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[Abstract] Objective To establish a stable, reliable, and clinically relevant porcine model of endotoxin-induced acute
respiratory distress syndrome (ARDS). Methods Ten 8-month-old male Bama minipigs were deeply sedated, followed by invasive
mechanical ventilation and electrocardiographic monitoring. Lipopolysaccharide (LPS) was intravenously pumped at 600 pg/(kgh)

for 3 hours, then maintained at 15 pg/(kgh) thereafter. Dynamic monitoring was performed at five time points after LPS injection
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(LPS 0, 1, 3, S, and 8 h), including arterial blood gas analysis and chest computed tomography (CT) scans. Pathological examination
of lung tissues obtained via bronchoscopic biopsy (HE staining and transmission electron microscopy) was conducted. These
indicators were comprehensively used to evaluate the success of the animal model. Results At S hours after LPS administration,
8 minipigs developed symptoms such as skin cyanosis, elevated body temperature, and respiratory distress. The oxygenation index
decreased to <300 mmHg. Chest CT scans showed diffuse pulmonary infiltrates. Histopathology revealed alveolar edema and hyaline
membrane formation. Transmission electron microscopy demonstrated disruption of pulmonary blood-air barrier, depletion of
lamellar bodies in type Il pneumocytes, inflammatory cell infiltration, and exudation of plasma proteins and fibrin. Compared with
LPS 0 h, at LPS 8 h, the oxygenation index and arterial blood pH were significantly decreased (P<0.001), while blood lactic acid and
serum potassium were significantly increased (P<0.05); serum calcium and base excess were significantly decreased (P<0.0S), and the lung
The porcine ARDS model

established by continuous LPS injection can dynamically simulate the pathophysiological characteristics and typical pathological

injury score based on HE-stained lung sections was significantly increased (P<0.01). Conclusion

manifestations of clinical septic ARDS, making it an effective tool to study the pathogenesis, prevention, and treatment strategies of

septic ARDS.
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Fig.2 Metabolic disorder in pigs after lipopolysaccharide (LPS) infusion
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Fig.3 Changes in apical, middle, and lower lung CT imaging in pigs after lipopolysaccharide (LPS) infusion
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ol il 0 S5 S P U S o R NHETE B U, PR
1 1 7 s 2 P BIAE R Ja i o 3o 2 2 5 A
AR, P E BRI A AR 1A T SR DU
N ARDS R0 {H 3 AR Y (i 30477 P 2% R R
PRI OO A— 2 iR LR R 2 20 ARDS
FEEGNBERFFEAL . 7RIS RAE S0
A, i AL i PR B R A5 T B A R e
Pae [, i RIS — A S A R, MR E
LPS FJ a2 8] 45 55 ek S5 i T [, RPN 7 3R IR

B R R, A LS R B B 1 TR
I, YRR 2 1 ARDS 156 B Al 45 4 i A 401 53 — g B
AEsL Buy 8

58 o, Ead %8 LPS S HE vy ARDS ST 47
TERERMERE , JUH R LPS 45748 R 2 VE F5 L I R] 77
MRS FERAFIAI A 7 LpS i B v ] {45 3
W 2e . bt o T ORI -F L I S 06 RO R T AR
TR (14 B O AR 9 R B I R — 008 R T
U BEEOTR, JFTULALPS MR TE, LIAR iR



IMCEIEEAE 20050281 His0% 0l

BT BRUR AT 5 W, 7RSO e S AR sk
£ CTRARSF . SFplki S AN AN, TREFghikin
SO CT 4B R ) — Bk, AR EG N AR
9%, ARG EA T A A Oy R RS A . R
I RAZFRE42T

A 5T R HE A /NS ARDS B U (R AR L AARAIE
PI55 6 ARDS S IR KRB, fERIFELPS 1hF,
Sl BT A A LT AR, Bl T A
WO, Peon R AR, IfiE— R A TEA )R
BERS, WPPZINKE TR Ol 25 RIER
BRI KA ZEE )G, AR TR
LTI PR ARDS F) A4 7 A1 4 Il 5 100 =58 B4 5
(e BRIERE , AT M A ADA I PR b R ™ o e e i Fap
PRIG A Y FEAE ARDS (R, H7E— A HROL . il
TRRAGFRIN . BRI 4 2 A T T DR R 1
A — 2k

