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Heat stroke is a potentially life-threatening condition 
characterized by a core temperature that exceeds the 
external temperature and is accompanied by central 
nervous system (CNS) abnormalities.[1] It has two 
forms, classical heat stroke and exertional heat stroke 
(EHS). EHS is usually experienced by athletes, military 
personnel, and outdoor laborers in hot and humid 
environments.[2] 

Given the need for physical training and some 
intrinsic and extrinsic risk factors, military personnel 
have a high chance of having exertional heat illness 
(EHI), which is an occupational hazard. The incidence of 
EHI ranges from 0.2 to 10.5 cases per 1,000 person-years 
among military personnel, and severe EHI is classified as 
EHS.[3] In the United States Armed Forces, 4,188 cases 
of EHS were reported between 2008 and 2018,[4] and the 
overall crude incidence rate of EHS was 0.36 cases per 
1,000 person-years in 2020; furthermore, male military 
personnel was more prone to EHS than female.[5] 

EHS can lead to acute kidney injury (AKI), 
rhabdomyolysis ,  l iver  in jury,  and coagula t ion 
dysfunction and cause multiple organ dysfunction 
syndrome (MODS).[1,6] Its pre-hospital treatment involves 
a timely escape from the thermal environment and rapid 
cooling therapy. Its common feature is mild to moderate 
liver injury, and liver function usually return to normal in 
2–16 d.[6] However, a small number of patients experience 
extensive hepatocyte damage leading to severe acute 
liver injury (SALI) and acute liver failure (ALF), which 
might be fatal.[7,8] The clinical course of ALF is initiated 
by a SALI, which is characterized by the development 
of coagulopathy and impaired liver function but does 

not have any level of clinical hepatic encephalopathy 
(HE).[9] As a new definition, SALI can be considered the 
prophase of ALF, affecting the prognosis of patients with 
acute hepatitis.[10] However, solid clinical research on the 
role of SALI in EHS remains lacking. In this study, we 
aimed to evaluate the clinical characteristics and 30-day 
outcomes of military personnel with SALI due to EHS.

METHODS
Study population

Patients who had EHS and were admitted to the First 
Medical Center of Chinese PLA General Hospital from 
January 2011 to December 2020 were retrospectively 
analyzed. This study was conducted following the 
Helsinki Declaration and approved by the Ethics 
Committee of Chinese PLA General Hospital. Inclusion 
criteria: military personnel and diagnosed with EHS. 
They were excluded if their length of stay was <24 h, 
they had incomplete laboratory results, or had uncertain 
prognosis on the 30th day of onset.  

Fifty-two patients were included. Death on the 
30th day of onset was considered the primary outcome. 
Information on prognosis was confirmed through 
telephone follow-up and medical records. All patients 
were administered cooling treatment at the onset through 
pre-hospital emergency care. After admission, they were 
given fluid resuscitation, airway protection, sedation, 
brain protection, coagulation factor supplement, 
and platelet transfusion. In addition, some patients 
received mechanical ventilation, renal replacement 
therapy, artificial liver support, and anti-infection and 
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anticoagulation therapy accordingly. No patients needed 
organ transplantation during hospitalization.

Definitions
EHS was defined as a rapid increase in the body 

core temperature to higher than 40.5 °C and CNS 
dysfunction (such as delirium, convulsions, or coma) 
associated with strenuous exercise.[11, 12] Liver injury was 
defined as alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), or total bilirubin (TBIL) higher 
than the upper limit of the normal (ULN). SALI was 
diagnosed based on the international normalized ratio 
(INR) > 1.5, ALT ≥ 10 × ULN, TBIL ≥ 3.0 mg/dL (51.3 
μmol/L) within four weeks and without HE or chronic 
liver disease (CLD).[9,10] ALF was diagnosed on the 
basis of INR > 1.5, impaired liver function, obvious 
HE within four weeks, and without CLD.[9] Sequential 
organ failure assessment (SOFA) score was assessed 
based on the severity of respiratory, coagulation, liver, 
circulation, consciousness, and renal function.[13] MODS 
was identified as the SOFA score of >5, affecting more 
than one system.[14] HE was defined following the West 
Haven criteria.[15] AKI was defined using the criteria of 
kidney disease improving global guidelines.[16] Bacterial 
infections (BIs) were diagnosed through clinical features, 
laboratory tests, and imaging findings. Disseminated 
intravascular coagulopathy (DIC) was diagnosed on the 
basis of the International Society for Thrombosis and 
Haemostasis criteria.[17] Rhabdomyolysis was identified 
as creatine kinase exceeding five times the ULN.[18] The 
state of consciousness was determined by Glasgow coma 
scale (GCS) score, and a GCS score of <9 was considered 
a CNS disorder. Myocardial injury was defined as cardiac 
troponin I (cTnI) > 200 ng/mL. Respiratory failure was 
defined as the arterial partial pressure of oxygen lower 
than 60 mmHg (1 mmHg=0.133 kPa) or accompanied 
by the partial pressure of carbon dioxide higher than 50 
mmHg under breathing room air conditions.

