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(=) Br AR/ XTI 5 555 T (least absolute shrinkage and selection operator,
LASSO) A vEAs i, 4l ka8 Logistic [MIARIBY AP MR, B AERREF R . S E
SEZPEIRAR R (severe acute pancreatitis, SAP) AR, HiRBIE AR, 38 FIHRKIG)T, &%
SRS HRRI A, Ak BT 2020 4F 11 B & 2023 4F 9 A IERHRSLEE — KR ERi AR
B R o e XSS BHRTE AL N EHIBGA Y 412 2 2 PERAR 2 B3 I ROk, T H LASSO [RIIE 3 ik
5 SAP KA WA M R 2, /A E 2 K Logistic [MIE BRI SRR, L2k
MR FEFE PR 5548 %X ( bedside index for severity in acute pancreatitis, BISAP ) H&%, AT
MBI TRINRLRE ., GER 412 ZBFFEx4h, SAP KRN 12.14%(n=50), LASSO [A]J-177 3k i
75 2PEBERR A EAR I WA O, ARG - ABETIURIR . ABEIRITAr . MR . £F
MY . C N . MALEF. M3 A8 5 Logistic MIAREIAN A MR BIR . ABER &R
o5 MALEF . FEEE 4 WidEbs. DIZRsErh, B R BUE =0.528, R 5B = 0.984, HEREE (95%ChH=
0.928(0.892~0.955), Kappa {5 = 0. 606, AUC(95%CI)=0 .920(0.862~0.979); ] i £ v, # 1 3 i
FE =0.643, 4 5 = 0.925, #EGHEE (95%ChH= 0.891(0.822~0.941), Kappa i = 0.519, AUC(95%CI)=
0.923(0.861~0.985), BB 3 N0, 4 NRIgAT 8, SR mALEF . 38 R RO 3
APZE AT AR SAP &A=, YIZRdErh, BRI R HUE =0.500, F7 55 = 0.973, #EM B (95%ChH=
0.914(0.876~0.944), Kappa {ii = 0.544, AUC(95%CI)= 0.812(0.731~0.894) ; I izt 4 7 | A% 1 R fi%
JE =0.500, 435 5 & = 0.925, #E#i E (95%CI)= 0.875(0.802~0.928), Kappa {H = 0.412, AUC(95%CI)=
0.709(0.565~0.853). Delong ¥4 it 7% : YE VI 2542 7, Logistic [71JH %) AUC K THAE R (P < 0.01)
1 BISAP TF43 (P < 0.001), T Pe5 M7 1 BISAP Y4019 AUC 2% S5 L5827 75 3L (P=0.762) ;
TEMHAAE T, Logistic [IHELRY AUC [RlF: K T PR MBI (P < 0.01) A BISAP 143 (P=0.018),
P SER AR AUC (KT BISAP PE4) (P=0.017). 4518  Logistic [0l AR R I g SE M AL AL XS SAP
B e 0 WO AN (8, PRRPASERY AT ABC A, xehlfi PRAC B HAT 48 S
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[ Abstract ] Objective To explore a simplified and efficient early prediction model for severe

acute pancreatitis (SAP) using the least absolute shrinkage and selection operator (LASSO) regression,
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and to construct both logistic regression and decision tree models. The aim is to identify high-risk
individuals, guide clinical treatment, and improve patient outcomes. Methods A retrospective analysis
was conducted on the clinical data of 412 patients with acute pancreatitis admitted to the Emergency and
Gastroenterology Departments of the First Affiliated Hospital of Anhui Medical University and its High-
tech Branch from November 2020 to September 2023. LASSO regression was employed to identify factors
significantly associated with SAP, followed by the construction of a multivariate logistic regression model
and a decision tree model. The predictive performance of these models was evaluated and compared to the
bedside index for severity in acute pancreatitis (BISAP). Results Among the 412 patients, the incidence
of SAP was 12.14% (n=50). Seven variables significantly associated with SAP severity were identified by
LASSO regression, including respiratory rate at admission, pain score at admission, pleural effusion, fibrin
degradation products, C-reactive protein, serum creatinine, and serum albumin. The logistic regression
model incorporated four variables: pleural effusion, pain score at admission, serum creatinine, and serum
albumin. In the training set, the model demonstrated a sensitivity of 0.528, specificity of 0.984, accuracy
(95% CI) of 0.928 (0.892-0.955), Kappa value of 0.606, and AUC (95% CI) of 0.920 (0.862-0.979). In
the testing set, the model showed a sensitivity of 0.643, specificity of 0.925, accuracy (95% CI) of 0.891
(0.822-0.941), Kappa value of 0.519, and AUC (95% CI) of 0.923 (0.861-0.985). The decision tree model
comprised three branches and four terminal nodes, indicating that serum creatinine, serum albumin, and
pleural effusion could effectively predict SAP occurrence. In the training set, the decision tree model had
a sensitivity of 0.500, specificity of 0.973, accuracy (95% CI) of 0.914 (0.876-0.944), Kappa value of
0.544, and AUC (95% CI) of 0.812 (0.731-0.894). In the testing set, the model exhibited a sensitivity of
0.500, specificity of 0.925, accuracy (95% CI) of 0.875 (0.802-0.928), Kappa value of 0.412, and AUC
(95% CI) 0f 0.709 (0.565-0.853). The DeLong test revealed that in the training set, the AUC of the logistic
regression model was significantly greater than that of the decision tree model (P<0.01) and the BISAP
score (P<0.001), while the AUC difference between the decision tree model and the BISAP score was
not statistically significant (P=0.762). In the testing set, the AUC of the logistic regression model was
again greater than that of the decision tree model (P<0.01) and the BISAP score (P=0.018), whereas the
AUC of the decision tree model was lower than that of the BISAP score (P=0.017). Conclusions Both
the logistic regression and decision tree models demonstrate good predictive value for SAP, and their
combined use may provide valuable guidance for clinical practice.

