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i ARESC , om0 | AR | e 22 Uk 1 A Bt a) | LR 3T L B I PQ ¥R BE | AR AP AR ( AN (WBC), N
SRS (ALT), MALEF (SCr). IMIEH B L 4 ) LUK <3845 ( ShlkimFLER (Lac ), RIAHEAIS Ik i 253 &
(Pa0,) ). MRIEHRIE 90 d HUGHEHBE D R AAF4L (56 6] FISET=4L (74 41, HLEA R UG BG4 H 38 I R P64
M5 W ZH R Logistic BIH/MHTERZNN APP B35 TUS 19 fE R P2 K AE B PR A AR s b a3 1. PQ Vi I
FASE I PQ W& A PRI RSB 2233 32308 TAERHIE I Z (ROC hER) DA DS BTN APP £ T
J& B, 1T Hanley & MeNeil 3060 A LSRRI ) ROC IHZE F IR (AUC) #E1THER . 6R BF
90 d WYAETFR A 43.19% (56/130). SHET 20 Hode, 44740 WBC [ X 10°/L: 8.9(7.0, 11.6) H. 17.4(11.9, 23.1) ).
ALT( U/L:25.3(21.2,31.8) 1 29.3(23.2,40.3) ), SCr[ pmol/L:64.0(53.0,74.0) [t 91.0(72.5,141.5) ). Lac[ mmol/L:
2.5(1.4, 4.0) 1t 7.1(3.7, 11.0) J I PQ #JE [ ng/L : 0.3(0.1, 0.9) [£ 2.9(1.9, 8.1) ) ¥4, 2 R GGt
X () P<0.05), B4 ( mmol/L : -2.5(-4.2, -1.1) It -=7.2(=10.9, —4.7) JFUAER [ mmol/L : 3.7 (3.5, 4.0) It 3.2
(2.8,3.7) )%, 22 A G FE L (3 P<0.05), IRE AR % :33.5(26.0,47.8) H 42.5(26.0,58.0), P<
0.05 ). A Logistic [MIH43HT4E B8, 458 . WBC, ALT. SCr. Ifil41 . Lac . FIAHLFNIA PQ #2500 APP
& 90 d T A ST FE RS I ZE (R HL(OR)FT95% ] {5 X181 (95%C1) 435110 1.03(1.01 ~ 1.05), 1.30( 1.18 ~ 1.44),
1.04(1.01 ~ 1.07), 1.02(1.01 ~ 1.04),7.59(3.25 ~ 17.70), 1.64(1.35 ~ 1.99). 1.51(1.29 ~ 1.76). 7.00(3.41 ~ 14.37),
PAH435124 0.018.,<0.001,0.011,<0.001,<0.001,<0.001,<0.001,<0.001 ). ifl PQ #JEMZENE Logistic
EEH TS R BN, WBC MR PQ VSRR 85 90 d ZEAF ST Gl I 2 [ OR 1 95%C1 5351k 1.17
(1.03~1.33), 7.29(1.66 ~ 32.01), 5.49(2.48 ~ 12.13), P {543 %]°5 0.014, 0.008,<0.001 ), A& Il PQ HJE £
F# Logistic [EUAZ T RN, A . WBC | AR AR R TIE B 90 d A7 ST SR 2 [ OR 1 95%CI 4y
T2 1.05(1.01 ~ 1.08), 1.20 (1.07 ~ 1.34),3.12(1.01 ~ 9.66). 1.41 (1.16 ~ 1.72), P {E43 51} 0.008 , 0.002., 0.049
0.001 ). FET Il PQ ¥ B F ML AT P SRR 1 AUC 24 0.94, 95%CT 4 0.89 ~ 0.98, U 79 91.9%, Fi 5
89.3% , MK 90.0%, FET WBC, FlA AR ARSI AUC iy 0.89, 95%CI 4 0.84 ~ 0.95, HUR & H
86.5% , RN 91.1% , ETITRN 88.5% . Hanley & MceNeil 325 FLEC /R , FH PRSI () AUC 223058112
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[Abstract] Objective To investigate the predictive value of a decision tree-based machine learning model
for prognosis in acute paraquat (PQ) poisoning (APP) patients. Methods A retrospective study was conducted. The
clinical data of APP patients from Cangzhou Central Hospital between May 2012 and August 2021 were collected,
including gender, age, time from ingestion to gastric lavage, proportion of hemoperfusion, serum PQ concentration,
biochemical indicators [white blood cell count (WBC), alanine aminotransferase (ALT), serum creatinine (SCr), serum
amylase, and serum potassium], and blood gas indicators [arterial blood lactic acid (Lac), base excess (BE), and arterial
partial pressure of oxygen (Pa0,)]. Patients were divided into a survival group (n = 56) and a death group (n = 74) based
