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[Abstract] Objective To quantitatively analyze the imaging characteristics of different

choroidal tumors using multispectral imaging (MSI), and to quantitatively compare the lesion
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characteristics via tumor reflection index (RI) and border definition index (BDI), so as to provide
spectral evidence for the diagnosis and differential diagnosis of choroidal tumors. Methods This
observational cross-sectional study included 37 affected eyes with choroidal tumors diagnosed at
the Second Hospital of Hebei Medical University from January 2019 to January 2020. 12 with
choroidal osteoma, 5 with choroidal melanoma, 10 with choroidal hemangioma, and 10 with
choroidal pigmented nevus. Tumor imaging characteristics were recorded, including high, low,
or iso-reflective signals, uniform or non-uniform reflection, with descriptions of irregular
reflective patterns if present, tumor boundary clarity, pigmentation irregularities on the tumor
surface, and changes in vascular reflection intensity on the tumor surface. Quantitative evaluation
was performed by assessing RI and BDI of choroidal tumors. Results This study included 37 eyes
from 37 patients, comprising 12 eyes with choroidal osteoma, 5 eyes with choroidal melanoma,
10 eyes with choroidal hemangioma, and 10 eyes with choroidal nevus. The calcified regions of
choroidal osteomas exhibited the "sandwich phenomenon." while decalcified areas showed the "
choroidal vessel translucency" sign, with residual osteoma foci visible at medium to long
wavelengths. Choroidal hemangiomas demonstrated high reflectance at 550 nm and 680 nm,
peaking at 680 nm, with decreased reflectance at 780 nm and 850 nm and punctate hyperreflective
signals. RI in calcified regions was significantly higher than normal retina at 600 —850 nm (P <<
0.05), showing a positive correlation with wavelength (r=0. 957, 95%CI: 0.730—0.994, P<<
0.001). Hemangioma exhibited no RI difference at 550 nm (P >>0. 05) between the tumor and the
normal retina, but higher RI at 600 nm and 850 nm (P<C0.05), and peaking at 680 nm, as
compared with the normal retina (r=0.474, 95% CI: —0.433 —0.904, P<C0.05). Choroidal
nevus showed reduced RI at 620—850 nm (P<C0.05), as compared with the normal retina, and a
negative correlation with wavelength (r= —0.929, 95% CI: — 0.987 — 0.570, P<C0.05).
Melanoma RI was consistently lower than normal retina at 550 nm and 850 nm (P <C0. 05), with
strongest reduction at 850 nm and moderate negative correlation (r = — 0. 831, 95% CI .
—0.974—0.209, P<C0.05). At 680 and 780 nm, RI of nevus was significantly lower than that of
melanoma (P <C0. 05). BDI was superior to SWAF, IRAF, IR-SLO, and FFA across all tumor
types (P<C0.05), the calcified regions of osteomas could be distinguished from the decalcified
regions (P<C0. 05), and the border definition of BDI was comparable to that of ICGA. Conclusion
Multispectral imaging provides characteristic manifestations for the diagnosis and differential
diagnosis of choroidal tumors, and there is a corresponding relationship between these
manifestations and the pathological tissues of the tumors, suggesting the pathological tissue
components of fundus tumors. Additionally, RI and BDI derived from multispectral imaging
provide feasibility for the diagnosis and differential diagnosis of different types of tumors.
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Figure 2 Multispectral changes in decalcified regions
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Figure 3 Residual osteoma within decalcified regions exhibiting an "island phenomenon" on multispectral imaging
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Figure 4 Multispectral imaging characteristics and spectral changes of choroidal hemangioma
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Figure S Multispectral manifestations of choroidal nevus
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Table 2 Comparison of RI between choroidal osteoma and normal retina

(n=12,x *5)

