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[ JO P A B ATE 9 i , BT IR A 55 [ EiE W 4P B A B AR R TIT v1.4(MIMIC-TIT v1.4), N AFFG I REAE 3.0 45
HERIBRREPE R TE B SR BOTRRAE | FBRAE NS0 = Fhr AEBE 1B DL 45 R A8 pn 58 . 2RI LASSO [El14
LI TN AR e, 3T Logistic [R1H A MR MR TEAET XS UM AL . 2R I Hosmer-Lemeshow 6 45 1747 1l
ARG UERE | SR SZAR 3 TAESRAE 2R (ROC Mgk ) TEMBALIX 43 . 28R LA 693 Bk tER e i,
30 d 773 445 ], 5ET= 248 ], 30 d S FEH A 35.8% . HRIHE TLASSO [m] =303k 1Y 14 O A~ T AE RN Jey A8 by
Logistic [EIEARRY, 255 R AFEHS | Elixhauser Mg 45 LR (Lac )« K™ T A0 FHBLAIGE <5 30 d st
HIABECARF L (OR) B2 95% AT {5 X 1] (959%CT) 43519 1.023(1.010 ~ 1.037), 1.047(1.022 ~ 1.074).1.213(1.133 ~
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[Abstract] Objective To develop and validate a model for predicting death risk in septic shock patients
using LASSO-Logistic methods. Methods A retrospective cohort study was conducted. Based on the open-source
database Medical Information Mart for Intensive Care- Ill v1.4 (MIMIC- 1l v1.4), the septic shock patients meeting the
Sepsis-3 criteria were included, and the data on demographic characteristics, major signs, laboratory examinations,
hospitalization, and outcomes were extracted. Predictive variables were selected by LASSO regression and predictive
models were derived using Logistic regression. The calibration of the model was evaluated using the Hosmer-Lemeshow
test and discrimination was evaluated using the receiver operator characteristic curve (ROC curve). Results A total
of 693 patients with septic shock were enrolled, in which 445 patients survived and 248 patients dead within 30 days and
the mortality was 35.8%. Logistic regression model was constructed according to nine predictive variables and outcome
variables screened by LASSO regression method, which showed that advanced age, Elixhauser index, blood lactic acid
(Lac), K level and mechanical ventilation were associated with increased 30-day mortality [odds ratio (OR) and 95%
confidence interval (95%CI) was 1.023 (1.010-1.037), 1.047 (1.022-1.074), 1.213 (1.133-1.305), 2.241 (1.664-3.057),
2.165 (1.433-3.301), respectively, all P < 0.01], and reduced systolic blood pressure (SBP), diastolic blood pressure
(DBP), body temperature, and pulse oxygen saturation (Sp0,) were also associated with increased 30-day mortality [OR
(95%CI) was 0.974 (0.957-0.990), 0.972 (0.950-0.994), 0.693 (0.556-0.857), 0.971 (0.949-0.992), respectively,
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all P < 0.05]. The calibration curve showed that the predicted risk of septic shock death risk prediction model had
good agreement with the real situation. ROC curve analysis showed that the area under the ROC curve (AUC) of the
prediction model was 0.839 (95%CI was 0.803-0.876), which could distinguish patients at risk of death from those at
risk of survival. Conclusions The septic shock death risk prediction model has a good ability to identify the 30-day
mortality risk of septic shock patients, including nine hospital readily variables (age, Elixhauser index, mechanical
ventilation, Lac, K*, SBP, DBP, body temperature and Sp0,). The model could be used by clinicians to calculate the risk

