -2.85+3.05 0.54+6.55 2.73+6.99
] -5.60+3.65 -0.81+7.84 -3.23+4.51 -0.85+8.34 -0.1822.52
iy -6.80£1.92 -6.38+7.44 -5.77£5.04 -3.62£5.16 -0.91+2.98
AR E X -2.70£4.82 -1.05£8.19 -0.29+6.32 1.00+6.28 0.88+6.67
;] 0.20%4.15 -0.136.41 0.62+10.46 3.08+10.51 1.00+9.81
b by -4.20+2.78 2.94+6.06 1.23+7.06 2.85+5.46 4.36+5.32
) -6.80+7.98 -1.31x11.44 2.15+6.07 -0.77+5.64 1.36+3.41
BT -4.20%2.95 -0.75+10.44 0.69+6.00 0.15+4.98 1.09£3.75
7 -2.60+7.44 -3.94+7.24 -2.69+3.50 -0.38+4.56 1.27+5.80
W -3.00+1.87 -2.50+6.69 -2.38+4.13 0.77+6.31 0.45+7.03
U -0.60£1.95 1.44+6.74 -1.31£5.39 0.08+6.05 -1.45£7.95
i) -0.40+4.16 ~4.13+7.84 -0.62+5.44 2.23%5.17 -1.09+8.11

9.15wm; AME X & CET 3/ £, 170 6.80+7.98m,,
ARG 1mo, 57 JLIX 17 R CET A8 fL48 2, 4 5l e A8
-3.94+9.31 4.31+12.09um; {18 X3 I 7 CET k2
W/ 6.38+7.44wm; AN E X R 5 A5 CET /b8 %,
I3 3.94+7.24 4.13+7.84pm, ARJG 2mo, 58 e [X
07 CET Wi /b8 %, J /b 6.00 £8.01 wm; o J& X35 | 0y
CET Wi /b5 2 9 /b 5.77£5.04pm; A& X F J7 Fg R )5
CET W/ a %, 73 B /b 2.69+3.50 2.38 +4.13pum, RJ5
6mo, 35 P UL X5 CET W /0 #5824 /b 2.31+8. 11 wm;
TR XL CET W8 2 987 3.62+£5.16pm; FhJE X
Or G 07 CET ¥ i 2, 4y 5|55 /m 3.08+10.51 ,2.85+

5.46pm, AJ5 la, 359 X F 7 FE B CET Wi/ £
S 6.09+4.35 4.82£6.05um; 1 E X & F 5 IR )7
CET ¥4M# 2 43 B34 4.18+5.00 4.00+5.18um ; #M & X
8 I J5 CET ¥ahnds £ W 4.36+5.32pm, IL3% 3,

2E5MMANEEREMNAR EEEENEE B APH
A% G R FE R O N R o TR B A TR A (M A TR
<150wm, 14 1] 14 W2 ) FER BE AR A (A AR BE =150,
14 B4 R, RIE la, REKRELA EHE CET Z LK H
b, S L X AR E X CET W04 £ 5 1 JB X CET ¥4
WL LI B CET 36 04 S BH 8 5 (H VR 5 55 v
H R IR BB 45 IX CET 28k i g, 2 7 ¥
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GiiteF i X (P>0.05) LK 4,/ 4,

26 MNEREEMNBELEEENZmM MRIEAR T H
ANiBE G R BN A B s A (R
<100pm, 14 5] 14 HR ) F1JE 3% 5 4 (3% 5 )2 B > 100pm,
14 6014 HR) . RJG la, #BE B4R E TR IX CET b5

0t

4 AEEBFENREREARLEEETLE

%4 FRENEERESEZAELEEETLE (V£5,un)

Z BEEEAREETRX B BTN BN B L
CET ZBfbigZ i X & b5 5l R J5 8 F J7 CET 48
ez ANRIIX 7 & B CET 28k £ (Hil BB 4
M BB B & 40 X CET ZEfb & i, 2R ¥ LSt
FE U (P>0.05), L% 5,K 5,

A REEBORA ;B IR HR A

®5 AEENERZEEEERABLIEEEEZNLE (X5, um)

K REREH  HERERA . p K WiEsA JE iR . P
(n=14) (n=14) (n=14) (n=14)

HaR X -0.20£5.93  -1.83x8.45 0363  0.725 g X -1.17£9.13  -1.00+4.69 -0.039  0.970

X S LX
o -9.20£2.86  -3.50+3.67 -2.820 0.051 o -3.83£4.12  -8.80+3.03  2.231  0.053
BLFH  -6.40+5.98 0.33+4.27  -2.178  0.057 B )y -267+7.71 -2.80+3.90 0.037  0.971
LNl -8.20£5.40  -1.67+5.57 -1.962  0.081 ] -6.00£6.63  -3.00£6.00 -0.779  0.456
BT -4.20£2.17  -1.83%£3.13 -1.426 0.188 BTl -267£242  -3.20+3.63 0292  0.777
i 3.40+6.58 0£2.76 1.159  0.276 i) 2.50+5.21 0.40+4.88 0.685  0.511
R T 3.60+4.83 -1.17£7.60  1.208  0.258 BFH  -1.00£7.67 3.40£4.93  -1.102  0.299
U 2.00+4.74 -3.00£4.34  1.826  0.101 gl -0.67£5.96  -0.80+4.32  0.042  0.968
W) -5.80+6.57  -4.00£6.07 -0.472 0.648 )5 -4.00£593  -5.80+6.72  0.472  0.648

X Hh R X
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