[ Keywords ] Acute pancreatitis; LASSO regression; Logistic regression; Decision tree; Prediction
model
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FE T A 5 1]

I RSB, B 23k &% 38 BAE 34/10
JT, BRIRBEFAE 1%~5% Z 18] 15 Hoh 25 20%
() AP 3 2 U R EE SRR 4% (severe acute
pancreatitis, SAP), JR{HXIK:, FRIEFATIE 30% P,
Ilﬂzﬁrﬁﬁ U AT RE & 'k SAP (R E X T8 &
I RIS LR, HAET, IR E FHPEr R4
ﬁ CT /48 #F 4 (CT severity index, CTSI),
Ranson ¥ 43, 2 1 JB Bt 48 ™ 5 /% & IR 5% 48 4K
( bedside index for severity in acute pancreatitis,
BISAP ), 2 P /1 B 2% IF Al 48 1 {d BRE T
(APACHE 1) #For3%, (HIUA PRI R GAT AR

AL, SN A TN AR 2R e S L] I SAP
B Hbro B/ XTI s 5 BE PR T (least absolute
shrinkage and selection operator, LASSO) [a])5 ) i
AT PR BU R A7 e Z ALV AR, 75

b B A AR 2 AR AR N R I R ﬁﬁﬂﬁ‘jzﬁ’ﬂ
P ;s Logistic [RHARE RN T A8 AT 500 1Y) i Bt
JE, D)2 T I R BB g Ry ™ 5 sy
B P F IR . AT R AT B, ARk
WITIRZ ) 2 K iE . ARSCHRECARE 24 h L
P Z AR E b , BT LASSO [ %} [ 22
SR 43 AL EE Logistic [ml =45 R RN P SR
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R ZEA S HT IR T SAP S 45 Fuil (1) 3%
R, AEfE AR BIAT P S FR L
1 #EREFE
1.1 HIRIK

PEFE20204F 11 H 1 HE 202349 A 31 H%
BRI 225 — B = e A S s Be IX 22 BHRI
HALNEHIGAR T AP B, AR R G MG 4R R
GUERIRBIGORL . IABRAE « = 18 B 5 7F
A (P EAMERFRRIZIGER ) AP 2KibsifE P
HEBRARE « 4FI < 18 %, JLWRINTIH] >48 h, fEURI,
BIFBHEITFR . AL P, 2. B
S DIREA A 5 BIFFe . AR RS EST I
MW 5 BEAEA AT L 5 BRI . e
HRUIBRA . TR AR 487 P 2L S R 200 YR e 5 TR i A+ O
Y. AP YRR BEARYE 2012 AFE T MO 4 =
K44 (revised Atlanta classification, RAC ), 7
WRAF G BRI, DA ZRIERIRF
O — M BR B PR 2 AR B D Sy A (S
PJ2022-03-16 ), A7 K4 FiA YT ¥ 3R A5 f 3 &
e b=
1.2 HiiEWEE

A AR e b, WO R I — R
BE, AFEEDN AR REAEE. BRI ORERIA |
I | R BB IAE | AR L BRAR A8 sk ) i B (R
JEAY . AR A . KRG AL . At ) 5 ABERT Y3
AAEATRMEGORE (IR R O PRI S )
ABE 24h WELEREFabs (IF AL, BEMIhRE. HE
ReSE ) Fs AR vkl (A . CT 4 )5 ABt24h
N BISAP P43, #L5e #5481 3F- 43 7% (visual analogue
scale ,VAS) &I 153
1.3 FitFEFE

