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[ Abstract] Objective To compare the characteristics of corneal stromal demarcation line after different

surgical methods of riboflavin/ultraviolet A corneal collagen cross-linking ( CXL) in early keratoconus, and analyze
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the influence of the demarcation line on the cross-linking effect. ~ Methods A non-randomized controlled clinical
study was conducted. Sixty-nine eyes of 69 patients treated with riboflavin/ultraviolet A CXL in the Eye Hospital of
Shandong First Medical University from May 2019 to February 2021 were included. According to the cross-linking
methods, the patients were divided into epithelium-on treatment group (21 eyes) and epithelium-off treatment group
(48 eyes) . There were 25 eyes in 5.4 ] energy group and 44 eyes in 7. 2 J energy group. The morphology and changes
of corneal stromal cross-linking reaction ( corneal stromal demarcation line) were observed at 2 weeks, 1,3 and 4
months after operation. Changes in the thinnest corneal thickness ( TCT), uncorrected visual acuity ( UCVA,
LogMAR) ,best corrected visual acuity (BCVA,LogMAR) and corneal maximum curvature ( Kmax) were recorded.
This study adhered to the Declaration of Helsinki. The study protocol was approved by the Ethics Committee of Eye
Hospital of Shandong First Medical University ( No. 2019. 05). Written informed consent was obtained from each
subject.  Results Of the 69 eyes after operation, 44 eyes (63.77%) had demarcation lines, and 25 eyes
(36.23% ) had no demarcation lines. The occurrence rate of demarcation lines in the epithelium-on treatment group
was 79.17% (38/48) , which was significantly higher than 28.57% (6/21) in the epithelium-off treatment group
(X*=16.186,P<0.01) . The occurrence rate of demarcation line in 5. 4 J energy group was 72. 00% ( 18/25) , and the
7.2 J energy group was 56.80% (25/44), with no significant difference (X* = 1.565, P=0.302). Slit lamp
microscopy and anterior segment-optical coherence tomography showed that the demarcation line appeared at 1-2
weeks after operation, gradually converged and strengthened after 1 month, turned diffuse, blurred and faded by
degrees after 2—3 months,and basically disappeared after 4 months. The depth of the demarcation line reached 141-
423 pm, with an average depth of (263.44+84.22) um. Scanning laser confocal microscopy showed that corneal
stromal cells were activated and light reflection was enhanced after CXL. Collagen fibers extended vertically and
horizontally, crisscrossed, and were in a reticular arrangement. The TCT decreased from preoperative
(458.69+38.28) um to (443.86+36.54) um at 4 months after operation, showing a statistically significant difference
(t=6.705,P<0.001). There was no significant difference in the TCT reduction between groups with and without
demarcation lines (¢t = 1.684, P = 0.100). At 4 months postoperatively, the UCVA of all eyes increased from
preoperative 0.74%0. 37 to 0. 69+0. 38, and the difference was statistically significant (¢1=2.109,P=0.039). There
was no significant difference in BCVA between before and after operation (= 1.006, P =0.319). There was no
significant difference in change of UCVA and BCVA between groups with and without demarcation lines (¢=0. 065,
P=0.949;:1=0.346,P=0.730) . There was no significant difference in Kmax in all patients between before and after
operation (¢=0.050, P=0.950). There was no significant difference in the Kmax change between groups with and
without demarcation lines (t=-0.739,P =0.464). The change in TCT in the epithelium-off treatment group was
significantly greater than that in the epithelium-on treatment group (¢=2.815,P=0.008). There was no significant
difference in UCVA, BCVA and Kmax changes between epithelium-on and epithelium-off treatment groups ( all at
P>0.05). There was no obvious corneal scarring, infectious keratitis, corneal endothelial decompensation or other
complications.  Conclusions The demarcation line after CXL may be a sign of the depth of cross-linking reaction,
which is more prone to occur after the epithelium-off operation method. Both the epithelium-on and epithelium-off
operation methods have similar therapeutic effects. Demarcation line after different cross-linking methods has no
significant influence on the cross-linking effect in keratoconus.

