<478 - PRSI R 2026 4F 5 A5 44 4555 5 ] Chin J Exp Ophthalmol , May 2026, Vol. 44, No. 5

- i R -

1 R 2 B AR A K B A IR R A BR AR
s ki T [6R) A A I ) <2 e Ve A R

xF S Avm EEH x4 LH' k' kese' R
'"THEARAERARER TAEHXFWEALEARER/SZBREFR TALRM
ETZ, 401 750002;° F B & RIEAE R, 4811 750000

WBAZAEH . £ LB, Email : zh_wenj@163. com

(FEE] BH BRI CRBOCH B A IS TS SA A A A B 7 A8 B AR ( SLAK-CXL) 497 42 i
R A R 2 A A RME . ik RADROIR SIS 5T, A 2022 4F 2 H & 2024 4F 6 A T EIRE
[ B 6 0T SLAK-CXL (1 B4 A 5 R 16 4 16 1R i sk B AR AR 20 d.3 A .6 A (12 A 5
S IEM 1 (BCVA) ZERFREEEE (SE) Pentacam =4EHR i 15 40 M1 A GR BUK) £ EIE 25 2448 A5 M Corvis ST A4
T2 WTASGRI Y F RS AL 1 2548 b . IR HR G IR B BB, @R RETAARS 2043 40H 64
A 124 H BCVA 43 %1% 0.52(0.43,0.79) ,0.56 (0.43,0.79) .0.60 (0.52,0.68) .0.56 (0.33,1.23) .
0.52(0.30,0.68) ,SE 4374 (=11.01+6. 61) . (—14.65+6.51) . (~14.83+6.39) . (-15.87+4.28) . (-15. 88+
5.05)D, MKW ZE BTG5 2 X (X =5.044, F=3. 660, ¥1P>0.05) . BB A%S5 T RJ5 & A
S RS 3R TPl RS R RSN, A RS 2 T Bl R SRS R BT REAR, ARG 3,612 AN A RS 2 1 e el
RIS AR AT I, ARG 3 A4S AR 2 T8 T4l R AR T RRAIR, 22 A G4 L (H¥1P<0.05) . RIF4
I IF0) 5 B 00 AR i v o JEE P 57 A AR i O 00 088 2 S AR 4 B R A AR, R 20 .3 A
F .6 AN 5 T 251 T2 1 25 B PR T W S ARG, RS 20 d o6 AN 12 A4S S5 a5 i 2 T s 2 e R T )
REAIS ARG 3 A H 6 A H A I TH 051 i 2 T e S 24 R iy B S RIS, R JS 6 A i 2 Bl v 0 i 5048 AR i FARAIR
LS WA G L (BIP<0.05) . ARBREY IS H00 ARG 3 A H W2 M8 FIA B 71 SR8 50 15 T A
2 mm AL YT AR I BE FLAE P R BB A, R S5 6,12 4~ H Belin/ Ambrosio Z5 A 2518 | £5 A 18 B R mir
1, Fhe A 557Ky i £ RS B AR AR S LA R ARG I, RS 20 d.6 AN H (12 A H S 1 R TR B 48 B0 4
ARHHEIN, ARSG 6 4 H 5 KR FE B 3R RGN, ARG 20 d 55K B I BE AR JREAIC, 25 R 458
THERE X (HP<0.05) o A AHR 5 0 P9 25 A UL AR 3R Jobs 1 2 G s HIE I SN Vs ik ke S RS A, TG A
BRI, S8 SLAK-CXL R Ip 35 18 fin 4 8 (53 441 A IEEHR 0% ) RS TREJE 418 v A TR 3 ) o532 AR SO 26, B
12 N AR BA R, BA RAF 2 e Ara s,

[RIA] AR, MRETNBE, MR, MRk

E€WAB: ERANRPIEEES (82460202) ; T EH W HIEXE A &R (2024BEG02016)

DOI ; 10. 3760/ cma. j. cn115989-20250813-00268

Safety and efficacy of corneal stromal lenticule implantation combined with corneal collagen cross-linking in
the treatment of thinner keratoconus
Liu Yang', Han Yu’, Qin Yixuan’, Wang Yuanru', Ren Yinghua', Ma Zhen', Wang Zhenglai', Zhang Jinjin',
Zhuang Wenjuan'
! People’s Hospital of Ningxia Hui Autonomous Region, Ningxia Medical University, Ningxia Eye Hospital, Yinchuan
750002, China; 2Ningxia Aier Eye Hospital, Yinchuan 750000, China
Corresponding author: Zhuang Wenjuan, Email: zh_wenj@163. com