I ] SPSS29.0 Fll R4.3.1 R A4-2E4 7 %54 b B AN
Gt o A s LIECRTA 43 LR (% 3R
K KR R 22 5 5 FF A IES AT
FRIIIIEL + b (x+s) Fon, KA ¢ K6
B WA R ZE 5 5 AP A IER A T veRk L rh
B (R0 M C Oy, O ) 13, FAHE
SRR LB ) 25 57 . U P < 0.05 3R 25 5%
BHEITE L, HHR43.1 BAFRY glmnet £, R
FH LASSO [l 3% A8 st HEA T e , A4 I 25 4 /)M
2RI —ATJ7 2% (SE ) i Bl P9 A5 21 i) e a7 B ASE 7Y
PREE AR . FETF caret U, 2 10 138 LG UEE

TEVNZAEF L R Logistic [MIEBAL, @iy
FEE] (Nomogram) Ji& s fg AR Hh 44 AN AR 1 22 [R] 1Y
A OC ZR AT Jm A2t i R2 IR . 32 10 H758 X5
WEEA PSRRI, A AR A L, AR
et A2 4 FE S 8UH ( complexity parameter, CP {H )
PERR A MU RS . 43 St FH I ZREE A 4R
B, RABUSE . FeREE . MERIEE X ROC i<k
T (area under the ROC curve, AUC ), Kappa
(HINM R RE, Delong K36 Fb# Logistic [FIH#R
RUFIR AR S AL K H iR I8 BISAP 3773 AUC
ZE 5o

2 #R

21 ELEMILE

TEWFSEIIE], Shah A 412 Zi2Wk AP B
b A 35 R S0t IR 2 (SAP) (n=50) F1dE
HE 2 IR % (NSAP=MAP+MSAP, n=362),
SAP AR 12.14%, AR 2R 257 BN .
AN 49 S AARE, HE 31 AN AR AR R 2T
(1), & EREHT .3 W HLBBENLY A2k
(n=292) FIMIREE (n=120), HTJ5LLHI%E Logistic
[l AP SRR . X U 2R Al a4 i i 0k
T, SR ERZ B ESB TGRS,
B — SRS (FR2),
2.2 THIE4FMEEZE : LASSO [E)3

BT AW, WAL A A2 & (49
AN, LRk AR 5 R S A5 B 52 A4S B AR EA
LASSO [u]I, #%08 lambda.lse 28 g ik N, %
ZAE N BUH 0.048 [log(\) = -3.038] B 3k 15 3 il
BAFERE H A A BB D BT (B 1), ik
745 SAP LA A OGBS AR B, AT
ABERFI AR % ABEPIR S . MR . 47 4
EHMEMY) (FDP), C & H (CRP), [MLILEF
(Cr). MiHFHEHA (Alb); 5N R ZERMH L,
LASSO [IEX K AF7E 22 5 0 A AR S k4T T ik
2.3 1REMIEFALLES
2.3.1 Logistic [FIE#EA  FLFYIZEREHE, K
LASSO [l th i) i A8 i i1 T 2 3 Logistic
W, @k 10 97238 Lok, fREZHE ot
HEGil2E XM HZR (P <0.05) B .
Mg fes FR W [OR (95%CI ) =11.90 ( 10.80~13.00) ,
P < 0.001]. A B %98 ¥ 43 [OR (95%CI ) =2.62
(2.13~3.11) , P < 0.001]. Cr[OR (95%CI ) = 1.03
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Table 1 Comparison of baseline data between NSAP group

