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Objective: The aim of this nationwide multicenter study was to ascertain the risk factors associated with in-hospital mortality in
patients with heat stroke admitted to intensive care units (ICUs) and to develop a nomogram for prognostic prediction.

Methods: A retrospective analysis was conducted on clinical data collected from ICU patients diagnosed with heat stroke across
multiple centers nationwide. Univariate and multivariate logistic regression analyses were performed to identify significant risk factors
for in-hospital mortality. Based on the results of the multivariate analysis, a nomogram was constructed to estimate the individualized
probability of mortality. Internal validation of the nomogram was performed, and its performance was assessed using receiver
operating characteristic (ROC) curves, calibration plots, and decision curve analysis (DCA).

Results: A total of 292 ICU patients with heat stroke were included in this study. Three risk factors, namely Cr (creatinine), AST
(aspartate aminotransferase), and SBP (systolic blood pressure), were found to be significantly associated with in-hospital mortality.
These risk factors were incorporated into the nomogram, which exhibited good discriminative ability (area under the ROC curve of the
training and validation cohorts were 0.763 and 0.739, respectively) and calibration. Internal validation and decision curve analysis
confirmed the stability and reliability of the nomogram.

Conclusion: This nationwide multicenter study identified key risk factors for in-hospital mortality in ICU patients with heat stroke.
The developed nomogram provides an individualized prediction of mortality risk and can serve as a valuable tool for clinicians in the
assessment and management of ICU patients with heat stroke.
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Background

With the increasing occurrence of extreme thermal events, heat stroke has become more common among patients in intensive
care units (ICUs).! Heat stroke (HS) is a heat-related medical condition characterized by an abrupt rise in core body
temperature surpassing 40°C and impairment of the central nervous system.” It can be categorized into classical heat stroke
(CHS) or exertional heat stroke (EHS) based on the underlying causes and susceptible population.>* CHS occurs passively in
individuals exposed to extreme temperatures, while EHS typically arises during strenuous physical activity.* CHS often
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manifests as an epidemic and contributes to 9-37% of heat-related fatalities during heat waves.>° In the intensive care setting,
the mortality rates for EHS and CHS are 26.5% and 63.2%, respectively.*

Heat stroke is characterized by a rapid onset, rapid progression, and involvement of multiple organs.””
5,6,13-15

12

Consequently, immediate treatment is crucial upon diagnosis of heat stroke.

Heat stroke is a multi-organ dysfunction syndrome primarily characterized by a rapid elevation of core body temperature.'®
Although its exact pathogenesis remains not entirely clear, it may involve various critical factors, including heat toxicity,
innate immunity, endothelial cell damage, and the impact on skeletal muscles.* Regarding heat toxicity, high temperatures can
directly harm macromolecules such as DNA, proteins, and cell membranes, consequently leading to aberrations in cellular
structures such as the cytoskeleton, mitochondria, Golgi apparatus, endoplasmic reticulum, and ultimately resulting in cell
damage, necrosis, or apoptosis.'’~'? In the context of innate immunity, it is theorized that heat stroke may trigger the activation
of the innate immune system, causing an increase in white blood cells, release of inflammatory cytokines, adhesion molecules,
and acute-phase proteins, thereby initiating an inflammatory response.”®>* In animal experiments, heat stroke has been shown
to disrupt endothelial barrier function, manifesting as endothelial cell damage in organs such as the heart, lungs, liver, small
intestine, and spleen, consequently leading to coagulation dysfunction and inflammation.'®***>27 While skeletal muscles
exhibit relatively higher tolerance to heat injury, increased muscle tension and competition for blood flow between the skin and
muscles can potentially lead to reduced muscle blood flow, tissue damage, including rhabdomyolysis, and subsequently renal
overload and failure, '

Currently, there is a lack of specific and sensitive assessment scales to evaluate the condition and potential in-hospital
outcomes of patients with severe heat stroke, leading to ineffective treatment guidance in clinical practice.