TEImIK |, ARDS B35 # RIS IR b # F1
AR AR AR FE R R R, AR
D 5 AT 7 S K i SO 22 ARk, AT AR B A A
W 2 B2 H00) B 6 5 ARDS IR R
SR OC . RIS R A TR B % LPS AN T A
WMz N, HARHESZER A SR X,
PER L VR BT RE R A AL B, e A B 4 2 ik
SRR ERR 3, £5 5 ARDS B BLAIGRAERS . )
A, AT ES S s I K AKE T Ca K R
RS FLRRER KRS T, X e AR 5 e i i
ZALAT G, H AR T A AT S A RN 2 T RE
HE— N E LS B UIRE AT, AT A ARDS Y I R A
IREER, PRI TR

H T CT AR 45 & s Ik il =< B 22 i R a2
ARDS [ EEZURAE . A S8 AE LR 5 1Y S A5 [
RORSERM CT AR, ShAWEEIRR 27k 2k
Pk Ar, g5 BN, 2RI T ARDS JE it 2
FHifiEB CT s &2z ny LA AR 4L, A48 e 9] B e BR 14
R K R R g e, AL,
PN —T51 22 HpCs (] B A 5 3 2ok W 4R 928 5 ICU f 3
Fs cTHIENER, kT —A 3 T2 2 I HE
B fifi F UNETR(U-Net with transformers )1 71 #£1 7 flili
I A% 43 ) FT ARDS 73 F0 0L, A HF 5 # A Y
ARDS B il 52 AR 3 A5 4246 AT 24 ARDS 912 Wi Al
PRAF I PR L Z A AR K, A B ARDS 19T
BIFE RIS WAL SLREY

ARDS f5 il 2 2L A% 0o B 3% B0k il 962 - B 20
78 BRRREAZ 4, AT S B0 AE A RAAS T T BRI 7K
il AHIFGE ARG i 20 2300 R oS B A 3L Rz 4
FRLFN N R A0 B AR 4530, A il ot L e 48 L SR 38 s
W%, DA Bz ARk B RN 4T, P SRE AN IR

i 0 A Ji R A, TR B UK £ ARDS B R 1 95
PRMAS——FB A B I, AT R Smith PE432 A
SAYEFEXT I AL LU0 B 64 T B BB 5 T 25 S
7, LPS8h AT/l = FLPS 0 h, FE/RASHIY fifi
J BRI AR B W . ARSI — LI UE T I S
WA ARDS F () A A2

AHIFGE A L B L 31 A5 B 453 N 9 i
YN AE NG, JFAE 24 PLET b nT U 4 BT 25 A
AR A R AR AL, AR il T 78 R 20 ik %) A
E/MAHES BRI, AN RS i Ak X —4h
SR DA AH 7K ST ST 40 i A A 45 44 1 7 T ARDS 11
SR RRAE, 52T Es R —3 . FIaN, Smith
AR ARDS R RS HOULEE S il vt 1T 750 40 A A9 i )2 /7
A HEZS R 2% T M T (PS) A3 bk b, AR
SR EE R —B, LM, René SFP7E LA
[i] ARDS #5381, PS Y8/ & ARDS R A4 2 i
DI EE R EZ —

I 0L Sz 40 B A P B g e o T R S L R
WESR A S EEHLR , 1T 20 RO T 1 T T e S AR
W PN TR X R R 2k AR T BE A O AR
A 3 P B LB SR it o T Y b iz A 1 i )2 /A HE
2 M AL IS, RN T 7 ARDS B K A K
Jr R SR

