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[Abstract] Objective To analyze the dynamic changes of multiple corneal parameters and the safety of
femtosecond laser small-incision lenticule extraction combined with corneal cross-linking (SMILE Xtra) 12 months
postoperatively in patients with moderate-to-high risk of corneal ectasia. Methods A prospective self-control
study was conducted. A total of 31 myopic patients (54 eyes) who underwent SMILE Xtra at Aier Eye Hospital (East of
Chengdu) from May 2023 to February 2024 were enrolled. All patients were classified as moderate to high risk
according to the Randleman Ectasia Risk Score System (ERSS). Uncorrected distance visual acuity (UDVA), manifest
refraction spherical equivalent (MRSE), intraocular pressure (IOP), maximum keratometry (Kmax), mean keratometry
(Kmean), corneal morphological indices including central keratoconus index (CKI), index of highest decentration

(IHD), index of surface variance (ISV), and index of vertical asymmetry (IVA), corneal biomechanical parameters
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including stiffness parameter at first applanation (SP-A1), stress strain index (SSI), and integrated radius (IR), corneal
densitometry (CD) were recorded preoperatively and at 1, 3, 6, and 12 months postoperatively, and complications were
also recorded. This study followed the Declaration of Helsinki. The study protocol was approved by the Ethics
Committee of Aier Eye Hospital (East of Chengdu) (No. DQAIER202303001). All patients signed the informed
consent form. Results UDVA, absolute value of MRSE, Kmax, Kmean, IOP, CKI, and SP-A1l at different
postoperative time points were significantly decreased compared with preoperative, while IHD, IVA, and IR were
significantly increased (all P<0.005). SP-A1 at 3, 6, and 12 months postoperatively was higher than that at 1 month
postoperatively, SSI at 1, 6, and 12 months postoperatively was significantly decreased compared with preoperative,
SSI at 3 months postoperatively was higher than that at 1, 6, and 12 months postoperatively, and IR at 3 months was
significantly decreased compared with that at 1 month postoperatively (all P<0.005). There were no statistically
significant differences in pairwise comparisons of UDVA, MRSE, Kmax, Kmean, 10P, CKI, THD, and IVA at any
postoperative time points (all P>0.005). No statistically significant difference was found in ISV across different time
points (x’=4.75, P=0.314). Preoperative and postoperative CD at 1, 3, 6, and 12 months were (16.92+1.28), (17.89+
1.76), (17.83+£1.80), (17.45+1.90), and (17.30+1.70) grayscale units (GSU), respectively, with a statistically
significant overall difference (F=9.57, P<0.001). Specifically, CD at 1 and 3 months postoperatively was significantly
increased compared with preoperative (both P<0.001); CD at 6 and 12 months after surgery recovered to preoperative
baseline level, with no statistically significant differences (both P>0.005). At 1 month postoperatively, grade 0.5 haze
was observed in 4 eyes (7.4%) and grade 1 haze in 9 eyes (16.7%); at 3 months postoperatively, grade 0.5 haze was
observed in 8 eyes (14.8%) and grade 1 haze in 3 eyes (5.6%). All haze resolved within 6 months after treatment.
Conclusions SMILE Xtra demonstrates favorable efficacy, stability, and safety in correcting ametropia among
patients with moderate to high risk ERSS within 12 months postoperatively. Corneal biomechanical properties at 3
months postoperatively were enhanced compared with those at 1 month postoperatively. Nevertheless, SSI variability
and haze occurrence postoperatively demand clinical attention.

[Key words] Myopia; Small incision lenticule extraction; Corneal cross-linking; Corneal biomechanics;
Corneal morphology; Corneal densitometry
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Table 1 Ectasia risk factor score system"’

01 R F B A B 2 5L (stiffness parameter
applanation 1, SP-A1) | N J1 N 7AF 38 %0 (stress strain
index, SSI) £ & 242 (integrated radius, IR ) .
122 FAREA A TARE W F— A28 F W W
MR 12 0 58 1o AR D 2 4R IR T AR R R 4 K/
FRek 253 do AR 0.01% T 35 PR B 3R IR 3 4k
A7 R RRIE . >R I BOG A %) 500 kHz Y Visumax &
oot 4 (15 B Carl Zeiss AR #E47 F AR & g &
9130 0, GEER/NH 1.5 pm, fUEEE 4.5 wm , £ 5 1E
J& B 120 pm, B 2 N 7.0~7.8 mm, )t %% X A 6.0~
6.8 mm, Fff 47 0.1 mm 6 8 ¥ X, B
B B R 10 pm; U1 OB N
120°, 3390 2 mmo A F g A8 2 3 A 1] 0L

