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Abstract

¢ AIM: To evaluate the clinical efficacy of corneal stromal
lenticule - combined accelerated transepithelial corneal
collagen cross-linking (SC-A-TE-CXL) in the treatment
of severe keratoconus.

e METHODS Prospective before-after self-control study.
A total of 10 cases (14 eyes) of severe keratoconus with
the thinnest corneal thickness (including epithelium) less
than 400 um were collected from March 2019 to July 2022
at the ophthalmology department of Affiliated Eye
Hospital of Nanjing Medical University. Among them,
8 males (12 eyes) and 2 females (2 eyes) were treated
with SC - A - TE - CXL. Corneal curvature, uncorrected
visual acuity ( UCVA ), best corrected visual acuity
(BCVA), the thinnest corneal thickness (TCT), central
corneal thickness ( CCT ), non - contact intraocular
pressure, endothelial cell density (ECD) and anterior or
posterior elevations at the thinnest point before surgery
and at 1, 3, 6 and 12 mo postoperatively were observed
and recorded, as well as corneal cross-linking depth at
1 mo postoperatively.

¢ RESULTS: UCVA and BCVA at 1, 3, 6, and 12 mo after
SC-A-TE-CXL were higher than those preoperatively, but
there were no differences ( F=0.793, P=0.535; F=0.783,
P=0.542). K1, K2, Km and Kmax decreased at each time
point postoperatively compared with those
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preoperatively, but there were no differences ( F=0.627,
P=0.574; F=1.264, P=0.296; F=0.727, P=0.520; F=1.115,
P=0.359). Anterior and posterior elevations at the thinnest
point  both decreased compared with those
preoperatively, but the differences were not statistically
significant (F=1.046, P=0.359; F=1.164, P=0.337). The
non - contact intraocular pressure at each time point
postoperatively was higher than that preoperatively, but
the differences were not statistically significant ( F=0.814,
P=0.522). There were no differences in CCT and TCT at
any time points of the follow-ups compared with those
preoperatively ( F=0.931, P=0.453; F=0.782, P=0.542).
There was no difference in ECD at 12 mo postoperatively
versus preoperative value (t=1.266, P=0.228). At 1 mo
postoperatively, segment optical coherence
tomography (AS-0CT) exhibited an increase of density
in the anterior stroma, and there was a demarcation line
with an average depth of 124.07£25.13 ym.

¢ CONCLUSION: SC-A-TE-CXL can be considered as a
surgical treatment for severe keratoconus, which can
delay the progression of severe keratoconus with high
safety. However, the long-term efficacy of this treatment
requires further observation.

* KEYWORDS: keratoconus; riboflavin; corneal collagen
cross-linking; transepithelial; corneal stromal lenticule
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R e Ji 32 BE R ( stromal lenticule — combined accelerated
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AEAR 7T T 07 22 58 Pentacam 42 A IR il % (K1 . K2 Km ,
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T 1% BRI 3 I, 3 945 /ML, (2) B BCF
EMAAL  RCIR AT e B 1) b i AR e AR X k. (3)0.5%
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FHEARFL A 8  EDTA 2 3% 1Y 98 57 1Y 0.25% 1% 8 2 i W
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FH0.25% % B R FEW, 1 U/ 3 Bl , T 7o A% 5 3R 92 9 I )
3110 min, (8) M ¥E Pentacam KR, 7E B & MK L A5
0 H A e v A 7 B ) o R O B P R AT
FRic, SRR A 68k Jo o5 a7 o T A I T, AR 40 AR il
RSB G PO E S ARl U S R X A R AT
P P N JSE i b I R A R SRR BE > 400 wm, (9)
FH AR 3R 7K ol g £ BRORITES B8 6 T, T IR 22 4O UG, R
SR ok R v (5 P VA R R T AR IR SR T OR R A 30 s
1R, (10) MG SE R | Fe bRk BT if 5, 45 I 4 T /2 R
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123 RERZAMEY A1 wk 28R EIRE,
4 /R IET who 0.1%FORIEFHIBAIRE: H 4 0, 52
Wros i, BRI 1 IR, 1 mo 152, BE AR 1.d,1 wk, 1,
3.6.12 mo #EATHEDT, RJF 1 wk P 3 EEULEE S IRE VE S
Ko b B kabits oL, WAEEHIZS . RJS 1.3.6.12 mo Ky A8 3 H
AR, ARG 1 mo 47 AS-OCT K #¥

it 2F 43 M N SPSS 26.0 Gt it 8 F HE AT Bl o
Bro B eXd B A8 A T IE SRR 50 5 IEAS 20 A 4L
R B AR E 22 T ROR I RJTEC XS FEA ¢ 46 30 8
o S ) B 1 7 22 030, 3 — 2D T T LR T LSD—
K, P<0.05 RRERAGIFEE L,
28R
21 MAEWN  BE A, ARJE 1.3.6,12 mo B UCVA 71
A2 1.20£0.44 1.19£0.39 1.15£0.43 1.16+0.45 1. 14+
0.43 , RJF 4B ] 45 UCVA S8 AT 3, (H B K 22 57 0