and SAP group
fa NSAP (1=362) SAP(1=50)  Zi/t Pl
KRRV 1.0(1.0,2.0) 10(1.0,1.00 1689 0.091
KA IE] (n,%) 1.980  0.160
<24h 250 (69.1) 29 (58)
24~48 h 112 (30.9) 21 (42)
T (n,%) 8.440 0.038
R 179 (49.4) 35 (70)
ffaE 87 (24) 8 (16)
R 17 (4.7) 0(0)
Hopth 79 (21.8) 7(14)
I (n,%) 0.097 0.756
e 154 (42.5) 23 (46)
% 208 (57.5) 27 (54)
S (%) 50.0 (37.0,64.0)  54.0(39.0,70.0) -1.460 0.144
BMI ( kg/m’) 247 + 40 250 % 4.1 -0.456  0.650
AR (n,%) 1930 0.165
7 259 (71.5) 41(82)
P 103 (28.5) 9(18)
Tl (n,%) 1930 0.165
% 243 (67.1) 39(78)
i 119 (32.9) 11(22)
HEE (n,%) 0.070  0.792
& 327(90.3) 44 (88)
= 35(9.7) 6(12)
FILE (1,%) 7.520  0.006
w 255 (70.4) 25 (50)
b 107 (29.6) 25 (50)
FIARILAE (n,%) 0.033  0.857
p 252 (69.6) 36 (72)
& 110 (30.4) 14 (28)
JEHHE (n,%) 1600 0.206
7 226 (62.4) 26(52)
& 136 (37.6) 24 (48)
BRI (n,%) 2790 0.095
& 288 (79.6) 34 (68)
3 74 (20.4) 16 (32)
BEGAE (1,%) 5850  0.016
E\ 186 (51.4) 16 (32)
= 176 (48.6) 34 (68)
ABEIRR () 36.6(36.5,36.9)  36.8(36.5,37.1) -2.296 0.022
ABEDZR (K /min) 880 (76.0,100.0)  106.0 (92.0,120.0) -5.781 <0.001
ABEEIEAR (W min)  20.0 (19.0,20.0)  22.0(20.0,24.0) -6.012 <0.001
BT 2.0(1.0,2.0) 20(2.0,40)  -4373 <0.001
MR (n,%) 79.700 <0.001
7 300 (82.9) 12 (24)
P 62(17.1) 38 (76)
BISAP i1/ 1.0(0.0, 1.0) 2.0(20,3.0)  -8.073 <0.001
WBC(x 10°/L) 126 + 44 153 + 54 -3.480 <0.001
Plt(x 10°/L) 203.0 (158.0,,250.0) 184.5(134.0,238.0) 1425 0.154
HCT(%) 418 £ 57 416 % 65 0271 0.787
N(x 10°L) 104 + 43 134 + 53 -3.750 <0.001
N% 84.0(77.3,88.1)  88.4(83.1,90.5) -3.556 <0.001
IG(x 10°/L) 0.1(0.0,0.1) 0.1(0.0,0.1)  -2.548 0.011
1G% 05(0.3,0.7) 0.6(04,1.1)  -2495 0013
L(x 10°/L) 12(08,1.8) 1.0(0.6,14) 2674 0.008
L% 9.9(6.7,15.6) 6.8(44,103) 3544 <0.001
PDW (fL) 126 (108,15.1)  13.8(11.6,162) -2.186 0.029
RDW-CV(%) 13.0(125,13.5)  13.6(12.9,145) -3.386 <0.001

RDW-SD(fL) 42.2(40.2 ,44.9) 44.0 (41.1,46.8) -2.561 0.010
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AR NSAP (n=362) SAP(n=50)  ZI//t PfH
CRP(mg/L) 156(3.1,752)  152.1(31.5,244.6) -6.447 <0.001
D —%{k (mg/L) 12(0.6,22) 2.8(1.8,84)  -6.509 <0.001
FDP(mg/L) 5.1(26,89) 172(6.1,365)  -6.253 <0.001
FIB(g/L) 38(3.1,5.0) 55(40,63)  -4312 <0.001
PT(s) 132(123,140)  145(132,15.1) -4.786 <0.001
APTT(s) 330 = 5.7 356 + 6.1 22.820 0.006
[BEEREG (UIL)  545.5(187.0, 1242.0) 610.5(337.0, 1148.0) -0.567 0.571
JERERTEE (U/L)  1807.5(854.0,3759.0) 1681.0(832.0,3390.0) 0.260 0.796
I (mmol/L) 7.5(6.2,10.6) 102(7.6,12.8)  -3.803 <0.001
Ca(mmol/L) 2.1(20,23) 19(17,21) 6433 <0.001
BUN(mmol/L) 52(42,65) 6.9(4.8,11.0)  -3.826 <0.001
Cr(mmol/L) 61.8(49.4,744)  81.6(54.5,132.6) -4.161 <0.001

¢GFR(mL - min’ 173 m?) 112.5 (97.0,125.0)  91.5(52.0,117.0) 4.331 <0.001

Alb(g/L) 442(40.1,468)  353(32.0,40.1) 6317 <0.001
TBil (. mol/L) 216(149,379)  269(18.5,425) -1.655 0.098
ALT (UL) 49.0(260,157.0)  625(25.0,182.0) -0.462 0.644
AST (UL) 450(27.0,185.0)  80.0(33.0,192.0) -1.513 0.130
ALP (U/L) 104.5(81.0, 146.0)  111.0(77.0,161.0) -0.694 0.488

. BMI : fREFE%L ; WBC : ZL40)10 5 Plt: 1/ ; HCT - 2140
MOERR 5 N« AR 5 N% « TP ERI 4RI A 20 5 1G: SRER 4N
M 5 1G%: ZhHERLANML T 43 1 5 Lo WREVANA 5 Lo%: ik B2 40 75 43
It ; PDW : Ifil/IMRZM T SEE s RDW-CV + £1 4105345 G B 78 5 28K
RDW-SD : £L4f [0 5370 S BEAnifE 2% 5 CRP : C RN & ; FDP : £F
YR AT 5 FIB ¢ LR M PT: BEIMLEEIS ] APTT: 1%
ARFER A EE I 15 BEISHE] ; Ca: V45 ; BUN : fLIRZEA ; Cr: MILET ;
eGFR : filiit"5/Nekiad % 5 Alb « MW 5 TBIl : MHLLE ;
ALT : WINFLEE 5 AST « W5 ; ALP - BMERERNEG