. o AR W 5] G2 IR BR % B0 S 50

4 3 b 1 0 B0 B K /NI IR R R 1RO S 43
o BBCHR IR 1T PR I A0 B S 44 1l ExpFROILs Ew sy BB BEAT S R, 58 B U B B, O 1
RSB(pum) <240 240~259 260-279  280~299 >300 R UL ot L = = NI =
AR (%) 18~21 22-25  26~29 >30 0.22% ) H i VibeX Xtra % 8 K & W
CCT(pm) <450 451480 481~510 >510 0.5 ml i E A #ELE N IR EE TR 90 s, LA
MRSE(D) >-14 ~12--14 “10~-12  -8--10 <-8 S VA VR P R R TR , A R G i 32

0 0~2 00 WAKSE ;3 50 M 524 40 N R e
£ 15 JRE J3E s MRSE « 35 56 5 6 25 2Bk 45 )i

RSB : 1 4 5% 4% ff1 5 56 5t K )& ; CCT: A

A (32 E Avedro A F] ) I+ 365 nm , %
EMRE 30 mW/em?, T8 G AR IR A K 90 s,

Note: 0-2 points: low risk; 3 points: moderate risk; 24 points: high risk  RSB: residual stromal

bed thickness; CCT: central corneal thickness; MRSE: manifest refraction spherical equivalent
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keratoconus index, CKI) . & & i 7 .0 38 %X (index of
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2.1 FRATE A [FIES ] £ UDVA Al MRSE [ #8

F ARG AS 6] 5[] 5 UDVA FI MRSE A He 5% 2%
S G oF X (x*=145.86, P<0.001; F=605.30, P<
0.001) , H o AR J5 A ] B [6] 5 UDVA Fil MRSE 465 X} {5
PR R R % PR, UDVA B k3%, 22 5 ¥ g it
(¥ P<0.001) ; R J5 4 Bif ] £ UDV A 1 MRSE 7 1%
P22 S B TR Ge i 2 (3 P>0.005) (% 2) .

2.2 FRG S A [ B I A RS iy 232 AR e L 3%

F AR B G A [F B A] & Kmax . Kmean . IR & S H
W2ESYAE G FE L (¥=25.14, F=269.03 . 127.62,
¥ P<0.001) , Hrp R J5 A TR B[] 5 Kmax  Kmean i}
B ARFI AL, 22 76 G243 L (¥ P<0.005) 5 R
J& % B 18] 25 Kmax . Kmean , lR JE 7 P4 b 88 22 5 38 6 40
Jhep i L(H1P>0.005) (%3)

2.3 TORHG G A [ B[] A BT 28 2 48 98 b L 4

FARAJE A [F) ] 5 CKILIHD IVA SR 4 2 &
WA it 5 X (x/=32.73.28.65.48.73, 1 P<0.001) ,
e R 5 AS [) B ) CKT 34 %8 AR R FE K, THD TV A 35
BORATHE I, 22 5 ¥ A Ge 2 5 (3 P<0.005) s R
AN [ i8] 5 CKT.IHD IV A P A 22 3 0 4 32
(¥ P>0.005) . F- ARG A [RIE] ] g5 ISV BA 35 25
SLG 22 L (¢=4.75,P=0.314)(F4),

2.4 TR G A [F] B ] g £ B A= ) ) 2 SR

T ARG AS [ 1] 25 SP-A 1 B L4 25 5o 483t
2 X (F=104.68, P<0.001) , H o R 5 7 [A] 15 ]
SP-A1 ¥ 8 AR T B AR, BE B ] 448, RIS SP-A1 3,
ARJE3.6. 120 HSP-AITBERFEINAHAE,. 2584
it 2E 2 L (¥ P<0.005) s K5 3.6.124 H SP-A1 4H
XERE , I L 22 e gt 2 B (35 P>0.005)
(%£5),

x4 FARuilz

F2 FAREIEAEHRE R UDVA MRSE tb
Table 2 Comparison of UDVA and MRSE among different
time points before and after surgery

fi 7] IR%  UDVALM(Q,,0,),logMAR]" MRSE(¥+s,D)*
AT 54 0.96(0.68,1.27) -4.11%1.26
ARE14H 54 0.00(-0.08,0.00)* 0.06+0.30"
RIE3MH 54 -0.08(-0.08,0.00)" 0.00+0.32"
ARJF614H 54 -0.04(-0.08,0.00)" 0.06+0.34"
ARJF 1241 54 -0.08(-0.08,0.00)" -0.01+0.39"
Y/F 1 145.86 605.30

