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Abstract

Background and Aims: Exertional heatstroke (EHS) is as-
sociated with strenuous physical activity in hot environments. 
The present study aimed to investigate dynamic changes of 
hepatic function indices in EHS patients and determine risk 
factors for death. Methods: This single-center retrospective 
cohort study considered all patients with EHS admitted to 
the intensive care unit at the General Hospital of Southern 
Theater Command of PLA from October 2008 to May 2019. 
Data on general characteristics, organ function parameters, 
and the 90-day outcome of enrolled patients were collected. 
Hepatic indices were collected dynamically, and patients with 
acute hepatic injury (AHI) were identified by plasma total bil-
irubin (TBIL) ≥34.2 µmol/L and an international normalized 
ratio ≥1.5, or with any grade of hepatic encephalopathy. Re-
sults: In patients who survived, TBIL, alanine aminotrans-
ferase and aspartate aminotransferase were increased at 24 
h, peaked at 2–3 days, and began to decrease at 5 days. In 
non-survivors, TBIL continuously increased post-admission. 
The area under the receiver operating characteristic curve for 
the prediction of mortality based on sequential organ failure 
assessment (SOFA) scores was 89.8%, and the optimal cut-
off value was 7.5. Myocardial injury and infection were iden-
tified as independent risk factors for death in EHS patients 
with AHI. Conclusions: In EHS patients, hepatic dysfunction 
usually occurred within 24 h. Patients with AHI had more 
severe clinical conditions, and significantly increased 90-day 
mortality rates. SOFA scores over 7.5, complicated with myo-
cardial injury or infection, were found to be risk factors for 
death in EHS patients with AHI.
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Introduction

Heatstroke is a life-threatening condition involving a sig-
nificant elevation of core body temperature with central 
nervous system dysfunction, and includes symptoms such 
as combativeness, delirium, seizures, or even a comatose 
state.1,2 It has been reported that at least 3,332 deaths can 
be attributed to heatstroke between the years of 2006 to 
2010 in the USA.3 As global warming worsens, the morbid-
ity of heatstroke has increased, and it has been predicted 
that heatstroke-related deaths could increase to nearly 2.5 
times the current annual baseline by 2050.4 Based on the 
underlying cause, heatstroke can be classified as either 
classical heatstroke (CHS) or exertional heatstroke (EHS). 
In both types, the increased core body temperature is at-
tributed to excessive heat accumulation. CHS involves ex-
posure to heat from the environment with poor heat dissi-
pation, whereas EHS is associated with strenuous physical 
activity in hot environments and excessive production of 
metabolic heat that overwhelms physiological heat loss.5 It 
is still unclear whether the different mechanisms of initia-
tion result in unique pathophysiological disease processes, 
but organ dysfunction may differ between these two types 
of heatstroke patients. EHS is usually observed in young, 
healthy men, most of whom have few underlying diseases. 
However, the incidence rate of hepatocellular insufficiency in 
EHS patients is higher compared to that in CHS patients.1,6 
For EHS patients with severe acute liver failure, the hepatic 
injury due to EHS can result in death that occurs approxi-
mately 1 week after the onset of heatstroke, unless a liver 
transplant is performed.7,8

EHS remains a major problem for individuals who regu-
larly meet strenuous physical demands, such as athletes, 
firefighters, and agricultural workers. The current knowl-
edge regarding EHS patients complicated by acute hepatic 
injury (AHI) is limited. In the present study, the clinical and 
prognostic data of heatstroke patients admitted to the in-
tensive care unit (ICU) at a single center in China over a 10-
year period were retrospectively collected. The aim was to 
investigate the dynamic changes of hepatic function indices 
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in EHS patients and determine the risk factors for death in 
these patients.