The aim of this study is to identify the risk factors associated with mortality in patients diagnosed with severe heat
stroke and to develop a predictive nomogram model that can accurately assess the patients’ condition and predict their

outcomes.

Patients and Methods

Patients

This retrospective case-control study aimed to analyze the clinical data of critically ill patients with heat stroke who
received treatment at multiple centers between June 2022 and October 2022, this manuscript evaluates both classical and
exertional heat stroke simultaneously. It was an observational multicenter study conducted retrospectively, specifically
focusing on hospitalizations related to heat stroke across 83 hospitals in southwest of China.

The inclusion criteria for this study encompassed patients aged 18 years or older who met the diagnostic criteria for
severe heat stroke. These criteria included both classic and exertional heat stroke, a documented history of exposure to
hot and humid weather or strenuous activity, presence of hyperthermia with a core temperature exceeding 40°C, and the
occurrence of associated neurological dysfunction upon admission, such as confusion, convulsions, or coma.

The exclusion criteria for this study included pregnant and lactating patients, individuals with underlying irreversible
diseases affecting mortality, and those who had participated in other studies; they were excluded from the study.

For each patient, a comprehensive set of information was collected, including demographic data (age, sex, height, weight),
hospital status, including heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (RR), and
laboratory test results on the first day of admission. The laboratory tests encompassed targets such as albumin (ALB), platelet
count (PLT), white blood cell count (WBC), neutrophils (NEUT), total cholesterol (TC), lymphocytes (LYM), alkaline
phosphatase (ALP), blood urea nitrogen (BUN), creatinine (Cr), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), total bilirubin (TIBL), direct bilirubin (DIBL), lactate (Lac), and prothrombin time (PT). All data utilized in this study
were extracted from electronic medical records or hospital databases upon the patients’ initial admission. Considering the
retrospective design of this study, an informed consent exemption was obtained from the Ethics Committee on Biomedical
Research, West China Hospital of Sichuan University, and no human intervention was involved in the data collection process.
The Biomedical Ethics Committee of West China Hospital, Sichuan University, approved the study protocol (approval
number: 2022-1542, registration number: ChiCTR2200066314).
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Result Analysis
The primary outcome of this study was the survival or non-survival of severe heat stroke patients upon hospital
discharge.

Statistical Analysis
The dataset was divided into training and validation datasets in a ratio of 7:3. This division was performed while ensuring
that both datasets maintained a comparable distribution of survivors and non-survivors through stratified resampling.

Categorical variables were compared between survivors and non-survivors using Chi-Square or Fisher’s exact tests.
Continuous variables were presented as mean + standard deviation or median with interquartile range, while categorical
variables were expressed as percentages. Univariate logistic regression analysis was performed to identify potential
prognostic factors. Factors that showed significance with a p-value less than 0.05 in the univariate analysis, along with
the clinician’s treatment experience, were included in the forward stepwise multivariate logistic regression model. Hazard
ratios and corresponding 95% confidence intervals (Cls) were calculated.

Model discrimination, which reflects the ability of the model to distinguish between survivors and non-survivors, was
assessed using the area under the Receiver Operating Characteristic (ROC) curve, also known as the Concordance Index
(C-Index). A C-index of 1.00 represents perfect discrimination, while a C-index of 0.5 indicates no discrimination. Based
on the results of the multivariate logistic regression analysis, a nomogram was constructed using the root mean square
package of R software to estimate the overall risk of death. The ROC curve was plotted, and the area under the ROC
curve (AUC) was calculated to evaluate the discriminative power of the nomogram. To assess the stability of the
heatstroke nomogram, internal validation was performed using a 30% sample. A calibration plot was generated to assess
the agreement between observed and predicted probabilities, the calibration curve is a method of evaluating a model,
with the horizontal coordinate being the predicted probability of an event and the vertical coordinate being the actual
probability of an event. The dashed diagonal line in the figure is the reference line, that is, the prediction probability is
equal to the actual probability. The further the deviation from the diagonal line, the greater the prediction error.
Additionally, decision curve analysis (DCA) was applied to the nomogram to assess the net benefit was calculated for
each clinical severity scoring system, evaluates the clinical practicability of the model quantitatively by calculating the
net benefit. The net benefit accounts for the trade-off between sensitivity and specificity. A good model should have
a high net benefit value under the threshold required by its clinical problem. In this study, there is one horizontal solid
gray line (the None line) and three slanted solid gray lines (the second is the All line, and the first and third lines are the
confidence intervals of the All lines,). The None line represents an expectation that no adverse outcome will occur in All
patients, and the ALL line represents an expectation that no adverse outcome will occur in all patients. The bright red is
realized as the decision curve of the model, and the two lines in light red are the confidence intervals of the decision
curve.