Giit i L (F=0.793,P=0.535), AAi, K5 1.3.6,
12 mof¥) BCVA 4331 49 0.53£0.26 ,0.51+0.23,0.50+0.27 .
0.49+0.24 .0.47+0.24 , AR J5 £ B} [ 55 BCVA 2738 AR Hif ke
H BEAER TG FE L (F=0.783,P=0.542) , KR
J5i 12 mo I} ,UCVA fRFEAAEH 5 B (36%) , #1174
4HR(29%) 4R 2 47 3 IR (21%) , FEA% 1 47 2 IR
(14%) .
2.2 K1, K2, Km #1 Kmax T EHE AR, R 1.3.6,
12 mof¥) K1 4 62.69+9.83 .62.48+10.73 .62.16+10.22 ,
62.49+10.78 .62.16+10.82 D, R J5 45 W} [a] &5 K1 #1581
TR ALBRZE R TSI #E XL (F=0.627,P=0.574) ,
BEARR, ARG 1.3.6.12 mo 1Y K2 N 68.17+11.28 ,67.99+
11.40 .68.06+11.94 67.61+11.42 .67.35+11.37 D, RJ5 %
Afa] K2 B3R AT R (L ER 2 R B2 X (F=
1.264,P=0.296) , HHARF, AR5 1.3.6.12 mo i Km Ky
65.28+10.40,65.13+10.91 ,65.01 £10.89 .64.99+11.05
64.73+10.78 D, AR J5 £ HF [H] £ Km Y8R AT T B, {H B4
ERIGI 2 E L (F=0.727,P=0.520) , & AT, A
J51.3.6.12 mo i Kmax Jy 80.26+12.45 .80.02+13.27,
80.23+14.22 79.11+12.79 .78.92+12.99 D, R J5 4 I} [] 45
Kmax BT T HSEEZF LREITEE X (F=1.115,
P=0.359)
23ABEEETWH HBFEARN, RS 1.3.6.12 mo [ CCT
4 340.86 +31.82 ,343.21 £40.49 338.21 £38.61 ,339. 14 +
39.82.335.43+39.71 pwm, BRI ER LG IT#E X
(F=0.931,P=0.453), BHEARGT, ARG 1.3.6,12 mo [
TCT & 335. 14 + 30. 66, 334. 00 = 40. 38, 332. 14 + 38. 33,
331.29+39.14 328.50+40.44 wm, Sk L #52 R L5 H 2
BN (F=0.782,P=0.542) ,
QARRRAREASETL BEARN,ARF1.3.6,
12 mo f14) Aif 35 1A 5 T8 A5 /51 8O0 57.43+19.34,54.00+19.20
54.5+20.65 ,54.64+21.01 ,52.36+21.00 pwm, /R J5 & B i) &5
2 1A o e o B AR T B (RS 22 R RS i
X (F=1.046,P=0.359) , HHEAHT,AJE 1.3.6.12 mo 1Y
S5 3% TAT 5% W 05 55 BE SR 110,21 £35.94 . 108.71 £37.30 .
108.21+38.71 .107.07+40.91 ,103.93+38.94 pum, K J5 45 B}
i) A5 J 2% T e VR o B R BRI B R Bk 22 R R e 1t
FE N (F=1.164,P=0.337)
2.5 EEmIRETL  BEARN, RS 1.3.6.12 mo 1Y
4= HR 8 9.36+3.23 .9.79+2.97 9.43+3.41 9.71+
3.15.10.14+3.13 mmHg, AR Ji5 45 B} 8] 5 3 42 i 20 IR 5 5 A
HIAH R T EHE R 22 5 RS 2= B L (F=0.814,P=
0.522)
2.6 ECD T & & & AR H ECD & 3097. 21
363.36 cells/mmz, K JG 12 mo ECD F 3056. 36 +
336.01 cells/mm’, 5 AR FjAH b 22 5 LG 24 X (1 =
1.266,P=0.228) ,
2.7 AS-OCT Tt ARJ5 1 mo I, AS-OCT &4 s f1 i
TRIZ LA 5 A5 3040 £ A v ok B 5 v o £ L o
AW DGCHTE 0“3 L TR EE T 124.07£25.13 pum,
LA,
28 HEEER KI5 3 dHBE LTRSS,
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IBEDT , & B S5 A BE YeRa s , JC N B i 2%, 38 Bk 43
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ARSI 4 DT R S5 3R A% 1 £ 3L 5B B VR
CHVRICE TR LR AR B SR >400 pm J5
PEAT P XL, HATIG R b AR, "ATA A =20R
ASCRT AR KA B 386 M ey J5E 1) JEE 30 ] Lt v A TR M
PERIETIE B, W0 TR E, 45 R BREBEARE 12 mo
ECD & A & T B AS-OCT FZ B R ARJ5 1 mo 3