Statistical analysis
Statistical analyses were performed using SPSS 

23.0 (IBM, USA). Categorical variables were expressed 
using count and proportion, and continuous variables 
were described as mean and standard deviation for data 
with normal distribution or median and interquartile 
range (IQR) for skewed data. Continuous variables were 
compared via Student’s t-test. A Mann-Whitney U-test 
was also performed to compare the skewed parameters. 
Categorical data were compared using the Chi-square test 
or Fisher’s exact test. Cumulative survival probability 

curves were assessed with the Kaplan-Meier method and 
compared through a log-rank test. A P-value of <0.05 
was considered statistically significant.

RESULTS
Baseline clinical characteristics of all patients

All 52 patients  were male Chinese mil i tary 
personnel. Of these patients, 45 were in the Army, six 
were in the Air Force, and one was in the Navy. These 
patients, with a mean age of 21.0 years (19.0–24.0 
years), had no underlying disease before. All patients 
developed EHS during vigorous military training. They 
were hospitalized from April to September, with one case 
in April, 13 cases in May, nine cases in June, 17 cases 
in July, 10 cases in August, and two cases in September. 
Furthermore, 21 patients were transferred to our tertiary 
medical center from other military treatment facilities, 
and the average transfer time was 3 d (2–4 d) after onset. 
In addition, 31 patients were admitted to our hospital on 
the day of onset. These patients had a SOFA score of 2.5 
(1.0–7.0). Of these patients, 14 (26.9%) had MODS, 40 
(76.9%) had the liver injury, 33 (63.5%) had AKI, 25 
(48.1%) had rhabdomyolysis, and 12 (23.1%) had CNS 
disorder. They were the most common complications 
upon admission (Table 1).

Clinical characteristics of patients with SALI
Seven (13.5%) patients were diagnosed with SALI in 

the course of EHS, while the remaining patients (86.5%) 
did not develop SALI. The SOFA score was 15.0 
(9.0–17.0) in the SALI group. Of these patients, 100% 
had the liver injury and rhabdomyolysis, 85.7% had 
AKI, 71.4% had CNS disorder, 57.1% had respiratory 
failure, and 57.1% had DIC upon admission. Moreover, 
85.7% of these patients developed MODS (Table 1). 
The incidence rates of rhabdomyolysis, CNS disorder, 
respiratory failure, DIC, and MODS of the SALI group 
were higher than those of the non-SALI group (P<0.05). 
In addition, the SOFA scores, ALT, AST, TBIL, direct 
bilirubin (DBIL), alkaline phosphatase (ALP), creatinine 
(Cr), cTnI, myoglobin (Mb), creatine kinase (CK), 
prothrombin time (PT), and INR of the SALI group were 
higher than those of the non-SALI group (P<0.05). By 
contrast, the GCS scores, albumin (ALB), hemoglobin 
(HGB), and platelet (PLT) in the SALI group were lower 
than those in the non-SALI group (P<0.05; Table 1).

The patients developed SALI with an average 
occurrence time of 4 d (4–6 d) after onset. When SALI 
occurred, the laboratary test indices showed that ALT was 
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3,995.2 U/L (2,839.8–4,688.2 U/L), AST was 2,710.0 U/
L (1,527.9–4,773.2 U/L), TBIL was 131.4 μmol/L (98.1–
189.8 μmol/L), DBIL was 60.9 μmol/L (41.1–99.9 μmol/
L), INR was 2.9 (2.8–7.9), and PT was 35.0 s (26.2–64.5 
s). In the SALI group, two patients (3.8%) developed 
HE and progressed to ALF within four weeks of onset. 
Furthermore, one patient had grade 2 HE, which was 
controlled after one week of the treatment. The other 
case developed grades 3–4 HE, which was progressed 
after the treatment.