LPS i 32 316 Toll B 57 14 4(TLR4) 7 Sl %, i
SRR F [ B IRSE N F-a(TNE-o) . A1 A
H(L-6). IL- 1Bl R, TE MR MER F XA, X
Tilt 2 422 4 S8 5 207 42 ARDSS FIAZ O BRAIL 1l =2 — 70
FEARBEGE , $EFE LPS 22 7 J i 7 v B I 5560
R AURUAE AR P R b B, X 2R 5 R it
JE R VAR G o 38 3 30 2 W I 3l ik il <Ofn CT 5%
1%, RIULEEE] ARDS A9 BEE 55 48 1 R 1 XU 1)
SR 2 XN AR A N
ARDS MIRIT P HL B R A5

RIFFEABAFAE—E R BRI 12, BFETREAR
AN, I Hsh WS gt G 2 (R A7 e AR ) 22
S, X AT REXT AT 4 A v e A R AR,
SIS JRAE AR P W AR R AT, X S PR S R
HRERHZEARSEAAEES; B, hTi=x
PR A I R R K, E L ARDS F K 30155 2 A
FRAR L K U PR T e PEAS . D, R SEAGHITSY
N SRR R, IR SR I IR R, Rl R
BRI T AL, DR A I R 08 T .

ARUFFEAERF SR . B . U SHLIGE < 2%
TR, RS 1 LS, 45 A I HRCT
SIS AT SO PR A . RIS A
ARDS Y, 2 REH A MR LR 3 7 ™ R e
B JE Sk ARDS I RS A, 5 FAE L RN




He 2 A7 BUHLRGE U B MTEAT 1R ARDS Ji AR 25
AR, AT R EEAE I ARDS & A= & R ML WF 5T
BB T RIS R R AR LB 2 THAPE & .

(&% 30k)

(1]

(2]

(10]

(11]

Jayasimhan D, Matthay MA. Definitions of acute respiratory
distress syndrome: present recommendations and challenges[J].
Clin Chest Med, 2024, 45(4): 785-795.

Cardinal-Fernandez P, Ortiz G, Blanch L. Global definition of acute
respiratory distress syndrome: an epidemiology perspective[J]. Med
Intensiva (Engl Ed), 2025, 49(2): 69-71.

Matthay MA, Arabi Y, Arroliga AC, et al. A new global definition of
acute respiratory distress syndrome[J]. Am J Respir Crit Care Med,
2024,209(1): 37-47.

Anesi GL, Ramkillawan A, Invernizzi J, et al. Operationalizing the
new global definition of ARDS: a retrospective cohort study from
South Africa[J]. Chest Crit Care, 2024, 2(4): 100103.

Briel M, Meade M, Mercat A, et al. Higher vs lower positive end-
expiratory pressure in patients with acute lung injury and acute
respiratory distress syndrome: systematic review and meta-analysis
[J].JAMA, 2010, 303(9): 865-873.

Guérin C, Reignier J, Richard JC, et al. Prone positioning in severe
acute respiratory distress syndrome[J]. N Engl J Med, 2013, 368
(23):2159-2168.

Australia and New Zealand Extracorporeal Membrane Oxygenation
(ANZ ECMO) Influenza Investigators, Davies A, Jones D, et al.
Extracorporeal membrane oxygenation for 2009 influenza a(HIN1)
acute respiratory distress syndrome[J]. JAMA, 2009, 302(17):
1888-189S.

Bellani G, Laffey JG, Pham T, et al. Epidemiology, patterns of care,
and mortality for patients with acute respiratory distress syndrome
in intensive care units in SO countries[J]. JAMA, 2016, 315(8):
788-800.

Borges AM, Ferrari RS, Thomaz LDGR, et al. Challenges and
perspectives in porcine model of acute lung injury using oleic acid
(J]. Pulm Pharmacol Ther, 2019, 59: 101837.

SRR, 20 . N R BRI B G A ST T ]
o E 4 RHE, 2008, 11(12): 1052-1054.

2RI, sk G, SKSEAR, S5 . T AR 18 WA Sl 5/
AR I 25 AR P DRI EE R (0], [ R R R, 2024,
44(11): 1002-1006.

Bruun CS, Jensen LK, Leifsson PS, et al. Functional characterization
of a porcine emphysema model[J]. Lung, 2013, 191(6): 669-675.
Lossi L, D'Angelo L, De Girolamo P, et al. Anatomical features for
an adequate choice of experimental animal model in biomedicine:
II'. Small laboratory rodents, rabbit, and pig[J]. Ann Anat, 2016,
204: 11-28.