Methods

Study design and participants

Patients diagnosed with EHS in the ICU of the General Hos-
pital of Southern Theater Command in China from October 
2008 to May 2019 were considered for inclusion. The inclu-
sion criteria9 consisted of 1) ≥ 18 years of age, and 2) met 
the diagnostic criteria of EHS. These diagnostic criteria in-
cluded a history of strenuous activity (with or without expo-
sure to hot and humid weather), concurrent hyperthermia 
(central temperature above 40°C), and neurological dys-
function (such as delirium, cognitive disorders, or disturbed 
consciousness). The exclusion criteria consisted of 1) ex-
isting irreversible underlying diseases affecting mortality, 
and 2) pregnant or breastfeeding women. The study was 
approved by the Research Ethics Commission of General 
Hospital of Southern Theater Command of PLA and the re-
quirement for informed consent was waived by the Ethics 
Commission.

Research procedure

Patient characteristics, organ function parameters, and 90-
day outcomes for all enrolled patients were collected. Scores 
according to the Acute Physiology and Chronic Health Evalu-
ation II (APACHE II), the sequential organ failure assess-
ment (SOFA), and the Glasgow coma scale (GCS) were also 
collected. The dynamic changes to hepatic indices, including 
total bilirubin (TBIL), alanine transaminase (ALT), aspartate 
transaminase (AST), and the international normalized ratio 
(INR) were evaluated. The time points included admission 
and 24 h, 2 d, 3 d, 5 d and 7 d after admission. Patients with 
AHI were identified by plasma levels of TBIL ≥34.2 µmol/L 
and an INR ≥1.5, or with any grade of hepatic encepha-
lopathy. Myocardial injury was defined by plasma cardiac 
troponin I >0.2 µg/mL, and kidney injury was defined by 
serum creatinine >176 µmol/L. Rhabdomyolysis was de-
fined by creatine kinase (CK) >1,000 IU, and patients with 
procalcitonin (PCT) >2 ng/mL and a white blood cell (WBC) 
count >10 × 109/L were considered to have an infection. 
Lymphopenia was defined by a lymphocyte count <0.8 × 
109/L. Patients with a GCS score <8 were considered to 
have a central nervous system (CNS) disorder.1 The primary 
outcome was 90-day mortality, and the secondary outcome 
was the ICU length of stay.

Statistical analysis

Categorical data were summarized as numbers and per-
centages, and inter-group comparisons were performed 
using either Mann-Whitney U, χ2 or Fisher’s exact tests. 
Continuous variables were expressed as the median with 
interquartile range (IQR) and analyzed using a Wilcoxon 
rank-sum test, since most continuous variables did not 
show a Gaussian distribution. Kaplan-Meier survival curves 
and the log-rank test were used for survival analysis. To 
determine the independent risk factors of 90-day mortality 
in severe heatstroke patients with AHI, the Cox proportional 
hazards model was used. Significant indicators were identi-
fied using single-factor analysis, and those with a p-value 
<0.1 were included in the multifactor Cox regression model. 
The odds ratio (OR) and 95% confidence interval (CI) levels 

were presented. Statistical analysis was performed using R, 
version 3.4.0. A two-tailed p-value <0.05 was considered 
statistically significant.

Results

Dynamic changes of hepatic function indices in 
patients with EHS: Comparison of survivors and non-
survivors

Data from a total of 189 patients were collected. Three 
cases were excluded due to missing data, and 186 cases 
were included for analysis. All 186 patients were male, 
with a median age of 21 years (IQR: 19–27) and without 
any underlying diseases prior to the onset of heatstroke. 
At admission, the concentration of TBIL in survivors was 
normal, but TBIL in non-survivors was slightly increased 
(Table 1). In patients who survived, TBIL was increased at 
24 h, reached a peak between 2–3 days, and began to de-
crease after day 5. The concentrations of ALT and AST also 
showed similar changes to TBIL. In non-survivors, the lev-
els of TBIL continuously increased following admission. ALT 
and AST levels were remarkably increased at 24 h until day 
3 (Table 1). Though ALT and AST also decreased 5 days 
after admission, this did not indicate that the liver injury 
was alleviated; the decreased ALT and AST may have been 
due to considerable hepatocyte death. In both survivors 
and non-survivors, INRs increased immediately after the 
onset of heatstroke. INRs began to decrease after 24 h in 
the survival group, but remained high in the non-survival 
group. These results indicate that if hepatic function indi-
ces of an EHS patient are slightly increased between 24 h 
and 3 days following the onset of heatstroke, and the se-
rum levels of TBIL continuously increase, the patient may 
have a higher risk of mortality.

