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Abstract

* AIM:To evaluate the safety and efficacy at early stage
after femtosecond laser - assisted excimer laser in situ
keratomileusis ( FS - LASIK) combined with collagen
cross-linking.

e METHODS: Totally 30 myopia patients (60 eyes)
received FS-LASIK combined with collagen cross-linking
from July 2016 to August 2017 in our hospital were tested
the uncorrected visual acuity (UCVA), Ks, Kf, surface
regular index (SRI), surface asymmetry index (SAIl) by
corneal topography (TMS) preoperatively, 1, 3mo after
operation. The corneal compensated intraocular pressure
(I0Pcc ), Goldmann correlated IOP value ( IOPg),
corneal resistance factor (CRF), corneal hysteresis (CH)
tested by ocular response analyzer ( ORA) were also
observed. Ziemer Galilei Dual Scheimpflug Analyzer
detected the anterior diopter and the corneal thickness.
Endothelial cell density were examined.

e RESULTS: The postoperative UCVA remained beyond
0.8 including 26 eyes (43% ) of 1d, 55 eyes (92% ) of
1mo, 50 eyes (83% ) of 3mo. I0Pcc, IOPg, CRF, CH at
postoperative 1mo significantly decreased comparing
with preoperative ( P<0.01). I0Pcc, IOPg, CRF, CH at
postoperative 3mo did not change significantly
comparing with Tmo (P>0.05). The corneal topographic
map parameters of Ks and Kf significantly decreased at
postoperative 1Tmo ( P< 0. 01 ), while SRl and SAl

increased significantly ( P<0.01) on comparison of Tmo
and preoperative. Ks of postoperative 3mo was
significantly higher than that of 1mo ( P<0.05), while Kf
did not change significantly (P>0. 05). There was a
significant decrease in SRl and SAl between 3mo and
1mo after operation ( P<0.05). In Galileo analysis on
comparison of 3mo and 1mo, Sim Ks, Sim Kf had 0. 94D,
0.95D growth and the front and back surface value of Kf
increased more at 3mo postoperative ( P<0.01), while Ks
was no significant difference ( P>0.05). There was no
statistically significant difference in corneal thickness
between the central point and the thinnest point ( P>
0.05). There was no significant endothelial cell loss
throughout follow up (3059. 95+247.87/mm? vs 3052. 87 +
267.71/mm?; t=0.279, P>0.05).