WK
451 FE P 1
550 nm 600 nm 620 nm 680 nm 780 nm 810 nm 850 nm

k&% e 106.943.6 132.0£5.1 138.4438.5 156.944.6 165.4+4.2 164.5+6.2 106.943.6  30.600  <C0.001
TEH R ) R 82.6+3.0 92.94+7.2 90.242.9 100.9+5.3 112.1£2.0 110.1+3.8 82.6+3.0  11.400 0.045
¢ {8 2.340 8.451 13.014 9.580 14.001 21.211 16.434
P i 0.051 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

2212 PR RM RI FEA I K 550 nm 680 nm W K% I I 4598 SOG4 RO o L 25 T oAb ik
Ab ks B A8 R I RT 5 0E 5 00 B8 22 S 4o it BeL RIS OG5 5 b 45 5 BE A OGP (r=0.474,95%
L (P>>0.05), $&78 5 1F & 9 W B Z 0] 1K 5 CI:—0.433~0.904,P<C0.05) ,7£ 550~680 nm
X4, E 600~850 nm JGiEAL , JKEE BRI AR RT  IEAIDE(-=0. 498, P<C0.05),680~850 nm 2 i Al
o TR R LR, 22 A Ge it B L (P<C0..05), Kk (r=—0.541,P<0.05), WL 3,
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Table 3 Comparison of RI between choroidal hemangioma and normal retina

(n=10,x *+5)
4151 L F{H P 1{H
550 nm 600 nm 620 nm 680 nm 780 nm 810 nm 850 nm
JIIRERES 76.1£8.1 111.2£9.7 132.54+15.2  149.2+12.3  140.6+10.3 119.2£8.9 91.14+7.6 11.600 <C 0.001
ERA 65.54+6.2 88.4+4.7 100.144.9 87.5+4.1 102.945.6 112.84+4.6 97.3+4.8 9.600 <<0.001
t 18 1.501 2.783 7.512 6.060 4.120 2.921 2.501
Pl 0.055 0.037 <0.001 <20.001 <0.001 0.021 0.035

2213 Bk ERERN RT 2K 550 nm, 850 nm BF PRSI0 45 8 R 5K, 5 Hflh ol BE 22 &
600 nm BRI RI 5IEH MM Z F LG4 E L A3 E L (P<T0.05), RT 565 5 7 A6 5
(P>0.05), 7E 620~850 nm ] ik &% il {5 % & RI (r=—0.929,95%CI : —0.987~0.570, P<0. 05) ,
PURFIER M, 25 A/ 5% 8 L (P<0.05) ., W4,
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Table 4 Comparison of RI between choroidal nevus and normal retina

(n=10,7 ts)
415 . L3S ch P
550 nm 600 nm 620 nm 680 nm 780 nm 810 nm 850 nm
(e 88.7+5.2 60.145.7 64.5+7.0 38.4+5.8 29.1+5.3 24.94+5.7 21.4+5.5 146.110 << 0.001
IEH 4 89.946.4 99.845.2 92.5+4.5 102.6+10.4  97.0£6.3 110.045.0 112.6E4.9 18.410 << 0.001
8 0.123 1.592 4.472 3.336 4.004 6.278 6.981
P 1A 0.620 0.080 0.004 0.011 0.006 <<0.001 <0.001

2.2.1.4  Jik&s R A KR RI
Qb BRI RIME T IER AN, 254
GiitaEE L (P<<0.05), 850 nm B ik 4% Fi 1 45 5

1t 550 ~850 nm

FOCHEBEAR, 5 HAL W B R A G52 L (P<
0.05) ,RI 563k & (A K (r = —0.831,95 % CI .
—0.974~0.209,P<C0.05), W3 5.
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Table 5 Comparison of RI between choroidal osteoma and normal retina

(n=5,x *s)
415 - LA F {4 P{H
550 nm 600 nm 620 nm 680 nm 780 nm 810 nm 850 nm
LGN 5] 85.545.4 70.14£6.2 64.7+7.3 45.2410.1 35.3+5.5 25.746.3 20.6+5.9  101.280 << 0.001
E 4 90.2+8.8 96.54+10.0 110.349.7  115.2=11.1  119.9410.2 121.5+9.5  125.7+8.6 6.700 << 0.001
¢ i 2.704 6.270 16.641 18.928 26.870 33.621 43.576
Pl 0.002 <0.001 <£0.001 <0.001 <£0.001 <0.001 <£0.001

