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Early immune phenotypes and dynamic transitions in elderly patients with sepsis: a

multicenter cohort study

wa: XX, K, $®En
Bl PREAFRARER

Purpose: To identify early immune phenotypes in older adults with sepsis, characterize their transitions, and examine
associations of baseline phenotype and immune recovery with clinical outcomes.

Methods: This secondary analysis of a multicentre prospective cohort included 816 patients aged = 60 years with Sepsis-3.
Data-driven immune phenotypes were defined from day-1 immune-inflammatory profiles and reassessed on days 3 and 7
when available. Associations with in-hospital mortality and mechanical ventilation were evaluated using multivariable logistic
regression. Among baseline-IS1 patients, transition-associated factors and outcomes were assessed, including a propensity-score-

matched cohort with exact matching on hospital.

Results: Day-1 phenotyping identified I1S1 in 693 patients (84.9%) and 1S2 in 123 (15.1%). IS1 showed greater organ dysfunction
and inflammation, with lower lymphocyte, T-cell, CD8+ T-cell, and natural killer-cell counts. Mortality was 30.9% in I1S1 versus 8.9%
in IS2. After adjustment, 1S2 was associated with lower odds of mortality (adjusted odds ratio 0.36, 95% confidence interval 0.18-
0.71) and mechanical ventilation (0.57, 0.33-0.96). Among 405 baseline-IS1 patients with repeat phenotyping, 69 transitioned to
IS2 by day 3 or 7. In 67 matched pairs, mortality was lower with transition to 1S2 than with persistent 1S1 (11.9% vs 38.8%; P = 0.002).
Higher day-1 CD8+ T-cell count was associated with transition in the matched analysis (odds ratio 1.45 per 100 cells/pL, 1.02-2.05).

Conclusion: Older adults with sepsis exhibited clinically distinct, dynamic immune phenotypes. Transition from a lymphopenic-
inflammatory to an immune-preserved phenotype was associated with lower in-hospital mortality, supporting repeated
immunophenotyping for biological stratification and hypothesis generation.
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Early Physiological Trajectories Are Associated With ICU Mortality in VV-ECMO

Patients With Pulmonary Infection-Related Respiratory Failure

wa: mEE, BT, %2
B RREERAZRES _ER

Background: Early prognostic assessment in patients receiving venovenous extracorporeal membrane oxygenation (VV-ECMO)
is commonly based on variables measured at ECMO initiation. This study evaluated whether early dynamic laboratory and blood
gas changes were associated with ICU mortality in patients receiving VV-ECMO for respiratory failure secondary to pulmonary

infection.

Background: Early prognostic assessment in patients receiving venovenous extracorporeal membrane oxygenation (VV-ECMO)
is commonly based on variables measured at ECMO initiation. This study evaluated whether early dynamic laboratory and blood
gas changes were associated with ICU mortality in patients receiving VV-ECMO for respiratory failure secondary to pulmonary

infection.

Methods: This single-center retrospective cohort study included patients treated with VV-ECMO in the ICU of the Second Affiliated
Hospital of Harbin Medical University between January 2023 and May 2026. Patients were grouped as ICU survivors or non-
survivors. Laboratory parameters were assessed at ECMO initiation and on Days 1-3, and blood gas parameters at 0, 6, and 24 h.
Between-group comparisons, repeated-measures analysis, logistic regression, and ROC analysis were performed.

Results: Among 141 included patients, 39 were ICU non-survivors and 102 were ICU survivors. At ECMO initiation, non-survivors
had higher total bilirubin and lactate levels. Significant group X time interactions were observed for white blood cell count,
D-dimer, pH, and lactate. Higher white blood cell count, D-dimer, and lactate were associated with increased odds of ICU mortality,
whereas higher albumin, total protein, and prothrombin activity were associated with lower odds. The dynamic combined model
showed better discrimination than the initial combined model.

Conclusions: In patients receiving VV-ECMO for pulmonary infection-related respiratory failure, ICU mortality was associated
with baseline metabolic and hepatic dysfunction and early dynamic changes in inflammatory, coagulation-fibrinolytic, acid-base,
lactate, and protein-status parameters.

Results:

Among 141 included patients, 39 were ICU non-survivors and 102 were ICU survivors. At ECMO initiation, non-survivors had higher
total bilirubin and lactate levels. Significant group X time interactions were observed for white blood cell count, D-dimer, pH, and
lactate. Higher white blood cell count, D-dimer, and lactate were associated with increased odds of ICU mortality, whereas higher
albumin, total protein, and prothrombin activity were associated with lower odds. The dynamic combined model showed better
discrimination than the initial combined model.

Conclusions:

In patients receiving VV-ECMO for pulmonary infection-related respiratory failure, ICU mortality was associated with baseline
metabolic and hepatic dysfunction and early dynamic changes in inflammatory, coagulation-fibrinolytic, acid-base, lactate, and

protein-status parameters.
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Efficacy and safety of oxycodone hydrochloride for long-term analgesia in

mechanical ventilated ICU patients: A Pilot study

%% Yunhang Zhang, Jiegiong Song, Ming Zhong
#fiI: Zhongshan Hospital, Fudan University

Objective:

The aim of this study was to evaluate the efficacy and safety of oxycodone hydrochloride compared with remifentanil for long-

term analgesia in mechanically ventilated ICU patients.
Methods:

In this single-centered randomized pilot study, adult postoperative patients requiring invasive mechanical ventilation for longer
than 24 h were randomized to receive continuous intravenous oxycodone hydrochloride or remifentanil.Analgesia was titrated to
maintain a Critical-Care Pain Observation Tool(CPOT) score <3, while sedation was maintained at a Richmond Agitation-Sedation
Scale (RASS) score between — 2 and 1. The primary outcome was the percentage of time with CPOT <3 without rescue analgesia
during the first 7 days of mechanical ventilation. The secondary outcomes included ventilatorfree days at day 28, successful
extubation rate, length of ICU stay, gastrointestinal function changes, incidence of ventilator-associated pneumonia(VAP),
delirium, and adverse events.

Results:

A total of 60 patients were randomized, with 30 patients assigned to the oxycodone and the remifentanil group, respectively. No
difference was identified between the oxycodone group and remifentanil group in median age [69 (IQR, 64-72) years vs. 62 (IQR,
42-72) years, respectively, p=0.070] or the median duration of study drug infusion [48 (IQR, 28-144) hours vs. 42 (IQR,24-75) hours,
respectively, p=0.236]. Target CPOT was reached at a median of 100% in the two groups during the study drug infusion time. No
differences were identified between the two groups in terms of ventilator-free days at day 7,length of ICU stay, 28-day mortality or

adverse events.
Conclusion:

This pilot study suggested that oxycodone hydrochloride was comparable to remifentanil in providing effective analgesia for
mechanically ventilated ICU patients, with a favorable safety profile. Further large-scale randomized studies are warranted to
confirm these findings.
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Efficacy and safety of oxycodone hydrochloride for long-term analgesia in

mechanical ventilated ICU patients: A Pilot study

R I, $%, EHE, R
B ERIDFER

Mean arterial pressure (MAP) remains the dominant target in intraoperative hemodynamic management, yet it incompletely
reflects tissue perfusion. Tissue perfusion pressure (TPP), defined as MAP minus critical closing pressure (Pcc), represents the
effective driving pressure for arterial blood flow. Whether intraoperative TPP and Pcc independently predict postoperative acute
kidney injury (AKI) beyond MAP remains unknown.

We conducted a retrospective cohort study of adult surgical patients with intraoperative invasive arterial pressure monitoring and
admitted to the ICU postoperatively at Peking Union Medical College Hospital between January 2021 and December 2025. Pcc was
estimated via linear regression of intraoperative arterial pressure against the product of heart rate and pulse pressure, and TPP

was calculated as MAP minus Pcc. AKI was defined by 48-hour postoperative serum creatinine criteria per KDIGO criterion.

Among 4,992 eligible patients, 681 (13.6%) developed postoperative AKI. The distribution of TPP is not always consistent with
that of MAP (Figure A).The correlation between MAP and TPP was modest (r = 0.39, Figure B), indicating that MAP alone does
not adequately capture tissue perfusion pressure.When patients were stratified by TPP quartiles, AKI incidence decreased
progressively from Q1 to Q4 (17.3%, 13.8%, 12.9%, and 10.6%, respectively; P for trend = 0.001, Figure C). Forest Plot analysis
confirmed this dose-response relationship: compared with the highest TPP quartile (Q4, reference), odds ratios for AKI were 1.77
(Q1), 1.35(Q2), and 1.25 (Q3), with a consistent gradient across quartiles (Figure D). Multivariable-adjusted restricted cubic spline
analysis further revealed a significant nonlinear association between intraoperative TPP and postoperative AKI risk (overall P <
0.001; non-linearity P < 0.001, Figure E). Two clinically meaningful thresholds were identified: AKI risk increased markedly when
TPP fell below 32 mmHg, and risk approached a plateau above 40 mmHg. To evaluate the independent value of TPP beyond MAP,
patients were stratified by four MAP ranges (<65, 65-75, 75-85, and >85 mmHg). Within each stratum, intraoperative TPP remained
significantly lower in patients who developed AKI compared with those who did not (Figure F), demonstrating that TPP provides
prognostic information independent of MAP level.

Intraoperative TPP was independently associated with postoperative AKI risk in a nonlinear fashion. These findings suggest that
TPP may be a new indicator for reflecting tissue perfusion.
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IRF1 EF rs2057656 {ii5 Z7A143) IRF1-AS1 #%F 5 ARDS REBINEEREN S FINH

R IR, BRIER, I, TXEB
B WARKEMBE=ER, REAZMESRKER, LAAEMBERE=ZER, MEEEAZE_MEEM
ZRAE: IRF1 EH rs2057656 (iS5 25 MXT IRF1-AS] 3R 5 ARDS SiEThae L &R F 4

BSB89 2ERZSME ARDS MEERHNEZ D FHG, RREFSEMETE ARDS ZFEHHIFRRIEAT /9 ARDS MEATIRMH S F
ﬁE*’j_—\O

FHiERER:

(1) @32 991 | ARDS BEIMNE MBRAFERAD, LI IRF1LERA rs2057656 i Z &S5 ARDS BRERMEBIIEX, ZUKRSH
CHTAmMERE, CEREE ARDS XAENXILE T EEEM 1.63 &,

(2) FENEA CERE, MEERFENE (B CHRATERE) , ESEINREATE (KP) MEHEILEFFL (CLP) ARDS
HER, £RER, 5 CERE/NRMEL, TERENEMBGRE; MR ML B, Thl M Thi7 2 T AL R
ERERERLD; RERFREKFREE. INRMLAT IRFI-ASL BJAT C BEEVNEA ARDS KIEMAHR,

(3) AHPEIH—F I, C ERERKFENRREBRMMER M M1 AR, TAHARES M Thl M Th17 RES WL, IR RE

(4) MMEIFRFZREA, rs2057656 il | Z A MBI AT DNA BELIDS] IRF1-AS1 RIX, IRF1-AS1 @i IAEAERE BT IRF1 /Y
BREYL, DFEELEFE—FSIBT, DNA BELETSE DNMT3a &4 rs2057656 ii=, EFSHBPEY; X ZELES HDAC2 7E IRF1-
AS1 NMETEET IRF1 4EBXIZE, MmN IRF1 & FEME.,

£5i8: ANFARIER IRF1 £ H rs2057656 fUm S M5 ARDS ZRMURERTEREEERR, C EEREBERINN IRF1I-ASL HRE
0 IRF1 SFARE, ZMOFHESHETENRESMR G, T3 C BRAEERE, INREMERDE IRF1-AS] I sERMABTERATT R,

FHITEE

I 010 cccc2026



=. HRAT
HRERMRK. BY:

SMIREBLEAE (ARDS) B—HMiIGRELEELE, MERTARER, BalHRZHNELRIGNEREET FR. EEXK,
GEN-SEP Network EIBAFI ARDS-net HIBA73 34 I FLT1 HEERZ A4S ARDS ZRXI4EHEX, IFNAR2 EEZEMS BENTHRATHR
IR, ERERBUZHIAE—F LI P13 HEMN S SMHATRERESH ARDS BENMERNEEZATRR, LRAMRRR, BESEE
AJEEE ARDS BEMEERNEE 2 FHH.

EMER e, ERNFE ZRAFES MAUN D FHEET. UIENAMRAE RG], BTN EGFR. ALK, KRAS EERTR, A
AEBEFHEHW AT AR, XMETFERSSHENEEETEXEEERTEEH, A TEERE, A, ARDS TUHNERAZE
HHAND FERATHRERTD, Eit, HRBESEMES ARDS ZRHEHEIEXER, TJ ARDS MELREERTIRME S FlIF.

NERBAZSMS ARDS £FINFINXR, ATBEET 991 fIEEIINEMSAFNFEMERSONTE, UNH—SHEY. AR5
FHHIELS, R rs2057656 {il 2 B A4EE:3iE1E IRF1 1 IRF1-AS1 RiAE I ARDS RGEHMIETIEE, JhEMER T IRF1-ASL FI347F
ARDS XEHEMI5{5, 9 ARDS 2 FFEATFIRME S FEF,

witRE#E:
1. ZAFBESIRTHES ARDS ZRHEIAXNERS SN

KIFFMNFE DGR AT, INZRATIELFE 96 ] ARDS B, HTENFE 48H WRESNAMEAR, #HITLERANF (WGS) MELRA
ME (RNA-seq) ; BEIEPAFIEER ARDS-net AHEIERE, 8% 895 fIBEN2ERANFHE, BI2EREXEKD T (GWAS) xR
RHEMRERE (e-QTL) , k5 ARDS ZRERMEMRIERZ B <o

2. BE4RIE/MRLAIE rs2057656 il ZA14:E:3 IRF1 iA#E ARDS B9k E

B ARV rs2057656 LR ERN C (Bl C EEE) . AAREREEZEAREYEAGTRATERHE CHEAT BITERE) . WE
ARDS /NEIEE: BERRLEILET (CLP) MKEREFRMARTEMB/E (KP) o XA HE . MTEELL T rs2057656 (i m Z ST
ARDS B fARIFZ0E; AR 24 rs2057656 (i mZASMST ARDS /NEATAL A B, PRI T AR, R
FB qPCR #3 rs2057656 fil 5 % 7MY ARDS 13 4 FEE FH9 B0,

3. RICLHREIERA rs2057656 il = ZSMEET IRF1 AIE RGN R ERIIEL

5 TERAEMEL, CEEREBEERAN RF1I RAKTFEEAS, B CEFRERZAREZRAEREERAMEI L. PhEid CRISPR/Cas9
ERRERANE C/T ERANREE, HFoBERTRERRAHAM. KA qPCR 1 Western blot #: C/T ERZ R B AEH
IRF1-AS1 # IRF1 %RiA; A qPCR. Western blot. FRXAMRAIN C/T BEREBEAMAHRED F. XD FHBLEAFHRE;
KARNAREA. REARFWSILE, T C/T ERAMEARERERE D,

4. FFEIEFEIERER rs2057656 (IR SEMERFIE IRF1 RikpI 53 FNH

S F3 CHIP. DNA pull-down 3 DNA- £ B R B {FSLIAINRMEREF R KLINI0IUE DNA REW D FHLH); R A CHIRP KA. RIP.
EMSA £ FEFRLE. HRIEEERINGIFA IR e sE R ERREAE B & IS FHH.

5. IFRIMEERE IRF1-AS1 3877 C BEFER ARDS RyaT&E

ANFASIHIER IRF1-ASL 33 RIAH) RAW264.7 4ARSERESMNHBIA (IRF1-AS1-EVs) , RASERMRLIE IRF1-AS1-EVs BERThEA/ B FHER;
FRFEYA HE 6. RBAK. MiRGTEs. FXRBIERNHET SR EINEE R IRF1-AS1-EVs X3 ARDS FhiiR AR E;
FARAMEAF qPCR RIS TEIMNEME IRF1-AS1-EVs 3t ARDS i MMM A ERILE RN E,

SRR
1rs2057656 i ZAiES ARDS B EREHEX

IEFRHEGNINGEMIGIER NPT, £ 991 FIEE, EHAYIZRBAT) 96 I CAP BE (53 il ARDS) ; IRIEPAFY 895 il CAP B (661 f
ARDS) ,

ccccz026 o1 |



1: JIZRFNER

2: BIERAFIER

ENIZRRAT IR, B 2 ERENFHIESM, ikt 10 ™5 ARDS SR IMESEMXMPZER LM (SNP) fis (P<0.05)

30 NEFI2 B EENF R
ERIERATIF, BELERANFHIES T, ikt 15 5 ARDS ZREMEEEMHEXA SNP L= (P<0.05)

4: WIERAFIE EEENFEIE
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B RZED, BEIILAT 10 MIRFIIIERT] 15 MIRFRALIED T, REHE 6 T SNP fim5 CAP #E&EA ARDS ZHIHEX.

5: MAFIRED

33 6 MEIE SNP fIS3#1T eQTL 947, K H IRF1 £H& rs2057656 {55 IRF1 mRNA TRk kFEZHE% (P<0.001) o rs2057656 fiLs
FERMERE. SZEFRE CHXRTERE T, Ed, CERERAST TERE, BT ZIAAJEE7E ARDS &Ridi2h EGIREER,

6: rs2057656 IR ZSMENT IRFIMRNA RIXBIZMT

rs2057656 fiiF IRF1 B9& X IncRNA (IRF1-AS1) BYEzNFXIH (Chr5:132473613) ,
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7: rs2057656 {iIF IRF1-AS1 BEhFXIE

EREYRAEEFL (NCB) #EER, CERBTFEZNFHREMIENAZ (BIE 40%-60%) , M TEREETMNAESZRL (92%) .
EAMES, BN CAPEE, CERE AL 11%, TEEE 89%.

8: rs2057656 fI R ZSMEERRAB RN HIRE

RHIEHRR, rs2057656 UmZAIES ARDS ZREMMEX, P<0.05,

9: rs2057656 IR ZSMES ARDS 2R IEMEX

NFEE 96 15l CAP BE LUK ZEE 895 fjil CAP £E, #1T SNP meta D127, rs2057656 {iim C EFEEEZIZIN CAP #EH ARDS B9
XUF& (OR[95%CI]: 1.63[1.21,2.20]) »
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10: rs2057656 iim %145 CAP #/E ARDS XIFSHT meta 247

rs2057656 IR %S5 ARDS EREREEX, TERABESEARDS REXZZMT CEFAR (P<0.001),

11: rs2057656 fiim &M 5 ARDS P EIZEMNXEX DT

eQTL BRI, 5 C BERELBEMELL, TERIBEN IRFI-ASL RAKFEEEM (P<0.001) .

12: rs2057656 i 2 %A 14E%t IRF1-AS1 RNA FRiARISZ IR

Beix TR IncRNA (IRF1-AS1) H9RAZIETR, IRF1-AS1 FEBIRMBEENFINFIFAERRAE R, AR SE#H—P KRB, IRF1-
AS1 R®iX5 IRF1 RIXEZMAX, (P<0.001, ERFHFEXFEE-0.61)
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[E 13: IRF1-AS1 5 IRF1 RiABI 2K 14

1 IRF1-AS1 5 IRF1 BYFRIAK 25 ARDS P EIZEHITREED, EREMR: IRFI-AS1EEE ARDS HEERRIX, MEZEER
#83% (P<0.001), IRF1{£E[E ARDS RHEEEFIX, MEEEZEMREX (P<0.001) ,

14: IRF1-AS1 5 IRF1 RiAKFTE ARDS ™ EIEEPRIXKE D

WBEZAF D, THiEHS ARDS mEREERZEEXNXRENF. ERET. IRFIE5 ARDS "EREEMRXKEEZENSDF, IRFI-AS]
5 ARDS mEREAEXEEZEND Fo

15: 5 ARDS mERZERXDF
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2.rs2057656 {iimZA4iAE ARDS R

EREZHREYBABRATEE rs2057656 U mERFwENR: FEANE (WT) A CERZ, BRFENRATERE, RB—
RMEF] BSP-seq 3o/ R EL AR,

16: rs2057656 {iu mEF 4w/ ERNEESEFERIIE

FIIEIE rs2057656 (i =SSR ARDS fiififh, XJ C B T EU/NEME ARDS 182!, #17 HE REBMERALDIT. LEREA, TER
B/ NRRAIZERERET C EFEE (P<0.05) , TERE IRF1 RAEZERTF C BEREL,

17: rs2057656 iR ZSME3Y ARDS Fifi{A R0

H—PRARFETENEMALKMEE, SRET T EREMKMEZEREMET CERE (P<0.001) -
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&l 18: rs2057656 il = S FHALR BT ELLBIR A

AT T rs2057656 il ZAMEITNERTA IRF1 RIARFM, KA Western blot #1 PCR £#fr. £ER*KEA, T EEEVE IRF1-AS1 &
REEFE, IRFIEHNR INOS RIABAEREIM (P<0.001) ., RRZZEMATAEIT T IRFL BN ARDS RAER Ko

IRF1-AS81

GAPDH

|N0$ -

- — -
RF1 B 1-'-’ -

Tubulin SR S S S

19: rs2057656 i Z 7MY IRF1 5 iNOS FRiARIFZMM

FRR rs2057656 (U m LS MIT ARDS NGB ARKRENIREE, XKARIAREACNFAEERE RN ERMM. T ARKNAAFE
RIAARAELRTS. ERKRA: TEREBEZNE ERARRE M1 ilﬁﬂﬁ B Th1 0 Th17 RS 16, FRD B AR M RIZRARE (KT,
RTRZESSERRETEE SRR AR EREER ARDS fRIEH 5.

&l 20: rs2057656 fiRZSMEx EREARREA SRR
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21: rs2057656 IR SN T ARRIELEIRM

22: rs2057656 i = 2 A NEXT B AR IR ARRRSE (LRI RZI0

FIRF rs2057656 LR SIS ARDS FfiA R AEE FRIAREAE, KA qPCR KL, LERKEA, TEHEREE IL1B. IL6. TNF Fl CCL2 HF%#
FEEFH mRNA KKK FHYEERT C ERA,

23: 152057656 iR SN R AR FHIFZ M
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3.rs2057656 fii R Z#&{EEE IRF1-AS1 # IRF1 Az REMMMAEERELEN

IRF1-AS1 in Human Chr5:132473579-132473648
IRF1-ASI in Mouse Chrl11: 53659803-53659838

MEBT ARDS BE LY AREHTRE C M T RERFIINFM, 18 Ficoll EIREX PBMC [5#1T Western blot. PCR #&ll IRF1-AS1 Al
IRF1 B93RiA; RV RRAMKERIEIE; qPCRIEMRERTF-

Western blot #1 PCR Z&R27R, 1HRF CERFE, TEREZAH IRF1EBFM INOS RIAZEFE (P<0.05) , M IRF1I-AS1 KiEZEAS.

< =3 &
Q Q 2>
vl i o

Q;’
4"
IRF1-AS1

GAPDH

iINOS h -—

IRF1

- -8
B-Tubulin M. A

24: rs2057656 = ZAMNT IRF1 F1 INOS FRIXRIFMA

MAABALRER, BT CERE, TERESENFERMAMRE M1 EDEK (P<0.05) , THMAERE (Thi. Thi7) JELELE
B2 (P<0.05) , PRFAHPIMERIZARE SELPEME (P<0.05) , #Rm T EEENG TR AELIEK,

25: rs2057656 il 7S 1Ex B AR (LEIR M

26:rs2057656 i =AM T 4B M KEREE VIR
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27:rs2057656 iR S MEX B A IR AR EY T

gPCRERER, TERFEELAH, IL1IB. IL6. TNF F CCL2 B mRNA FRAKFHEE T (P<0.05) , R CEREE, TEREER
= RZBA 255,

28:rs2057656 fi /= 2 &N KIERE F BRI

AT I rs2057656 (i s 2 A MR BRI 00, @ 1T Western blot. PCR &Il IRF1-AS1 #1 IRF1 9 3%; AR A
BMDMsMFI #174; qPCR MK ERFo

Western blot #1 PCR £ R 127w, 81T CERE, T ERAEH IRF1 ZHM INOS RAZEMRE (P<0.05) , M IRF1I-AS1 KXEEF=o

L P P

o
IRF1-AS1
GAPDH

INOS -——

IRF1 ——

B-Tubulin — - —

29: rs2057656 i s Z AT IRF1-ASL Al IRF1 REK AR

MIVGERER, TEREEEING ERMARE M1 BAEREN,

30:rs2057656 fim S X E RS4RI IE (LEIF20E

qPCRERER, RCERE, TEHREE IL1B. IL6. TNF #l CCL2 By mRNA RiAKFHEE TR (P<0.05) ,
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31: 152057656 il ST K ER FRISZM0
HITIRRAERIRIOIE, KA PCR A Wb MR E/R, CD14+ Hid ik IRF1-AS1-T BEIEINT IRF1-ASL B9 RNA RiX, BEF/L IRF1HY

Tk (P<0.05)

CD14+
LPS + - + + +
IRF1-AS1 - - C T Ctrl
IRF1-AS1
B-Action

INOS g s i =
IRF1 - o s o a—
B-TUDUIIN o — —— —

32: iF3RiX IRF1-AS1 X¥ IRF1 RIXRIFZMM

SRF3 PCR # Wb #2, 4552/~ BMDMs ARid#RiA IRF1-AS1-T 21810 IRF1-ASL BIRIX, BERE/D IRF1H INOS EBRIX (P<0.05) »

BMDMs
LPS + - + # ¥
IRF1-AS1 - - Cc T Ctrl
IRF1-AS1
B-Action

iINOS  w e e e S
IRFT - — -

B-TUbUIIn . A —— -

33: TFR3X IRF1-AS1 X IRF1 RIXHIEZIH
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4.rs2057656 {ii 5 271483 DNA RELINE IRF1-AS1 KX

FiTk rs2057656 il B EiEd & £ FEMLIFT IRF1I-ASL, E5&R@id BSP-seq # IRF1-AS1-C itl, HRERIZMUAKRKRERE N,
¥ IRF1-AS1-C FRfi¥ %\ CD14+ f5, F/RHA BSP-seq il &I rs2057656 = HIMERE, 1R rs2057656 i FHRE 4RI IE A 7 fE
&4 DNA BE1L,

34: rs2057656 fi = FAERINABAEIFIR

FIRF rs2057656 (i R{EAAM P EERERNE, /78 DNA BELEBEINFIF RG108 A IE C EFE! PBMCs, BEMESME PCR
DR, £ RG108 B[S, rs2057656 s AVEREWIESR, 127 rs2057656 {i s REMX KT A+ DNA RELIEISEE,

35: RG108 1l rs2057656 i mEAEL

BN S rs2057656 i s FRE{LAY DNA FREAEFSES, 1@id EMSA SRI8#1T%i%, MSE DNMT1. DNMT3a & DNMT3b EAEA, @d
TT BREMFAEYEITIC IRF1I-AS1 BihF. R ER, DNMT3a 885 IRF1-AS1 B FHESM4E4S, W DNMT1 A1 DNMT3b RkERH
487, 127 DNMT3a AJBEN S R E K.

36: EMSA fiksEa IRF1-AS1 [BEhFH) DNA FREETSES
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f&£F3 DNMT3a 21T CHIP-seq # Motif 2347, £5RE DNMT3a iR M4 ST IRF1 £HF rs2057656 X1, #—F ik DNMT3a BN &
ZAL = R R R X288,

37: CHIP-seq KMEESIARE rs2057656 XIFHE 38: Motif P EZILE B MR rs2057656 I E

793857 DNA BRELIM&] IRF1-AS1 # RRIHEI, A3 DNA pull down #1 EMSA SE38i%14 RNA B24ES Il 5 IRF1-AS1 DNA 481851, £8
#B3, RNARSES || oI45E T EEE DNA, MTEES C EEE DNA, - REMEMER R,

39:RNA BE&E8 || R4S C EEE IRF1-AS1 DNA 40:RNA BREE8 | 455 T E[F A IRF1-AS1 DNA

5. IRF1-AS1 &I HAERAETELINE IRF1 %R

i@id ATAC-seq F PCR SZE&iF (& IRF1-AS1 3¢ IRF1 # RIEMRIEE, L£RERMA, MBRT CERFE, TERERE IRF1 HEREIA0 = HHT
2kb KIFMIREFRAKRMEEESR, Ex T 2RERIXM IRF1-AS1 A% IRF1.