Characteristics and outcomes of EHS patients: Com-
parison of patients with and without AHI

To further investigate the characteristics of patients with 
AHI, all patients were divided into either the AHI group 
or non-AHI group. Among the 186 cases, 69 showed in-
creased TBIL (≥34.2 µmol/L) and INR (≥1.5) and were 
placed in the AHI group (Table 2). Compared with the non-
AHI group, patients in the AHI group showed increased 
WBC and neutrophil counts, and decreased lymphocyte 
and platelet counts. In addition, other organ dysfunction 
indices were also increased in the AHI group, including kid-
ney (urea nitrogen, serum creatinine), muscle (rhabdomy-
olysis; creatine kinase (CK), CK-Mb), and cardiac (CTNI) 
injuries. Patients in the AHI group also showed decreased 
GCS, and increased APACHE II and SOFA scores compared 
to the non-AHI group. In addition, patients with AHI had 
increased ICU length of stays and 90-day mortality rates 
(Table 3). The 90-day mortality of EHS patients with AHI 
was 27.5% (19/69) but was only 2.6% (3/117) for patients 
without AHI. The survival times of EHS patients with AHI 
were also significantly lower compared to those without 
AHI (Fig. 1).

Risk factors for EHS patients with AHI

To further determine the risk factors for death in EHS 
patients with AHI, the organ function indices of the sur-
vivors and non-survivors were compared (Table 4). The 
non-survivors had more severe disease conditions com-
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pared to survivors, as evidenced by higher levels of serum 
creatinine, CK, CTNI, PCT etc. at the time of admission. 
The non-survivors also had higher SOFA scores. The area 
under the receiver operating characteristic curve for the 
prediction of mortality based on the SOFA scores at the 
time of admission was 89.8%, and the optimal cutoff value 
was 7.5 (sensitivity of 90.0%, specificity of 80.6%; Fig. 
2). Among the patients in the AHI group, 44 cases had 
myocardial injuries, 32 cases had injury to the kidney, 57 
cases were experiencing rhabdomyolysis, 18 cases had 
a CNS disorder, 45 cases had an infection, and 54 cas-
es showed signs of lymphopenia. Single variable analysis 
showed that complications due to myocardial injuries, a 
CNS disorder or infection were risk factors for death in 
patients with AHI (Table 5). The ORs were 13.10 (95% 
CI: 1.74, 98.26; p=0.012), 2.86 (95% CI: 1.15, 6.96; 
p=0.024) and 6.14 (95% CI: 1.42, 26.62; p=0.025), re-
spectively. In the multi-variate analysis, myocardial injury 
and infection were found to be independent risk factors for 
death in EHS patients with AHI, with ORs of 12.169 (95% 
CI: 1.526, 94.806; p=0.023) and 5.637 (95% CI: 1.219, 

26.064; p=0.027), respectively.

Discussion

The present retrospective cohort study revealed that he-
patic dysfunction usually occurred within 24 h after admis-
sion in EHS patients. The patients with AHI had more severe 
clinical conditions, significantly increased 90-day mortality 
rates, and shorter survival times. Complications with myo-
cardial injuries or infection were found to be independent 
risk factors for death in EHS patients with AHI.