All statistics were performed using SPSS 26.0 (SPSS Inc) and R 4.2.2 (R Foundation for Statistical Computing,
Vienna, Austria) software. P < 0.05 was considered statistically significant.

Results

During the 5-month study span, a sum of 873 patients diagnosed with heat stroke was identified across 83 hospitals. Out
of these, 292 patients were included in the study, with 219 patients assigned to the training cohort and 73 patients to the
validation cohort (Figure 1). The median age of the patients was 72 years (IQR: 63-79 years). Among the included
patients, 131 (44.9%) were women, while the majority (55.1%) were men. Before discharge, 93 patients (31.85%)
succumbed to the condition, while 199 patients (68.15%) survived.

The comparison of baseline characteristics between survivors and non-survivors revealed no significant differences in
age, gender, body mass index (BMI), respiratory rate, and laboratory test results including white blood cell count (WBC),
total cholesterol (TC), alkaline phosphatase (ALP), direct bilirubin (DIBL), and total bilirubin (TBIL). However, several
indicators showed statistically significant differences between surviving and non-surviving patients. These indicators
included albumin (ALB) (p<0.001), platelet count (PLT) (p=0.002), neutrophils (NEUT) (p=0.001), lymphocytes (LYM)
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Figure | Flow chart for patients’ selection.

(p<0.001), blood urea nitrogen (BUN) (p=0.003), creatinine (Cr) (p<<0.001), alanine aminotransferase (ALT) (p<0.001),
aspartate aminotransferase (AST) (p<0.001), heart rate (HR) (p=0.021), systolic blood pressure (SBP) (p<0.001),
diastolic blood pressure (DBP) (p<0.001), lactate (Lac) (p<0.001), and prothrombin time (PT) (p<0.001). Detailed
baseline characteristics of the patients can be found in Table 1 and Table 2.

A univariate analysis was conducted to examine 21 potential predictors and their association with mortality outcomes
in heat stroke patients. The results revealed that nine predictors were significantly associated with prognosis in heat
stroke patients: albumin (ALB) (p=0.013), lymphocytes (LYM) (p=0.011), blood urea nitrogen (BUN) (p=0.019),
creatinine (Cr) (p<0.001), alanine aminotransferase (ALT) (p=0.002), aspartate aminotransferase (AST) (p=0.002),
total bilirubin (TBIL) (p=0.02), systolic blood pressure (SBP) (p<0.001), lactate (Lac) (p=0.044), and prothrombin
time (PT) (p<0.001).

Further analysis using multivariate regression, incorporating the factors that showed statistically significant differ-
ences in the univariate analysis, revealed that Cr (odds ratio [OR]=1.005, 95% confidence interval [CI]: 1.001-1.008,
p=0.006), AST (OR=1.002, 95% CI: 1.000-1.003, p=0.01), and SBP (OR=0.981, 95% CI: 0.969-0.992, p=0.001) were
identified as independent risk factors for the prognosis of heat stroke (Table 3).

