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[Abstract] Heat stroke is a life-threatening emergency characterized by a rapid elevation in core body
temperature (typically > 40°C) and central nervous system dysfunction (e.g., delirium, seizures or coma), often
accompanied by systemic inflammatory response, coagulation disorders, and multiple organ failure, with an extremely
high mortality rate. Among the multiple organ injuries caused by heat stroke, the liver, as the core organ for metabolism
and detoxification in the body, is one of the targets that are vulnerable to high temperatures. If not intervened promptly
and effectively, acute liver injury (ALI) can rapidly evolve into acute liver failure (ALF), significantly increasing the
complexity of clinical treatment and the risk of patient death. In recent years, with the frequent occurrence of heat wave
events worldwide, the pathological mechanisms and prevention strategies of heat stroke and its related liver injuries have
received increasingly widespread attention. Although basic and clinical studies have made certain progress, revealing key
pathological changes such as hepatocyte necrosis, excessive inflammatory response and coagulopathy, there is still a lack
of unified and standardized consensus guidelines for the clinical evaluation, diagnosis and systematic treatment of heat
stroke combined with liver failure. Therefore, this article aims to systematically review and summarize the pathogenesis,
clinical presentation, diagnostic approaches, and treatment strategies of current liver failure related to heat stroke, in
order to provide clear diagnostic and treatment ideas and practical references for clinical workers, and thereby provide
theoretical basis and clinical guidance for improving the prognosis of critically ill patients with heat stroke liver failure.
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T, 5 BT P AP 2 3 o0 200 6 00 3 A i B0 1 20 3% Jm 4 -1
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TR SRR A AR B B AR Z— 1
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BHFRBUG . Li 45Xt 52 6195 J1H IR (exertional
heat stroke, EHS) BRE AT A, 76.5% (/)& KA,
13.5% I 5B 3 & A= SALL AL 3.8% % K 4 ALF. LAk,
SALI [P ¥y K Az 6] A Je 4 do 570 SALL BE A L,
SALI H15 % MODS, Wl #i22 . 7£ EHS LT, SALI
FRFFET B0 b OB T 50% . I, ZEVTAl EHS BE R,
SALI W gL ALF K4 CHEAVE

KA R = (aspartate aminotransferase, AST). N2
Wi 6 2 1 (alanine aminotransferase , ALT) . FLI& I 2l (1actate
dehydrogenase, LDH ). MAHZT 2 (total bilirubin, TBil) £ R &%
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CWhRIEN < RS, 7E 2 A B T R LA E HE, HLH 3L
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BR 10 A%, 805 A H ETH=17.1 pmol/L ; @ BEINL DI RE : BE
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332 WREWERGE : PG T o 0k A kR 3 i HE /Y
St BRI, WP R GE 2 RS, ) ] G R Sk
I B 3 2B A (acute respiratory distress syndrome, ARDS )o
DRI, %o R o T s 9 A6 5 S i <A 4 A RN IL B TR
I7, AT PRAIE 853 1 St , S R BRBE D I 43 45 — 1 0
T, 834 kAL S 10 A1 (pulse oxygen saturation, SpO,) H
FrAE 7 0.90 ~ 0.99, 3l ik Ifil 5 43 JE (arterial partial pressure
of oxygen, Pa0,) H FrAE R 60 ~ 100 mmHg, i & ) PaO, th
A BEA F ; sh ki — 4 k8K 73 I (arterial partial pressure of
carbon dioxide, PaCO,) 4EFF7E 35 ~ 45 mmHg. [FJI, RS
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associated pneumonia, VAP) 2591 KT o
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3.3.5  BEILFRSGE : A 25 R BE D) RE RS, FR o B
i PEBE L1 (heatstroke-induced coagulopathy, HIC), H 3%
SRR AL AL 5 P B A0 ML 03 . S8 AE S IV 2R VR FTEE 1l By RE 2R
AL U A I TR A, B 2 % A AL S, FFIE a6
I o FFREAE A BB I PR ik i v e 4 AR T, IRk,
005 52 0 o O L D) BE B A . € L A 5 S 1] (prothrombin
time, PT) Fl PTA J2& 52 W 5E L D) 68 1 5 BUAS I 8 A, JHF 208
I —H Y . BhiPEIE: (viscoelastic testing, VET) /&
— I i BB B g SR, H T N AMITSE L Z B9 VET
A0F5 LK 53 77 [E] (thromboelastography, TEG ) FIiEs% 1fil A4 5
71 & (rotation thromboelastometry, ROTEM ). VET 0] %f g &
PR I D) BEEA T Sl W DU A A T PP, AT FH T4 S R
PR EEMIIAEIATT TR . Endo 7 SEBFSE R, R TEG
VAL R L/ MR RE , X PRSI BE L D RERRE AT AT S K
. TEG % L35 b5 i e KARIE (maximum amplitude, MA)
7 ML B B 114 i DR 5 B R R, 55 /Al ) B A ) R
DIARSG . —I RS P WP UG T MA<45.4 mm
SRR & IR ECPE A8 Y I (disseminated intravascular
coagulation, DIC) {27 T o 7 S XF R L T RE PSR,
NEHEATAMNEE SHCEE . PR L ORY N AR YT [l 7E
A it PSS W IR I D RE L STAG AT AR I U