e CONCLUSION: Refractive corneal surgery combined
with collagen cross linking for high degree, thin cornea,
uneven thickness of the cornea, topographic anomalies
except for the patients with keratoconus, play a role in
stabilizing corneal shape and increasing corneal
biomechanics early.
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F73% HEHL 2016-07/2017 -08 Tk B2 %2 CRbAH B LASIK
BXA R A B AR I AL £ 25 30 f41) 60 HR , 23 T AR ARG
1. 3mo Ky A #RHRAL g o O £ JEE i JE (&1 ( TMS ) 10 2 (5 i
K {B (Ks) V3 K B (KF) | ff B 45 %5 (SRI) L B3R
FFR H8 B (SAL) . R S W 4 # A ( ocular response
analyzer, ORA ) £ il £fj 55 %1 422 iR & ( corneal compensated
intraocular pressure, 10Pcc ) | % ¥l Goldmann MR &
( Goldmann correlated IOP value, IOPg) . ffi B FH 71 A F
(corneal resistance factor, CRF) | ffi L iiff J5 & ( corneal
hysteresis, CH) . Al & AR 57 15 2 H7 (E 2. 45 7 5 5% 18 i
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SRR 1d 26 BR(43% ) 1mo 55 IR (92% ) 3mo 50 R
(83% ) BRIRAL 1047 0.8 DL E o RJF Imo 5ARHTHLEL,
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10Pcc \10Pg CRF ,CH BRI i 2 FEAR, 22 5 Y96 g it2#
BEY (P<0.01), ARJF3mo 5 1mo [L#, I0Pcc, I0Pg,
CRF CH HIEG 225+ (P>0.05) . fHIE KIS 4.
ARJG 1mo 5 ARATHH, Ks Kf 8.3 F & (P<0.01),SRI,
SAI i3 FFH(P<0.01) ; RJ5 3mo 5 1mo HLEE, Ks 47 ik
FTHE (P<0.05) Kf b T4t it2% 2 % (P>0.05) ,SRI,
SAL A & TFE(P<0.05) o A s HR AT 4B b . A4
£ T 2 BEDY K 1 (Sim Ks) BP0 A i #3730 K
{H (Sim Kf) 7E 3mo % 1mo £ 0. 94D F10. 95D 3£, %
AN RITE 22T KE{H 3mo 38 1mo B B4 N, 2R B &K iT2#
B (P<0.01) ;1M Ks fEZ F TG = L (P>0.05)
RIS s 5B B R, RS 3mo 55 1mo £ S BE 2%
FRGEFE L (P>0.05) , FIME N BT RO A 2 R i
(3059.95+247. 87/mm’ ) 5 A J5F 1mo (3052. 87 +267. 71/
mm®) P, 22 R GI2EE L (1=0.279,P>0.05) ,
518 A BT AR BB s T A8 1A R i 25 = A R
T FRRRIEE RS A A AN 35 MR ] S (B A1 I A S ) 19
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03lF
REAERFIRUESE , REM IO 3 Bh o 2 WOt e A £
B4 R (femtosecond laser — assisted excimer laser in situ
keratomileusis, FS — LASIK ) K J5 fi 4= %) J1 240 A %
M DAAERE RO | A RS PR RE A A AR 38 i &
SEH (BRANE A A ) B4 AR 3 DA SE 8 3 o A O T
ARIXFI B A B, AR, LASIK B4 15 1 e I 52
AR (collagen cross—linking, CXL) % ffi B 9™ 5 ol & 56 [
b= NN R 7SN A T ot =01 1 B RN & W 9.0 4
KANBEZL T —Fhak st miE PAHOESE B ETE 2D, A0F
FERY H B2 i KRN B LASIK R ( FS-LASIK ) Bk &
CXL J5 FARETEAS B AR 0 2 R e O3 i LSS, T fif
ZFART R AR, MRS % |
1 X &MF*E
1.1 %t & 3% B 2016 - 07/2017 — 08 F& B¢ HR Bl 47
FS-LASIKHK & CXL i35 98 & 30 i 60 IR, o 53 11
1 22 B, %z 19 fi] 38 B, 4713 17 ~ 38 (°F-14 24.20+5. 32)
% BREE N -1.25 ~ —12. 50D, HIEJE %0 0. 00 ~ -5. 00D,
ARHTHIEM S =1.0, ARETH A AR 457 ~ 589
(496. 88+24.25) wm, A B o i 228 BB L AR
AR R A A R Y M T TR S H (R AN R AR AR D) Y
FERL o HEBR LI R (B HE M R AR Y 28 38 KT
AU F A
1.2 3%
1.2.1FRAE  BHEIRM WaveLight FS200 &FP i
SR F T , A5 200k Hz , 1% 78 A I B 42 8. Smm , ]
HIEEBE 95 um , #A T- F 07 5 TS Y94 745 fE LASIK R R
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1 RERBRANREBR (%)
W AJF 1d ARJG 1mo ARJG 3mo
>0. 8 26(43) 55(92) 50(83)
0.5~0.8 28(47) 5(8) 7(12)
<0.5 6(10) 0 3(5)

F VISX SATR i F-HOCHL 58 A IR T DIHI . 0.22%
R 25 90s, FRESHTH BSS iR, JH KXL &
AT UV IRYT o UG IR 7 2802 30mW/em® R LR
55 90s 345 7. 2) M ERER . TR [E)— 4 BEAE S,
1.22KEMSFMAE IR 53411 (ocular
response analyzer, ORA ) , M| & {H & & ff I8 #b £2 IR %
(corneal compensated intraocular pressure, IOPcc ) | 1 )
Goldmann HR J% ( Goldmann correlated I0P value, I0Pg) | ffi
fEFH 7 I F ( corneal resistance factor, CRF) £ IR #f 5 1
(corneal hysteresis, CH) . ffi T & ( TMS ) I 2 (B £ 75
BEUE K {B(Ks) P4 K B (KE) i BERLI 540 (SRI) (A
FREA XS B 45 K5 (SAT) o AN g HRE iy 5 20 A7 A6 A 4, U
(R S DL IR 23 K H (SimK Values ) | Hij 22 I B#
] FFHE%‘:( anterior instantaneous curvature) . IEE kD] FFH%
(posterior axial curvature ) . f§ i J& B I & ( corneal
pachymetry) , = B ] 43 3 S AR BT AR G 1.3mo, H:
rh SR A B AT RS AR RIS Tmo M HAH , A AF
B by [F) — 44 A TR
et 0BT A3 ] PASW Statistics18. 0( SPSS) #f:41,