41: rs2057656 ERE ST IRF1 HRIFMRIRMN

B—HRE IRF1-AS1 0% IRF1 REBRFALEABNEE, KA CHIP-seq RRDMATAZBUITEY), ERKRA, TEREFHFE
Rigeg FXIFAAE R H3K4mel # H3K4me3 2L, XIEER IRF1 BN FAIBRIGR FREN, XUE T ERABERERFAFHK
X FARE,
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42: T ERAZUNG IRF1 BepFgRFiEk

79IR5 IRF1-AS1 40 IRF1 E RH 2 FHE, KA CHIRP SR381T(4 IRF1-AS1 5 IRF1 BEEMLE AR, MEH PCR 2INEREM,
IRF1-AS1 IS R 1445 S IRF1 EFEAY DNA XI5 (chr5:132410929) . RHEHAIAEET L SIEER DNA I IRF1 B RIEM,

43:CHIRP-seq 3&3iF IRF1-AS1 5% IRF1 DNA 44:CHIRP-PCR 3&iiF IRF1-AS1 5% IRF1 DNA

RN ERBRNENESSHAZAEZHUMNERRE, #HEHE RNA-EMSA 44 CHIRP ffi%5 IRF1-AS1 HBEEBMAS B A ZELLES,
H£RER, TENMNAZEAEZELE (HDAC1. HDAC2. HDAC3) 1, HDAC2 E5 IRF1-AS1 E#84E 4, XEJAER IRF1-AS1 §
IRF1 A% A& 2B LA R 4% FNHIBIA S,

45:HDAC2 5 IRF1-AS1 $5R 4 &

77 RIY HDAC2 7E IRF1 B RFIEHRBER, REEZBAEING (CAY10863) ZHE4HAH, PCR 0 Western blot &2 7= , #1]
HDAC2 /5 IRF1-AS1 FATRARE T (L, M IRF1 AN INOS EARAKFEZE LIF (P<0.05) , RTEZHELESINHIFGEMER IRFI-ASI TS
B9 IRF1 2 RAMGIEA,
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46:HDAC2 ¥ IRF1 K= 1EFA

CAY10863 X PBMCs RIDUIFIBEAMIE, 1) HDAC BB RIS RAMEES THe A CCK8 SEHEMIRN, 7 2uM RET, 41
EMATS, TORBMIBIRA 80%, 17 CAY10863 7F 2uM ATBLRRAENLRS I TR,
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001051 2 5 1

47: CAY10863 MREMFIIERIMMAMAMIESS HDAC BE/EIE

001051 2 5 10

6. IRF1-AS1-EVs ja77 C EFHE ARDS

AT R IRF1-AS1 B AT LUET IEE IRF1 RIALLE ARDS, #3932 IRF1-AS1 T RIAK RAW264.7 AREIME (IRF1-ASI-EVS) , EHR
KIAXTER (Ctrl-EVs) o 453RRT, IRF1-ASL BINFEIZEIMNBIAH,

48:IRF1-AS1 RINZIEEIMNBIA

8 KP-ARDS /NER, BFRIEAIIIE, 3§ IRF1-AS1-EVs #0 Ctrl-EVs LB RERkEEE, JA7F KP-ARDS, J7JBBH IRF1-AS1 e N4HREIZ,
SEST EVs 24 /BT [SIRENSMNE M BE A AR, RN BMEE R TR IRF1-AS1 A FAMRNRMBMEZ, #H—F EFEMIRIET, IRF1-AS1-EVs FIh

Fx/ R AR ERo
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49:IRF1-AS1 375 T 4HRa B K 4R A A%

50:IRF1-AS1-EVs TE/NERAR S

RARBANTME IRF1 RIX, HARIRT, STEAXNRAMLL, IRF1-AS1-EVs B& T IRF1 RIAKTE (P<0.001) .

51: SE AT IRF1 Rk

RAFX BIELI0IT(E IRF1-AS1-EVs EREMME BE Y. SERIER: 5 Ctrl-EVs #8EL, IRF1-AS1-EVs B ELE @A (P <0.001),
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52:IRF1-AS1-EVs 24 ARDS fififl & &5 14

REAMALR HE RET A ITEMHRR, SRR 5 Ctrl-EVs 48EL, IRF1-AS1-EVs REREEMMHRAITS (P<0.001).

53:IRF1-AS1-EVs cA &R AT

RATTEICHMEMALKMEERE, SRRA, 5 Ctrl-EVs 48LL, IRF1-AS1-EVs REEMMLAL KA (P<0.001)0

54:IRF1-AS1-EVs XtffiRFE LRI E

KARTARANITHE R BARRE, ERER, STENRAMEL, IRF1-AS1-EVs AR Z R/ KP-ARDS /NRFHERHI M1 E BRI L1,
[EIBY 2EHDE Thl 0 Th17 897E k.
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55:IRF1-AS1-EVs Xt 62 4RAEE (LRI e

FH qPCRIETMAERF, ERBTRBTHATAH, IRFI-ASI-EVs BER/DAERF IL1IB. IL6. TNF. CCL2 #&,

56:IRF1-AS1-EVs 3t K REE FRIERIFZM
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Machine Learning and Untargeted Metabolomics Identify Serum Biomarkers for

Diagnosis and Prognosis Prediction of Sepsis

HE: MR, ER=
By WIAZERER, SEBE-ARER

Abstract:

Objective: Efficient biomarkers for early diagnosis and mortality risk prediction in sepsis are currently lacking, while traditional
clinical indicators (e.g., SOFA score) exhibit limitations.This study, leveraging serum untargeted metabolomics technology and
machine learning, aims to screen sepsis-specific metabolites for assisting diagnosis and constructing diagnostic and mortality risk
prediction models.

Methods: Sepsis patients (SEP,n=89) were enrolled as the experimental group, while non-sepsis critically ill patients (NSEP,n=30)
and healthy individuals (HC,n=30) served as control groups. Serum metabolites were analyzed using liquid chromatography-
tandem mass spectrometry (LC-MS/MS). Multivariate statistics (PLS-DA) were applied to identify differential metabolites. Key
metabolites were screened using Least Absolute Shrinkage and Selection Operator (LASSO) regression, Random Forest Recursive
Feature Elimination (RF-RFE), and Support Vector Machine Recursive Feature Elimination (SVM-RFE) algorithms were employed.
Three machine learning approaches (Logistic Regression, Random Forest, and Support Vector Machine) were used to develop
diagnostic and prediction models.

Results: Metabolic profiles significantly differed between the sepsis group and control groups. Machine learning identified six
key metabolites for distinguishing sepsis patients from non-sepsis patients or healthy individuals. The diagnostic efficacy of the
metabolite combination was significantly higher than that of traditional clinical indicators (AUC 0.97,95%Cl (0.943- 0.997)). In the
sepsis mortality group versus the non-mortality group, two critical metabolites were selected, and the combined metabolite-
based risk prediction model outperformed traditional single indicators (AUC 0.859,95%CI(0.784-0.934)), with statistically
significant differences (P<0.05). In the septic shock group versus non-septic shock group, seven key metabolites were selected.
Although the composite risk prediction model with combined metabolites was superior to traditional single indicators (AUC
0.878,95%CI(0.808-0.947)), the difference was not statistically significant.

Conclusion: This study delineates the metabolic landscape of sepsis, demonstrating that metabolomics-based models surpass
traditional scoring systems in diagnosis and mortality risk prediction, thereby offering novel tools for personalized clinical
intervention.

Key words:sepsis; metabolomics; machine learning.
1.Introduction

Sepsis is a life-threatening organ dysfunction resulting from a dysregulated host response to infection [1]. Its pathophysiology
involves a complex process characterized by aberrant activation and regulatory imbalance of the immune system. Currently, the
global incidence of sepsis has reached 37%, with sepsis-related deaths accounting for 19.7% of total mortality worldwide [2]. For
patients with sepsis, early and accurate identification and clinical assessment are of paramount importance. However, the early
diagnosis of sepsis remains challenging. Pathogen detection is often unavailable, and host responses frequently present with non-
specific manifestations. Traditional biomarkers, such as C-reactive protein (CRP), procalcitonin (PCT), and white blood cell count,
lack sufficient discriminative power [3]. Although numerous novel sepsis biomarkers have emerged over the years, none have
consistently outperformed existing standards or achieved widespread clinical application [4, 5]. In recent years, advancements
in omics technologies have propelled research at the molecular level—encompassing genomic, transcriptomic, proteomic,
and metabolomic analyses—deepening our understanding of the mechanisms underlying host dysregulation, facilitating the
development of diagnostic approaches, and enabling the identification of novel clinical subtypes of sepsis [6].
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Metabolomics research effectively captures alterations in biosynthesis and consumption within organisms under disease
conditions [7], reflecting the integrated outcomes of interactions among genetic, environmental, pathological, and therapeutic
factors. Untargeted metabolomics, utilizing LC-MS/MS, facilitates comprehensive and in-depth analyses of metabolites that are
highly polar, easily ionized, and challenging to volatilize. By incorporating bioinformatic approaches, researchers can unveil the
physiological mechanisms underlying these metabolic changes, thereby enhancing the understanding of their functions and
impacts within biological systems. This line of investigation provides critical insights and guidance for the development of disease
biomarkers, elucidation of pathogenic mechanisms, and exploration of drug therapeutic actions.

Current studies have revealed significant differential expression of key metabolites in sepsis patients, including hydroxybutyrate,
lactate, phenylalanine, glutamate, choline, phosphatidylcholine, creatinine, and tryptophan [8-10]. These markers provide
considerable clinical utility due to their detectability, aiding clinicians in the early identification and intervention of septic
patients. However, existing research remains limited, characterized by variations in control group selection and specimen
collection timing. Therefore, further extensive studies are essential to develop metabolomic models of sepsis, which will offer
robust support for the early recognition of sepsis, assessment of disease severity, and prognosis evaluation.To address the over-
reliance on clinical experience and the uneven distribution of medical resources in traditional disease diagnosis, machine learning
algorithms have been introduced for early disease detection [11,12]. Machine learning-based diagnostic frameworks typically
encompass data preprocessing (extracting features conducive to model training) and machine learning algorithms (including
feature dimension reduction, model construction, and model evaluation). The application of machine learning facilitates more
accurate clinical diagnoses, reduces instances of misdiagnosis and missed diagnoses, and promotes the advancement of precision
medicine. Consequently, it has become an indispensable discipline in the field of early disease diagnosis [13].

In this context, the present study conducted untargeted metabolomic analysis on serum samples from sepsis patients,
incorporating machine learning algorithms. Our aim was to identify novel biomarkers associated with diagnosis or prognosis and
to explore metabolic pathway alterations in sepsis. This research may provide effective support for early identification, clinical
intervention, and prognostic assessment of sepsis, thereby laying a foundation for precision medicine in sepsis management.

2.Materials and methods
2.1Collections and preparation of clinical specimen

This study was approved by the Ethics Committee of The Third Hospital of Mianyang (Ethics Approval No: 2024.13) and carried
out in accordance with relevant guidelines and regulations.Informed consent was obtained from all subjects and/or their legal
guardian(s) prior to their participation in the study. Septic patients (SEP group) hospitalized in the Intensive Care Unit (ICU) of
our tertiary Grade A hospital between February 2024 and June 2025 were recruited as the experimental group. Concurrently,
non-septic patients (NSEP group) admitted to the ICU during the same period, along with healthy individuals (HC group)
undergoing physical examinations at our hospital, were selected as the control group. The NSEP group and HC group collectively
constituted the control group for the septic cohort. The septic cohort was further subdivided into a mortality group (SEPS group)
and a survival group (SEPNS group) based on whether death occurred within 28 days of enrollment. Additionally, patients were
categorized into a shock group (SS group) and a non-shock group (NSS group) based on the presence or absence of shock at
enrollment or during the follow-up period.

SEP Group inclusion Criteria: (1) Age = 18 years;(2) Meeting the Sepsis-3.0 diagnostic criteria, fulfilling both of the following
conditions: i.Confirmed or suspected infection, and ii. An increase in sequential organ failure assessment (SOFA) score = 2 points.
Exclusion Criteria: (1) Pregnancy;(2) ICU length of stay < 24 hours;(3) Missing data > 50%; (4) Advanced malignant tumor; (5)
Severe immunodeficiency; (6) History of antibiotic or antiviral medication use within one month prior to admission.NSEP group
inclusion Criteria: (1) Age = 18 years; (2) Diagnosed with a non-infectious disease.Exclusion Criteria: (1) Pregnancy; (2) ICU
length of stay < 24 hours; (3) Missing data > 50%; (4) Advanced malignant tumor; (5) Severe immunodeficiency; (6) History of
antibiotic or antiviral medication use within one month prior to admission.

Baseline information from patients was gathered, which included factors such as age, sex, reasons for ICU admission, and existing
comorbidities (evaluated using the Charlson Comorbidity Index, aCCl). Clinical parameters recorded included the acute physiology
and chronic health evaluation Il (APACHE-I1) score, SOFA score, lactate concentration, interleukin-6 (IL-6) levels, procalcitonin (PCT)
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levels, the use of invasive mechanical ventilation, the incidence of septic shock, and mortality rates over 28 days. For patients
classified in the sepsis cohort, fresh blood samples were obtained using blood collection or sterile centrifuge tubes (without
anticoagulants or coagulants) within 6 hours following hospital admission and diagnosis, and before the initiation of antibiotic
therapy. The samples were maintained at 4° C for one hour, followed by centrifugation at 4° C at 600 g for 10 minutes. Once blood
cells had fully settled, the upper serum layer was drawn off and divided into 2-mL centrifuge tubes. These serum aliquots were
labeled, quickly frozen in liquid nitrogen for 15 minutes, and then stored at -80° C. Similarly, peripheral blood serum samples from
the control group were collected and processed using the same technique.

2.2 Metabolomics Sequencing and Data Preprocessing

Untargeted metabolomics was conducted LC-MS/MS technology. Data were captured in both positive ion (pos) and negative ion
(neg) modes to effectively and comprehensively identify and analyze unknown metabolites present in the samples.Initially, 100
pL from each original sample was taken, followed by the addition of 500 pL of pre-chilled ( — 80 ° C) mass spectrometry-grade
methanol containing internal standards. This solution was vortexed for 1 minute, incubated at 4° C for a duration of 10 minutes,
and then centrifuged at 4 ° C at 14,000 rpm for 20 minutes. Post-centrifugation, 200 pL of supernatant was collected, lyophilized
at low temperatures, and subsequently stored at — 20 ° C.Subsequently, equal volumes from each experimental sample were
combined and thoroughly mixed to create quality control (QC) samples. Furthermore, blank samples were prepared using a
solution of 20% methanol in water, processed according to the same protocols and data acquisition methods used for the actual
samples.

Before the injection of samples, QC samples were evaluated to oversee the performance of the instrument. Simultaneously,
the LC-MS system was stabilized to ensure its consistent functionality. During the course of the experiment, QC samples were
intermittently included among experimental samples to evaluate the stability of the platform and support future data quality
control. (Comprehensive details regarding instruments and reagents can be found in Table S1 and Table S2; conditions for
chromatography and mass spectrometry are presented in Table S3.)The raw data files in .raw format were loaded into the
Compound Discoverer (CD) software for initial filtering, utilizing criteria such as retention time and mass-to-charge ratio (m/z).
Peak alignment was executed with a tolerance of 0.2 minutes for deviations in retention time and 5 ppm for mass deviations, in
order to improve identification precision. The extraction of peaks was executed based on the following standards: mass deviation
< 5 ppm, signal intensity deviation < 30%, signal-to-noise ratio = 3, and a minimum signal intensity of = 100,000, in addition to
the information on adduct ions. The areas of peaks were measured, and target ions were integrated. Molecular formula predictions
were conducted based on the peaks of molecular ions and fragment ions, followed by a comparison with the mzCloud, MZvault,
and Chemspider databases. To eliminate background ions, blank samples were utilized, resulting in the generation of identified
and quantified outcomes.

2.3Statistical Analysis

Multivariate statistical analysis was conducted with the R package Ropls, specifically utilizing Partial Least Squares Discrimination
Analysis (PLS-DA). A Variable Importance in Projection (VIP) threshold of greater than 1.0 was established, along with a fold change
(FC) criterion exceeding 2 or falling below 0.5, and a P-value threshold of less than 0.05. The primary differential metabolites
identified were further confirmed by cross-referencing spectral databases such as Human Metabolome Database (HMDB,https://
hmdb.ca/metabolites), LIPID MAPS Structure Database (LM,http://www.lipidmaps.org/), and Kyoto Encyclopedia of Genes and
Genomes (KEGG,https://www.genome.jp/kegg/pathway.html) for secondary qualitative annotation. Metabolic pathway analysis
was performed using functional enrichment and the pathway analysis tool of the free web-based software MetaboAnalyst 6.0
(https://www.metaboanalyst.ca/MetaboAnalyst/). Metabolic pathways that showed significant impact (P < 0.05) were recognized
as pertinent pathways.Key metabolites were identified through the application of LASSO, RF-RFE, and SVM-RFE. Various models,
including logistic regression (LR), random forest (RF), and support vector machine (SVM), were built, and the most effective
model was chosen utilizing 5-fold cross-validation to serve as the scoring tool for the metabolite combinations.In the diagnostic
evaluation for sepsis (comparing SEP to NSEP + HC groups), the chosen metabolite combination was analyzed against the SOFA
score, PCT, and IL-6 through ROC curve analysis. The area under the curve (AUC) was assessed, alongside diagnostic performance
metrics—such as sensitivity, specificity, positive predictive value, negative predictive value, and accuracy—with their respective
95% confidence intervals calculated at the optimal threshold. Additionally, the quantification of diagnostic enhancement was
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evaluated using Integrated Discrimination Improvement (IDI) and Net Reclassification Improvement (NRI) metrics.For assessing
sepsis prognosis and stratifying risk, a composite model was created by merging the selected metabolite combination with
clinical factors, including the SOFA score, APACHE Il score, and lactate levels. This composite model was then compared to
individual clinical factors through ROC curve analysis, and the AUC values were juxtaposed.Continuous variables that followed a
normal distribution were assessed using the independent samples t-test, whereas non-normally distributed continuous variables
were evaluated using the non-parametric Wilcoxon rank-sum test. Categorical variables were reported as frequencies (n %), and
group comparisons were conducted using the chi-square test. A P-value of less than 0.05 was deemed statistically significant.All
statistical analyses were performed using R software (version 4.3.0). The comprehensive workflow of this research is depicted in
Figure 1.

Figure 1. The overall process of the study. SEP, sepsis; NSEP, non-sepsis; HC, heath controls; SEPS, septic shock; SEPNS, non-
septic shock; SS, sepsis survival; NSS, sepsis non-survival; LC-MS/MS, liquid chromatography-tandem mass spectrometry; PLS-
DA, partial least squares discrimination analysis; VIP, variable important projection; FC, fold change; LASSO, least absolute
shrinkage and selection operator; RF, random forest; RFE, recursive feature elimination; SVM, support vector machine; LR, logistic
regression; CV, cross-validation; AUC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV,
negative predictive value; IDI, integrated discriminant improvement index; NRI, net weight classification improvement index;
SOFA, sequential organ failure assessment; PCT, procalcitonin; IL-6, interleukin-6; APACHE I, acute physiology and chronic health

evaluation Il; Lac, lactic acid.
3.Results
3.1Comparison of Baseline Characteristics of Enrolled Subjects

This study included a total of 89 patients diagnosed with sepsis, comprising 51 individuals with septic shock and 38 without
shock. Among these, 31 were non-survivors and 58 were survivors. Additionally, the study involved 30 critically ill patients in the
ICU who were not diagnosed with sepsis and 30 healthy controls. The median age of the healthy controls was 64.5 years, with
a demographic breakdown of 16 males and 14 females. The clinical characteristics of both the sepsis and non-sepsis groups
are detailed in Table 1. No significant differences were observed in baseline characteristics, including age, gender, underlying
diseases, APACHE Il score, or SOFA score among the groups. However, levels of lactate, PCT, and IL-6 were significantly elevated in
the SEP group compared to the NSEP group, with these differences being statistically significant (P < 0.05).
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aCCl,age-adjusted Charlson Comorbidity Index;APACHE lIl,acute physiology and chronic health evaluation II;SOFA, sequential
organ failure assessment;MAP: mean arterial pressure;

aMann-Whitney test for comparison between two groups.bChi-square test for comparison between two groups.
3.2 Differential Metabolite Profiles Among Groups

In the context of clinical samples characterized by complex backgrounds, the utilization of supervised classification models
becomes essential. Techniques such as PLS-DA have been employed to analyze the differences among two or more groups,
thereby amplifying inter-group variations and efficiently extracting information pertaining to group-specific variability. The PLS-
DA score plots illustrated the metabolic profile differences between the SEP group and the HC group, as well as between the SEP
and NSEP groups (Figure 2, A and D). Additionally, distinctions were observed between the SS and NSS groups, as well as between
SEPS and SEPNS groups (Figure S1).

We identified multiple metabolites with significantly altered abundances between the sepsis group and the control groups (VIP >
1, |[FC| > 2, and P < 0.05). Volcano plots were utilized to visualize the relationship between the log2 fold change (x-axis) and the —
logl0 p-value (y-axis) for each metabolite in the group comparisons. Clustered heatmaps of the differential metabolites provide
an intuitive display of the expression patterns of these metabolites across groups. The x-axis represents individual samples,
while the y-axis lists the differential metabolites. The color in the heatmap indicates the relative abundance of each metabolite,
with red signifying up-regulation and green indicating down-regulation in the respective group. Overall, the plots clearly
demonstrate that metabolite profiles are similar within groups but significantly different between groups, further emphasizing
the distinct metabolic signatures between sepsis patients and controls (Figure 2; B,E and C,F). Volcano plots and heatmaps for the
comparisons between SS vs. NSS groups and SEPS vs. SEPNS groups are provided in the Supplementary Materials (Figure S1). The
number of up-regulated and down-regulated differential metabolites for each comparison is detailed in Supplementary Table S4.
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Figure 2. Metabolic profiling of sepsis patients and controls. (A) and (D) PLS-DA score plots for the SEP vs. HC and SEP vs. NSEP
comparisons under positive ion mode, respectively. (B) and (E) Volcano plots for the SEP vs. HC and SEP vs. NSEP comparisons,
respectively. (C) and (F) Heatmaps of differential metabolites for the SEP vs. HC and SEP vs. NSEP comparisons, respectively.

3.3 Differential Metabolites and Metabolic Pathways Enrichment Analysis

A total of 13,699 substances were detected in both positive and negative ion modes. The preliminary differential metabolites
were compared and identified through secondary qualitative analysis by searching against spectral databases, including HMDB,
LM, and KEGG.Between the SEP and HC group, 314 endogenous differential metabolites were identified, of which 136 were up-
regulated and 178 were down-regulated. In the comparison between the SEP and NSEP groups, 83 endogenous differential
metabolites were identified, with 45 being up-regulated and 38 down-regulated. Additionally, 120 endogenous differential
metabolites were identified between the SEPS and SEPNS groups, while 133 were identified between the SS and NSS groups.
Metabolic pathways enrichment analysis was conducted on the lists of differential metabolites using MetaboAnalyst. Pathways
with significant impact (P < 0.05) were identified as relevant metabolic pathways.In the comparison between the SEP and HC
groups, seven significantly altered metabolic pathways were identified, including Tryptophan metabolism, Tyrosine metabolism,
Valine, leucine, and isoleucine biosynthesis, Pantothenate and CoA biosynthesis, and beta-Alanine metabolism (Figure 3A). In the
comparison between SEP and NSEP groups, the analysis highlighted the Biosynthesis of unsaturated fatty acids and Histidine
metabolism as the major affected pathways (Figure 3B).For the SS versus NSS groups, the significantly enriched pathways
included Arginine biosynthesis, Arginine and proline metabolism, Alanine, aspartate and glutamate metabolism, Glyoxylate and
dicarboxylate metabolism, Histidine metabolism, and Tryptophan metabolism. In the comparison of SEPNS versus SEPS groups,
the major pathways involved were Tryptophan metabolism, Nicotinate and nicotinamide metabolism, Histidine metabolism, and
Tyrosine metabolism (Figure S2).

Figure 3, (A) and (B) show metabolic pathways enrichment analysis of differential metabolites between SEPvsHC group and NSEP
vs SEP group.

3.4 Construction of a Sepsis Diagnostic Prediction Model Using Machine Learning

To better differentiate the metabolic features between sepsis patients and healthy controls, we investigated the association
between metabolic characteristics and the disease using machine learning algorithms based on 43 common differential
metabolites identified from both the SEP versus HC groups (314 endogenous differential metabolites) and the SEP versus NSEP
groups (83 endogenous differential metabolites).Metabolite selection was performed using LASSO, RF-RFE, and SVM-RFE,
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ultimately identifying six key metabolites (Figure 4) that are crucial for distinguishing sepsis from controls: N-Acetylasparagine, 20
beta-Dihydrocortisol, Cer(d18:0/33:0(330H)), Isoxanthopterin, PC 0-19:3, and PC 0-34:9.To evaluate the predictive performance
of these key metabolites, we constructed three prediction models—LR, FR, and SVM—utilizing 149 samples. All models were
assessed through 5-fold cross-validation, with stratified sampling ensuring consistent case-control ratios across folds. The LR
model exhibited the highest performance, achieving an AUC of 0.966 (95% Cl: 0.938-0.993), and was selected as the metabolite

combination scoring tool.

During the performance evaluation phase, the metabolite combination was systematically compared with the SOFA score, PCT,
and IL-6. ROC curve analysis was employed to calculate the AUC values for each indicator and to assess the statistical significance
of the differences between the curves. The results demonstrated that the diagnostic performance of the metabolite combination
was significantly superior to that of the SOFA score, PCT, and IL-6 (Figure 5, Table 2). Furthermore, the IDI index was utilized
to quantify the differences in mean predicted probabilities between the sepsis and non-sepsis groups, and the NRI index was
employed to evaluate the proportion of correct reclassifications under three-category risk stratification. The results indicated that
the metabolite combination exhibited a better discriminative ability for sepsis compared to traditional indicators (SOFA score,
PCT, and IL-6) (Table 3).

Figure 4, (A) shows the LASSO coefficient path. (B)displays the LASSO regression cross-validation curve. (C) presents the variable
selection plot of the SVM-RFE algorithm. (D) shows the variable selection plot of the RF-RFE algorithm. (E) highlights the
differential metabolites at the intersection of the LASSO regression, SVM-RFE, and RF-RFE algorithms.

Figure 5, (A) displays the ROC curves and AUC values of the three prediction models: LR, RF, and SVM. (B) shows the comparison of
ROC curves and AUC values between the metabolite combination and clinical indicators (SOFA score, PCT, and IL-6).
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Table2, Diagnostic Performance Evaluation of Metabolite Combination and Clinical Indicators in SEP vs. NSEP groups.

AUC Sensitivity Specificity PPV NPV Accuracy

Metabolite 0.97 0.876 0.967 0.987 0.725 0.899
Combination = (0.943-0.997) (0.802-0.944)  (0.889-1.000) = (0.960-1.000)  (0.579-0.861)  (0.840-0.950)

SOFA Score 0.61 0.629 0.567 0.812 0.340 0.613
(0.49 -0.73) (0.532-0.728)  (0.391-0.741) = (0.716-0.896)  (0.208-0.475) = (0.529-0.697)

PCT 0.905 0.764 0.967 0.986 0.580 0.815
(0.853-0.957) (0.674-0.850)  (0.885-1.000)  (0.952-1.000)  (0.438-0.711)  (0.739-0.882)

L6 0.785 0.640 0.933 0.966 0.467 0.714

(0.698-0.871) (0.536-0.737)  (0.828-1.000) = (0.912-1.000)  (0.340-0.585)  (0.630-0.790)
PPV, Positive Predictive Value; NPV, Negative Predictive Value

Table3,IDI and NRI Analysis of Metabolite Combination for Sepsis Diagnosis

NRI IDI
NRI NRI—95%CI IDI IDI 95%CI
P-value P-value

Metabolite Combination vs.
1.2978  [1.0442, 1.5480] <0.001 0.6104  [0.4714, 0.7373] <0.001

SOFA
Metabolite Combination vs.
PCT 0.633 [0.4598, 0.8156] <0.001 0.5333  [0.4170, 0.6424] <0.001
Metabolite Combination vs.
IL-6 0.6217  [0.4273, 0.7861] <0.001 0.5821 = [0.4683, 0.6810] <0.001

IDI Integrated Discrimination Improvement;NRI,Net Reclassification Improvement.

3.5 Construction of Sepsis Prognosis and Risk Stratification Prediction Models Using Machine Learning

To identify metabolites with predictive value for prognosis and risk stratification in sepsis patients, we developed prediction
models based on endogenous differential metabolites from both the SEPNS versus SEPS groups (120 metabolites) and the SS
versus NSS groups (133 metabolites) using machine learning algorithms.For the SEPNS versus SEPS groups, metabolite selection
was performed using LASSO, RF-RFE, and SVM-RFE, ultimately identifying two key metabolites (Figure S3) for prognosis prediction:
Butyrylcarnitine and Xanthurenic acid. To evaluate the predictive performance of these metabolites, we constructed three
prediction models—LR, RF, and SVM—using 89 sepsis samples. All models were evaluated through 5-fold cross-validation with
stratified sampling to maintain consistent case-control ratios across folds. The RF model demonstrated the highest performance,
with an AUC of 0.742 (95% Cl: 0.634-0.851), and was selected as the metabolite combination scoring tool.

During the performance evaluation, a composite prognostic model was developed utilizing metabolite combination, the SOFA
score, the APACHE Il score, and lactate levels. ROC curve analysis demonstrated that the composite prognostic model surpassed
individual indicators, achieving an AUC of 0.859, with the difference being statistically significant (P < 0.05) (Figure 6, A).In the
comparison between the SS group and the NSS group, the same methodology was employed, leading to the identification of
seven key metabolites (Figure S4): Methylimidazoleacetic acid, Methionine sulfone, L-Arginine, L-2-Aminoadipate adenylate,
Gluconic acid, Ascorbic acid, and Alanylisoleucine. The RF model yielded the highest AUC value of 0.868 (95% Cl: 0.780-0.956)
and was selected as the metabolite combination scoring tool. A composite risk stratification model was then constructed using
the metabolite combination, SOFA score, APACHE Il score, and lactate levels. ROC curve analysis indicated that the composite risk
prediction model outperformed individual indicators, achieving an AUC of 0.878 (95%CI(0.808-0.947)); however, the difference was
not statistically significant (Figure 6, B).
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Figure 6, (A)Comparison of ROC Curves Between Composite Score and Individual Metrics in SEPS vs. SEPNS groups; (B)
Comparison of ROC Curves Between Composite Score and Individual Metrics in SS vs. NSS groups.

