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[ Abstract ] Objective To construct and validate a prediction model for urosepsis in patients after upper urinary tract
stone surgery using various machine learning algorithms. Methods A total of 7 464 upper urinary tract stone patients who
underwent surgery at the Sixth Affiliated Hospital of Guangxi Medical University from Jun. 2018 to Jun. 2023 were enrolled
and randomly assigned to training (5 224 cases) or validation sets (2 240 cases) at a ratio of 7 : 3. Among them, 622 (8.33%)
cases developed urosepsis postoperatively. Six machine learning algorithms, including extreme gradient boosting (XGBoost),
logistic regression, light gradient boosting machine (LightGBM), random forest (RF), adaptive boosting (AdaBoost), and

gradient boosting decision tree (GBDT), were used to construct prediction models for postoperative urosepsis. The model’s
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predictive ability and clinical benefits were evaluated using receiver operating characteristic (ROC) curves, Shapley additive
explanation (SHAP) analysis, calibration curves, and decision curve analysis (DCA). Results The clinical features included
body mass index (BMI), number of surgeries, heart rate, Barthel index, venous thrombo embolism (VTE) risk assessment,
gender, American Society of Anesthesiologists (ASA) grade, urinary nitrite, and urinary leukocyte in the models. In the training
set, the XGBoost, LightGBM, and RF models performed excellently, with area under curve (AUC) values of ROC curves
reaching 1.00. In the validation set, the logistic regression model performed the best, with an AUC value of ROC curve of 0.76,
showing good predictive stability and calibration. The AdaBoost and GBDT models followed with AUC values of 0.74 and 0.75,
respectively, while the AUC values of the LightGBM, XGBoost, and RF models were 0.71, 0.70, and 0.68. In terms of model
interpretability, SHAP analysis showed the contribution of variables in a descending order as: heart rate, urinary leukocytes,
gender, BMI, Barthel index, VTE risk assessment, urinary nitrite, number of surgeries, and ASA grade. Conclusion A logistic
regression model for early risk prediction of postoperative urosepsis in upper urinary tract stone patients has been successfully
constructed. This model has good predictive performance and calibration, and can effectively assist clinical diagnosis.
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Fig1 Flowchart of this study

XGBoost: Extreme gradient boosting; LightGBM: Light gradient boosting machine; RF: Random forest; AdaBoost: Adaptive

boosting; GBDT: Gradient boosting decision tree; AUC: Area under

curve; PPV: Positive predictive value; NPV: Negative predictive

value; SHAP: Shapley additive explanation; DCA: Decision curve analysis.
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Tab 1 Baseline data of patients with upper urinary tract stones
Variable Non-urosepsis group N=6 842 Urosepsis group N=622 Statistic P value
Agelyear, M (Q,, 05) 54.00 (46.00, 63.00) 55.00 (48.00, 63.75) Z=1.590 0.112
Gender, 7 (%) 7=85.048  <€0.001
Female 2 622 (38.32) 356 (57.23)
Male 4220 (61.68) 266 (42.77)
BMI/(kgem *), M (Q,, O3 23.80(21.48,25.97) 23.26 (20.83, 25.52) Z=3.761 <0.001
Diabetes mellitus®, 7 (%) £ =2.433 0.119
No 6351 (93.00) 568 (91.32)
Yes 478 (7.00) 54 (8.68)
Hypertension®, n (%) 2=0.133 0.716
No 5356 (78.44) 484 (77.81)
Yes 1472 (21.56) 138 (22.19)
Number of surgeries, M (Q,, O;) 1(1,2) 1(1,2) Z=3.955 <0.001
Respiratory rate/min ', M (Q,, O5) 20 (20, 20) 20 (20, 20) Z=0.928 0.200
Temperature/ 'C, M (O,, O,) 36.6 (36.5, 36.7) 36.6 (36.5, 36.8) Z=1.179 0.233
Heart rate/min ', M (Q,, 0) 70 (60, 81) 82 (70, 98) Z=15.722 <0.001
SBP/mmHg, M (Q,, O;) 130 (120, 142) 130 (120, 143) Z=0.060 0.948
DBP/mmHg, M (Q,, O3) 80 (74, 89) 82 (75, 89) Z=1.550 0.121
Barthel index, M (Q,, O) 40 (30, 85) 35 (25, 80) Z=2.417 0.015
VTE risk score, M (Q,, 0;) 2(1,3) 2(1,3) 7=2.640 0.007
Morse score, M (Q,, O;) 4(4,5) 4(4,5) Z=0.274 0.748
ASA grade®, 1 (%) 2 =12.000 0.007
1 1037 (15.28) 66 (10.65)
2 5605 (82.60) 539 (86.94)
3 142 (2.09) 14 (2.26)
4 2 (0.03) 1(0.16)
Urinary culture®, 1 (%) 7=1.726 0.189
Negative 5925 (98.80) 528 (98.14)
Positive 72 (1.20) 10 (1.86)
Urine nitrite, 7 (%) 1 =71.849 <<0.001
Negative 6557 (95.83) 549 (88.26)
Positive 285 (4.17) 73 (11.74)
Urine leukocyte, 7 (%) 7=173.123  <0.001
Negative 2 637 (38.54) 121 (19.45)
+ 2007 (29.33) 148 (23.79)
+ 349 (5.10) 47 (7.56)
H 388 (5.67) 48 (7.72)
- 1461 (21.35) 258 (41.48)