[Key words] Keratoconus; Riboflavin/ultraviolet A corneal collagen cross-linking; Demarcation lines;
Scanning laser confocal microscope; Collagen fiber
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Figure 1  Morphological changes of corneal stromal demarcation line by slit lamp microscopy,
AS-OCT and corneal stroma by scanning laser confocal microscopy at different time points after
operation in patient I  The cross-linking reactions could be seen under the slit lamp microscope at two
weeks after operation. Shallow corneal stroma appeared light turbidity, and the corneal transparency decreased
slightly at one month postoperatively. During three to four months after operation, the corneal turbidity
gradually decreased and the corneal transparency restored. The corneal stromal demarcation line was observed
at two weeks after operation by AS-OCT. One month after operation,range of the corneal stromal demarcation
line expanded and the reflection was enhanced. During three to four months after operation, the boundary of
corneal stromal demarcation line became thinner, tended to diffuse and disappeared gradually. Activated
corneal stromal cells near the corneal stromal demarcation line, disordered collagen fibers, and gradually
enhanced reflection were seen at two weeks after operation by scanning laser confocal microscopy. One month
after operation,the collagen fibers were edematous and thickened, disorganized , staggered with each other, and
interlocked in a reticular high reflective structure. During three to four months after operation, the reflection

decreased gradually, the edema of collagen fibers reduced, and the arrangement tended to be regular

AS-OCT: anterior segment-optical coherence tomography
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Figure 2 Morphological characteristics of corneal stroma at

different depths under a scanning laser confocal microscope at two

weeks after operation in patient I A; Corneal stromal demarcation

line under a slit lamp microscope at two weeks after operation

B : Morphology of corneal stromal demarcation line by AS-OCT at two

weeks after operation (Bl ;superficial corneal stroma;B2:corneal matrix;

B3:deep corneal matrix)
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Figure 3  Morphological differences of corneal stromal demarcation line and corresponding
corneal stroma by AS-OCT in different patients at one month after operation A The corneal
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stromal demarcation line was diffuse and did not converge into a linear shape, showing flake turbidity by
AS-OCT in patient I  B:Under a confocal microscope, collagen fibers showed high reflection, needle
tip-like and striped in patient I~ C:The corneal stromal demarcation line was band-like but diffuse by
AS-OCT in patient ' D:Edematous and thickened collagen fiber with enhanced reflection in a grid-like
interlacing was observed by confocal microscopy in patient Il E:The corneal stromal demarcation line
was linear and dense by AS-OCT in patient IV F: The background reflection of corneal stroma was
enhanced and the fiber was edematous and  thickened by confocal microscopy in patient IV G The
corneal stromal demarcation line was shallow and the boundary was diffuse, and tended to disappear by
AS-OCT in patient V

collagen fiber structure were observed by confocal microscopy in patient V

H: Mass-shaped high reflective structure of corneal stroma and disordered
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%4 FAREF TCT .M H K Kmax b8 (xxs)

Table 4 Comparison of TCT,visual acuity and Kmax

between before and after operation (xzs)

iy % (l:nf ) ( ngclvrjn) ( L::N:ili) Kmax(D)
R 69 458.69:38.28 0.74x0.37  0.25:0.18  59.50+7.38
RIE 441 69 443.86%36.54 0.69:0.38  0.23:0.18  59.48+7.94
1 6.705 2.109 1..006 0. 050
P <0.001 0.039 0.319 0. 950

TE (B ¢ Kp ) TCT: fig M AL A IR JEE 5 Kmax: ) B8 fg Kl 32
UCVA: BRIRAE Sy s BCVA : e 7 IE L )

Note ; ( Paired ¢ test) TCT; thinnest corneal thickness; Kmax: corneal
maximum curvature ; UCVA ; uncorrected visual acuity; BCVA ; best corrected

visual acuity

R5 EEERSFALARE TCT MAKR Kmax T E
bb % (x5)

Table 5 Comparison of postoperative TCT, visual acuity and
Kmax between groups with and without corneal stromal

demarcation line (xxs)

T BCVA .
a1 L L 7
w (LogMAR)  (LogMAR) %

HHEAREA 44 17.69£15.42 0.06+0.16  0.03x0.18 =0.21+2.53
THFAFRLEM 25 10.19211.32 0.06+0. 15
i 1.684 0. 065 0.346 -0.739
P 0. 100 0.949 0.730 0.464
TE: (BRS7TREAS ¢ A58 )  TCT: di Wi AL Ay 58 J5E 32 5 Kmax: 15 B K il

K UCVARRIRAL ) s BCVA e (57 IEAL )
Note: ( Independent samples t-test)