PEAT G A A B AR BT RIS 1 3mo A [ B [8]
M HL R B R T 22000 o FARHG A P9 B2 20 i 4
FEBCR TRCXTREAS ¢« K36, DA P<0. 05 2 22 5 A G2 it
2R
21 BEARGERBRVAREBR A SREN R
w1, ARG 1d B 26 B (43% ) BHRAL T M 0.8 DL 1, R
J& 1mo B 55 HR (92% ) AL F17E 0. 8 LA L, AJ5 3mo i}
50 HR(83% ) 1P 457E 0.8 DL (£ 1), HP,3mo K
7 HR(12% ) R S AEBRIRBLTT (1.0) , SUF R 2 1755 R
W ME R, 2 IR fE, R kB H A I
2.2 BEFAWEREMABREY HEERETL RiE
1mo 5 AT H%L , 10Pce JOPg .CRF \CH % AR B i R A%,

SR BH G FE L (P<0.01) . RJF 3mo 5ARJF 1mo
[L# ,10Pce \10Pg ,CRF \CH 2 R L4t it 2 X (P>0. 05,
*2),
23 BEFAUERABEMEESHE A5 lmo 5ARH]
HeEE, Ks Kf B3 FFE(P<0.01),SRI,SAI .3 T (P<
0.01), RJ&3mo 5ARJF 1mo A, Ks B B E T & (P<
0.05) ,Kf ZBfb LA i 2% 5% (P>0.05) . SRI,SAL A &
F NI (P<0.05) , L% 3,
2.4 BEFATEMABRATHOMSETH IR 8
S3HTH Sim Kf,Sim Ks 7 3mo %% 1mo A 0. 94D F1 0. 95D
ROEC BT ST KE E 3mo 3 1mo B BN, 2218 K
0.59 F10. 12, BG4 225 (P<0.01) 1 Ks {HIEE i
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*R2 BEFARBEREMBEBEENAFI/IRTHL (x+s, mmHg)
FEbR b NG} ARJG 1mo ARJ5 3mo I P
10Pce 15.38+2. 86 13.97+2. 74 13. 77+2. 40 6. 503 <0.01
10Pg 13.38+2.71 8.91x2. 64 9.68+5. 21 24.759 <0.01
CRF 8.81zx1.41 5.55+1.13 5.90x1. 07 130. 809 <0.01
CH 9.27+1. 41 7.02+1. 11 7.37+0. 86 66. 776 <0.01
x3 BEFRIEAEMTESHTL X+s
FEFR ARHET ARJG 1mo ARJG 3mo F P
Ks(D) 44.56+1.20 37.85+2.02 38.62+2.01 255.012 <0.01
Kf(D) 43.73£4.08 37.23+1.88 37.98+1.85 96. 599 <0.01
SRI 0. 2420. 20 0.410.23 0. 30+0. 21 9.239 <0.01
SAI 0.35+0. 14 0.75+0. 40 0.61+0. 32 27. 659 <0.01
x4 BEFARUEMAKEBEIHSTHTSHET xX+s
] P I 21 K {A(D) T T F ] 2R (D) Ja 2 R (D) Fe IR JEL ) i ()
Sim Kf Sim Ks Kf Ks Kf Ks HL AN
Ni] 43.08+1.17 44.67+1.23  42.81£1.20 44.36x1.20 —6.10£0.17 -6.50+0.19 519.55+21.90 509.38+21. 50
ARJF Imo  36.28+2.20 37.29+2.16  38.74+1.55 40.56+4.11 —6.4420.31 -6.87+0.38 411.58+31.93 379.08+36. 18
ARJG3mo  37.22+2.37 38.23+2.32  39.33:1.63 40.54+1.58 -6.32+0.30 -6.81+0.33 413.43£26.62 382.75+28.54
F 206. 446 251. 887 133.521 41.758 24.241 24.202 311. 435 383.230
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

25 (P>0.05) o O AL R AR, RIS 3mo 5 ARG
Imo IR 25 G IT2#E L (P>0.05,%4),
2.5 BEFAUERBEANRITHTL  AuimlEmka
M3t %% H 3059. 95 £247. 87/mm’ , R J5 1mo & 3052. 87 +
267.71/mm’ | LB, 22 R G4 L (1=0.279, P>
0.05),
3itig