The time course of liver damage was found to differ from 
the damage-associated markers of other organs, since liver 
damage was often not detected at the onset of heatstroke.10 
These results revealed that TBIL levels were increased at 24 
h, peaked at 2–3 days, and began to decrease after day 5 
in the survivors, while the non-survivors showed continu-
ously increased levels of TBIL after admission. An animal 
heatstroke model has indicated that heat stress leads to 
extensive hepatocyte ballooning degeneration and necro-

Table 1.  Dynamic changes of the hepatic function indexes in the survivor and non-survivor patients with EHS

Overall (n=186) Survivor (n=164) Non-survivor (n=22) p

TBIL in µmol/L

  Ad 15.85 [10.10, 29.40] 14.75 [9.80, 25.47] 29.90 [14.98, 118.08] 0.002

  24 h 27.10 [15.45, 55.65] 23.70 [15.07, 47.85] 95.60 [53.53, 176.45] <0.001

  2 d 36.65 [17.20, 87.28] 28.90 [15.70, 55.70] 176.00 [96.05, 198.20] <0.001

  3 d 32.60 [17.60, 97.10] 24.50 [16.40, 59.75] 233.45 [166.45, 373.32] <0.001

  5 d 23.85 [10.20, 83.05] 18.90 [9.80, 36.10] 390.30 [328.10, 422.00] <0.001

  7 d 20.90 [12.20, 73.60] 16.10 [9.70, 28.85] 400.20 [251.33, 424.70] <0.001

ALT in U/L

  Ad 34.50 [20.00, 222.75] 32.00 [19.00, 149.50] 170.50 [61.50, 1,648.25] <0.001

  24 h 234.50 [56.25, 956.25] 174.50 [47.25, 652.00] 1,530.00 [792.75, 2,649.50] <0.001

  2 d 383.00 [134.00, 1,389.50] 355.00 [134.00, 1,112.50] 1,660.00 [460.00, 3,474.00] 0.017

  3 d 468.00 [164.25, 1,431.00] 407.50 [144.75, 1,094.75] 2,573.50 [1,228.50, 4,911.50] <0.001

  5 d 373.50 [129.00, 666.00] 348.00 [110.00, 609.00] 488.00 [370.50, 870.50] 0.077

  7 d 192.00 [106.00, 309.00] 205.00 [94.50, 312.00] 148.50 [115.75, 217.50] 0.726

AST in U/L

  Ad 66.50 [34.75, 228.00] 62.00 [33.50, 163.50] 356.00 [110.00, 1,645.00] <0.001

  24 h 214.00 [60.00, 751.75] 166.00 [57.00, 559.00] 2,545.00 [631.00, 5,690.00] <0.001

  2 d 278.00 [91.50, 947.50] 250.00 [89.00, 625.00] 2,635.00 [421.75, 5,159.00] <0.001

  3 d 183.00 [70.50, 568.50] 162.00 [66.50, 462.00] 1,629.50 [359.50, 5,276.75] 0.001