F 2 YIGRAEAN A

Table 2 Comparison of training set and test set data

Akt Wit (i=120) W (=292) ZI/ 1l P
FIRIEL 1.0(1.0, 1.0) 1.0(1.0,2.0) -1247 0213
RIRIIE] (n,%) 0.003 0956
<4h 82(68.3) 197 (67.5)
24-48 h 38 (31.7) 95 (32.5)
PR (n,%) 0420 0936
IR 63 (52.5) 151 (51.7)
il 29 (24.2) 66 (22.6)
TR 4(3.3) 13 (4.5)
Ffe 24 (20) 62(21.2)
PER (n,%) 0.747 0387
s 56 (46.7) 121 (41.4)
% 64 (53.3) 171 (58.6)
i (%) 52.0(39.0,64.0)  50.0(37.0,65.0) 0488  0.626
BMI (kg/m®) 249 + 43 247 + 39 0427 0.670
W (n,%) 0.579  0.447
7 91 (75.8) 209 (71.6)
& 29(24.2) 83 (28.4)
TR (n,%) 1730 0.189
Tr 76 (63.3) 206 (70.5)
b 44 (36.7) 86 (29.5)
JERE (n,%) 0319 0572
i 106 (88.3) 265 (90.8)
& 14 (11.7) 27(9.2)
I (n,%) 0228  0.633
7 79 (65.8) 201 (68.8)
b 41 (34.2) 91 (31.2)
FIlE ME (n,%) 0.107  0.744
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o WiRdE (1=120) WA (1=292) ZPnlE Pl i 52 52 52 51 49 48 47 40 31 23 13 8 7 6 O
% 82 (68.3) 206 (70.5) ~
& 38(31.7) 86 (29.5)
JEWIF (n.%) 0.000  1.000 s .
7 73 (60.8) 179 (61.3) R B U
£ 47(39.2) 113 (38.7) g
BRI (n,%) 2250 0.134 Té .
E\ 100 (83.3) 222 (76) g .'."\
2 20 (16.7) 70 (24) A " i
I (n,%) 0.000  1.000 \\_//
# 59 (49.2) 143 (49) S :
7 61(50.8) 149 (51) ' ‘ ' ' '
B (C) 366(36.5,37.0)  366(365,369) 0337 0737 -1 * * - B
ABELE (IR /min) 88.0 (80.0,100.0)  88.0(76.0,104.0) -0.148  0.883 Log(2)
iﬁxiigﬁ%g/m) 200(19.0,21.0)  20.0(19.0,21.0) 1440  0.150 LASSO [0t 2% lambda ( N ) 8% 6 450780 53 2 Fi2 (9 4 510 g
H@%fiigi,%) HEO20 20020 e N KBNS A P 134 410K ambda.min
- £ (69.2%) 229 (78.4%) I lambda. 1se XTK%“E’JE%%?}& ‘ﬂb‘iﬁﬁ’*{ﬁﬁﬁﬁ BRI
B 37 (30.8%) 63 (21.6%) Eifﬂgﬁﬁmﬁﬁ%mﬂ%ﬂvﬁﬁ Ise I X 7 A9 log( N ) BUE I
A
BPEA 100020 100010 L 06 1 0D R A1 LASSO FI T8 55
Pli( x 10°/L) 209.0 + 815 2098 + 83.1 0086 0932 Fig 1 10—'f01d 'cross—vahdatlf)n c).fLASSO fegresswn model parameters
HCT(%) 413 157 40+ 58 1240 0218 fitting different combinations of variables
N(x 10°L) 10.7 + 4.1 10.8 + 47 0329 0742
N% 9 84.0(78.5,88.6)  84.5(77.5,88.7) -0.127  0.899 (1.02~1.05) , P < 0.001] . Alb[OR (95%CI ) =0.85
1G(x 10°L 0.1(0.0,0.1 0.1(0.0,0.1 0.668  0.504
IGEA> ) 05 Eo.4:0.7; 0.5 20.320.7; 1210 0226 (0.77~0.93) , P < 0.001] (% 3). SAP #E & (P,
L(x 10°L) 12(08,1.8) 12(08,1.7)  -0.033 0974 =) THEAR . Logit(Pg,p=1)= -1.23+2.48 x sl
L% 9.4(6.3,14.5) 9.6(6.0,153)  0.000 1.000 5 2 T N A
PDW(fL) 129(114,155)  12.6(109,154) 0613  0.540 0 +0.96 x ABEPHiIFIF +0.03 x Cr-0.16 x Alb, 22
RDW CV(%) 13.0(126,13.8)  13.0(12.5,13.6) 0497  0.619 o »
RDW SD(fL) 42.5(407,455)  422(40.0,453) L112 0266 ®3 g LES Logistic EUH*%’@
CRP(mg/L) 219(49,1268)  223(32,1062) 0756 0450 Table 3 Multi-factor Logistic regression model
D “ %k (mg/L) 14(0.7,2.5) 13(0.7,2.5) 0192 0.848 ot B SE Z PlH OR (95%CI )
FDP(mg/L) 5.1(2.5,11.7) 57(29,105)  -0393  0.69%4 Intercept -1.23 1.78  -0.69  0.490 0.29 (-3.19~3.78)
FIB(g/L) 40(3.2,54) 39(3.1,51) 0710 0478 i AR 248 054 455 <0.001 11.90( 10.80~13.00 )
PT(s) 133(126,142)  133(122,141) 065 0514 ABEEIIEST 096 025 386 <0.001 2.62 (2.13~3.11)
APTT(s) 332 + 49 334 + 6.1 20428 0.669 Cr 0.03 0.01 394 <0.001 1.03 (1.02~1.05)
EIERE (UIL)  6515(221.0,1323.5) 537.5(179.0,1168.0)  0.692  0.489 Alb -0.16 004 -391 <0001 0.85(0.77~0.93)
JHERETAS (U/L)  1886.0 (957.5, 3644.5)1772.0 (779.5,3745.5) 0.329  0.743 T : Cr: MJLEF 5 Alb : MiE A& A
IVRF (mmol/L) 75(62,10.8) 78(64,10.8)  -0.902 0368 I
Ca(mmol/L) 2.1(20,22) 21(20,22) 0903 0367 o q = = e = o
BUN(mmol/L) 5.1(43,6.7) 53(42,68)  -0.180 0.857 e
Cr(mmol/L) 63.4(503,78.1)  63.0(50.8,764) 0216 0.829 S e e e s
¢GFR(L-mi*'-1.73m%) 111.5(97.0,123.0) 110.0(93.0,125.0) -0.004 0997 oo .
Alb(g/L) 433(382,464) 437(388,467) -0.155 0877 A B R S
TBil (p mol/L) 24.1(164,42.7)  208(147,366) 1359  0.174 PSR U— I
ALT (UL) 53.5(28.5,1755) 47.0(25.0,139.0) 0951 0342 it
AST (UL) 49.5(32.0,223.5) 45.0(27.0,1685) 1.737  0.083 F— oo
ALP (U/L) 108.5 (82.0,159.5) 1045 (80.0,144.5) 0421  0.674 - -__»

