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Fig. 1 Principle of making corneal flap with femtosecond

laser
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Table 1 Parameters and functions of femtosecond laser system in mainstream corneal refractive surgery

Parameter Intral.ase iFS150 Femto LDV VisuMax Femtec 20/10 WaveLight FS200
Wavelength 1053 nm (1045+10) nm 1043 nm 1040 nm 1050 nm
Pulse energy 0.6-1 pJ 10-20 nJ 50—420 n] 3.2-3.4 p] 0.6-0.7 pJ

Pulse frequency 150 kHz =>1000 kHz 500 kHz 80 kHz 200 kHz

Pulse width 600-800 fs 200-350 fs 220-580 fs >500 fs 350 s

Flatten pattern Flat Flat Arc Arc Improved flat
Mobility No Yes No No No
Environmental Higher Lower Lower Higher Lower
requirement (Temperature/humidity) (Temperature/humidity)
Other function PK, DALK, ICRS No SMILE PK, DALK, ICRS PK, DALK, ICRS

Note: PK—penetration keratoplasty; DALK-—deep anterior lamellar keratoplasty; ICRS—intrastromal corneal ring segments;

SMILE—small incision lenticule extraction.
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Fig. 2 Corneal graft and implantation mode produced by femtosecond laser in cornea. (a) Top hat; (b) mushroom; (c¢) Zig-zag

Ignacio % BFFT R B, A C RS O VR 19 <5
i 2700 H A HRBT S T 1k A R R R EOG Y RE ) 2L

AT TEREE YD s 7 A% KC 8 A A 1Y T 2R A
TE A9 77 2 8 3 AT R 0 R 5 S5 DR IR R

1507103-3



%49 % £ 15 #1/2022 £ 8 A/ E M

A MY AT DUER ¥ 2 Y RS AR AL 2, 0 HL 5
1) 71 5 P Bz 04 A R o 58 /0 L 3 B ek A TR IR PN B R
7 PR 422 M T AR AR T R B A R HE R A AR
%, Hoffart "%t 9 ] KC % #47 FLAPK FR,
Fii A B 0 F AR S IS i T 38 2 45 6 T O
25, 25 B TR A A 20 2 0 - B v s AR BE T 6
HJa, & MR 5 (UCVA) Al fig A4 57 1IE L N
(BSCVA) #1521 B & 42 &5, R J5 F 2806 B #2261 7
(2. 9+ 1.2) D, Gaster %" i i3 %} KC # # 7F
FLAPK FARJG M 1E M7 05T . 45 REWH ARG 6 4
HBE & BSCVA B AR A B 8 7 3% . Shivanna
SEUTRESE B, KC B 7E FLAPK RJE 10 4 A BF
) BSCVA #75 5] 0. 65(Log MAR) , 3 H f B0 F
FEMET 1.57 D, Chen %" & ¥l ,KC B & 1£ FLAPK
RJG 14E K BSCVA M E K1) 0. 63 +£0. 19 $2 & 5
0.19+0. 10(Log MAR) , Jf H. #f BB % B B 1 /b,
Kamiya 2 %147 FLAPK R KC ##1 UCVA
FMEHOCE S5 K17 TR 1~4 9% KC B FH AN TE
bRt 47 %F b 20 M. 85 R B R, FLAPK R 5 19 Log
MAR BSCVA (0. 11 40. 16) Bl B #F T 2 ~4 %1
BSCVA(0.17+0.40.0.3040. 17,0. 5840. 63) , R 5
FAMERIOGEE[ (3. 69£2.26) DI/NTRATTFARB 2~4 2%
KC B E MO EL(3.94+1.87) D, (6.98+2.50) D,
(7.12+3.68) D], IF HARJF BB 2 (1. 09+
0.3 pm]/NT 2~4 4 KC BF W MABEAR 201,17+
0.59) pm,(1.5840.53) pm.(2.03+1.33) um) ],
I AD O i AE fA A R VR PR I A7 7 SR B
PE AL HG B A R 5 20 BO6 TE 1k 50 L AR K A
AR V)R AR —  FAR P BT REG W
Y FAR B RS, XF KC B, R 58 i
) KC 83, BT £ IR R A 581 25 BH &8 9 i ™ LA
T Jey 8 AR RS B B AR, B B AE E AT PK TR
XA T A B S B0 T e ) R
AN UIHIA 78 4 45 52 R0
5.2 k#ELHBARNE BRFE (FS-DALK) F R
TEAUZ A IR (DALK) AR J2 3 1 V1B 5 3 H
JZETT 0 748 1 AR IEEZE 2, TS R A R S A S N B S o
J1 )2 LR A B, 22 A N B S5 M SE 3k L F
H I B 0 A B RV L bk vk AR R s —
HJ& DALK FAR A8 WIS N E ., DALK FARIT X
LA ] DL S G M AR F A M 0 52 B R TR A I HE
TR B/ 7 S F% A 2R ISR AR A A BE C 2T 12
BT KC B9iEehtY, A . LA DALK AR E%
ST TUIEUR ) R 8, 0 A SO B R )2
SR8 B R Z A B TR Y R e E TR B A E Y
A i R WA I VAN W B s =i Wy = B
fL, TR PK TR ;28 AL E K, B
REHFARETZ . W RAHEEREME )22
[ A A /N . AR G, 7 KC B F AR

LR B2 R DALK AR N PK FA
AIMER A 10% ~20% . k. 448 DALK F A
F A XE B T LS T G AN AE L R L R N B
R IE B F AR 58 4 2 5 A0 S B0 ) B AR
MR AR O BRI T % TR S R

AP R L S R AR 0 AR BT O, 8 A
P D) DA BT G R U 2 FI .
APEAE ) 0 o i AR BB AT B BE A A, ] B A
R R0 T AT L e R TR 56 B 4 2 R A b
PRI RO TE M R A B R i & R L A5 A
F A A ) g M B I B R O R E T AR B AT A
il s A 97 R0

PITE 5T 445 7 FS-DALK A J5 B UCVA,
BSCV A Ji 6B | A B 0O 55 1 PR A8 b 09 28 4k, I 5 1%
TRIZMHIBETT . Buzzonetti %7 18 20 i )L # H #
FEH T FS-DALK MALAEYE DALK P FR J5 325, 3iF 52
FS-DALK A DUt Ry KA 16 19 18 2 %, BRI R 5
SERE R B, im0 & 4. Shehadeh-Mashor
LSO T FSDALK FITF3h ) H# B F ARG 14F
B R4 5, & M FS-DALK AR J5 ) BSCVA B & ok
., Li 0317 6 KC 47 FS-DALK A 3 1 22 4]
AT HUACER B8 0 40 B9 DALK (HLBE I DALK) A f 2 gk
TT 2 4EREDT. TE ARG 12 A H . FSDALK 4 F 3
UCVA MW DALK 414, FS-DALK 4 AR J5 (1) i#
SRR T WL DALK 21, 4R AR B R )5 1
UCVA FESE MR K, MK, (8. A B EOCRE .
FE b e A i AR AL, Lu 2550 X% KC & 4y F i
S R A B R OR S AT R A R AT FS-
DALK, R J5 # % 19 UCVA 1 BSCVA B & # 5&5 .,
Alio 257 % Wi ] KC % ¥ 4T FS-DALK F1HLAK 1
DALK [ H g, A AP SOG4 R B 250 bl
KM FS-DALK A J5 Y1 F A& B v B 90 1 g8 e v
TR & B2 AT L B R ER . Shousha 257 %) 13
B2 2% FS-DALK 97 I f G A48 (R 3 47 177 38
3STAHMBEV . ARG BSCVA AR A & F ik
549 M EH BSCVA KT 20/30, F ¥ S 8 BR 55 14
A1 RO B2 7 BE 15 3 AR B R . Yoo Z55Y X 12
15 F RS 9K S8 % 64T T FS-DALK T AR MBETT, A
ToItERIE . SARAAMEL .7 HHR (58.3%) i UCVA B
ELORBIAARJG UCVA 22578 2.5 15 HEF
KA ARG A IR 19 BSCVA %4 28 Ak s A Fir ik 3% , F
Y2250 3.8 17, X — RN BN A& B FE o HE
I AAN: 37 o A R NN N O 1