*: There were missing data. The mean rank of the number of surgeries in the urosepsis group (4 052.57) was higher than that in

the non-urosepsis group (3 696.26); the mean rank of the VTE risk score in the urosepsis group (1 796.35) was higher than that in the

non-urosepsis group (1 632.83). 1 mmHg=0.133 kPa. BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood

pressure; VTE: Venous thrombus embolism; ASA: American Society of Anesthesiologists.
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Tab 2 Baseline data of patients with upper urinary tract stones in training and validation sets
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Variable Training set N=>5 224 Validation set N=2 240 Statistic P value

Agelyear, M (Q,, O5) 54.00 (46.00, 63.00) 54.00 (46.00, 62.00) Z=1.039 0.299
Gender, 1 (%) 7 =0.981 0.322

Female 2104 (40.28) 874 (39.02)

Male 3120 (59.72) 1 366 (60.98)
BMI/(kgem %), M (Q,, O;) 23.73 (21.48,25.91) 23.83 (21.48, 26.02) 7Z=1.013 0.311
Diabetes mellitus’, 7 (%) 1 =4575 0.032

No 4 819 (92.44) 2100 (93.83)

Yes 394 (7.56) 138 (6.17)
Hypertension®, 1 (%) 7 =0.282 0.595

No 4077 (78.22) 1763 (78.78)

Yes 1135 (21.78) 475 (21.22)
Number of surgeries, M (Q,, 0;) 1(1,2) 1(1,2) Z=0.312 0.755
Respiratory rate/min”_', M (Q,, 05) 20 (20, 20) 20 (20, 20) Z=1.188 0.235
Temperature/'C, M (Q,, 0s) 36.60 (36.50, 36.70) 36.60 (36.40, 36.70) Z=2226 0.026
Heart rate/min~', M (Q,, 0;) 71 (60, 82) 72 (62, 83) Z=1287 0.198
SBP/mmHg, M (Q,, 0;) 130.00 (120.00, 142.00)  130.00 (120.75, 143.00) Z=0.667 0.505
DBP/mmHg, M (Q,, 0) 80 (74, 89) 80 (74, 89) Z=0.803 0.422
Barthel index, M (Q,, O5) 40 (30, 85) 40 (30, 85) Z=0.679 0.497
VTE risk score, M (Q,, 05) 2(1,3) 2(1,3) 7=0.673 0.501
Morse score, M (O, O5) 4(4,5) 4(4,5) Z=0.055 0.956
ASA grade®, n (%) £ =0.265 0.607

1 787 (15.18) 316 (14.23)

2 4286 (82.66) 1 858 (83.66)

3 109 (2.10) 47 (2.12)