7« BMI : AREFEEL ; WBC - L4008 5 Plt: /M ; HCT « 2140
MR 5 N« AP ERANIE 5 N% « FPERAII E 4 5 1G: ZhAERi4n
M 3 1G%: 2 HERE MM TT 40 10 5 Lo WRUS AN 5 L%: 94k I 40 i 77 43
I s PDW : /RS B85 3 RDW-CV : ZL40 M43 A S5 A8 S 2B
RDW-SD : £L4HJfd 537 5 BEAnifE 2% 5 CRP : C )R & ; FDP : £F
A AR 5 FIB - £F4E8E (A 50 PT: BEIMES SRS 8] ;APTT: 1%
AL M TG B E] 5 Ca: IS4G ; BUN @ MUJRZEA ; Cr : MULEF ;
eGFR : it/ Nekiid & 5 Alb « L3S AEEH ; TBil : BAHLLE ;
ALT : #FINFGE 3 AST « #¥ G2 ; ALP : WlIEREIREG

Total points

Ponangies  odis  obe o4 e obe ogm

Alb : 35 E 5 Cr: IMUULET ; Pain score on admission : A&
JHIESY ; Pleural effusion : A FRIR
B 2 £ Logistic AR SAP (1) Nomogram
Fig 2 Nomogram of SAP prediction by multi-factor Logistic
regression model
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il ] (Nomogram) JiE 7R #5748 1 2 [A) 1) e & (]
2) :

B FRPR I TG L5 (points), G B 1Y
S (XS O A RUAH I (L, A5 380 ER 3 %R A
SrE, BRUTE R (total points), M40 1 1Y
2E JSMER Pr(ending) EI Al T SAP & A= AOMER
232 PR WAL AY LI gk 4R B EE, R
LASSO [ml5fie th i i & A8 5, @ Lt 10 Fr38 ik
E, PSR , JEIRAFA 1 A I T AL R

Caret f{#i § CART Sy AL, FHIE)E
FBO AR A A i ARG BB THE Y,
A ESHUE ( complexity Parameter, CP {H ) i
WS 2. FEJE 2250 (Gini) 4538 /R« CART 5
AR T ABEEIR T4, HA AR 506 AL 51k 1Y
AHXTE RGN T ¢ Cr (15.46), Alb (8.99), iy
BUR (432). CRP (3.18). AR (2.74)
FDP (2.59) (&1 3), AJHl, 4 CP1{H# 0.020 i,
RREALAER B dRcms (&1 4), BEm PSR AUORER T4
XFEEEMHERT 3 4400 H AR (&S, MR 3 N1 A,
TS SRR T 20 2% A4 0T A 8]
9 SAP IS5 R ANAF B A5 R B B B
AT, R AR KT 0.5, WKWl SAP,
SCZ WA A NSAP,
233 BEIAULRAL  Ar il AE I GR AR AN AR iR
Logistic [a] 5 45 %1 g 5 44 455 U 71 BISAP T 43
Xt SAP B T &R (% 4). kT, Logistic
] A 780 . 53 A =0.528, 4 5 B = 0.984, 7
B (95%CI)= 0.928(0.892~0.955), Kappa {& = 0.

