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[ Abstract | Objective: To analyze the association of serum heparin-binding protein
(HBP) and C-reactive protein (CRP) levels with urosepsis following flexible ureteroscopic
lithotripsy (FURL) and to construct a back propagation neural network prediction model.
Methods: A total of 428 patients with kidney stones who underwent FURL were
enrolled. Patients were divided into sepsis group (n=42) and control group (n=386)
according to whether post-operative urosepsis developed. Logistic regression analysis
was used to determine the risk factors of post-FURL urosepsis and their interactions.
A logistic regression model and a back propagation neural network model were developed
for predicting post-FURL urosepsis following FURL, and their predictive performance
was evaluated using receiver operating characteristic curves. Results: Univariate analysis
showed that stone surgery history, gender, positive urine culture, stone diameter,
diabetes, operation time, white blood cell (WBC), platelet, CRP, and HBP levels were
significantly associated with post-FURL urosepsis (all P<0.05). Multivariate analysis
identified positive urine culture, CRP, and HBP levels as independent risk factors for
post-FURL urosepsis (all P<0.05). Interaction analysis revealed that CRP and HBP
showed both additive (RERI=8.453, 95%CI: 2.645-16.282; AP=0.696, 95%CI: 0.131-
1.273; §=3.369, 95%CI: 1.176—7.632) and multiplicative (OR=1.754, 95%CI: 1.218-
3.650) interactions, while CRP and urine culture demonstrated multiplicative interaction
(OR=2.449, 95%CI: 1.525-3.825). The back propagation neural network model
demonstrated superior predictive performance compared to the logistic regression model.
Conclusions: CRP and HBP levels are independent risk factors for post-FURL urosepsis.
The back propagation neural network model based on CRP and HBP exhibits higher
predictive accuracy than the logistic regression model, which may provide a reliable risk

assessment tool for early discrimination and intervention of post-FURL urosepsis.

[ Key words] Heparin-binding protein; C-reactive protein; Flexible ureteroscopic
lithotripsy; Urosepsis; Prediction; Logistic regression model; Back propagation neural

network model
[J Zhejiang Univ (Med Sci), 2025, 54(1): 99-107.]

[ FEBEIE | R E 40 B K (flexible ureteroscopic lithotripsy, FURL) ; C B % &
(C-reactive protein, CRP) ; i % % 4% & (heparin binding protein, HBP) ; i+ S AL b7 &
12 #5 (computed tomography, CT) ; #8 %+ #2 %7 /& & & (relative excess risk of interaction,
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RERI) ; 3 Z4E A )2 B b (attributable proportion, AP) ; 3 Z 4F /A 45 4k (synergy index,
S); & 12 R 18] (confidence interval , Cl) ; W1 28 F ¥ %% (area under the curve, AUC)
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2 & B Table 1 Univariate analysis of risk factors for urosepsis after flexible ureteroscopic
lithotripsy
2.1 FURLJ5 & R U5 1 Bk [wes Bn (%) BM(0Q,,0,)]
FEIE MY B 45 b4 R £ MEFRIEA (n=42) XA (n=386) YW/Z{H P{H
S et N s (L) 51.42+14.38 49.28+16.31 0.816 >0.05
. e 19(45.24 262(67. . 01
S L R et e Ao . T i Zjisj 76; l;g sz 8008 <00
) ) 4 > 7 ’ ’
%ﬁ(ﬁ‘ﬁ’“f$*£ &ﬁ’(i: MR HE U (kg/m®) 23.63+4.71 23.93+5.64 0332 >0.05
J] =n 44
TR LR 45 0 B SRR ETLLTE 13(30.95) 113(29.27) 0.051 >0.05
K, FAREEIEK, H 408 . B L 29(69.05) 273(70.73)
CRP } HBP 7KV Th iy, i/ s 18(42.86) 52(13.47) 23.909 <0.01
KO- FEAG (P<0.01 8% P<0.05) o 1o I 5(11.90) 31(8.03) 0.738  >0.05
L1, ZERER ] R A FARS 13(30.95) 57(14.77) 7.254  <0.01
A RSB B
FRK R (mm 43+7. 17+6. . >0.
4 42 Nl 4 .
A EAE \iﬂtﬁflj;ﬁ e ZEAEAE =1.5cem 15(35.71) 72(18.65) 6.808 <0.01
CRP HBP Je it/ =5 5 2 7T <1.5cm 27(64.29) 314(81.35)
o 3 >, N ==
HE FURL 5 I & R IR E I 75 it (4F) 4.130.53 4.07+0.62 0.603 >0.05
JiEAH 5 F AR} ] (min) 66.54+12.27 62.12+11.64 2.325 <0.05
2.2 FURLJGIH A RFEMM  REA(mmol/L) 5.72+0.65 5.64+0.34 1292 >0.05
TEREM L2 R st FRIZ (pmol/L) 365.03+35.36 357.77+37.04 1211 >0.05
¥ FURL J5 I & JR U8 1 ilfﬂ;giumzm)) 82.32+7.45 81.72+5.72 0.625 >0.05
. . 4 10°/L 7.83+1.53 5.29+1.62 9.700 <0.01
Mg (k& A =0, kE=1) RO )
Ve TS B 908 R 22 SR ML/ (x10°/L) 166.57+12.27 214.05+15.77 18.892  <0.01
SCEL, = s
’ e PR A 4 X (X 10°/1.) 3.69+0.66 3.55+0.47 1.753  >0.05
e A N AR A AL f AT LT3 A (g/L) 135.63+16.06 134.39+13.41 0.558 >0.05
Z N logistic MIHMT, 2 1 i) 40.73+5.36 39.89+6.04 0.865 >0.05
EWMMEIWFE2, ERE/R, IR CREEA(mgL) 35.55(14.27,54.86) 7.37(4.22,3543) 29705 <0.01
37 / . JH#E 456 &1 (ng/mL) 68.79(26.87,93.20) 17.05(4.21,62.35)  30.654 <0.01
Bi % FRAE L CRP B2 HBP /K-F- 2
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Table 2 Value assignments for variables
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I/ 186.54x10°/L [ L) |=0;186.54x10°/L LA F =1
CRNEMA" 2428 mg/LLAF=0;24.28 mg/L 2 L) F=1