Additionally, the prognostic value of Cr, AST, SBP, and the Nomogram in severe heat stroke patients was evaluated.
The predictive accuracy of these four indicators was compared using ROC curve analysis. The area under the curve
(AUC) values for Cr, AST, SBP, and the Nomogram were as follows: Cr = 0.760 (95% CI: 0.697-0.815), AST = 0.660
(95% CI: 0.594-0.723), SBP = 0.660 (95% CI: 0.594-0.723), and Nomogram = 0.762 (95% CI: 0.700-0.817). The AUC
of the Nomogram was higher compared to Cr, AST, and SBP alone, indicating that the Nomogram is the most reliable
predictor for predicting the prognosis of severe heat stroke patients and can be utilized as a predictive tool (Figure 2).

Using the training cohort, a model incorporating Cr, AST, and SBP was developed, and a nomogram was constructed
to predict the probability of in-hospital mortality in heat stroke patients (Figure 3).

Furthermore, ROC curves were established for both the training cohort and the validation cohort. The AUC of the
nomogram in the training cohort was 0.763, with a sensitivity of 0.609 and a specificity of 0.877 (Figure 4A). In the
validation cohort, the AUC of the nomogram was 0.739, with a sensitivity of 0.862 and a specificity of 0.545
(Figure 4B).