ULAER WSRO IR B C T 1A Sk 1 132 hif
ML F AT R B 2T 7] 230t FS-LASIK, £ 2/~ H
SMILE, Ji 6T A Ji 375 1H 75 2210 1) A B8 5 8 of ol 2% £
IR il %, 10 T A o R DG B e A SE BT IE AR IE Y
H I, i UTE — a2 i ff 4 20 5 nh Xof f AR ) 0 2=
st

B IAESE Gt R WIRIT S, AR SR AR Yk AR
B, f AR ) SRS e PR R A CXL £ R R
HE AR YA YT OIS S 2 ) DR i | AT A 7 N4 T 5 i 1
Jre o B ARSI A B Sk A AR AR I SR g Bk
AT LS80 B A 0 0 2 BRI PR, K e D 514 FH vz P
TABECT AR % Al A% 8 R AE N0 2 5%
TERAME 370nm 7= A A R ACI0E S, FE ML 2 PR AR
A IR B BE D 7K S R YE AR IE RO RE B . fA IS CXL B T 76 |
HEMRIRYT AR e AR S Y RIG T - HUs —
TERCRAN | ELAE T ' F BT AR 156 1 FH H U R R A 1
PRI . BEAE 6mo Il PR EEUE S, AT Dkt G Ji o' P13
FRSSY KRN R B AR, RS L 3mo & T HE b
WCARE SRy 57 2%, AN R B R JE B2 6 R e ' 1R A I 4
BIH & A, AWFFE L ARG 3mo 45 048 bR WL EE, A I R
RS,

56, FS-LASIK Bk & 22 AR S5 4 ) Ik A7 L H B e

Mo B4l FS—-LASIK ARJ5 2 B0 i TH B A IR A, — e F
S 4h A AT, 3 A 38 A IR B R TR 4 B O e A, R
FS—LASIKIE A 38 A S5 5 RS FH A1 B0 B8 vl s J8 3
P, AHJE A I IR S 0 SO IR A B 4 FS—-LASIK i e FLR
SERF A A0 H 3 B TR IR AL IR 25 W ok AN
AJE 1d BREIR AT Z 18, 25068 1mo 38 2 AT 1M
J1o BRI, ARG 1d AUFT 43% BB S8 0.8 LU
I, 2 B R 5 A K b R S R i R A O, A R
ARG 1d A7 7 IR R ORE IR . AR 1d, M 58
B M BT KB, N AT R B ik sk
YU o 340 AR5 v & B g T3 o — e B AR
J&i 1 ~2mo, 3BT J5 P AT BE hy £ AL 2L A 3k ok, 1 SRR D'
FIHEIN, AR BB s S B, Wu SR BIARJS 6mo,2
ARt B Y [ 3R, 6mo DA PY 1t 4k T f B4l 21 i B B R ik
R AN R T LS SRR A AU A R R AR
R & A [EEF, RJF 1 ~2mo fMAMEICEEAR G SV, F 8N
1 ~2% haze, XL A — @ B EERZ M, TR0, 259 1 Hict
HAGA SR PR AT — @ FHIE R, WA #5835 AR
LU PR AR, JCILBH L 2 2 A A i o 5 Y i i [
iR, TR S AR A IR 25 7K A T BB 16 A S p 453405 1) AR
HOBAC N AR RS R K RN I gL, RS
N

W R AR F IR I N e, BT A EELTAR
R BV — 8 A IR B A A RS 't B LAY IE ik
P, AR R B A 02 e R BOR 5 BRI 2 A
FEAIG . FS—LASIK A AR I 22 B[R R B AIG, 285 & AR i 5
Rl HR AR Fi i 6, ARG 27 MO AL IE B BIAR S5 B
FRERE B H ORI 2, R, A58 e AR 5 K )
TR, IR 2 0 H A AR H 0 2 3 8 0700 R 15 0 1
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Reinstein 21" gb AR 92, LASIK A 4 U1 il /a5 & B
L, AR J5 A BEAE D) 12400 B3 TR 0. 22% RSB
AR AL REAIR CRF A1 CHE . ARJ5 1mo, PR R #1 BB AC I L
of B BT R A A I R B 1 ~ 2 D haze, FRATIHESE K
L, CRF Fl CH £ 3mo WRE LG 1% 22 7 8 X Ly
T AR SAE A BN, X TCEEXT T E ARG B A U,
DIE R SEA S A AR 1 ) 275 B R B 5 BOR 5 fi ™ EE 1Y
FHERAEA R E A B 5K 0 &A=, B, A9 ) 238 v
T, TCEE T L AT AR RS T R AU