on 90-day prognosis, and the clinical data between the two groups were compared. The multivariate Logistic regression
analysis was conducted to analyze the risk factors of prognosis in APP patients, and two decision tree models (i.e., with/
without serum PQ concentration) were constructed based on the risk factors. The predictive value was evaluated by
the receiver operator characteristic (ROC) curve, and the area under the ROC curve (AUC) of two decision tree models
was compared by Hanley & McNeil method. Results The 90-day survival rate of the patients was 43.1% (56/130).
Compared with death group, patients in the survival group had lower WBC [ X 10°/L: 8.9 (7.0, 11.6) vs. 17.4 (11.9, 23.1)],
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ALT [U/L: 25.3 (21.2, 31.8) vs. 29.3 (23.2, 40.3)], SCr [umol/L: 64.0 (53.0, 74.0) vs. 91.0 (72.5, 141.5)], Lac [mmol/L:
2.5(1.4,4.0) vs. 7.1 (3.7, 11.0)], and serum PQ concentration [ng/L: 0.3 (0.1, 0.9) vs. 2.9 (1.9, 8.1)], the difference were
statistically significant (all P < 0.05), higher BE [mmol/L: -2.5 (4.2, —1.1) vs. =7.2 (-10.9, —4.7)] and serum potassium
[mmol/L: 3.7 (3.5, 4.0) vs. 3.2 (2.8, 3.7)], the difference were statistically significant (all P < 0.05), and patients were
younger [years: 33.5 (26.0, 47.8) vs. 42.5 (26.0, 58.0), P < 0.05]. Univariate Logistic regression analysis showed that
age, WBC, ALT, SCr, serum potassium, Lac, BE and serum PQ concentration were independent risk factors of 90-day
survival [odds ratio (OR) and 95% confidence interval (95%CI) were 1.03 (1.01-1.05), 1.30 (1.18-1.44), 1.04 (1.01-
1.07), 1.02 (1.01-1.04), 7.59 (3.25-17.70), 1.64 (1.35-1.99), 1.51 (1.29-1.76), 7.00 (3.41-14.37), P values were
0.018, < 0.001, 0.011, < 0.001, < 0.001, < 0.001, < 0.001, < 0.001]. Multivariate Logistic regression analysis with serum
PQ concentration showed that WBC, serum potassium, and serum PQ concentration were independent risk factors for
90-day survival [OR and 95%CI were 1.17 (1.03-1.33), 7.29 (1.66-32.01), 5.49 (2.48-12.13), P values were 0.014,
0.008, < 0.001]. Multivariate Logistic regression analysis without serum PQ concentration showed that age, WBC, serum
potassium and BE were independent risk factors for 90-day survival [OR and 95%CI were 1.05 (1.01-1.08), 1.20 (1.07-
1.34), 3.12 (1.01-9.66), 1.41 (1.16-1.72), P values were 0.008, 0.002, 0.049, 0.001]. The decision tree model based
on serum PQ concentration and serum potassium showed an AUC of 0.94 (95%CI was 0.89-0.98), along with 91.9%
sensitivity, 89.3% specificity, and 90.0% accuracy. The decision tree model based on WBC, BE, and age showed an AUC
of 0.89 (95%CI was 0.84-0.95), with 86.5% sensitivity, 91.1% specificity, and 88.5% accuracy. Pairwise comparison of
the AUC using Hanley & McNeil method demonstrated that no statistical difference between the two decision tree models

