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Abstract

Objective: To explore the value of spectral CT in the determination of lymph node metastasis in rectal
cancer. Methods: A total of 225 lymph nodes were included in 50 patients who underwent laparo-
scopic radical rectal cancer resection in the Second Affiliated Hospital of Baotou Medical College,
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including 51 metastatic lymph nodes and 174 non-metastatic lymph nodes. The ratios of long diame-
ter, short diameter and long short diameter of metastatic lymph nodes and non-metastatic lymph
nodes were compared and analyzed, and the energy spectrum parameters of each lymph node were
compared and analyzed. Results: The ratio of length to diameter between metastatic lymph node
group and non-metastatic lymph node group was statistically significant (P < 0.05). In arteriovenous
phase, IC, NIC and substance were statistically significant compared with Water-lodine, lodine-Fe, Fe-
Iodine, Iodine-Cu, Cu-lodine and Blood-lodine (P < 0.05). Conclusion: Spectral CT has a high differen-
tial value in determining whether lymph nodes metastasize in rectal cancer.
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1. 518

45 H 9 (Colorectal Cancer, CRC) & & UL b 18 B Bhid 2 —, LLE M o ITF R - #5551 2022 4
AEREE 192 75 ANWERIZ NS B, SETBIEZ) 0N 90.2 73 N[1]. 2022 4F CRC 23R E & Z 28 2,
LT 4 EAE[2). TR, WG SRRETTIE AR, NS NS, B A% H ) 208 3
s, HERBITZ R, HiZPRERNIER]. HAl, RBILEARER B 8 E BT 77 40
DFARNE, MEIEEFRIEE R S N P8R B35 4] (A B e B85 ARG 5 A7 AR
fik. MRTIFURIL, B S EHERGEFRNEERR GO RIHRE. SRR, IKE
JAPEAZILEEAT IC[5] [6]. Wk ELEEHE RS 2 5 B i B TS i S 2L R R (7], R AR5 & 8 i Bh kT
MCEER R, KB R EHBME TR MIEREAE . Benk CT X T H MG 5R CT A AT AR LR
NIR . TEMTRTEE, BT LR M2 24 S EE[8] [9]. HEE RENE CT RIAKTARE, JLIU KT ARIRE
W PREERE . WU ES B B8R TP BAEIRR SEE g B T . B PR S
R T IR (A 7T [10]-[12] . ASHIEFE S AE R FH REVE CT I3 B iR bk R 45 S HRe i 28, S R)E
JRHELXT L, FRFCRENE CT X B e itk B2 45 F5 F 0 5 i AN AH

2. M55 %
2.1. IzxHR

PEEL 2023 4E 1 H & 2024 4 3 H FASKE RS B ERB TS T 5140 1) B e B AT o
1) B ARuIG T, AR T, GEIE CT. MW SR 2) MR o ®; 3) ARl AR 21
N~ 4) BEAAFIEIRIT A O A, AAEAE A R IR T E . FERRARAE ELFE: 1) fF7EmL
PRI B 2) AFE P E RO Bl BRI 3) ARATEHTHEANGYT . BUT A RAIT SR . 4)
R B AT A, BUR SRR ZE M WS # . AR 50 1 B ks B N 9T, 53 26 4, 2 24
i, % 46~87 %, “F¥J(65.57 + 10.57)% . HARALE R 17 4], A EW7kE 18 4, mf; Bk 15
Bl ZARJEHEESE, JLY9N 225 MObkEg, Rtk el 51 My, AR Ss 174 . T1 30 1 41,
T2 #1125, T3 #7137 fil; NO HA 27 %51, N1 #1745, N2 H#i 6 fl; HTCimibif%. AR AREMkLES
MR R A S G 2t
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22. BEFSRZE

KH £ E GE A#] Revolution CT % #%. EEMERT M7 E =, 2282 12 h, CT H#iH7 30
I3Bh NIRIE /K2 1500 mil, FAFERTIIZREE B . FI e R B R EE E N2 R 1.25 mm (14,
1% GE JG &b T 4ExE ADWA4.7,

23 FRAARKBLLE

T BE LTS TR, BEERPUIROMRESE AT 24, 20N =4 1) Imssmeas, AN
WA BBk A eSS, g5y 251 W4 2) PRI ESS, N TSR ES S a2 n, 4
4 252 hELGE s 3) EMREAS, LT RBUT SRR AR LS, 45 0y 253 ML . FEAR )T
MBS UL =2k, ST RERf IR IRk R 45 5 RETE CT KR LB 45— — X L.