3.3.6 BMERSG  MFEBGHERE RS GRS IS, 1)
LLBF Ifi 3 A NER g R (glomerular filtration rate, GFR)
T B R R AE 19 I PR £ G AIE, Bk B 25 5 AiE (hepatorenal
syndrome, HRS). HRS SRR 20 B AT, R R AL
il 2 A Jr - O 1T kR @ RS e fEs
SKINBER I 3 B M A A% A R A RER R s @ U
IXEHLH L [FIVEHT, 3 E0UR AR B S kAL NSl ki A s S
WETEWD B A SR D fE K A1 GFR . HRS 1Y
0T FEASE— R SFRIT  2IRYT . CRRT S8R KT
PN TR 433 R (transjugular intrahepatic portosystemic shunt,
TIPS). AFASHE T S # R 452 . b, CRRT fEA %%
TERS R, AERrUIR N IR RE , s K BIR B o %3
AR T s LB B 05 1167, FFE R, DPMAS )7
BT PE BKA CRRT XT3 5 00 B 05 85 A 10 2 19 IR
FERE . AR R B 4 05 A 7k A v R B R
HAE BT TT o
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(T QSN LBz e praiNE N EAE 7/ (1) - E A B e =
PEJRAE RN METE AR L 5 HE , DR £ FH 28 36 ) 15471
RZWIRATT Y. R IS Y R RS S

VIS Sy 20 PRAE IR (4 17 3 B AE R AR, R 2 A B R 2459
A 5 P 18 175 (antibiotic-associated diarrhea, AAD) [44] - ADD
W R4S Z R B R A G, RHER T (clostridium difficile
infection, CDI) J& AAD fc i VLA R R, HF e o 2 4 v
CDI f—Z3AY7 259 A8 H T 25 3= U e A BT
R CDLI 2y . T R EmE LA
P, B IR 23 25 )5 25 7RSS0 Pk BE s L DR 1 R
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3.3.8  HAKPRZE RS KA R G O R S B
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Z—, DRI S 548 , I HL AT & K AVE R M it , KAk
HRA[IK 20% ~ 30%. FRIP 3 I ALF I, 23 i 5 il 41 i 7K
i, 38 B U, N S BB AE T AT SRR
firits : O DA R ; @ AUEHRE I E s @ ARUH
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B AR K LT 8 A S 1Y e S S50 R S RS E 19 1L L Bl
Syt

4 B %
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JIE oy, I HHAR R 0 2 B it . BRI AR X A
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i (4 52 2, HARDGIRY PR A AN TSR E 3 . ASBIFSEMN
JHEA 3 19 e A= ML 2 8 (4 1IEG RTA 5 12 Wt KA G iR g7
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FEEMI A EE IR 55 hoe
SE

[ 1] Romanello M, Napoli CD, Green C, et al. The 2023 report of the
Lancet Countdown on health and climate change: the imperative for
a health—centred response in a world facing irreversible harms [J].
Lancet, 2023, 402 (10419): 2346-2394. DOI: 10.1016/S0140-
6736(23)01859-7.