(Z=1.34,P=0.180). Conclusion The decision tree-hased models can provide quantitative and intuitive prediction
tools for the early detection of prognosis in APP patients in clinical practice.
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FEAET™FCo il AT B A58 B D RERR IS 5 B A HAh
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1.1.3 R3S EE I R L 22 e BREN], Of
ZAFEARIEZ: DLt (R it5 : 2017-094-01), Jir
AR KRy A A AT R s R R N R

1.2 R et B B e T RGNS APP
B BN 22 GORE Kl RS , 6045 - O P 4R
% @ MREEZEEE I ; G 1M PQ W ; @ E1kis
Hr, B0 FE 40 93122 (white blood cell count, WBC).
N & ik % 2 [iff (alanine transaminase, ALT). Il JJLEF
(serum creatinine,, SCr). IiL#F M ML IEHEE ; & <38
b, AFE B KL FLER (lactic acid, Lac). 4308 Fl13h
ik ifiL 5245 & (arterial partial pressure of oxygen, Pa0, )o
1.3 Jrd: ARYEERFE P EEE 90 d BTG TS L7
HAFLFIBET 4 .

1.4 SiibeEorek W R 4.0.5 B0 Hilds . R
H Kolmogorov-Smirno XTI B OB gEAT O E S
6, A5 RS 70 A1 1 E B TR A + ARl
(x£5) FR , ALI8] FUBCR PR M, BEAS ¢ 456 5 I
TEZS M A2 B BORHA rh A28 (ra o2 %) (M (Q,,
Qy) )R, A R FH Mann-Whitney U #6556 . &
PEGORILUG] CE 43 b ) 8o, 21 FUECR T x 2 R
R FAGS . SR ] Logistic [8] 1943 47 5 16 APP 5
U B SE R R 2R R A PR 2R A S R A i ok
rpart Fll ctree J3 M4 A4 H 25 1 5 1L PQ R BE S A
L PQ L B PR PR SRR R R, SR 323 AR
FERERIZR (receiver operator characteristic curve, ROC
2 ) PPl P A AR AU 1 T A0 L, 38 1 Hanley &
MeNeil 75X PAFR PSRRI ROC 2k T 1A (the
area under the ROC curve, AUC) #f7XF b, P<0.05
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21 —BGERH(E 1)« I B BE HL T DT RS
i A 149 i) APP 5 10 IR AN 2 3L | 6 17
Bl R W 3 1527 e e HE B S 2 IFFE A 130 Al
130 71 £ 2 v, B3 v 72 ), 4k 58 ] 5 o A %
(37.5(26.0, 53.0)) %, MR B 28 ¥ B (4 i A7 15 [
1.0(0.5, 2.0) h, {3 Il PQ ¥ & 1.6 (0.4, 4.3) ng/L,
96.2% I B H B2 3Z MEHEIRYT . 56 171 (43.1%) i
FAAE 74191 (56.9% ) IEAET- . SHET AR, 4
FE4H WBC., ALT. SCr. Lac Il PQ ¥ B 1 F&AK , ifi
BRFNFE A B KT 2 o, R AR (1 P<<0.05),
2.2 APP f 3 90 d il J5 5 i P &K Y Logistic 714
I3 (F2~3) : A Logistic [71J320 M7 B, 4F
I% . WBC, ALT. SCr., Il 8 | Lac . 4308 A1 PQ ¥k
JEH R0 APP 235 90 d A AEAY ST S PR 2 (1
P<0.05), &I PQ ¥ & 1) 2 [N & Logistic 7] 443
Mr 7R, WBC ., I8 AL PQ e 52 34 90 d
AR IR ST SR 2, AN &I PQ MR 2 I &R
Logistic [FIH 43T 27, 4F % . WBC | I 49 A1 4% s
JEFZ R 90 d AEAF AT fE R P (35 P<<0.05),
2.3 PRI AR - I PQ I Y DR SRR AR
R P It 2 2, 4 MR, 2 MR AR
it PQ MR K B0 (1), BT E R I PQ

*3 13061 APP £& 90d FIEMEZEE
Logistic [E)3 547

I PQ HeE eI PQ VR pE
i [ HiH
OR  95%CI  PAf ORfH  95%CI  Pfi
WBC 117 103~ 133 0014]| 4E# 105 1.01~1.08 0.008
izl 729 1.66~3201 0008/ WBC 120 1.07~134 0.002
i PQ ¥RIE 549 248~12.13 < 0.001| MM 312 1.01~9.66 0.049
TR 141 1.16~1.72 0.001