of death in septic shock individuals.
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FREEAE S 5 AL S 2R ) S B e S 2B
A D RERE A, R EE M R SO AR S R BRI 1Y LAY
SO R E— 40 PREOME AR 5 3 (Surviving
Sepsis Campaign, SSC) ¥ F-WITE I FIECE: FiUS 7R A
e s E BRI R H AR, 2021 4F SSCHE Fiik
i /e REVEAR ST T AR I , LASONT Y REAE R 2 P AR
SN BT, AR REAE TR A L A | KRR
ESE AL IR P BB BUSITEAG % BT
A Z il RS 1 A0 TR T R UM REE / ks
PR L, (BB R S 25 R 0, 2580
R, AL g A R 7 A TR IR R R T
G TR BB AT Z AR MR IR
FEAET KU T2 R, ASHFZE I T 5 A T
iR PR A Lt 27 ) 7 2 S RN s PR T R
HET RS TSRS , I X AR GEA TP, LU O e 7
PEOR 5T 5838 B TS PPAG SR A S e R B R
1 BEREFE
1.1 BRI AT B R IR T 56 ER A BT A
Bt 5 DU L g Lo i By b DR G EA 1) 26  E
SE WS B 25 BB ZE T v1.4 (Medical Information
Mart for Intensive Care= Il v1.4, MIMIC= 1 v1.4)"®,
THE XS BRI A T 2P, AL 2001 &
2012 4 3 [ B §% Z8 M B - DL 22 L) 6. 8) 20 Ph
By U HEE W9 5 (intensive care unit, ICU) H1
46 520 FIfERE B EE R . A E L T3 E E
PR BE R PR AR RS 5 E BIRER
I ARAFZ A PE A AL ER (UE 45 45 - 33331381),
ABIFTE A T B 4 8 LB PR A T R A A AR B B
A HFEOR o E PR ERL R 2R L B BE Befe
BEZE B2t CEAL S 2021-362), - EL7E I A
IS TEM OV (FEHS : ChiCTR 2100053578 ).
1.2 BFFEAEE : 4 MIMIC- T v1.4 B Eh a4
WREESE 3.0 PRfER Ik AEPEIR s 8, HAR IS > 18 %7,
ICU {EBEMSE] >24 h 5 HEBRAE >89 % By H

1.3 BdEPEE. O A 2 M) | AFS | Elixhauser
HRGHE L ; @ FZARAE ST A5 0% (heart
rate, HR) . IFFIJZ 4 % (respiratnry rate, RR). A& .
Y180 ik (mean arterial pressure, MAP )., i 4 [ (systolic
blood pressure, SBP ). &} 5K % (diastolic blood pressure,
DBP), Jik4# 1 S A1 (pulse oxygen saturation, SpO, ).
JRAE . EH 422 (white blood cell count, WBC). Ifil
21,48 F (hemoglobin, Hb). Ifil. 4} b %5 (hematocrit,
HCT). I/ 34K (platelet count, PLT ). I . 1L FLA2
(lactic acid, Lac). Il JR Z & (blood urea nitrogen, BUN ),
I ALEF (serum creatinine, SCr), K™, Na", CI", HCO;~
FABH BB (anion gap, AP); 3 &g A Ay sC 5 AL
TSN IR AIRYT s @ AEBE TS BLRIZS &) - 1CU B
A ] BV BE R T 30 d At Bm AR Il 4,
IR AT HITE 7 1 PostereSQL 13.0 44, £k K e
iE A B M4 B R IR AR 00 5 I BR ol 2 (B
1 20% HyAE

L4 Gk T R 4.1.0 B ridis . kA
Shapiro-Wilk VX S HEFEAR I T IE SR, Y 52
JEIES I3, DL 8 (RO M (Q,, Q)] %
SRR R xR SR T 38 LR IE LASSO
]2 7 fe 2 AR 22 i, >R H] Logistic [1]1
AT, T2 5 48] 5 R H] Hosmer-Lemeshow 65
TR PO A AL AE T, T2 1 5208 TARRHAE i 2k
(receiver operator characteristic curve, ROC i), vF
TP AL X 53 B2, PG RS2 MR 12k (clinical impact
curve, CIC) XJ FiU il #5324 A 2 pe 47k, P<<0.05
hzESAG R

2 & R

2.1 BRERAFIE (R 1)« ALY A 693 IR TEIR
SLERH, 30 d F7IE 445 {41, 5ET 248 fAil, 30 d HIERR
N 35.8%. SAFEA L, SLT- 4B AR R,
Elixhauser 538 80H 5 (39 P<0.01) ; M2 51
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el 22 S5 BG4 L (P>0.05), £ £ EARAE I
SIS G BR T T, SAENG L LA, FET oA R AR

Lac K" F+#, SBP. DBP . {&iff . Sp0O, T F#, L K fdi H
HUEE ST 30 d FRAEREE AR (3 P<0.05).