Internal validation was also conducted to assess the performance of the nomogram. The calibration curves demon-
strated good agreement between the training and validation cohorts (Figure 5).
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Table | Baseline Demographic Characteristics of Included Patients
Variables Total (n=292) Survivor (n=199) | Non-Survivor (n=93) P
Sex, n(%) 292(100) 0.944
Female 131(44.9) 89(44.7) 42(45.2)
Male 161(55.1) 110(55.3) 51(54.8)
Age, years 72.0(63.0,79.0) 72.0(59.0,79.0) 72.0(65.0,81.0) 0.183
BMI, kg/m2 22.4(20.6,24.2) 22.5(20.8,24.2) 22(20.5,24.2) 0.449
ALB, g/L 37.1(33.6,40.8) 38(34.500,41.400) 35.2(31.0,38.7) <0.001
PLT, 1079/L 113(74.0,169.0) 123(84.0,171.0) 91(54.0,146.0) 0.002
WBC, 1079/L 11.6(8.5,16.2) 11.4(8.6,16.4) 11.8(8.4,15.5) 0.933
NEUT, 1079/L 82.3(72.0,88.5) 84.400(74.6,88.9) 76.5(68.0,86.5) 0.001
TC, mmol/L 4.0(3.3,4.7) 4.0(3.4,4.8) 3.9(3.2,4.6) 0.381
LYM, 1079/L 1.2(0.7,2.3) 1.1(0.6,2.0) 1.9(1.0,2.8) <0.001
ALP U/L 66.(50.9,93.9) 66.0(52.0,92.0) 63.9(50.0,98.4) 0.901
BUN, mmol/L 9.0(7.1,11.4) 8.4(6.7,10.8) 9.610(7.6,15.6) 0.003
Cr, umol/L 129(95.0,173.0) 113.9(87.0,148.0) 157.0(130.0,235.5) <0.001
ALT, U/L 37.7(21.0,87.5) 34.9(18.0,76.0) 49.0(26.0,114.0) <0.001
AST, U/L 77.4(37.0,201.0) 58.1(33.4,145.8) 112.0(60.0,280.7) <0.001
TBIL, umol/L 16.9(12.2,25.0) 16.5(12.5,23.5) 18.6(11.9,27.8) 0.315
DBIL, umol/L 6.9(4.8,10.9) 6.8(4.8,10.2) 7.9(4.9,15.4) 0.344
HR, beats/minute | 121.0(97.0,143.0) 117(96.0,141.0) 132.0(108.0,146.0) 0.021
SBP, mmHg 112.0(94.0,129.0) 117 (102.0,133.0) 101.0(78.0,119.0) <0.001
DBP, mmHg 65.0 (54.000,75.0) 68.000(57.0,77.0) 58.0(47.0,69.0) <0.001
RR, times/minute 25.0(20.0,31.0) 24.0(20.0,30.0) 27.0 (19.0,34.0) 0.068
Lac, mmol/L 3.8(2.2,5.0) 2.9 (1.84.3) 4.3 (3.55.9) <0.001
PT, second 14.5(13.1,16.0) 14.1(13.0,15.7) 15.5(14.0,17.6) <0.001
Notes: Categorical data was expressed as frequency (proportion) Normally distributed and non-normally distributed variables
was shown as mean * standard deviation and median (lower quartile-upper quartile), respectively. The bold emphasis means that
<0.05.
:\b:r?aiiations: HR, Heart Rate; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; RR, Heart Rate; ALB,
Albumin; PLT, Platelet Count; WBC, White Blood Cell Count; NEUT, Neutrophils; TC, Total Cholesterol; LYM,
Lymphocytes; ALP, Alkaline Phosphatase; BUN, Blood Urea Nitrogen; Cr, Creatinine; AST, Aspartate Aminotransferase;
ALT, Alanine Aminotransferase; TIBL, Total Bilirubin, DIBL, Direct Bilirubin; Lac, Lactate; PT, Prothrombin Time.
Table 2 Demographical and Clinical Characteristics Between Patient with the Training Cohort and the
Validation Cohort
Variables Total (n=292) Training Cohort (n=219) | Validation Cohort (n=73) P
Sex, n(%) 292(100) 0.734
Female 131(44.86) 97(44.29) 34(46.57)
Male 161(55.14) 122(55.71) 39(53.43)
Age, years 72.00(63.00,79.00) 72.00(64.00,80.00) 72.00(58.00,76.00) 0.118
BMI, kg/m2 22.49(20.76,24.22) 22.49(20.76,24.44) 21.97(20.07,23.88) 0.198
ALB, g/L 37.10(33.60,40.70) 36.90(33.70,41.00) 37.70(33.40,40.70) 0.874
PLT, 10A9/L 113.00(74.00,169.00) 112.00(73.00,163.00) 131.00(75.00,175.00) 0.335
WBC, 10/9/L 11.60(8.50,16.20) 11.30(8.40,16.40) 11.80(8.50,15.10) 0.927
NEUT, 1079/L 82.20(72.00,88.50) 83.30(71.90,89.10) 79.80(72.00,86.80) 0.079
TC, mmol/L 4.01(3.34,4.73) 3.93(3.37,4.73) 4.17(3.14,4.64) 0.938
LYM, 1079/L 1.20(0.700,2.30) 1.19(0.70,2.20) 1.40(0.80,2.90) 0.077
ALP U/L 66.00(50.90,96.00) 64.00(50.00,92.00) 67.00(51.60,98.44) 0.654
BUN, mmol/L 8.95(7.06,11.17) 8.88(6.93,11.50) 9.13(7.09,10.68) 0.741
Cr, umol/L 129.00(95.00,171.00) 127.00(91.00,173.00) 132.00(103.00,167.90) 0.344
ALT, U/L 38.00(21.00,90.90) 37.00(20.10,86.00) 40.00(24.00,92.00) 0.795
(Continued)
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Table 2 (Continued).
Variables Total (n=292) Training Cohort (n=219) | Validation Cohort (n=73) P
AST, U/L 77.40(37.00,203.00) 77.10(37.00,201.00) 77.40(42.00,211.10) 0.756
