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Abstract

¢ AIM: To evaluate the safety and efficacy of allogeneic
intrastromal lenticule implantation combined with corneal
collagen cross-linking (CXL) in patients with moderate to
advanced keratoconus.

e METHODS: A retrospective case series analysis was
conducted. A total of 19 patients (20 eyes) with moderate
to advanced keratoconus who underwent combined
allogeneic intrastromal lenticule implantation and CXL at
the Jinan Mingshui Eye Hospital from June 2021 to
December 2023 were included. The uncorrected distance
visual acuity (UCVA), thinnest corneal thickness, central
epithelial thickness, corneal flat
keratometry ( Kf), steep keratometry (Ks), and mean

corneal anterior
keratometry (Km), as well as the first applanation time
(A1T), the first applanation length (A1L), the velocity
during the first applanation moment (VIN), the second
applanation time ( A2T), the second applanation length
(A2L), the velocity during the second applanation
moment (VOUT) , highest concavity time (HCT), highest
radius ( HCR ), ( PD),

concavity peak distance
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deformation amplitude (DA), stiffness parameter at first
applanation ( SP - A1), integrated radius (IR), central
corneal thickness ( CCT), intraocular pressure (IOP),
corneal thickness - corrected |OP, biomechanically
intraocular pressure IOP ( bIOP), and corneal thickness
variation rate (ARTH) were compared between the two
groups before surgery and at 1 wk, 1, 3 and 6 mo after
surgery.

e RESULTS: All patients successfully completed the
surgery without any intraoperative complications. No
significant differences were observed between pre -
operative and post-operative measurements for UCVA or
the corneal biomechanical parameters, including AI1L,
A2L, PD, A1T, A2T, VIN, VOUT, DA, IOP, and bIOP (all
P>0.05). Significant differences were found between pre-
operative and post- operative values for corneal thinnest
point thickness, central corneal epithelial thickness, Kf,
Ks, Km, and the corneal biomechanical parameters,
including HCT, HCR, SP-A1, ARTH, IR, and CCT (all P<
0.05). The anterior corneal curvature demonstrated an
initial increase followed by a decrease post- operatively.
Furthermore, significant differences were observed
between pre - operative and post - operative values for
HCT, HCR, SP-A1, ARTH, IR, and CCT (all P<0.005).

e CONCLUSION;

implantation combined with corneal collagen cross -

Allogenic  intrastromal lenticule
linking demonstrates favorable safety and stability in
treating moderate - to - advanced keratoconus. This
combined procedure effectively increases corneal
thickness and rigidity, resulting in corneas that are more
resistant to deformation postoperatively.
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6 mofTAH A A, (1) #RHR 3L A 7 (uncorrected visual
acuity, UCVA) ; (2) ZLBEAT B 3088 WA AR I BN | # J5E J%
P IRBE a8 B8 10— MR 0 5 (3) BT 59 D627 AH 1 0B 2 49 A
(optical coherence tomography, OCT) % 2F ffi I i i 5 )&
JIE AR IR e DX b R TR R R A IR RE O R AL E S (4)
Pentacam R i} 7 43 #7 58 40 K A A1 5 i 3% 1 °F 35 il %
(flatkeratometry , Kf) BEUE K (steep keratometry, Ks) . F
Y4 B 2R ( mean keratometry, Km) ; (5) b FH AT #4649
J12 3 HTA Corvis ST 6 £ £ B A= 1) ) 270 1 2880 46—
WK JESET ] (the first applanation time, A1T) B — R E
£ & (the first applanation length, A1L) &% — K F 3 &
(velocity during the first applanation moment, VIN) 2f —¥K
JE~F-1F ] (the second applanation time, A2T) BB TR R
£ & (the second applanation length, A2L) B TR RS
J# (velocity during the second applanation moment, VOUT) |
Fx K BT E] (highest concavity time, HCT) | # K H [ 4
JIE& [t 3% 22 4% (‘highest concavity radius, HCR) . P4 U4 [a]
(peak distance, PD) . JE [ IR J&¥ ( deformation amplitude,
DA) | ff1 B35 — WOTR IR 28/ He SF- R 25 ) i) A B 2 4
(stiffness parameter at first applanation, SP—Al) ZE&E4%
FEEL( integrated radius, IR) | £ g 5 JE B (central
corneal thickness, CCT) | HR N & J1 (intraocular pressure,
10P) M % IE M IR BE AW % 2 805 IR N
(biodynamic intraocular pressure, bIOP)  ff J5 J5 [ A 7 5%
(corneal thickness variation rate, ARTH) ,

GEi12F 5307 R SPSS 25.0 SR A BEA T HUE 43 BT . 7
GIES BT OB x+s FoR, 812 I & 50 R H
HRERER 2001, EHERIE A K AW 2 (Mauchly’s P<
0.05) , K Greenhouse —Geisser 15 1F ; A7 & 1E 4317 1)

r

| -
1 PANBEREER A RHEEMA
B R EHHFRAR R,

THERH M( Py, P,y) o, 58 I 1 B4 R H Friedman
K56 50 MT , =I5 P L5k I Bonferroni #5565 ( P<0.005)
DL P<0.05 HERAGITFE L,