2215  PR& BRI S ks RO R RI
FAE L 680 nm, 780 nm Bk 4% B 5 K R RI
BEMTIKEREBORE, ERARITFEL(P<

0.05), HMWE KZRHF T2 L (P>0.05),
L3k 6,

®6 REXBEREIFSREERILER

Table 6 Comparison of RI between choroidal melanoma and nevus

(x£s)
21 51 — i
550 nm 600 nm 620 nm 680 nm 780 nm 810 nm 850 nm
Jok 246 5% (5 R 8 88.745.2 67.145.7 64.547.0 38.445.8 29.14+5.3 24.945.7 21.445.5
Jok 2% JE B 65 2R 0 85.545.4 70.14+6.2 64.7+7.3 45.2410.1 35.3%5.5 25.746.3 20.645.9
t 1 1.490 1.280 0.070 2.350 2.660 0.320 0.340
P 0.150 0.540 0.950 0.040 0.010 0.750 0.730
222 BDI SLO.FFA, Z 5 A it E L (P<0.05), 5 ICGA
2.2.2.1  BK& A (8540 X)) BDI 1) Z 8L X b ERILHI L (P>0.05), ILFE 8,

25 53] Wk 45 R B 988 1) 465 Ak DX R E 45 4k X, MISTL fig
WoRZHEEBEA AR DR EWE (:=2.997. P =
0. 047)  HoAth 525 24 46 A 0 1 IX 43 AN [R] B Bt 1) fik 4%
JE 988 (P> 0. 05) ; MSI X} T 45 1k X 8 988 98 1K 1
BDI & T SWAF.IRAF.IR-SLO.FFA. % %4 % it
HE X (P<<0.05), 5 ICGA 2R L4 it¥ = X
(P>>0.05) , BA [a] A 2 9L 96 300 5 B BE 7 5 Jok 4% i
B OBEES 46 X)) BDI By 22 8 20% [ - MST X T it 5
1 IX B 98 8 iR 1) BDI & % /5 T SWAF ., IRAF . IR-
SLO.FFA, 2R A G112 E L (P<<0. 05,5 ICGA
ERLGIFE L (P>0.05), WET,

22.2.2 BKZ B BDI i 28 MSI
STk 2% Il 4 R 9 BDI & T AF L IRAF Fi IR-

x7 BEEBEARENELN BD REELSH
Table 7 Quantitative analysis of BDI imaging at

different stages of choroidal osteoma

(n=12,x %5)

AR AL X JiE 45 4k X ¢t i P i
MSI 100.24+20.1 120.3+25.5 2.997 0.047
SWAF 40.3+10.2" 35.4+12.7"  0.716 0.494
IRAF 30.6+8.6" 32.447.9" 0.421 0.685
IR-SL.O 45.549.7" 48.3+10.3"  0.499 0.631
FFA 50.3412.0" 52.5413.4*  0.253 0.807
ICGA 80.2+15.5 90.3+18.0 0.954 0.368

F {8 90.730 73.790

P 1i < 0.001 < 0.001

* P {f<C0.05 55 MSI H4 (SNK-¢ #:30)
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Table 8 Quantitative analysis of BDI imaging for

choroidal hemangioma

(n=10,x %5)

AR BDI
MSI 100.0422.5
SWAF 36.847.6"
IRAF 30.24:11.8"
IR-SLO 43.7410.3"
FFA 41.7+9.6"
ICGA 86.4421.4

F{H 87.210

P {H <<0.001

x P {H<C0.05 5 MSI 8 (SNK-¢ #5%)