FS-DALK J&IR¥7 KC Ml B & 0 £ 2 F Rl
Z— ARERKRGERERZFRTXEH REHAS
W AR HEGT DG ME R R RIE TR L 4
PR E YRR A Rp ik — Mg . T Ak KC KM
o A Ok B S B 2 i 2 51 R 0 Sk A K
J s, 22 AN F2 5k 57 B R SRR AR BRK i A Ol i S

1507103-4



%49 % £ 15 #1/2022 £ 8 A/ E M

11 PK F AR A BF 58 A S v] 7 I 201 oK b 91 47
FS-DALK A, th T B0 5 5 0 2 B4 o] i A4 v, W
BEAE AR RS 5T )22 3 88 0 A A9 1 L F AT 4T FS-DALK
AL DL I PK ARG 9 AH 56 KU

6 KRN IEOE H Bh R R R L A A A
(FS-ICRS) FA

AT AR L A R RO A AR T2 T KC |
BT . FAGE K AP 8RR 09 B 3R R R
F iR (PMIMLAD il J5G 1) Y8 A6k PR A A 1 I 56 o ] 30
o X I A Bt oA S DU IE S AN O . H AT
FHF I R (1 35 B 3R A = Bl 28 AL, 40 55 INTACS
( Addition Technology, Sunnyvale, CA, USA).
Kerarings #1 Ferrara rings ( Mediphacos, Belo
Horizonte, Brazil) , i # Kerarings % HF KC £ #
BRI . Hashemi 2577 B E 52, 5% FH #f T 5L 5 R A1
AR AT AR R 238 A i i A 422 fioh % 1 47 1R 0 %85 1
B KC B FH AR S, Fahd 205 B 5T 45 3 W,
KC B #F#17 INTACS i AR J5 . UCVA . BSCVA %
SRR A R A S b T IR 2 B A R

PLAFEHEAT TCRS F AR B, A 5 56 B o A 366 i 34
W% 1B R TN TR G 3E 47 B B (B R 5 276 ICRS [n] %
FRAT | BRI AR, B RO R AR R IR
T G5 1% 07 D 768 A 7 2 o AR A TR D ONORG M B v LT
bk SR A SR A R P2 N . R
PRCEE AT DLAE 5 0 7 B AR R 2 /N FIIE R A 356 ot
B& B ol HEAS AR L R IR AT DAL A B A P, DA AR
£ R ) i 22 SRR IR X T — S R L T 0 R R Y AR
. KC B,

Monteiro 24 %} 105 )% F§ N T34 F1 53 4 %
FHRR SO i 4 2L T PR B 38 1 KC B3 AR 5 1Y BE G AT
T FEAT R LG & BN T BR Al 2H G 15300 9K B 5 S B
RENEZSAEWHENSEIT#E X (P<<0.00), AT
IRES AL Y 3 AN B AR 5 PR BE RN 3k B S PR IR
HSEIE 2 R A G FE L (P<C0.05) .1 QR G
H2EF G FE L, N TG4 B 3 B % 18 T i IR
JE 5 vp e R S L W] FS-ICRS b A TG AR B
R B 5 3 Pl AR B4 mT LA Ry TR IR 1 8 B T S Y IR
SERRE 42 41 F AR . Monteiro 25 Xt H T AT
WE; M FSIICRS R It RIEREFR, KW K5
12 A N TIAEA I KIE & AR 20 18, 11 %, 1fi
TE FS-ICRS div, Jf AR AE K HE L 3.6 %0 7E N T3
B A Bl UL I & E & ICRS B 6 (9. 43 %) Fl G
WHY ICRS H & E(5.66%) 55 FSIICRS i R M .
N THLME ICRS FA B A Km0 AR S5 IU T & 5E T

Kapitanova %" xf 32 i) KC 53 % W 28 1 1
BH AT FS-ICRS, I AT I R BOCR TFANY , 45 R s
ARHT 44 BR (91. 60%) ) UCVA<<0. 3; KJ5 6 A

29 HR(60. 41 %) UCVA=0. 3,38 HR(79. 16 %) AI L
1 1~9 47,27 BR(56. 25 %) ) BSCVA 15 3 2k 3 .
16 E AL b, SR BR BT A B R A, L4
REKI FS-ICRS 2697 KC WA 07k, 3 B &I
K R AR, Hashemian % %F 71 HR 19 KC #k47
FS-ICRS, A J5 B 15 45 5 & /8 FS-ICRS *f KC &% 1
RIT U AR I H X UCVA BSCVA FlE Y
HBA B I o

Abdellah £ %} 26 4] (38 HR)KC & 4T FS-
ICRS FARIFHAT 3 47 BOTAG, R ARG B E N
UCVA FHE i RRTHY 0. 9340, 21 (Log MAR) 42 5
% 0.63+0.21(Log MAR) ,BSCVA F- ¥ 14 i AR 5 (9
0.67+0. 22(Log MAR) #£ 7+ & 0. 43 £ 0. 26 (Log
MAR) . BREE G5 A G MBRBEE R AT ZE ARG ¥ k&
T IFHZERAGIPERE L, 2 M 3 F R BT
PRI K Ko FK SR BT B, f R
Hir 22 i R 42, A FS-ICRS TR X T KC B 3%,
FEAIE BSCVA #5825 19 55 10 Kom I IRACR e &% 4
AR B2 58 X R & TR A 3 I AR /Y 0 58
K I,FS-ICRS 558 A7 75 b5 18 T i AS 58 4 F1 3L it A B
S ZE W37 K fE . Coskunseven 2557 [ 4387 T 531
B (850 HR) [51 4k 8 4 7 ¥ 47 FS-ICRS i 72 th FAR 5
I RIE L 45 R R .22 BR (2. 7 %) 16 AR vl B A
SE4235 MR (0. 6%0) B R Gk T 3R th I & 45 )
(0. 6%) H BLA N Bz 28 L, 2 HR (0. 2 %) Hi B0 % i ik
ANRER 1T IR (L 3YO FEAR G BT A R 7, 2 IR
0. 2%) H PLA MBI /1 HR (0. 1%0) H PRAR YL 11
MO RRE R EER A 5. 7% (49/850),
7 ff B EE B A A A8 N A A (TICSL)