2.4, KEBEHITES T

FRAEFAGHLE R, Kbk g o AR ik S AR R R s 4, CT it % GE G AbEE
TAERE ADWA.7, JEFELE 70 KV SRR HAEME SRR Z M, TS0k K &k 2 7 m sk 2 45 K
2. KAt BOAKE(Lodine Concentration, IC). [7])=1HIE 2l Ik EREE AKX RIE R gk 1IC, WML &
VIS IREIE S, T EARIKES 2 . FRAEALELR E (Normalized lodine Concentration, NIC, NIC
= WL IC/[F 2T E 3 3N KELEE S ik 1IC), REAEATIEREMMESIERN I, Sk T R —hrE,
AL E R KZM. KRXEH E— 25 R K20 F—ZHRNaeisddE, e 3k, RHAHE.

25. GHHES R

KH] SPSS20.0 BT GiH S A Wi e, BRI A IEA MR I + b2 (x £ )%
Ry AEES MR BRI M (P, Prs)&m, FER MR S8 45 e M bk B 4 S 2 5 5 S AT
WSTREAS t KB B Mann-Whitney U K56 o T15070RER A ISR 3 /i HL (90) 5%, LSRR 5 K56
P <0.05 %5 HA G275 X
3. R
3.1 FEEEN—RAREE

SRk 50 B B B HHATEE AL, Hob 5 26 B, L 24 1), HERMIMAA 23 i, dEEE
WEELEAH 27 Bl 3 . AL 1 — ISR AR ZE ¥ T Ge i 48 (P > 0.05), HARELIR I 1.

Table 1. Comparative analysis of the general data of the two groups

1 MEBEN—RERI LS

4 R MEL A (n = 23) R ESEH (n = 27) t{H2 8 P{H

FEfb(x s, %) 65.57 + 10.57 68.59 + 9.78 ~1.051 0.299
YERI(F 1, 51%) 12/11 14/13 0.001 0.982

i 57 B (/R 51550 7/11/5 8/7/12 3.541 0.170

3.2 WBEKEERKERZ LS

AR - TR - RS AU IR 7%, SR\ 225 MOtk 24, R PR gl 51 K, R E
S5 174K, SR ERERMESH SRR ESAR K. KERZHAA G 2E X (P < 0.05), 1M
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Table 2. Comparative analysis of long diameter, short diameter, the ratios of long and short diameter between metastatic lymph
node group and non-metastatic lymph nodes

2 HBHKEEASIEEBRBSAKE. BE, KEEZHEXEIH

25 HRMEAHAN=51) JEHEBMELSAN = 174) t 18 P1E
MELZE K A% (em) 6.17 +0.86 5.12 +0.87 7.576 <0.001
LK AE (cm) 4.23+0.87 431+0.78 -0.674 0.501

MBI 1.49£0.20 1.19+0.13 9.833 <0.001

3.3 HESEIESHLER

HANNIE 225 MOKERSS, SRAHMOIAEAR t K250 50# Mann-Whitney U £ 5033847 %S L #r, &5 R BoR3)
FKIIRELSE IC, NIC. #Jfix} Water-lodine. lodine-Fe. Fe-lodine. lodine-Cu. Cu-lodine 52 Blood-lodine
LA RA Giith 7 (P < 0.05), 1M 8 3 ik s #E 5 ik 1IC K504t lodine-Blood 34 64t 2 7 57 (P > 0.05),
BARSE R 3. O IC. NIC. #35%F Water-lodine. lodine-Fe. Fe-lodine. lodine-Cu. Cu-lodine &
Blood-lodine Lh# B A Fiit5= 5 (P < 0.05), i R JE R &k IC & 4))50% lodine-Blood Tt 4t vt 2% (P > 0.05),

HARLERILZ 4.

Table 3. Comparative analysis of energy spectrum parameters of each lymph node in the arterial phase