[Abstract] Objective To evaluate the safety and efficacy of stromal lenticule implantation addition keratoplasty
combined with corneal collagen cross-linking (SLAK-CXL) in treating thinner keratoconus. Methods An observational
case series study was conducted. Sixteen patients (16 eyes) with keratoconus who underwent SLAK-CXL at the Optometry

Center of Ningxia Eye Hospital between February 2022 and June 2024 were enrolled. The patients” best corrected visual
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acuity ( BCVA), spherical equivalent (SE), corneal morphological parameters obtained by Pentacam three-
dimensional anterior segment analyzer, and corneal biomechanical indicators obtained by Corvis ST biomechanical
analyzer were recorded before surgery and 20 days, 3 months, 6 months, and 12 months after surgery. The
occurrence of postoperative complications was observed. This study followed the Declaration of Helsinki. The study
protocol was approved by the Ethics Committee of the People’s Hospital of Ningxia Hui Autonomous Region (No.
2022-NZR-035). All patients or their guardians were aware of the study purpose and signed the informed consent
form. Results The BCVA before the operation, as well as at 20 days, 3 months, 6 months, and 12 months after
the operation were 0.52(0.43, 0.79), 0.56(0.43, 0.79), 0.60(0.52, 0.68), 0.56(0.33, 1.23), and 0.52
(0.30, 0.68), respectively, and the SE values were (-11.01x6.61), (-14.65£6.51), (-14.83+6.39),
(-15.87+4.28), and (-15.88+5.05) D, respectively, with no statistically significant overall differences (X*=
5.044, F=3.660, both P>0.05). Among the corneal morphological parameters, the curvature of the flat axis of the
anterior corneal surface increased at each time point following the operation compared to pre-operative measurements,
while the curvature of the steep axis of the posterior corneal surface decreased relative to pre-operative values, but the
curvature of the steep axis of the anterior corneal surface increased at 3, 6, and 12 months post-operation compared to
pre-operative measurements, and the curvature of the flat axis of the posterior corneal surface decreased at 3 months
post-operation compared to pre-operative values, showing statistically significant differences (all P<0.05). The
thickness of the corneal apex and the thinnest point at each postoperative time point significantly increased compared
to preoperative measurements, while the vertical asymmetry index exhibited a notable decrease compared to
preoperative values (all P<0.05). The anterior surface height of the thinnest point at 20 days, 3 months, and 6
months postoperatively were significantly lower than that before the operation, the posterior surface height of the
thinnest point at 20 days, 6 months, and 12 months after the operation were significantly reduced compared to
preoperative values, the posterior surface height of the corneal apex at 3 and 6 months postoperatively were
significantly lower than that before the operation, and the height-axis eccentricity index at 6 months postoperatively
was reduced compared to baseline measurements, showing statistically significant differences (all P<0.05). Among
the corneal biomechanical parameters, the topographic map combined with the biomechanical index and deformation
amplitude ratio at 2 mm at 3 months postoperatively were lower than before the operation. The comprehensive
deviation value of Belin/Ambrosio and the comprehensive radius index at 6 and 12 months postoperatively were lower
than the preoperative values (all P<0.05). The ratio of the thinnest point to the rate of change of corneal thickness in
the horizontal direction at 6 and 12 months postoperatively were higher than before the operation, and stiffness
parameter applanation 1 levels at 20 days, 6 months, and 12 months after surgery were increased compared to
baseline measurements (all P<0.05). At 6 months postoperatively, the reverse curvature radius of the maximum
indentation increased compared to preoperative values, and the peak distance of the maximum indentation at 20 days
postoperatively was reduced compared to baseline (both P<0.05). Throughout the follow-up period, no immune
rejection, graft dissolution, wrinkling, or displacement of corneal stromal grafts were noted, nor was there any corneal
opacity.  Conclusions SLAK-CXL significantly increases the corneal thickness in thinner keratoconus eyes,
enhances corneal rigidity, and improves corneal morphology. No significant adverse reactions were observed during
the 12-month follow-up, indicating that the procedure demonstrates both safety and efficacy.
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S (X=5.044, P=0.283) ; RJF SE 4 A4
FARFFA R ] A SE Bk 22 7 0G0 B X
(F=3.660,P=0.053) (% 1),
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Table 1 Comparison of BCVA and SE at different time
points before and after surgery (n=16)