FAR

TRRR OGN T R R S B Bt (SMILE) F-
ARIER CRD SO RS 1 2R A T AR I O E AT AR ik )
L E A L T A — 3 B a1 B B A A
B HH L AR A T T R S B O B
BOBHFIE . SMILE F AR &/ Sekundo %57 1 Ui i
—FEAF AR T, PRSP FOEEM R 4
D BEBIRME AR, VisuMax 4 KHEOL R %R
FHAZHE Yt A ) 9, 3 BRI EB 0 H e TR O
B @B mMYI . w516 I Al LU AR R
T B AR AT DA A sl il . 3) B 5 LRI al A
R B R . R Hh P 1) A 9 BB TR 43 AR X, A
B RS AR BT RS AN T O B
BRIEARREESS . 4 SN O R B ee] kT
/N, SMILE F A8 #5235 Y] 18 2 mm (1) £ 5 55 i
BT ALY . B SMILE F= AR 9 A W7 A% 2, 5 £
I 56 JBT 375 5 AR A S AR A R R 5 FH 1% 1E e D' S IE B3
Ty RS JEE BE 1A T RE .

TICSL T AR J& 2R A CRD 3Ot £ 1l 1 A7 AR 38 5 b iF

1507103-5



%49 % £ 15 #1/2022 £ 8 A/ E M

THREXRBMH, HE-THEHERN 8 mm. RKE N
100 pm OSP4T T A 6 2% T8 A9 VT, 78 A 00 b i AE
—A~ 2 mm K T BT A D) O, 8 HLA
3RS B 0 FUTH A B R A4S L AR R K N R AR A
SMILE A H B A 1M1 375 58 4B A 28 4% P4, 3 2o 7 00 1 1
75 e 44 52 A o T ) ] 30 3 A e XS X AR S, DT
A IS R 2 TR et R 0 JE G [ B 8 n
TR, fE LLE B BESE , Damgaard %7 &
B, T TICSL A ¥ I7 3 M . TG & R AR R 2 A6 IR Y 22
S MR R DT T NI R 55 5 3 W 5 1 2 e
BE—Fum

M 2018 A3k, TICSL 46 ™ E i i i KC %
HIVAYTY . Mastropasqua 287 % F 500 kHz VisuMax &
FhOETE KC Fir 56 0 il /F — 5248 . /5 A SMILE FR
HPIRCHS (4 38 P A RS S I OB B R TR T E R I KC, R
JG W17 & B BSCVA Fl CDVA ¥k 3%, 2 54 % it %
B, MBS MREME Q H¥WA TR, IRayy
OCT BRiBBEAL A 7= A2 () o Je 0 ep J] f 6 3 8 3%
Hafn., Nubile " BESE /T T 15 BilBE ) KC B H 1T
TICSL A B 25 f e v RS 6 4 H B s A &
i Sim-k 1 AR HJAY (59. 63+7.58) D [EFE (57. 19+
6.33) DsARJF 7 A H , b g BB | I O TR
JE R A R R R S B B R R

KC B # F LRI MBEAY 12 T R, MR
e ] R S EGE M EOE I BRI, TICSL A
KC HEA R B S5 1 A 328 0 1 35 o 38 % L 76 o038 JR 3 0
T3 () TRV B B8 T A R B A A AR A T ULRE AR RN A
il (53 4 1 R ARG T — A% B A Ak AR L [ s X AR R R
ARER A HE R TR A B R R A ) KC BRE AT — 4
TBIT MIHLSS L JF AT LU AE 3R ol R e A IR AL .

8 RRMBOLAE MR S Y B H]

8.1 AETEBFAENA(CXL)

EVO o LNl VR - b
BN L 370 nm SRANEXT A IR AT RO L 7E Af
5 o b e A DL LR A SRR TR TR M AR L i PR AR
RS R s s e o ol VA 7 s o | s e e Y i
Z I8 e A AR 2E AR B BN, DT 38 00 T e T 2T 4 1) B AR
S0 R AR I 5K A BE ST L AE B0 AR R R
RS I H B[R] RSt o AT L33 i o JEE A I BR A1 9 ke e
11 B AR B R AT HE B R . 2003 4F, Wollensak Z£7 4
— KT CXL F AR 0] LA 250 Hb 45 il A 4E 28 KC 1§
ook Al B . Li U X2 CXL FAK
KC & MK 2 CXL TR MY B H HAT meta 74T,
R EREZ CXL FAREMN K. FARTTAEWN
BSCVA 17 B i e 2%

H T2 A AR B X B P R B A — o 40 5 1R
M EERRAENER T ZER S LMk
2R T B T P R 20 T 2R AR G4 G BRE T A

AR ARUE IR T S50, SCBRIR T N AR I PN B2 | il TR A 22
MBS AN G = A B B A F . &M EE
F& AR IE A IR RE R AR 400 pm PA 2 H BT A AR
CXL FARZAWE™  Wikitfr 2 L CXL FARE
HE A R B B R T 450 pm AR W IR A2 B 9 4 4 b
HE. BRI I R 38 20 ) KC BF M IR E K2 A
W 450 pm DL AYESR

M CXL FARM & R, I KA 97 ] KC
(A R RN 2 A e SRR T B v, DO 5 1 2 CXIL F+
RRLE M A, ZTFARELM CXL FARM I .
AR A B ER A RN U B D R B SR AR i R N
REHOR 47 40 CXL FARMAS [T, Shajari - #F5E
T CXL 5P B I CXL FARIEITF R KC
My 28l XF 22 T gE St 1158 MR (&8 CXL. 577
IR s PR Rz CXL.581 BR) UEAT T meta 204, 45 3
WARMAA G B UCVA.BSCVA MRk 2 R
TG T2 B S A6 75 R R B I LT R A DLk 85
R CXL BAEMB . B8R xR, 48 CXL ik
WS [ Rz CXL 78 Jin [ £ B 2 280 0 1 35 BOA T 38 4 1Y)
8.2 XMHHAESESMIEZEL(FS-CXL)F A

16 CXL FAR R, A I b Bz 52 ) A% 88 3R A £ i
FITB AL IR IR &R RE & . X T A R
JE/NT 450 pm 1 KC B #F Al #5 [ f CXL F
REFH T E R B S 2 20 A 052, 28 B R B
W HAE 230~ 270 pm, KT 48 CXL ) 380 pm™™,
Bl CORD UG AE A REE S ' TR v A P R R A
AR T R IT IR B RN SR SO 7 £ L o b 2k A7
APV E A ok % CXL A, R KA HOLTE
RS 3 R A — SR 4% . P T A I AT A AE
Jo5 AT A3 A PRI T 1D ) A /0 U0 W I A A X A
P A= Jr2Fsg w8/ . i 2 mm D) 01, 4%
WMREEHBMPBERET T EHRRNBERNERLT
(1) £ S 5K I v o aBE R T A S I R X B B R B B N R
B v AR R T R B R R R R
(49 B5F TR P B OR 4 16 min 46 %0 2 BLZE B9 10 min, 75 &
HEHEFARAPEA RS T .