4 3(0.06) 0
Urinary culture’, n (%) 1 =0418 0.518

Negative 4509 (98.64) 1 944 (98.98)

Positive 62 (1.36) 20 (1.02)
Urine nitrite, 1 (%) 1=1477 0.226

Negative 4988 (95.48) 2118 (94.55)

Positive 236 (4.52) 122 (5.45)
Urine leukocyte, 7 (%) 7 =5.810 0.214

Negative 1921 (36.77) 837 (37.37)

+ 1503 (28.77) 652 (29.11)

+H 287 (5.49) 109 (4.87)

+H+ 324 (6.20) 112 (5.00)

H—+ 1189 (22.76) 530 (23.66)

" There were missing data. | mmHg=0.133 kPa. BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood

pressure; VTE: Venous thrombus embolism; ASA: American Society of Anesthesiologists.
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Tab 3 Predictive ability of 6 prediction models for urosepsis after upper urinary tract stone surgery in training set

Model AUC (95% CI)  Accuracy Sensitivity Specificity =~ PPV NPV  Flscore Kappa (95% CI)
XGBoost 1.00 (1.00, 1.00) 1.00 1.00 1.00 0.98 1.00 0.99 0.99 (0.98, 1.00)
Logistic regression  0.77 (0.74, 0.80) 0.70 0.71 0.07 0.17 0.97 0.27 0.17 (0.15,0.19)
LightGBM 1.00 (1.00, 1.00) 0.99 1.00 0.99 0.92 1.00 0.95 0.95 (0.94, 0.96)
RF 1.00 (NaN, NaN) 1.00 1.00 1.00 0.99 1.00 1.00 1.00 (0.99, 1.00)
AdaBoost 0.83 (0.80, 0.85) 0.75 0.75 0.75 0.20 0.97 0.32 0.22 (0.21, 0.24)
GBDT 0.88 (0.85, 0.90) 0.84 0.76 0.85 0.30 0.98 0.43 0.36 (0.34, 0.38)

XGBoost: Extreme gradient boosting; LightGBM: Light gradient boosting machine; RF: Random forest; AdaBoost: Adaptive

boosting; GBDT: Gradient boosting decision tree; AUC: Area under curve; CI: Confidence interval; PPV: Positive predictive value;

NPV: Negative predictive value; NaN: Not a number.
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Tab 4 Predictive ability of 6 prediction models for urosepsis after upper urinary tract stone surgery in validation set

Model AUC (95% CI) Accuracy  Sensitivity Specificity PPV NPV  Flscore Kappa (95% CI)
XGBoost 0.70 (0.59, 0.81) 0.89 0.19 0.95 025 093 0.21 0.15(0.11,0.19)
Logistic regression 0.76 (0.66, 0.86) 0.69 0.66 0.70 0.16 0.96 0.25 0.15(0.11,0.19)
LightGBM 0.71 (0.60, 0.81) 0.89 0.23 0.95 027 0.94 0.24 0.19(0.13, 0.24)
RF 0.68 (0.56, 0.79) 091 0.15 0.97 030 093 0.20 0.15(0.11,0.19)
AdaBoost 0.74 (0.63, 0.84) 0.73 0.63 0.74 0.17 0.96 0.26 0.16 (0.13, 0.20)
GBDT 0.75 (0.64, 0.85) 0.80 0.56 0.82 021  0.96 0.30 0.22(0.17,0.26)

XGBoost: Extreme gradient boosting; LightGBM: Light gradient boosting machine; RF: Random forest; AdaBoost: Adaptive

boosting; GBDT: Gradient boosting decision tree; AUC: Area under curve; CI: Confidence interval; PPV: Positive predictive value;

NPV: Negative predictive value.
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Fig2 Importance of parameters of prediction model for urosepsis after upper urinary tract stone surgery by
SHAP method
SHAP: Shapley additive explanation; HR: Heart rate; U_LEU: Urine leukocyte; BMI: Body mass index; VTE: Venous thrombus

embolism; U_NIT: Urine nitrite; ASA: American Society of Anesthesiologists.
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