fi ] BCVA[M(Q,, Q5)]" SE(xs,D) *
AW 0.52(0.43,0.79) -11.01+6. 61
ARJ5 20 d 0.56(0. 43,0.79) ~14. 65+6. 51
RJg3 1A 0.60(0.52,0.68) -14.83+6.39
ARG 6 ~H 0.56(0.33,1.23) -15.87+4.28
KRG 124 H 0.52(0.30,0. 68) -15. 88+5. 05
X2/ F A 5.044 3. 660

PAd 0.283 0.053

TE: (#: Friedman K% ; + . R 25047)
SE: 555Uk B HE

Note: (#: Friedman test; *: One-way ANOVA)
visual acuity; SE: spherical equivalent

BCVA . A8 IEAL 75
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Figure 1 Corneal morphological images at different time points before and after surgery After surgery, the anterior corneal surface curvature and

corneal thickness increased compared with preoperative values, while both anterior and posterior surface elevation decreased compared to preoperative levels
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Table 2 Comparison of corneal morphological parameters at different time points before and after surgery (n=16)

. FK1 FK2 BK1 BK2 FKmax
(x£5,D) * (3+s,D) * (x+s,D) * (3+s,D) * [(M(Q,, Q5),D]*
AT 52.76+5. 64 57.40+5.95 -7.85+1.09 -8.87+1.17 62.90(58.53,70.35)
AJF 20 d 55.39+6. 21" 58. 84£6. 56 -7.65+1.23 -8.36+1. 16" 62.10(58.90,66.30)
ARG 34H 55.42+5.52° 59.76+6. 38" -7.49+1. 05° -8.29=+1. 14* 62.05(57.78,69.13)
ARJE 6 4HA 55.65+5. 40" 59.34+5. 48" -7.56x1.07 -8.30+1. 06" 61.85(58.48,67.58)
ARJg 121~ H 53.20+5. 38" 58.90+6. 35" -7.64x1.06 -8.39+1. 18" 61.85(58.70,67.48)
F/X* 22.967 19. 401 6. 062 13.752 3.325
P{H <0. 001 0. 001 <0. 001 <0. 001 0. 505
] AR BT A5 JE A N T R o SRR 1 v e A A 0 0T pt 1T 2 16
(xs,pm) ” (xxs,pum) (xxs,pm) * (xxs,pum) [M(Q,, Q) ,pm]”
A 384.00+21. 65 377.50+19. 78 33.50+19.25 75.50+42. 90 26.00(18.75,38.50)
AJg 20 d 479. 63+32. 55 454. 44+37. 48" 18.19+26. 17° 58.75+40. 10° 22.00(16.75,30.75)
KRG 3 1A 492. 50+36. 25" 461. 00+40. 75" 19. 06+31. 44° 62.75+38. 81 27.50(15.75,42.50)
KRG 6 1~H 488. 88+23. 93" 469. 25+30. 51* 19. 81+30. 49° 58. 94142, 43° 29.00(18.00,37.75)
ARiE 1244 488.25+24. 26" 474.25+32. 78" 24.69+29. 64 59. 13+41. 45° 27.50(15.25,33.50)
FxC 34. 190 40. 671 23.871 3.127 4. 000
PA{A <0. 001 <0. 001 <0. 001 0. 021 0. 406
i 00 R0 S5 2R T i ISV THA IVA IHD KI
[M(Q,, Q3),pm]” (xxs)* [(M(Q,, 0;)]" [(M(Q,, 05)]" (wxs) (xxs) *
AT 53.00 119. 38+40. 89 33.90 0. 89 0. 15+0. 06 1.330. 15
(35.50,74.50) (15.93,71.05) (0.59,1. 14)
AJ5 20 d 49. 00 107. 50+44. 50 35.20 0. 64 0. 13+0. 07 1.30£0. 17
(28.50,65.50) (9.45,56.10) (0.52,0.90)*
VNEREN;| 39. 00 123.81+41.58 22.70 0. 60 0. 10+0. 08 1.29+0. 17
(27.75,65.25)" (6.38,45.25) (0.46,0.74)"
ARG 6 1™H 41.50 120. 81£37. 83 26. 00 0.54 0. 11+0. 06* 1.32+0. 15
(26.75,66.25)" (16.75,49.15) (0.47,0.75)"
RE 12404 40. 00 120. 81+40. 69 30.05 0.59 0. 12+0. 07 1.32£0. 15
(31.25,67.00) (23.10,51.53) (0.44,1.12)"
X*/F i 16. 450 1.736 3.596 28.757 10. 127 1.621
P 0. 002 0.784 0.463 <0. 001 0. 038 0. 805