Patients’ 30-day outcomes
On the 30th day of onset, the overall survival rate was 

92.3%. Four patients died 16.0 ± 3.0 d after onset (11.5 ± 
3.9 d after SALI). At the same time, no deaths were noted 
in the non-SALI group. When SALI occurred, all the 
patients who died suffered from AKI, rhabdomyolysis, 
CNS disorder, myocardial injury, and MODS, with SOFA 
scores ranging from 16 to 19. The results of the Kaplan-
Meier method indicated that the 30-day survival rates 
in the non-SALI group were significantly higher than 
those in the SALI group (100.0% vs. 42.9%; χ2 = 33.008, 
P<0.001; Figure 1). 

DISCUSSION
This study on the clinical manifestations and 

prognosis of Chinese military personnel with SALI due 
to EHS in the past decade had three main findings. First, 
13.5% of patients with EHS developed SALI, the average 
occurrence time was on the 4th day after onset, and 3.8% 
of patients with EHS had ALF. Second, the clinical 
conditions of patients with SALI were more severe than 
those of non-SALI patients, and the incidence of MODS 

Table 1. Clinical characteristic in the SALI and non-SALI groups at admission
Variables All (n=52) SALI group (n=7) Non-SALI group (n=45) P-value
Age (years) 21.0 (19.0–24.0) 23.0 (19.0–30.0) 21.0 (19.0–23.0) 0.429
Transferred patients 21 (40.4) 5 (71.4) 16 (35.6) 0.166
Temperature (℃) 36.8 (36.5–37.3) 36.7 (36.5–37.1) 36.6 (36.5–37.3) 0.694
Liver injury 40 (76.9)   7 (100.0) 33 (73.3) 0.282
AKI 33 (63.5) 6 (85.7) 27 (60.0) 0.372
Rhabdomyolysis 25 (48.1)   7 (100.0) 18 (40.0) 0.011
CNS disorder 12 (23.1) 5 (71.4)   7 (15.6) 0.005
BIs   8 (15.4) 2 (28.6)   6 (13.3) 0.634
Respiratory failure   6 (11.5) 4 (57.1) 2 (4.4) 0.002
DIC 5 (9.6) 4 (57.1) 1 (2.2) 0.001
Myocardial injury 5 (9.6) 2 (28.6) 3 (6.7) 0.129
SOFA scores 2.5 (1.0–7.0) 15.0 (9.0–17.0) 2.0 (1.0–3.0) < 0.001
MODS (%) 14 (26.9) 6 (85.7) 8 (17.8) 0.001
GCS scores 15.0 (13.3–15.0) 4.0 (3.0–15.0) 15.0 (15.0–15.0) < 0.001
ALT (U/L)   37.5 (18.2–256.6) 2,839.8 (71.7–4,688.2) 35.0 (16.4–99.2) < 0.001
AST (U/L)   54.3 (27.1–210.9) 1,527.9 (77.2–2,714.7)   48.4 (22.9–114.4) 0.002
ALB (g/L) 40.4 ± 5.5 36.5 ± 4.0 41.0 ± 5.5 0.046
TBIL (μmol/L) 17.6 (11.6–32.6) 109.6 (34.8–189.8)  15.7 (11.4–28.2) 0.002
DBIL (μmol/L)  6.2 (4.3–11.2) 60.9 (20.2–99.9)  5.8 (4.0–10.6) 0.001
ALP (U/L) 68.8 ± 22.6 89.5 ± 23.8 65.6 ± 20.9 0.008
Cr (μmol/L)   110.7 (86.8–150.0) 253.0 (145.6–351.7)   101.7 (86.8–143.1) 0.011
cTnI (ng/mL) 28.0 (8.3–71.3) 171.0 (26.0–231.0) 24.0 (7.0–60.0) 0.013
Mb (ng/mL)      214.7 (46.6–1,060.0) 2,136.0 (1,005.0–8,037.0)   109.9 (41.1–563.0) < 0.001
CK (U/L)        561.3 (261.8–2,473.6) 2,655.3 (1,011.0–24,982.0)        470.2 (226.5–1,513.0) 0.011
WBC (×109/L)   9.1 (6.6–12.0) 10.2 (5.3–11.5)   9.1 (6.7–12.5) 1.000
Neutrophil (%)   81.5 (67.0–86.8) 83.6 (79.0–93.0)   81.0 (65.0–86.5) 0.167
HGB (g/L)     138.5 (124.8–150.0) 118.0 (81.0–139.0)     141.0 (128.5–151.5) 0.019
PLT (×109/L) 165.6 ± 70.5 80.0 ± 64.4 178.8 ± 62.1 < 0.001
PT (s)   16.5 (15.0–19.5) 26.2 (23.9–49.3)   15.8 (14.8–17.8) < 0.001
INR 1.3 (1.2–1.6) 2.8 (1.9–5.3) 1.3 (1.2–1.5) < 0.001
Variables are presented as mean and standard deviation, or median and interquartile interval. P value represent the comparison between the 
SALI and non-SALI groups. SALI: severe acute liver injury; AKI: acute kidney injury; CNS: central nervous system; BIs: bacterial infections; 
DIC: disseminated intravascular coagulopathy; SOFA: sequential organ failure assessment; MODS: multiple organ dysfunction syndrome; 
GCS: glasgow coma scale; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALB: albumin; TBIL: total bilirubin; DBIL: direct 
bilirubin; ALP: alkaline phosphatase; Cr: creatinine; CTNI: cardiac troponin I; Mb: myoglobin; CK: creatine kinase; WBC: white blood cells; 
HGB: hemoglobin; PLT: platelet; PT: prothrombin time; INR: international normalized ratio. 