Conclusion

This study employed metabolomics in conjunction with machine learning algorithms to identify differential metabolites, delineate
the metabolic profile of sepsis patients, and construct models for sepsis diagnosis and prognosis assessment. Future multi-center
studies with larger sample sizes are necessary to validate the current findings and to more comprehensively observe dynamic
changes in serum metabolomics throughout the disease course. This approach holds promise for timely prognosis evaluation and
guiding treatment strategies.
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Figure 2. FkSEERT, OAAE B/ NMESABAR ARSI, A, STX17 5 VAMPT & #$IREE; B-C, STX17, VAMT
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Figure 3. MRAB 12 R II8EiTfE, A, MRAB #EREE; B, MRAB i#i% MitoEVs 3FiFf4; C-D, MRAB B A48 VAMPT-STX17

HEER.
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Figure 4, MRAB R E4A 5324 & DAL RIATH BEFSESRURIT(E. A, LRIARERAION; B, MISEESILN; C, KHAEFENE; D,
LLHIfA NDUFB8 Tkt E, LKIAAMIFIREEICN; F- G, OAARLRFEEREREN; H, NEOBBAEN; |, MEOIEE
L HERE; J, NROBEALBEHBEENE. CLP+Mito, BIERAIRFRI MitoEVs, CLP+AB, RNER4LRFRINEFHIAKER.
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Neurogenic Pulmonary Edema in Acute Cerebral Infarction: A Case Report and

Review of the Literature

A KA
B2 WRE-ERAFE—MEER (\LRETHLER)

Abstract

Neurogenic pulmonary edema (NPE) is a life-threatening complication of acute central nervous system injury, characterized
by acute respiratory distress and bilateral pulmonary infiltrates in the absence of a primary cardiogenic or infective etiology.
Although well documented after subarachnoid hemorrhage and traumatic brain injury, NPE triggered by acute ischemic stroke is
less frequently recognized and often misdiagnosed as severe pneumonia or cardiogenic edema. We report the case of a 59-year-
old woman who presented with acute onset of coma and respiratory failure. Initial chest computed tomography revealed
diffuse bilateral exudates, and she was erroneously treated for severe pneumonia with broad-spectrum antimicrobials without
improvement. Subsequent neurological evaluation and brain imaging confirmed a large left hemispheric cerebral infarction. The
integration of clinical, radiological, and hemodynamic findings led to the diagnosis of NPE. Discontinuation of antibiotics and
institution of targeted neurocritical care, including ventilatory support and cerebral edema management, resulted in gradual
pulmonary and neurological recovery. A comprehensive literature review on NPE in the setting of acute cerebral infarction is
presented, emphasizing pathogenic mechanisms, diagnostic pitfalls, and management strategies. This case underscores the
necessity of including NPE in the differential diagnosis of acute respiratory failure in patients with concomitant focal neurological
deficits, and highlights the risks of anchoring bias towards infection.

Keywords: Neurogenic pulmonary edema; Cerebral infarction
1. Introduction

Neurogenic pulmonary edema (NPE) is an acute, protein-rich lung injury that develops rapidly after a significant insult to
the central nervous system. It is classically associated with conditions that evoke a massive sympathetic discharge, such as
aneurysmal subarachnoid hemorrhage, intracerebral hemorrhage, severe traumatic brain injury, and status epilepticus [1,2].
Acute ischemic stroke, particularly when it involves large territories or the insular cortex, is an underappreciated trigger for
NPE. The clinical presentation—dyspnea, hypoxemia, and bilateral pulmonary infiltrates on imaging—can mimic cardiogenic
pulmonary edema or severe community-acquired pneumonia, leading to diagnostic delays and potentially harmful therapeutic
interventions [3].

We describe a patient with a large acute cerebral infarction secondary to atrial fibrillation, who presented with fulminant
respiratory failure initially misdiagnosed as severe pneumonia. The correct identification of NPE fundamentally altered
management and facilitated recovery. We further provide a narrative review of the literature to refine the understanding of NPE in
acute cerebral infarction.

2. Case Presentation

A 59-year-old woman was transferred to our intensive care unit (ICU) with a diagnosis of “severe pneumonia” after experiencing
abrupt loss of consciousness and respiratory distress.

Three days prior, she had developed rhinorrhea and an occasional dry cough without fever, chest pain, or significant dyspnea.
No medication was taken. Twenty-nine hours before admission, while having dinner, she suddenly became unresponsive.
There were no observed convulsions, vomiting, or gaze deviation. She exhibited labored breathing with audible gurgling. Her
family immediately brought her to a local emergency department, where she underwent emergency endotracheal intubation
and mechanical ventilation. An urgent non-contrast head computed tomography (CT) scan was interpreted as showing cortical
atrophy and encephalomalacia. Chest CT demonstrated diffuse bilateral pulmonary exudative lesions. A preliminary diagnosis
of “cerebral infarction? Severe pneumonia with respiratory failure” was made. She was administered a broad anti-infective
regimen including oseltamivir, vidarabine, imipenem-cilastatin, teicoplanin, and voriconazole, alongside mannitol, circulatory
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support, and neurotrophic agents. Despite this, her condition did not improve, and she was referred to our institution.Her medical
history included atrial fibrillation of four years’ duration, for which she intermittently took aspirin. Four years earlier, she had
suffered an ischemic stroke that underwent hemorrhagic transformation, requiring burr-hole drainage of the hematoma; this left
her with residual dysphagia and mild left-sided weakness. Notably, six months before this admission, she began experiencing
dyspnea after walking a short distance (about ten meters), which subsided with rest. She had an untreated chronic hepatitis B
infection for seven years. There was no history of tuberculosis, recent trauma, or drug allergy.

Upon ICU arrival, her temperature was 36.8° C, heart rate 136 beats per minute, respiratory rate 26 breaths per minute, and blood
pressure 123/86 mmHg. She was in a stuporous state with passive positioning and could not cooperate with the examination.
The right upper limb had an area of swelling measuring 22 X5 cm, with erythema, local warmth, and non-blanching erythema.
Cardiopulmonary examination revealed irregularly irregular heart rhythm with variable intensity of heart sounds, coarse
breath sounds bilaterally, and diffuse crackles and rhonchi. The abdomen was distended but soft, with tympanic percussion.
Neurologically, pupils were 2 mm bilaterally and sluggishly reactive. Painful stimulation elicited withdrawal of the left extremities,
whereas the right limbs remained flaccid and immobile. The right Babinski sign was positive, and the left was negative.

A repeated brain CT, followed by diffusion-weighted magnetic resonance imaging, confirmed an extensive acute infarction in
the territory of the left middle cerebral artery with prominent cytotoxic edema. Transthoracic echocardiography revealed a non-
dilated left ventricle with preserved ejection fraction, moderate left atrial enlargement, and absence of regional wall motion
abnormalities; the estimated pulmonary artery systolic pressure was mildly elevated. Serum procalcitonin was within normal
limits, and serial sputum and blood cultures remained negative. A central venous catheter was placed; the central venous pressure
was 8 mmHg. Based on the temporal association between the catastrophic neurological event and the acute onset of pulmonary
edema, the exclusion of cardiogenic and infectious etiologies, and the inadequate response to broad-spectrum antimicrobials, a
diagnosis of NPE secondary to massive acute cerebral infarction was established.

Antimicrobial therapy was discontinued. Management focused on lung-protective mechanical ventilation, intravenous mannitol,
modest fluid restriction, and rate control for atrial fibrillation. Over the next five days, the pulmonary infiltrates resolved
progressively, and oxygenation improved substantially, allowing extubation on day 7. Her neurological status gradually progressed
from stupor to a minimally conscious state, with persistent dense right hemiplegia.

3. Discussion and Literature Review

The cardinal feature of NPE is the abrupt development of hypoxemic respiratory failure and diffuse alveolar edema following a
central nervous system catastrophe, with no clinical evidence of left ventricular failure or volume overload [1]. The underlying
pathophysiology is a massive, centrally mediated sympathetic surge that triggers transient systemic and pulmonary
vasoconstriction. This catecholamine storm increases pulmonary capillary hydrostatic pressure and simultaneously disrupts
the alveolar-capillary barrier through endothelial injury, leading to a high-permeability form of edema [2,4]. In ischemic stroke,
particularly when the insular cortex, amygdala, or hypothalamus is involved, the inhibitory control over autonomic outflow is
disrupted, unleashing this adrenergic discharge [5].

Our patient exhibited a classic sequence: a large left-hemispheric infarct, likely involving the insula, in the setting of atrial
fibrillation, followed precipitously by acute pulmonary edema. The initial interpretation of her chest CT as “severe pneumonia”

was understandable given the bilateral infiltrates and the background of mild viral prodrome. However, several clues argued
against a purely infectious etiology: the suddenness of respiratory failure synchronous with a major neurological event,
normothermia, negative microbiological studies, normal procalcitonin, and the complete lack of response to an exhaustive
antimicrobial regimen. Moreover, the pre-existing exertional dyspnea suggested a baseline of compensated heart failure, but
the acute echocardiogram excluded acute systolic dysfunction or severe diastolic abnormality to explain such florid edema.
The swollen, erythematous right upper limb, possibly representing superficial thrombophlebitis or cellulitis, was a distracting
extraneous finding that may have strengthened the initial suspicion of sepsis; yet it was anatomically limited and could not
account for bilateral pulmonary infiltrates.Distinguishing NPE from cardiogenic edema and acute respiratory distress syndrome
(ARDS) from other causes is crucial because treatment diverges. While supportive ventilatorycare is common, NPE mandates
rigorous intracranial pressure control and avoidance of hypervolemia, which could exacerbate cerebral edema. Some expert
opinions advocate for the judicious use of alpha-adrenergic blockers (e.g., phentolamine) or beta-agonists to attenuate the
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sympathetic storm, though vidence is limited to experimental models and small series [4,6]. The pulmonary edema in NPE
typically resolves rapidly—often within 72-96 hours—as the neurological insult is controlled, mirroring the transient nature of the
sympathetic surge. This rapid reversibility was observed in our patient.

A literature review focusing on NPE precipitated by acute cerebral infarction reveals that it remains an underreported entity. Case
series suggest that large hemispheric infarctions, particularly those with insular involvement and hemorrhagic transformation,
carry the highest risk [5,7]. Diagnostic criteria proposed in the literature include the appearance of bilateral pulmonary infiltrates
within hours of a documented acute brain injury, a normal cardiac silhouette and pulmonary artery wedge pressure, and absence
of common ARDS risk factors such as aspiration or systemic infection [8]. Mortality is high when NPE goes unrecognized, largely
because excessive fluid resuscitation and delayed neuroprotective measures aggravate brain injury. Our review of reports indexed
in PubMed over the past two decades identified fewer than 50 well-documented cases of ischemic-stroke-induced NPE, indicating
that the condition may be underdiagnosed rather than rare [7,9]. Misattribution to healthcare-associated pneumonia or aspiration
pneumonitis is a recurring theme.

In the present case, the initial misdiagnosis led to the unnecessary exposure to multiple antimicrobials, with attendant risks
of drug toxicity and selection pressure for resistant organisms. More importantly, the focus on a pulmonary infectious process
likely delayed aggressive measures to control intracranial pressure. Once the diagnosis was corrected, targeted neurocritical care
facilitated a favorable pulmonary outcome.

4, Conclusion

Neurogenic pulmonary edema must be considered in any patient who develops acute respiratory failure with bilateral pulmonary
infiltrates in the immediate aftermath of an acute cerebral infarction, especially when the infarct is large and the neurological
deficit is profound. Early distinction from pneumonia and cardiogenic shock is essential to avoid inappropriate therapies and
to initiate both neuroprotective strategies and appropriate ventilatory support. Our case, in which NPE was initially mistaken
for severe pneumonia, highlights the cognitive pitfalls that can arise when a systemic presentation coincides with a localized
neurological event. Heightened clinical awareness, coupled with careful integration of neurological, cardiac, and infectious
workups, can lead to timely diagnosis and improved outcomes.
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Physiological comparison of high-flow oxygen via endotracheal tube and T-piece

strategies during spontaneous breathing trials: a randomized crossover study

wa: R, KEE, ®FS, RIE, HEA, AEH
21 BPERAFZFHBIERELIZER, BRERAFZHBEFR, ERAFBNIGKREF K

Background: The optimal spontaneous breathing trial (SBT) strategy remains uncertain. Pressure support ventilation (PSV)
may reduce inspiratory effort, whereas T-piece trials more closely approximate unsupported breathing after extubation. Neither
approach has shown clear superiority for extubation outcomes. High-flow oxygen (HFO) delivered via endotracheal tube has been
proposed as an alternative SBT strategy, but the physiological effects remain insufficiently defined.

Methods:In a randomized crossover physiological study, patients receiving mechanical ventilation for at least 24 hours and
deemed ready for weaning underwent five SBT conditions: T-piece and four HFO via endotracheal tube settings combining two
interfaces with different expiratory port diameters (9.8 and 6.9 mm) and two flow rates (40 and 60 L/min). Airway and esophageal
pressures, respiratory variables, and electrical impedance tomography parameters were measured during baseline mechanical
ventilation and under each SBT condition. Esophageal pressure was also measured after extubation for comparison with post-

extubation inspiratory effort (Figure 1).

Results:Twenty patients were analyzed. Compared with T-piece, HFO-6.9 at 60 L/min produced the largest increases in mean
expiratory airway pressure (median paired difference, 7.0 cm H20 [95% Cl, 6.7-7.4]) and PEEP (6.0 cm H20 [5.8-6.1]). HFO-6.9 at 60
L/min also attenuated global end-expiratory lung volume loss (321 mL [267-523]), increased the dependent fraction of ventilation,
reduced dynamic transpulmonary driving pressure (3.3 cm H20 [1.8-4.1]), improved PaO2/FiO2 (28 mmHg [14-52]), and reduced
respiratory rate (2 breaths/min [1-4]) compared with T-piece. Tidal swing of esophageal pressure during inspiration (APes) did not
differ across the five SBT conditions and post-extubation measurements (p = 0.24) (Figure 2 and Figure 3). Overall, tracheal HFO
produced a flow- and expiratory port diameter-dependent physiological response. Improvements in ventilation homogeneity and
oxygenation occurred mainly with the smaller expiratory port at higher flow, suggesting a pressure threshold effect.

Conclusions:

Tracheal HFO created an intermediate hybrid physiological condition between unsupported T-piece breathing and low-level
positive-pressure support. Its flow- and expiratory port diameter-dependent airway pressure effect was associated with improved
lung volume, ventilation distribution, oxygenation, dynamic transpulmonary driving pressure, and respiratory rate, whereas the
absence of direct pressure support may explain why APes remained comparable to T-piece and measured post-extubation values.
These findings suggest that tracheal HFO is a physiologically distinct SBT strategy that may inform individualized SBT selection,
although its relationship to clinical outcomes requires further evaluation.
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Abstract

Background: Awake prone positioning (APP) improves oxygenation and reduces intubation in COVID-19-related acute hypoxemic
respiratory failure (AHRF). However, the physiological effects of combining APP with different non-invasive respiratory supports on
regional ventilation remain unclear. Objectives: This study compared the physiological effects of APP combined with a high-flow
oxygen mask (HFOM), high-flow nasal cannula (HFNC), or continuous positive airway pressure (CPAP) on ventilation distribution
in spontaneously breathing patients with COVID-19-related AHRF.Methods: In a single-center, randomized crossover trial, 34 AHRF
patients underwent 30-minute sessions of HFNC, HFOM, and CPAP in both supine and prone positions. Electrical impedance
tomography (EIT)- derived indices (global inhomogeneity index [Gl], center of ventilation [CoV], tidal impedance variation

[TIV], pendelluft), SpO2/FiO2 ratio, ROX index, and hemodynamics were measured. Results: APP significantly improved SpO2/Fi02
and ROX index, and reduced Gl and pendelluft, irrespective of the respiratory support used. CPAP alone resulted in higher Sp0O2/
FiO2 and ROX index values compared to HFOM and HFNC. However, CPAP also significantly increased TIV and Gl. In the supine
position, CoV was higher with CPAP than with HFOM or HFNC, but combining CPAP with APP significantly reduced CoV. Both APP
and CPAP were associated with lower patient comfort levels compared to baseline. Conclusions: In patients with COVID-19-related
AHRF, APP reduces ventilation inhomogeneity and pendelluft. While CPAP is effective for oxygenation, it increases ventilation
inhomogeneity; however, this can be mitigated by combining it with APP. These findings highlight the potential for individualized

respiratory support strategies, combining APP with specific support modes to optimize outcomes. Trial registration: Clinicaltrials.
gov, NCT05719103. Registered on February 7, 2023- retrospectively registered.
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Introduction

Acute hypoxemic respiratory failure (AHRF) is a common indication for intensive care unit (ICU) admission and is associated with
high mortality, particularly in severe pneumonia such as COVID-19. Although invasive mechanical ventilation can be lifesaving, it
is also associated with ventilator-associated complications and prolonged ICU stay. Awake prone positioning (APP) has emerged
as a simple, noninvasive adjunct that improves oxygenation and may reduce the need for intubation in spontaneously breathing
patients [1-3]. In an individual participant data meta-analysis of adults with COVID-19-related AHRF, APP was associated with a
higher likelihood of survival without intubation and lower risks of intubation and mortality, with the greatest benefit observed
among patients receiving advanced respiratory support at enrollment [4]. Despite these clinical signals, the physiological
mechanisms of APP—particularly its effects on regional ventilation distribution, ventilation homogeneity, alveolar recruitment,
and intra-pulmonary gas redistribution (pendelluft)—remain incompletely understood [5, 6]. Moreover, most prior studies
evaluated APP alone or combined with a single oxygen-delivery modality, leaving uncertainty regarding how APP interacts with
different non-invasive respiratory support strategies that provide different levels of positive end-expiratory pressure (PEEP).High-
flow nasal cannula (HFNC) may generate variable, generally low levels of PEEP, whereas continuous positive airway pressure
(CPAP) delivers a fixed, set PEEP [7, 8]. Whether APP produces differential regional ventilation responses across these modalities—
especially compared with oxygen therapy without PEEP—remains unclear. Therefore, we conducted a single-center, randomized
crossover trial to compare the physiological effects of APP combined with high-flow oxygen mask (HFOM; high-flow oxygen
without PEEP), HFNC, and CPAP on regional ventilation and recruitment assessed by electrical impedance tomography (EIT),
including ventilation homogeneity quantified by the global inhomogeneity index (GI).We hypothesized that, compared with
supine positioning, awake prone positioning would reduce ElTderived ventilation heterogeneity and pendelluft, and that adding
CPAP would produce the greatest improvements in oxygenation and global inhomogeneity index compared with HFNC or HFOM.

Methods

This single-center, randomized crossover trial was conducted in accordance with the Declaration of Helsinki and approved by the
Institutional Ethics Committees of Zhongshan Hospital, Fudan University (No. B2022-359R) and Rush University Medical Center
(No. 23042703). All participants or their legal representatives provided written informed consent. This study was registered at
clinicaltrials.gov (NCT05719103).

Study protocol

Patient demographics and clinical characteristics were collected at enrollment. After written informed consent was obtained,
the EIT belt was placed, and light sedation/analgesia was administered when necessary to improve comfort while maintaining
spontaneous breathing. This was a randomized crossover study in which each patient underwent all six intervention conditions,

defined by three oxygen/ventilatory support modalities (HFOM, HFNC, and CPAP) combined with two 7 body positions (supine
and awake prone positioning [APP]), yielding six support-position combinations. Each condition was maintained for 30 min (Table
1). Randomization applied to the order of the six conditions. An independent statistician generated a computer-based random
permuted-block sequence (block size = 6) to assign, for each patient, the sequence in which the six conditions were delivered.
Allocation was concealed using sealed, opaque envelopes, opened only after the baseline assessment at the start of the study
session. A washout interval was implemented between consecutive conditions. During washout, patients were encouraged to
sit upright, stand, walk briefly, or use the restroom, aiming to reduce potential carryover by allowing respiratory pattern and
hemodynamics to return toward baseline before the next condition. The following data were collected at the end of each session:
1) Heart rate (HR) and noninvasive arterial pressure; 2) SpO2, respiratory rate (RR), the Sp02/FiO2 ratio, and ROX index (defined
as[Sp02/FI02]/RR); 3) Patient comfort scores, which was self-reported using a visual numerical scale with a score of 0 indicating
the worst comfort and 10 indicating the best; 4) EIT data. EIT data were analyzed by investigators who were blinded to the
intervention order, and comfort scores were self-reported by participants without influence from the staff. However, participant
blinding was not feasible, which may have introduced potential bias in the assessment of comfort or respiratory effort.

Respiratory support modalities

High-flow nasal or mask oxygen was administered using the AIRVO2 device (Fisher and Paykel Healthcare, Auckland, New
Zealand). Oxygen flow was set at 60 L/min or the maximum tolerated by the patient, and the humidification temperature was

Ccccc2026 049 |



adjusted to 37 °C, 34 °C, or 31°C based on patient comfort. Continuous positive airway pressure (CPAP) was delivered using the
SV800 device (Mindray, Shenzhen, China) with a full-face mask at a pressure of 8-10 cmH20. No humidification was applied during
CPAP treatment. The fraction of inspired oxygen (FiO2) was adjusted to maintain an SpO2 range of 90-95% during all treatments.

EIT data

The EIT belt containing 16 electrodes was placed around the chest wall at the fourth or fifth intercostal space and connected to the
EIT monitor (PulmoVista 500; Drager Medical GmbH, Liibeck, Germany). Technical details of EIT have been previously described
[9, 10]. The EIT signals were recorded at a frame rate of 50Hz. EIT ventilation maps were derived from offline analysis of tracings
by calculating the average values over consecutive respiratory cycles lasting 40 seconds. The ventral and dorsal regions were
definedas the upper and lower halves of an axis from the sternum to the vertebrae, respectively.

The following measurements were taken from the analysis of ventilation maps
1) TIV, computed as the difference between the end-expiratory and end-inspiratory impedance during the breathing cycle[10].

2) Four horizontal parallel regions of interest (ROIs) within the chest contour were selected: ROI 1 (ventral), ROI 2 (central ventral),
ROI 3 (central dorsal), and ROl 4 (dorsal).

3) The ventral/ dorsal fraction of ventilation distribution[11].

4) The Global Inhomogeneity (Gl) index [9], which quantifies the heterogeneity of ventilation distribution (11).

where DI denotes the value of the differential impedance in the tidal images; DIxy is the pixel in the identified lung area; DIlung are
all the pixels representing the lung area.

5) Center of ventilation (CoV), which refers to the weighted geometric center of the distribution of ventilation. When the tidal
ventilation was predominantly located in the dependent lung region, the CoV value increased[12].

6) Pendelluft, which measures the asynchronous ventilation between different lung regions [13],

VR_i is the pixel i in the regional ventilation image; VG_i is the pixel i in the global ventilation image; TV represents the global tidal

variation.

Study endpoints

The primary endpoint was the change in dorsal ventilation percentage measured by EIT from supine to prone within each
respiratory support modality. Secondary outcome included oxygenation (SpO2/FiO2 ratio, ROX index, Gl, COV, TIV and pendelluft)
and patient comfort.

Sample size calculation

This study used a one-group, pre-post crossover design. The sample size was calculated using crossover trial formulas
incorporating the intra-class correlation coefficient (p). Assuming an expected mean difference of 10% in dorsal ventilation, a
standard deviation of 15%, an intra-class correlation (p) of 0.3, a two-tailed a of 0.05, and a power (1 — ) of 80%, the required
sample size per crossover arm was estimated to be 28 participants. To allow for potential dropouts, 34 participants were enrolled.
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Statistics Analysis

The Kolmogorov-Smirnov test was used to assess the normality of continuous variables. Normally distributed data are presented
as mean £ standard deviation, while non-normally distributed data are reported as median (interquartile range [IQR]). Depending
on the distribution and number of groups, comparisons were made using Student’ s t-test, the Mann-Whitney U test, or the
Kruskal-Wallis test. Categorical variables are expressed as absolute counts and percentages and were analyzed using the chisquare
or Fisher’ s exact test. Differences across the six study settings, body positions, and types of respiratory support were examined
using linear mixed-effects models, with age, BMI, APACHE Il score, ROX index, and baseline dorsal ventilation as within-subject
factors. Period was included as a fixed effect, and its interaction with treatment was tested. Sensitivity analyses were performed
by excluding the first period, if necessary. The Bonferroni correction was applied to adjust for multiple comparisons across all
primary and key secondary endpoints. To explore relationships between variables, Pearson correlation analysis was used for
normally distributed data, while Spearman correlation was employed for non-linear or rank-based relationships. Latent profile
analysis was conducted to identify potential underlying subgroups based on the variations in ROX. All tests were two-tailed, with
statistical significance set at P < 0.05. Statistical analysis was conducted using IBM SPSS Statistics (Version 22.0, IBM Corp, Armonk,
NY) and R (Version 4.2.2, R Foundation for Statistical Computing, Vienna, Austria; https://www.R-project.org/).

Results

Between January and March 2023, a total of 34 patients with COVID-19-related AHRF were enrolled in the intensive care unit of
Zhongshan Hospital, Fudan University. All patients completed the six scheduled sessions, and no data imputation was required.
The quality of EIT signals was deemed acceptable, with no data excluded. Baseline clinical characteristics and outcomes are
summarized in Table S1. The cohort consisted of 24 males (71%), with a mean age of 73 & 10 years and a mean body mass index
(BMI) of 25.07 % 3.36 kg/m?. At study enrollment, the mean APACHE Il score was 13 % 4, the mean SpO,/FiO, ratio was 165.78
36.22, and the mean ROX index was 7.93 *+ 2.30.

Gas Exchange, Vital Signs, and Self-reported Comfort

Across all respiratory support modalities, APP significantly improved both the SpO2/FiO2 ratio and ROX index but was associated
with lower self-reported comfort compared to the supine position (all P<0.05) (Table 2, Figure 1). CPAP had higher oxygenation
(SpO2/Fi02 ratio and ROX index) than HFOM and HFNC in both supine and prone positions (all P<0.05, Figure S1). Vital signs,
including heart rates, respiratory rates, and mean arterial pressure, did not differ significantly across various respiratory support
modes or positions (Table 2).

EIT-Derived Indices

Compared to supine position, APP significantly reduced the Gl, CoV, and Pendelluft (main effect of position, all P <.05, Table 2).
Ventral ventilation increased, while dorsal ventilation decreased in the prone position (P =.017 for both, Table 2). TIV did not differ
significantly between positions (P =.570, Figure 2). In within-modality comparisons, pendelluft decreased with prone positioning
for all supports, but the reduction in Gl reached significance only during HFNC (0.43 £ 0.09 vs. 0.39 £ 0.06, P < .05, Figure 2) and
CPAP (0.50 £ 0.09 vs. 0.45 £ 0.08, P < .05, Figure 2), not in HFOM; and CoV decreased with APP only during CPAP (53.44£8.08 vs
46.71£7.14, P < .05) (Table 2, Figure 2), with significantly decreased ROI3 and increased ROI1 (Table 2). Compared to HFOM and
HFNC, CPAP resulted in significantly higher TIV and GI (main effect of respiratory supports, P =.027 and P <.001, respectively, Table
2). No significant differences were observed among respiratory supports in CoV or pendelluft. A significant interaction was noted
for CoV (P < .05, Table 2), showing that the reduction in CoV with prone positioning was primarily driven by CPAP. No significant
interactions were found for Gl, TIV, or pendelluft, indicating that the effect of prone positioning on ventilation homogeneity was
consistent across support modes.

Subgroup Analyses

In patients with BMI < 24 kg/m?, APP decreased ROI 3 and increased ROI 1, with changes more pronounced when combined with
HFNC or CPAP (Figure 3). Among patients with BMI > 24 kg/m?, APP did not significantly alter ROI distribution across respiratory
support modalities (Figure 3). In the higher BMI group, CoV was higher during PPHFNC and PPCPAP compared to the lower BMI
group (49.79 £ 6.38 vs. 43.58 £ 5.28; 50.07 & 7.49 vs. 43.36 £ 5.01, respectively, both P <0.05) (Table S2).
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Latent Profile Analysis

As shown in Table S3, the 3-profile model exhibited lower AIC, BIC, and aBIC values compared to the 1- and 2-profile models.
Moreover, the significant p-value of the Bootstrapped Likelihood Ratio Test (pBLRT < .05) supported the 3-profile solution over the
2-profile solution. The entropy value of 0.91 indicates excellent classification certainty. Latent profile analysis (Table S4) identified
three distinct classes of response to APP: class 1 (n =17, 50%), class 2 (n = 8, 23%), and class 3 (n =9, 27%). At baseline, class 1
patients had a lower ROX index (median 5.9 [IQR 4.4-6.9]), lower SpO2/FiO2 ( 151.8 = 39.8), and higher respiratory rate (25.9 = 6.7
breaths/min). In contrast, class 3 patients showed higher ROX index (9.3 [8.3-11.6]), higher SpO2/Fi02 (180.3 £ 32.1), and lower
respiratory rate (18.4 = 5.0 breaths/min), while class 2 patients demonstrated intermediate values.