PAE <0.001 <0.001

5 R BT F L, “P<0.005 (*: Friedman M 5 % , Bonferroni £ 1F 1Y
Wll(‘oxon{] SRR K B s # . FE AW A PR R J7 25 40 T, Bonferroni 1% 1E
) UDVA: BRI s MRSE - 2 5 5006 55 Ok B2 B2

Note: Compared with preoperative, “P<0.005 (*: Friedman M test,
Bonferroni - corrected Wilcoxon signed-rank test; #: One-way repeated
UDVA: uncorrected

distance visual acuity; MRSE: manifest refraction spherical equivalent

measures ANOVA, Bonferroni correction method)

#3 FAFEARE AR ES Kmax Kmean  fRE &
Table 3 Comparison of Kmax, Kmean and intraocular
pressure among different time points before and after surgery

k) & [ m( QllimoiX ),D]° (if:edDr;“ (hfi};g)”
N ] 54  44.35(43.15,45.80) 43.19£1.56  15.19+2.72
ARE114H 54 44.15(42.90,45.25)" 39.59+2.21*  9.78+2.10°
ARJE31H 54  44.45(42.88,45.50)" 39.56+1.95" 10.31+2.12°
ARJF64-H 54 44.50(41.98,45.30)" 39.58+1.79"  10.04+2.18°
ARG 121 54 44.15(42.33,44.90)" 39.63+1.81°  10.11+1.89"
X/FAE 25.14 269.03 127.62
PIH <0.001 <0.001 <0.001

5 R AT %, “P<0.005 (*: Friedman M K5 % , Bonferroni 2 1F
Wilcoxon £ 5 Bk A% 86 5 #: 1 & I 4 50 [ 25 J7 22 79 M7, Bonferroni % 1E
%) Kmax:fe KA AT Kmean FX A BEME 1 mmHg=0.133 kPa

Note: Compared with preoperative, “P<0.005 (*: Friedman M test,
Bonferroni-corrected Wilcoxon signed-rank test; #: One-way repeated measures
ANOVA, Bonferroni correction method)
Kmean: mean keratometry 1 mmHg=0.133 kPa

Kmax: maximum keratometry;

AR E S AREESFEHERERIMQ,,0,)]

Table 4 Comparison of corneal morphological index among different time points before and after surgery [M(Q,, Q,) |

i 7] AR K CKI IVA ISV

Nl 54 1.01(1.01,1.01) 0.01(0.01,0.02) 0.15(0.12,0.21) 23.00(18.75,27.00)
RE14H 54 1.00(0.99,1.01)* 0.02(0.01,0.02)* 0.26(0.18,0.30)" 25.00(20.00,32.00)
RE34AH 54 1.00(0.98,1.01)* 0.02(0.01,0.03)* 0.26(0.19,0.33)" 26.50(21.75,35.25)
R 61 A 54 1.00(0.99,1.01)* 0.02(0.01,0.03)* 0.26(0.20,0.34)" 25.00(20.75,33.25)
RJF 124 A 54 1.00(0.99,1.01)* 0.02(0.01,0.03)" 0.25(0.18,0.31)" 25.50(20.00,31.00)
X e 32.73 48.73 4.75

P <0.001 <0.001 <0.001 0314

7 5 ARET HE#L L *P<0.005( Friedman M 45 56 , Bonferroni 1 1E f Wilcoxon £ 5 Bk 6 46 )

XEFRAE L 1SV - 1A HL U 48 £

CKI: H e [5 4E £ R HE 2505 THD < 85 B2 i PO FE BGTVA B

Note: Compared with preoperative, "P<0.005 (Friedman M test, Bonferroni-corrected Wilcoxon signed-rank test) CKI: central keratoconus index; THD:

index of highest decentration; IVA: index of vertical asymmetry; ISV: index of surface variance
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T AR B 5 A 6] I 18] 5 SSI B Ak i 2% 5 A 43t
2 E X (x? =36.60, P<0.001) , P RF1.6.124 H
SSIEE AR R TR, 25 WA EE X (HP<
0.005) , R J5 34~ H SST4E T AR A K-, 5 AR HIAH 2
SIG I FE L (P>0.005) ; R JF 34 H SSI¥ @ AR
Ja 1.6 1210, 2558 gt & L (1 P<0.005) ;
AN [ B[] 579 P b 3 22 SR ¥ T g k2R L (B P>
0.005)(#%5).