0.01+0.17 -0.38+2.47

TCT: thinnest corneal thickness;
Kmax : corneal maximum curvature ; UCVA ; uncorrected visual acuity ; BCVA ;

best corrected visual acuity

£6 FARFAAXAARR TCT A K Kmax B E L

Table 6 Comparison of changes in TCT,visual acuity and Kmax between different

surgical procedure groups

Tifh DA TR 05 5 O T 0 3 W 7 14k R R I i 3k 6 98 IR , K 74
OMERE T I R A A T CXL RS
SN A H 2 T, B A S AL A AR T R R g
VA B A T 0 B 7 A T B 40 A R R T & S DR
it , 35 [ 2 15 5 ST 20 PRI TF B A 5 L I oA o
KA BT 58 50 HE— HHIE S

ABFFE L J R, IF A BT A AR B 23 i B3 5 43
LR UL AR TE — 6 b PR 2 5 M B4 R T
Salah %' R T4 F e TR XA HM CXL ARG 3
J 4 BRI I A5 AR BT T AR BT 9 T 28 1 R SR TR 4
PR RA R R BAR T 2 L AL, P # 4
AL, DR BR % R W T R R B R
BB B, AR T B b R X 5 A R
W20 RARGE B 2 IR VI ] K R e R A A
GRS A B9 i0 N T R/ C 98 I <R 11
FE A P A BT AR T S B T 5 1R G A
AR5 3R IR 222 3 3 SR T Y S W I 2 T RE
T A AR SR R T 51k

AW PRI, KRG 4 D H TCT B AFNA T
% ; Greenstein %' W 5% & BL, 16 CXL AR J5 110 f I
JEEREAR T, AR G 1 AE 22 A VR IE L X P I 45 ok
ho FRATHEN 3 B TCT 72 4 i J5 B Al B 2 AR 5 Jie J5
LT Yk 5 D £F 48 4 0 I 2 K S A B R S
HORE I 2 16 B /s o — 00 F B 4 S R AT CXL
ARG T A BE T WLEE TR, A AS R RE A AL BH 1L
Sk £ 15k R HLIE W S8 1 9 & e, CXL REAS A5 A 1L
[ 4 7 55 O R, TR AR BE 5S4 A A
M RETT Bos B E I T KRB 4,
A5 A TR 43 S 4k 4 TG

UCVA L&

BCVA 75 fk &

oy B H R s TCT, 4 &
Kmax [ 728 1k 8 822 57 9F 48

Kmax 75 {f

A MR % (34, pm [M(Q, ,Qsh> [M(Q, ,Qgh) [M(Q, }‘03), o -~ ‘
LogMAR ] LogMAR ] D] T X, U A J0 3 ot o A 4R
£ b Rma 48 18.69+14. 50 0.00(0.00,1.00)  0.00(=0.04,0.10)  0.10(-0.80,1.45) AL TF AR B Ry H 52 0
AN %3 L) 6.23+ 9.79 0.00(0.00,1.00)  0.00(-0.15,0.15) -0.65(-1.05,1.03) ARG R E£H, £ LR F
V7 2.815 -0.023 -0.274 -0. 674 RITRERE bR 5 R Ry
P 0.008 0. 986 0.789 0.510 Bk AT HE S N G TS R £ 4 5 R

(a7 EEAR ¢ K556 ;b Mann-Whitney U £ 5 )
UCVA  #RIRAL 7 s BCVA : e A1 57 iE L 1

Note: (a:Independent samples t-test;b:Mann Whitney U test) TCT:thinnest corneal thickness; Kmax:

corneal maximum curvature ; UCVA ;uncorrected visual acuity; BCVA :best corrected visual acuity

T g Jit, iy 33X Ao 2 A1 ] R AN 2 i T S I R 25 AR i
Hi T CXL AR i A R o A A, 443 1 5% 1 BT A6 75 1) 240
MR 5 BEA, i 58 L K 45 403 e 2 fie 2F 5 200 1)
IR AE AL AL IR A — R

TCT : f i 4b £ 15 B2 Kmax: £ 5 B K 365

KB, v RO IR LA K A S A0
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BT A S sh & AR b
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E TR BE I HE A 5 2 b A TR D S R AR A A R R AT Y
BITROR I 2 . ARG IR EF AR I L £
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