  5 d 118.50 [59.00, 219.00] 116.00 [56.00, 190.00] 220.00 [101.00, 355.00] 0.058

  7 d 67.50 [39.25, 101.50] 58.50 [34.50, 80.75] 102.50 [75.00, 126.50] 0.003

INR

  Ad 1.29 [1.09, 1.76] 1.24 [1.09, 1.47] 3.22 [1.86, 4.82] <0.001

  24 h 1.29 [1.09, 1.70] 1.19 [1.07, 1.54] 2.76 [2.20, 3.28] <0.001

  2 d 1.14 [1.04, 1.65] 1.10 [1.02, 1.32] 2.82 [2.04, 3.59] <0.001

  3 d 1.05 [0.97, 1.70] 1.02 [0.96, 1.21] 3.10 [2.07, 3.53] <0.001

  5 d 1.01 [0.93, 1.21] 0.98 [0.93, 1.11] 3.02 [2.08, 4.04] <0.001

  7 d 1.07 [0.99, 1.33] 1.03 [0.98, 1.11] 2.38 [1.53, 2.57] <0.001

d, day.
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sis.11 Data from patient autopsies have revealed that EHS-
associated liver damage is characterized by centrilobular 
degeneration and necrosis with parenchymal damage.1,12 
Previous studies have also found that the inhibition of in-
flammatory mediators, such as high-mobility group box 
1 (HMGB1), could alleviate liver injury in a rat model of 
heatstroke, as evidenced by decreased levels of ALT and 
AST.11,13 The modulation of coagulation by thrombomodulin 
was also shown to improve liver function.14 Therefore, the 
hepatocyte damage in heatstroke patients is thought to be 
caused by a multifactorial damaging effect, including hyper-
thermia in combination with hypoxia, inflammatory stimuli, 
ischemia, and disseminated intravascular coagulation.15,16

Liver dysfunction is not usually detected at the onset of 
heatstroke, unlike damages to other organs that can be de-
tected much earlier, such as injury to the myocardia or co-
agulation dysfunction. Currently, the liver is regarded as one 
of the first organs that becomes injured during heatstroke. 
Heat stress and the subsequent inflammatory response 
and coagulation dysfunction could lead to the damage of 
hepatocytes as well as liver sinusoidal endothelial cells and 
intrahepatic biliary epithelial cells, characterized by an in-

crease in aminopherase and bilirubin. However, since liver 
compensatory mechanisms can maintain liver function, the 
dysfunction indices do not always directly correlate with 
damage to the liver. In addition, the secondary factors of 
heat stress, such as the systemic inflammatory response or 
liver ischemia, could further aggravate liver damage. These 
factors might also contribute to the delayed detection of 
liver damage. In the current study, non-survivor EHS pa-
tients had concentrations of TBIL over 2-fold higher at 24 
h after admission, and these levels continuously increased, 
suggesting that a dramatic and continuous increase of TBIL 
may indicate a poor prognosis. Notably, since the liver plays 
a significant role in the synthesis of coagulation factors, 
INR was also regarded as a major index for liver function. 
However, during the pathological process of heatstroke, co-
agulation dysfunction occurs at an early stage due to the 
activation of endothelial cells. Therefore, INR was increased 
at the onset of heatstroke, which differed from other liver 
function indices.

During the pathophysiological process of heatstroke, the 
primary cell damage was due to heat-induced necrotic and 
apoptotic cell death. In later stages, thermoregulatory failure 

Table 3.  Comparison of the outcome between the EHS patients in Non-AHI group and AHI group

Overall (n=186) Non-AHI (n=117) AHI (n=69) p

ICU time in days 5.00 [3.00, 9.00] 4.00 [3.00, 7.00] 8.00 [5.00, 14.00] <0.001

Outcome, % <0.001

  Survive 164 (88.2) 114 (97.4) 50 (72.5)

  Death 22 (11.8) 3 (2.6) 19 (27.5)

Table 2.  Comparison of the characteristics between the EHS patients in the non-AHI group and AHI group

Overall (n=186) Non-AHI (n=117) AHI (n=69) p

Age 21.00 [19.00, 27.00] 20.00 [19.00, 27.00] 23.00 [19.00, 27.00] 0.263

WBC, ×109/L 11.34 [8.72, 14.62] 10.39 [8.61, 14.25] 12.13 [9.04, 15.82] 0.057

Neutrophil, ×109/L 8.86 [6.54, 12.44] 8.26 [5.80, 11.41] 10.14 [7.42, 13.22] 0.003

Lymphocyte, ×109/L 1.11 [0.58, 1.89] 1.35 [0.79, 2.12] 0.73 [0.40, 1.63] <0.001

Monocyte, ×109/L 0.68 [0.38, 0.99] 0.68 [0.40, 0.97] 0.66 [0.35, 1.00] 0.581

PLT, ×109/L 165.0 [82.00, 219.0] 185.5 [148.8, 232.25] 80.00 [35.00, 132.0] <0.001

BUN in mmol/L 5.75 [4.50, 7.60] 5.20 [4.20, 6.50] 6.80 [5.40, 8.70] <0.001

SCR in μmol/L 127.5 [92.00, 162.3] 107.0 [82.00, 137.0] 159.0 [128.0, 201.0] <0.001