JERI 53, 3R 1M PQ ¥R R 90 d il 1 e fE T
MK ZE ., i PQ W B =1.6 ng/L It H 5 (1 2L FEHE R
H 5.8%, <0.6 ng/L B} E T AEAERER R 97.3%, H
U, I PQ M B LE 0.6 ~ 1.6 ng/L I #3519 5 Fi¢ i 44
X143, 18 < 3.4 mmol/L £ 3 A AL A7 HE R 25.0%,
M =3.4 mmol/L B} EEE AR 73.7% . A
I PQ V& JFE P SRR o | e S 3 3 2, 4 A2
KAT I, 3 MBS R : WBC ., RIAHR AR (14 2),
B B E RIS WBC &4, WBC<10X 10°/L I F %
(1A= AERE 2k 83.3%, =10 % 10°/L INf £ 3% 1) A= A7 A
HoN 19.5%, HIK, WBC=10X 10°/L fi4 H 3% e Ha 7
SRR, AT < —4.1 mmol/L BB A= %
11.1%, =-4.1 mmol/L B F. 35 1 A A7 H 54.5% .
PR, WBC=10X 1071 HAF| A0 =-4.1 mmol/L i i
FARIBAER RN 4Y AR =52 % I R I A TR %R
11.1%, 4% < 52 25 B B T AEAEHERN 84.6%

X1 AEWEHEAPP 2E—RALALLR

- Bk M) (2, R 20k 1 ] ML WBC [ X 10°/L, ALT (UL,

) ) 4t B M0y, Qy)) (h,M(Qy, Q) (il (%)) M(Q., Q) M(Q., Qu))
T4l 74 31 43 42.5(26.0,58.0) 1.0(1.0,2.5) 71(95.9) 17.4(11.9,23.1) 29.3(23.2,40.3)
A4l 56 27 29 33.5(26.0,47.8) 1.0(1.0,1.5) 54(96.4) 89( 7.0,11.6) 25.3(21.2,31.8)
Xz 0.520 2.260 0.640 0.020 6.780 2.780
P 0.473 0.024 0.524 0.887 <0.001 0.005
1 % SCr (umol/L, MIEkEE (UL, I8 (mmol/L, Pa0,(mmHg, Lac [ mmol/L, P4 (mmol/L, Il PQ #¢J¥ [ ng/L,
B (WJ) M(OL!QU)] M(QUQI,)] M(QUQU)] ;J—rs) M(QUQI,)] M(QL’QI])] M(QL’QU)]
T4l 74 91.0(725,141.5) 97.5(67.5,187.3)  3.2(28,3.7)  9L1+£11.1 7.1(3.7,11.0) -72(-10.9,-4.7) 2.9(1.9,8.1)
A4 560 64.0(53.0, 740) 98.5(69.0,1548) 3.7(3.5,40) 945+ 92 2.5(14, 40) -25( -42,-1.1) 0.3(0.1,0.9)
Z/1fl 5.520 0.380 5.440 1.900 6.450 6.560 8.670
P{H <0.001 0.702 <0.001 0.059 <0.001 <0.001 <0.001

7 : 1 mmHg~0.133 kPa

Fz 2 130 fil APP & 90 d TS HI L E 2 Logistic B35 %7

=] OR 1 95%CI P E| OR fH 95%CI P1a
A 1.03 1.01~ 1.05 0.018 TMLJE A3 1.00 0.99 ~ 1.00 0.107
B 1.29 0.64 ~ 2.60 0.473 it 7.59 3.25~17.70 <0.001
IR 2E 255 B ] 0.85 066~ 1.10 0.215 Pa0, 0.97 0.94~ 1.00 0.062
INYRHEDR 0.88 0.14 ~ 443 0.887 Lac 1.64 135~ 1.99 <0.001
WBC 1.30 1.18 ~ 1.44 <0.001 PRSI 1.51 129~ 1.76 <0.001
ALT 1.04 1.01~ 1.07 0.011 1. PQ He i 7.00 3.41~14.37 <0.001
SCr 1.02 1.01~ 1.04 <0.001

2 OR WS, 95%CT 2y 95% I 5 X ]
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HEAFS60 (43.1%)
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474G (5.8%)
FET-64%51 (94.2%)

1716651 (59.0%)
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1M#f<3.4 mmol/L

[
14 >3.4 mmol/L

HEAFR1461 (73.7%)
BEr-561 (26.3%)

1 FYUH APP BETURRIPRSEMIERL (& Il PQ ¥RE)

HAF20 (25.0%)
SET66 (75.0%)

17560 (43.1%)
FET-7461 (56.9%)

WBC=>10x10°/L WBC<10x10°/L
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|
|