TBIL, umol/L 16.90(12.20,25.00) 16.70(12.20,24.90) 18.30(11.70,27.80) 0.832
DBIL, pmol/L 6.90(4.80,10.90) 7.00(4.740,10.70) 6.70(5.20,12.80) 0.603
HR, beats/minute 121.00(97.00,143.00) 121.00(95.00,145.00) 123.00(98.00,140.00) 0.923
SBP, mmHg 112.00(95.00,129.00) 112.00(95.00,130.00) 114.00(92.00,129.00) 0.723
DBP, mmHg 65.00(54.00,75.00) 65.00(55.00,75.00) 65.00(50.00,76.00) 0.833
RR, times/minute 25.00(20.00,31.00) 25.00(20.00,31.00) 25.00(18.00,31.00) 0.667
Lac, mmol/L 3.80(2.20,5.00) 3.70(2.30,4.90) 3.95(2.00,5.20) 0.646
PT, second 14.50(13.10,16.00) 14.50(13.20,15.74) 14.30(13.00,17.20) 0.6
Death, n (%) 292(100) 0.095
Survival 199(68.15) 155(70.72) 44(60.27)
Non-survival 93(31.85) 64(29.22) 29(39.73)
Notes: Categorical data was expressed as frequency (proportion) Normally distributed and non-normally distributed variables was shown as
mean * standard deviation and median (lower quartile-upper quartile), respectively.
Abbreviations: HR, Heart Rate; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; RR, Heart Rate; ALB, Albumin; PLT, Platelet
Count; WBC, White Blood Cell Count; NEUT, Neutrophils; TC, Total Cholesterol; LYM, Lymphocytes; ALP, Alkaline Phosphatase; BUN,
Blood Urea Nitrogen; Cr, Creatinine; AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; TIBL, Total Bilirubin, DIBL, Direct
Bilirubin; Lac, Lactate; PT, Prothrombin Time.
Table 3 Univariable and Multivariable Logistic Regression for Analyzing the Associated Factors
for Heat Stroke Patient
Variables Univariable Multivariable
OR 95% CI P-value OR 95% ClI P-value
Sex 1.032 (0.574,1.855) 0917
Female 97
Male 122
Age 1.016 (0.994,1.038) 0.146
BMI 0.974 (0.883,1.075) 0.602
ALB 0.933 (0.884,0.985) 0.013 0.284
WBC 0.997 (0.979,1.016) 0.738
PLT 0.996 (0.992,1.001) 0.091
NEUT 0.992 (0.975,1.010) 0.395
LYM 1.22 (1.047,1.422) 0.011 0.086
TC 0.881 (0.694,1.120) 0.301
ALP 1.001 (0.997,1.005) 0.657
BUN 1.057 (1.009,1.108) 0.019 0.095
Cr 1.006 (1.003,1.009) <0.001 1.005 (1.001,1.008) 0.006
ALT 1.004 (1.002,1.007) 0.002 0.156
AST 1.002 (1.001,1.003) 0.002 1.002 (1.000,1.003) 0.0l
TBIL 1.02 (1.003,1.038) 0.02 0817
HR | (0.997,1.003) 0.97
SBP 0.978 (0.968,0.989) <0.001 0.981 (0.969,0.992) 0.001
DBP 0.974 (0.958,0.991) 0.002 0.879
RR 1.026 (0.993,1.060) 0.129
Lac 1.14 (1.003,1.295) 0.044 0.943
PT 1.256 (1.107,1.425) <0.001 0.054
Notes: Categorical data was expressed as frequency (proportion) Normally distributed and non-normally distributed
variables was shown as mean * standard deviation and median (lower quartile-upper quartile), respectively. The bold
emphasis means that p < 0.05.
Abbreviations: HR, Heart Rate; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; RR, Heart Rate; ALB,
Albumin; PLT, Platelet Count; WBC, White Blood Cell Count; NEUT, Neutrophils; TC, Total Cholesterol; LYM,
Lymphocytes; ALP, Alkaline Phosphatase; BUN, Blood Urea Nitrogen; Cr, Creatinine; AST, Aspartate Aminotransferase;
ALT, Alanine Aminotransferase; TIBL, Total Bilirubin, DIBL, Direct Bilirubin; Lac, Lactate; PT, Prothrombin Time.
3194  oes Journal of Multidisciplinary Healthcare 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al
A ROC of Cr B ROC of AST C ROC of SBP
100 - 100 - 100
80 80 30
4 ™ 4
2 _ ] _ ]
T 60 g 60 g o0
£ ] ]
z z 2 ‘
3 £ £
Z £ £
H ] F] 1 F _/f
3 4 2 40 2 40+ /}j
20 - 1
P<0001 20 20 - !
AUC =0.760 4 P<0.001 B - P<0.001
Seasitivity =$437% AUC =0.660 d AUC =0.660
Specificity = 61944 Semsitivity =76 564 ’f Semsitivity =37.50%
0 Specificity = 50978 1 Specificity =91 61%
e R — 0 0!
— —_— — —_—
0 20 40 60 80 100
20 10 60 80 100 0 20 10 60 80 100
o i itv(®
100-Specificity (%) 100-Specificity(%) 100-Specificity(%)
D ROC of Nomogram E Total ROC Curve
100 - 100 -
30 - 50 ]
g 60 A 1
60
E ]
E Z
= &=
2 1 k-
& 40 ]
] Z 40+
f
20 4 |
- ROC(AUC)
] Atcaome 0 0 %m>
Seasitivity = 60.94% AST(0.660)
Specificity =57.74% SBP(0.660)
0 | — Nomogram(0.762)
-—_— 0
0 20 10 60 80 100 L S e e e e e e e e e e
100-Specificity(%) 0 20 10 60 80 100