Dong %" ] FS-CXL #1781 ¥ L 2, R e
AR A, RS 3 N H M 6 MAE
FIARFIK s 76 BE U7 o B b 36 97 X R WA .
Scheimpflug E{& -, 7T LLE 256 5 19 4 B 26 i A
Al R ) 35 B 8 — B AR RIZ FARIE L 2.,
FA AT DL SE B B R B SRR K 2 . Kanellopoulos
SERYRE 10 B KC & 17 FS-CXL FARJG 26 1~ H
MR 45 R B, UCVA M 20/40. 5 #2553 20/32. 5,
BSCVA fr £ 7E 20/20 R A5, F B R 55 B BE AR T
0.50 D AR T 0. 90 D, N 4350 E i &
Ak, R\ R N ERIE T M UVA g CXL FAR
REERRN . HTARTARE L EBGEN, REE

1507103-6



%49 % £ 15 #1/2022 £ 8 A/ E M

I B RS . B LAl M A A A A D R R R AT
TR, AT W5 35 A B A4S R A I8 WL A B 5 37
BEJE AT s BN A L 45 R WoR L R FS-CXL FARIEIT
HERTE KC )5, B #F 8 UCVA 1 BSCVA B 482 %55,
3 mm XA 5 mm X344 B8l i AR S, o Fd JE
DX - 35 ff IS JEE 8 2 o B4 hn L 9 EL R & A S AR RS A
YIHERR RS BRA A AR S BT R L AT BE 4 [
il (EEEE KC BT M IR A M E . e & M7 3K
T T B — A R BR i 14 BA A R0 B R ] 7 i 7 3R 56 3iE
A T AR 2R k.

8.3 XMEAWHAMNMEERAENEKE T (FS-

ICRS-CXL)F A&

AR ICRS #1 A W] LA KC B M E B R,
Bl T B A A BB 2 100 A0 AS R0 000 R0 00N i B 15 22 .
REHRFN UCVA fil BSCVA,{H ICRS AfEFH I KC
(o 1k R R FS-ICRS-CXL F AR Al DL 7E 32 5
HR ST DR A R R Y UE B . Jacob &Y
TE 20 ] (24 HRHOKC A3 6.5 mm By EEEE, R H &
T Y 1 ) 56 o B B oK DA 1 S A A BB Al T
LRI A SZ AR B TE D9 L SR JF AT CXL F R, 58K
TRl b S R A I R A A A B A AR ACBETFR L RS
FHRE U (11,58 +3. 6) A~ H . KM AR JF UCVA F1
BSCV A Y375 i ol 36 . 25 500K 85 5 L #f I BI0OG B8 DL e #f
B3 mm Ml 5 mm XA R B F B, da
Candelaria Renesto 285 %} 39 il KC B &L 45
53547 FSIICRS-CXL FARFRLLERY ICRS AR, ARG
24 A~ H IRE U5 25 S 8 s L 410 UCVABSCVA, %54
BRGT R BRBT R A B R Y e W 22 5, HLI A BT
RAE, Legare 259 % 66 fi] KC M % # 47 ICRS #l
FSIICRS-CXL FAR ARG 12 4 H BB DT 45 B 2w, 5
HHBEN UCVA BSCVA S50k B3 1 BR 55 1 L hE 45
B BB RO B R R A5 25 B BT 0

AR R B DRI KC B & L iE171%
BeAFAR D Ak Bom I B A5, FS-
ICRS-CXL FARTE# & KC 1697 J5 1 i 7 30k K
W BE DTS A T LOZ A FRAE S G R )3z b
FH 8 5 KRR A 1 A Gt 400 A B 5 465 SR R AT IR 52
8.4 ABREREEREESHATEKAR

i B JEL P A 3 R KC i Y A I R AR AE 45 ) 2 4
AT AR IR TR . CXL AR B3R 48 A1 ' 18 5 17
R KT 400 pm, 24 KC B S5 M IR /N F
400 pm B, 22 ARG A BN K B B A AT RE s R BOR
J A REE P B2 R AR 3G 0 TR B XU o BRI % T R v
FLA IR AR T 400 pm B9 KC &, n] 18 i 4 Bh 5 v
B R A R R M TR IR B R
W BRI IR B4 B ok L A SO R A B T kAR
Hovh o PR A B w2 . R A i3
JOT P JEE B R B A B T A R R T O B Y JER B, B
FEATLLEUH A58 B 8 AT SMILE F R /9 3T A1 H0OE

B AR HPLOE R BR 9 mm FLAR f LR
I S5 DB 198 30T 0 0O A8 3 1) B T T o T
F T, AE AL BB B T A R 4 BTy
SRR R A ] 5 & B CXL A B ) A4 ]
R UL HUR R MG AT CXL L AR T 25 B3 A 15 2 1
e J 75 5 i T

PATERIF I 22 B, R FH 30 W0 RR 38 114 ) EE 366 I o7 4% 348
I KC B A IR B JEA7 5 B CXL TR X T
WL RE (1 KC fB g e — a2 B sy &,
Cagini " XF 10 i) B B /N T 400 pm 1 38 8 1E
KC B JEA7 A AL i 5 s A CXL FR i
Wit 1 5% AR 5 22 4 M RUAT 00k, & BRI B8 11 38 Bk
LRWRBEAE 280 pm ZEAq  RJE 12 A H WALy | A I
S B AN B S OB RR E . XA RR R
0 A 3 I 9 B R B ek R L 9 R R A AT LAk
A 5 KC kA 75 B0 2 14 I PR 45 g

9 RE5EY

RO TE IR BT AR A N B 2085 20 48 (5
TE S Rl PR AR R A7 7 25 Bl Bk B ARV S He s A
[) T AR 7 30 A ] T AR FBAL I (O 2 B0t s Mot M
5 O T AR 5 KC Ay 5 A1 28 Af [ RS A T A I 6
W 5 ER R /N T 35 BB A rh D) 8 T R R P R
SRR IR 5 3 A 4 SO TR D) 3 A S8 4 SRR K
ESEOR PR G W BUIF RAE A, L, AR EOETE
KC 77 H i B AT T 22 AN W 00 Ak B2 3 2038 R i
R JFAR 8 1 39T I 1 285 SR HL R AT 52 3 AN IE

AR TCRP PO AE B A IR 6 TR 0 0 H A A BT
AR T 182 P Ak R A B BE AT AT 22 ] AR i R
(R TRAR O LUHORS W D)1 07 U 6 2R i)
S v AL H s LA BT Ay IR DG T R 5 i AR 2R A I PR
S8 AR TR A RS B A TR DL A I
BOCYIIT TR GG b i T B AL B BOLEOR
TN T2 R4 ] 2 AR 18 S W 2 JR2 o] A S D 8 19 170
TR SERRL U B 00 11 IR 9 £ U R D B 241
LB R T RE . [FEE, DUREMEOE Y TH, 5 H AL T
ART7 XIS AT K Ak A B 19 TR 15 R AE . 4
TR ] 3 TR A, Oy R R BT I R T
R o KCIR PR IEE 2RIk .

& X X

[1] Ferrari G, Rama P. The keratoconus enigma: a review with
emphasis on pathogenesis [J]. The Ocular Surface, 2020, 18
(3): 363-373.

[2] Buzzonetti L, Bohringer D, Liskova P, et al. Keratoconus in
children: a literature review[J]. Cornea, 2020, 39(12): 1592-
1598.