MAP. SBP. DBP. SpO,, JR1ik . Hb. PLT. Mfif, CI°,
HCO,” A%, HR | Lac, BUN, SCr, K", AG T & (¥
P<0.05) ; P4 RR, WBC, HCT, Na' 225339058 ot
T3 P>0.05), JET-ALHLKE S L5V 2 P |
TR (P<0.01); PILLEHERRIATT Hfil 22 5 '

Lac (mmol/L)

G2 X (P>0.05), FET-4H 1CU £ B [a] AL 0 S,

S N 10 20 30 40 50 60 70 80 90 100
oy (5) L 1 1 1 1 1 1 1 1 1 |

LA ) T T T T T T T T 1
EF‘WQ <$) 10 20 30 40 50 60 70 80 90100
Elixhauser

e BT T 2 5. 0 (2 P<0.01). :B:?::;Z ‘» 20 Lv ;f 0_ 3. w 4. ‘0 4.5 5.0 5.5 6.0 6.5 7.0
22 BRI S ABEBIAER 25 o o - T T T

30 dJEASET A LR AR b, 22 LASSO [R] VA A ik (C) 41 4o 30 3|x 7 3 3|5 335 P

M 20 E 9 NEEFZR R NN AR 7, 53 500350 0.80 0.60 0.400.20 0

%'Jjjﬁzﬁ,?\ . Elixhauser ;j\:ﬁ*aﬁ D Hﬁﬂﬁﬁ . Lac, K" \ 8oy () slo ](IJ() 1;0 (I]() 7;0 3(|)0 3;0
SBP . DBP il $p0). it fesstys oy

2.3 BREPEASTILT RN B (161 ; 22) EE : Lac JILFURR  SBD A, DBP WAFICIE.
HR 3 T A5 8 AN 2, JRy AR B 7 Logistic M4, JF Sp0; KA FIE 5 1 mmHg=~0.133 kPa
PN A K], 45 5 R AR | Elixhauser 2L 45 %% 1 REBHERTEEE 30 d ST RIS TINBAIZ LR E