[2] Epstein Y, Yanovich R. Heatstroke [J]. N Engl J Med, 2019,
380 (25): 2449-2459. DOI: 10.1056/NEJMral810762.

[3]Ji 1], Gao JH, Wang CL, et al. Characteristics and outcome of
exertional heatstroke patients complicated by acute hepatic injury:
a cohort study [J]. J Clin Transl Hepatol, 2021, 9 (5): 655-660.
DOI: 10.14218/JCTH.2021.00084.

(47 XUZW] RS | GEBRIN | 55 . AR FLUTAR DGk S vk I 4
AR RARFIE BAE I N 2R 230 (). FhARfa e SR By 2023,
35 (7): 724-729. DOI: 10.3760/cma.j.cn121430-20230301-00128.

[5] Cheng ML, Nakib D, Perciani CT, et al. The immune niche of
the liver [J]. Clin Sei (Lond), 2021, 135 (20): 2445-2466. DOI:
10.1042/CS20190654. .

[6] Wang FQ, Zhang Y, Li JH, et al. The pathogenesis and therapeutic
strategies of heat stroke—induced liver injury [J]. Crit Care, 2022,
26 (1): 391. DOI: 10.1186/s13054-022-04273—w.

(7] gk, BLHEAL , HEEDE, 28 | R BORHLE FATT SNE Y
WRFEHER )] HARfE TR 2 BR 2 | 2024, 36 (5): 546-551. DOL:
10.3760/cma.j.cn121430-20230712-00513.

[8] Li R, Wei RQ, Liu CX, et al. Heme oxygenase l-mediated



* 512 -

[9]

[10]

[16]

[17]

[18]

[19]

[23]

[24]

ThE PR ES A SRR 2025 4F 8 146 32 555 4 ] Chin ] TCM WM Crit Care, August 2025, Vol.32, No.4

ferroptosis in Kupffer cells initiates liver injury during heat stroke [J].
Acta Pharm Sin B, 2024, 14 (9): 3983-4000. DOI: 10.1016/j.apsb.
2024.05.007.

Tilg H, Adolph TE, Trauner M. Gut-liver axis: Pathophysiological
concepts and clinical implications [J]. Cell Metab, 2022, 34 (11):
1700-1718. DOI: 10.1016/j.cmet.2022.09.017.

Li C, Su HB, Li H, et al. Severe acute liver injury in patients with
exertional heat stroke associated with poor short—term prognosis [J].
World J Emerg Med, 2022, 13 (2): 124-129. DOI: 10.5847/wjem.].
1920-8642.2022.047.

Ribeiro F, Bibi M, Pereira M, et al. Severe acute liver injury related
to heat stroke [J]. Eur J Case Rep Intern Med, 2020, 7 (2): 001382.
DOI: 10.12890/2020_001382.

sl F i, B, 5 L K E A AR B L0 43 0
Xt 255 7 P B B TS 5 R F 5 (D). o A a2 Ak
2024, 37 (7): 728-733. DOI: 10.13303/].cjbt.issn.1004-549x.
2024.07.002.

Lin QW, Zhong LC, He LP, et al. A newly proposed heatstroke—
induced coagulopathy score in patients with heat illness:
a multicenter retrospective study in China [J]. Chin J Traumatol,
2024, 27 (2): 83-90. DOI: 10.1016/j.cjtee.2023.08.001.

Rakela JL, Karvellas CJ, Koch DG, et al. Acute liver failure:
biomarkers evaluated by the acute liver failure study group [J].
Clin Transl Gastroenterol, 2023, 14 (4): e00565. DOI: 10.14309/
¢tg.0000000000000565.

HAE R o o B o S TP 5 N LA 4l h AR e s
SRSy AL 5 N TR 4 I 2l izt ie
(2024 4ERR) [7]. HHAEIFIERGZ &, 2025, 33 (1): 18-33. DOL:
10.3760/cma.j.cn501113-20241206-00614.

RS, RF kA, A5 P EPIRS W56 PR S (2025 RO
FRRCAE R 2R 2R, 2025, 50 (4): 367-386. DOI: 10.11855/j.issn.
0577-7402.0506.2025.0328.

