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Construction and verification of XGBoost model for urinary tract infection after flexible negative
pressure suction sheath combined with URL in patients with complex renal calculi

LU Kai-xin, GAO Rui* , LIU Chang-yi, CHEN Wen-wei, HE Yan-feng
(Department of Urology s the First Affiliated Hospital of Fujian Medical University s Fujian Province s
Fuzhou 350005, China)

[Abstract] Objective To construct an extreme gradient boosting (XGBoost) model for
urinary tract infection (UTI) after f{lexible negative pressure suction sheath combined with
ureteroscopic lithotripsy (URL) in patients with complex renal calculi, and to verify the

predictive value of the model. Methods A prospective study was conducted on 290 patients with
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complex renal calculi who underwent elective flexible negative pressure suction sheath combined
with URL treatment at the First Affiliated Hospital of Fujian Medical University from January
2023 to January 2025. Patients were divided into the UTI group (n=71) and the non-UTI group
(n=219) based on occurrence of UTI postoperatively. The clinical data of the two groups were
compared, and multivariate Logistic analysis was used to analyze the influencing factors of
postoperative UTI. Logistic regression (LLR) and XGBoost models were constructed, and the
predictive performance of the two models was evaluated using receiver operating characteristic
(ROC) curves and area under the ROC curve (AUC). Calibration curves and decision curves were
The duration of operation was longer in the
UTI group [ (75.84410.73) min] than in the non-UTI group [(70.2949.65) min], and the

proportion of preoperative UTI, the proportion of catheter indwelling time =3 d, serum C-

used for internal validation of the models. Results

reactive protein (CRP), interleukin-6 (IL-6), human beta-defensin 3 (HBD-3), decoy receptor 3
(DCR3) levels [33.80%, 57.75%, (21.35-+-4.18) mg/L, (15.08+3.25) ng/L, (1.29+0.32) pg/
L, (11.65+3.18) pg/L] were higher than those in the non-UTI group [15.98%, 37.90%,
(17.86+3.34) mg/L, (11.94+2.61) ng/L, (0.8240.24) pg/L, (8.42+2.65) pg/L], showing
significant differences (P <C0.05). Multivariate logistic regression analysis showed that duration
of operation, preoperative UTI, catheterization duration, and serum CRP, IL-6, HBD-3, and
DCR3 levels were independent factors affecting postoperative UTI (P < 0.05). Based on the
results of the multivariate analysis, a LR model was constructed. The XGBoost algorithm
demonstrated that six clinical features could be used to construct an XGBoost prediction model.
ROC analysis showed that the AUC of the XGBoost model for predicting postoperative UTI was
0.944, which was higher than that of the LR model (0.877) (Z = 2.546, P= 0.011).
Furthermore, internal validation results indicated that the XGBoost model exhibited good
agreement between observed and predicted values, with high consistency and fit between
prediction and actual outcomes, demonstrating good clinical utility and positive net benefit.
Conclusion XGBoost model based on the XGBoost algorithm demonstrates an ideal AUC value
for predicting the UTI after the flexible negative pressure suction sheath combined with URL in
patients with complex renal calculi, indicating favorable predictive performance. Itt has good
clinical utility and positive net benefit, and can be used as an auxiliary model for clinical
prediction of postoperative UTI, and can provide reference for more accurate and personalized

clinical decision-making.
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Table 1 Comparison of clinical data between the two groups