[3] Mukhtar S, Ambati B K. Pediatric keratoconus: a review of the
literature [J]. International Ophthalmology, 2018, 38 (5):
2257-2266.

[4] Imbornoni L M, McGhee C N J, Belin M W. Evolution of

keratoconus: from diagnosis to therapeutics [J]. Klinische

1507103-7



(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Monatsblatter Fur Augenheilkunde, 2018, 235(6): 680-688.
Bykhovskaya Y, Rabinowitz Y S. Update on the genetics of
keratoconus [ ] ]. 2021, 202:
108398.

Lucas S E M, Burdon K P. Genetic and environmental risk

Experimental Eye Research,

factors for keratoconus[]J]. Annual Review of Vision Science,
2020, 15(6): 25-46.

Parker J S, van Dijk K, Melles G R J. Treatment options for
advanced keratoconus: a review[]J]. Survey of Ophthalmology,
2015, 60(5): 459-480.

Bamdad S, Sedaghat M R, Yasemi M,
stromal ring can affect the biomechanics of ectatic corneal[]].
Journal of Ophthalmology, 2020, 2020: 4274037.

Saad S, Saad R, Jouve L, et al. Corneal crosslinking in keratoconus

et al. Intracorneal

management[]]. Journal Francais d’ Ophtalmologie, 2020, 43(10):
1078-1095.

de Aldana J] R V, Meéndez C, Roso L, et al. Propagation of
ablation channels with multiple femtosecond laser pulses in
dielectrics: numerical simulations and experiments[]J]. Journal
of Physics D: Applied Physics, 2005, 38(16): 2764-2768.

Wei R L, Wang M M, Zhu Z X, et al. High-power femtosecond
pulse generation from an all-fiber Er-doped
amplification system[]J]. IEEE Photonics Journal, 2020, 12(2):
19621671.

BB, B0k, B, & YRS ROCATE Y ELR 5 M
AT, " EDE2E, 2015, 8(5): 873-880.

LiD]J, Wang H L, Yang G L, et al. Comprehension and usage

chirped pulse

of ordinary terminologies for laser taking peak power as example
[J]. Chinese Optics, 2015, 8(5): 873-880.

MR, Rz, £m. W HBOCEED R AKX RES ],
EDG, 2014, 7(2): 253-259.

Tian J] R, Song Y R, Wang L. Error analysis of peak power
formula in pulsed lasers[J]. Chinese Optics, 2014, 7(2): 253-
259.

Daido H, Nishiuchi M, Pirozhkov A S. Review of laser-driven
ion sources and their applications [J]. Reports on Progress in
Physics. Physical Society ( Great Britain), 2012, 75 (5):
056401.

Oraevsky A A, da Silva L B, Rubenchik A M, et al. Plasma
mediated ablation of biological tissues with nanosecond-to-
femtosecond laser pulses: relative role of linear and nonlinear
absorption[ J]. IEEE Journal of Selected Topics in Quantum
Electronics, 1996, 2(4): 801-809.

van Tilborg J, Schroeder C B, Filip C V, et al. Temporal
characterization of femtosecond laser-plasma-accelerated electron
bunches using terahertz radiation[]]. Physical Review Letters,
2006, 96(1): 014801.

Parafita-Fernandez A, Teus M. Femtosecond laser in situ
keratomileusis flap creation [ J]. Journal of Cataract and
Refractive Surgery, 2018, 44(10): 1297.

Homer N, Jurkunas U V. The use of femtosecond laser in
refractive and cataract surgery[J]. International Ophthalmology
Clinics, 2017, 57(4): 1-10.

Kim P, Sutton G L,
femtosecond laser in corneal refractive surgery []].
Opinion in Ophthalmology, 2011, 22(4): 238-244.
Salah-Mabed I, Moran S, Perez E, et al. Anatomical and visual
outcomes after LLASIK performed in myopic eyes with the
Wavel‘ight® refractive suite (Alcon® Laboratories Inc., USA)
[J]. Journal of Ophthalmology, 2020, 2020: 7296412.

Bolivar G, Garcia-Gonzalez M, Laucirika G, et al. Intraocular

Rootman D S. Applications of the

Current

pressure rises during laser in situ keratomileusis: comparison of
3 femtosecond laser platforms [J]. Journal of Cataract &
Refractive Surgery, 2019, 45(8): 1172-1176.

Lubatschowski H. Overview of commercially available

femtosecond lasers in refractive surgery [ ]J]. Journal of

Refractive Surgery, 2008, 24(1): S102-S107.
Sekundo W, Kunert K S, Blum M. Small incision corneal

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

1507103-8

%49 % £ 15 #1/2022 £ 8 A/ E M

refractive surgery using the small incision lenticule extraction

(SMILE) procedure for the correction of myopia and myopic
astigmatism: results of a 6 month prospective study [J]. The
British Journal of Ophthalmology, 2011, 95(3): 335-339.

Gamal Ebidalla Elghobaier M, Khalil Ibrahiem M F, Shawkat
Abdelhalim A, et al.
femtosecond laser-assisted cataract surgery (FLACS) on hard

L1l

Clinical and surgical outcomes of

cataracts in the Egyptian population Clinical
Ophthalmology, 2020, 21(14): 1383-1389.

Chamberlain W D. Femtosecond laser-assisted deep anterior
lamellar keratoplasty [J]. Current Opinion in Ophthalmology,
2019, 30(4): 256-263.

Graef S, Maier P, Boehringer D, et al. Femtosecond laser-
assisted repeat keratoplasty: a case series[J]. Cornea, 2011, 30
(6): 687-691.

Nagy Z, Takacs A, Filkorn T, et al. Initial clinical evaluation of
an intraocular femtosecond laser in cataract surgery[J]. Journal
of Refractive Surgery, 2009, 25(12): 1053-1060.

Ostovic M, Klaproth O K, Hengerer F H, Light

microscopy and scanning electron microscopy analysis of rigid

et al.

curved interface femtosecond laser-assisted and manual anterior
capsulotomy [J]. Journal of Cataract & Refractive Surgery,
2013, 39(10): 1587-1592.

Tan D T, Dart J] K, Holland E J, et al. Corneal transplantation
[J]. The Lancet, 2012, 379(9827): 1749-1761.

Seitz B, Hager T,
sequential double running suture removal after penetrating
keratoplasty[J]. Cornea, 2017, 37(3): 301-306.

Seitz B, Hager T,

sequential double running suture removal after penetrating

Langenbucher A, et al. Reconsidering

Langenbucher A, et al. Reconsidering
keratoplasty: a prospective randomized study comparing excimer
laser and motor trephination [J]. Cornea, 2018, 37 (3): 301-
306.

Bourne W M, Solano J M, Hodge D O.

astigmatism after suture removal in penetrating keratoplasty:

Keratometric

double running versus single running suture techniques []].
American Journal of Ophthalmology, 2004, 137(3): 603.
Maier P, Bohringer D, Birnbaum F, et al. Improved wound
stability  of
penetrating keratoplasty in vitro[J]. Cornea, 2012, 31(8): 963-
966.