2223 k& BEEAFRE BDI M2 MSI

XTIk g B K 1 BDI i T SWAF, IRAF,

IR-SLO.FFA, ICGA. 2 5 i 48 it % & L (P<

0.001), W% 9,

®9 BEERERDN BDIMEGELSN
Table 9 Quantitative analysis of BDI imaging for

choroidal nevus

(n=10,x £s)

AR BDI
MSI 138.6412.6
SWAF 32.043.8"
IRAF 22.443.0"
IR-SLO 53.3412.0"
FFA 13.244.3"
ICGA 21.746.4"

F & 343.100

P {H <<0.001

* P fH<C0.05 5 MSI H.4 (SNK-¢ K 5%
2224 Wk4E R ZER BDI 2B MSI
X T OBk 4% B K fE B BDI B T SWAF, IRAF,
IR-SLO, & # A G it & L (P<<0.05), 5 FFA,
ICGA 2R LGt X (P>>0.05), L3 10,
F 10 PBREEEEERENBD BEGELSH
Table 10 Quantitative analysis of BDI imaging for

choroidal melanoma

(n=5,7 +s)

FAGRE BDI
MSI 107.8410.3
SWAF 32.044.3"
IRAF 18.245.1"
IR-SLO 71.0£7.9"
FFA 89.9412.9
ICGA 103.84:10.0

F {4 177.930

P 1A <0.001

* P f{<C0.05 5 MSI H.4 (SNK-¢ K5

3 i it
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T R o G DR v Jik 28 JE i A5 988 2 B0 A A7 21 R A 95
kb 20 5 WA L 22 A0 i R A A ] R B B X, A
SIAE WA 455 TG (0 28 1 ik 4% I 2 00 2298 LA B vk 45 e e
AR

FE A 5 v 3 5 2 A5 X R AR 2 AR A X B
ZE L VAN IT G AN TR) ik 4% B o 0 2 0635 AN ) D i
YT B R SR SR 2 R B O #f AN TR
o 3 A ) 2 2H LR ek R Ok B0 I R S G 2
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TEARAL LA . AR RS 2O I A8 1 5 65 T DA A A B 4k
R (0K | e 58 B P L Ak M bk 4% R 2 i
B U A HEMAE L ICGA KR A 1 4 45 74
AR Eh A R AR AR B . BRI B A T W 2
H i Cenhanced depth imaging optical coherence
tomography , EDI-OCT) 1 20\ [n] I 7% 988 {4 25 #4) 1 I
A e Wk 2% BB 9 vh R B R KT 2R Ze CHRTIA R
2B BB MR- SR v B SR 5 OOF I i Bl 45 44D
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B AR O6F AR 58 2 ) L LA R siUIR 8 S5 COF 1 /N /D
GRYIOL T Ik 2% RS i A R e 2 B P 0 (B TROIR B
i, 32 B DI ik 4 5 /0 b LA K 5 ik s g
P R Ot 7RO 72 EDI-OCT v 3 8 [/ o0k
ff/ 4t SRF, SRF — fi 52 3 0 52 8 i I 4 L 55 6 %
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S Y W R S 2 Wik P . OCTA /] J] T4 i
Ak KM CNV H 48 P B AR A R 516 97 ROCR
T TEAR

22500 1 AR D B e TR AR R M B O
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AMILL B AN, & A BURIE AN, H 40 i i
KA fE R ORISR R A O HEA
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. Hh R HEURIr 27 A BE N 2 B R IE,
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F18) ik 5 T PR 39 2 /0 (LA SR AT DL 381 AR 1) 2200
TSR 2R, IF) UG o R = AR AR IR R P
ZOCIE I 22 Sk . ASBIESE A B, €8 3R S5 bk 2% 58 2R
R PR P RTJGH & X 50, /2 680 nm K&
PG B 255 RT & 28T bk 45 58 6 2008, B
OREEDERLZ GG EAARA —E XN, A
G T S IRk 4% N R A 2R e 9 AR S T ORI S
55, 5 ICGA R (25 s ) 1Y bk 4% 56 4 i 45 A
/NI 70 2 I 8 s T 28 1 B — B0, 4 s ok 2% 5 R
02 O A i DK 2% TR AT I YO A 4 T Dk 245
0 R GER W I8 B B2 7 HC 2H R LA 5T 40 i Ay
=, ORI B SRR A A2 I S S B A