As shown in Figure S3, class 2 patients exhibited the greatest improvement of ROX index during APP, particularly with CPAP (p <
0.05). Class 2 also showed stepwise increases in ROX with respiratory support escalation from HFOM to HFNC, and then to CPAP
in both supine and prone positions. Class 1 patients showed minimal changes in ROX with HFNC but improved significantly
upon escalation to CPAP in both positions. Conversely, class 3 patients demonstrated negligible changes in ROX with respiratory
support escalation in supine position and a paradoxical decline in ROX during CPAP in the prone position (Figure S3). EIT-derived
parameters revealed consistent interclass differences in ventilation distribution. At the supine position, dorsal ventilation in
Class 1 and Class 2 remained balanced (~50-55%), while Class 3 exhibited markedly reduced dorsal contribution (33.4 £ 11.1%,
p = 0.006). During prone CPAP (PPCPAP), dorsal ventilation decreased slightly in Classes 1 and 2 (~47-59%) but dropped further
in Class 3 (29.3 = 14.3%, p = 0.005). CoV values were comparable across groups in supine but were significantly lower in Class 3
during prone CPAP (40.8 & 5.4%) than in Classes 1 and 2 (~50%, p = 0.008).

Correlation Analyses

As shown in Figure 4, greater TIV was correlated with higher ROX and lower respiratory rates (p < 0.05). However, no significant
correlations were observed between Gl or pendelluft and any clinical variables.

Discussion

In this randomized crossover trial, we employed EIT to explore the acute physiological effects of combining APP with three non-
invasive respiratory supports in COVID-19-related AHRF. The main findings include: (1) APP improved oxygenation across all
respiratory support modalities, with CPAP providing the greatest benefit; (2) APP did not alter global tidal volume but significantly
improved ventilation homogeneity and reduced pendelluft, suggesting a redistribution of ventilation; and (3) CPAP increased
ventilation inhomogeneity in the supine position, but the effects were attenuated when combined with APP.

Improvement of oxygenation

Consistent with prior studies and meta-analyses [5, 14, 15], APP significantly improved oxygenation in this cohort. The observed
increase in SpO,/FiO, and ROX index supports previous evidence that prone positioning enhances ventilation-perfusion matching
by reducing dorsal shunt fraction [16]. Similarly, the superior oxygenation achieved with CPAP compared to HFNC and HFOM
aligns with recent physiological studies by Menga et al. [8] and Grieco et al. [7], which emphasized the role of sustained positive
airway pressure in alveolar recruitment. Notably, our study extends earlier work[5, 17-19] by demonstrating an interaction
between position and support mode. The highest oxygenation levels were achieved during CPAP in the prone position, suggesting
that combining APP with CPAP may provide additive physiological benefits. This supports a strategy of individualized respiratory
support selection based on tolerance and oxygenation response, particularly in patients capable of maintaining spontaneous
breathing.

Impact on TIV and pulmonary ventilation distribution

In this study, although APP did not change TIV, it did alter the regional distribution of ventilation. APP was associated with
decreased dorsal (ROI 3) and increased ventral (ROI 1) ventilation. Several mechanisms have been proposed to explain positional
changes in ventilation [2, 20], including gravitational redistribution, diaphragmatic mechanics, and changes in chest wall
compliance. Some discrepancies exist in the literature regarding the direction and magnitude of these regional changes. Grieco
et al. reported a shift in ventilation toward dependent lung regions during APP [21], whereas others observed no significant
redistribution [5, 6]. Variability in trunk inclination, which can alter pleural pressure gradients and lung mechanics, may partly
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account for these inconsistencies [22-24]. Sample size, disease severity, and differences in device settings may also contribute.
Compared to HENC and HFOM, CPAP resulted in greater TIV and COV, consistent with the generation of greater lung volumes and
alveoli opening under higher positive pressure [25-27].

Impact on Gl and Pendelluft

APP significantly reduced the global inhomogeneity index (Gl) and pendelluft, indicating a more homogeneous and stable
ventilation pattern. This finding aligns with Riera et al.[28], who observed improved ventilation uniformity during APP in 20 adult
healthy subjects treated with HFNC, but contrasts with Brunelle et al.[29], who observed unchanged Gl despite better oxygenation
in COVID-19 patients with AHRF. The smaller sample size in Brunelle’ s study (n=10) and variable positioning protocols may
explain these discrepancies [22-24]. In our study, the bed was raised 30 degrees in a semi-recumbent position for supine, and
flat for prone, with cushions under the chest and hips, allowing the abdomen to rest lightly on the bed. While in Brunelle et al’ s
study[29], they didn’ t mention the angle of the bed in the supine position and the prone position.

In our study, CPAP consistently increased Gl compared to HFNC and HFOM in both supine and prone positions, suggesting
greater ventilation inhomogeneity associated with higher airway pressures. However, when combined with APP, CPAP no longer
increased inhomogeneity and was associated with reduced pendelluft. This is likely due to changes in the contraction pattern of
the diaphragm and accessory muscle mechanics in the prone position, potentially stabilizing regional ventilation and reducing
asynchronous inflation—a mechanism relevant to mitigating patient self-inflicted lung injury[30].

Clinical Implications and Personalized Strategy

The differential response to APP between BMI groups underscores the critical influence of body habitus on respiratory mechanics.
In lower BMI patients (<24 kg/m?), APP favorably redistributed ventilation from non-dependent (ROI 3) to dependent regions (ROl
1), an effect enhanced by HFNC or CPAP, likely by synergistically counteracting atelectasis through increased lung volume and
modulated pleural pressures. Conversely, this redistributive effect was absent in higher BMI patients (>24 kg/m?), suggesting that
the substantial chest wall elastance and chronic lung compression in obesity may render APP ineffective against the dominant
restrictive mechanics[31]. This interpretation is further supported by the significantly higher CoV observed in the high BMI
group during PPHFNC and PPCPAP, indicating an underlying physiological state less amenable to external manipulation[32].
Consequently, while APP combined with positive pressure support appears beneficial for optimizing ventilation in non-obese
individuals, its efficacy is limited in obese patients, necessitating future exploration of tailored therapeutic strategies for this
population. Latent profile analysis based on the ROX index revealed three distinct physiological phenotypes. Patients in Class 1
(low ROX, high drive) showed marked oxygenation improvement with CPAP combined with awake prone positioning (APP), which
stabilized dorsal ventilation. Class 2 (intermediate ROX) responded best to a stepwise escalation from HFNC to CPAP, with APP
synergistically enhancing recruitment and homogeneity. In contrast, Class 3 (high ROX, low drive) exhibited a ventral-dominant
ventilation pattern with limited recruitability, showing minimal benefit from CPAP and potentially facing overdistention risks, thus
making HFNC £ APP a more suitable strategy. Integrating EIT with clinical phenotyping provides a framework for personalized
respiratory support. Together, these observations emphasize that combining EIT-based assessment with clinical indices such as
ROX may guide a phenotypedirected approach.

Limitations and future directions

Several limitations should be acknowledged. First, because this study was conducted exclusively in patients with COVID-19-
related AHRF, generalizability to other etiologies of AHRF remains uncertain. Nevertheless, the physiological mechanisms
observed—particularly improved ventilation homogeneity and reduced pendelluft with awake prone positioning—are likely not
disease-specific and may extend to non- COVID-19 AHREF, although this extrapolation requires confirmation in dedicated cohorts.
The single-center design and modest sample size may further limit external validity. The 30-minute intervention window captured
only acute physiological responses and does not address sustainability. The absence of esophageal manometry restricted
mechanistic interpretation, particularly regarding transpulmonary pressure and the work of breathing [7, 33]. In addition, absolute
end-expiratory lung impedance was not analyzed because EIT measures have limited comparability across sessions [34]. Although
statistical models adjusted for period effects, residual carryover cannot be fully excluded. Future multi-center studies with longer

interventions and advanced respiratory mechanics monitoring are warranted.
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Conclusions

In patients with COVID-19 associated AHRF, CPAP improved oxygenation more effectively than HFOM or HFNC but increased
ventilation inhomogeneity. APP reduced global inhomogeneity and pendelluft, promoting more even ventilation. Combining APP
with CPAP synergistically enhanced oxygenation while mitigating inhomogeneity. These findings clarify the interaction between
posture and respiratory support, aiding the development of phenotype-based strategies for AHRF.
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Figure legends

Figure 1. Comparison of SpO2/FiO2 (A), Respiratory Rate (RR) (B), ROX Index (C), and Comfort (D) across different treatment
groups: SPOM, PPOM, SPHFNC, PPHFNC, SPCPAP, and PPCPAP. Statistical comparisons were performed using linear mixed-effects
models, with post-hoc adjustments for multiple comparisons using the Bonferroni correction. *p <0.05, #p <0.001.

Figure 2. Comparison of Tidal impedance variation (TIV)(A), global inhomogeneity index (B), Center of ventilation (C), Pendelluft
(D) across different treatment groups: SPOM, PPOM, SPHFNC, PPHFNC, SPCPAP, and PPCPAP. Statistical comparisons were
performed using linear mixed-effects models, with post-hoc adjustments for multiple comparisons using the Bonferroni
correction. *p <0.05, #p < 0.001.
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Figure 3. Ventilation distribution in different regions (RO1-RO4) under various treatment conditions. (A) HFOM, (B) HFNC, and
(C) CPAP. The data represent the ventilation distribution (%) under the "Spine" (blue) and "Prone" (red) positions. Statistical
comparisons were performed using paired t-test, with adjustments for multiple comparisons using the Bonferroni correction. *p <
0.05.
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Figure 4. Correlation analyses between changes in TIV, GI, and Pendulant (%) with changes in Sp02/Fi02, RR, and ROX. Panels
(A-C) show the relationship between ATIV and ASpO2/FiO2, ARR, and AROX, respectively. Panels (D-F) represent the relationship
between AGIl and ASp02/FiO2, ARR, and AROX, respectively. Panels (G-1) display the relationship between APendulant and ASp0O2/
FiO2, ARR, and AROX, respectively. Correlation analyses were performed using Pearson or Spearman tests as appropriate.
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Table 1. Respiratory Support Methods and Abbreviations Based on Body Position

Table 2.Clinical variables and EIT-derived indices .

SPOM: Supine Position with High Flow Oxygen Mask, SPHFNC: Supine Position with High-Flow Nasal Cannula, SPCPAP: Supine
Position with Continuous Positive Airway Pressure, PPOM: Prone Position with High Flow Oxygen Mask, PPHFNC: Prone Position
with High-Flow Nasal Cannula, PPCPAP: Prone Position with Continuous Positive Airway Pressure, TIV: Tidal impedance variation,
Gl: Global Inhomogeneity, COV: Center of Ventilation, ROI: Region of Interest, Ventral Ventilation: Ventilation in the Ventral (front)
Region of the Lungs, Dorsal Ventilation: Ventilation in the Dorsal (back) Region of the Lungs, Pendelluft: Uneven Distribution of Air

within the Lungs.

* Significant differences at each respiratory support strategy between supine and prone positioning.
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Awake prone positioning with HFOM, HFNC, or CPAP in COVID-19-related acute

hypoxemic respiratory failure: a randomized crossover EIT study

Yuxian Wang', Jie Li**", Shengyu Hao", QijingJiang?, Yilin Wei*, Zhangi Zhao* , Ming Zhong"*"
*These authors contributed equally to the work.
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TABLES

Table S1. Baseline characteristic..

SD: Standard Deviation, BMI: Body Mass Index, SOFA: Sequential Organ Failure Assessment, APACHE II: Acute Physiology and
Chronic Health Evaluation Il, HFNC: High-Flow Nasal Cannula, HR: Heart Rate, MAP: Mean Arterial Pressure, RR: Respiratory Rate,
SpO2: Peripheral Capillary Oxygen Saturation, FiO2: Fraction of Inspired Oxygen, Sp02/FiO2: Ratio of Peripheral Capillary Oxygen
Saturation to Fraction of Inspired Oxygen, ROX: Ratio of SpO2/FiO2 to RR.

cccc026 061 |



Table S2.Clinical variables and EIT-derived indices .

SPOM: Supine Position with High Flow Oxygen Mask, SPHFNC: Supine Position with High-Flow Nasal Cannula, SPCPAP: Supine
Position with Continuous Positive Airway Pressure, PPOM: Prone Position with High Flow Oxygen Mask, PPHFNC: Prone Position
with High-Flow Nasal Cannula, PPCPAP: Prone Position with Continuous Positive Airway Pressure, TIV: Tidal impedance variation,
Gl: Global Inhomogeneity, COV: Center of Ventilation, ROI: Region of Interest, Ventral Ventilation: Ventilation in the Ventral (front)
Region of the Lungs, Dorsal Ventilation: Ventilation in the Dorsal (back) Region of the Lungs, Pendelluft: Uneven Distribution of Air

within the Lungs.

* Significant differences at each respiratory support strategy between supine and prone positioning
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Figure S1. Evolution of Sp02/Fi02 (A), RR(B), ROX index(C) and Comfort(D) with MC, HFNC and CPAP in supine and prone

position. * vs. MC, p<0.05, # vs. HFNC, p<0.05.

Figure S2. Evolution of Tidal impedance variation (TIV)(A), global inhomogeneity index (GI)(B), Center of ventilation (C),
Pendelluft (D) with MC, HFNC and CPAP in supine and prone position. * vs. MC, p<0.05, # vs. HFNC, p<0.05.
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Figure S3. Comparison of Sp0O2/FiO2 (A), Respiratory Rate (RR) (B), ROX Index (C), and Comfort (D) across different treatment
groups: SPOM, PPOM, SPHFNC, PPHFNC, SPCPAP, and PPCPAP. Statistical comparisons were performed using linear mixed-effects
models, with post-hoc adjustments for multiple comparisons using the Bonferroni correction. *p <0.05, #p <0.001.

Figure S4. Comparison of Tidal impedance variation (TIV)(A), global inhomogeneity index (B), Center of ventilation (C),
Pendelluft (D) across different treatment groups: SPOM, PPOM, SPHFNC, PPHFNC, SPCPAP, and PPCPAP. Statistical comparisons
were performed using linear mixed-effects models, with post-hoc adjustments for multiple comparisons using the Bonferroni

correction. *p < 0.05, #p < 0.001.
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Predictive Value of the Murray Lung Injury Score for Ventilator-Associated
Pneumonia and Mortality in Mechanically Ventilated ICU Patients: A Mediation

Analysis

1,24

#42: Sifeng Fu", Zhenting Liang" Ya Wang", Yimin Li**, Yonghao Xu
Efif: 1The First Affiliated Hospital of Guangzhou Medical University 2 Guangzhou National Laboratory

Abstract

Background: Mechanical ventilation is a major risk factor for ventilator-associated pneumonia (VAP) and mortality in critically ill
patients. However, the predictive role of early lung injury severity and the mediating effect of VAP remain unclear.

Methods: We conducted a retrospective cohort study of 274 mechanically ventilated ICU patients. The Murray Lung Injury
Score was assessed within 48 hours preceding pathogen identification. The primary outcome was hospital mortality, with VAP
occurrence as a secondary outcome. Multivariable logistic regression and mediation analysis (bootstrap with 5000 resamples)
were performed.

Results: Higher Murray scores were independently associated with increased risk of VAP (OR = 1.97, 95% CI: 1.28-3.04) and
mortality (adjusted OR =2.68, 95% Cl: 1.70-4.37). Mediation analysis showed that VAP partially mediated the effect of lung injury
severity on mortality (indirect OR = 1.11, 95% CI: 1.00-1.33; mediation proportion = 9.3%, 95% ClI: 3.1-18.5%). The Murray score
had moderate predictive accuracy for mortality (AUC = 0.697, 95% ClI: 0.634-0.760).

Conclusion: Early assessment of lung injury severity using the Murray score can identify mechanically ventilated ICU patients
at higher risk for VAP and mortality. VAP partially mediates this relationship, supporting the importance of early preventive
strategies.

Keywords: Murray score, ventilator-associated pneumonia, acute lung injury, mortality, mediation analysis
Introduction

Ventilator-associated pneumonia (VAP) is a common and serious complication in critically ill patients undergoing mechanical
ventilation, leading to increased morbidity, prolonged intensive care, and higher mortality [1,2]. Patients receiving mechanical
ventilation have increased susceptibility due to compromised respiratory barrier function and dysregulated immune responses,
which create a favorable environment for bacterial colonization and infection [3,4].

The Murray Lung Injury Score provides a quantitative assessment of lung injury severity by integrating radiographic infiltrates,
hypoxemia (PaO,/FiO, ratio), positive end-expiratory pressure (PEEP), and respiratory system compliance [5,6]. While originally
developed to characterize ARDS, its utility in predicting secondary infections such as VAP and clinical outcomes in broader
populations of mechanically ventilated patients remains underexplored [7-9].

Importantly, it remains uncertain to what extent VAP mediates the relationship between preceding lung injury severity and
mortality [10,11]. Understanding whether and how much VAP explains or transmits the effect of lung injury on fatal outcomes is
crucial for identifying high-risk patients and guiding early preventive strategies in the ICU setting [12-14].

Therefore, the primary objectives of this retrospective cohort study were: (1) to evaluate the predictive value of the Murray Lung
Injury Score for VAP and hospital mortality in mechanically ventilated ICU patients; and (2) to quantify the mediating effect of VAP
on the association between lung injury severity and mortality [15].

Methods
Study Design and Ethics

This retrospective cohort study was conducted at the First Affiliated Hospital of Guangzhou Medical University. The study
protocol was approved by the Ethics Committee of Guangzhou Medical University’ s First Affiliated Hospital (Approval No.:
ES-2025-K265-01). Given the retrospective nature of the study, informed consent was waived, and all patient records were
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anonymized preceding analysis. This study was designed and reported in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement for cohort studies. All data were extracted from electronic medical

records and de-identified prior to analysis to ensure patient confidentiality.
Patient selection

We screened all adult patients (age = 18 years) admitted to the ICU between January 1, 2020, and December 31, 2023, who
received invasive mechanical ventilation for more than 48 hours. Patients were included if they met the following criteria: age =
18 years; invasive mechanical ventilation for = 48 hours; at least one respiratory pathogen detected from lower respiratory tract
specimens (endotracheal aspirate or bronchoalveolar lavage fluid) during the ventilation period. Respiratory pathogen detection
reflected microbiological identification and did not necessarily indicate clinical infection. Given the retrospective nature of the
cohort, the distinction between airway colonization and true infection could not be fully ascertained and was therefore not used
as an inclusion or exclusion criterion. Exclusion criteria were: active infection at extra-pulmonary sites at the time of respiratory
sampling; incomplete clinical data (missing Murray score components or laboratory results); or do-not-resuscitate orders within
24 hours of ICU admission. A total of 274 patients meeting these criteria were enrolled consecutively and categorized based on
hospital discharge status into survival (n = 166) and non-survival (n = 108) groups. The participant flow is shown in Figure 1.

Figure 1. Flowchart of patient selection.
Data Collection

Demographic, clinical, and laboratory data were extracted from electronic medical records using standardized case report forms
by trained research assistants. Collected data included:

Demographics: age, sex, body mass index (BMI); Severity scores: Acute Physiology and Chronic Health Evaluation Il (APACHE
1) score (assessed within 24 hours of ICU admission), Sequential Organ Failure Assessment (SOFA) score (on the first ICU day),
and Murray Lung Injury Score (assessed 48 hours preceding pathogen identification). The Murray score was assessed 48 hours
before the identification of pathogenic bacteria to ensure it reflected the severity of preceding lung injury antecedent to the
development of ventilator-associated pneumonia (VAP), a prerequisite for valid mediation analysis; Laboratory indicators (within
24 hours of ICU admission): white blood cell count, lymphocyte count, serum lactate, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and creatinine; Treatment information: continuous renal replacement therapy (CRRT) and extracorporeal
membrane oxygenation (ECMO); Comorbidities: hypertension, coronary heart disease (CHD), chronic obstructive pulmonary
disease (COPD), and immunosuppression (defined as active malignancy, long-term corticosteroid use equivalentto = 20 mg
prednisone for = 14 days, immunosuppressive therapy, or solid organ transplantation); Microbiological data: pathogen species
identified from lower respiratory tract specimens (endotracheal aspirate or bronchoalveolar lavage fluid). Only the first episode of
a newly detected respiratory pathogen during the index mechanical ventilation period was included.
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Murray Lung Injury Score Assessment

The Murray score was calculated based on four components: chest radiograph, PaO,/FiO, ratio, PEEP, and respiratory system
compliance. Each component was scored 0-4 and averaged to yield a final score ranging from 0 to 4, with higher scores indicating
more severe lung injury. The score was assessed 48 hours preceding pathogen identification to ensure it reflected lung injury
antecedent to VAP, which is essential for valid mediation analysis. Two independent investigators, blinded to outcomes, calculated
the score. Inter-rater reliability was excellent (ICC = 0.94, 95% CI: 0.89-0.97).

Ventilator-Associated Pneumonia (VAP) Definition

VAP was defined using ATS/IDSA criteria: onset = 48 hours after intubation or within 48 hours post-extubation; new or progressive
pulmonary infiltrates on chest imaging; at least two of the following (fever > 38.3 ° C or hypothermia <36.0 ° C, leukocytosis >
12,000 cells/pL or leukopenia < 4,000 cells/pL, purulent secretions, worsening oxygenation with Pa0,/FiO, decrease = 25%); and
microbiological confirmation (BAL = 10" CFU/mL or ETA = 10° CFU/mL). All VAP diagnoses were retrospectively reviewed by an
independent adjudication committee blinded to Murray scores and outcomes.

Outcomes

The primary outcome was hospital mortality. Secondary outcomes included VAP occurrence, ICU length of stay, and duration of

mechanical ventilation.
Statistical Analysis

Continuous variables are presented as medians (IQR) and categorical variables as frequencies (%). Group comparisons were
performed using the Wilcoxon-Mann-Whitney test or chi-square/Fisher's exact test as appropriate. Univariate logistic regression
was used to identify variables associated with mortality. Stepwise variable selection based on the Akaike Information Criterion (AIC)
produced a parsimonious model. Multicollinearity was assessed using variance inflation factors (VIF <5 considered acceptable).
Mediation analysis used the product-of-coefficients approach on the log-odds scale to decompose total effects into direct and
indirect effects of the Murray score on mortality via VAP. Mediation analysis was performed under the counterfactual framework,
and indirect effects were estimated using nonparametric bootstrap resampling. Significance was assessed using bootstrap
with 5,000 resamples and bias-corrected 95% confidence intervals. Predictive performance of the Murray score for mortality
was evaluated using ROC curves and AUC with 95% Cls; the optimal cut-off was determined using the Youden index. Sensitivity
analyses included: (1) excluding patients who died within 72 hours of ICU admission; (2) applying stricter VAP criteria (CPIS = 6);
and (3) multiple imputation for missing data. All analyses were performed using R version 4.2.1 and GraphPad Prism 9.0. All tests
were two-sided, and P < 0.05 was considered statistically significant.

Results
Population Characteristics

Baseline characteristics are summarized in Table 1. The two groups were comparable regarding sex, age, BMI, and comorbidities
such as hypertension, coronary heart disease, and COPD (P > 0.05). However, non-survivors had significantly higher disease
severity scores at admission, as indicated by higher APACHE Il scores (24 [IQR: 18.62-29.38] vs. 22 [IQR: 17-27], P < 0.05) and
worse pulmonary state indicated by higher Murray Scores (1.62 [IQR: 1.12-2.12] vs. 1.25 [IQR: 0.78-1.72], P < 0.05). Additionally,
the prevalence of immunosuppression was greater in non-survivors (51.9% vs. 36.7%, P < 0.05). Regarding pathogen distribution,
Klebsiella pneumoniae was more frequently isolated in the non-survivor group, whereas Pseudomonas aeruginosa was more
common in survivors (Supplementary Table 1). Furthermore, A. baumannii was the most frequently isolated pathogen in both

groups.

Table 1: Baseline characteristics of survivors and non-survivors.
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Variable Category Survive Non Survivors P-value

Age, years 62(51.62-72.38) 66(58.38-73.62) 0.132

Sex, n (%) Male 122 (73.5) 88 (81.5) 0.128
Female 44 (26.5) 20 (18.5)

BMI, kg/m2 22.82(20.09-25.55) | 22.04(19.30-24.78) | 0.219

APACHE II score 22(17-27) 24(18.62-29.38) 0.002*

SOFA score 9(6.5-11.5) 10(8-12) 0.148

Hypertension, n (%) YES 55(33.1) 32(29.6) 0.543
NO 111 (66.9) 76 (70.4)

Diabetes mellitus, n | YES 28 (16.9) 20 (18.5) 0.725

(%) NO 138 (83.1) 88 (81.5)

Coronary heart disease, | YES 26 (15.7) 15(13.9) 0.6588

n (%) NO 140 (84.3) 93 (86.1)

COPD, n (%) YES 18 (10.8) 18 (16.7) 0.166
NO 148 (89.2) 90 (83.3)

Immunosuppression, n | YES 61(36.7) 56 (51.9) 0.014*

(%) NO 105 (63.3) 52 (48.1)

CRRT, n (%) YES 38(22.9) 49 (45.4) <0.001*
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NO 128 (77.1) 59 (54.6)
ECMO, n (%) YES 40 (24.1) 33 (30.6) 0.238
NO 126 (75.9) 75 (69.4)
Murray lung injury 1.25(0.78-1.72) 1.62(1.12-2.12) <0.001*
score
PaO2/FiO2 ratio, n (%) | <300 86 72 0.002*
=300 80 38
291(234-360.5) 250.5(177.5-337.8)
Respiratory isolates Acinetobacter baumannii | 82 (49.3%) 54 (50%)
Klebsiella pneumoniae 18 (10.8%) 26(24.1%)
Pseudomonas aeruginosa | 44 (26.5%) 19 (17.6%)
Staphylococcus aureus 7 (4.2%) 6 (5.6%)
Lab Exam White blood cell count, | 10.14(6.53-13.75) | 10.21(6.35-14.08) | 0.238
10° /L
Lymphocyte count, | 0.7(0.35-1.05) 0.5(0.23-0.73) 0.974
10° /L
Lactate, mmol/L 1.6(1.18-2.02) 1.93(1.53-2.33) 0.146
ALT, U/L 35.3(17.5-63) 30.1(15.1-50) 0.586
AST, U/L 38.7(28.18-73.15)
Creatinine, pmol/L 89.95(49.48-141.42)
VAP, n (%) YES 47 (28.3)
NO 119 (71.7)
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Continuous variables are presented as median (interquartile range, IQR) and compared using the Mann-Whitney U test.
Categorical variables are presented as n (%) and compared using the Chi-square test or Fisher’ s exact test, as appropriate. *P <0.05
was considered statistically significant.

Abbreviations: ALT, alanine aminotransferase; APACHE Il, Acute Physiology and Chronic Health Evaluation Il; AST, aspartate
aminotransferase; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRRT, continuous renal replacement
therapy; ECMO, extracorporeal membrane oxygenation; SOFA, Sequential Organ Failure Assessment; VAP, ventilator-associated
pneumonia.

Risk factors for hospital mortality

Univariate logistic regression analysis identified several factors significantly associated with increased hospital mortality (Fig. 2).
These included a higher APACHE Il score (OR = 1.05, 95% Cl: 1.02-1.09, P = 0.002), the presence of immunosuppression (OR = 1.85,
95% Cl: 1.14-3.04, P = 0.014), the requirement for CRRT (OR = 2.80, 95% ClI: 1.66-4.75, P < 0.001), and notably, a higher Murray
Score (OR =3.17, 95% Cl: 2.11-4.90, P < 0.001). Additionally, VAP was associated with increased mortality risk (OR = 3.41, 95% Cl:
2.06-5.71, P < 0.001). Variables such as age, sex, BMI, and comorbidities, including hypertension, coronary heart disease, COPD,
and diabetes mellitus, did not show significant associations with mortality in the univariate analysis (all P> 0.05).

Figure 2. Univariable logistic regression analysis of factors associated with hospital mortality. Odds ratios (ORs) with 95%
confidence intervals (Cls) are shown.

Association Between Murray Score and Mortality

Multicollinearity diagnostics (Table 2) revealed that all variance inflation factors (VIFs) were below 5, and tolerance values
exceeded 0.2, indicating no substantial collinearity among the included variables.

Table 2: Multicollinearity diagnostics of covariates included in multivariable models
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Murray lung injury score 1.08 0.92
Immunosuppression 1.12 0.89
CRRT 1.1 0.91
ECMO 1.08 0.92
VAP 1.15 0.87
White blood cell 1.13 0.88
Lactate 1.12 0.89
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VIF < 5 was considered acceptable. Abbreviations: APACHE I, Acute Physiology and Chronic Health Evaluation Il; BMI, body mass
index; CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation; SOFA, Sequential Organ

Failure Assessment; VAP, ventilator-associated pneumonia.

To identify independent predictors of mortality while controlling for potential confounders, we constructed a series of multivariate
logistic regression models (Table 3). In the unadjusted model (Model 1), the Murray score demonstrated a strong association with
mortality (OR = 3.18, 95% Cl: 2.12-4.90, P < 0.05). After sequentially adjusting for demographic factors (age, sex, BMI; Model 2: OR
=3.43,95% Cl: 2.26-5.39, P < 0.05), disease severity and immunosuppression (Model 3: OR = 3.16, 95% CI: 2.06-4.97, P < 0.05), and
incorporating CRRT status (Model 4: OR = 3.2, 95% Cl: 2.05-5.17, P < 0.05), the Murray score remained a robust and independent
predictor of mortality (Model 5:0R = 2.68, 95% Cl:1.70-4.37, P < 0.05). This persistence of significance across incrementally
adjusted models underscores the substantial and independent contribution of preceding lung injury severity to mortality risk,

beyond the effects of general illness severity, immune status, and critical organ support requirements.