2R

2A MANBEREBER i &R ST A, A
YIRBAIFERAE, R H A B H AR, M R
K i, L BT BE i A (8 TA) A b ORI EAR R
3-5d HEATHE A 2 01 3 IRFEAR)G 1 wk THIR, rfi
R TR MPAEAR S 1 mo WE2 , BT E ARG 6 mo, fA R
ECABEW, R ARSI B A ARAN D
(K 1B) , FrA B 7 AR 5 B U7 31 0] 46 A 7 ff IR 3 o
BEEAENL, FAREAE LA E | AR A A A BB  haze | FA R HE
FF AT R AE

22MNEEFAREIS UCVA NAIEERILE MAR
FHFARNIG UCVA 2R LG #E X (P>0.05) . Hl
7 OCT Ao 4 F B i 45 Jm v L G A8 4, R 1 wk AR
AR R RE R A &, A R B s R 1 mo R A IR
e R Jo 35 A K b 38 T el B, ) B L B A T AR, A R
LIRS 3.6 mo [BAH AL A A B, O WIR
WORAE AR ERRE  SCHRER BT %, A IR Bd B
W1 (K 2) . TARATG A A R B AR e | 2
BE Kf Ks Km 22 R340 4001 2% 8 L (P<0.01) , i —
AP LA R L 1, AR BRI M SRR S R
B fE T RER R
CAMANBEFATERBEDNESHIEE MAR
HFARAGE MEAY TS5 AL A2L PD A1T A2T,
VIN \VOUT DA .10P bIOP b8 2 F ¥ TGt it24 5 L (P>
0.05) ,HCT ,HCR .SP-A1 ,ARTH IR .CCT 45 % S ¥H
Bt L (P<0.05) it — P b 25 R Lk 2,

>

JRE T, AR R e R JTOK i, B ST 0 S (KAL) 5B ARS 6 mo MR, 2 s

=1 ANEBEEFARF UCVA NAIRERLE

E =070 AHT ARJG 1 wk ARJG 1 mo ARG 3 mo AJG 6 mo F I

UCVA(X %S, LogMAR) 1.31+£0.44 1.26+0.32 1.24+0.31 1.20+0.32 1.19+0.30 0.393 0.813
£ K B T SRR (X £ um) 387.55+£25.13 502.00+34.73* 481.6+28.37" 480.90+26.75" 479.55+3.55* 141.010 <0.001
fE g g R (XS um) 44.80+4.07 49.30+6.17° 49.30+4.39° 49.40+4.11° 48.55+3.55° 5.476 0.001
Kf(x£s,D) 54.94+7.06 58.01+6.66" 58.28+6.95"  57.12+6.23"° 56.58+5.92"° 15.594  <0.001
Ks(x£s,D) 59.92+7.00 63.89+7.46" 63.22+6.92° 62.62+6.98° 62.01+6.95° 14.034  <0.001
Km(x=%s,D) 57.32+6.79 60.95+0.71* 60.75+6.83" 59.87+6.48"  59.29+6.34""  20.251  <0.001

¥ . *P<0.005 vs ﬁﬁﬁ;bP<0.005 vs RJ5 1 wk;P<0.005 vs RJ5 1 mo,
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WNBEARSAERERT OCT ELER A AJS 1wk K MBI, AEK I B AT 1 mo MUK I LA
R 2 B Pz s A, A1 IS BB AR, SRR B (kAL ) 5 CARJR 3 mo JEH A IEIE I, Sy IR O 830 P RE N
SCRAALRTB (i3 AL) s D ARG 6 mo JE A1 W, A1 IR IS A RE | SC IR k2 Wi i k%, A IR o a8 5 5 Jol 10 L L 0 RO

.,
2 MANBEFAUNBRRBREYNZSHILE

il AHi ARJ5 1 wk AJG 1 mo AJG 3 mo ARJG 6 mo F P

AIL(x£s,mm) 1.81£0.42 1.84+0.20 1.91+0.28 1.78+0.23 1.81+0.23 0.796  0.532
A2L(x+s,mm) 1.34+0.40 1.56+0.30 1.55+0.34 1.49+0.38 1.48+0.29 1.449  0.226
HCT(x+s,ms) 1.39+0.21 1.27+0.252 1.33+0.20 1.31+0.172 1.30£0.13 3741 0.014
HCR(%+s,mm) 4.15+0.69 4.70+0.90 4.60+0.83 4.71£0.622 4.93+0.70° 5.171  0.001
PD(x+s,mm) 5.05+0.38 4.85+ 0.34 4.93+0.32 4.91+0.33 4.96+0.30 1915 0.117
SP-Al1(x+s) 42.20+14.32 60.35+17.352 53.21+17.492 54.36+15.472 55.51+14.082 9.353  <0.001
ARTH (%s) 126.03+27.96 293.21+131.84% 262.70+92.91¢ 258.94+116.04° 270.30+141.87° 12.397 <0.001
AIT[M(Pys,P35) ,ms] 7.19(6.84,7.36) 7.25(7.16,7.52) 7.15(6.99,7.43) 7.20(6.93,7.51) 7.15(7.06,7.51) 3.926  0.416

