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Development and validation of a risk nomogram model for the prediction
of ARF following colorectal cancer surgery using quantitative parameters
from contrast-enhanced ultrasound in combination with CEA and CA19-9
levels
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(1. Department of Ultrasound ,the First Hospital of Anhui University of Science and Technology ,Huainan 233000 ;2. Department of Clini-
cal Laboratory,Fuyang People’s Hospital , Fuyang 236003 ,Anhui , China )

[ Abstract] Objective:To develop and validate a risk nomogram model that investigates the predictive value of quantitative pa-
rameters from contrast-enhanced ultrasound in combination with carcinoembryonic antigen (CEA) and carbohydrate antigen (CA19-9)
for postoperative acute renal failure ( ARF) following colorectal cancer surgery. Methods: A total of 50 patients with postoperative ARF
('study group) and 52 patients without postoperative ARF ( control group) who underwent radical resection of colorectal cancer were en-
rolled. All patients underwent contrast-enhanced ultrasound examination,blood routine examination,etc. Quantitative parameters of con-
trast-enhanced ultrasound,CEA and CA19-9 levels were collected. Univariate and multivariate Logistic regression analyses were per-
formed to identify the risk factors associated with ARF following colorectal cancer surgery,and a nomogram risk prediction model was
developed and validated. Results: The results of univariate analysis and Logistic regression analysis demonstrated that elevated levels of
peak intensity ( PI) ,area under the curve (AUC) ,mean transit time ( MTT) ,time to Peak ( TTP) delay, glomerular filtration rate (eG-
FR) ,as well as high expression of serum CEA and CA19-9,were identified as significant risk factors for postoperative ARF in patients
with colorectal cancer (P <0.05). The nomogram revealed that abnormal values of PI,TTP,MTT,and AUC were the most robust pre-
dictors for postoperative ARF in patients with colorectal cancer,followed by high expression of serum CEA and CA19-9. Internal valida-

tion using computer simulation resampling through the Bootstrap method was employed to validate the nomogram model. The verification
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results indicated an area under the ROC curve of 0. 870 for the nomogram ,with a sensitivity of 80.26% and specificity of 86.70% . The

C-index was calculated as 0.816,while the H-L goodness-of-fit test showed no significant difference between predicted values and actu-

al observations (,\/2 =4.116,P =0.468). Conclusion ; Abnormal quantitative parameters of contrast-enhanced ultrasound and high ex-

pression of serum CEA and CA19-9 are risk factors for postoperative ARF in patients with colorectal cancer. The nomogram model, con-

structed based on these factors,demonstrates effective predictive capability for assessing the risk of postoperative ARF in patients with

colorectal cancer.
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CA19-9 ' WBC ., IL-18 , PCT. CRP. Alb, Glu, pH 1{H .
APRI.FIB .D-D ,BUN ,SCr.,eGFR 7K F K Wz 4 & . &
JRER AN S LR, ER A SRR L (P <
0.05), W31,

®1 HMEEHERERE ARF HBERZSW [« +5,n(%) ]

HE PR 4l (n =50) WBA(n=52) ot P
5 0.589  0.443
B 30(60.00) 35(67.31)

% 20(40.00) 17(32.69)

() 61.35£6.73 62.14£5.83 0.634  0.527
BMI(kg/m?) 23.36 £1.02 23.18£1.34 0.761  0.448
ESIE 1625 0.444
R A 16(32.00) 23(44.23)

AR A 29(58.00) 25(48.08)

HEFEAR 5(10.00) 4(7.69)

i i 0.129  0.937
HEg 19(38.00) 20(38.46)

R 11(22.00) 10(19.23)

K 20(40.00) 22(42.31)

[l F (mmHg)

LETS 82.24+3.33 81.16+2.69 1.805  0.074
g3 140. 69 +4.41 139. 64 +4.51 1.188  0.238
ASA 4 0.427  0.807
14 32(64.00) 33(63.46)

114 16(32.00) 18(34.62)

111 4 2(4.00) 1(1.92)