Table 3: Multivariable logistic regression.

Model Murray Score

OR OR 95%CI P value

Model 1 3.18 2.12-4.90 <0.05

Model 2 343 2.26-5.39 <0.05

Model 3 3.16 2.06-4.97 <0.05

Model 4 3.2 2.05-5.17 <0.05

Model 5 2.68 1.70-4.37 <0.05

Model 1: unadjusted. Model 2: adjusted for age, sex, and BMI. Model 3: additionally adjusted for APACHE II, SOFA, and
immunosuppression. Model 4: additionally adjusted for CRRT. Model 5: fully adjusted, including all above, plus ECMO, White blood
cell, and lactate.

VAP as a Mediator Between Lung Injury and Mortality

Given the established associations of the Murray score with both VAP and mortality, we employed mediation analysis to investigate
whether VAP occurrence mediated the pathway from preceding lung injury to adverse outcomes (Table 4 and Fig. 3). The total
effect of the Murray score on mortality was significant (OR = 3.18, 95% ClI: 2.04-5.15, P < 0.001). This effect was decomposed into a
direct effect (OR =2.86, 95% Cl: 1.79-4.73, P=0.011) and an indirect effect mediated through VAP (OR=1.11,95% Cl: 1.00-1.33,P =
0.006).

I 072 cccc2026



Table 4: Mediation analysis.

Variables Prognosis | Prognosis__ | VAP_ | VAP_O | Prognosis | Prognosis__
_B OR (95CI%) | B R _B OR (95CI%)
(95CI
%)
Murray lung | 1.158* 3.184 (2.035, | 0.680* | 1.973 1.050% 2.859 (1.791,
injury score 5.150) (1.323, 4.732)
3.002)
Age 0.014 1.015 (0.993, | 0.005 1.005 0.015 1.015 (0.992,
1.037) (0.985, 1.038)
1.025)
Sex -0.690. 0.501 (0.245, | 0.649* | 1.913 -0.978* 0.376 (0.175,
0.993) (1.030, 0.778)
3.585)
BMI -0.045 0.956 (0.895, | 0.008 1.008 -0.053 0.948 (0.884,
1.018) (0.949, 1.014)
1.070)
APACHE IT | 0.033. 1.034 (0.996, | 0.006 1.006 0.031 1.032 (0.992,
score 1.074) (0.970, 1.073)
1.043)
Immunosuppress | 0.677* 1.967 (1.106, | -0.002 | 0.998 0.720* 2.055 (1.134,
ion 3.537) (0.578, 3.772)
1.717)
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CRRT 0.922* 2.515 (1.381, [ 0.165 |1.180 [0.926* 2.525 (1.355,
4.636) (0.665, 4.776)
2.083)
ECMO 0.459 1.582 (0.845, | 0.291 | 1.338 | 0.455 1.576 (0.822,
2.976) (0.745, 3.037)
2.395)
VAP 1.267* 3.550 (1.940,
6.636)
White blood cell | -0.078 0.925 (0.517, [ 0.846% |2.331 |-0.344 0.709 (0.380,
count 1.651) (1.351, 1.309)
4.086)
Lactate 0.148 1.159 (0.907, | 0.1 1105 |o0.13 1.139 (0.876,
1.541) (0.879, 1.510)
1.434)

APACHE 11, Acute Physiology and Chronic Health Evaluation Il; BMI, body mass index; CRRT,
continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation; VAP,

ventilator-associated pneumonia. P < 0.05 was considered statistically

significan.

Figure 3: Mediation model examining the relationship between Murray score and hospital mortality mediated by VAP. Path
coefficients are presented as odds ratios (ORs) with 95% confidence intervals. Indirect effects were estimated using bootstrap
resampling (5,000 iterations). *P < 0.05 was considered statistically significant.
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Bootstrap resampling (5000 iterations) confirmed the statistical robustness of both pathways. The proportion of the total effect
mediated by VAP was calculated to be 9.3% (95% ClI: 3.1%-18.5%). These findings indicated that while the Murray score exerted a
substantial direct influence on mortality risk, a significant and measurable portion of its detrimental impact is attributable to an
increased susceptibility to develop VAP (Table 5).

Table 5: Bootstrap estimation of direct, indirect, and total effects of Murray score on mortality.

Paths Observed Bootstrap test
Coefficient Bootstrap P LLCI ULCI
Standard Error
Indirect effect 1.11 0.423 0.0004 1 1.33
Direct effect 2.86 0.286 0.00 1.79 4.73
Total effect 3.18 0.495 0.00 2.04 5.15

Bias-corrected bootstrap confidence intervals were calculated using 5,000 resamples.
Receiver Operating Characteristic (ROC) Analysis

To evaluate the discriminative ability of the Murray score, we performed ROC curve analysis (Fig. 4). For predicting hospital
mortality, the AUC was 0.697 (95% ClI: 0.634-0.760). The optimal cut-off value was >1.38, providing a sensitivity of 63.0% and
a specificity of 68.7%. These results indicate a moderate but statistically significant predictive capacity of the Murray score for
clinically relevant endpoints.

Notably, Spearman correlation analysis revealed no significant association between the Murray score and either ICU length of stay
(3 =0.038, P=0.912) or total duration of mechanical ventilation (3 = 0.056, P = 0.365), suggesting its prognostic value is specific to

mortality and infection risk rather than merely reflecting longer exposure time (Fig. S1 and S2).
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Stratified Analysis by Murray Score

To investigate how this relationship varied across different levels of baseline lung injury severity, patients were divided into two
groups: lower lung injury (Murray Score < 1.5, n=186) and higher lung injury (Murray Score = 1.5, n=88). As shown in Figure 5A, the
incidence of VAP exhibited a disparity between groups: 34.4% in the lower injury group versus 51.1% in the higher injury group
(x*=6.3, P <0.05). Mortality rates followed a similar pattern (Fig. 5B), with 29.0% and 61.4% in the lower and higher injury groups,
respectively (x* = 24.81, P < 0.05). To further evaluate whether the association between VAP and mortality was modified by the
severity of preceding lung injury, the interaction analysis was performed (Fig. 5C and D). When stratified by Murray score, VAP was
associated with a relative risk (RR) for mortality of 2.38 (95 % Cl: 1.53-3.71) in the lower injury group, whereas in the higher injury
group, the RR was 1.39 (95 % CI: 0.98-1.97). However, the formal statistical test for the multiplicative interaction term between the
Murray score group and VAP status was not statistically significant (interaction P > 0.05).

Figure 5: Stratified Analysis by Murray Score. (A) VAP Incidence between Murray score groups. (B) Mortality rate between Murray
score groups. (C) Interaction between Murray score and VAP on mortality. (D) Relative risk of VAP between Murray score groups. “P
<0.05, ns means no significance.

Discussion

In this retrospective cohort study of mechanically ventilated ICU patients, we found that lung injury severity quantified by the
Murray score was independently associated with increased hospital mortality. Importantly, VAP partially mediated this association,
suggesting that lung injury predisposes patients to worse outcomes not only through direct physiological deterioration but
also by increasing vulnerability to secondary nosocomial infection. To our knowledge, this is among the few studies to formally
quantify the mediating role of VAP in the pathway from antecedent lung injury to mortality using bootstrap-validated mediation
analysis.Our findings are consistent with existing evidence indicating that the severity of acute lung injury is a key determinant
of both infection susceptibility and mortality in critically ill patients. The Murray score integrates oxygenation impairment,
ventilatory support requirements, respiratory system compliance, and radiographic extent of lung involvement, thereby providing
a lungspecific assessment of injury severity [16]. In a validation study of ARDS severity measures, the Murray Lung Injury Score
demonstrated reasonable discrimination for pulmonaryspecific outcomes, although its performance for overall hospital mortality
was more modest [17, 18]. In our cohort, patients with higher Murray scores ( = 1.5) exhibited significantly higher VAP incidence
(51.1% vs. 34.4%) and markedly higher hospital mortality (61.4% vs. 29.0%), supporting the clinical relevance of this score for early
risk stratification. The predictive value of the Murray score has also been evaluated in studies assessing 28-day mortality in ARDS
patients, with oxygenation index (Ol) and extravascular lung water index (EVLWI) showing stronger prognostic performance when
measured serially over the first days after intubation [19]. Collectively, these observations reinforce the concept that progressive
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lung injury establishes a vulnerable pulmonary state in which subsequent infectious complications may substantially worsen
prognosis. Although the mediation proportion was modest (9.3%), this finding remains clinically meaningful. It indicates that a
measurable fraction of mortality risk may be preventable through optimized VAP prevention strategies, while most mortality is
likely attributable to the direct consequences of severe lung injury and multiorgan dysfunction.

The pathogenesis of VAP is multifactorial, involving impaired airway clearance, disruption of mucosal and epithelial barrier
integrity, alterations in the pulmonary microenvironment, and dysregulated innate immune responses [20, 21]. Preclinical studies
suggest that mechanical ventilation itself may enhance bacterialinduced lung injury. For example, Tsay et al. demonstrated that
mechanical ventilation after Acinetobacter baumannii instillation increased neutrophil infiltration, interleukiné expression, and
impaired alveolar macrophage bactericidal activity through JNK signaling pathways [22]. Recent longitudinal cohort studies have
shown that mechanical ventilation is associated with temporal changes in lung microbiome composition independent of VAP
development, with VAP cases exhibiting higher TNF-a levels and metabolic profiles indicative of anaerobic adaptation [23]. These
mechanistic findings align with our observation that greater lung injury severity (reflected by higher Murray scores) predisposes
patients to VAP and worse outcomes. In this context, our mediation analysis provides quantitative evidence supporting the
hypothesis that VAP represents an intermediate mechanism linking severe lung injury to mortality. Although the mediation
proportion was modest, it was statistically robust and clinically meaningful, indicating that a measurable fraction of mortality risk
may be attributable to infection occurring on the background of lung injury. These findings further imply that while the majority of
mortality in severe lung injury may result from direct mechanisms such as refractory hypoxemia, ventilatorassociated lung injury,
and multiorgan dysfunction, infectionrelated pathways contribute an additional and potentially modifiable component.

From a clinical perspective, the Murray score may serve as a simple bedside tool to identify patients at high risk of subsequent
VAP and mortality, potentially supporting risk-stratified prevention bundle implementation. Patients with elevated scores may
benefit from intensified monitoring and strict implementation of evidencebased VAP prevention measures, including headofbed
elevation, structured oral hygiene protocols, subglottic secretion drainage when available, minimization of unnecessary sedation,
and early spontaneous breathing trials to facilitate timely weaning [24, 25]. A systematic review of 38 studies demonstrated that
multifaceted care bundles, particularly those combining headofbed elevation, oral hygiene, subglottic suctioning, and adequate
endotracheal cuff pressure, can reduce VAP incidence by over 36%, with some studies reporting reductions exceeding 65%
[26]. Similarly, in a tertiary care ICU setting, implementation of a comprehensive ventilator bundle was associated with a >70%
reduction in VAP rates [27]. Meta-analyses have confirmed that care bundle implementation significantly reduces VAP incidence
(RR =10.52, 95% ClI: 0.40-0.68) and mortality (RR = 0.53, 95% Cl: 0.30-0.92) [28]. Current clinical practice guidelines recommend
these preventive bundles for mechanically ventilated patients in general; however, they do not explicitly incorporate lung injury
severity into stratified prevention algorithms. Our findings suggest that Murray scoreguided allocation of preventive resources
may represent a more targeted approach, prioritizing higherintensity interventions for patients at greatest risk.

Clinical implications

The clinical implications of our findings are twofold. First, the Murray score may serve as a practical risk stratification tool that
can be rapidly calculated using routinely available bedside parameters. In realworld ICU practice, such a tool may help clinicians
identify a subgroup of patients in whom infection prevention efforts should be maximized early, before overt clinical deterioration
occurs. Second, the observed mediation effect supports the hypothesis that a portion of mortality risk associated with severe
lung injury may be indirectly driven by preventable infectious complications. Although causality cannot be established in a
retrospective design, these results provide a rationale for future interventional studies testing whether intensified VAP prevention
bundles or earlier diagnostic vigilance in high Murray score patients can reduce infection burden and improve survival.

Notably, the relative risk of mortality associated with VAP was numerically higher in patients with lower baseline lung injury
severity than in those with more severe injury (RR = 2.38 vs. 1.39), although the interaction test was not statistically significant.
This observation should be considered hypothesisgenerating. One plausible explanation is that in patients with profound lung
injury, mortality may be primarily driven by refractory respiratory failure and systemic organ dysfunction, potentially diminishing
the incremental contribution of VAP. In contrast, among patients with less severe baseline lung injury, VAP may represent a more
distinct “second-hit” event capable of substantially altering the clinical trajectory. Larger prospective cohorts will be required to
validate this pattern and clarify whether the mortality impact of VAP differs across lung injury severity strata.
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This study has several strengths. First, we addressed an underexplored clinical question by applying formal mediation analysis
to delineate the pathway from lung injury severity to mortality through VAP. Unlike conventional regression models that estimate
adjusted associations, mediation analysis provides additional insight into indirect effects and potential mechanistic pathways [29].
Second, the Murray score provides a lungspecific evaluation of injury severity compared with global illness scores such as APACHE
Il and SOFA, which reflect systemic dysfunction but are less specific to pulmonary injury [17]. Third, rigorous multivariable
adjustment for clinically relevant confounders and bootstrap validation enhanced the robustness of our findings. Finally, the
predefined time window for Murray score assessment (48 hours preceding pathogen detection) strengthened the temporal
plausibility of the mediation framework.

Several limitations should be acknowledged. The singlecenter retrospective design may limit external generalizability, and
independent validation is warranted. Residual confounding cannot be fully excluded despite adjustment for major variables,
including APACHE Il score, immunosuppression, and CRRT. In addition, the Murray score was assessed at a single predefined time
point and does not capture the dynamic evolution of lung injury over time, which may influence both VAP risk and mortality.
Although microbiological confirmation was incorporated into the VAP definition, differentiating colonization from true infection
remains challenging in retrospective studies and may introduce misclassification bias [30, 31]. Studies have shown that healthcare
providers frequently order respiratory cultures based on non-specific clinical signs, and positive culture results can bias clinicians
toward initiating unnecessary antibiotic therapy even in patients with low clinical probability of VAP [32]. Furthermore, key ICU
factors such as prior antibiotic exposure, sedation strategy, ventilator settings, and adherence to prevention bundles could not
be fully captured and may have influenced both VAP development and outcomes. Finally, we focused primarily on bacterial
pathogens and did not evaluate viral or fungal pulmonary infections, which may have led to underestimation of the overall
mediating contribution of nosocomial respiratory infections [33].

Future research should validate these findings in multicenter prospective cohorts and explore whether serial assessment of
lung injury severity improves prediction accuracy. Integration of the Murray score with additional clinical markers, inflammatory
biomarkers, or radiographic quantitative indices may further refine risk stratification. The lung microbiome and metabolomic
profiles have emerged as promising areas for understanding VAP pathogenesis, with studies revealing shifts in the pentose
phosphate and citric acid cycle pathways associated with anaerobic adaptation in VAP patients [23]. Importantly, randomized
or pragmatic interventional studies are needed to determine whether Murray scoreguided implementation of intensified VAP
prevention bundles can reduce infection burden and improve survival in highrisk mechanically ventilated patients.

Conclusion

In mechanically ventilated ICU patients, a higher Murray Lung Injury Score was independently associated with increased hospital
mortality. Ventilator-associated pneumonia partially mediated this association, suggesting that secondary infection contributes to
adverse outcomes in patients with pre-existing lung injury. These findings support the Murray score as a practical tool for early risk
stratification and highlight the potential value of intensified VAP prevention strategies. Further multicenter prospective studies are
needed to validate these results.
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Urinary [TIMP-2]x[IGFBP7] for biomarker-enhanced AKI staging and short-

term prognosis in ICU patients
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Abstract

Background: The 23rd Acute Disease Quality Initiative (ADQI-23) consensus recommends integrating biomarkers into acute
kidney injury (AKI) classification, but optimal biomarkers and cutoffs remain undefined. We tested whether serum NGAL, urinary
[TIMP-2] X [IGFBPT], DKK3, and CCL14 can predict 7-day renal non-recovery and differentiate 30-day survival.

Methods: This prospective study enrolled 300 AKI patients (derivation cohort, October 2020-October 2022) and 100 patients
(validation cohort, January-June 2023) across two ICUs. Biomarkers were measured at AKI diagnosis; optimal cutoffs were
determined by the Youden index. KDIGO stages 1-3 were subdivided into six categories (1A-3B) per the ADQI-23 framework for 30-

day survival comparison.

Results: Urinary [TIMP-2] X [IGFBP7] showed the highest accuracy for predicting 7-day renal non-recovery (cutoff: 1.08 [ng/
mL]?/1000). Stages 1B and 2B had significantly lower 30-day survival than 1A and 2A, whereas stages 3A and 3B did not differ. In
validation, survival discrimination was confirmed only in stage 2.

Conclusion: Urinary [TIMP-2] X [IGFBP7] outperformed NGAL, DKK3, and CCL14 in predicting 7-day renal non-recovery and
improved 30-day risk stratification in KDIGO stage 2, supporting its potential for refining AKI classification. Generalizability to
patients with CKD, ESKD, or kidney transplantation requires further study.

Keywords: Acute kidney injury, Biomarkers, [TIMP-2] X [IGFBPT], Survival
Introduction

Acute kidney injury (AKI) affects 10% - 15% of hospitalized patients and over 50% of intensive care unit (ICU) patients [1]. Its global
mortality burden far exceeds that of breast cancer, heart failure, or diabetes, with reported 10 million AKI deaths [1]. Therefore,
predicting patient outcomes and implementing early interventions are crucial strategies for improving prognosis. Previously, the
Kidney Disease: Improving Global Outcomes (KDIGO) [2] criteria were employed to diagnose and stage AKI, which relies on urine
output and serum creatinine (SCr) levels, that reflect only renal function and exhibits low sensitivity [3]. Notably, AKI biomarkers
have enhanced our understanding of AKI pathophysiology [4]. The product of urinary tissue inhibitor of metalloproteinase-2
(TIMP-2) and insulin-like growth factor binding protein 7 (IGFBP7) ([TIMP-2] X [IGFBP7]) and urinary Dickkopf-3 (DKK3) reflects
tubular stress, while neutrophil gelatinase-associated lipocalin (NGAL) and urinary C-C motif chemokine ligand 14 (CCL14)
indicates tubular injury [5].

In 2020, the ADQI-23 working group proposed an updated AKI staging framework [6], in which KDIGO stages 1-3 were subdivided
into six categories: 1A, 1B, 2A, 2B, 3A, and 3B. Here, "A" denotes a negative biomarker status and "B" indicates a positive status.
Furthermore, ADQI-23 also proposed a special category-1S, which stands for “subclinical” AKI.

Previous studies have confirmed that certain biomarkers such as urinary [TIMP-2] X[IGFBP7] and CCL14 can effectively predict
the lack of renal function recovery within seven days [7, 8]. And another retrospective study [9] reported that a positive urinary
[TIMP-2] X [IGFBPT] correlated with a higher mortality and lower 30-day survival based on the ADQI-23 staging framework.
However, whether these biomarkers can simultaneously predict both short-term renal prognosis and 30-day mortality within
a unified staging framework remains insufficiently validated. So this prospective study had two objectives: (1) to compare the
performance of four biomarkers in predicting non-recovery of renal function within seven days; and (2) to evaluate the ability of
these biomarkers to discriminate 30-day survival within the updated ADQI-23 staging framework.

Methods

This cohort study was approved by the Human Ethics Committee of Beijing Chaoyang Hospital, Capital Medical University (Beijing,
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China) (ethics number 2017-Ke-234), Beijing Luhe Hospital, Capital Medical University (Beijing, China) (ethics number 2019-KY-
024). The registration number was ChiCTR1800015500. Written informed consent was obtained from patients or their immediate
family members. The study adhered to the STROBE guidelines, STARD guidelines and Declaration of Helsinki declarations.

Study Setting and Population

This study was a prospective multicenter cohort study. The present study comprised two cohorts, stratified by time of enrollment.
The derivation cohort was 300 patients consecutively enrolled from Beijing Chaoyang Hospital and Beijing Luhe Hospital between
October 1, 2020, to October 31, 2022. The validation cohort was 100 patients from the same hospitals between January 1, 2023,
to June 30, 2023. During phase 1, 2166 critically ill patients were screened; 385 (17.8%) developed AKI, and a total of 300 Asian
patients with new-onset AKI were finally enrolled after excluding 85 patients. During phase 2, 550 patients were screened, 120
(21.8%) developed AKI, and finally 100 Asian patients with new-onset AKI were enrolled (Figure S1in Supplement).

Patients who developed AKI following ICU admission were prospectively and consecutively enrolled. Patients were excluded, if
they were: (1) age < 18 years, (2) expected ICU stay < 48 hours, (3) pre-existing AKI prior to ICU admission, (4) pre-existing kidney
replacement therapy (KRT) prior to ICU admission, (5) pregnancy, (6) pre-existing chronic kidney disease (CKD), end-stage kidney
disease (ESKD) or prior kidney transplantation, (7) recent immunosuppressive therapy, (8) human immunodeficiency virus
infection, (9) anuric patients, (10) incomplete urine or blood sample collection. The management of all enrolled patients followed
the Kidney Disease: Improving Global Outcomes (KDIGO) guideline [10].

Biomarker measurements

Following the diagnosis of AKI, blood and urine samples were promptly collected, with urine specimens obtained directly from the
catheter bag. After standing for 30 min at room temperature, the samples were centrifuged at 4 °C and 3,000 rpm for 10 min, and
the supernatant was stored at -80 °C until analysis. The biomarkers TIMP-2 and IGFBP7 were quantified using the NephroCheck ™
Test on the VITROS 5600 Integrated System (Astute Medical, San Diego, CA, USA). The system reports the product of the two
urinary protein concentrations ([TIMP-2] X [IGFBPT]) in units of (ng/mL)2/1,000. Urinary DKK3, urinary CCL14, and serum
NGAL concentrations were measured using enzyme-linked immunosorbent assay (ELISA) kits (Abcam, UK). All procedures were
performed by laboratory technicians who were blinded to the patients’ clinical data.

Clinical Endpoints and definitions

The primary endpoint was 30-day survival after enrollment. Secondary endpoints were: (1) 30-day mortality; (2) persistent AKI; (3)
length of stay (LOS) in hospital; (4) LOS in ICU.

Previous literature has reported that urine output has a lower sensitivity for diagnosing AKI compared to serum creatinine, and
that the use of diuretics reduces its diagnostic accuracy [11]. Additionally, some patients had their urinary catheters removed after
being transferred out of the ICU, we were unable to obtain the hourly urine output of these patients. Therefore, AKI was diagnosed
based on 2012 KDIGO criteria using SCr in this study [12]. Baseline SCr was based on applied hierarchically: (1) If available, the
mean SCr value measured between one year and seven days before hospital admission [13]; (2) The lowest SCr value recorded
within seven days before admission; (3) For patients admitted via the emergency department with abnormal creatinine levels (and
no history of CKD), or when baseline values were unavailable, baseline SCr was determined with the Modification of Diet in Renal
Disease (MDRD) equation by setting estimated glomerular filtration rate (eGFR) to 75 mL/min/1.73 m? [14].

The AKI patients with non-recovery of renal function was defined as SCr = 1.5 times higher than baseline within seven days [15].
Patients who underwent KRT up to the 7th day post-AKI onset were considered as non-recovered cases. Persistent kidney injury
was defined as AKI exceeding 72 hours [16].

Data collection

Clinical and demographic data were prospectively collected using standardized case report forms. Comorbidities such as
hypertension, diabetes, chronic obstructive pulmonary disease, coronary heart disease, cerebral vascular disease, chronic liver
disease, and malnutrition, as well as interventions including KRT and mechanical ventilation, were recorded. The
collected data included the Acute Physiology and Chronic Health Evaluation Il (APACHE Il) and Sequential Organ Failure
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Assessment (SOFA) scores, which were assessed on the day of AKI diagnosis. The SCr levels were measured and recorded at ICU
admission and every 12 hours thereafter until the seventh day post-AKI onset. Additionally, ICU duration and hospital stays, and
persistent AKI as well as mortality within 30 days after AKI onset were recorded.

The updated staging system of AKI

Urinary levels of [TIMP-2] X [IGFBPT7], DKK3, CCL14 and serum NGAL measured at the time of AKI diagnosis were employed to
predict non-recovery of renal function within seven days. Receiver operating characteristic (ROC) curves were generated to
identify the optimal biomarker and we employed to test the Youden index and determine the optimal cutoff for each biomarker.

Results at or above the predefined cutoff were classified as biomarker-positive, and those below as biomarker-negative. AKI was
then reclassified using the ADQI-23 staging system, which subdivides KDIGO stages 1-3 into six categories (1A-3B), where “A”
indicates biomarker-negative status and “B” indicates biomarker-positive status. Since all the patients included in the study met
the KDIGO diagnostic criteria for AKI, the subjects of this study did not include patients with the 1s stage patients.

Sample size calculation

The minimum sample size required for developing the prediction model was calculated by the pmsampsize package (version 1.1.3)
in R. The pmsampsize package was based on the method proposed by Riley et al [17]. The statistical assumptions used for the
calculation are based on the expected 30-day population mortality rate, literature indicates an incidence of 10.5% [18], with a total
of 2 candidate predictor parameters (each biomarker and APACHE 1) and an expected C-statistic (AUC) of 0.8. A shrinkage factor of
0.9 was also specified so as to avoid overfitting. A total of 90 patients were finally determined as the minimum sample size for eac
h of the derivation and validation cohorts.

Statistical Analysis

Continuous variables were expressed as a mean * standard deviation (SD) or a median (interquartile range) as appropriate.
Categorical variables are presented as frequencies with percentages. The Student's t-test, Mann-Whitney U test, or the x2 test are
used for baseline comparisons, as appropriate. Receiver operating characteristic (ROC) curve analysis was performed to evaluate
the discriminative ability of [TIMP-2] X [IGFBPT7], NGAL, DKK3 and CCL14 in predicting non-recovery of renal function within seven
days. The optimal cut-off value was determined by calculating the maximum Youden index. The incremental predictive value of the
selected biomarker was assessed using discrimination, calibration, reclassification, and clinical usefulness. Specifically, multiple
Cox regressions were performed, and the /A c-index was calculated to assess discrimination. We assessed the proportional
hazards assumption for all Cox regressions using Schoenfeld residuals, when the assumption was violated, we employed restricted
mean survival time (RMST) analysis. Brier scores, Akaike information criterion (AIC), Bayesian information criterion (BIC), and the
calibration plot were applied for calibration evaluation. Reclassification was assessed via integrated discrimination improvement
(ID1) and net reclassification improvement (NRI). Its clinical usefulness was assessed by the net benefit derived from the decision
curve analysis (DCA). Kaplan-Meier curves and log-rank tests were used to compare biomarker-negative and biomarker-positive
groups within the same KDIGO stage. Secondary outcomes were reported as relative risks (RRs) with 95% confidence intervals (Cls)
for categorical variables and Hodges-Lehmann median differences with 95% Cls for continuous variables. Sensitivity analyses
were performed according to age ( = 65 vs. <65 years), hypertension, coronary heart disease, sepsis, research center, and method
for determining baseline creatinine, as well as in the population after inverse probability of treatment weighting (IPTW). All
statistical analyses were conducted by SPSS Statistics version 27.0 (IBM Corp, Armonk, NY, USA) and R version 4.5.1. A two-sided p
<0.05 was considered statistically significant.

Results
Baseline characteristics of the enrolled patients

Baseline characteristics in two cohorts are shown in Table S1. In derivation cohort including 300 AKI patients, the median age was
62 (49-75) years, and 63.7% were male. Patients with KDIGO stages 1, 2, and 3 were 44.0%, 36.7%, and 19.3%, respectively. Renal
recovery within 7 days occurred in 59.0% of patients, the remaining 41.0% had non-recovery, and 22.3% died within 30 days.
There were statistically significant differences in the levels of urinary [TIMP-2] X [IGFBPT7], DKK3, CCL14, and serum NGAL between
patients with and without renal recovery within 7 days (p < 0.001) (Table 1).
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The validation cohort included 100 patients, the median age was 69 (55-76) years, and 58% were male, with a 30-day mortality rate
of 17%. The baseline characteristics of the two cohort are roughly balanced (Table S1 in Supplement).

Comparison of four biomarkers for predicting non-recovery of renal function within seven days in AKI patients in the
derivation cohort

The area under the ROC curve (AUC) for predicting non-recovery of renal function within seven days was of urinary [TIMP-2] X
[IGFBPT], serum NGAL, urinary DKK3 and urinary CCL14 were 0.860 (95% CI: 0.818-0.901, p < 0.001), 0.805 (95% Cl: 0.756-0.855, p
<0.001), 0.785 (95% Cl: 0.732-0.838, p < 0.001) and 0.771 (95% Cl: 0.711-0.830, p < 0.001), respectively. Their optimal cutoff values
were 1.08 (ng/mL)?/1000, 66.18 ng/mL, 1989.58 ng/mL, and 594.39 pg/mL (Fig. 1).