TE: 5ARATHAES,*P<0.05; 5K 20 d HL#:,"P<0.05; 5 ARG 3 A Hk, ©P<0.05( = ; P E )5 229047, LSD-t #a3 ; #: Friedman 423 | Wilcoxon
FK1 - £ A2 18- b i 23R P2 - A S 2 1 Bl ol 56 s BKCL . A 505 2 1 P o 356 s B2 . A S5 2 T B Bl 2% 5 PR max » £ AT 2 1T e

5 A5

FCHTR ISV . AR T THA . 3 B AR XS BRUEFE G IVA - 3 B AR X AR MEFR 50 THD . wf“ﬁhﬂﬁ N B0 KT (54 A s 4

Note: Compared with preoperative values,
One-way ANOVA, LSD- test; #: Friedman test, Wilcoxon signed-rank test)
curvature of the anterior corneal surface;

surface; FKmax: the maximum curvature of the anterior corneal surface;

vertical asymmetry;

2.3 FARETGAIEIN 6] S A A %S

IHD:

*P<0. 05; compared with 20 days after surgery,

: the flat-axis curvature of the posterior corneal surface;

s

FK1:

ISV:

index of height decentration; KI: keratoconus index

index of surface variance;

BK2:
IHA:

TBI.DA Ratio 3% A Bij Ui /)N

P<0.05; compared with 3 months after surgery,

index of height asymmetry; IVA:

the steep-axis curvature of the posterior corneal

,ARJF 6,12 4~ BAD-D,

“P<0.05 ( *

the flat-axis curvature of the anterior corneal surface, FK2: the steep-axis

index of

ARJG ARTh .SP-A1 Y8 ARF{HE K, DA Ratio IR 3
BORATIA AR TG IR E (B 2) o

FARHI 5 A [\ 1 ] £ TBI, DA Ratio . ARTh . IR .
BAD-D .SP-A1 HCR .PD ik b4 22 R4 it &
X (X* =12.550,10.339 . 16. 658 .19. 130, F = 16. 927
4.786.11.497 .4.265, %1 P<0.05) , Hth RJ5 3 ™A

IR 4 R F B, ARTh ¥4 R FT 3 i, RJ5 20 d,
6 ™~H 12 A~ H SP-Al ¥EARAHE I, K5 6 ™ H
HCR AR, RJ5 20 d PD BARREL, 22 F 194
GiiteFE (¥ P<0.05) . FAAGEA R E S CBI,
DA SSI A 3, 2 R B TGI8 L (X*=8.776,
1.953,F=2.835,%P>0.05) (% 3) .



. 484 - FPAESR IR A2 AR 2026 4E 5 4 44 555 5 Chin J Exp Ophthalmol ,May 2026, Vol. 44, No. 5

ARTh DA Ratio

i}

153 8

fa

RIF20d

15839 88 &3 s

RIF34A

e

5611

PN

1539 s

RIF120A

153.9 438 413 513

2 FAMEABMESBEEMHFESE AR5 ARTh M SP-A1 BARRTHE N, DA Ratio M IR AR /N

" 10
4B 8 43 53

SP-Al IR

T 47 16

65 9 1061 81 105

659 1051 a1 105
7 Stiffuess Farsmcter Al 21 8

59 105 1

e—

%59 1051 81 105

ARTh; 53 53 5 K7 1) £ [ R

JEASAL A UM ; DA Ratio: BETH AL 2 mm 2b BJE AR IR HUAEL; SP-AT 5% 1| RGP REREFR B IR . 455 B AR TR EL

Figure 2 Corneal biomechanical images at different time points before and after surgery Postoperative ARTh and SP-A1 were increased compared

to preoperative measurements, whereas the postoperative DA Ratio and IR were decreased compared to their preoperative values ARTh: Ambrosio relational

thickness; DA Ratio: deformation amplitude ratio; SP-Al: stiffness parameter applanation 1; IR: integrated inverse concave radius
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®3 FARUBEARRBELBEENNFSHLR (n=16)