x1 AE 30d FamERS RS BEERIFELLE

£z Afk (n=693) 1G4 (n=445) FET4 (n=248) xYzfE  PE
PESI (61 (%)) 0.002 0.999
Bk 386(55.7) 248(55.7) 138(55.6)
ok 307 (44.3) 197 (44.3) 110(44.4)
RS, M(Q, Q) 69.69 (57.29, 81.88) 67.16(55.45, 80.48) 75.68(61.28, 83.81) 0.350 <0.001
Elixhauser 551550 (M (0., 0,)]) 7.00(1.00, 12.00) 6.00(0.00,10.00) 9.00(4.00, 13.00) 0.456 <0.001
HR (K /min, M(Q., Q)] 91.86(77.97, 104.60) 90.54(76.93, 103.06) 95.09(80.12, 107.14) 0.195 0.015
RR (K /min, M(Q., Q)] 30.00(26.00, 34.00) 29.00(25.00, 34.00) 30.00(26.00, 35.00) 0.143 0.060
IR, M(Qy, Q)] 37.44(36.94,38.22) 37.61(37.10, 38.33) 37.22(36.78,37.89) 0.420 <0.001
MAP [ mmHg, M(Q,, 0;)]) 51.00(43.00, 57.00) 53.00(46.00, 58.00) 46.00(36.00, 54.00) 0.489 <0.001
SBP [ mmHg, M(Q,, Q)] 80.00(71.00, 87.00) 82.00(75.00, 89.00) 75.00(65.00, 83.00) 0.639 <0.001
DBP [ mmHg, M(Q,, Q)] 40.00(33.00, 46.00) 41.00(36.00, 47.00) 36.00(30.00, 42.00) 0.577 <0.001
Sp0, [M(Qyp, Q1)) 0.92(0.89, 0.94) 0.92(0.90, 0.95) 0.90(0.85,0.93) 0.450  <0.001
JRAE (mL/d, M(Q,, Q)] 1149.00(521.00, 2 060.00) 1 466.00(860.00,2613.00)  602.00(213.75,1231.25) 0.876 <0.001
WBC [ X 10°/L, M(Q., Q,)]) 16.00(10.00, 23.60) 15.90(10.70, 23.80) 16.35(9.25,23.10) 0.083 0.754
Hb (g/L,M(Q., Q) 9.60(8.40, 11.00) 9.70(8.60, 11.10) 9.40(8.20, 10.80) 0.148 0.036
HCT (M(Qy, Q)] 0.29(0.26, 0.33) 0.29(0.26, 0.33) 0.29(0.25,0.33) 0.065 0.309
PLT [ X 10°/L, M(Qy, Q)] 157.00(97.00, 234.00) 164.00(108.00, 241.00) 143.00(70.75, 226.25) 0.143 0.004
LA ( mmol/L, M (Qy, Qy)]) 5.72(4.55,7.05) 5.77(4.77,7.10) 5.49(4.22,6.88) 0.129 0.026
Lac (mmol/L, M(Q,, Q)] 2.90(1.90, 4.80) 2.50(1.70, 3.80) 3.70(2.00, 7.98) 0.669 <0.001
BUN [ mmol/L, M(Q., 0,)]) 12.50(7.85,20.35) 11.07(7.14, 18.56) 14.99(9.64,24.63) 0.367 <0.001
SCr (pmol/L, M(Q,, Q)] 150.28 (97.24, 256.36) 132.60(97.24,221.00) 185.64(114.92,291.72) 0.215 <0.001
K" (mmol/L, M(Q,, Q)] 3.70(3.30, 4.10) 3.60(3.30, 4.00) 3.90(3.40, 4.40) 0.470 <0.001
Na® {mmol/L, M(Q., Q,)] 136.00 (132.00, 140.00) 136.00(133.00, 139.00) 136.00 (131.00, 140.00) 0.152 0.173
CI" (mmol/L, M(Q,, Q)] 103.00(97.00, 107.00) 103.00(98.00, 107.00) 102.00(96.00, 106.00) 0.202 0.015
HCO,” {mmol/L, M(Q,, Q)] 19.00(15.00, 22.00) 19.00(16.00, 22.00) 17.00(13.00, 20.00) 0.382 <0.001
AG [mmol/L, M(Qy, Q)] 18.00(15.00, 21.00) 17.00(15.00, 20.00) 19.00(16.00, 23.00) 0.504 <0.001
MM (] (%)) 409(59.0) 233(52.4) 176 (71.0) 0390  <0.001
BRI (#1(%)) 61( 88) 35( 7.9) 26(10.5) 0.091 0.305
1CU AEREI (d, M(Q,, Q) 4.07(2.07, 8.69) 4.39(2.30,9.15) 3.38(1.73,7.75) 0.271 0.001
BAEBERHE (d, M(Q,, Qy)) 8.56(4.70, 15.81) 10.66 (6.36, 20.18) 4.95(1.73,10.09) 0.655 <0.001

H HR D3, RRONIFIAIR , MAP S EXshiik I, SBP ik, DBP &K, SpO, Ak A B, WBC S HANAEH4L, Hb
SHIMLTHE ), HCT S il 4ifa L 25, PLT i/ MR35, Lac MIMEFLER , BUN R IR ZE A, SCr M IMLILET, AG SHEHES FB2, ICU N e W 5
1 mmHg=0.133 kPa
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R2 MREMEMARTEE 30d ETXEH