Tiba MH, McCracken BM, Leander DC, et al. A novel swine model
of the acute respiratory distress syndrome using clinically relevant
injury exposures[J]. Physiol Rep, 2021,9(9): e14871.

ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, et al.
Acute respiratory distress syndrome: the Berlin definition[J].
JAMA, 2012, 307(23): 2526-2533.

(16]

(17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

(28]

[29]

(30]

(31]

Med ] Chin PLA, Vol. 50, No. 9, September 28,2025

Powers K. Acute respiratory distress syndrome[J]. JAAPA, 2022, 35
(4):29-33.

Smith KM, Mrozek JD, Simonton SC, et al. Prolonged partial liquid
ventilation using conventional and high-frequency ventilatory
techniques: gas exchange and lung pathology in an animal model of
respiratory distress syndrome[J]. Crit Care Med, 1997, 25(11):
1888-1897.

W — AL, P78, S 10) B, 45 . AN IR) 500 ek s 2 BEAEAS IR 4 P g
] RS N R A MR AR 0], h R i R Ss 5 2
FZkik, 2015, 22(2): 142-146.

Wick KD, Ware LB, Matthay MA. Acute respiratory distress
syndrome[J]. BMJ, 2024, 387: e076612.

Golding R, Braun RK, Miller L, et al. Differential changes in
expression of inflammatory mRNA and protein after oleic acid-
induced acute lung injury[J]. Exp Lung Res, 2024, 50(1): 96-10S.
Alvis BD, Brophy C, Cheung-Flynn J, et al. A porcine model of acute
respiratory failure with a continuous infusion of oleic acid[J]. J Vis
Exp, 2024. doi: 10.3791/65963

Rissel R, Renz M, Mohnke K, et al. Comparison of two porcine
acute lung injury models: a post-hoc analysis[J]. Intens Care Med
Exp, 2022, 10(1): 37.

Seemann S, Zohles F, Lupp A. Comprehensive comparison of three
different animal models for systemic inflammation[J]. ] Biomed Sci,
2017,24(1): 60.

Meers CM, De Wever W, Verbeken E, et al. A porcine model of
acute lung injury by instillation of gastric fluid[J]. J Surg Res, 2011,
166(2): e195-€204.

Barbeta E, Arrieta M, Motos A, et al. A long-lasting porcine model of
ARDS caused by pneumonia and ventilator-induced lung injury[J].
Crit Care, 2023,27(1): 239.

XUPETE, BEANIR, MR, 2 . Sl s 9 A B 2% 4 T 3
1) F G AR ZE L K H & AR LI 7], b DI PR B 2%, 2022, 29
(4): 565-571.

Font MD, Thyagarajan B, Khanna AK. Sepsis and septic shock -
basics of diagnosis, pathophysiology and clinical decision making
(J]. Med Clin North Am, 2020, 104(4): 573-585.

B AR . ST R S £ I AR TR A 5 LA R AL
U WA R 2, 1998, 23(1): 3-4.

GG, Wb, B SRR 0 25 B AERE R Y I R
AHTHERE)]. 28 PR 4R, 2025, 46(6): 701-707.

Zhou Y, Mei S, Wang J, et al. Development and validation of a deep
learning-based framework for automated lung CT segmentation
and acute respiratory distress syndrome prediction: a multicenter
cohort study([J]. Eclinicalmedicine, 2024, 75: 102772.

Conrad AM, Zimmermann ], Mohr D, et al. Quantification of
pulmonary edema using automated lung segmentation on
computed tomography in mechanically ventilated patients with
acute respiratory distress syndrome[J]. Intens Care Med Exp, 2024,
12(1): 95.

BB SRR O RS MNP 0 £ S AT S R S R 2
1. B BE 2 2R, 2003, 28(2): 97-101.

Cao SS, Kaufman RJ. Endoplasmic reticulum stress and oxidative
stress in cell fate decision and human disease[J]. Antioxid Redox
Signal, 2014, 21(3): 396-413.

(FeAEtt . HED)