Figure 1. Comparison of the 30-day survival rates between the SALI 
and non-SALI groups. The 30-day survival rate in the non-SALI group 
was significantly higher than that in the SALI group (P< 0.001). SALI: 
severe acute liver injury.
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of the former was higher than that of the latter. Third, the 
30-day survival rates of the SALI patients significantly 
decreased compared with those without SALI.

The pathogenesis of liver injury caused by EHS may be 
related to multiple factors: direct thermal damage to vascular 
endothelium and hepatocytes, ischemic hepatitis caused 
by hypoperfusion, microthrombosis, and apoptosis and 
necrosis of hepatocytes caused by systemic inflammatory 
response syndrome (SIRS).[19, 20] Liver injury in most 
patients with EHS is usually asymptomatic, and their 
aminotransferase levels exhibit mild to moderate reversible 
elevation.[21] A large-sample study showed that most 
military patients with EHS have a liver injury. ALT peaked 
at 3.62 × ULN in 3–4 d and persisted for 1–14 d. AST (4.41 
× ULN) peaked for 2 d and was on the constant rise for 0–8 
d.[6] However, a small number of cases of severe liver 
damage and ALF are noted among military and civilian 
patients with EHS.[8, 22, 23] Our study showed that mild 
liver damage was common, whereas severe liver damage 
was rare. Furthermore, 76.5% of the patients had liver 
injury upon admission, 13.5% had SALI, and only 3.8% 
developed ALF. However, the description of EHS with 
ALF may still be controversial. First, some patients do 
not exhibit obvious HE, and their liver function does not 
sharply deteriorate, which is inconsistent with the current 
definition of ALF. Second, the coma caused by HE may 
overlap with the initial and constant CNS disorder of 
EHS; as such, differential diagnoses may be difficult. 
Nevertheless, the two diseases may be distinguished by 
determining blood ammonia and electroencephalogram 
monitoring, which are rarely performed in primary 
hospitals and pre-hospital emergency care. Third, the 
existence of coagulation dysfunction (especially DIC) 
caused by EHS may affect ALF diagnosis, and prognosis 
may be worse when these two diseases coincide. As the 
prophase of ALF, SALI mainly focuses on the acute 
deterioration of liver function rather than HE, which is 
more easily recognized by clinicians. Our study also 
showed that SALI could be detected in the early stages 
of EHS (4th day of onset), and these SALI patients 
have poor short-term prognoses. Therefore, emergency 
physicians should pay more attention to SALI in EHS.