CK in U/L 904.0 [346.75, 2,537.0] 572.0 [244.0, 1,810.0] 1,452.0 [853.0, 4,573.0] <0.001

PT in s 15.90 [14.10, 20.58] 14.70 [13.70, 16.10] 23.40 [18.80, 35.00] <0.001

APTT in s 38.95 [33.52, 49.45] 36.10 [32.60, 40.90] 50.60 [39.20, 91.20] <0.001

Fib in g/L 2.50 [2.00, 2.80] 2.60 [2.30, 3.10] 2.00 [1.58, 2.60] <0.001

D.D in mg/L 1.86 [0.51, 7.00] 0.70 [0.36, 2.16] 9.49 [3.51, 14.55] <0.001

CK-Mb in ng/mL 469.40[128.9, 1,000.0] 239.1 [64.75, 594.5] 1,000.0 [381.5, 1,000.0] <0.001

CTNI in ng/mL 110.00 [21.40, 432.45] 50.00 [10.00, 143.22] 410.0 [125.90, 1,407.5] <0.001

CRP in mg/dL 3.30 [1.48, 5.98] 3.18 [0.67, 6.86] 3.38 [3.14, 5.27] 0.3

PCT in ng/mL 1.70 [0.76, 4.14] 1.43 [0.56, 3.97] 2.05 [1.08, 4.69] 0.083

GCS 12.00 [7.00, 14.00] 12.00 [9.00, 14.00] 8.00 [6.00, 13.00] 0.005

SOFA score 3.00 [2.00, 6.00] 3.00 [2.00, 4.00] 6.00 [4.00, 9.00] <0.001

APACHE II score 10.50 [8.00, 15.75] 9.00 [7.00, 13.00] 15.00 [10.00, 21.00] <0.001

APACHE, acute physiology and chronic health evaluation; APTT, activated partial thromboplastin time; BUN, blood urea nitrogen; CK, creatine kinase; CK-Mb, creatine 
kinase-Mb; CTNI, cardiac troponin I; CRP, C-reactive protein; D.D, D-dimer; GCS, glasgow coma scale; PCT, procalcitonin; PLT, platelets; PT, prothrombin time; SOFA, 
sequential organ failure assessment; SCR, serum creatinine; WBC, white blood cell.
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combined with an inflammatory reaction results in multior-
gan failure that can cause death. Autopsy studies show that 
end-organ failure following heatstroke is accompanied by 

widespread microthrombosis, hemorrhage, and inflamma-
tory injury.5,17,18 In the current study, EHS patients with AHI 
showed a higher all-cause mortality compared to those with-
out AHI. Hepatocyte damage could result in a weakened de-
toxification process and decreased protein synthesis, which 
further increases the risk of infection and coagulation dys-
function. In addition, another explanation could be that EHS 
patients with AHI were in a more severe condition. Compared 
to patients in the non-AHI group, the organ dysfunction in-
dices were increased in the AHI group, including those that 
indicate kidney injury, rhabdomyolysis, and cardiac injury.

To further clarify the risk factors for EHS patients with AHI, 

Table 4.  Comparison of the characteristics between the survivors and non-survivors in the AHI group

Overall (n=69) Survivor (n=50) Non-survivor (n=19) p

Age 23.00 [19.00, 27.00] 23.00 [20.00, 27.00] 21.00 [18.00, 23.50] 0.103

WBC, ×109/L 12.13 [9.04, 15.82] 12.22 [9.37, 15.71] 10.56 [8.46, 15.48] 0.648

Neutrophil, ×109/L 10.14 [7.42, 13.22] 10.61 [7.95, 13.71] 8.86 [6.38, 13.18] 0.323