2 3. shEKHAS HREBERL S BRIt ain
REIE S R ELE 4 (n = 51) AEEREMELE A (n=174)  t{H/Iz 18 P1H
WL IC 15,73+ 1.52 11.55 + 1.84 14.717 <0.001
Bk IC 95.46 +3.13 95.72 + 3.20 -0.508 0.613
NIC 0.17 (0.16, 0.18) 0.12 (0.11, 0.13) -10.52 <0.001
Water-lodine 1001.97 + 9.04 997.26 +9.72 3.099 0.002
lodine-Fe 500.57 + 4.86 498.30 £ 5.10 2.825 0.005
Fe-lodine 3269.57 + 29.54 3256.07 + 31.98 2.696 0.008
lodine-Cu 1444.61 + 13.15 1438.13 + 14.52 2.860 0.005
Cu-lodine 6889.71 + 62.03 6861.51 + 67.47 2.672 0.008
lodine-Blood 0.81+0.33 0.82+0.35 -0.311 0.756
Blood-lodine 1015.27 + 8.99 1010.95 +9.93 2.788 0.006
Table 4. Comparative analysis of the energy spectrum parameters of each lymph node in the venous phase
4. IS KB SRS S BT L o
Aei 4 RS54 (n = 51) B ELE L (n = 174) tf8/z 18 P1H
MELEIC 18.72+1.28 15.91 +1.26 13.978 <0.001
#lik 1C 21.31+3.07 20.88 + 3.65 0.775 0.451
NIC 0.87(0.82, 0.95) 0.75(0.67, 0.86) —4.959 <0.001
Water-lodine 1006.56 + 5.43 1004.14 + 7.44 2.549 0.012
lodine-Fe 502.41 + 3.01 501.01 + 3.96 2.722 0.008
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Fe-lodine

lodine-Cu

Cu-lodine
lodine-Blood

Blood-lodine

3290.97 £ 27.61

145297 £ 12.49

6934.72 £58.41
1.36 £0.24

1021.72 + 8.61

3275.97 £29.47

1446.41 + 13.37

6903.55 + 62.09
1.34+0.31

1017.13+9.14

3.241
3.123
3.195
0.351

3.195

0.001
0.002
0.002
0.726

0.002

34. HBLEERERIESHA ROC HZ4GR

BB KR, KERZ L &SNE KIS
£k T T AH (Area Under Curve, AUC) L7 5, AUC #k4ziT 1.0, ARl vk B sEEdls, AUC KT5T 0.7
I, RN RE BB I HER I . 28R Y )RS B E NS W, RIS S5 R R

SR, BARSERIE 6, HHEi

P =B
RETE 5

Z

ZH) ROC B2 WK 1~3,

oy ROC MLk, Fhif ki &2 8d8ts ROC

Table 5. Area under the ROC curve of the energy spectrum parameters of the arteriovenous phase of the lymph nodes
2 5. KB LERnEREkEIAEIE B3 ROC fiZk T HR

AUC (] 95%Cl

AEIE 4 AUC TR FrifE iR PH
TR R
e 0.797 0.33 <0.01 0.732 0.862
KiErz 0.901 0.29 <0.01 0.844 0.958
K E S IC 0.979 0.007 <0.01 0.965 0.993
K NIC 0.981 0.007 <0.01 0.968 0.005
k3 Water-lodine 0.641 0.043 0.002 0.556 0.726
kI lodine-Fe 0.631 0.044 0.005 0.544 0.717
k3 Fe-lodine 0.629 0.044 0.005 0.543 0.716
ik lodine-Cu 0.641 0.043 0.002 0.556 0.726
Bk Cu-lodine 0.629 0.044 0.005 0.543 0.716
k3] Blood-lodine 0.636 0.043 0.003 0.551 0.712
KRR 45 1C 0.941 0.016 <0.01 0.909 0.973
FEIKHA NIC 0.728 0.036 <0.01 0.657 0.800
k9 Water-lodine 0.590 0.041 0.052 0.509 0.671
ik 1odine-Fe 0.599 0.042 0.031 0.517 0.681
#s k] Fe-lodine 0.643 0.042 0.002 0.561 0.725
# bk lodine-Cu 0.636 0.042 0.003 0.053 0.718
kA Cu-lodine 0.693 0.042 0.002 0.557 0.722
ik #A Blood-lodine 0.693 0.042 0.002 0.557 0.722
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Table 6. Diagnostic thresholds and sensitivity, specificity, and Youden index (Y1) of lymph nodes
6. HEAHNESSHSHREREREE. 5RE. AERHE(Y)

REHE 24 12 RE (%) 5 12 (%) YI
Kz 5.605 76.50 69.50 0.460
KERZ 1.315 88.20 84.50 0.727
KM E S 1IC 13.885 96.10 88.50 0.846
Bk NIC 0.145 98.00 88.50 0.865
Bk Water-lodine 997.075 74.50 51.70 0.262
kI lodine-Fe 498.105 74.50 51.70 0.262
k3] Fe-lodine 3255.045 74.50 51.10 0.256
k3 lodine-Cu 1437.650 76.50 51.10 0.276
kY Cu-lodine 6859.453 74.50 51.10 0.256
k3 Blood-lodine 1010.530 76.50 50.60 0.271
HRIBK k2 45 1C 17.040 92.20 81.00 0.732
Fe ik NIC 0.815 78.40 66.70 0.451
# ik HA Water-lodine 1003.365 80.40 42.00 0.224
k9 1odine-Fe 500.700 80.40 42.50 0.229
ik Fe-lodine 3276.915 76.50 51.10 0.276
F# ik 1odine-Cu 1446.735 74.50 49.40 0.239
#s k1 Cu-lodine 6905.425 74.50 50.60 0.251
## ik 191 Blood-lodine 1017.405 74.50 50.60 0.251
ROCHI £
Hh £ Y5
-7 .
BEL

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

' 1-$¢ Rk .