J ¥ 0 "7 [ ¥ 0
4157 11 %5 %iﬁumm’gﬁ W (r+5,%) W +s, A)  BMI(x +5) o %ﬁ%ﬁg{gjﬁ’m S
UTI 41 71 41(57.75)  30(42.25) 50.2647.43 11.35+3.18  23.6141.57  32(45.07)  28(39.44) 11(15.49)
JeUTI4 219 112(51.14)  107(48.86)  48.97+7.10 10.72+3.37  23.294+1.64 106(48.40)  95(43.38) 18(8.22)
X2/t {8 0.938 1.315 1.387 1.443 3.158
P 0.333 0.189 0.166 0.150 0.206
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Fz1 (%)
15 % 5 B (B, Y AR F 3 TE 2SR CBE, V) AHT UTICHI %L, %)
<3 cm =3 cm PfL3E E EA B B J
UTI 41 71 29(40.85) 42(59.15) 33(46.48) 38(53.52) 24(33.80) 47(66.20)
4 UTI 41 219 110(50.23) 109(49.77) 126(57.53) 93(42.47) 35(15.98) 184(84.02)
X2/t fH 1.892 2.646 10.508
P {H 0.169 0.104 0.001
S PR BE N ] (R, V) E NI CRP 1.6 HBD-3 DCR3
21 5 1511 %% .
=3d <3d (x =5 ,min) (x £s5s,mg/L) (x £s,ng/L) (x £s,pg/L) (x £s,pg/L)
UTI 41 71 41(57.75)  30(42.25) 75.84410.73 21.35+4.18 15.084:3.25 1.2940.32 11.6543.18
JE UTI 41 219 83(37.90)  136(62.10) 70.29249.65 17.8643.34 11.9442.61 0.8240.24 8.42742.65
X2/ 8.629 4.095 7.173 8.273 13.15 8.483
P A 0.003 <<0.001 <<0.001 <<0.001 <<0.001 <<0.001
15 % B IFRE (B, Y0 W% KA BB AL, Y6 R B (B, V) 25 0 K (B, Y0
bl PR 155 1M 1= g 1L H T H & 0K EYa
UTI 41 71 18(25.35)  21(29.58) 11(15.49)  30(42.25) 41(57.75)  15(21.13) 56(78.87)  35(49.30) 36(50.73)
JEUTI4 219 35(15.98)  46(21.00)  22(10.05)  76(34.70) 143(65.30)  38(17.35) 181(82.65) 129(58.90)  90(41.10)
X2/t {8 3.152 2.218 1.578 1.318 0.512 2.015
Pl 0.076 0.136 0.209 0.251 0.474 0.156
22 HEMEHEABREARARE UTIWZHER F AR E] +1.029 X RAT UTIH0.822 X F IR B H

Logistic 4347 J¢ LR BRI #E  5 ZevE 5 45 4 8
HEARGERGKE UTIHER AR, K 1t P<<0.05
AR E AR, IR E 2 MM k. T2 HE
Logistic 73 #7, 45 £ W75, F KRB (OR=1.078,
P=0.026) . R#f UTICOR=2.798, P <(0.001).%
PRAG R B B ] (OR=2.274, P <C0.001) . IfiL i CRP
(OR=1.268,P =0.008),1L-6 (OR=1.312, P <
0.001), HBD-3 (OR = 1. 433, P << 0.001), DCR3
(OR=1.332,P<<0.00 )Y RE T4 A B HEAR
J5 UTT By Zm R, Wk 3, T L2
R Z M LR AR R Logit(p) = —4.125+0.075 X

LSIA
2

B8] +0.237 X CRP+0.272 X IL-6 +0.360 X HBD-
3+0.286 X DCR3,
®2 WMEFZE
Table 2 Assignment method

AR TR 115 40
UTI KEAE=0.kE=1
F A ] AR
AR UTI JT=0,4=1
IR BB ) <3d=1,=3d=2
CRP LY
1L-6 L
HBD-3 A o
DCR3 L

®3 EZXMEHFRBEFARE UTIBIZEE Logistic 547

Table 3 Multivariate Logistic analysis of postoperative UTI in patients with complex renal calculi

A5 EPEE bR iR Wald X2 {8 P i OR fi 95%CI
FAR 1 7] 0.075 0.035 4.619 0.026 1.078 1.025~1.134
AR UTI 1.029 0.329 9.781 <£0.001 2.798 1.792~4.369
S PR 45 B8 ) 0.822 0.291 7.972 <<0.001 2.274 1.518~3.407
CRP 0.237 0.093 6.507 0.008 1.268 1.135~1.416
1L-6 0.272 0.098 7.691 <<0.001 1.312 1.142~1.508
HBD-3 0.360 0.105 11.759 <<0.001 1.433 1.187~1.731
DCR3 0.286 0.103 7.733 <<0.001 1.332 1.150~1.542
g8l —4.125 1.176 10.408 <<0.001 — —
2.3  XGBoost B AU # K E 1 v B T (SHAP = 2. 431), DCR3 (SHAP = 1. 288), CRP