Lymphocyte, ×109/L 0.73 [0.40, 1.63] 0.73 [0.51, 1.55] 0.67 [0.33, 2.81] 0.909

Monocyte, ×109/L 0.66 [0.35, 1.00] 0.64 [0.36, 1.00] 0.73 [0.26, 0.90] 0.92

PLT, ×109/L 80.00 [35.00, 132.00] 85.50 [42.25, 167.00] 72.00 [29.00, 89.00] 0.097

BUN in mmol/L 6.80 [5.40, 8.70] 6.55 [5.40, 8.10] 8.10 [6.30, 9.25] 0.209

SCR, μmol/L 159.00 [128.00, 201.00] 146.00 [125.50, 171.50] 228.00 [189.00, 280.00] <0.001

CK in U/L 1,452.0 [853.00, 4,573.0] 1,278.0 [803.00, 3,769.0] 3,220.0 [1,014.0, 7,931.5] 0.076

PT in s 23.40 [18.80, 35.00] 21.25 [16.33, 26.90] 37.50 [25.70, 45.00] <0.001

APTT in s 50.60 [39.20, 91.20] 44.90 [37.68, 68.18] 91.20 [77.35, 122.85] <0.001

Fib in g/L 2.00 [1.58, 2.60] 2.20 [1.70, 2.60] 1.30 [0.90, 1.90] 0.001

D.D in mg/L 9.49 [3.51, 14.55] 5.32 [1.61, 13.06] 10.27 [10.00, 20.00] 0.001

CK-Mb in ng/mL 1,000.0 [381.48, 1,000.0] 789.00 [264.90, 1,000.0] 1,000.0 [967.55, 1,000.0] 0.088

CTNI in ng/mL 410.00 [125.90, 1,407.50] 230.00 [100.00, 699.90] 1,530.0 [952.80, 2,930.0] <0.001

CRP in mg/dL 3.38 [3.14, 5.27] 3.37 [2.13, 5.37] 3.38 [3.30, 3.58] 0.668

PCT in ng/mL 2.05 [1.08, 4.69] 2.02 [0.97, 4.08] 2.95 [1.46, 5.81] 0.263

GCS 8.00 [6.00, 13.00] 10.00 [6.00, 14.00] 5.50 [3.00, 7.00] 0.003

SOFA score 6.00 [4.00, 9.00] 5.00 [3.00, 7.00] 11.50 [9.25, 13.75] <0.001

APACHE II score 15.00 [10.00, 21.00] 14.00 [8.00, 16.50] 22.50 [18.50, 23.75] 0.001

Fig. 2.  Receiver operating characteristic curve analysis of SOFA to pre-
dict the 90-day mortality of patients with AHI. 

Fig. 1.  Survival curves of 90-day mortality rate in the AHI group and 
non-AHI group. 
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since most EHS patients in the AHI group were also expe-
riencing dysfunction of other organs, a Cox hazard analysis 
was used to investigate the risk factors for death. A single 
variable analysis showed that complications with myocar-
dial injuries, CNS disorders or infection were risk factors for 
death. In the multi-variate analysis, myocardial injuries and 
infection were found to be independent risk factors for death 
in EHS patients with AHI. In healthy individuals, bacteria are 
rarely cultured from the systemic circulation, and the liver 
plays an important role in eliminating micro-organisms from 
the blood.19 As a result, AHI may contribute to increased 
circulating endotoxin levels in heatstroke patients due to de-
creased bacterial clearance function. In EHS patients with 
AHI and myocardial injury or infection, the circulatory sta-
bility was affected. Unstable circulation may aggravate in-
juries of other organs due to hypoperfusion, leading to an 
increased risk of death, especially in the acute phase.

Conclusions

In EHS patients, hepatic dysfunction usually occurred 24 h 
after onset. EHS patients with AHI had more severe clinical 
conditions, significantly increased 90-day mortality rates, 
and shorter survival times. Complications of myocardial in-
juries and infection were found to be independent risk fac-
tors for death in EHS patients with AHI.
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