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Abstract

Objective: The objective of this study was to develop and evaluate the performance of machine
learning model for predicting the possibility of systemic inflammatory response syndrome (SIRS)
following percutaneous nephrolithotomy (PCNL). Methods: We retrospectively reviewed the clin-
ical data of 218 patients who received PCNL between October 2021 and December 2022. In our
study, the dataset is divided into the training set and the testing set according to 8:2. The predic-
tion model based on the Light Gradient Boosting Machine (LightGBM) algorithms was created us-
ing the training set. The predictive performance of the LightGBM machine learning model was de-
termined by the area under the receiver operating characteristic curve (AUC), accuracy, sensitivity,
and specificity using the testing set. We used coefficients to interpret the contribution of each va-
riable to the predictive performance. Results: The LightGBM model delivered a good performance
with an accuracy of 0.837, AUC of 0.918 (95% CI 0.827~1.000), sensitivity of 0.875, specificity of
0.829 in the testing set. Further analysis using the LightGBM model showed that systemic immune
inflammation (SII) contributed the most to the prediction of the outcome, followed by preopera-
tive urine culture, prealbumin, stone burden, neutrophil to lymphocyte ratio (NLR), hydronephro-
sis, fibrinogen, and Lymphocyte to monocyte ratio (LMR). Conclusion: The LightGBM models can
accurately predict the possibility of SIRS after PCNL in advance by learning patient clinical data,
and should be used to guide surgeons in clinical decision-making.
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B AR R IR RGER L —, B A e FEE NI R R AR BT[], $ERiE, PR
NELGSARIHEN 5.8%, HETZEHIRATLA 117 [2]. H 1976 415 X 4iE PCNL LAk, PCNL &
WA A RT 2 emy 2R IEBUE MRS A B E FRIETR T3]

PCNL EAVZALA, BIEGIERDN, FfiEREs, R EEAREIR4]. R, FAREHA
JURP I RRE o 4= B 98 0E IR M. 25 A {iE (systemic inflammatory response syndrome, SIRS)#& PCNL #H 2% [ WL™
HIFRIE, RIEHEN 16.7%~27.4% [5]. WA KFZHANGYT, RS SIRS Al MO8 PRIZIE IR EEAE ,
HRIRFLE 0.3%~4. 7% A[6]. IRFRIENE OB R e sl 2 28 B iy, > S EE T AT 2 H
Hhne
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2. EREF®
2.1. BRKIR

B YCSE T 2021 45 10 H & 2022 45 12 AR 5K 52 M & B2 Bl PREHESZ PCNL 11 218 51 5 1
IR TRl ARYE LA R bRitE, BEWHEBRE T2 4b: (a) XU PCNL i 525 (b) f77EEE MR, Mk RS
L RGBS (o) o R, MEZRE . DEE AL (d) SRBdE. XIS O
IRFEREET) EN, HAR IR IRATHUR B A0 32 7 2> R TE A bR T

2.2. BRER

BERMARMBIE AR F55. . AERHBMID). ATEARWBC). HEREN). ke
JBL). HBZARM). M/MRPLT). M08 FHEB). PR S AR L ENLR) /M-S ik e
Y ELfE(PLR) kT 5 B RZ 40 ELAE.(LMR) . 4= B % JORE(SIT. AR rERign it % < i/ MR35y
MEA M) RATIENIE . JREE. R PR, AaEa. aEa. F4EEaE. &afmdk
X oxx 025) REANN. FRIAEREE . REFEMEFK, RPEERaFETFRNE., REHE-KFE L6
Y MERARGES BN A, M. O HE FPRIRRAEER. RBEEFESUT
DU BRI PN ECEE 2, A2 A SIRS: 1) A4NiHEL <4 x 10°%/L 5i>12 x 10°/L; 2) {Kif >38C
B<36C; 3) 0% >90/min; 4) FFSIZ > 20/min BLEIIKIML —E AR5 <32 mmHg [4].

2.3. HHETHIE

e, MR TS ¢ . B - BRpelmiR MR, DA E WA AR SR E R
R, KH spearman A0 M BEARRHE ] 3L 2tk A T FRARI BEL A (R RUE, R B/ IN G WL S5ORT
1P 51T (Least absolute shrinkage and selection operator, LASSO) i ki B B A A6 F R BUE MHFE .
2.4. BEEBE

K FH LightGBM HL#% 2% >3] Byl PCNL A5 SIRS KR4z, BESZTM PCNL ARJ5 SIRS & AE il A5
RI[12]0 HREBBENL 2 I ZREE (80%) FIINRAE(20%) . ZREEALTE 175 & B, TR 43 L HEE.
SRAE T A T EE A I UE A L PR A, i I A A T A B 2 S8 TAE4HIE (Receiver operating cha-
racteristics, ROC) ] I £& T i #(Area under the curve, AUC)RIGE TR (R BE . FRAT VAR T ik 5
TR A S R AL, IR B AT A RN RRAE SR T30 ) DAk o
2.5. it ot

HAESOANRESA RN NTY + bRUEZ(SD), I t KT . B AR IES 0 &
SAF B RINANEAE WA EER AR, FHER 2 - BRI T R . B RoR N HA L A
R, AR EAT . HLEs ST AL ] Python 3.7 IEE w5 1.