Table 3 Comparison of corneal biomechanical parameters at different time points before and after surgery (n=16)

ot il TBI ) CBI , BﬁAD-D. ssI SP-Al HCR
[(M(Q;, 05)] [M(Q,, 05)] (wks) ™ (wts) ™ (wts) ™ (wts)*
ARH 1.00(1.00,1.00)  1.00(1.00,1.00) 13.49+4. 04 0. 640. 12 43.24£10.38 4.63£1.06
AJ5 20 d 1.00(0.94,1.00)  1.00(1.00,1.00) 11.445.52 0.61=0. 14 51.7111.32° 4. 88+0. 86
AJi 34 A 1.00(0.92,1.00)* 1.00(0.99,1.00) 10. 98+5. 44 0.5720. 16 50. 89+15. 78 4.99:0. 80
ARJF 6 A H 1.00(0.94,1.00)  1.00(0.99,1.00) 10. 31%5. 24 0.57+0. 14 53.91+14. 60 5.64x1.75"
AJE 124 A 1.00(0.94,1.00)  1.00(1.00,1.00) 9.63+5.37" 0. 600. 16 54.68+11. 58" 5.28+1.06
X2/F i 12.550 8.776 16.927 2.835 4.786 11.497
P1H 0.014 0. 067 0. 002 0.061 0.011 0. 022
DA DA Ratio ARTh IR PD
] ¥ ¥ ¥ 4 o,
[(M(Q1,05)] [(M(Qy, Q3)] [M(Qy, Q3)] [M(Qy, Q3)] (xzs)
NG 1.36(1.25,1. 46) 7.10(6.43,8.84) 128.40(97. 48,153.63) 13.50( 12. 45,14. 49) 5. 18+0. 30
ARJ5 20 d 1.30(1.21,1.35) 6.30(5.85,7.05) 173.15(123.28,266.98)  12.65(11.65,13.28) 4.8920. 26"
AJE 34 H 1.33(1.27,1.37) 6.45(5.93,6.98)" 196. 60(143.90,368.45)  12.65(11.28,14.10) 5.14x0.29
AR 6 4 H 1.28(1.23,1.47) 6.10(5.80,6.90) 225.40(155. 88,665.45)"  11.70(10.80,13.80)" 5.15+0.27
ENERVENE! 1.29(1.23,1.42) 5.90(5.80,6.90) 221.50(154.30,447.30)"  11.50(10.50,13.83)" 5.09=0. 20
X*/F {8 1.953 10. 339 16. 658 19. 130 4.265
Pl 0. 744 0.035 0. 002 0. 001 0.004

. 5ARATEEL, *P<0. 05(#: Friedman 555, Wilcoxon £ 5 RAAE K ; + - BRI 20y 22087, LSD-t #: 53 )  TBI. Wi /2 Hu¥ BB A 4= 9 F1 448 %L CBI.
Corvis A= ¥ /3£ 580 ; BAD-D : Belin/ Ambrosio £545 i 22 {8 ; SST: b 3 [ ASFE K SP-AT: 5% 1 Y- B2 F5 450 HOR « 5 R TR B B 1) T 32442 DA Bk
JEBAT YT AZ 08B s DA Ratio: BETHU, 2 mm Ak BYIEAL MR LUAE ; ARTh : B3 s 55 K1 1] £ B 5E B2 AR A A4 FUARL; TR - 258 R ARHE H PD 2 B KR [ 14

Note: Compared with preoperative values, “P<0.05 (#: Friedman test, Wilcoxon signed-rank test; *: One-way ANOVA, LSD-¢ test) TBI: topographic

map combined with biomechanical index; CBI: Corvis biomechanical index; BAD-D: Belin/Ambrosio enhenced ectasia display; SSI: stress-strain index; SP-

Al: stiffness parameter applanation 1; HCR: central curvature radius at highest concavity; DA: deformation amplitude; DA Ratio: deformation amplitude ratio

at 2 mm; ARTh: Ambrésio relational thickness; IR: integrated inverse concave radius; PD: peak distance
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BUT ; H M 2405 4] ( breakup time of tear film)
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EGF ;3 B2 4= £ A F (epidermal growth factor)
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