JFELEAEE" 46.76 ng/mL L F=0346.76 ng/mL K L F=1
HRAEAIF S SO BB Y T BT A

R3IRAEPBA ARG B IR IRIEERRTRAE I logistic 22 [

EN/RITELES

Table 3 Multivariate logistic regression analysis of risk factors for

post-flexible ureteroscopic lithotripsy urosepsis
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Figure 1 Construction of an artificial neural network

model to predict post-flexible ureteroscopic

lithotripsy urosepsis
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Table 4 Variable importance ranking derived from neural
network model

mooH HHE EA A E (%)
C RV AR 1 0.219 100.00
PRIEF 0.205 93.82
MR HEN 0.200 91.33
L1l 0.148 67.70
FARMIE] 0.121 55.23
“iaFRL 0.074 34.00
WEDR I 0.058 26.52
i/ 0.045 20.34
SE 0! 0.039 17.85
SHER 0.009 4.09
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BOBERE AT AR PRIRAE MEREAE 1) 320 TARHS
fiE i 2k UL

Figure 2 Receiver operating characteristic curves of

neural network and logistic regression models
for predicting post-flexible ureteroscopic

lithotripsy urosepsis
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RS RSB 5 logistic (IR FEIN bR A HCBE AT A DRI e REAE A2 Wl REHE 5 HLAK

Table 5 Comparison of prediction performance between neural network and logistic regression models for post-flexible

ureteroscopic lithotripsy urosepsis

" " ) FEME BAME 2WrEe BEYE B A%
]| AUC(95%CI R PRS0 . . ;

R B (95%CI)  RUUE RESHIE MWL 0y won (i BONGE BONME J5%
YIZREE  logistic [F] )T 0.914(0.869~0.961) 0.888 0.862 0.875 6.435 0.130 49.525 0.412 0.986 0.750
BB M2 M5 0.939(0.897~0.974)  0.891  0.887 0.889  7.885 0.123 64.165 0462 0987 0.778
MERAE  logistic [ 4677 0.911(0.872~0.963) 0.893 0.850 0.872 5.953 0.126 47293 0393 0986 0.743
SRR 2 28 A8 0.948(0.909~0.986) 0.894 0.898  0.896 8.765 0.118 74.252 0.488 0.987 0.792
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Wl VRS R e ST
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