3. &R
3.1. BE—HREH

TS 218 4252 PCNL HH0A 5280 i . Hodr, 42 BB R )5 & 42T SIRS. ## 45 PCNL
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ANIG 2T KA SIRS K EE n APHE . WABEIARET No REI L. REJ PLT. ARFT Hby HEMA. 474
EAE. MEMASZEA. NLR. PLR. LMR. SII. FAREE, a0k, BhfAK, REFNERES
THEER . N EFE L EIROLE D).

Table 1. Analysis of related factors of SIRS after percutaneous nephrolithotripsy
1. £ BHEEANRE SIRS MHEXE RS

FZI R R 3k SIRS #H(n = 176) SIRS #H(n = 42) P {8
R (D) 56.12 +10.93 56.67+11.95 0.812
BMI (kg/m?) 25.62 +3.42 2491+3.19 0.288
WBC (10°/L) 6.80 + 1.76 7.09 +2.03 0.497
N (10°/L) 3.95+0.92 4.62 +1.66 0.017
L (10°/L) 2.17+0.67 1.80 = 0.49 <0.001
M (10°/L) 0.48+0.11 0.49 + 0.09 0.788
PLT (10°/L) 241.45+57.03 268.71 + 63.59 0.003
HB (g/L) 144.60 + 21.68 139.47 + 34.61 0.044
JULEF (umol/L) 72.41+23.17 80.07 £25.91 0.966
JRZ Z (mmol/L) 6.65 +2.00 7.24 +3.50 0.551
JiEHIE C (mg/L) 1.01+0.28 1.10 £ 0.58 0.783
SRR (umol/L) 361.35 + 83.27 326.99 + 89.49 0.123
HEH (L) 44.88 £4.27 42.94 +5.36 0.017
AU (g/L) 3.24 +0.60 3.76 £0.82 <0.001
I 182 A (mg/L) 347.05 + 68.84 292.04 +72.19 <0.001
NLR 1.92+0.62 2.67+0.96 <0.001
PLR 119.27 +51.20 160.66 + 63.28 <0.001
LMR 4.81+1.67 3.91+1.23 0.002
SII 458.96 + 103.95 718.11 + 145.84 <0.001
F- AR ] (min) 86.31+21.40 101.19 +24.92 0.005
25 B4 (mm?) 595.66 + 127.54 1073.83 + 169.17 0.021
PR (B /L) N (%)
5 114 (64.77) 22 (52.38) 0.137
gy 62 (35.23) 20 (47.62)
JRIVFEER I N (%)
& 115 (65.34) 26 (61.90) 0.676
P 61 (34.66) 16 (38.10)
JR WBC N (%)
% 41 (23.30) 6 (14.29) 0.203
= 135 (76.70) 36 (85.71)
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Continued

JEMTLEEH N (%)
% 76 (43.18) 12 (28.57) 0.084
& 100 (56.82) 30 (71.43)

JREGFRBHYE N (%)
& 136 (77.27) 16 (38.10) <0.001
2 40 (22.73) 26 (61.90)

B EFK N (%)

5 148 (84..09) 23 (54.76) 0.001
& 28 (15.91) 19 (45.24)

3.2. FHEEFSER R

{8 H Spearman #HIG/r AT A1 1828 IR IER LASSO 5032, 27 MNMEE R 28 /D Jy 8 AN AE T A

T 2), REAZ BN AT T PR (R

Table 2. Feature selection results and coeffients for each feature.

2. FHETRELERMNE—MHENNERY

RHIE EEY )
SII 0.115052
AEEA -0.076881
PREGFR R 0.071709
g4 it 0.031061
NLR 0.023371

B ARk 0.014411
AYgEBAR 0.013439
LMR —0.005282

N GREERIREE 2> 51 B 80% 11 20% (11 K FELH . 18 LightGBM 5y 7E I SR8 Hh 7 S T A 7Y
FAE RSV R PR R, JRilId AUC, #ERAYE, REZEMRERMERR. T LightGBM (1 il 5
R 52 3RF TAERFE(ROC)FI 28 R THRIAR(AUC) W 1 Frzn. LightGBM B f FE B K 47O T g8 77, HE
%N 0.837, AUC 4 0.918 (95%CI 0.827~1.000), REEH 0.875, Kt 0.829 (4 3).

Table 3. The performance of machine learning model based on LightGBM algorithm

& 3. £T LightGBM EIAMHL 3R F SR BA 14 E

il

e 0.837
AUC (95%CI) 0.918 (0.827~1.000)

R 0.875

Rt 0.829
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Model: LightGBM
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Figure 1. Performance for the LightGBM machine learning model
1. LightGBM #1385 SR B A 14 4E

BUE R BH TS A B B R ook, VEILE 2. WK 2 B, 488 0% SORE (systemic
immune-inflammation, SIN){&A5% &5/ TN 1 v sk Ee K, HUGRARFIRRE TR il E & 454 . NLR.