FIAH<—4.1 mmol/L F4xHH=>—4.1 mmol/L

171205 (54.5%)
FET-1065 (45.5%)

HEAFA00] (83.3%)
BET-86 (16.7%)

Ei&%‘|<52$ $‘£/§L52$

HA71161 (84.6%)
FEr-201 (15.4%)

B2 #m APP BTG SRR ORI PQ ¥REE)

2.4 ROC Hi £ 3 #r (E 3) : ROC fh £k 43 b7 87
B I PQ MR YRR ) AUC=0.94, 95%CI H
0.89 ~ 0.98, U E N 91.9% , 1 5 Hy 89.3% , HEfi
BN 90.0%. AT PQ W PSR RAL ) AUC=
0.89, 95%CI >N 0.84 ~ 0.95, T E N 86.5% , K53 &
7 91.1%, A K Ky 88.5% ., Hanley & McNeil 725 L
WA R R IR AUC A 2E 7 T04E
PeFE X (Z=1.34, P=0.180),

1.00

0.80

— EMPQIR HE PR
(AUC=0.94)

0.20 — AEMPQIR LR P SRR

(AUC=0.89)

— %%
1 1 1 1 J
0 0.20 0.40 0.60 0.80 1.00

1— 55
3 FFhSERERITRIY APP BE TR ROC Hhek

RIS 1 .

TR SR RS 53 BTS2 — 43 2R [l A A 1530
T, PR A R LU R 2540 1 D B, RN A
T2 IR, Stoia 255 R P SRR AT
DU TN BB A i KU . ) — T g %
A, e SR AR A 000 SN I A e T s P AR Sy
86.6% , ¢ 58 h 93.5% 01 A, PSR R AR L T
D 2% 2 k2 61 vh 3 SRS I TS, e o
84.8% °, APP IRFH IR IL 535 50% ~ 80% 71,
DAL, S0 A 00 6 TS % APP B R I R U
AR w . AW B E I PR 44 APP
BB BTG PR TF & —A 5 Tl R A ST A

FET AL PQ e B M B A PR SR AR AR B S Iff
PQ ¢ J3 2 e 7L A0 T K, ORI PQ vk B =
1.6 ng/L AE M X 435 (1) B{E . REAERIFSE S, 500
PQ V& < 1.8 ng/L B9 B FH AL, PQ W JE =1.8 ng/L
B A IR B K, WA R B IR LIRS
it PQ HE A HLAAR S A U, I PQ e
TERREEIG 1 h Pk s 20 e FRE 0, PQ Afis
FiSAT A Gl % T RF SR SE S, B I PQ W JE TR
R BET XU R L (IR AR TS R A A, — L
IR PQ ¥ BE A JB T ATIAFAE BT XU, X 5 AT
FORSERIES  — 30, 241 PQ HEFE < 0.6 ng/L I, Hi 3%
HET RS, i PQ ¥R JETE 0.6 ~ 1.6 ng/L i, F5EL
FCABTIN N 2R PEAL B BT o AR IfLE & APP
S WL I R ZR B, 5 8 B B /NS o I SO
A TR IR G B A0 M N FE RS A O FE APP L
1) HH AR B M A P BB AT KR v

FE T WBC., ) 4% Bk S AF % iy ok 5 4 A 7 d
&, WBC R T B A BN T Gao 21 FI 5
IR AT RBVETEAL APP (35 0y fa b [ 3R 5 43 B ]
) HE T KUK Y B9 5, WBC A5 i o FY) O B o JiF
B B —WAL 45 8 W 5E 40 A 980 5] APP 3
B Meta 23 A7 .7, WBC 15 F 8 35 A8 12 UGS 38 Jin
18.6 1551700, PQ A U MU AT R G sas
F1 200 2 o Pk R S 4 2 8 A0 5 407 114 £ 2 4
i, LUk, PQ B G AL Y BE AR SZ B, R Y
T S8 T i T B M B 38 22, 24 50% 11 58 72 R
ot B B E R P . Huang 257 4R
A A B IR A3 B < 2.0 mmol/L 1 PQ i 3,
30.7% B ZEIET 3 7E —2.0 ~ —5.0 mmol/L By FH 1,
57.1% W H BT 5 11 <-5.0 mmol/L i) 4, ik
FEAH 100%., AR g AR R PQ g £
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FET RN 1.04 45,
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