Ignacio T S, Nguyen T B, Chuck R S, et al. Top hat wound
configuration for penetrating keratoplasty using the femtosecond
laser: a laboratory model[J]. Cornea, 2006, 25(3): 336-340.
Hoffart L, Proust H, Matonti F, et al. Short-term results of

top-hat  profiled femtosecond laser-assisted

penetrating keratoplasty performed with the femtec femtosecond
laser[J]. American Journal of Ophthalmology, 2008, 146(1):
50-55.

Gaster R N,
keratoplasty using femtosecond laser-enabled keratoplasty with

Dumitrascu O, Rabinowitz Y S. Penetrating
zig-zag incisions versus a mechanical trephine in patients with
keratoconus[J]. The British Journal of Ophthalmology, 2012,
96(9): 1195-1199.

Shivanna Y, Nagaraja H, Kugar T, et al. Femtosecond laser
enabled keratoplasty for advanced keratoconus [[J]. Indian
Journal of Ophthalmology, 2013, 61(8): 469-472.

Chen Y Q, Hu D N, Xia Y, et al. Comparison of femtosecond
laser-assisted deep anterior lamellar keratoplasty and penetrating
keratoplasty for keratoconus[J]. BMC Ophthalmology, 2015,
27(15): 144.

Kamiya K, Takahashi M, Igarashi A, et al. Visual performance
in eyes undergoing femtosecond laser-assisted keratoplasty for
advanced keratoconus [J]. Scientific Reports, 2019, 9 (1):
6442.
Abdelkader A.

correlates with healing process after descemetic versus pre-

Corneal biomechanical properties and their

descemetic lamellar keratoplasty [J]. European Journal of

Ophthalmology, 2013, 23(5): 652-657.



[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[56]

[57]

[58]

Boynton G E, Woodward M A. Evolving techniques in corneal
transplantation[J]. Current Surgery Reports, 2015, 3(2): 2.
Anwar M, Teichmann K D.
descemet’ s membrane in anterior lamellar keratoplasty [J].
Journal of Cataract & Refractive Surgery, 2002, 28(3): 398-
403.

Seitz B, El-Husseiny M, et al. DALK and
penetrating laser keratoplasty for advanced keratoconus[J]. Der
Ophthalmologe, 2013, 110(9): 839-848.
Knutsson K A, Rama P, Paganoni G.

Big-bubble technique to bare

Cursiefen C,

Modified big-bubble
technique compared to manual dissection deep anterior lamellar
keratoplasty in the treatment of keratoconus [ J]. Acta
Ophthalmologica, 2015, 93(5): 431-438.

Blériot A, Martin E, Lebranchu P, et al. Comparison of 12-
month anatomic and functional results between Z6 femtosecond
laser-assisted and manual trephination in deep anterior lamellar
keratoplasty for advanced keratoconus[J]. Journal Francais d’
Ophtalmologie, 2017, 40(6): e193-e200.

Fung S S M, Aiello F, Maurino V. Outcomes of femtosecond
laser-assisted mushroom-configuration keratoplasty in advanced
keratoconus[J]. Eye, 2016, 30(4): 553-561.

Buzzonetti L, Petrocelli G, Valente P, et al. Refractive outcome
of keratoconus treated by big-bubble deep anterior lamellar
keratoplasty in pediatric patients: two-year follow-up
comparison between mechanical trephine and femtosecond laser
assisted techniques[J]. Eye and Vision, 2019, 6: 1.
Shehadeh-Mashor R, Chan C C, Bahar I, et al. Comparison
between femtosecond laser mushroom configuration and manual
trephine straight-edge configuration deep anterior lamellar
keratoplasty[J]. The British Journal of Ophthalmology, 2014,
98(1): 35-39.

Li S X, Wang T, Bian J, et al. Precisely controlled side cut in
femtosecond laser-assisted deep lamellar keratoplasty for
advanced keratoconus[]J]. Cornea, 2016, 35(10): 1289-1294.
Li H, Chen M, Dong Y L, et al. Comparison of long-term
manual and femtosecond assisted corneal

results after

trephination in deep anterior lamellar keratoplasty for
keratoconus[]J]. International Journal of Ophthalmology, 2020,
13(4): 567-573.

LuY, Shi Y H, Yang LL P, et al. Femtosecond laser-assisted
deep anterior lamellar keratoplasty for keratoconus and
keratectasia[J]. International Journal of Ophthalmology, 2014,
7(4): 638-643.

Alio J L, Abdelghany A A, Barraquer R, et al. Femtosecond
laser assisted deep anterior lamellar keratoplasty outcomes and
healing patterns compared to manual technique [J]. BioMed
Research International, 2015, 2015: 397891.

Shousha M A, Yoo S H, Kymionis G D, et al. Long-term
results of femtosecond laser-assisted sutureless anterior lamellar
keratoplasty[J]. Ophthalmology, 2011, 118(2): 315-323.

Yoo S H, Kymionis G D, Koreishi A, et al. Femtosecond laser-
assisted sutureless anterior lamellar keratoplasty [ J J.
Ophthalmology, 2008, 115(8): 1303-1307.

Coskunseven E, Kymionis G D, Tsiklis N' S, et al. One-year results
of intrastromal corneal ring segment implantation (KeraRing) using
femtosecond laser in patients with keratoconus[J]. American Journal
of Ophthalmology, 2008, 145(5): 775-779.

Frost N A, Wu J, Lai T F, et al. A review of randomized
controlled trials of penetrating keratoplasty techniques [J].
Ophthalmology, 2006, 113(6): 942-949.

Hashemi H, Alvani A, Seyedian M A,

sequence of combined intracorneal ring implantation and corneal

et al. Appropriate
collagen cross-linking in keratoconus: a systematic review and
meta-analysis[J]. Cornea, 2018, 37(12): 1601-1607.

Fahd D C, Alameddine R M, Nasser M, et al. Refractive and
topographic effects of single-segment intrastromal corneal ring
segments in eyes with moderate to severe keratoconus and

inferior cones[J]. Journal of Cataract and Refractive Surgery,

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[68]

[70]

[71]

[72]

[73]

[74]

1507103-9

%49 % £ 15 #1/2022 £ 8 A/ E M

2015, 41(7): 1434-1440.
Bedi R, Touboul D, Pinsard L, et al.
topographic stability

Refractive and
of Intacs in eyes with progressive
keratoconus: five-year follow-up [J]. Journal of Refractive
Surgery, 2012, 28(6): 392-396.

Kymionis G D, Siganos C S, Tsiklis N S, et al. Long-term
follow-up of Intacs in keratoconus [J]. American Journal of
Ophthalmology, 2007, 143(2): 236-244.

Kamburoglu G, Ertan A, Saracbasi O. Measurement of depth
of Intacs implanted via femtosecond laser using Pentacam []].
Journal of Refractive Surgery, 2009, 25(4): 377-382.

Monteiro T, Alfonso J F, Franqueira N, et al. Predictability of
tunnel depth for intrastromal corneal ring segments implantation
between manual and femtosecond laser techniques[]]. Journal of
Refractive Surgery, 2018, 34(3): 188-194.
Monteiro T, Alfonso J F, Freitas R, et al.

complication rates

Comparison of

between manual and femtosecond laser-

assisted techniques for intrastromal corneal ring segments
implantation in keratoconus[J]. Current Eye Research, 2019,
44(12): 1291-1298.