Among these biomarkers, [TIMP-2] X [IGFBP7] showed the optimal performance for predicting non-recovery of renal function, with
the highest AUC and lowest Brier score (Table 2). And DeLong test showed significant differences between [TIMP-2] X [IGFBP7] and
all other biomarkers (all P < 0.05; Table S2 in Supplement). In addition, we also plotted calibration curves and DCA curves (Figure
S2 and S3in Supplement), which indicate [TIMP-2] X [IGFBPT] is well calibrated and shows a positive net benefit.

To evaluate the impact of death on the prediction of non-recovery of renal function, we further employed a competing hazard
model, using failure to recover renal function within 7 days as the target event and death as a competing hazard event. The results
were consistent with the main analysis, the sub-distribution hazard ratio (sHR) was highest in the [TIMP-2] X[IGFBPT7] positive
group (sHR =3.47,95% CI: 2.61-4.62, P < 0.001) (Table S3 in Supplement).

The association between updated acute kidney injury staging and 30-day survival rate in the derivation cohort

A cutoff of 1.08 (ng/mL)?/1000 for urinary [TIMP-2] X [IGFBP7] was applied to refine KDIGO staging. Among patients with AKI stages
1,2,and 3, 37.7% (39/132), 32.7% (36/110), and 37.9% (22/58) were classified as stages 1B, 2B, and 3B, respectively. All biomarkers
satisfy the proportional hazards assumption (global P > 0.05) (Table S9 in Supplement).

[TIMP-2] X [IGFBPT] could further discriminate 30-day survival across different groups (P < 0.001; Fig. 2A). Mortality increased
progressively from stage 1A to 3B, with each stage increment associated with a 36% higher risk of death (HR = 1.36; 95% Cl, 1.17-
1.57; P for trend < 0.001; Table 3). After adjustment, survival was significantly lower in stage 1B than 1A (HR =2.88;95% Cl, 1.17-7.13;
P =0.022; Fig. 2B) and in stage 2B than 2A (HR = 3.29; 95% Cl, 1.44-7.49; P = 0.005; Fig. 2C). However, no difference was observed
between stages 3A and 3B (Fig. 2D).

Similar associations were observed between the updated AKI staging system and 30-day mortality for serum NGAL, urinary DKK3,
and urinary CCL14 (Table 3). In comparison within the same KDIGO stages, NGAL-based staging showed no survival differences
within the same KDIGO stage. DKK3- and CCL14-based staging demonstrated significantly lower survival in stage 2B versus 2A after
adjustment (DKK3: HR = 2.47, P = 0.036; CCL14: HR = 3.10, P = 0.011) (Figure S4-S9 in Supplement). Univariate Cox regression of
four biomarkers is presented in Table S4-S7.

Besides, the [TIMP-2] X [IGFBPT7]-based model outperformed the other three biomarkers across some performance metrics,
including C-index, AIC, BIC, IDI, NRI (Table S8 in Supplement). Calibration (Figure S10 in Supplement) and decision-curve analysis
(DCA) (Figure S11in Supplement) are generally satisfactory.

The bootstrap validation showed that the average optimism of the primary model (APACHE Il + [TIMP-2] X [IGFBPT]) was 0.001,
indicating extremely low overfitting. Results for the other three biomarker models are summarized in Table S10.

The associations between updated acute kidney injury staging and secondary outcomes in the derivation cohort

Table S11 compares the associations between the [TIMP2] X [IGFBP7]-based KDIGO staging and secondary outcomes. Compared
to stage 1A, stage 1B patients had a higher rate of persistent AKI (79.5% (95% Cl: 66.2%-92.7%) vs. 29.0% (95% ClI: 19.6%-38.4%); P
<0.001), with an RR of 2.74 (95% ClI: 1.92-3.91). And stage 2B had a higher rate of persistent AKI compared to stage 2A (97.2% (95%
Cl: 91.6%-100.0%) vs.52.7% (95% Cl: 41.1%-64.3%); P <0.001), with an RR of 1.85 (95% ClI: 1.48-2.31). The associations between
updated acute kidney injury staging based on the other three biomarkers and secondary outcomes were shown in Table S12-S14.

Predictive accuracy of urinary [TIMP-2] X [IGFBPT] for predicting 30-day survival in validation cohort
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In the validation cohort, urinary [TIMP-2] X [IGFBPT], demonstrated predictive value for 30-day mortality, with a C-index of 0.723,
AIC of 146.59, BIC of 148.26, IDI of 0.121 (95% ClI: 0.017-0.326, P<0.001) and NRI of 0.394 (95% Cl: 0.031-0.646, P<0.02) (Table S15
in supplement). A significant difference in 30-day mortality was observed across the six AKI stages (1A, 1B, 2A, 2B, 3A, 3B) (Figure
S12Ain Supplement). While no significant difference in 30-day mortality was found between stages 1A and 1B or 3A and 3B (Figure
S12B and 12D in Supplement), stage 2B patients had a significantly higher mortality than stage 2A patients (HR = 10.79, 95% Cl:
1.13-103.09; P = 0.038 (Figure S12C in Supplement). The calibration curve and DCA curve are also generally satisfactory (Figure S13
and S14 in Supplement).

We compared the baseline characteristics of patients with the same KDIGO stage between the two cohorts and found that, among
stage 1 patients, all baseline characteristics were balanced except for persistent AKI (Table S16-S18 in Supplement).

Conclusions

In the derivation cohort, urinary [TIMP-2] X[IGFBP7] demonstrated excellent predictive performance for the failure of renal
function to recover within 7 days. However, this superiority was not validated in an external cohort, and staging refined by this
biomarker did not improve risk stratification for patients with KDIGO stage 3 acute kidney injury (AKI). These results suggest a
potential role for [TIMP-2] X [IGFBPT7] in the risk stratification of creatinine-defined mild-to-moderate AKI, warranting further
multicenter validation studies; however, its clinical implementation, management implications, cost-effectiveness, and
applicability to populations with CKD, anuria, or transplants remain unproven.

Figure Legends

Fig. 1 Prediction of non-recovery of renal function from AKI within seven days using biomarkers. (A) urinary [TIMP-2] X [IGFBPT].
(B) serum NGAL. (C) urinary DKK3. (D) urinary CCL14. Abbreviations: AKI, acute kidney injury; AUC, area under the receiver
operating characteristic curve; CCL14, C-C motif chemokine ligand 14; DKK3, Dickkopf-3; IGFBP7, insulin like growth factor binding
protein 7; NGAL, neutrophil gelatinase-associated lipocalin; TIMP-2, tissue inhibitor of metalloproteinase 2.
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Fig. 2 Adjusted survival curves for the updated AKI staging based on urinary [TIMP-2] X [IGFBPT]. (A) all stages. (B) stage 1A vs
1B. (C) stage 2A vs 2B. (D) stage 3A vs 3B. Abbreviations: AKI, acute kidney injury; Cl, confidence interval; HR, hazard ratio; IGFBP7,
insulin like growth factor binding protein 7; TIMP-2, tissue inhibitor of metalloproteinase 2. Covariate used in the Cox proportional
hazards regression models was APACHE .

Table 1. The baseline characteristics of patients based on whether their renal function recovered within 7 days.
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Values are median (25th, 75th percentile interquartile range) or n (%).Abbreviations: AKI, acute kidney injury; APACHE, Acute
Physiology and Chronic Health Evaluation; CCL14, C-C motif chemokine ligand 14; DKK3, Dickkopf-3; ICU, intensive care unit;
IGFBP7, insulin like growth factor binding protein 7; KDIGO, Kidney Disease: Improving Global Outcomes; LOS, length of stay;
NGAL, neutrophil gelatinase-associated lipocalin; SCr, serum creatinine; SOFA, Sequential Organ Failure Assessment; TIMP-2,

tissue inhibitor of metalloproteinase 2.a.P-values are derived from the x2 test or Mann-Whitney U test.

Table 2. The accuracy of four biomarkers for predicting non-recovery of renal function from acute kidney injury within

seven days

I 090 cccc2026



Data presented as percentage (95% confidence interval).Abbreviations: CCL14, C-C motif chemokine ligand 14; DKK3, Dickkopf-3;
IGFBP7, insulin like growth factor binding protein 7; NGAL, neutrophil gelatinase-associated lipocalin; NPV, negative predictive

value; PPV ,positive predictive value; TIMP-2, tissue inhibitor of metalloproteinase 2.

Table 3: Trend test of four biomarkers for 30-day mortality rate in updated AKI staging

[TIMP-2] x [IGFBP7] NGAL DKK3 CCL14
HR (95% HR (95% P
Comparison | HR (95% CI) | Pvalue | HR (95% CI) | P value P value
CI CI value
Stage 1A - - - - - - - -
Stage 1B vs
345 0.005 1.76 0.197 1.58 0.297 1.82 0.196
Stage 1A (1.45-8.20) (0.75-4.14) (0.67-3.72) (0.73-4.52) '
Stage 2A vs
1.17 0.743 0.90 0.828 1.02 0.960 0.86 0.730
Stage 1A (0.46-3.86) (0.34-2.39) (0.42-2.52) (0.36-2.05)
Stage 2B vs
414 0.001 2.32 2.28 0.055 241
Stage 1A (1.76-9.70) (1.04-5.18) 0.040 (0.98-5.3) (1.13-5.16) 0.024
Stage 3A vs
3.80 2.20 0.110 2.22 2.19
Stage 1A (1.60-9.05) 0.003 (0.84-5.78) (0.88-5.64) 0.093 (0.92-5.22) 0.078
Stage 3B vs 4.69
5.38 4.46 ; <0.0 4.34 <0.00
Stage 1A 2.17-1333) | <0001 | (1 99.999) | <0001 (2'03')10'6 01 | (205-9.16) |1
Trend test
1.36 1.33 1.33
P for trend <0.0 1.32 <0.00
(1.17-1.57) <0.001 | (1.15-1.54) <0.001 | (1.15-1.55) 01 (1.14-152) | 1
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Abbreviations: AKI, acute kidney injury; CCL14, C-C motif chemokine ligand 14; CI, confidence interval; DKK3, Dickkopf-3; HR,

hazard ratio; IGFBP7, insulin like growth factor binding protein 7; NGAL, neutrophil gelatinase-associated lipocalin; TIMP-2, tissue
inhibitor of metalloproteinases 2.

In trend tests, continuous variables across 6 groups were assigned values from 1 to 6. P-values and p for trend compared to stage
1A are based on Wald tests from Cox proportional hazards regression models.
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4 RESE AN TR ER D IEAR 5 B E S S RG TN E: —BaiiEE. MBREHRR

MR EREY, Bma ", ¥ERY, R, BREY (&)
B 1. AEAREHNERARER 2. IHAEEEFERTEE

BEY

DEFABXRSM SR (Cardiac surgery-associated acute kidney injury, CSA-AKI) RUOBAGELETENHLE, FJEEEM
BEREEHEIRAR KRG, APRLERIAAR CSA-AKI WEERBRERZ —, BRIXTFAHEIMEL (CPB) HAENRI EHF4ATIE
S512EXT CSA-AKI BIRYRZIMIE REARR. AR BERITBYEIMNAN YAk E (Time-weighted average mean arterial pressure, TWA-
MAP) FIEF B Eh i E1EHE R E X B9eE RESEMNAFIIRBKE (MTWA-MAP) 53¢ CSA-AKI REEERFRERBNVFUNE, H
AR EEIR R SREFE KT R IR AR,

Bk

AT HEFRO. BN, WEREHR. SN 2024 £ 10 B 1 H 2026 £ 1 B 31 BERBAZMBHRAEROEIMEEITER, BRG
BANZREEEFRNRERE, WEAORER. BRPLRAZEHIE. LRENENIERERER . EERRLRHA CSA-AK, R
BEASOEARRE 30 RNEBFRRBHEEMN (MAKE30) 28 RHWIEE, TWA-MAP EX A CPB HAEIFH5BkE (MAP) 1EF 65mmHg
B9ehk T EARFRLL CPB BYiEl, mTWA-MAP XA (1) EitE=mMEREEE: CPB HAE MAP /KT 80% £ 4 MAP BYBh4E T EARFRIL
CPBEtEl; (2) ESMERES TWA-MAP —3, B4 MAP EXA: FARFIFFEHRETELNE=RIERN MAP F5E, LERES
FMEAEBERLEN. ERFIRIURAZIENER. HiTh TWA-MAP 5 mTWA-MAP 33 O BEAR/G 2E S SR BTN E.

SR

HEN 945 FlBE, HAP 227l (24%) &4 CSA-AKl, S5K%E4E CSA-AKI BEELL, CSA-AKI BEFIEAR (72vs64 %, P<0.001) ,
YRR, BIlE. BE. REAPEEMERELERES (P <0.05) . tbsh, CSA-AKI £B#& CPB Y& EEhBKPAKTES B R F AR KB ELEK (P
<0.001) , APACHE Il ¥4 % SOFAEATREEFAS (P<0.001) , ZER logistic BIIANMER, EREFL. ¥ERA. CPB %R
FEZERE, mTWA-MAP 2 CSA-AKI B33 37 Ef0E 2 (OR=1.18, 95%Cl, P <0.001) , M TWA-MAP N5 CSA-AKI TEZHE>* (OR=1.00,
P=0.946) . Lt4h, F#e (OR=1.07) . ¥EFRA (OR=2.04) X CPBEta] (OR=1.01) 7rE CSA-AKI FYIRIZIBEFEZE, M LVEF (OR=0.98)
AFIPER, ROC HIZA T ER, mTWA-MAP Fill CSA-AKI B9BRLE FEAR A 0.63, REEMIER 10.02, MAAFRER 0.91, BBRER
0.30,

Wwie

RIRREI, T#HIT CPBODEFAREES, mTWA-MAP 5 CSA-AKI REEEMEX, M TWA-MAP 5 CSA-AKI EEEHE XM, ZER
T, WTFEMEFESNERENEE, EEMERE (65mmHg) MLUENRRIREE CPB HERMEREXFS, METEmtmERES
EREEY E AT A S B APt R MBS B AR B IR, ItbSh, e, MERRIR & CPB Yt CSA-AKI IR B fOE R, SEEFMR—.
ROC 73127~ mTWA-MAP 3§ CSA-AKI BB —EFUNEES. LRERET, TORFARARBMEEES, RAMIMLEBRATEE
BhFEEMIRA CSA-AKI BREEE, MMAMAIIRENFEEREIR A,
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BT OREMIRENT S EFFRERRES QIR RIMNPIEIE

$E: SEAME, IBEW
B PEARBRERBHKEER (@RAFHESRER)

=
Bi HPEMEEEERCEANRSEERO, A NMEUDIESEFRIEHEIREEIEKIE.

F5iE ZAFRZ LA MIMIC-IV #8322 5370 I F EE B8 BN M EURF BRI AT IRRZS, @SBRI A0AFRE Cox AL, DTS,
EHAIFIRTT (80%-100% #EREEHME) 5 28 RFLTRILAIKREX, H7E NEED ¥ERE 1322 B E P FemMp 5 1E IR,

SR BEABP, 2. ERRTRFYS 28 RIAC N BEREEMEX (B8 HR=0.610, &H HR=0.513, ¥ P<0.001) , BiZik%=7F
ERMEERETED: NEERERE LBEERFE <0.3ug/kg/min. LB <2mmol/L B, BRESERXGNFRIPEEZEE, MERER
TEANET <Smg/dL R ERE, ERBRHRBERETERRTAP, EFEMHNEFRDHBRESHITFE X NEED FAFISMERLE
IEERSM7AT—E, REEXERE, MEAERHEDETHEFRETRNS 28 RIAATNMEZAEX, BIHEND EPRIPK
VRIS

it AARIESE, EEZERNEFTINEEREAGEENEETONE, BEFEF (RS LRE. 1) M5 B #Ei5
IRBIEFRTIRNEE AR, MILRSHFFRENSBERETEZRN, FEEEHEFET.

XA EEERE,; BFHE; WIREWIEE; £BRAETD,; ETXK; SN
1.3l

EFRXHRERNEERENMRREHANENENEEZFR. BIgSHERETEL. BORERNMERRSRIAN, FENERX
BRI LU BN B E IRFI S N3HA (1] ASPEN #1 ESPEN Hisf@ B A EAERENEEFTRMNEATR, ELELMEIRERNER
ERIRRSE, HPEFREEMLA N 25-30 keal/kg/d, ERRMHLAH 1.2-2.0 g/kg/d[2, 3], ERIERESEREN ICU f5 48-72 /\BIA
BHAEIEREABIRER 80% MU L,

BERIENE, REHATERNIEYIRFETRER. REENIEAEMBRLEXRNBEREMESX (4, 5]; MeBHfnds
WrAIgEE A B iE. SHH=EME. FEHEE. RRMENR"AURBESHLE, HE—SRMBEFLTE(C, 7], ML, H
BREANSHETRNRZEZ “‘UR” XZR, EEHEINRISHERESLTRAX, MYREBBNERTL 70% FUFRKFH, &
ERT KR [8o

PAT, JEHAZ I RCT X “RHRNERZFARENE" NWEANSRE T . NUTRIREA-2 IXARI, FESVMESESH KR
BBABER, HTF2EBHNES (enteral nutrition, EN) HRERFEWIGKRKT, RM5EMERWZERILINEX, BLOMEE
BRI REGRIK Ogilvie FETIEFTEHLKIE 9. HH—METHRAFOLENMREREE, FHXELEERXE, THERH
EBPNES, 528 RIATEASHEX; BMETE ICU NEE 48 /NTREBRRAEET 0.3 g/kg/d, BEFLTRLNEFIEKMMEEN,
H— SRR RS T R EFBANTAEHRBERMRM [10], NUTRIREA-3 FAR#—FSisE, EESTIMBSHERLEEEAMNE
EH, 5E—RFARLELBEMEF (B2 25 keal/kg/d, EHMR 1.0-1.3 g/kg/d) #BLL, EEMRHNEFMLE (B2 6 keal/kg/d, ER
B10.2-0.4 g/kg/d) PIREBERERERE “HETEERE B8E, BERIEDRLE. EERSBUEMRERNSEFLEREE (11]. 1o,
SEARAN (=22g/kg/d) ERLEFEAMERGENEEEEESNEERTREE,

ERMFRT, £ ICU RHMER, BERFIEREREARMATTREEHNTREMNE, LEERRRIASDNZFRENE, BEAL
MBI AERENBRERR, KREEEMHLEF(CELARENFA, RMAEMENARGRIEREFEINERG (12, 13], KRRFHHETMm
MEHNDH, ISHRRREITERARSRY; AN, NEFEEMONATEH —PREMENREL, BREHERG [14]). £
FRRERMRZFAZEHIATEBENG, STHERGREN, TORHAZEREENNEEINEFZS, FRERDREER
HERZENRERSE, BEEBEAMRST, HRBMEAERAEEE, 0 10-20 kcal/h HEITEEEHAER 20%-50%, MEZEDEE
[15], XLEHRBRMEATEMR T E™ EARS TUARESE E MR H SIRITHIeE ML, MIFRMEREFENRE,

LZEFTR, 7F ICU BT IERRAS—EENEENREARMAITE, TRELUHEEEEREEXMANSEMNEFRER. Elt, &F
H—BIARERRRERSRIGRFIEERT, EFAMTREYRETR—BNGARRTE, IREFEEZNERWETHR. FHFMUF
F3 ICU BEIRRPATIEHE, MWEZIRE Cox @VIHE, KB HEBRASTRIBFRITKT (80%-100%) FATERELE, AR
HETRIGR D BABRETEFRSEFLERZENXEKXR, UHHABEREFEL. MAMLEFIFRIBHGIERHTEIEEZ KR
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2. EEE
2.1 AR SRS

KRR A—IETF MIMIC-IV BIREFEHEIFIEPATIR R, ZEIBEWR T 2008 F£ X 2019 FHAEITE Beth Israel Deaconess Medical
Center IESBIEIIAT BEMNIGKREUE, HEAOFHE. £HAE. LRENTLER. BAICRATIREEETERE.

2.1.1 NittRg

(1) Fie> 18 FHREFEREE;

(2) ICU fHBzBYIEI> T X;

(3) ICU (EBRHREIZE DB —RIHNHAINEFTBTIER;
2.1.2 HipSHR

(1) FEZRICU NFHERE;

(2) BEFERKLE;

(3) SHRBREBEBEANERRMEAE 3% & (HEFKES, BEEXRRELEERFETF NPO. Sips. Tube Feeding. TPN. Enteral
feeding. No Liquid. PPN, MizA#MEILAEE) ;

(4) ICU FFHRBEE A FRRARIERE;
(5) ICU fEREHRER R M. MEMHEMICEIREE,
2.2 TERIVNMEWS

FRFTRINEENELE R SAMNEKIE. SHEFBAMIENIGKRE R BLARSFFR. 3. K2, Wik AR, SHERBR,
UK SOFA T REZHME 7. SEMBEIRREEBARE (FHHPKE. OF. WRIAE, (KR, BUHFERITS) . ZER=EHER (0
AEH. AR, /MR, BER. B, RER. AR, AR, BOYEROSHONE) NZHETERE (ERBLREER.
BREEART. YIMBESER . EFR—ICU BREZEFESZRIER, WiEESKIERTEEXIHE,

SHEFKIESEPNESM / HFIMNEFBEANEE (keal) MEARE (g) , HREMNFRETEXRGRALG. HEEHER
BAIRNIAZIHEE BARHY 80%-100% BY, EXA “KIFEFR" o

FRE/N 28 RTR, RELFBEIE ICU (RSB RAE R4 [l

SFFHREEMET 60% HEE, RAFMNFUNSELE (predictive mean matching, PMM) BIZ Eifsh 5 A #1742, FIENZEATE
RN BENEERETHIRERR.

23FERERAR

RIBREIRARARRETRTT REATE, AMARFTERFTEX AL REERNATIESEEHEEDN 80%-100%, FRRFEX VKT
REE A9 80%.

2.4 SR5EH

FRLF/ N 28 REFFX T, FEIHE ICU NBEEIEER, XU 24 /N ANEREWRNERMEFSRIE, BEELT. % ICU ZXE 28 X
FEIT R REHE LS,

25 hEE

AEGBTRRAR, BEMANUTHESR: BATE: 45, FfR. Charlson SHHEER. \RFE. 55; MEINEELNIGRKRES:
BAMITE (WBC) .« ShRRA—&E WIS E (pCO,) . FLER. ARERE (ALT) . HEF. &AL (PaO,/Fi0,) . TIERKE (MAP) |
SHEKRE. NMES (vent) . BEMAT RT) « VR, BEA. NEEELYFIE (vaso_dose) . BEHFEXITS (GCS) RF
RBERIBTSD (SOFA) o
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2.6 EHENENME
AEHEERBIERRER, SMARBERRIINGEGITEESALTFIRRF KT THRERR, AWEREMNE,

WNENITED NS FIEEMHBIRE: HFREMABRZAOFTE, SFEH. £, Charlson GHIEEH. FERSH. HEIE
RS FRENEM E#— P M NMEREZ NIRRT S, 8% WBC. pCO,. ZLE. ALT. BlEF. PaO,/Fi0,. MAP. FRE. vent. RT.
{438, albumin. vaso_dose. GCS. SOFA,

RAZTR logistic BJFRE, UEHRFARBRSNEALTE, B MAEAEELSHSRRRSKE TEREENME, BEiEH

8 t WIREUNEEX 7 . -
swg; _ 1—[ Pr(A;;= “i:i|Ai(j-1): Lip

o PT (A= a;lA; ) Lig L)

Heh A RRE | MBS | B TCURE , Ay REI—RIBFRRS, HUNELSHINESUNNEE, B S FHE /5 SHETR
IREMN, FRIMNEHIT 1%-99% S UEERE LUR D RIREXER BRI ER M.

2.7 it E SR

EMERRECEHRENER, RABGFEH Cox RENTAERRIRFTK TR 28 RILT IR, TEMAFAPINE Cox LLFIRFIER, Lifh
HERFKFEYFSZHANNRLERE 95% BEXIE:

ht|A) = hy(t)exp(BA)

Hp A RTEEBHAT GRRIEsH vs RARIER) , B AREWET RN RKILL, BRRERINE sw,, , FEEEREINE
EREHEGT, UREBEMIRZEXENEX.

<!

ESTERIBESHERMUYE GREE) PO [ moIEEE, IQRFTR, PETELUI (BHtl) TR, ARLKRGD, HETER

BEAREE Fisher ik, EETERBESHERILERRA Student’ s t YL Mann-Whitney U #6038, 3 FIADH, @BITE

BRI AN BT I AR AENNES, FRA Benjamini-Hochberg 7554315412 BLLIRIIBR R MK, FIEHKITHTIIER R R
(version4.2.2) 5ER, WM P<0.05 MAEREEHITERN.

2.8 JhEBISHERA TS A TS i

FIEET MIMIC HREBIEPUFREMERLRZ NN D EFTERNESE DR EIES IR 1E, AHFTEMIIA NEED iR
EZIMBINIERAT o

M NEED MAZEIRE PSR EFR X FNEESEAMIGET, RINEERLADZRE. BRTEREER. REEEGNRERAE
FERNEHE. BT MIMIC FAFIF MSCM DHTFFSHAEIRSERD, 1 NEED MAFFRABLN RN EBHITHRED . EFBEEX
AICUNMEE 1 EE 7T XRTISAREETE (%TC) REEEFRE (%TPI) -

ESItHEELE, KA Cox LI RFEENAIEBITEE B THEFEMEKS 28 RATNBEZENXR. EEEABRKESHESEAEFSS
BIERE, HXER. %3, CClIFa RN ICU B SOFA {0 ERERARRHITRIE. EILLBRAREERS DB FEFERESIET
REEZBRXEKG RS 2EME, IIEMIMIC AFIFIRBINEFRTMERE RS ERIBIEETSIEES.

348
31 BENE

EF MIMIC-IV B A ICU EBRIER (N =94458) , EFHIFRES ICU NEEE 9216 I, #—PHPR ICU (EBBTK <7 K& 73764 i, B8
EEREIEREMRERR R, SRERERIRRAE 2706 . SEABBNICRIRKE > 33% & 2457 ffil. GRAEABIBNEE 850 A1,
AR KRR EIEARERK 95 flo AN 5370 HIREARIAT], BTFELNERMERSERI N (B 1)

EHNNEREZEF, BHE58.7%, MHBSER 67.9%. SIEABENFELFAEA 65.8 %, BMI Fi¥kA 28.0 kg/m?, Charlson
BHAEITHH SOFA THBIRUE DTN 5 9F 79, R 28 RETLERNALKRET, RTUAREFREESTEREA (70.9 vs 63.7
%, P<0.001) , BMI E % (27.1vs 28.4 kg/m?, P<0.001) , Charlsonif4 & SOFAE 3 E = (6vs 54, P<0.001; 7vs6 43,
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P<0.001) , GCS ##HIFRE (P=0.006) » AT-HERE LIFEYEFIEFES (0.08 vs 0.05 pg/kg/min, P=0.0004), H34a (B:
57.8% vs 59.1%, P=0.396) S#lH@SLLEl (66.0% vs 68.0%, P=0.091) fEMHEIERITSHITERE N,

LR EIEIRA E, FET4AI/MR B EE (194 vs 213X109/L, P<0.001) , FLEAKFEES (2.20 vs 1.90 mmol/L, P<0.001) , 1%
INEEZMEAE (ALET 1.40 vs 1.10 mg/dL, P<0.001; FRZER 31.0 vs 23.0 mg/dL, P<0.001); SAELIERES (0.80 vs 0.70 mg/dL,
P<0.001) , HEANHERHLABHITFERNX (P=0.010) , BAMSMBEERADERFEE (P=0.134; P=0.129) .

Y apAESE, JET4RI Pa02/FiO2 LE{ESEARE (145.0 vs 156.7, P<0.001) , ARESME (37.44 vs 37.67 °C, P<0.001) , FiImhhkEER (57
vs 58 mmHg, P=0.002) , FRIRSAZEREHR (29vs 28R / 93, P<0.001) , MLEESAEE (P=0.493) .

RTABRERNHFRES. BMERAEEERSFEIREEREAT BRI, HHERBIMIMRELD. BIRRENRET | RIEBXIET
FE; MEAMM. BRI, MEkT. MESKHIROEERHBRURIZEESR (K1) .

1. IR KRB TRETRIE

&1 ANBENELEE

R JSPN - RN LA S P{E
FE 9 65.80 [54.42,75.98] 63.69 [52.41, 73.85] 70.92 [60.17, 80.13] <0.001
PRI (59 3154 (58.7%) 2344 (59.1%) 810 (57.8%) 0.3961
BMI (kg/m? ) 28.03 [23.88,33.41] 28.40 [24.14, 33.77] 27.10 [23.24, 32.26] <0.001
HUAIE < 3644 (67.9%) 2718 (68.5%) 926 (66.0%) 0.0914
SURMRILHEVEY  5.00[3.00, 7.00] 5.00 [3.00, 7.00] 6.00 [4.00, 8.00] <0.001
SOFA score 7.00 [4.00, 10.00] 6.00 [4.00, 9.00] 7.00 [5.00, 10.00] <0.001
GCS 15.00 [13.00, 15.00] 15.00 [13.00, 15.00] 15.00 [13.00, 15.00] 0.006
FHhExFHR

0.05 [0.00, 0.25] 0.05 [0.00, 0.22] 0.08 [0.00, 0.28] 0.0004
(ng/kg/min)
FI4If(C< 100 /L) 13.70 [9.90, 18.90] 13.60 [9.90, 18.70] 13.90 [10.10, 19.18] 0.1343
IfiL/MRC 1P /L) 208.00 [147.00, 286.00] 213.00 [153.00, 290.00] 194.00 [130.00, 274.75] <0.001
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TE MIMIC-IV #5382 5370 BlBE , 5 440 (8.2%) 7E ICU (EixHREER AINEFFF, MHRK 5370 fIHP89 91.8% KREAMINETF,
H—FSRNERBIINEFERER, BRIARSEABRUPRNERATEERIITAN. VE 276§ (5.1%) £ ICU A\RIEREESBHIH
EFATT, 94.9% NEBEERRERMINES, RPRMEFRERUTNEF AT, MINEFHABLLHIRE (B2) .