100-Specificity(%)

Figure 2 Areas under the curves of Cr, AST, SBP and Nomogram (A) The area under the curve of Cr was 0.760. (B) The area under the curve of AST was 0.660. (C) The
area under the curve of SBP was 0.660. (D) The area under the curve of Nomogram was 0.762. (E) Compared with other independent predictive indicators, the area under
the curve of Nomogram in the combined group was largest, thus indicating that Nomogram was the most accurate and reliable indicator for predicting the prognosis of
patients with HS.

Moreover, decision curve analysis was performed to evaluate the clinical utility of the model. The decision curve
indicated that within the threshold range of 20% to 80%, the model’s decision curve was above the None line and the All
line, demonstrating its clinical practicability in this range (Figure 6).

Discussion

This study contrasting a single-factor analysis with a predictive model for estimating hospital outcomes of individuals
with severe heat stroke. The AUC of the nomogram (AUC = 0.762, 95% CI: 0.700-0.817), was superior to that of Cr
(AUC= 0.760, 95% CI: 0.697-0.815), AST (AUC = 0.660,95% CI: 0.594-0.723), and SBP (AUC = 0.660, 95% CI:
0.594-0.723) in isolation, signifying that the nomogram stands as the most dependable predictor for forecasting the
prognosis of severe heat stroke patients and can serve as a valuable predictive tool. The results demonstrated that the
model exhibited appropriate accuracy and consistency.

Among the potential or existing complications in critically ill heat stroke patients, acute kidney injury (AKI), acute
liver injury (ALI), and shock are commonly observed.*** In this study, it was observed that Cr remained an independent
risk factor for recovery from hyperthermia, even following adjustment for confounding variables (odds ratio [OR]=1.005,
95% confidence interval [CI]: 1.001-1.008, p=0.006). AKI is characterized by impaired renal function exhibit elevated
plasma creatinine levels, reduced urine volume and flow rate, decreased fractional sodium excretion, and mildly
increased urine specific gravity.>* > The incidence of AKI in hospitalized patients is approximately 10—15%, while in
the intensive care unit, it exceeds 50%. Notably, AKI is more prevalent in exertional heat stroke (EHS) compared to
classical heat stroke (CHS), occurring in around 20% of exertional heat stroke cases. In some instances, AKI can
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progress to renal failure necessitating dialysis.****>* Elevated body temperature associated with heat stroke leads to
inevitable kidney damage, characterized by tubular cell death.*” Studies on sepsis have suggested that AKI independently
contributes to increased patient mortality by causing electrolyte and acid-base disturbances, fluid retention, metabolic
dysfunction, impaired neutrophil function, and compromised infection clearance.® Both heat stroke and sepsis trigger
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extensive inflammatory responses and affect multiple organ functions. Heat stroke-induced AKI can be attributed to the
systemic inflammatory response syndrome (SIRS) elicited by heat stroke and related inflammatory responses.”