Kapitanova K, Nikel J. Femtosecond laser-assisted intrastromal
corneal segment implantation-our experience [ J]. Ceska a
Slovenska Oftalmologie, 2018, 74(1): 31-36.

Hashemian S J, Farshchian N, Foroutam-Jazi A, et al. Visual
and refractive outcomes and tomographic changes after
femtosecond laser-assisted intrastromal corneal ring segment
implantation in patients with keratoconus [J]. Journal of
Ophthalmic & Vision Research, 2018, 13(4): 376-382.
Abdellah M M, Ammar H G. Femtosecond laser implantation
corneal ring segment in
three-year follow-up [ ] ].
Ophthalmology, 2019, 2019: 6783181.

G D, Tsiklis N S, et al.

Complications of intrastromal corneal ring segment implantation

of a 355-degree intrastromal

keratoconus: a Journal of

Coskunseven E, Kymionis
using a femtosecond laser for channel creation: a survey of 850
eyes with keratoconus [J]. Acta Ophthalmologica, 2011, 89
(1): 54-57.

Titiyal J S, Kaur M, Rathi A, et al. Learning curve of small
incision lenticule extraction: challenges and complications [J].
Cornea, 2017, 36(11): 1377-1382.

Titiyal J S, Kaur M, Shaikh F, et al. Small incision lenticule
( SMILE ) patient
perspectives[J]. Clinical Ophthalmology, 2018, 5(12): 1685-
1699.

Damgaard 1 B, Ivarsen A, Hjortdal J.

implantation for correction of hyperopia: an ex wivo study in

extraction techniques: selection and

Biological lenticule

human corneas[J]. Journal of Refractive Surgery, 2018, 34(4):
245-252.

Liu R, Zhao J, Xu Y, et al. Femtosecond laser-assisted corneal
small incision allogenic intrastromal lenticule implantation in
monkeys: a pilot study [J]. Investigative Ophthalmology &
Visual Science, 2015, 56(6): 3715-3720.

Pradhan K R, Reinstein D Z, Carp G I, et al. Femtosecond
laser-assisted keyhole endokeratophakia: correction of hyperopia
by implantation of an allogeneic lenticule obtained by SMILE
from a myopic donor[J]. Journal of Refractive Surgery, 2013,
29(11): 777-782.
Mastropasqua L, Nubile M, Salgari N, et al. Femtosecond
laser-assisted stromal lenticule addition keratoplasty for the
treatment of advanced keratoconus: a preliminary study [J].
Journal of Refractive Surgery, 2018, 34(1): 36-44.

Nubile M, Salgari N, Mehta J S, et al. Epithelial and stromal
remodelling
lenticule addition keratoplasty ( SLAK) for keratoconus [J].
Scientific Reports, 2021, 11(1): 2293.

B, XD, R, . BRI A RS n 2L B 22 R
BT KRS I I ML L)) . AR SR R B¢, 2018, 36(10):
767-772.

following femtosecond laser-assisted stromal



[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

Xu H M, Liu H, Yu]J, et al. Pulsed and continuous accelerated
scleral cross-linking using riboflavin and ultraviolet A irradiation
for the prevention of myopia progression in a Guinea pig model
[JJ. Chinese Journal of Experimental Ophthalmology, 2018, 36
(10): 767-772.

Wollensak G, Spoerl E, Seiler T. Riboflavin/ultraviolet-a-induced
collagen crosslinking for the treatment of keratoconus[]]. American
Journal of Ophthalmology, 2003, 135(5): 620-627.

LiJJ, JiP, Lin X T. Efficacy of corneal collagen cross-linking
for treatment of keratoconus: a meta-analysis of randomized
controlled trials[J]. PLoS One, 2015, 10(5): e0127079.
Wollensak — G.
keratoconus: new hope[J]. Current Opinion in Ophthalmology,
2006, 17(4): 356-360.

Razmjoo H, Peyman A, Rahimi A, et al. Cornea collagen cross-

Crosslinking  treatment  of  progressive

linking for keratoconus: a comparison between accelerated and
conventional methods [J]. Advanced Biomedical Research,
2017, 6: 10.

skdh, KRAHE, XUAE, AF. PREREE bR A K-8 A A IR R 3
YA YT 15 HE AR RS A I PR T ORI 2 2R [T . sh AR S B IR L 2%
A&, 2016, 34(2): 160-165.

Zhang J, Zheng Y, Liu Q, et al. Therapeutic effect and safety
of accelarated transepithelial riboflavin-ultraviolet corneal
collagen crosslinking for keratoconus [J]. Chinese Journal of
Experimental Ophthalmology, 2016, 34(2): 160-165.

Shajari M, Kolb C M, Agha B, et al. Comparison of standard
and accelerated corneal cross-linking for the treatment of
keratoconus: a meta-analysis[J]. Acta Ophthalmologica, 2019,
97(1): e22-e35.

Kirgiz A, Eliacik M, Yildirim Y. Different accelerated corneal
collagen cross-linking treatment modalities in progressive
keratoconus[J]. Eye and Vision, 2019, 3(6): 16.

Dong Z X, Zhou X T. Collagen cross-linking with riboflavin in a
femtosecond laser-created pocket in rabbit corneas: 6-month
results[J]. American Journal of Ophthalmology, 2011, 152(1):
22-27.

Kanellopoulos A J. Collagen cross-linking in early keratoconus
with riboflavin in a femtosecond laser-created pocket: initial
clinical results [J]. Journal of Refractive Surgery, 2009, 25
(11): 1034-1037.
Ganesh S, DBrar S.

implantation combined with accelerated collagen cross-linking for

Femtosecond intrastromal lenticular
the treatment of keratoconus: initial clinical result in 6 eyes[J].
Cornea, 2015, 34(10): 1331-1339.

Mukhtar S, Ambati B K. Pediatric keratoconus: a review of the

literature [ J ]. International Ophthalmology, 2018, 38 (5):

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

%49 % £ 15 #1/2022 £ 8 A/ E M

2257-2266.
Saleem M 1 H, Elzembely H A I, AboZaid M A, et al. Three-
year outcomes of cross-linking PLUS (combined cross-linking
with femtosecond laser intracorneal ring segments implantation)
for management of keratoconus[]]. Journal of Ophthalmology,
2018, 2018: 6907573.

Jacob S, Patel S R, Agarwal A,

intrastromal ring segments ( CAIRS) combined with corneal

et al. Corneal allogenic
cross-linking for keratoconus[J]. Journal of Refractive Surgery,
2018, 34(5): 296-303.

da Candelaria Renesto A, Melo L A'S, Jr, de Filippi Sartori M,
et al. Sequential topical riboflavin with or without ultraviolet a
radiation with delayed intracorneal ring segment insertion for
keratoconus [ J]. American Journal of Ophthalmology, 2012,
153(5): 982-993.

Legare M E, Iovieno A, Yeung S N, et al. Intacs with or
without same-day corneal collagen cross-linking to treat corneal
ectasia[ J]. Canadian Journal of Ophthalmology, 2013, 48(3):
173-178.

Igbal M, Elmassry A,

outcomes of

Tawfik A,

cross-linking  with

et al. Analysis of the

combined intracorneal ring
segment implantation for the treatment of pediatric keratoconus
[J]. Current Eye Research, 2019, 44(2): 125-134.