BAEMS, RERRTEIMAUNTIPERSHBERZNRATANEFRLUTRNEFNENZIFREE, BINEFOERLGENER, L
HAE ICU BT R M R ENEAE,

2. MIMIC-IV #iEERIER BEE AT BE PIIINEFNERER

ATESER 5370 fIBE T, B 440 6] (8.2%) 7E ICU {EFeHRiEEZMINEFFZ . B. 7£ 5370 flBEH, NF 276 fl (5.1%) FEICU
ANBEREZBINETETT .

E 3A BR THRMFIEARRERE (TC) SEREFE (TP) BHEEXNES. TBEARFF, BIUARER ICU ANREHYE
FE EF#ES, NICU ERI 5-T REARABRE, B TCI ABREKFRERA, —BEZXELN 70%; B TPIERESP EFH, EEEFKFR
F TCl, —RBE8H 60%, WERERRZINE, ¥R LABE, FT7% 3 ARETFEH; EMIAERER, TCIEL 90%, TPI L%
80%. B 3B LR T HEFHAMFETALESHASNEAIRER ICU R EMNENER. ERER, TREETH, MANSERE
HEERREEE, MREEIETAREERAIRERNRS EFAEY, BERKTERETFERFE,
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31 BERFIEN ICU EEERESE0BRARRNNE-EE
A BERREGE (TC) SEQZRGE (TPI) MITEZEERNEE, BLARTC, BEEAR TP, B. £FAMRTHBESARENE

ELAARERRE ICU (ERRRd Bl E i ss, BERLLAARERFA TC; HBLEAREFE TPL RBELAARETA TC; IEELARTT
48 TPI,
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3.2 EKIRIRTFA 28 KIE T RBSEYZZMN

TEF R AN AYAPREEH Cox #2EH, LS HRSARFREBNAER 80%-100%REE EXAAEIEIR, HFURERST (<80%) EASERAMT
E. BRETR, ESMAARP, BREBAGS 28 REATXIEEZERMIEX (HR=0.610, 95%Cl=0.500-0.740, P<0.001)

£ MIMIC-IV $UBEER, #8id 90% M B&EEZAMNEFET. REREFRBE LRENENBHIMET, ERFIZNEETERMZIFABR,
HEAIRS 28 RFET-NILEEEEMEX (<0.2ug/kg/min: HR=0.510, 95%Cl=0.410-0.630, P <0.001; 0.2-<0.3ug/kg/min: HR =
0.230, 95%CI=0.070-0.740, P=0.014) , #Af, HFWFE=> 0.3 ug/kg/min BY, AERIFSRT N2 BMNXEBERBEEFTEEESR
H¥EEME (0.3-<0.4 ug/kg/min: HR=1.380, P=0.521; > 0.4 ug/kg/min: HR=1.010, P=0.979) o

IR THRSHET, (UELE <2 mmol/L BEFRMEIABIAIRS 28 RFET- RIS BRIEIEX (HR=0.510, 95%CI=0.400-
0.640, P<0.001) , TFLE> 2 mmol/L W&, ZXBIFATGHEREY (£2)

& 2 FRIRKRS B TREEIEIFIRFTS 28 RILT XAV ANBLAFREEH Cox EYFNHTER

HR 95%CI P
SN 0.61 0.502,0.742 <0.001
SHEFEAE
<0.2 0.506 | 0.406, 0.632 <0.001
=02 H <03 0.225  0.068, 0.743 0.014
=03 H <04 1.377 0.518, 3.659 0.521
=0.4 1.007  0.622,1.628 0.979
RN
<2 0.508 ' 0.400, 0.644 <0.001
=2 H <3 0.777  0.490, 1.232 0.283
=3 H <4 0.667  0.296, 1.504 0.329
=4 0.619 1 0.348, 1.100 0.102

3.3 ERXIAIRGF 28 XFETRPLHIREIN
ERMEABT, BEBIXIRS 28 RILT NP EEMREAEARX (HR=0.513, 95%Cl=0.421-0.616, P<0.001)

DESHER, EDBIUZNE RS LBRRFE <0.3 ug/kg/min (<0.2 pg/kg/min HR=0.460, 95%Cl = 0.369-0.574,P < 0.00; 0.2-<0.3
ug/kg/min: HR=0.134, 95%Cl =0.029-0.612, P=0.009) . %LE <2 mmol/L (HR=0.375, 95%CI=0.291-0.485, P<0.001) KAl
BF <5mg/dL (<l.3mg/dL: HR=0.521, P<0.001; 1.3-<2 mg/dL: HR=0.454, P=0.003; 2-<5mg/dL: HR=0.538, P =0.001)
RRBITILAR BT, STARNRITEBERMRLAKFYS 28 KA THREZRX (R3) . 2AEMS, EEXGEREARRS
28 R ERREEEX, EATEREFEEFTAHAHRFENRT. BIFRSEENR SIIREHATNEETH,
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& 3ITEIRKS B TEBRIRESFS 28 RIEETNPLAYERRINTLALREN Cox BN TR

HR 95%CI P
FEPN 2 0.513  0.421,0.626 <0.001
FHMEHEHE
<0.2 0.460 0.369, 0.574 <0.001
=02 H <0.3 0.134 0.029,0.612 0.009
=>0.3 H <04 0.698  0.265, 1.841 0.467
=0.4 0.981 0.578, 1.664 0.943
FLIR
<2 0.375 0.291,0.485 <0.001
=2 H <3 0.683  0.435,1.071 0.097
=3 H <4 0.577 0.279, 1.191 0.137
=>4 0.884  0.500, 1.564 0.672
REH
>=7 H <20 0.473 0.277,0.806 0.006
>=20 H. <40 0.483  0.339, 0.687 <0.001
>=40 H <100 0.547  0.404, 0.740 <0.001
>=100 0.526 0.277, 1.001 0.051
WLEF
<1.3 0.521 0.391, 0.693 <0.001
>=13 H <2 0.454 0.271,0.759 0.003
>=2 H <5 0.538  0.372,0.779 0.001
>=5 0.875 0.437,1.755 0.707

3.4 NEED BASIFREFFEIRBEMNIMBISEER

SMERESIE Cox [E1YS3 A BAFIBI9ATHZS A B% 79 NEED 38 FRE 2772 HINAERE, HBR ICU ERRAYEDF 7 RE 212 fl. HEAZEZOMR
REE 235 . EFHIEREAE 35 FIUREEEZHINETTE 965 BIfF, 1325 HIBRBRFEMNITE, H—THR 28 RILTLRFBIRE
E 30, RAMN 1322 fIARHNEFEE R TIMNBIIED o

4. NEED AR FHMERESIERY B3 TH A2
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R ABTTRATINBIIESEY NEED PATIBEEAIGRIFE. HAN 1322 FIAINEFREE, FIRPMUHN 64 %, BMh 66%, B
ERTEEREDREFRE, APACHE I 35Utk 18, SOFA 5 7, mNUTRIC i¥0H 4, FLERKFHIEA 1.8 mmol/L, #R%
HERENBR MR N FIRSEIIRE, 1ICU ARIEBILSE ICU AE (86.5%) , 62.2% BERBTRRIRFIESH, NAHM 63.8% 1#Z
MBS, 30.1% EAMEEMELY, 10.7% % CRRT 255 28 RILT-FEH 13.2%, 28 KM ICU BERREHMIEN 6 Ko

< 4. NEED SMERISIERA T B9 B LR IR PRAFE

& 5 2457 NEED SMEBILIERAFITE ICU ARV B RIRVE Gy Ritd E R KLIrReESEAHRNIRN. SMARE, BEFBEREFNE
RAIEA 2 R, 75.9% BIBEEANE 48 NIABHBAET, RTSUBERR THENEANEFIF. 21.1% NEERBREmN
Y, NEFRERUBARFAE (91.6%) , WITERASL 8.4%, EEHAEFMAHHE, BEEFHEHEEHREAEEN 928.6 keal, I
B 14.6 keal/kg-d, BEEAAREAMIEN 58.5%, ERRMLEN 36.7g/d, HHTF 0.6 g/kg d, BEHEREN 44%,
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7 5. NEED SMERIIEATINARE R EF AT I MR SEAHAER

7 6 B/ 7 7E NEED SMERIRIERATIR, 1RHE MIMIC-IV ATAFREEMIEE (MSCM) IRZIHAAEIREE (FLER 2 mmol/L. ERE ERE 0.3
ug/kg/min. BEF 5 mg/dL) #TNERE, BRETHRABEMEREZAENE (BIRS 10%) 5 28 RN EIRY Cox BIADITLER.

EEHARP, RESEQRMIERIYS 28 RATNREZEHEX, BEFRFER. 43, BRTEREFEARZENRERITERX.
DEDITER, HIE <2 mmol/L SiERE ERE <0.3 ug/kg/min BY, TOETHAESEAMRABSHTCRNETREEEMEX; MEILER
= 2 mmol/L HERE LRE > 0.3 ug/kg/min NEEDR, ZRIFUNIBEZ. B, EAE <5 mg/dLIBED, ERERERSRET
REEFHEEEMEX, MEAEF > 5 mg/dL ABFRRMURIFHFREN &6 EF MIMIC-IV FAFIRRIEVEZEEE O7E NEED FAFIHREID
& Cox [El)A53 445

cccc2026 0103 |



4.8

FEEFRLESFEM E, #—PMEpSEERSAELL, RIIEESE ICU RPREFEIEES. T NWEFRREETN. &F
MIMIC Um%dE , R EERIIER A RNFR T, RIRBUSEWEE ZRITEIFRERF RS ETFEREX 28 RIET R LBIF M,
HZRET, FEAART, ZOETHEESEQRANISH TR EE TEEX. AN, XMEFREFIFERE RS THIRFRE,
DEITE—SIER, EFREAFGPERNEORME: SFNERBELREFERE <0.3ug/kg/min, FLE <2 mmol/L BY, TNEESE
BELEARFT SRAVFE T RSP RS LUREE ; MEREITEITESHARREPENBRERET, ZREAFEEHEK, WFEREBEAM
=, EBYEEmERR (EF> 5 mg/dl) B, REEHEMENEFABEFEEE, RTIREMZEIRERERRURKETSMMXRE
AitR. RE NEED PAFIVEIBLEM S MIMIC-IV FE—EER, HH NEED AFIEEEFELIRKIFEFHRA Cox LLHIXPIRELHIT I,
i MIMIC-IV MFI B mEEF BT LFRE R B I AR BB R AR, ERMOIREFSERES B LRT—, HRTERF
EIANRENERED, ROEFRASERNIETKELEX,

NUTRIREA-2 FAXZ RCT 5, HIURSNFAREXFTRSTEMEEEAYIFNEED, RIEHELEBRFHRMTRTERE,
BEZREEMETMRMBRHLKIE [5, 10], XE5FARESERE LREFNETHPANREE BEZRHMERE—H FARNEL
BREMFRERR T ALET S BUERSWERFTIMROBETER, BIIRSEEFAMRUENXRRR, AHNEERE ERETFR
TREETHE, BERRSHBRIENRE. BEANEEFEAYTEASH, RTETIEERIERERPARRMNGE, SMNEE
BRI, EERRINERDEIEMNAHEEL, WIHEHAIRIRST TR AR A RfRERES (11, 12], EREANEMAE
<5Smg/dL I EFREENRE, FIEES BWREREN ARSI AFEEENETEX. EEVEENRENERT, IFEBERE
BREAREFENSREY, #HANTREE, MMETEEQHAEETN TIHIRAE. RENNELSHRESAREE, HEERR
e SBAMERD. Rk, ZNHEEASRTEWRMTERRE, RARFERENTE, IEEARATRNERZAER. B
kB R AERE, EEEMEERETHR, NMHSEEIERBERS,.

AT, FARMEETETER. Bk, MIMIC-IVHEZZRRT 2P ORMMEEERE, HEFKBRELRTERE SRR, mm
NEED PAFIR AR T SNERISIE, BHTFRZTENNEIRTEE, TET2EN MSCM DITIESR, FELLMIATIZEN 5 EFER FIEER
IMAERMEREL M, 15, AARFMRBIMNHETEZETNRMEKIERY, HAETeSRTERRMENIRRTRERE, KRMFBELH
BEMERR RS FRIX I — I,

5. &g

KEET MIMIC HAEIE, RBEDSEMERTHNEEBIEERER, T TABSERENEY 28 RETKEHRM. SRER,
FOEFERTNR TEESERX, EHREZMPFHRHEET ORI SEXPE LRREHAE <0.3 pg/kg/min. FLER <2 mmol/L B,
AESEABTHERNEFREGURE; Hh, ZERENTZIE <5 mg/dL RRMHEANZENRE, ERERE NEED PAYIPFEI—
BIIE, RTERAEERFITETETSRSEXEITRIEN R BAEEBEEFNBNERTHEND, NEEMEMNS MELRER
B EEMEERKE,
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K5l /| BREAR: B REEAXAFENEMAR

BT PRt RAFMMIEEN SRS IR LT P R4 5 fina L B 41 EY
%X E

wa: B, SR, ¥R, 58K, BR, @IF
B ERBAFEFRMBRITFER

@S (mechanical ventilation, MV) B2MPREFESESERTIRRBEENEEEGZIFFE, AWM, KBEIFELENNRES
AHARIRLTLENHIE, SEVMESEXIMLTLL (mechanical ventilation-induced pulmonary fibrosis, MVPF) BIX%E5%RE. BE,
MVPF BW4RRE 5 53 FHEI R RST 2P, A4 m R E T B RAhE F AR ERIRGPIS I AN BEBE RN & FRINEERER, R
HBERL LT LEARAE / FLRRET R R IR, WES D, RESEAMIMNER (extracellular matrix, ECM) ZFEIRFR, HA, FhLT
HMMEN S B BUERIAN BT AN R ESHBOZOHRIEEMF, Bit, EAMRIEMEMTEMRIIRREEENG, WFHBR MVPF
DFEMAALBEFREBREBEER N,

1. RASEHSREYMBSE/NE MVPF #H2: MV ANRIZZVMES 2 /08 (BSE 20 ml/kg, MIRIAE 708 / 7% , XRAN
TREREQRE, 2. WEXNRAS MV A/NRMAR#ITRARERANT: ETF 10x Genomics FEFERELRAE RNANF, LAKRIEZA
fBEBERIR RS TN ; #—PESHNITHEET CellChat AELNERNDITEFITES L, BTHE ERAMS MR EARZENNTE
EXRo BT ERDHTTRLEH KRS SBERECE - RBEEER, HESKRIENE#ITH-SES DI,

1. B RABTIMESIESHN ECM BEEHE: KIS /ET B4 RNA NFE SNBSS K4 TAALNMAMAR. UMAP
HHERTR, WRAS MV ARYATETFH SMAMMEETR, SEME LRI (ATL. AT2) « RALAR. NEARKSHREHARS
(B 1A-B) o Hiili#—FiBEEHA marker ERFRIAWIE T ARERIVERYE (B 10) , FMERITFAEIMEIMERELITS (ECM
remodeling score) & T SAMLR WAL NEXINERTS,; ERETMTLEMAEAB RSN ECM EXEM, ENED ERAMBLR
MRS H ECM #EXERRX (B 1D-E) . S¥HRAMLL, MV AE(K ECM remodeling score 2&H® (B 1F) . THAMREEKES
WA, ZASTMIFETRAEMRT, EiE ERARESMHAREE DRSS ELRE (B16) . ERERRT, NIRESITIES
ZARSSH ECM ELIIE, UKR LR - BIRNEEERE MVPF RELXRHRIETEEER.

2. B S ERARREENA R LR - AT AR A ESEE: @i CellChat ST A, SYRAEMELL, MV ALFEEMEEER
HERENREYREIEM, RTIMBSEZERMALNNNARENANSE (B2A) . ESEBINET, SMETHENWHEXIER (40
COLLAGEN. FN1. TGFb % ECM #8XiBER) 7£ MV AREER, REA MV EMARNIFREEFENKRTEE (B 2B) . HIMEEE
7 COLLAGEN 1< H94H B a) @ ild BE SRt — & (@ BA MVPF 21289 ECM B2, HT@dnrARERNAaLI, MEEAmR. B[R
AN LR TARRREZEANTIEMMRES KR, MIE LRMAM (AECs, BF AT1HAT2) #2557 COLLAGEN 55/ (B 2C-
D) o It5h, BB ERRAMMAIMLITEMIEISTE COLLAGEN ESMEBHAEFRBIBNRES (B 2E) o RITEN T IZERFRELE
KBDEAMZAMENRIEKTE (B 2F) , HERR T FRABIEEPRMEAMNEE - & (Collal - Itgal + Itgbl) KMHEEER (B
26) . HERINFBARREL@mRAT MV ARMALRPRREMMAERE ECM BXBRMAMNBHOEEERRE; RITLIMBLTLMME
RMHESKFRBANEHEEERRERE, RAENEFEUNEPRYRORANERER, AECs (LHRZ AT2) thRIHSENE
EffRRE, #—FRn 7 MELRAME MVPF 835 ECM E2H LK - EFAEEFRAFRIRRER. &L, Ve SEdELHmE
B, (R#ihE LRSS MAEABESEE, MTHERT MVPF B9# R,

3. BT HIE S8R MVPF #1290 L R 4R S5 RAT AR RIS A — P @R 4 B2 E AR S R AT 4 4RRE 2 1B R Eh
BXFR, B{1RA Monocle2 BAI 4R RAKIBEPH LE 5 RIRXEHTTIMBIFENTDF. SRER, FE—FEMHNINNEE
THE, Hi2iaT AT2 45, HZTBMAEMmERTE (B 3A) . EiZdi2d, #ME LK - Bf%{E (epithelial-mesenchymal
transition, EMT) #EXAREER (@0 Vim. Fnl) BZH LA, BT EEAREFECHBTIRERREFTIHES (B 3B-C) , BT
BWE, X—oATHS5aRama@inarh MR8y AT2 4k S L4 > E3E 5394 MER  (extracellular matrix, ECM) 48
XESEBE—N. 5L, ZERMNDHNERESIFT MVPF SI2FHI6E A5 T4 BEEEL B AN EER T2,

4, BARDITIST A EMMRA SR R ERAF AN I BHHE: NERTISE LTI A7 MVPF FREV(ER, AT R RALIE
PR AT EMRBHAHRTT T BO BN, ERET, MARARTUI NS IEBERMRRBENLE (B44) , BREFEREEN
MZ L. BT marker BERED, FRLFZMHESUNINEE, SEERERBEXLERIGEEXTES, Hd, HolT
BETOAMMINER ECM BXER, RTHFREFENIRPRIZXREER (B4B) . #—F DMK, Pdgfra” F Coll4al” Mt
RRTE ECM EEMEXBRAZMBEHERS (B40) , RTEARRERMTHENHENERYMNAMEE. EETOERIE—D KA,
SR, MV AP ST EMMIT T AAXER (81 TGF-B ES58KR. ER - BIRBURKERN) LAETEEELRE
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(B4D) ., {EfFFEME, Pdgfra” Ml Colldal” MAAEAMMTE EMT BRI BATRUEESIVENKTE, RREEMLTALN - FRE
HAR L HBRPRIRERFEEENIFITIERA. SEFR, MAFLEMRE MVPF A2MHEZNIHEM, HALL Pdgfra” # Coll4al” p
LA RIVBL BB RO 1B R INRR RS, FTRERIREN MVPF #RIVEEN .

FRFTE T RAMRE RAF RGN T HRE B XML R AREE R ES T, ERERA, BB IILRARIIERELER
ERABBEMTEMRESER, EHMARTENER, NNFONRT ERAREMRTEMRELIEZPREREST, MALTHE
AT BEDTH—SIBTEEZRRM, FHETEH L Pdgfra’ 1 Colldal” ARRAMEF AN KB LRAEHA, XL EHE ECM BXK
FHWARXBRPRIMEEZFMRS. FL, FATIBRT LK - BT 4MEE (FRA KR AARS R EY B SR a4k
BIXBER, NEEMRERT AR NE LFREESRE T BT TSR,
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K5l /) ImRERR: BB RInRARMAR G FRIRE
MESESENCARKBESHRGRFREXEFREEX: —BIZROHR

wEd: BRI, XUIDEE, B, ERR, R, X
By PUAZEHRESE—ER

FEERRSERAFETE T, RSESEHRENEREEXEERE (health-related quality of life, HRQOL) ZiBE#HZHIX*F, 2026
RS EICIER B ERSEL G HRQOL EASELIEEENEEBT. MSEASNRBINEERB ISR TEX,
TR REET IR A, SRR B ME NS RESERZMTIAIEEME, AT, EARBMEESKSELRESE HRQOL Ziany
KRRZEIFIEE, SETHEIESRTEH.

AARBEF—MLEZH0 RCT AR (TESTS IX30) BRI, HEBREBRHABIZET. 90 REIMA{ERE. 90 X SF-36 TR ATHER M4
ERETENEERS, £HN 661 fISELHMRES, REMANANELZ. F7XNEH 14 RRMHEHMEE (ALC) . Bz
HLA-DR (mHLA-DR) FleriErudhff / E4RREELE (NLR) , HF55 90 R3RA SF-36 iffl HRQOL, BIESRMAMEEREZES (PCS) FMLE
ZEEES (MCS) o RABREDITLRAENE S %BIERS HRQOL X R, KA XEMEENTEE 7 REEHITS 90 X HRQOL
BYIRIIXkE%, FHEE Logistic [BY3. B Logistic. REERD RIS IIELE RIB M,

90 RAETFAHSFET AR ALC. mHLA-DRH NLREIS LB U FEERZER, BEEH, (N80 RZENS 90 K HRQOL #8%, % 7 XM % 14 K,
ALC. mHLA-DR#1NLR 3395 90 X HRQOL BE#xX (P <0.05) . £EFH T XEENEE 14 RIEMNER, BERELEER, FHibE
GOMBEE TR, 1£90 K1EEEEH, 557 KALC 5 PCSHHIIIFAE% (RR=1.031, 95%Cl 1.000-1.063, P=0.047) , £Fi#dFE 7 X
SOFA S5 PCS M7 4#EK; mHLA-DR# NLR 5 PCS EE & XEX, MCS &AM, X% 7 X SOFA TS5 MCS TR, SRS
MER, %7 XALC 51K 90 RIBRAREZIRNXMMEFX (OR=0.465, 95%Cl 0.215-0.920, P=0.042) , ¥ 90 XHIHTENESE
E, ZXBEMEZE (SHR=0.548, 95%CI 0.330-0.910, P=0.020) . ARMEREIFLEILE 7 K SOFA T3 ALC 5 PCS KEEH B E (&4
{ER, P forinteraction £33 0.709 #0 0.521, TWLADITLER BE—E,

ERRSELRBRESR, RSES 7 RNCARKE STHRERBRAXEFERERIAR, F 7 RUTESTHERERESZE HRQOL X
EHRENER. X—RANRSIEHREE N KAEEREEILKIE,
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K5l /) ImRERR: BB RInRARMAR G FRIRE

FRSIERE N ICU 24 h ARERBRARERS 28 d SETERMIFATIERR

PR fRAkED. . O PRME. M
By LERRRAZRIFEZ R D AER

B IRIRSERENE ICU 5 24 h WEER B (glucocorticoids, GC) ERFIES 28d £@EFET-RZBENXE, NIRZESRE GC
AT FIERRIEIRREKE.

BiE EFEEUFERZEEHIEEIV (Medical Information Mart for Intensive Care IV, MIMIC-IV) FEEIFMATIFFR. BNFE
Sepsis-3 IZEiiT AR ER > 18 SHIRBEERE, IRIBAN ICUE 24 h N GC RRRFIE (SN ATMNEE) 759K EH GC4A. 0~ 300 mg 4A.
300 ~ 800 mg £H. 800 ~ 1200 mg A% > 1200 mg H, KAMRHIMIIFHFK (restricted cubic spline, RCS) 734 GC &5 28 d 3t
TP Z BIELEX R, HEAZHRK Logistic B3, AT LA (propensity score matching, PSM) Ki##EZR MY (inverse
probability of treatment weighting, IPTW) 34784547,

SR HMN 20 672 FIRSIERE, HrP 2 548 ffl##% GC AT, RCS O ER, GCRMFES 28 dFATHXE2RBEIFAM XA (P <0.001) 6
%A% Logistic BANTExR, SRR GCH8LL, 800 ~ 1200 mg £ 28 d ZET- M1 (OR = 0.55, 95%Cl: 0.35~0.82, P = 0.005)
PSM Xz IPTW SRS EDH—8. TADIRT, RXEKEFIR < 65%. SOFAESD> 10 9. SHAFIERFENRRERMDEFELY
BEPENRALE,

it RSEREFH GC EMNES 28 d AT X 2FREMRXFR, SFETRIMZE 800 ~ 1200 mg FIEESHRARSENLAER, AKIKS
E GC MAETT SRR M T SE KR,

15|

KREESRRAFSHNBEIRERASENEREMNRENERERS HEICUBRERTHNEERFAZ—(1-3], BREHE
(glucocorticoids, GC) EFMA. REFTRAERFMRDNFRESER, ERSERCTNEZRATEY. BrEMRERER,
WHHFEFEMEFEAYZINRSERTEE, AT 200 mg/d[4, 5. A, ZHRNIIERMRNT GC LR ERE
KT FE SN APROCCHSS[6] IR ET, SAIMMEXSME AT RILRETSFEE 90 d SET-2, M ADRENAL[7] & CORTICUS[8]
MFTRIAIESE GC AIINRIRSEE4:, AARMERBENKIEERTE. XESWATRRTREMFTZE GC HFIME. LEHH. JBTH

SNEREERRTCEREFEEEER.

IEERMFTRIM, GCIrAIaERARERFBAMIL. K72 GC AT RMNFIERERN, MISHIENTEEMER. ABE
BB E XL [9, 10l FHIGCHESBEMEZ BAEEFERENEKXE, NRZFDIE. BRNSHMREIELRESNA
GC, MR ERRERIRFIEXT IGPREE/FBIR M.

KEIARET MIMIC-IV 235, DMRSERENEICUE 24 h A GC RIRFHES 28 d AT ZEMXFR, HESRHEMIIGHFE.
A Logistic BIARARRITFR DTN REFIE GC W BETFHIRM, UHARNKRSERE 6C MELATRMAEIEKEE.

W

2BZH55E
2.1 RS

AR AEIFEATIRR, HIERIFETF MIMIC-IV 3.0 #3BE, 29N 2008—2019 FEARANE ICU. Fi> 18 ¥ HRFE Sepsis-3 i2#itnE
RRRESERE. HFR ICU (EfRiTiE < 24 h, KEBERRSMEERTVAREST URIBKRERHRETEE, RAHHAN 20672 fEE, Hep
2548 5l F N1E ICU f5 24 h = GC Ja1T.

2.2 AR

RIBEAOZREL EHMAE. KREWEBER. SOFA TSN BEXIFFATBRAREMBFEIRKES. FIAEHFEMKEEERT
BRANEICU /5 24 h RS BERITON. FEME GCH—IMBENSNAINMYEE, FHITENEICU 524 h RETRFIE.
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2.3 Gt ¥ 5

RAMRGIMEII S EZRD GC RRRFIES 28 d AT RZ[EMFE - REZXFR, RIEMESHLR GC B ARMEA GC. 0~ 300 mg.
300 ~ 800 mg. 800 ~ 1200 mg K> 1200 mg HH, RAZEZE Logistic ElARMARAFIE GC 5 28 d FETRZEMKFR, HERE
URIFBERER SRR FRRE, #—PRKMA PSM K& IPTW #ITHEBMDT, UIRIEMRERNREE. ERITOMIRA R 4418
H5e, U P <0.05 AEREFRITFEX.

34R
3.1 IR REBLRIFIE

HMN 20 672 FIBRBESRE, POAFERN 665 (MOIEKEE (interquartile range, IQR) : 55~77%) , Heh#z4 8 186 4l (39.6%) ,
SOFA i i 6 53 (IQR: 4~94%) . BAME, HHE 3189 flEE (15.4%) FAMEICUE28d NFEL (R S3) »

NEICUE24h A, B 2548 FIBEERTEH GC AT, 5KRER GCRTBEML, GCRTEERRTEREES, BMAHIE
MBEFPATBERTFIREES. i, GCIATA 28d RAXREESTRATH (24.5% vs. 14.2%, P<0.001) (& S3) o

3.2 BREFRHFNES 28 d e EZERIELIE R

PRAIMEII 15 (restricted cubic spline, RCS) 9#ER, ANEICUE24 h R GC ERRFIE (UELAMMYET) 528dTRZ
BE2E UBEEMEXR (FFEEMIRK P<0.001, B 1) .