; _""’

Respiratory._Rate_on_admission

Relative Importance(%)

Cr: ML JJLET 5 Alb + I3 1 4 1 5 Pleural effusion : g JfiE BU 5
CRP:C J Ji £ 1 ; Respiratory Rate on admission: A B¢ I I 45 % 5
FDP: £F4E 25 A4

3 JLJe RECE R REARX AT

Fig3 Gini coefficient shows the relative importance of variables
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Fig4 Optimum decision tree model for Complexity Parameter
screening

NSAP
0.1233
100.00%

Cr<100.3

NSAP SAP
0.0749 0.6400
91.44% 8.56%

Pleural_effusionPleural _effusion=0

Alb >= 32.35
NSAP SAP
0.4000 1.0000
5.14% 3.42%

Cr : LI ; Pleural effusion : JEfE (0=T¢, 1=H); Alb :
i A& A

5 REMEIL

Fig5 Decision tree model

x4 Logistic FIHBIAY | e S5 5 Fl1 BISAP 173 %t
SAP TR

Table 4 Effect of Logistic regression model, decision tree
model and BISAP score on SAP prediction

, ‘ K
i AUCOS%CI) — RAUE H5SEE M 95%CI) ?g’a
WghtE

Logisic  0.92000862-0.979) 0528 0984  0.928(0.892-0955) 0.606

PSR 0.812(0.731~0.894) 0500 0.973

BISAP  0.825(0.742~0.909) ~ 0.306  0.973
jillines

Logistic ~ 0.923(0.861~0.985)  0.643  0.925

PR 0.709(0.565~0.853)  0.500  0.925

BISAP  0.850(0.758~0.943)  0.429  0.962

0.914(0.876~0.944)  0.544
0.890(0.849~0.924)  0.354

0.891(0.822~0.941)  0.519
0.875(0.802~0.928)  0.412
0.900(0.832~0.947)  0.446

606 ; RFMBLAY . REGE =0.500, Ff 7 = 0.973,
HE W B (95%Ch= 0.914(0.876~0.944), Kappa
i = 0.544, ML 4E T, Logistic M1 IHBL A . R
B =0.643, £F 5 & = 0.925, 1 # £ (95%CI)=
0.891(0.822~0.941), Kappa i = 0.519 ; & 5 #f
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B . RO =0.500, FF 5 = 0.925, #E 1
(95%CI)= 0.875(0.802~0.928), Kappa {f = 0.412.
] i /% 7R BISAP P40 % SAP By FLil & 2R, J1%
il ROC Hik (& 6), il Delong K% H 4 AUC
SN BENE (£ 5) : TEUZGED, Logistic 1119
B AUC K T 3SR R B (P < 0.01) F1 BISAP
W53 (P < 0.001), i P 5 B 155 78 F1 BISAP 343
[ AUC 2 55011225 L (P=0.762) ; FEllL4E
W, Logistic [FIARA] AUC [FIFE R T USRS AL (P
< 0.01) fil BISAP 43 (P=0.018), i g S5 Y
f) AUC T BISAP 43 (P=0.017).

L1539
THURIE
o

e o w ) o ™

(A) (B)

6 Tl SAP 1 ROC ik : (A) YIZ& ; (B) M5
Fig 6 ROC curve for SAP prediction: (A) Training set; (B) Test sets

=5 Delong #% 4% Logistic [FIJHARAY | Pk 56 ) 4 7l
1 BISAP 114311 AUC

Table 5 Delong test compares AUC of Logistic regression
model, decision tree model and BISAP score

plERS A
Ty it - . .
nH %(;r;'* Pl Bl P
Logistic vs. Peeht 2722 <001 3429 < 0.001
Logistic vs. BISAP 3309 < 0.001 2361 0.018
S vs. BISAP 0303 0762  -2382 0.017

3 it

LASSO [nl )73 i i WAL 7 vk, ZERiR b
FRAHI, Rk /N EDE R EURE 2 0, Lh—E ki1t
P 2 R AU RAT B vy 1 T o B Az Ak RE T, TR
AL BRAR A5 RN IR A T R, DA R it 22 ]
T 2 B AR PR In) BB ELAT B S A3 O Sk
FE4 F T 45 20 PR AR A () A8 g e 0 AT
FAERERN, MBS R A i H AR &,
LASSO [l X T2 5 b AT 1A 8808

Alb 1E R RAEMEITETE bR, FERZ R PES
TR AP B H IRF S 28 B 9 (Persistent

organ failure, POF) 1, HABERT Alb /K0 B AL T
JG POF & " W5t /R : RDW/ Alb % M
421 CRP/AIb LB "™ BIREA N SAP 1) &
A o AT AR SR T Al A9 ERZE A (1,
Logistic [1IH 7 Alb BRI SAP Ayl 7 il K 3 .