A2T[M(Pys,P75) ,ms]

VIN[ M(Pys,P35) ,m/s]
VOUT[ M(Pys,P35) ,m/s]

DA[M(Pys5,P75) ,mm]
IR[ M(P55,P75) ,mm]

22.56(22.37,22.75)
0.20(0.18,0.23)

-0.37(-0.41,-0.31)
7.70(7.40,8.80)

16.20( 14.28,17.88)

22.42(22.01,22.70)
0.19(0.16,0.20)

-0.34(-0.39,-0.31)
7.60(5.78,8.80)

13.40( 11.83,16.48) *

10P[ M(Pys,P55) ,mmHg ]
bIOP[ M(P55,P55) ,mmHg]
CCT[M(Pss5,Pq5) ,pum]

12.00(8.00,13.38)
13.40(9.83,15.65)

12.25(11.13,14.75)
12.95(10.40,14.48)

22.65(22.43,23.09) 22.69(22.07,23.00) 22.61(22.30,22.87) 5761 0218
0.19(0.15,0.21) 0.19(0.16,0.20) 0.19(0.17,0.20) 3420 0.490
-0.35(-0.41,-0.31) -0.33(~0.37,-0.30) -0.33(-035,-031)  4.656 0.324
7.20(6.03,9.18) 7.15(6.45,8.10) 7.15(5.85,7.85) 5438 0.245
14.15(12.63,15.78) " 14.20(13.05,15.28) " 13.85(12.45,15.10)*¢  13.907 0.008
11.50( 10.50,13.75) 11.75(10.00, 14.25) 12.25(10.50,14.88)  2.983  0.561
12.50(10.70,14.88) 12.70( 10.55,14.50) 12.50(11.35,1420)  0.187  0.99

456.50(432.75,468.75) 554.00(205.75,573.75)* 514.00(485.00,550.00) b 516.50(502.25,537.25) > 516.00(466.25,552.00) b 25.237 <0.001

1. *P<0.005 vs RHij ;" P<0.005 vs RJF 1 wk, P<0.005 vs RJF 3 mo,

3 i
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FROEH B o ff BRI IR S R AR A5 T AR O K i s TR
77 3 A U A IR R R B Y BEGR) A RHR E L S 4  5%
BN SR IRF IR F1 7 5 2 A48 e 28 A S 0k ) e it o TR o
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LR HR A7 PR A5 IR A 1 [0 7 R 106, , A A 25 B 185 o iy 3
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A B 22 0 IR 5 v TR T SRR S LI G n B
JEIZW R RE 5 Sun &1 AT 45 S b A ST
TR ARG — 3, T3 Hh AR A Z ik
O[30 oy JE RR A, 22 8808 8 DR A i o I ik BU DG AR Ak
LN S N | N G N DN ) - 0 5 o W )
iF5E,

A B L T2 R AR (B 0 A R A R S A ) B 34
i (EEJRE /N T i A B L o B R JO 9 4 A 22 A
ZIETTRE S R A B S 2 R U WA A — M G
PE R R B AR RS 1wk B A2 A B K W R
N RSEIR R B E R JG 1 mo B A IR K i 228 ek %, #
BB g i W R AT TR , RS 3.6 mo B A IR R B AR
S5 FARE g b R R R ROR RIS 0, 7% 15 A R R 1 hn
Ko A B PR B B4 0 5 1880 A i o A7 DL DR A — o G R, BT
W S I A S T A AR A T S A I R
Ji FA R R SR BRI, A R A ARG R L
R AR A Il —2L

ARIFFTRNA B FH T RATE MY T2 250 A1L,
A2L PD A1T A2T ,VIN ,VOUT DA IOP bIOP 452 7
WG A L (P>0.05) , UE B FAR X M B A9 J1 2452
WA /N, PN g T I ARTH {85 £ 555 5 1
TS TEAR G, A 5 v DA A R 56 Jo 3% A A ) B IR R 1
T, £ R JEE B8 A S R R R I, S BRAE R Y 45 AR — 3k, BE
FEXT AR A ) 122 M E SR 45 SR b HCR {H 8 K, HCT {8
%, F SRR A, RS AR AT SE o, HCR A5
B, HCT EREAL, AT L Z R A Zit= 8 X
IR G MBS RE A5 & AETRAE , 5 T P i
5 HCR {55 HCT {H 2 AH G 25 R A0, HEFEAR
e, B HEARJE 1 mo, HCT {5 X% HCR {8 A 3 3h , 54
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