XGBoost 53 I &2 Il 2515 3] iz 1 2 B (learning _
rate;:0.07, max_depth:6,n_estimators: 200), 24 4}
AHIT 6 AN I A 4R AIE s A5 78S ) 350000 455 B e L BT 6

I PR e A #22 MR 22 4k HE P AR KO8 L 3 HBD-3

(SHAP=1.230) ,1L-6 (SHAP =1.059) , T A It} i)
(SHAP = 0.558), % JK & @ & W} ] (SHAP =
0.426) B 3R 6 Al PR 45 AF 1E S 30 00 4 A b 2
XGBoost #AI, WK 1,
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HBD-3 -2.431’.* oW twe HBD-3 9.431
DCR3 [~1.288 -’- LTI DCR3 | 1.288
CRP |1.230 -“--a-—- CRP | 1.230

It

IL-6 [~1.059 *’»- @ IL-6 1.059
<!
FARME 0. 558 -.\igs- % FARRE - 0.558
SREEENE -0.426 * i FREHEENE | 0. 426
RETFRE RS Fo. 258 P ARATIRER S - 0.258
1 1 1 1 1 L 1
-3 0 3 6 0 1 2
SHAP{E ® SPHISHAPH

1 XGBoost AR KHHE SHAP EREEEHF
ALl RFFAE B SHAP {8 7L AL B 5 B PR 7 AE 19 5 254 HE 7 ]
Figure 1 Feature SHAP values and importance ranking of the XGBoost model
2.4 2 FPELRTUN UTI @B AL AE LA ROC 4+ XGBoost S8 AUC KT LR BAIR) AUC, 2 57
Brig 7, LR B XGBoost A5 ] &5 2= P & &% ESit2 B X (Z=2.546, P=0.011), W 3% 4,
BERIG A4 UTIH AUC 40518 0.877(95%CI « K 2,
0.834~0.913).0.944 (95% CI:0.911 ~0.967),
x4 2 WEEBIHU UTI 9T %4 6k

Table 4 Predictive performance of the two models for UTI prediction

EizEin AUC 95%CI EARR 81 HURBE D) eSO P g
LR #i# 0.877 0.834~0.913 0.624 78.870 83.560 <0.001
XGBoost 5 #l 0.944 0.911~0.967 0.767 83.100 93.610 <<0.001
1.0 L. O
0.8 0.8
% 0.6 %0.6—
By & 0.4
ok %"*2( /'/ — Eg%%
T T e A Feiteiz:
o.o/ o.lz o.|4 0.I6 0.I8 1.0 0.0 18 o% OBE LE L
IRES B FIL BRI
2 2 MR UTI B9 ROC # 2% B3 XGBoost 4 B ) & i 25
Figure 2 ROC curves of the two models for UTI prediction Figure 3 Calibration curve of the XGBoost model
2.5 XGBoost B FRIGUE >R FH Bootstrap & B
iR 1 000 Y2 il Be M 22 % XGBoost B 1) fe ol
B PR R AT S0 AE 45 R 7 2R AR ) A A it S L N
1) T 2 e U 45 5055 52 B SR ) — 20 pe
Btk e WG R B B e w v ULIET 3, 2 §°~ 1 — fim
X XGBoost A5 7Y iy il FR R FE 17 50 10E , 45 2 0.05}
S R ELAT W1 I 60 2 L A T 2 adl
V25 0 B ARSR UTT %28 LR o B s R0 o\
0% 25% 50% 75% 100%