AP BE A B AR (M, bl &
SR RO (RAERL R 34% M, AR
24.27%). R4 Alberti 45 " iff 5% /R CTST 434}
FIWH AR 2 P AR | T POF | JET A — &1 X,
EATEAE 1O i 5 Won U SAP A R AU AR
Y)— . CTSI T ZHaan CT A REMAHG, H AW
I AR AG A OE A AR XE LA SRy g 5 P E AR B
IR TR s Fum . AR, s RO
{7 CT FHBIAT LIRS 12 M, "I CTSI/E N
A FNAT R0 L3 SAP TR b A UESE, M
e BRI A 2 AP SR B T RE o vt Y XU PR 3R
T AHIFSE Y Logistic [R]85 phe S b 55 75 44 49
AT ABE 24 h N CT Wi RO, 75 27009
VISGHEAT 1, B 2 fil RO 5 | AR 55 1 7 sl A4
W e A E U,

ZPEE 45 (acute kidney injury, AKI) 42 AP
FRH W R L 15%~T70% ) SAP H# 2k 1k AKT™,
H R msET XU P A ST R Cr Al Alb
B AT LIAE AP A5 R R 3 4 PR SE 32 114 2 57
R bR P B E M Cr, Mg . B
i T) Bt 52 S8R 85 5 —F VA B A SAP Tl A 75
( AUC=0.905,95%CT: 0.869~0.933 ) **, 7K fff 5% 1
EIE T 458 . RT3 AP LLMHIRAE R, B
IENEgRThRE s, JLHH & AKL, X
JAAEEE L,

PR e I R B I A 585 R AR IR AE,
JEAVEIAR R A MALRER . AR A MEA
FERT DAGBIR (5, MR A S R4 RS0
B IR B, i s 47 2 5T S
SAP 1 & A 5 A B B2 (0 R SRR B AR 56 B, i
55N BE IR F5 2 15 1) 2 548 SE A7 AR il P
ARG UE LA BEPIR PE4 & SAP & A B ST 1
BN, 2. MAML . 456 251 el IS MER
VAT T R AENS IR AR LA S0, SR B AR A
EH, g mE s B0 BN BN 4R X
G RN, IR AP R FROR AR 5 W

PR AR (1) 3L 2 R AUD R FDP 7F SAP R
T R IR AT —E E B, AP AR A B RIE UV
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SRR BT R A T, S Eun
MR T BRT R IR A P70 oot A5 2 Ak RN I 3T
5 AP EFEEEVIME P, 7E AP E ', FDP
AIBHASAR LIS AP HISCHTSEZ I G 1 208 (1Y) B 17

TR 2 P [l B S R R G PR IR T X
M3 SAP TG A 45 B BRATIA CRP/AIb HLAE AN,

CRP A GYENBHMEZ & A, & SAP Ay Bl 7 i
M F. EAMER Y F5 &5 72 h 1 CRP /KF
KT 150 mg/dL 2755 SAP. A YN AARWIFEHY
AR HANT] ZA A S 1 i A= Wb s
AP B3Pl Z [ KRR o
AWFFEiE T LASSO [MIAGve AR &, 4 53T
Logistic [FIIHFIHEE G SAP TR, FiAlfg
PRI ABERT 202 B E )R A, ARHR SRR
H Iy EPEE. BISAP PV I3 7E A B4l 46 vh A 54
PITEIRCR , (P Hi 2, HRBUERS, &

IR, X SRR R8P MRS,
Logistic [a] =545 Y EL A AR 4 4 99 0 2% e A A g

PR ARy, TR, HEOE S IR IR

g B PRI, (EAEINAE T B e, AR
Fi22 . PR BS IR AP N B PRBEPPA  A — &

f& A, b SAP R 15 A A Ty $E 44 T
KM A

AHFFE ) SR BRETE T (1) AHHFFE M B il g%
PEWFIY, B2 SR 0T Re S AEAE—E fmfay, Hit=4b
BRIGUE o A J5 W 24 22 A T B KA 2 (1Y)
e, VIR AR R AR iz fLBE T 5 (2)
ARBFFEANE MRS, #5048 i i TH e it 2
S5, DT REMAASS AR ) T AR P, e 25 T X
AR AR IR RIS . AR MO T e
HIEHREE Z | HoE ARG R .
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