F- ARG A R 8] 45 TR BAR F B 22 R A i it B
X (F=240.51,P<0.001) , H A AR J5 A [A] B 8] 45 IR 38R
B KRG 3N H IREARE 14 Ao, 257445
T8 (¥ P<0.005) ;K J5 3.6, 124 H TR A XA
P LA 25 S T Ge T2 3 (3 P>0.005) (£5)

2.5 FORHETEASE I A] £ CD 3%

RETA ARG 1.3.6.124 H CD 43 5 7 (16.92+
1.28) | (17.89£1.76) . (17.83+1.80) . (17.45+1.90) .
(17.30£1.70) GSU, Sk L 3 22 5 A e it 22 B L (F=
9.57,P<0.001) , i R J5 1.3 4 H CD 8 A Hif B .18
I, 25 A Gt 2 (34 P<0.001) ; Bifi i) [B] 4 7%
ARG 6,124 H CDIRE B ARATHEL KT, 227 L5
P2 5 () P>0.005) .

2.6 ARJ5EIFRAEKENE G

ARG 1A H H 0.5 haze 4 R (5 7.4%) |1 %%
haze O MR (/5 16.7%) ; R Ja 34 A H B 0.5 %% haze 8 R
(F714.8%) .19 haze 3HR (/5 5.6%) . fii [ 0.1% %K
T i R 4 /R TT AR AR R R R 25 000K haze 3
TEIRIT T 1~3 0 HIH R A U H A W b I A& E -

£S5 FAUBAAHERABEENNFESHILE

Table 5 Comparison of corneal biomechanical parameters among different time points

before and after surgery

3 itig

B Y5 A R 5k 2 O TR b A AR E Y IR &
SiE , LA IR AT 1 A o R AR T R AR AE AT S BO™
A D G A R R B T M CXL,
AT DA i AR5 AR A W) ) 2 R e I AR I U A g
5k & A KUY . H BT SMILE Xtra 3= AR 40 A b5 %
K4 — ,ERSS i Randleman 2548t 57, F T 1AL ¥E 45+
% £ B R A7 BE B R (laser in situ keratomileusis,
LASIK) A J&5 B9 9k XU, 5 5 LASIK A i e 5 B %
PEAL , HE 07 B T A KU o A F 9% 3 76 AS TR O AR
H SR FH L AR Y 0 AT R PR A R S KU T A R B
CXLF-AR (38 B UE G 227 AR 55 IR SR FHIZ AR AL, 4
A ERSSPE43 i fE 19 JiE A IE B

AT R BoR, KRG UDVA B 2 24 3% , MRSE 44
¥ {E . Kmax , Kmean | 1R 34 5 AR /i T [, HAE AR 5 BE
V7 3 1] KH % R 52, % B SMILE Xira T ARG 2% H B A B
I 1 e SRR E T Kl R R et S BRI O — B
CKI.ISV . IVA [THD 2 S5z Bt £ JIEE 3 T80 A0 000 1 0 6 R P
WA ARE S S NE N EESH ., AR PARE
AN R B ] 5 THD IV A B8R | 34 /i, 7T 8 5 SMILE
AR YIH RSB O A 06 . KRS R B, SMILE 41
K SMILE BE 4 CXL#H % IVA A IHD R J5 14 H ##%¢
ARFTHE K, AL BEARE HD VA FHE L HAF A
[F) B[] 0 CKT 52 4 s a3 B BOR AT RE AR, HAR )5 ISV
EORHIAH 22 5 I g1t 2% 2 S, W] SMILE Xitra X 2
SE IS TN M A AR S B R RUR . 5A
LTI L S S N i
Piyacomn LTI 14 471 25 R
Ji O F ARBEA CXLIRYT
B AT I I A3 A, AR

i ) R % SP-A1(%+s)" SSILM(Q,.Q,) ] IR (xxs)” CKI % 2% F B& . ISV. IVA .
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