Ik 4% TS5 Ve ) BB ZH 2 2 00 R e - Y
£ O N O N S (TR I | A W = i e R N
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A AN . 220 TS A DK 26 AR T B AR
Fe SN BRI G PR A2 W 4 (8, JF 5 0 20 2127 45 0 oy
AHRS L 22 56T % T Ik 45 R B 88 110 2H 205 B 45 4 2

A — PR X R R . FEAR KA A AR X SR B
e R WU B Rt VI BTy iR (| B 5 ST AW
W PR AR R B 5w R AHE S RS
(4T B PR T 198 A S5 2 T A O B0 L TR R —
(18 5 S8 T & T34 50 WA 5 ok B R S 2 T T
WSS, T 600~700 nm H KOG AT
3k % 2 B R Ik 2% B8 15 98 119 T % 1T B 2 AR
HRE) o 3 1) Jok £ HEE-BY 96 P9 8 0 /N Y B /N B AE 4
S TP AR R, 5 I RN X &) RURHE 5, X
DX 3 T A AR 5 Ak 41 20 H G 2% 51 1 B AR 2 4
AU AR R R S BRI 2RI R S
EDI-OCT A6 HAH B UE 15 98 14 45 F4 4% o5, A0 1 491l
FEE A MR 1 Wk 4 RS B 98 oh T 0 R KL M R B0 ke
DX 06 5 MR 5 ) 1) A - B L A G S A U 4R
TR M TR A S A k1 R 0 G R A

TCe X T A5 A 3 S oA B 4% Ak DX B, MIST 1 3%
IRy e ggE 40 B 22 0 % PG b i B R v T R K
AR 2 G I B i R R A, AR B ST il it BDI
AT A3 I A [R5 A% 2 T B 7R $2 R ik 45 i
o7 9 A8 R A B AR L ST b 6T R % AT
Ak BN RPE BRI fiE . FFA . SWAF . IRAF ¥t
T2 AT 8 S 98 A i A R A Tk R R R R I A A
T A LS AL X F T 9 R R0 IE & 20 4 =2 1) 0 o A
XFF-2% , H 550 nm JG3% A B 4508 2 K, O B
A7 2 A Xt R A1 B 5 O K 1 O 1% R Ak B 1A, 1
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IS 3 J50 455 Ak DX 35 22 ) T g B S 1 3 B T B
T AG AL BT 5, 550 nm PR DL R IR 7 B
G, WA i1 S5 22 BTV 01 I S5 T 484 5 T 380, (P B 5
DT B L A K K AT B I Ak DX I8 ) 3R
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DBT o O A 5 43 8 465 A DX sk ) R KOl 1 R AL
e H A AR F KA ORIV W 2 B F X7, AR i
FE TR b X8R, P I K AR SR BT L BDI 8%
s Hm T ICGA . T PR TE 3 43 805 4k DX 38, 385 WL
P14 Tk 265 RS2 K It 5 6T i 988 T 25 1) AR B B Ptk
Wi, ASBEFEH . OCT J& 55 Ah— 300 ] DL HE 7R 988 4% 14 45
R 8 A5 R 1 A A 3 A DX I A TR AT
FLAT B 1) BRI B /N B R i S Ak DX S
Bz s IR AR 2 IS L], N B 45 4 25 8L . i EDI-
OCT 5 MST T #b, H 5] 48 7 58 7K 1) - ot 4 ™
A5 R IR K 2% B B R 1 TP AR S S 3 AT R R
SF(550 nm) — BB AN 5] 5 S T (680~780 nm) —
BESHARBKTHC =R RE S
EDI-OCT & BU (1) B 98 20 202 45 o5 a0 B 5% B 5 A It 45
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