=L UL 4, B
B 4 XGBoost # B iR % 2

Figure 4 Decision curve of the XGBoost model
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V) 2B K, T AR 8 B S 52 AL B 4 DR B 1 Bz, T
T 24 e 9 1A e SR 2 B A5 R SR L B A L 1
TR RS A58 405 B B DV I e it 2 8, 1 T BORs B 12 28 K
W 5 AN, R Rk R R BOR 5 R 1 B
F o R T fin He A B (v T R ] 2 T B,
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Jik i B A NS R B P B0 T
Tl 2E VRN B8 o 30 1 51 & 4 B 98 RE IONE , R I IR
A B0 A B U G M O E AR S i R
YL g5 kL B R JE UTL & A4 KD, 3 ik
IR TR R & Q4 B A A RS KR
SRR MR 1 Ik ST fE B B 3 . @ URL 1 75 X 4 bl
UTI B 17 H At 25, DLk 8] R 55 F2 B % .
JER Y E MR S5 R TR ERASUIR A (HUI R 52 B R L 24K
AJG UTT 5 ARFT UTI 2 Y 5 Bk [ I8 $f 90 A w356
Sy VR T REHE BT AR 3R AE L BB TR I 1 R 4
7T A 4 58 423 Bk I 1 AR S5 4P ORI AT 8 o Ja
Ytk K e T, QO ARG 3 d WK ER
JIRE S IRE BB T8 R AR S UTI B
LR I H AR AR R, 4B H
AR5 BRI R RV ek B T R SR YA L I K 22
AT PRAE R IS TR) DAL SR DR DR ik S S I o
VRS 5 T R I R B S PR TE AR AR 22 T
BIUBR M 77 B 458 43 » 35004 11 2 W B T 48 R 1T HBD-3
S5 B0 TR K B 1 G T UK 2 T R 3 R S 958 B 4 1)
RE V55 , Ay TR FE o 4B L AR PR Tl N R R L O —
AT UTI &4 KK, @CRPLIL-6 1E b i

PRE FH R AE B — 3 K7 T B8 7R R O A7 R 45
A1 R DN P IR e L 2 A 3R TR A W R K o R TR 2 0
Al E i Toll BE3Z 1K 4/#% T kB(Toll-like receptor
4 /nuclear
activated B cells, TLR4/NF-«B) %3 {= 5 18 i Hl 4 B
W 40 B 0% AL, 4> WOk & 116, i T AR #F CRP &
BT 2 A R ] B TR A R B R G Al IR
JI2 J IS % 5% L BTG NLRP3 S 5E /MA, fin ik 11-6 45 48
i R 77 2R O B B A T PR T 1 AR rp R 45 T
HE— 2L TL-6 LCRP 45 2 5E A T 45 1 BT, TE B
A A A 0 AR B SR IO K 1 Tl I R
B s B )0 B 47, IR0 i 4L BB & L B AR L A 3R
I T 1) )7 20 B 3 R B L B U'TT & Az KU 2
Yoshida 45" 5 A B 58 W 5 48 N 2K L. © HBD-3
Ry G 58 7 AR 1 N R i 2 R e 0 M e g
REMPURE K B T IS B0 BOw R A2 HE A0 151
S K AR VR T A 22 B D R, IE FOIRES TR R LR Y
BTG, Y AL T R R A L HBD-3 2635 ] 3 B
P R R O R A S 5 G s AR L 5 AT
V5T 11-6 55 52 0E 4 i X 7 ke b LB B R4 TR IE
Zoh % 5 03 45 3 A5 I I Ry R R RE S I 8 45 3 A
UTT U027 ke 3 455 1R 5 v A7 78 25 L0 A5
©DCR3 FZE A B i R 5 240 M, A2 B A 13 55 2B )
R PN 5005 T AT R L B 2 8, JF & TLR4/NF-«B
S B DCR3 ik, i % i8 DCR3 1l 5 j
U7 T 5 G i AR 5 S PR 25 4, T v PR 4 R T
S R 200 R T TR AR 1 BT T A A T g
vy, Xt B0 B I IR 2 R AR 0 s Es 0 s DCR3
I O] 0 B A I LB 3 S / 24 O A R AR T S
S L B PR B L R A A 3 4 B 4 I L AT
R 35 A VA S5 B0 TR B2 1L 285 BRE AL A5, O 02 A 0 R
TR 5 A AT 24 H BESE 48 Y, = 2638 DCR3 3 i
BEL VBT A5 2 240 A5 5 o AT 4 bt R DR 77 A= L Al R
P F 7 2R Bl R R A 2k TR 2 M R RS L n il
O F 2 28 A B 5

HETF ERHFZME LR #5, ROC /¥ /R %
RS A J5 UTI B9 AUC 2N 0.877; XGBoost &
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