Figure 1. ROC curves of lymph nodes identified by the ratio of length and length to short diameter
B 1 HEBEEKE, KEERZHEHNZRBHEKELN ROC thik
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Figure 2. ROC curves of arterial phase lymph nodes for identification of metastatic lymph nodes by spectral parameters
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Figure 3. ROC curves of each spectrum parameter of venous lymph nodes to identify metastatic lymph nodes
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B PUREI RS, Ol RS Re 5 kK B [13] [14]. Elm i URE, & LK
NG R . WA RS B E S oA S Pl BRI e T A A AR . R, R
B VR4 B R i s R R R B,

B B AT IR 5, CT A, @i CT A e nl LAH BhIZR T 1 fif J 38 ik B2 45 XN AR S5 45
B, HERZ FRER, WL PR IIRA[15][16]. A8l CT MRS B> & B ER, AL
ARG, OB RSB [17] [18]. @i RERE CT W aafafl, v LIS EIHE £ 6 FkE L1k
SR, BT A 51697 TB[19] [20]. AHFFEET-6EHE CT, #RAAERE CT X Btk
SR MHHIATIRE

M, BHpEERERESERG L2 HUER >1.0em (EAZHIRE, B2 R nEEk
e s B AT LN 1.0em [21]. AHFFEXT 50 Bl FHEATHE TS, it 225 Motk g, 451 BoRi
FEPEMR S 2 S IR R i D A A K AR . KR LI BB G2 (P < 0.05), HiZWiRE S 51N
5.605cm. 1.315, REES 50 76.50%. 88.20%, FFfE )y 69.50%. 84.50%. iX 55K [ PK[22]55 NIt
FEERIEAR

AW FUEF I RERE CT M EA LSRR S H, 45 BB R shiF kI 1IC. NIC #)J5ii %} Water-
lodine. lodine-Fe. Fe-lodine. lodine-Cu. Cu-lodine A Blood-lodine T4 # 4 G it B4 3 T IR #6841,
Fbi B Gt 24 (P < 0.05), Hrshikil IC i) AUC & 0.979, 5 HF N2 W BIME b RS . 455 5
>4 13.885. 96.10%. 88.50%, ik IC (1) AUC Sy 0.941, 5FHXHRA2 Wi K RBUE . H5 5 BTN
17.040. 92.20%. 81.00%, IX5HEFHI[23]HIWFFLLE R—E. AW FAHEAE T IC {H, NIC AT LAHERRA
A 72 RIS, oF S Sl Ik B 65 2 75 S A% B0 LA R RN L [24] [25] - ARSI 72 P Bl ik NIC 2 W7 Ui 2 0.145,
H R S 98.00%, 1 B KA R BUEAL 78.400%, 7t SR A T fE SN NIC 15 S T I yBasEvE (1)
TR B, ik NIC E R B2 A A B PRk S [26]. MeAh, AHBIFFOEIRTT T kLS5 4H S
T, shlk Water-lodine. lodine-Fe. Fe-lodine- lodine-Cu. Cu-lodine £ Blood-lodine ] AUC 4374 0.641.
0.631. 0.629. 0.641. 0.629. 0.636, &k ik &4 x AUC 434y 0.590. 0.599. 0.643. 0.636. 0.693.
0.693, MM TBNFHI IC & NIC {1, HIEFRER: © MUKRIEK 5w ARG R, HEE s,
XX SR BB R R A FERERS CT 3, MUKREESTE LI R X L, (730 B 45 P I o
A LA I A AT B Ak . @) B ARVAR L8 S 4 SR Lk ARt S B T &R, (BE 1 58 Ed 4 4
RECCAR 7 L P B R B A, AR FES XS 2R MRS o A MERBE T S4RAET A N A AT T ) B
B, TEE MR A RUR R ] R EE A, S X SR . ® T s i - )
WG ER EEAPAE T R s ORISR S A b, iRk 8 2 A BN R . 5
PINGESE AR G, AL b (A B T RIS HLAr A ANy, DRIMAE RS CT 44 it EL B m] BEBUIR.

ZE LRTIR, RIS CT X Bk VA —E MsE I E, 2 IhRESEg T LIRS R
BEELE, RE2H .
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