The most common injury among patients with EHS 
is manifested as blood coagulation and observed in the 
muscle, CNS, liver, myocardium, kidney, and respiratory 
system. These patients are more likely to develop MODS 
and have worse prognoses.[24-26] Our study also showed 
that the liver, kidneys, muscles, and CNS were the most 
commonly injured organs of patients with EHS. In 
addition, some patients developed the respiratory injury, 

blood coagulation, and myocardial injury. The condition 
of patients with SALI was more severe than that of 
patients without SALI in the course of EHS because 
the organ damage degree in SALI patients was more 
serious, and they had more incidences of MODS and 
worse prognosis. The incidence rates of rhabdomyolysis, 
CNS disorder, respiratory failure, and DIC of patients 
with SALI were higher than those of non-SALI 
patients. All the SALI patients’ 30-day survival rate 
(42.9%) was significantly lower than that of non-SALI 
patients (100.0%). These results suggested that SALI 
is a symptom of MODS and an indicator of worsen 
prognosis of EHS. These findings might be related to 
the pathophysiological mechanism and pathological 
changes caused by SALI and ALF in EHS. The course 
of severe heat-related illnesses combined with SALI and 
ALF involves protein denaturation, endotoxin release, 
thermoregulatory disorder, SIRS, interleukin-1beta (IL-
1β) and high-mobility group box 1 (HMGB-1)-induced 
pyroptosis, leading to massive or submassive hepatocyte 
necrosis, which ultimately aggravates the conditions of 
such patients.[20, 27, 28]

The 10%–30% mortality rate of EHS in developing 
countries is still relatively high,[26, 29, 30] whereas its mortality 
rate in developed countries is less than 5%.[20, 31] An Indian 
study has demonstrated that the mortality rate reaches 86% 
when heat stroke is accompanied by MODS.[25] This gap 
may be related to the attention and early identification of 
EHS, highly efficient pre-hospital cooling treatment, and 
sufficient medical resources.[31] Our study revealed that 
the overall mortality rate of patients with EHS was 7.7%, 
patients without SALI was 0.0%, and the mortality rate of 
patients with SALI was more than 50%. However, studies 
have yet to establish standard international criteria and 
determine whether liver transplantation (LT) is necessary 
for patients with SALI or ALF caused by EHS. Some case 
reports have indicated that LT can benefit patients with 
fulminant liver failure caused by EHS.[32] Another study 
has demonstrated that among 24 patients with EHS 
complicated with SALI, nine patients entered the list of 
emergency LT, only four patients received this surgery, 
and 20 patients recovered after medical treatment. It 
suggested that patients with a prothrombin activity of 
<10% after 3 d of medical therapy should consider LT.[20] 
Our study showed that the patients died 11.5 d after 
SALI without LT, and had a high SOFA score. Therefore, 
patients with EHS complicated with SALI should receive 
medical treatment immediately. Those with high SOFA 
scores and no significant improvement after therapy 
should receive urgent LT. 
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Given the physical hazards and risk of death of EHS, 
military personnel should undergo scientific training 
methods, receive proper education, and make behavioral 
adaptations in hot and humid environments. Medical and 
cooling treatments in prehospital emergency care are 
also needed.[33] When patients develop EHS combined 
with SALI and MODS, they should be immediately 
transferred to a tertiary hospital.

This study has several limitations. First, it is a single-
center retrospective study with a small sample size. As 
such, additional prospective studies with multicenter and 
large sample size should be conducted. Second, some 
patients were transferred from other primary military 
medical facilities. This condition ensured the objectivity 
of this study, but the specific medical information and 
prehospital cooling strategies were not provided in detail.

CONCLUSIONS
Liver injury is a common complication of EHS. 

More than 10% of patients may experience SALI, and a 
small number of patients may develop ALF. Patients with 
SALI have a higher incidence of rhabdomyolysis, AKI, 
CNS disorder, respiratory failure, and DIC and are more 
likely to develop MODS than those without SALI. In 
addition, the 30-day prognoses of patients with SALI are 
worse than those without SALI. Therefore, SALI may 
play a more critical role in assessing patients with EHS 
than ALF.
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