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[Abstract] Objective To evaluate the corneal stromal demarcation line depth after corneal collagen cross-
linking (CXL) using in vivo confocal microscopy (IVCM) and anterior segment optical coherence tomography (AS-
OCT) under different ultraviolet irradiation energies. ~ Methods A cross-sectional study was conducted. Twenty-two
progressive keratoconus patients (28 eyes) who underwent CXL, and 26 patients (48 eyes) with refractive errors who
underwent femtosecond laser-assisted in situ keratomileusis combined with accelerated corneal cross-linking (FS-LASIK
Xtra) at Xi‘an No. 1 Hospital between January and December 2024 were included. According to the ultraviolet energy
applied during CXL, eyes were divided into a high-energy group (7.2 J/ecm®) and a low-energy group (1.8 J/cm®). At
3 months postoperatively, the demarcation line depth was assessed using IVCM and AS-OCT. The study adhered to
the tenets of the Declaration of Helsinki and was approved by the Ethics Committee of Xi‘an NO. 1 Hospital (No.
2025-049). Written informed consent was obtained from all patients prior to surgery.  Results In the low-energy
group, the visibility rate of the demarcation line was 95. 8% (46/48) with IVCM and 81. 3% (39/48) with AS-OCT,
with no statistically significant difference (X*>=3.273, P=0.065). In the high-energy group, the visibility rate of the
demarcation line was 100% (28/28) with IVCM, which was significantly higher than 67. 9% (19/28) with AS-OCT
(X*=7.111, P=0.004). The demarcation line depth measured by IVCM and AS-OCT in the low-energy group was
160. 0 (140.0, 200.0) wm and 188.0 (143.0, 232.0) um, respectively, with no significant difference (P>0.05).
The demarcation line depth measured by IVCM and AS-OCT in the high-energy group was 370. 0 (322.5, 407.5) um
and 336. 0 (297.0, 381.0) wm, respectively, with no significant difference (P>0.05). The demarcation line depths
measured by both IVCM and AS-OCT were significantly greater in the high-energy group than in the low-energy group
(both P<0.001). Bland-Altman analysis demonstrated good agreement between IVCM and AS-OCT, with a mean
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difference of 9. 43 pm and the 95% limits of agreement ranging from —67. 84 to 86.70 wm, and 96. 4% (54/56) of

the measurement points fell within this range.

Conclusions

IVCM and AS-OCT provide comparable

measurements of the demarcation line depth after CXL, with good agreement between the two modalities. However,

IVCM demonstrates superior visibility of the demarcation line compared with AS-OCT.
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Figure 1 AS-OCT images of demarcation line depth at 3 months after CXL. A: Demarcation line was not visible B: Demarcation line was visible

B AR W] AR AN HER  C.B RURFRICRG MR D2 sC R T

but not measurable accurately C: Magnified view of image B D: Demarcation line was clearly visible E: Magnified view of image D CXL: corneal

collagen cross-linking; AS-OCT: anterior segment optical coherence tomography
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Figure 2 Visibility of the demarcation line depth assessed by IVCM
and AS-OCT in different energy groups after CXL
group (n=48): X*=3.273, P<0.065; high energy group (n=28): X*=
7. 111, P<0.004 (McNemar test)
AS-OCT: anterior segment optical coherence tomography

Low energy

IVCM: in vivo confocal microscopy;
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Figure 3 Representative IVCM images of a patient from high energy group before and at 3
months after CXL Preoperative IVCM image showing the epithelial layer, subepithelial nerve fibers,
and regularly arranged endothelial cells. IVCM image at 3 months postoperatively showing disappearance
of subepithelial nerve fibers and activated keratocytes (arrows) in both the anterior and posterior stroma,

with a demarcation depth of 411 wm; the endothelial cells appeared normal without evident

abnormalities IVCM: in vivo confocal microscopy
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Figure 4 Representative AS-OCT images before surgery and 3 months after surgery for the same
patient in Figure 3 A: Preoperative AS-OCT image B: AS-OCT image at 3 months postoperatively

No visible demarcation line was shown AS-OCT: anterior segment optical coherence tomography
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Figure 5 Bland-Altman plot comparing demarcation line depth
measured by IVCM and AS-OCT The red solid line represented the
mean difference between the two methods, and the black dashed lines
indicated the 95% limits of agreement (—67. 84 to 86. 70 pm) IVCM:
in vivo confocal microscopy; AS-OCT: anterior segment-optical coherence

tomography
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BHEY 24 % IR AR RIOL T 2024 48 7 A3
T BERCA 5 = B B IR BT 2 32 a6 TR A, ARHGPF
Al IR AR HR # J7 (uncorrected distance visual acuity, UCVA )
0. 1; WAREEATHR-6. 00 DS/~1.75 DCx10°, HF IEALT7 0. 8+,
Z2HR -6.25 DS/-2.00 DC x 170°, % i ¥ 1 1.0; MR & 47 iR
15 mmHg(1 mmHg=0. 133 kPa) , Z£ i} 16 mmHg; SR HE 7 75 .
13 B TG ] % MR YA, A 58 R DLW I S vh S AR TR 2 ( central
corneal thickness,CCT) 47 HR 582 wm, ZEHR 579 wm, 45 M HR
FBICFRAR S T ARES R, ARER A A5 A 0UR A B v
&5 BUH R (keratorefractive lenticule extraction, KLEx ) T R 5§
TR o AR A 22 SR VD B TR B RN A R A 70 T IR
4/ B 3 d; FAKHZE A VisuMax 500 CRMEOL R SE,
FARSECN HOCRERE 140 nJ, BK #4545 500 kHz, 3% B )2 Al f

JENEZ OB RIBE A B M BE S 4.5 um, 2z X H
£ 6.5 mm, FARKIBUREE 120 pm, Al HERRR Y 2R M IR
TR, BT A R4, FARD BRI, AR5 1d R, &
HR UCVA ¥155 1.0, &N R A RIS SE R . RIGZER
TP BRI 7 i 25 IR 0. 5% S Tk v i IR VL A e
BEAT 70 I AR VBAN - Vb e R  IR Y 4 /B RJE5E 3
K, BH FIURAURD BN 25 P IR B A7 WUIR UCVA
Y10 0.8; BRI A IR +0. 25DS/- 0. 25DC x 25°, %7 IE 4L H1
1.0, 7R +0. 25 DS/-0.25DCx50° , FF IEAE 77 1. 05 2L PR AT &k
BT AT DLOBUAR A7 B e ok B 025 2 AR SR BB B AU R IB PR
IR MR 1) . WIAEHENN KLEx AR J5EFH A& R i vk 2 ] £ 5 58
(diffuse lamellar keratitis, DLK) , 3% i IG 97 7 &, TE4E +57 % A
25 W) RS B R b R0, 5% SR Tk T iR R TR A P AR





