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Objective The aim of this study was to construct an optimal prediction model based on energy-
%étE* spectrum CT multi-quantitative parameters and using machine learning algorithms for analyzing
calcium oxalate monohydrate stones in vivo. Methods 123 patients with urinary tract stones were
retrospectively collected, and the data were randomly divided into a training set (n=86) and a test
set (n=37) in a ratio of 7:3. Six machine learning algorithms including logistic, Extreme Gradient Boost
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T AL (XGBoost), RandomForest, Gaussian Plain Bayes (GNB), Support Vector Machines (SVM), and K Nearest
1.BTHE - ARERBEH Neighbors (KNN) were used to construct predictive models for in vivo Calcium Oxalate Monohydrate
2.ETHE-ARERBERN stones using Area Under the Curve (AUC) values, calibration curves, DCA curves, precision-recall curves

(™7 B 530000) (PR curves), and average precision (AP) for comprehensive analysis and selection of the best prediction

model. Model interpretability was performed using the SHapley Additive exPlanations (SHAP)
algorithm. Results Three independent predictive influences, namely age, gender, and effective atomic
" . o number (Zeff), were finally found and the logistic regression classification model built with them
FIH TR, o o = . S . -
i%ﬁglﬁ?jﬁgﬁf;ﬁiémﬁii{%}%ﬁgzéli% showed the best recognition ability in the training set in 5-fold cross-validation. Conclusion A logistic
R B 1;*&;&?#&;' 31:[:15']%;&%?:11“%% regression classification model based on machine learning algorithms can effectively predict calcium
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=86)FMit £ (n=37), o s oxalate monohydrate stones in vivo.
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1 GRS TNEECTHTRE LR

Tg H1k(n=123) P H1k(n=123) [3

JECOMZE(n=53) COM#R(n=70) LABELO 70% (n=86) LABEL1 30%(n=37)
131 0.465 0.793
F 20(37.736) 22(31.429) 30(34.884) 12(32.432)
M 33(62.264) 48(68.571) 56(65.116) 25(67.568)
g 40.000[30.000,60.000] 48.000[42.000,55.000] 0.047 46.000[34.000,56.000] 48.000[38.000,61.000] 0.343
CERER >0.05 0.379
S 21(39.623) 19(27.143) 28(32.558) 12(32.432)
SRI+EERE  0(0.000) 4(5.714) 1(1.163) 3(8.108)
BHI+ARE 8(15.094) 14(20.000) 16(18.605) 6(16.216)
BBt 7(13.208) 2(2.857) 7(8.140) 2(5.405)
HRE 17(32.075) 31(44.286) 34(39.535) 14(37.838)
ZFEKZ  1.300[0.700,2.200] 1.000[0.700,1.700] 0.333 1.100[0.700,1.800] 0.900[0.600,2.000] 0.619
%FER 0.800[0.600,1.400] 0.700[0.500,1.000] 0.169 0.700[0.600,1.100] 0.600[0.400,1.100] 0.376
MCa 2.300[2.220,2.360] 2.270[2.200,2.350] 0.283 2.290[2.200,2.360] 2.280[2.200,2.350] 0.770
P 1.120[1.020,1.230] 1.030[0.910,1.180] 0.034 1.080[0.950,1.200] 1.060[0.960,1.210] 0.633
fNa 140.613%2.336 141.024+2.187 0.322 140.899+2.284 140.727+2.204 0.702
K 3.920[3.720,4.100] 3.770[3.560,4.070] 0.110 3.850[3.540,4.070] 3.840[3.750,4.120] 0.152
el 105.35142.980 105.331£2.754 0.970 105.26042.801 105.524%2.965 0.641
Mg 0.87940.098 0.866+0.086 0.459 0.877+0.095 0.85940.081 0.310
MmE%EE  44.100[38.900,46.200] 42.200[38.700,44.800] 0.190 42.800[39.700,45.900] 42.300[37.000,45.000] 0.448
A& 78.000[63.000,104.300] 89.500[73.000,111.000] 0.127 85.000[69.100,103.000] 87.000[65.000,121.100] 0.815
MFRER 408.253+124.445 371.3104102.206 0.076 386.036+111.315 390.0004119.362 0.861
FRPH{E 0.943 0.661
5.0 3(5.660) 3(4.286) 5(5.814) 1(2.703)
6.0 20(37.736) 31(44.286) 38(44.186) 13(35.135)
6.5 17(32.075) 19(27.143) 23(26.744) 13(35.135)
7.0 11(20.755) 15(21.429) 18(20.930) 8(21.622)
75 2(3.774) 2(2.857) 2(2.326) 2(5.405)
FR E34RBE 341 44.000[6.000,103.000] 16.000[6.000,83.000] 0.316 20.000[6.000,83.000] 41.000[6.000,124.000] 0.379
CT40 1490.930[821.270,2378.110] 2072.020[1419.150,2384.670] 0.057 2030.330[1350.690,2403.260] 1580.820[1113.360,2249.050] 0.187
CT50 1089.320[588.330,1754.580] 1517.800[1072.530,1742.110] 0.085 1492.610[996.000,1765.260] 1148.220[808.620,1666.590] 0.148
CT60 881.580[562.000,1334.260]  1159.570[809.620,1328.170]  0.180 1115.180[754.740,1334.260] 881.580[609.570,1289.610]  0.188
CT70 762.790[507.720,1080.580]  938.120[660.720,1087.250]  0.225 898.440[629.060,1093.940]  756.280[516.130,1059.620]  0.230
CT80 688.970[483.230,925.280]  805.150[573.280,945.750]  0.219 764.410[561.880,962.620]  659.660[497.920,914.220]  0.243
CT90 611.180[477.230,863.800]  725.330[548.530,847.660]  0.400 694.602+217.552 641.077+235.864 0.229
CT100 604.7254200.547 648.912+194.565 0.484 638.146+198.687 610.641%196.307 0.485
CT110 556.650[430.440,733.540]  633.780[473.370,730.310]  0.398 626.490[463.370,735.830]  556.650[449.110,713.500]  0.422
CT120 549.5314173.268 576.4454173.504 0.015 572.510%172.395 547.0384176.112 0.460
CT130 533.4554165.241 555.090+169.938 0.005 553.189+167.663 528.517+168.418 0.460
CT140 517.250[398.210,642.740]  557.760[421.520,657.570]  0.294 555.930[421.470,657.060]  500.030[391.390,634.300]  0.407
Pk 17.279[7.850,25.459] 23.198[15.679,26.397] 0.015 23.166[14.758,27.099] 17.154[10.755,25.219] 0.125
zeff 12.310[9.040,13.120] 12.810[12.350,13.260] 0.005 12.750[12.000,13.290] 12.670[11.440,12.990] 0.110
K1 1312.920[1255.220,1428.530] 1312.000[1247.170,1359.400] 0.294 1303.720[1251.730,1373.550] 1327.840[1247.170,1435.690] 0.354
E(E 227.200[50.930,339.630]  309.490[240.480,344.120]  0.007 309.490[211.670,356.770]  268.470[173.920,331.040]  0.040
Sk 0.192[0.040,0.257] 0.227[0.193,0.269] 0.009 0.226[0.179,0.278] 0.201[0.142,0.243] 0.025
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