Monzon B, Hegarty K, Rech MA. A knack for "NAC": treatment for
heat stroke induced acute liver injury [J]. Am J Emerg Med, 2020,
38 (4): 853.e1-853.€3. DOI: 10.1016/j.ajem.2019.11.029.

Yang XY, Xia L, Shen CF, et al. Curcumin alleviates heatstroke—
induced liver injury in dry—heat environments by inhibiting the
expression of NF—kB, iNOS, and ICAM-1 in rats [J]. PLoS One,
2024, 19 (9): €0309598. DOI: 10.1371/journal.pone.0309598.

Chen XW, Zhang J, Li H, et al. A comprehensive comparison
of different selenium supplements: mitigation of heat stress and
exercise fatigue—induced liver injury [J]. Front Nutr, 2022, 9:
917349. DOI: 10.3389/fnut.2022.917349.

Saliba F, Banares R, Larsen FS, et al. Artificial liver support
in patients with liver failure: a modified DELPHI consensus of
international experts [J]. Intensive Care Med, 2022, 48 (10): 1352—
1367. DOI: 10.1007/s00134-022-06802-1.

Tandon R, Froghi S. Artificial liver support systems [J].
J Gastroenterol Hepatol, 2021, 36 (5): 1164—1179. DOI: 10.1111/
jgh.15255.

TRAR OB BEARSE IR RN i S T
1657 T7VE PR 8 R IR PRI FHBCR 20T (0], Fh AR 3
PRER2E, 2024, 11 (7): 794-796, 812. DOI: 10.13919/j.issn.2095—
6274.ZH]Y202405040.

Sugawara Y, Hibi T. Recent trends and new developments in liver
transplantation [J]. Biosci Trends, 2024, 18 (3): 206-211. DOI:
10.5582/bst.2024.01176.

Boni B, Amann CA. Exertional heat illness resulting in acute liver
failure and liver transplantation [J]. J Spec Oper Med, 2017, 17 (3):
15-17. DOI: 10.55460/40N0-9Q1I5.

Martinez—Insfran LA, Alconchel F, Ramirez P, et al. Liver
transplantation for fulminant hepatic failure due to heat stroke:
a case report [J]. Transplant Proc, 2019, 51 (1): 87-89. DOI:
10.1016/j.transproceed.2018.03.137.

Lin JS, Zaffar D, Muhammad H, et al. Exertional heat stroke—
induced acute liver failure and liver transplantation [J]. ACG Case
Rep J, 2022, 9 (7): €00820. DOI: 10.14309/crj.0000000000000820.
Marchand M, Gin K. The cardiovascular system in heat stroke [J].
CJC Open, 2021, 4 (2): 158-163. DOI: 10.1016/j.cjc0.2021.10.002.
Barletta JF, Palmieri TL, Toomey SA, et al. Management of
heat—related illness and injury in the ICU: a concise definitive
review [J]. Crit Care Med, 2024, 52 (3): 362-375. DOI: 10.1097/
CCM.0000000000006170.