Ozek D, Karaca E E, Kemer O E. Accelerated corneal cross-
linking with hypo-osmolar riboflavin in thin keratoconic corneas:
2-year follow-up [J]. Arquivos Brasileiros De Oftalmologia,
2020, 83(4): 277-282.

Ko¢ M, Uzel M M, Koban Y, et al. Accelerated corneal cross-
linking with a hypoosmolar riboflavin solution in keratoconic thin
corneas: short-term results[J]. Cornea, 2016, 35(3): 350-354.
Srivatsa S, Jacob S, Agarwal A. Contact lens assisted corneal
cross linking in thin ectatic corneas-a review[]J]. Indian Journal
of Ophthalmology, 2020, 68(12): 2773-2778.
Mazzotta C, Jacob S, Agarwal A, et al. In wivo confocal
microscopy after contact lens-assisted corneal collagen cross-
linking for thin keratoconic corneas [J]. Journal of Refractive
Surgery, 2016, 32(5): 326-331.

Padmanabhan P, Dave A. Collagen cross-linking in thin corneas
[J1. Indian Journal of Ophthalmology, 2013, 61(8): 422-424.
Cagini C, Riccitelli F, Messina M, et al. Epi-off-lenticule-on
corneal collagen cross-linking in thin keratoconic corneas []].
International Ophthalmology, 2020, 40(12): 3403-3412.
Sachdev M'S, Gupta D, Sachdev G, et al. Tailored stromal
expansion with a refractive lenticule for crosslinking the ultrathin
cornealJ]. Journal of Cataract & Refractive Surgery, 2015, 41
(5): 918-923.

Recent Progress in Femtosecond Laser in Treatment of
Ophthalmic Keratoconus

Wei Shengsheng', Li Yong' , LiJing" , Zhang Zhenxi”
' Shaanxi Eye Hospital, Xi’ an People’s Hospital (Xi’ an Fourth Hospital), Xi’an 710004, Shaanxi, China;
* School of Life Sciences and Technology, Xi’ an Jiaotong University, Xi’ an 710049, Shaanxi, China

Abstract

Significance

Femtosecond lasers are solid-state lasers operating in the form of pulses. By focusing on the inside of a

corneal tissue, free electrons and high-temperature plasma are generated to produce photocracking, which vaporizes the

tissue near the targeted area, forming high-temperature and high-pressure bubbles. The bubbles expand rapidly to open

and cut the corneal tissue. The extreme focusing ability and accurate positioning of a femtosecond laser allow cutting

random shapes at any position in the corneal stroma through the use of artificial intelligence, exhibiting high accuracy,

good safety, and simple operation. Therefore, femtosecond lasers can be applied in corneal surgeries.
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In 2000, the Food and Drug Administration approved the clinical application of femtosecond lasers in ophthalmology.
The earliest femtosecond laser was mainly used to make a corneal flap in a corneal refractive surgery. Because the
femtosecond laser can cut any shape in the corneal tissue with artificial intelligence, a plane parallel cut to the corneal
surface in the anterior corneal surface stroma and then a perpendicular cut to the corneal surface after reserving the
surrounding corneal pedicle were made to make the corneal flap for refractive surgery.

Keratoconus is mainly treated by corneal collagen cross-linking surgery, corneal transplantation, and corneal stromal
lenticule transplantation. With the continuous evolution of femtosecond laser technology in corneal surgery, it has become
a good auxiliary tool for various surgical treatments of keratoconus, thereby improving the predictability and safety of
surgery.

Progress Currently, the femtosecond laser systems mainly used in clinics include IntralLase iFS150, Femtec 20/10,
Femto LDV, Visumax, and WaveLight FS200. Different femtosecond laser systems have varying physical parameters and
different advantages in corneal surgery. With the continuous advancement of femtosecond lasers and the sustained
improvements in the theoretical model in ophthalmology, the lasers are widely used in other fields of ophthalmology.
IntraLase iFS150, Femtec 20/10, and WaveLight FS200 can accurately make corneal flaps and perform penetration
keratoplasty (PK), deep lamellar keratoplasty, corneal stromal ring segments, and so on. In 2009, the first commercial
femtosecond laser system, LensX™, designed for cataract surgery was applied in clinical practice, opening new
applications of femtosecond lasers in the field of ophthalmic cataract surgery. Subsequently, several similar laser systems
were introduced, including Optimedica Catalyst, LENSAR®, Victus™, and so on.

PK is the main treatment for patients with keratoconus at the last stage. Femtosecond lasers can design various
customized incision modes, including top hat, mushroom, and Zig-zag (Fig. 2). Given that the lower width of the top hat
corneal incision is larger than the upper width, it is conducive to the adhesion of corneal graft and graft bed and increases
the biological stability of the wound under the action of postoperative intraocular pressure. Femtosecond laser-assisted
deep anterior lamellar keratoplasty ( FS-DALK) can better preserve the integrity of the corneal structure, reduce
postoperative corneal rejections, and obtain low long-term transplantation failure rates. Compared with traditional DALK
surgery, FS-DALK is less complicated, provides higher interface smoothness, and possesses greater ideal postoperative
visual quality. Femtosecond laser-assisted intra-corneal ring segment is widely used in the treatment of keratoconus.
Femtosecond lasers are used to make semicircular or circular tunnels in the corneal stroma, and PMMA plastic ring is
implanted to reduce the curvature of the anterior corneal surface. With the continuous maturity of small incision lenticule
extraction (SMILE), femtosecond lasers can be used to make a corneal stromal lenticule and stromal capsule, realizing
femtosecond laser-assisted corneal cross-linking and corneal stromal lenticule covering-assisted corneal cross-linking. By
making a capsule in the corneal stroma and then implanting the corneal stromal lenticule that is removed after SMILE
operation in hyperopia patients, the thickness and the biomechanics of the cornea can be increased. In addition, by
injecting riboflavin into the corneal stromal capsule and performing a corneal cross-linking surgery, the permeability of
riboflavin can be increased and the surgical effect can be improved. Thus, the use of femtosecond lasers provides effective
surgical schemes for treating keratoconus.

However, various defects and risks exist in actual clinical practice, such as designing laser parameters for different
surgical methods and different surgical positions; selecting the size and mode of the negative pressure suction in laser
corneal refractive surgery; the high risk of surgical infection when patients are being transferred to the operating room
during operation; incomplete corneal cutting caused by equipment failure; poor parameter settings, leading to
intraoperative and postoperative complications. Therefore, the application of femtosecond lasers in keratoconus treatment
necessitates continuous optimal designing, improvements in the surgical processes, and follow-up of long-term clinical
results.

Conclusions and Prospects Femtosecond lasers have been used in ophthalmic surgery for over 20 years. The
continuous development of laser technology and artificial intelligence control technology has helped achieve a smoother
corneal cutting surface, a more regular corneal incision, a more accurate cutting depth, and less tissue damage.
Concurrently, femtosecond lasers combined with other surgical methods expands the surgical boundaries of complex
corneal diseases, shortens the operation time, improves the operation safety, provides comfortable treatment experience
for patients, and introduces new methods for treating keratoconus.

Key words medical optics; femtosecond laser; keratoconus; corneal transplantation; corneal stromal ring; corneal
cross-linking
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