% [E = Logistic [E])34-47
Tabr OR 1 95%CI P
A 1.023 1.010 ~ 1.037 <0.001
Elixhauser 254540 1.047 1.022 ~ 1.074 <0.001
HLARIE S, 2.165 1.433 ~3.301 <0.001
Lac 1.213 1.133 ~ 1.305 <0.001
K" 2.241 1.664 ~ 3.057 <0.001
SBP 0.974 0.957 ~ 0.990 0.002
DBP 0.972 0.950 ~ 0.994 0.014
ENT Y 0.693 0.556 ~ 0.857 <0.001
Sp0, 0.971 0.949 ~ 0.992 0.010

1 : Lac MIMFLER , SBP M4k , DBP &3k, SpO, A ik
MESEHIEE, OR HALHLL , 95%CT 2 95% A {7 1X.[H]
2.4 BOUKHERE KXo G LR g s , T
MEAIE P E R 0.5, REEIN IZBAMI A A R o 12
HERNZR s (181 2), i A2 8 FT A 4855 S Al
FRAA G/ 725, 2 Y T JXURS: 5 52 P 0 A el
A —HtE. ROC HIZe 27 (18] 3), Bl AL Yy ROC
4k 1 2 (area under the ROC curve, AUC) 4 0.839
(95% mI{EIX[a] (95% confidence interval, 95%CI) 4
0.803 ~ 0.876 J, HA Al #2411 X 43 FL T HAEFE T X
W S5 Y RE

1.0 .
.
.
.
.(‘
0.8 | -~
-
=
&
b
7
W 0.6 N
= L7
® L
0.4 L o
S il 2%
< b h £
0.2+ &7 - - - e
4’-’
e
p
- 1 1 1 I )
0 0.2 0.4 0.6 0.8 1.0
TR =R

2 JeBMEARTTERE 30 d SET KR TR R RAELL

1.00
0.80 |
. 0.60 |
“9{‘
el
S
o0 |
FET ARG T (AUC=0.839)
0.20 f — s%4
1 1 1 1 1
0 0.20  0.40  0.60  0.80  1.00

{BEBRE
1 ROC #hEk 238 TARRIE IR, AUC S ROC Hi£R R i f
3 BRI E 30 d SET-RKUR TR ROC BHZR

2.5 GG REH 34T (K] 4) : CIC fhZ 2R,
TS RILE T 0.4 A4 KUK [ {ELHE R 31 Rl P9 A AR i
Wt , 2 IR IZ AR HAT i 3 ) P A (B

100
Tt AU
30 s IR 2R 195 % CT
;e\
~ 60
H
& L
= g4 T
i€
20
_______ .
0 0.2 0.4 0.6 0.8 1.0

e/ Mzs bl
 CIC NIRRT 2L , 95%CT g 95% 7] {5 X [6]
4 HEEERERA T XS TN CIC #Zk

31 i

ASHIEGE A 23 T 1) Fh 0 5000 A A S [ Jast A A
B, J6 )5 2R FH LASSO [a] )5 70 356 4% 1 Al Logistic [l
VA T e B R e S T XU IO 7Y, FF 64T T
A RTRLALFNITAG . 2RISR A 9 MEBE BE 4 5
AT YA ARy TS i (4E 1 | Elixhauser Mot
B AR Lae K™, SBP, DBP . f&if . Sp0,), #£
A BABEA BIF I ERR L | X 70 BE RN s , Al B
I PR A AT F R e B AR v S AR T AU