B EAK. FHEEAR. LMR.
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Figure 2. Top 8 selected features and the corresponding variable coefficients

B 2. 8 Mt B FHERAE BRI E R 3

4. it

PCNL 2 IEIT KT 2 em M2 R EE ML T 45 A %[ 13]. RE PCNL BB GG/ 4502
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B AL A, H S HAB OS5 A P ARILAMEL, PCNL G W2 K0, JCHEA S AR 5 gL .
SIRS FI46 B i) S8 A RTER AN B 2, e DAZE LB PCNL R JS SIRS FA A . WA KB yAY7, SIRS
Al Re S EUORNE B 2 48 B DhRe [ 14]0 PR, JRATTRAZ 8 N — /N A R 5 T WL 28 2 21 B T s 2
FERTHUN SIRS 54 .

BEA St BRI BRI R R, 5 GRI TN v EAE LG, B LA 2% S HORSE & 7 T M g
DAY 0 SCHRZE W, HLAS 2% >0 B34 F T T S0 M 4 s B S 2 BHE b SIRS 1% 4E[15] . Kijpaisalratana
ST RS R EEAE L KUK TR AR R 16]. Hou 28 AJT & 7 —/MdH XGboost 535 ) T #5174
SR 2 PE WE 5 3 B EHIE ER Y 30 RAETSH[17]. SR, KT ITHIAEF I H LN PCNL J5 SIRS
TIMIASE R (1) S 7 A R

PERATHTAN, 12 5 — YR L8821 BE R TN PCNL AR J5 SIRS HIRAE . fEX T T, BAME
FH LightGBM M8 2% > Bk 7 PCNL R J5 SIRS IR ERNTFIFH, LightGBM H7 I T 45
) AUC. #ERTE . LightGBM BEAY & B - ph b Sk i bRt o A 2R & 12k RE A 2 42 THAHE SR 18]
LightGBM ik T i BEFULE I, S 7B 1z AR g AnFe e Pk, JCIIE T/ IMEEAR R G2 1 2500

K2 SR SIT. RATIRREFE. 54 fufai. NLR. FEmAUK. P48 A RN ER R . LRI
BRIk R, SIZATHHMIRE[19], R [20141 PCNL J& SIRS A 75 BTG TEFR[21]. 454 IAEAE
SEAIEN BN IL-6, IL-7, IL-8, TNF-a FIREBONI R0 M ACR g n[22]. I/ RCE &R & 5,
AT DRSO 1 S A (23] Ik B I S RE S N 2= 4l Sl B, UM R 4B 2 m>, 1X 5 ST UE
PN DG S & —Fh B B2 TR0 EMbR &Y, v DLA T R WL o iREs, ERATIAR 5T
Xof & SR 1) DTk B K o FEIX TR 7R, NLR 2 —Fh 5 T 3R I H BA BUA R a8 (1 7Ll PCNL AR J5 SIRS
RARIEDRREYI[24]. 0P 2 B, ARATLMR 2 —F Ry R % . Jager 5 A58 1 7k E 410 A sk hE 2 T
ST 9 T e 5 R P A I RS A [25]. BRI, B2 OGiE NLR %y SIHE sk LMR BARAI & .

TEARTA, REFRBIME. B ERAUK, 50 AF R A& PCNL AR5 &L SIRS [N &R, X
5 DA SCHRIRIE A L[ 26]. KRB IRV, B FREE 7% L b BRES 75 B RE TN PR e B , (E5 775
JRFGEARKI (] Il BRIREEFRAIA R — DT S Ms bR, BOVEIRE S TG . Bamdafifnre
BEMFARMERE, KT AR, WS &, MRS R AR 21]. Bk, FLEE
PCNL i 58 BOR 5 FURST A AR ES FRAG AT, DAVE AL PR PR R e I 72 B

— eSO R GE IR T AR B E EAET AR AR ARSS SIRS MR R [27]. L4 AR R R [28].
20 [29] S5 B 30 FIMA PR R Gese ik [3 1] I BRI+ 5] 2 Womdl B 8 E 2 — PRy e Tt
Bl 1T BB E KT Bk 1 B B IS TR, R B TG A R [32] . [RIth, %2 Oy 4F
PR AR B A E KPR S R

X FEA TN RBR . B, X UEHLES 2% ST AR B T s i O SR I SRR ). BRI, 7525
— B HIAMBI IR AR X — R e . R, FRATHE AR BRI BLJETE PCNL,  [RIFRAT]
TEIEWF SR BON PCNL J& SIRS KIS0
5. &5ip

AWEFEHAE T PCNL RJG KA SIRS MIAHKREZMA R 2, FFM g 1 LA % SRR Tl PCNL J5 SIRS
(T RETE. BT LightGBM AL A8 5 > TS A HLA B Bai /0 A e 7« [mIs ] DU B I PR e 35

&E 3k
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