BREPNEERER, FTNORESNHMNEMATNRYEL47 10882 mg, BZBERBETERNSER, HIEMEAIGENETH
Bo ATH—PHEBX—IFEUTE - REXER, RIEGCRRFEREBEN NS A REMAGCH (n=18124) . 0~300mg4H (n=1
416) . 300 ~ 800 mg 4l (n=592) . 800~ 1200 mg#H (n=279) LK >1200 mg# (n=261) . &£H 28 d B F A 14.2%.
28.6%. 16.2%. 11.1% #31.5% (K1)

Kaplan-Meier £F 2 TER, AHAEE 28 d RMEGFHEAGFEEEER (S5 Log-rank 1838 P<0.0001) ., HEA, 800 ~ 1200 mg
BEREEFHE. AT, S5KES GCATHBITRMILIKRN, MANEFERFEIFITFEN (Log-rank P=0.276) (E2) .

3.3 SEARDH

TERIFEER D, 0~ 300 mg 4 >1 200 mg HBEFLT XIS FRIER GCIATT4H, M 300 ~ 800 mg 7 800 ~ 1200 mg 445
RETHRLLESRTERITER X,

EH—FREBAORRIE. TRmERE. SRERT. SEPATMEMERSRERARRRE, SHBHRLREL K. ER2BEBR
Brp, 800 ~ 1200 mg#H 28 d SRR EZFEEK (OR=0.55, 95%Cl: 0.35~ 0.82, P=0.005) ,

##tk Z T, 0~ 300mg A (OR=1.50, 95%Cl: 1.29 ~ 1.74, P<0.001) % >1200 mg A (OR=3.03, 95%Cl: 2.24 ~ 4.09,
P<0.001) SETXPeIBESFRIES GC AT, 300 ~ 800 mg ARMERFi+FEEXE (OR=1.17, 95%Cl: 0.89 ~ 1.51,
P=0.248) (&2) .

3.4 XEFARIEAS K

H#TT 21 MR EERR, HAP 9 MRZEERNENX PE<0.05, REFARAESMNEZOEIDER. @9EMEER. OEEEH
WMERERK SOFATDNE (RE(EMAHIY P<0.001) o Ik, Fie. M5, RMERRK. HERSEMARFDEOHRBEFRESR
TMERFNEEZEER (BS2) o

RRUETADITH—F ER, SRS GCIATHELL, 800 ~ 1200 mg HAELITEEFIYRIMEFEME 28 d ETXE: Fiif <65 FBE
(OR=0.32, 95%Cl: 0.16 ~ 0.58, P<0.001) . BEME#E (OR=0.30, 95%Cl: 0.16 ~ 0.55, P<0.001) . &HFFiE&ERFEE (OR=0.16,
95%Cl: 0.07 ~0.32, P<0.001) . SOFA 43 >10 %3 &% (OR=0.20, 95%Cl: 0.09 ~ 0.38, P<0.001) MK FERAMEEH¥EE (OR=0.42,
95%Cl: 0.22 ~0.73, P<0.001) (B3 &ES3) .

3.5 {fRiFR BBt DR

AT LEE (propensity score matching, PSM) Ri##E=04X (inverse probability of treatment weighting, IPTW) Sif4&R5
FERH— (RS4~ST) o
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£ PSM BABIAR, 800 ~ 1200 mg A S5 28 d FE XL EEHEX (OR=0.51, 95%Cl: 0.28 ~ 0.92, P=0.027; & S8) ; IPTW &3
MIRRIE—EEER (OR=0.48, 95%Cl: 0.26 ~ 0.89, P=0.021; & S9) »

ItE4h, 0~ 300 mg A% >1 200 mg AEFRMEREDTHMHRMARSIET XL, 7300 ~ 800 mg AMARMBIREMFRITFRKE (R
S8, F&S9) o

4450

REEBZENEICUGE24h N GCERFHES 28d AL XERZIFAMXFR, HPSHATAIEE 800 ~ 1200 mg SHRARFETXPLAEX,
MRERET, GCRATIREFERENETN, SEMCFHAHNERTENERENE. ARNESREFREMRE—TRIERE
FIEEERNERAR, MRS GCHEATIRHER D NEIEEFIERE.

Table 2. Association between early cumulative glucocorticoid dose and 28-day mortality

Figure 1. Dose-response curve for early glucocorticoid dose and 28-day mortality. Adjusted for demographics, severity scores,
laboratory measurements, organ-support therapies, and comorbidities. Shaded area represents 95% Cl.
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RS RER M ZSINTIRF R BT AFHN B FRESERR

R BHE, T8, ITRE, RAE
B2 PEARBRELSERE-—EFFO

B8 RSEFESMERNIE (sepsis-induced coagulopathy, SIC) RIRSEREREINEREBSFARMENERIFT, ZHai SIC/DIC ¥
DERMNRITER. EFFRERELER (INR) SFEEIBBEMEERIBITM (SOFA) FNEE—ERMNAESHED ST 9HRA5, RFELE
SEMEN, EUZERNINEETE ICU RBHBRMETAR; BN, KSEARTRILIRN FEEEERRANE, ETENEEXNSE
BRI EEHE T RIS TE AT R A5 F A

BEY: AMREEETA ICU RHSTURIMIETNARHNDIRRIRSESENRONTTRE, #—PHALnERASMKEARAR
EZE SIC RERZRMMNTI RIS FREFE, REMNEREORHERFIRKELEIR SIC REEMITS.

FiE FERNTIRETHEZRORSESAFIIERE (The Chinese Multi-omics Advances In Sepsis, CMAISE) BIREEERE 1327 fl;
IAIEBATSRIRT ZiGong $BEERY 2790 FIREERRRESE, ZHA ICU B8 1—5 RHM/MRITHEL. INR. SELEDS SR SEESASE (APTT) .
BRIMESETIE] (TT) & D- ZBF, &7 fpHunEhE, MEBARZNTIRE (GBMTM) , REAHIREEK AIC. BIC. SABIC. HESY
BINARE RETREL, HERIEATIPHITINPIIE, KA XGBoost B ETFELLFHEA T REFUIIEE H 1L SHAP BT HIFEE
Z%, Ll Kaplan-Meier BiZkEbES 30 XFiif5. HEDHH, LMERARA dream KM RARMRIEBHITER ST, OREQAREET
Olink $BfifER 4 (PEA) F&, £ OlinkAnalyze FiiEE AL MRS MR S, INEEEER A GO. KEGG. Reactome i@ KRiXSH
MREREEESHT (GSEA) ; KA STRING #EEBREEIER (PPI) M4, LA Boruta BAMAHEH L ROC B TEIR (AUC)

& P T2 TN EE,

SR FRAFIREMAN 7L HIEE (2698 BERH) , WIEPATIBA 555 fll, HIRREXSEAINSIER—BETFIL R K=4; K=4 B
BWREWFIERHERIST 0.94, LU prob>0.7 AARAER 2 ST 90%, WAL RESFIA: Class 1 (n=54, 5.6%) LI™E
/MRS APTT BEZERKAHE Class 2 (n=122, 12.6%) LIS D- ZB{A5 5 INR 4, SRR MR - 473455, Class 3 (n=380,
39.1%) 5 Class 4 (n=415, 42.7%) ERIMINEEMEITIEE, UM IEZREA ICU HAIE) SIC RAEE (75.9%. 90.2%. 71.3%. 32.0%) S51*
BRIET-R (29.6%. 27.0%. 15.3%. 5.1%) ZEFIEFHITFEN (39 P<0.001) , FFLZBAFISHIEAFIR 30 REFHILHEE—3K (P<0.0001) o
PP FEATIRERATE 730 7] (1891 #4x) , BAMRAMIE 136 ff] (364 ##74) , BRAHKMH 77 M SICHXERREER, LR
ERAGE CD177. MMP8, ADAMTS3 5 TIMP4 %5; GSEA RTABARNBRELHNERIBETE SIC REE, M T HEZEES. NE
MIE2®. mIMELRAEMEEREERZIN, EARKASET SICH IL-6. 1L-10. CXCL8. CSF3. SIGLEC10 & PLAUR (uPAR) %
B2 i, EGF. PDGFB. ANGPT1. HGF & MPIG6B £ E2 & FiF; Reactome EENFIEMANEES SAEEHRRARRR, UK

MMRGEWL. ESHSEREMIEMER, BAFENOMETERS MRNAZHEZEEEMEX (r=0417, P=1.16 X 10°) , 2F
FHE—HER 67%, HF PLAUR EUMEAEEF ST MRNA BEATRTHRERBIER. STRES Class 4 WRWERE B HEME MR
FZEBIE, PLAUR TEFRES K Class 4 BILLIRARIg AR BEREH. Boruta BIEHIA CXCL8. PLAUR. FCAR. FSTL3 EHNEB4FE, 8
MERMRETREYIH AUC 191858 0.69, HA PLAUR # AUC 77 0.739%

it ETHTRMIETMRITEEN GBMTM FISRSEREREL 2 N MRIMMBIRE, %5 BTEIRI TIPS EISMERILIE,
H5 ICU B8] SIC RAEZEK 30 RHEEEHEX. BRRASEARANTER, SICRKSMEMRHARENTRYELRRANES REL
ERE. EBRMERBEZINSIIVE - WERIESHIE; PLAUR (SUPAR) £Z&HS5 mRNA REESMMBBHE, BS5RMHMNESD BIRE R,
RBAAR P RAIRKE LB DB EEEYITEY.

XA RBIE; RSEASIMERIOG; MBS, TREY;, RRAY;, SARAY; ADAMRHERLBBRMENRE
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B 1 RmATTREENREELSEE. a, FRWSFRMETNTE; b, BIERTIRRMBETNTE; ¢, FRAFIPFETLENEL
HEE. ns, TEZEM; *, P<0.05; **, P<0.01; ***, P<0.001, 485 : APTT, ;ELERD BRI EESRT(E); TT, HIMAEEESE; INR, EFR
TREEEER; GCS, Glasgow EiXiT45); SOFA, FHBEINRERIBIT; COPD, 1BIEMEEMLMZERE; SBP, W4EE; MAP, FHmhikE.
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2 FRATREMIGFRFTIEEMREBFIAE, a, FETREETF SHAP FIHIEEEME, BT XGBoost IREEFT & FIFFE LIS
E W RETARGRE (mean(|SHAP interaction|)) ; b, REE, BRAEILREME ICU #ij8 SIC RERFETEHNE; ¢, FAN
%5l 30 kX Kaplan-Meier £7781%%; d, 0IEPASI 30 X Kaplan-Meier £7Fh4%. BERE 3
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3 RSELNERAFZERRAXNLE, a, SICHS Non-SIC HEIERRAERANLE, #%h7 log, Fold Change (SIC vs Non-
SIC) , A — log,, (RIEPH) ; ABRFNKESICAFEE HANER (|log,FC| = 1, adj.P<0.05) , BESARREE FANER,
RBIRAEHITFZESRNERE (NS) . b, Class15 Class 4 BIEZRFREERNILE, c, Class2 5 Class 4 BIERREERNLE, d,
Class 3 5 Class 4 [BEFRREEE A LE, SERIINEERFSHRE P B/ WRAREERER,
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4 BRABREEENNR GO EVNIREEMEE, a, EF dream ZEREMUIER LERA log,FC HFFIRMN GSEA EEEH
B, BT HAXR SICZOFEFEN GO £YIEER, b, GO EYIREZEEBENEENKE, HTARKAIFHTFEENN
GO-BP @& (adj.P<0.05) , MRABRRMUENEESH (LBRR SICHHE, BBRR SICHIEH) , TRANRMERSEME,
EHRTMBREHEER,
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5 RETEREMEBEARAFESRADTNEBEREELSR, a, SICLAS Non-SIC HEEREANILE; EHANMNE (NPX £(E,
SIC vs Non-SIC) , IEERRSICHEAKFEER, HilH— log, , RIEPE) ; ABAKRTRAHEHNE (NPXEE| =05 5
FitFEEM (adj.P<0.05) HEMNEREH, FEARNMUARATFEZEUHENER, b, FEERMLMTTRE (Class 1—4) EE
HERAZHEMELIHM N EE]; #ihAE3 AP e —TRIBN E—TRIAFERS NPX £, ¢, SIC BT Non-SIC HEE LIAE
HH Reactome BEREEDINLER. d, SIC AT Non-SIC HEETIHEHEM Reactome BREESHER,
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E 6 SIC BEHRFAFESEARAZNLIREE D, a, EE / BHKFHNHRA - EHRATE—RUREE; BiAEREAEROR
# log, Fold Change (SIC vs Non-SIC) , NHANEBRAFERSHHI NPX ZE (SIC vs Non-SIC) , EEIIMNE SIC HERIE; =l
BRIRTMEFFTUAAN—HE AeAFR—Nfa, EBAAE—XRE, BEAAEFR—N) ; EZAXELDTABEE, RE
X1 95% BfEXial; A LAIRE Pearson HXRH. P ERBEARA—HE, b, EF 16 MYF AN SHFBRER —HEE;
SNEIWNFAY, EVIAZHREAFIHE, AYIAERAFIHE, AERTEBREESEM.

6 SICHEHXERZEANTRERN. EAEEMEZK SIC SHAEMITEYHiL. a, SICEREHD (FHRE NPXEE| > 0.5 B ad).
P<0.05) EFREMANDTITRER ICU 5 1. 3. 5 REFRPHRERE, b, SICHMEI Non-SIC A LIRERERR STRING ZARK - &
BHEMEEERANEE. ¢, EF Boruta BiAK SICHXERFEEEMLEE, BHMAMBHHM Z-score, PHNZEEIFEER, d,
Boruta BIATMIEM AR RIEEYARSYITUN SIC BIELE ROC K AUC {Ho
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TIERERRPRAZDYHGERNLIKGIE: BT 2021 FLKEBHIBMRNRFAS

pE: REET, TR, SEE, VR, 3Bz, 206G, KEE
B WARKRFETEER

EHE

EA: THREREPREAYRAENSIKGAIE: £F 2021 ELREFHIERARNEZINT

B&Y (Objective)

LEITE 1990—2021 ELRREHMX FFRERZR (LR) F, SHEAHYMZE (AMR) HEXRBEERSRNERAIE,
%% (Methods)

T 2021 F2ERHAE (GBD) HAZEIE, 217 1990—2021 F2IKRMXK LRI B9 AMR 8X3ET-5 AMR J3ESETH1E, DMERS
RRE - ZYAEE, REFETHESIL (EAPC) BUFRIFMUIETER (ASMR) KT EE,

#££2 (Results)

2021 %, £IKA LRI B5 AMR #EXMZETH 164 I (95% FHEXIE Ul 144 5~ 184 77) , HIFAETF AMR KL 40 B (34
Fi~46 ) o 1990—2021 &, FIRHIETEEZE T (AMR A% EAPC: — 2.31; AMR Y& EAPC: — 2.05) , BIEFBHRIBIEFELR
AN LERERRER: 5 FUTILERTAEEL, 60 FRUEMAFRTH EFA, 2EREMETHBS TR, EREESHITFE
XHEERAT W, HAHIUEIEN K AIERE, 6 MERAL ST 92.1%: MAEKE. SH2eEEFKE. MAREAE. HER
PRE. HERHITE. KFHEER. LKEERN, MAERENEHHEAMARANELNASHN AMR BXETRE,; B AR
LA AMR TR EERR, FERBMAEIRAMMASAHITE. MAREAR. FRREMNEEXRE=TALE,

£ (Conclusion)

KRR, 1990—2021 5, 2K LRI Y AMR FIIRLFE TR TR, BENMIBRSEMEFARES, FHNFESEESKTSEZMN
MEMHER LA JLEAMRBEXFETCEREZ TR, EE=(ALEMHHE. EEABRIENE., XAFHRRNRFRR,

HARANE

1RSSR RSERBASILBERMKLRE, #MSBRREFEE IR, TRE TS| KRSENRBRRRT, HERRERAER,
SEREIERGIF 40%~60%. MEAYNE (AMR) HBZRITRETHEAT R, EIN#EANEERSERTE TR,

2019 F—IMBRREMRME, HFLYT70 FRTSHARBRIER, HF 49555 AMREX, 127 HEEJART AMR, Eif#H 2021 F#
EER, 9411 ARRTS54E AMRIEX, H 114 HEEARTHA RS,

KRFTERLEITE 1990—2021 F2IKRMX LRI B AMR ABXIET I8, B 16 MXBRRES 13 XREHY), SEEMEETH,
NAHDERE. HEAYEER. MEATAYSBERAREKE,

2RRFE*E
2.1 BuERE
LRI 89 AMR f13B{&it3R 8 2021 F£2IkEKMIE (GBD) 5.

FEFERFRNELRE. DITKASLTEAE. BEET 1.39 ZHFRTRERR. 1010 FRHREKRIET - ERXEEYE, RARS
MENZIEEIREMNSHRSERT,;, BERKRSEXCOEERERREGSE, FIA 142 MERM 2400 HHEHEYE (7€ RegMod [E])3
FEHARETARMSREREREMRERENETE) , AERREBREREESHERED T, WEWHERE - AMAHESRA &
BEEDYT + SENIETR” FMMRNTENSMEARTER; RANHEEMNKSEE 2.96 {Z1FZ45#1T meta @YINH, RISME vs
FURRRBIENE TN, RAHIBMGITRENE SRS XIET.

2.2 &t 3R

FNEHASMR (AMRAEXR5YIR) HIBTEES, RAXMREMEIEEITE 1990—2021 £ EAPC,
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KA Spearman BAEX 24 ASMR (AMRIBX5Y3E) SHa AOFEH (SD) BXR. FIARITSTKARRE (4.025R) -
IHRGER
3.11990—2021 FE£¥k AMR fiiBiEas

1990 4, £¥Kk LRI 7 AMR #8%%ET- 211 A% (95% Ul: 172 B~ 250 /) , VARZET 47 A% (36 A~58 /5) - Z 2021 &, HFIE
ZF 164 A (1445~ 1847H) 540 K6 B4H~467) o

2£IK AMR 18X ASMR M 1990 £ 45.08/10 /5 (37.08~53.08) F£ZE 2021 £ 20.89/10 /5 (18.27~23.50) , EAPC — 2.31 (95% ClI:
— 2,47~ —2.15) ; AMRY3E ASMR M 10.27/10 5 (7.95~12.58) &% 5.05/10 75 (4.29~5.81) , EAPC —2.05 (— 2.20~ — 1.90) .

% GBD BRMXA AMR X 5)3FE ASMRIEE T, Rll. RIEKRAFMNEERR (#EXEAPC: —3.32, — 3,51~ — 3.13; JAE
EAPC: —3.21, — 3.42~ —2.99) ., EENETEHBETY, T EMNSMELSME LM EFH,

3.2 AMR SHERFR SRS E

1990—2021 4, AMR MXFETHFRNHBLRERERE: HIBMNRE) L ZERRAZBFAR, 5 FUT/LEFRTARIETRE (30 1~5 Big: 48
KIETM 336421 FEZE 77661; YIESETM 70125 BEZE 17232) ; M 60 FJMIAEABIETEH EFA (40 80~84 %1 #HXIETM 128721 #
£ 199198; JFAEFETM 30923 AE 49123) , £BRNREMXFAEFIRENFRFIFFCRBEZTHEBEE, 5 FUT) LERBRRE (BT
£H EAPC< —3) &

SRRETETR, AREBESME AMREXE5TEFE LT HIRLE T M.

1990—2021 FLHKERITURGEITETR, BETHEERFETLME, B5%Cl ESRTEAARERETRITFEENX (Hx: —2.20vs
—247; \AA: — 1.97vs — 2.18) , i, FE79E EAPC DB RFEERAEFEERITZEZNMIIER: 2~4 $BE, 25~39 5 5F
HTFEREEFIE; 70~79 S Lt THEREIE,

3.32021 F2H., WERBEFIFFIE AMR f138
2021 4, 6 F4AE 52K LRI 7 AMR fBR3ET-IE A Z 5N
1. FRBEBKE . X 56 Al (48 F~647) , VAR 11A5H (9B~ 14 /)

2. eEBEEKE: BX27HF 247~305) , FARTHEE (6A~T75H)
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R EERE: HX 247G Q1FE~27H) , ARTHE (65~87)
4. ARBREME: EX17THF 15FB~197) , AR4HF (AHF~55H)
5. SRR BX 147 (13B~167) , FAR6HF GA~67H)
6. KIpIR%HE: BX 1376 11A~1475) , FFR3IBF 2H~375H)
PULE 6 MERESTHS AMRAEXRIETRY 92.1%. YFHEFETHY 94.3%.

WXEE, MAEKEESE GBD BAMXAMBHERE, HX5EEFTEYES. BB IENNHAERERIEREeKENT (8
% 19.31/10 73, 15.90~22.73; Y3 3.86/10 75, 2.80~4.92) , EEHBHEHKE. MAREMAE. AEXHREME. BEFRHTE. K
PIRFENRTRBIIARIRES. 528, SRANIKNEISIRESEEHEXE (18X 2.15/10 73, 1.91~2.38; Y3H 0.55/10 /7,
0.49~0.62) o

6 MEBRMED, THOFFHEEZ MK ASMR E LA, UTRMNSM#LEFAERR (18X EAPC: 1.59, 1.30~1.87; JAR
EAPC: 2.02, 1.67~2.37) » 521K, 4 MERESHKIFETR. SRNMRHAEIRE. BSFHTERERNE, MAREAE. 1
FRPBETMEMXEPEEREEN T,

3.4 FERF - FiS - 14515289 AMR fi38

2021 FEKHIERR, 6 HMEEAEHZENS L. IESEFARTCAEESH—EIEE. FRIEILIN, MREXEEREFEIRAY 18
KETEAFR, #E)/IUAARERENE, RCHSTHTXIRS (5 12855 ), 9910~15800; i 9390 i, 7445~11336; 3t
B4 255.24/10 75, 196.77~313.72; %1% 199.42/10 /5, 158.10~240.74) o

1990—2021 &, FREFILA AMR BXFETRIY T, 5 FUTILERR. HAHRRIE, HEFE - 1 TEANESHECFERE. KB
BRERZ LABES, SHREET, T AVMRIECETREERT ST,
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3.5 &IR{F - HYLASH AMR f138

GBD #UE&EIT(E 16 MAR. 13 XREHYH 74 MREHEE - MAALSG. 2021 F2IKE 6 XREHYSBEXRTLTIE 50 B AEIER
% (795388) « EFHIERR (744933) . =Mk (627372) . AIFMESE (576382)  HBEBIHRAE (541393) . B MIBERR /B MELER
BRI (524907) . EIFEENRE, MEBKEMHSHHN AMRAELTERES (124036 fl)

BAFERE - BYAEET, £IRAMR BRI T ERB A EIKEXE SRR (392808 ) . AFMESZ (364098 ) . HEE X (216726
f51) 285, 7€ 7 1> GBD BBMX F, F 6 MXKAYE UAEXIE T A MR SERE N & 5 GRS A NEEEM . A K HIBEER:
RamAMMASEemERE (MRSA) REXFETE(L

AMR ARE T AR B NMARKEEH B ABIRME (REE8EH. KB, MESHMA) .
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3.6 AMR 4385 SDI RY3£E%

EF 1990—2021 £ 7 1> GBD BRMX R EKAVMALIE, RATBHEIMEDH ASMR (X53E) 5 SDIMXHR. L£RERRME
% (Spearman p=— 0.97, P<0.0001) , BD SDI#ff (REKFEER) MK, AMRBXETCERES,

4itig

THERERE (LR) NRLREBRTRE, MAMR EEENATEEHTHIRRER. NARERLEITM 1990—2021 FARE
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LRI AMRBXS5ARIET, HT 4 DREERITRFAFHE:

1 FRPHEER. 5 FUTILERT TR, 605 RUERAREEH;
2.FFEMRER. 2B M AMRLRI EERS T2, BTHREIE,;

3. EEWXAFE: HrehilEIENfiERs, SWAKIZRERSNE;
A REAFEEEDOLE, FEMFIEFRT.

FHRFTIZORIA AMRLRI SIERIEFITRIR L. 5 & AT LEFRBIFETHMSIETREESE 710%, 52Kk, RE 60 5 MU EMRAF
ERITETR T, BANFETHR A,

FRRRIVFEHNUFER: BUELBRATRETES, STIRFFREZEFARTFEN.

HWIRRE, SWRNMXSHIMAIEIEN ASMR BE 8 &, MERETN. B, MEAYEENSHETTE. REL. RIEKRX
7FiMl ASMR FRIBERTR. HIGHI LB AR EREIR,

FREEROEFMEERENGEE. SRSEURMHRBEREANEMUEER, ESRNMXUEHEERMERE (F2H MRSA) HE,

2021 4F, 6 MHE S2IK LRI 2 AMR BXFETRY 92.1%, 5 WHO 2024 FARMEHFERERSEME . RESHMAHERHTE.
M=K / B EFEITEENRAMSER, BEBHEMEREEREME. MRSA AEMEE, AFNETIZ R ERE N PEMTR.

WA DTBTRBXG . RIEERE. ESMEAMESENERIECES, MRSEREAMNASHNTRARTCRS. WHEFHIT
B. MAREREFEZALENS, REERMARNLFEEREY.

EMXESMAHMENEFERAERRNE: SEUXUREERNEANE; REll. RERAFMUAKRFREMRDE; BoghFEIEN
UEFAMEAMANE (BES5 SUTILE) . B ANKAEERTZS MRSA StbE. M SHGIUEIENEFAEREBHS
% B RERRRMIZS,

BRITRZPEREUNERFRADIKKERO: )LE AMRLRI JET FREIESSFfA T, B 2019 F£2IKk PCV 5 b 2R MATE
(Hib) BHEBEEIN47.9% 5 70.6%, TRFTEIBEITEIITLI 90% WET, MEREAFAIREXRER, EZ[AEEMZRINE,
REERNFEREAY SRR, SNMESEMAHTEBENIARER / BT /HREE. $XNHRSRHTEMNGFEE /8

EIEERARERATHRE, EEKITRRKMESRATIRS ™ BREAYERE,

BRANMXEREEHEREFLT LA, FREABUETHEXBRAIES MRSA £F1E; PREAMREREZAEESEFES AT SRS
REWMEES, FTREETHRENE. Bk WASH, RE/ | EGSEEEEE,
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PAETES DIEFARBX M SHH L ENEXERR

R £, BRIE, XM, BRER, B3R GEIf)
Bl REAFZHEFAER, IAEEEEFERLRE

BEY

DEEFAEXIMEERG (CSA-AK) HWRERERMBETRERERRILT NG, HIFEIETZN CSA-AKI BIXH, A, F4%
BFHERKE (MAP) B EE (MPP) RERT MEMEIHMKY. BEF “NERA EL, RFASE (Pcc) BMRHMBHNRIE
HHENEE. BAlt, KMEFRREFEIFTERBHIIENHE, BIAREEE TPP = MAP - Pcc, MHEFRIEENKIT Pcc B4R,
BN E BRI MNFE. SRRFBBIVEA I, 1TE TPP 5 CSA-AKI ByMERME, HIRIY Pcc 5 TPP MR EEA.

Bk

EIFRE D MIMIC-III IR RAIMEFOIEFARHEN ICU IRESRE. HIFARIEREBIT R EBIESE, RIVARRE 24 /NS
RIBKIERRS, FIFABEAEEGE Pcc R TPP, 8 24 /BB EIINAFIIE,

FELR ARG 48 NEAR™E AKI (KDIGO 2-388) o SitAiE: (1) LEE AKI S53E AKI HRVERIEIRES; (2) WIZZEZ Logistic [B)3
TG TPP BRI FUNMNME; (3) M “Pcc-TPP” MKRMBHE (WX, BRBMASE. MABSASE. Wad) , iMEFEMERS
REEEIEHATEHIRM,

SR
RAMN 660 BB ERERTHENEE.

1. B35 P& AKI 4B MPP KT 3E AKI 28 (62.4 vs 65.0 mmHg, P<0.001) , ZEEE)IE R MPP 2™ & AKI BRI RIFEER (OR
0.68,P=0.001) .

2. TPP fffr: BEENDNER, & TPP AM™E AKI REFETFK TPP 4B (44.5% vs 52.4%, P=0.043) , BERIER#*AERRE, TPP &
AHIERIZFUNAF (OR0.78,P=0.141) . RCS DIFREBREZIFLMXR,

3. MKRBHM BEF Pcc # TPP IRENHESR BE W WIRA” (UEEHMERFHUNER) WER, H™E AKI REXRES (59.2%);
‘WHA” (BInBMESEHET) REXRME (38.8%) , A Log-rank #23#EHEE (P=0.037) . EYFESE, X “WHA" 2

=8 AKI FIRILRIFEZR (OR 0.44, 95% Cl: 0.24-0.83, P=0.011)

itig

KAFTKRIM, REES MPP ISIREBTNNE, BESIN Pcc BIRGE, HINET T ERENIUREAZNE . LAKE TPP X—E5T
B LAERTUNM™E CSA-AKI, RETETF TPP MItEIET Pcc ML 35 TPP REMNEZE LM EATF Pec IRIEEIRS. Pcc KR
TREMERAUNAIER, BIRETHEHEBERARNERTHES, SBREFRLET1HR.

MKRFRDMIESE, Pcc 5 TPP R EMFARREBRFENXE. RAEUBERNEERREANEIESNERHN, THREZR
R AKI RERRPE, ZIRTIRKREEARBEED, NMBE—ERENERER “ED - BEMN NERLEIFEERR,
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