Kappus MR. Acute hepatic failure and nutrition [J]. Nutr Clin Pract,

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

2020, 35 (1): 30-35. DOI: 10.1002/ncp.10462.
Lu KH. Cellular pathogenesis of hepatic encephalopathy: an
update [J]. Biomolecules, 2023, 13 (2): 396. DOI: 10.3390/biom
13020396.
Scheiner B, Lindner G, Reiberger T, et al. Acid-base disorders
in liver disease [J]. ] Hepatol, 2017, 67 (5): 1062-1073. DOI:
10.1016/j.jhep.2017.06.023.
Satirapoj B, Kongthaworn S, Choovichian P, et al. Electrolyte
disturbances and risk factors of acute kidney injury patients
receiving dialysis in exertional heat stroke [J]. BMC Nephrol, 2016,
17 (1): 55. DOI: 10.1186/512882-016-0268-9.
Garcin JM, Bronstein JA, Cremades S, et al. Acute liver failure is
frequent during heat stroke [J]. World J Gastroenterol, 2008, 14 (1):
158-159. DOI: 10.3748/wjg.14.158.
Uojima H, Kinbara T, Hidaka H, et al. Close correlation between
urinary sodium excretion and response to tolvaptan in liver cirrhosis
patients with ascites [J]. Hepatol Res, 2017, 47 (3): E14-E21. DOI:
10.1111/hepr.12716.
T8, VUAURE | KB4, 25 . M in e M T e ohy S ARl
PR B A R 2 40T [T]. AR B4R | 2022, 57 (7): 846-852.
DOI: 10.3761/j.issn.0254-1769.2022.07.013.
Iba T, Helms J, Levi M, et al. The role of platelets in heat-related
illness and heat—induced coagulopathy [J]. Thromb Res, 2023, 231:
152-158. DOI: 10.1016/j.thromres.2022.08.009.
Endo Y, Inokuchi R, Yamamoto M, et al. Platelet dysfunction in
heatstroke—induced coagulopathy: a retrospective observational
study [J]. J Crit Care, 2025, 85: 154982. DOI: 10.1016/j.jerc.
2024.154982.
He LP, Lin QW, Zhong LC, et al. Thromboelastography maximum
amplitude as an early predictor of disseminated intravascular
coagulation in patients with heatstroke [J]. Int J Hyperthermia,
2022, 39 (1): 605-610. DOI: 10.1080/02656736.2022.2066206.
Zhang Z, Wu XP, Zou Z, et al. Heat stroke: pathogenesis, diagnosis,
and current treatment [J]. Ageing Res Rev, 2024, 100: 102409.
DOI: 10.1016/j.arr.2024.102409.
Velez JCQ, Latt N, Rodby RA. Pathophysiology of hepatorenal
syndrome [J]. Adv Kidney Dis Health, 2024, 31 (2): 87-99. DOI:
10.1053/j.akdh.2024.01.002.
Buccheri S, Da BL. Hepatorenal syndrome: definitions, diagnosis,
and management [J]. Clin Liver Dis, 2022, 26 (2): 181-201. DOI:
10.1016/j.¢1d.2022.01.002.
SCAE L BLARAR . U I3 537 I B 28 0 ) B AL 5 IR 5 i
Sk IR AU 2 R T I I A PR AT 3 5 1 AR W B Y
BRI 0] IR ATRERG 2R . 2024, 40 (3): 556-561. DOL:
10.12449/JCH240319.
Singer P, Blaser AR, Berger MM, et al. ESPEN guideline on clinical
nutrition in the intensive care unit [J]. Clin Nutr, 2019, 38 (1):
48-79. DOI: 10.1016/j.cInu.2018.08.037.
Abad CLR, Safdar N. A review of clostridioides difficile infection
and antibiotic—associated diarrhea [J]. Gastroenterol Clin North Am,
2021, 50 (2): 323-340. DOI: 10.1016/j.gtc.2021.02.010.
Cymbal M, Chatterjee A, Baggott B, et al. Management of
clostridioides difficile infection: diagnosis, treatment, and future
perspectives [J]. Am J Med, 2024, 137 (7): 571-576. DOI:
10.1016/j.amjmed.2024.03.024.
Rao K, Malani PN. Diagnosis and treatment of clostridioides
(clostridium) difficile infection in adults in 2020 [J]. JAMA, 2020,
323 (14): 1403-1404. DOI: 10.1001/jama.2019.3849.
Goodman C, Keating G, Georgousopoulou E, et al. Probiotics for the
prevention of antibiotic—associated diarrhoea: a systematic review
and meta—analysis [J]. BMJ Open, 2021, 11 (8): e043054. DOI:
10.1136/bmjopen—2020-043054.
Singla A, Mathew PJ, Jangra K, et al. A comparison of hypertonic
saline and mannitol on intraoperative brain relaxation in patients
with raised intracranial pressure during supratentorial tumors
resection: a randomized control trial [J]. Neurol India, 2020, 68 (1):
141-145. DOI: 10.4103/0028-3886.279671.
Etezadi F, Babaie M, Larijani A, et al. Comparison of preoperative
hypertonic saline versus mannitol for intraoperative brain relaxation
and early postoperative outcome among patients with cerebral
low—grade glioma: a prospective study [J]. Asian J Neurosurg, 2020,
15 (4): 941-945. DOI: 10.4103/ajns. AJNS_224_20.

(ki B I : 2025-02-05)

(FTALAAE - KBS