I BB AR KA A C Ay B fe b
I, e B8 VRN X S8 i B S Y B
B34 X, Elixhauser [+ 1998 45 FIRAEAEBE
BRI R T — B R R 51T R
45, #K N “Elixhauser 259550 , 5 R TOE 5E
Bl A Bt A8 3 T (14 52 M, 7 I R A5 v
FHT B Wi ™ B R B R AR Ay e S 1) E SR %
0, ARBESE R, Elixhauser 30518 505 e
PEARTE R 30 d AL EIEADC, PRI, 7E N B
JiE SRR R i BT 8 Elixhauser N8 EOEN A
FITFPNTUE A B e KU AT o e RE AR S AE T XL
W P ASE Y v o) — AN H R AR Lac, 2016 4E45 1
P Lac A ZUIEF bR, # Lac fEN TR S E
TRHOHERE !5 2021 4F SSCHIHE RIHRIA 1 Lac HOHLL
HEUO TR EMEREAE 14 SR AR W Lac o BT
IR, Lac 34w 5 M MEIR T BH 30 d JRAERTF
fe A SR Y G, 5 HAE ST 4 R B 2016 4E—
TRE T RHE NS RIS (B8 7, %) T PR e B
B TR ( quick sequential organ failure assessment,
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qSOFA) 1y 1 /3, Lac=2.0 mmol/L #EBEfist
ZET Lac< 2.0 mmol/L, %ﬂ 2R , Lac 7EMeRETEIR
SETRAT | i T DRI KU 0 oA E AN

FEFRAEAE TCU A AL, WAL G [ TCU 1B
RF TR B D B EE VIR 5E AT B i R A
o MRBEAEVIZY TR B HERE S B KR HeIRYT
FUAR AR SR , I PR B2 A AR T 2 10 5 2
PRI AT R RO, DR R A S B T T
AT 2 Ak, 38 VI T & T SE A B A , DR
SIFET IR Ke #45% E DI e Bk LSS 38 Ay B e AR o
A A Y TN AR A4 38 A 48 5 TE LA
RS P A, AN B A% B R PE 4 (sequential organ
failure assessment, SOFA )., Logistic T E I RERERR TS
(Logistic organ dysfunction score, LODS ). faj 4 2 A= F
2203 1T (simplified acute physiology score I, SAPI).
qSOFA V45, DL KGE i KB HEA L 27 > Fa £ 1 T
B, 0 e e S0 A | RS W AR B )
B RS RS0 A5 TP R (R e R AR T
T KU TR AR o A 4t . VR 7RSS A B AL AR
ARSETEAL AR AL REAS AT R T ™ EE IR EEAE / IR 2R
PEAR S 28 d SET- KUK, ZLREDL T SOFA #F- 734
SRR B SIS PEERROLIE S 1T (acute physiology
and chronic health evaluation I, APACHE 1), {HiZ#
RIGIAT 19 S8 B TR HIFE . Hou %>
FET R BRAR B HE T (extreme gradient boosting , XGBoost )
BT RIFEUE T — M EEIE 30 d AL T XURS: FHT A
s L 252 JF R IR T — e ARG I35
FETXUBS PO A, ASBAF SR T RO RREPE IR v 28
HAH, IT K& T 3T LASSO-Logistic [91I375 2 57 1)
FET XU A AL , 25 1 e REME IR SE A IR R TES,
BRI R ARSI TSR T

ABEFERY R BRE - (D Bdla ok B SO A TR
JE BRI TE ST 5 @ BEEEVEIR TEFE T XU Tt
IR e = AMER KR AL | FUlm PRI AT A R B0 IE 5
@ Bz JLERHAKSE, AREN TR 18 % LITF AHE;
@ AR RSB T 10 Z24F 7RI 8] e R e 4 UL
S FEERATREAE T H RTAYIG R S22

L5 L TIR R EEPE IR SEFE T KU T A A ) e
BEMEIRSE A 30 d FET XU A B iR RE T L A2
B 9N EREA S ARG R L R (4R8E | Elixhauser L5
FEHC. WIS Lac . K", SBP, DBP . {3 . Sp0, ), il
Bl REEAE HIR TS R ve S B MATE T UK
Rl ARSI A PIAETER 5 b5

S25 3k
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