SCHRIR B 124.07 £25.13 um, BE B M N 2 20 A
100 pwmPh FARE RS, DL &5 R R AR XA S5 M
P B2 FTHIR PR 28548, BRAIE T AR 19 48 4k (R S B TR B 2
AL CXL Y 1/3 2247, X4 /R BUFP A A8 36 sk 1 A ]
A5 T2 CXL, (HMATFFE BB AR ST A B HE
TWERSHORTE , 4 IR o F 3 IR ) R IE A0 ) 35 R AR
Frfe e oA 4 9 IE L e 3 Lk ) 35.7% , 4
A LB IR R 50% , BE ARG 12 mo K1 K2, Km , Kmax
FHE AR X980 T 0.53,0.82.0.55.1.34 D, 1 il i & AR
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Ji 1 a Kmax FHIHL R ATFEAL 8.6 D(F 1), B EM J11E &
247, 3K — S5 AL U [ e AT B RS
12 mo Rif J&7 % T 5 9 A5 5 8 AT 38 AR AT ¥k 2> T 5,07,
6.28 wm, DL EWFFEss R, % F AR I X AE A 2 BH
IR MR, XS MARERBREKS X LK
CXL ™ DL R AR 7 5 A IR B 458 1 85 1 Bz PRl CXL YT
RN R U S B CXL X T Kmax>80 D
) [ A S AR RO N (BARIFE A 9 BRARHT Kmax
KF 80 D, HH 5 IR Kmax ZEARF 1 a B BARIRREE T %,
HAMK AR E (£ 1), X R ZAR A T Kmax K
F 80 D A IRIHE MR F R IHA R,
AR oK, B AR CCT Fl TCT BRI TG
W S AR Ak (A AE /D 43 FE A AR R JEE B s A A1 3 ] g
5 CXL G M A 2UB K, 4008 1~ , B AR b
ST ROk LB 2 B ) E K | R RS AR A R
FER TR X SRS B 1 P CXL A 5 45
RAMRL, ARG R B RS RATREAM L, BERG
12 mofR JEm& A T, (HERF G124 XL (P>0.05), ME
A ZE S A A I A A A % L 2 o 2R R 5 A TR
FAERE Ty R | A I J5 i S AR W ) 2 AR AR B B W IE
FR S 7 53 46 £ 5 by T 8 AR 5 T R s o T R 3R
e R 22 5t BUAAR . PR R AR AR5 v 15 RS 1 T A
AR AR fh =R e % T i T DL — s e s e ) A S et
FERREN B L FRATT AT A B 22 4% F AR w] RAAE RCBH 1k
[5R  £ FREAE E HEA TE  R SX SERTETRAET R  p b
H CXL WBFFEas 2,
AWEFE AN A B TCT HAR, K5 7046 h 7E 300
350 pm, B AEFRATE —KIAESE T4 CRF RSB F
AR, AR Ff 532 S 37 % 114) R B oA Lkt f 28 SUJk e, L
URFRAT Ay 152 e A MBS 0 3 L o DG R 2 3 14 o M 356 o a8
E T AN A SRR SR F] 400 m B AT | 8k A0 5ok JEE T 5%
Wi F PR AC RO . BRATTERE] 1 B Z2 R TCT 24 266 wm
MR RATAHICHE TR N 135 wm 3 FES, HH
FeARFIT, RJF 12 mo J& Kmax EFFT 3 D,BCVA T T
VAT, AT B R (3R 1) o 2R 1 45 R4 7R R
1) R A7 8 ARG A TR B B A 2 RS A S 82 S
SEIR 110 35 o0 2 B RN R BE AN A2, TR 19 45k sk DA RIE
BRI 22 A, A BIFFE i 3 AS—OCT WEEH 1 IR A2 65000 % 1E
TERTHER R | SE Y E M 124.07+25.13 pm, &40 B IRE A
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— T T AL R AN R R 5], bRk R
JIT St 14 A 7 5 A JIERE JB 58 58 A0 5 b e PR CXIL A2 BB
JEH7 90-120 pm, 5 ASB5E 3B I 2 AL, Sachdev %
I Cagini % AUWFSE & I A IR B S0 & & % CXL
SRR EAE 300 wm 75 A7, RN AW FE S HR T S 1
2.51% . BRIL=Z A, Ganesh LTS]S0 I S35 5 N () 4
SR AR AR NPT AR B R G FEEA TR CXL, AR5 52
WRTRBEAE 210 pm 7o 47, 20 0 A BIF 58 58 7 26 19 1.8 1,
XHEI R T AL BB B AT RV (28 50 B AF T
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