PI(dB) 14.62 £1.43 13.23 +1.26 5,214 <0.001
TTP(s) 21.05£2.76 23.13£2.15 4,255 <0.001
AUC(dB/s) 788.69 +25.33 753.16£30.22  6.422 <0.001
MTT(s) 21.24 £2.46 18.16 £1.66 7.438  <0.001
CEA(U/mL) 30.79 £3.18 28.33 £2.61 4,278 <0.001
CA19-9(IU/L) 48.71£3.24 45.37£3.52 4,981 <0.001
WBC( x10°/L) 19.02 £4.61 15.13 £4.70 4,218 <0.001
IL-18(ng/L) 71.69 £3.46 66.79 £4.61 6.053  <0.001
PCT(ng/mL) 30.41£6.59 26.75 £5.83 2974 0.004
CRP(mg/L) 33.12£4.87 26.29£5.27 6.791 <0.001
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W% Brocd(n=50)  WEBA(n=52) 47 PH
NEUT/( x IOQ/L) 13.41 £2.45 12.61 £2.58 1.605  0.112
LY(%) 50.41 £4.12 49,81 £3.11 0.832  0.407
PLT/( x 10°/L) 103.66 +9.89 101.23 £10.25 1.218  0.226
NLR 16.61 £3.50 15.59 £3.11 1.557  0.123
PLR 221.05 £31.25 216.36 £25.12 0.837  0.405

NT-proBNP( pg/mL) 565.36 +85.67 546.31 £75.24 1.194  0.235

eTnT(pg/mL) 83.77£15.39 81.26£12.67  0.901  0.370
BNP(pg/mL) 481.67£50.35  476.61£48.76  0.516  0.607
AST(U/L) 20.42£2.71 19.58+3.12  1.449  0.150
ALT(U/L) 25.74£5.16 24.36£4.74 1407 0.162
TBIL( pmol/L) 15.31£3.17 14.62£2.49  1.225  0.223
Alb(g/L) 53.13£5.26 48.16£5.16  4.817 <0.001
PA(pg/d) 42.37£2.25 41.61£2.33 1675 0.097
TRF(g/L) 4.89+0.81 4.66£0.72 1517 0.132
Hh(g/L) 111.41£10.77 110.16 £10.30  0.599  0.550
Glu(mmol/L) 7.74£1.23 TA1£1.12 2,707 0.008
pH { 7.32£0.11 7.38 £0.10 2.884  0.005
APRI 1.92£0.95 1.17£0.72 4,505 <0.001
PT(s) 19.13 £2.65 18.67 £2.41 0.918  0.361
APTT(s) 58.23£4.77 56.79+4.16  1.627  0.107
TI(s) 20.65£2.59 19.68+2.54 1,910  0.059
FIB(g/L) 4.09£0.58 3.24:0.63 7.081 <0.001
D-D(mg/L) 214.42 £61.65 180.63£58.79  2.833  0.006
BUN( mmol/L) 21,16 +1.91 19.33£1.02  6.068 <0.001
SCr( pmol/L) 220.31£8.25 208.06£7.97  7.628 <0.001
eGFR(mLmin ~"1.73m %) 31.26£7.15 36.83 +7.08 3,953 <0.001
ARG 41(82.00) 33(63.46) 4,399 0.036
AR 2 43(86.00) 31(59.62) 8.910  0.003
ek 35(70.00) 30(57.69) 1670 0.19
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PI(7) 3.216  1.003  10.281 24,928 12.337~37.519 <0.001
TTP( ) 1,347 0.334  16.265 3.846 1.102~6.590  <0.001
AUC(1%) 2.006 0.412  23.706  7.434 2.008 ~12.859  <0.001
MTT(75) 2.461  0.639  14.833  11.717 3.346~20.087 <0.001
CEA(#) 1.586 0.663  5.722  4.884 1.154~8.614 <0.001

CA19-9( ) 2.145  0.886 5.861 8.542 2.569 ~14.515 <0.001

eGFR (1) 2.169  1.001 4.695 8.750 1.337~16.162 <0.001
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