ARWEFE R, A I R 280 Ks KE R JG 3mo 4 1mo A
THE, 285098 0. 77+£0. 52D 0. 75+0. 51D, Sim Kf ,Sim
Ks fEARJF 3mo B ARG 1mo A 0.94+1.00D .0.95+0. 91D
FIBEK 5 Xu ZERFFEES AR, DR AR S A R
Iy g, B LUJE DG T R B I 2 K29 0.75 ~
1. OD e ok alR H 77, B8 AT J ' BE P XS I 4
HRAIEA G SRI AT SAT FARAL , AT S Bt 4 Ff A B Js2 o7 11
PEA AR, ARJE R Tmo, £ 5 S0 RS 5, 40K b Fnsg
BER N, ARG 3mo 4T FAa s,

i 5 221 Kf {EAEAR T 3mo BAJE 1mo A BTN, 22
SAG I E X (P<0.01), 1 Ks (LS 2 % (P>
0.05) . Ks AHXPAR, AR WA, Ks QnR3shn, &k
ARG AR BE R I, 53 A, KE 380, Ks AAE, CYL J&
Ks 5 Kf 228, B G A MEHOCEEREAT,  [BHE A g% 3
SRR RO B N, BEA sCHR S, RS BOGRE %
I, ToBEA 5 A& J Rl R4 A A vl Be i T R, AR RS B TG
VAR O A S R B e AT IR RS 3mo SRS 1mo
i, 2R3 L, "I E AR S MR, R 5
3mo JEBERRE , I AT Uk L AR TG BE A J IR AR B AT Re 1
REATS . FRRSE P B2 A0 Y 5 R A el s, 5 DA Wa S8 bF
FEEER—ET L BUUE ISR YT X A R B R DN TR 42
TESEH AR Py 44U Ry 2 et

LR LR JE G TR ER G A SR N T B
s A AR R HE AR RS MO 1 S AR RS R B 43 A AN

1152

MR BT, ARG 3mo ML T2 E , M AR W) ) 2 1
e SRS N T JE T AR L PRI R, Rk
BORATY 75 B2 KA A FIA T[] (9 11 PR AL %%

SE 3k

| 2R TR 2 BN % 2 KB LASIK RS AR J) 245
TEPR AR DU IRBLHTHERE 2013;33(2) :175-177

2 Kanellopoulos AJ. Long — term safety and efficacy follow — up of
prophylactic higher fluence collagen cross—linking in high myopic laser—
assisted in situ keratomileusis. Clin Ophthalmol 2012;6(17) :1125-1130
3 Xu WW, Tao Y, Wang LQ, et al. Evaluation of Biomechanical
Changes in Myopia Patients with Unsatisfactory Corneas After Femto
Second — Laser In Situ Keratomileusis ( FS - LASIK) Concurrent with
Accelerated Corneal Collagen Cross — Linking Using Corvis —ST: Two —
Year Follow—Up Results. Med Sci Monit 2017 ;23 :3649-3656

4 ZEREe iR OS2 4F . SMILE 5 FS-LASIK A5 MR 1 A
YR bR R AL Fe AR EBRIRAL K 2018518(1) +185-187

5 Wollensak G, Spoerl E, Seiler T. Siress — strain measure — ments of
human and porcine corneas after riboflavin—ultraviolet— A -induced cross—
linking. J Cataract Refract Surg 2003;29(9) :1780-1785

6 Malik S, Humayun S, Nayyar S, et al. Determining the efficacy of
corneal crosslinking in progressive keratoconus. Pak J Med Sci 2017 ;33
(2):389-392

7 Wollensak G, Spoerl E, Seiler T. Riboflavin/ultraviolet — a — induced
collagen crosslinking for the treatment of keratoconus. Am J Ophthalmol
2003;135(5) :620-627

8 Kanellopoulos AJ. Collagen cross — linking in early keratoconus with
riboflavin in a femtosecond laser—created pocket; initial clinical results.
J Refract Surg 2009;25(11) :1034-1037

9 LVLYE, LB, B, MR EUE S BROIT SY 0 . [ PR AR A A
5 2014514(5) .832-834

10 Wu Y, Tian L, Wang LQ, et al. Efficacy and Safety of LASIK
Combined with Accelerated Corneal Collagen Cross—Linking for Myopia:
Six—Month Study. Biomed Res Int 2016 ;2016 :5083069

11 Reinstein DZ, Archer TJ, Randleman JB. Mathematical model to
compare the relative tensile strength of the cornea after PRK, LASIK,
and small incision lenticule extraction. J Refract Surg 2013;29 (7).
454-460