In patients with heat stroke, acute liver injury (ALI) can occur to varying degrees, and in some cases, it can progress to
hepatic failure, particularly in patients with exertional heat stroke (EHS).**** ALI is characterized by an early increase in
serum levels of aspartate aminotransferase (AST) and lactate dehydrogenase, peaking after a few days, followed by a rise in
bilirubin levels on the second or third day.*>*® Our investigation revealed that AST (OR=1.002, 95% CI: 1.000-1.003,
p=0.01) unequivocally constituted an independent risk factor. AST levels can serve as an objective indicator of liver function
in patients with heat stroke.

Shock is another common complication in heat stroke patients, occurring in 18-65% of cases and being associated
with increased morbidity and mortality.*>**~>? According to Chinese studies, the mortality rate in the intensive care unit
(ICU) for classical heat stroke (CHS) patients is 63.2%, and EHS patients account for 8.6%-18.0% of cases of exertional
heat-related diseases, with a mortality rate usually exceeding 30% when combined with hypotension.® Shock in heat
stroke patients is primarily characterized by sepsis-like distributive shock on hemodynamic monitoring, which manifests
as elevated cardiac output, low systemic vascular resistance, and normal or reduced cardiac filling pressures.’> >°
Hypodynamic shock, distinguished by decreased cardiac output and boosted systemic vascular resistance, exists
particularly common in elderly patients.>**® This study demonstrated that SBP (OR=0.981, 95% CI: 0.969-0.992,
p=0.001) functioned as an independent risk factor in the prognosis of patients exposed to thermal radiation. Therefore,
monitoring and controlling blood pressure is crucial for heat stroke patients.

The models developed in this study utilized variables obtained from blood biomarkers measured within 24 hours of
admission. These biomarkers are readily available, cost-effective, and provide quick results, making them practical for
clinical use. The inclusion of relevant independent variables such as acute kidney injury, acute liver injury, and shock
allows for a comprehensive assessment of heat stroke characteristics and helps clinicians in rapidly evaluating patient
severity in clinical working. In cases where the clinician lacks knowledge regarding the severity of the patient’s
condition, this model can furnish a precise and expeditious prognosis assessment.

Limitations

Despite including a larger sample size compared to other studies, inherent limitations of retrospective studies and potential
data biases cannot be completely eliminated. Additionally, the study did not account for the potential impact of climate on
patient outcomes, even though heat stroke is a condition associated with climate change. The nomogram-based predictive
model also does not incorporate underlying disease factors such as coagulation function, diabetes, and hypertension, which
are known to affect prognosis in heat stroke patients. These factors may have an influence on the developed model and its
applicability in real-world scenarios. In our study, the inclusion of participants who had previously participated in other
research endeavors may introduce external variables, treatment effects, or biases that were not originally accounted for in our
study’s design. In order to uphold the reliability of our findings, we opted to exclude those participants who had previously
taken part in other studies conducted during the data collection period. The inclusion of participants from prior studies has the
potential to introduce confounding factors, which can complicate the analysis and make it difficult to attribute the observed
outcomes solely to the variables of interest in our retrospective study. By excluding such participants, our objective was to
mitigate potential confounding effects and enhance the clarity and validity of our analysis.

Conclusion

The nomogram developed in this study incorporates three readily available indicators for severe heat stroke and serves as
a practical tool for efficiently evaluating patients in a clinical setting. The nomogram provides a straightforward method
for assessing the risk level of patients with severe heat stroke. By considering key biomarkers and clinical factors, the
nomogram offers clinicians a convenient and effective approach to predicting outcomes and guiding treatment decisions
in severe heat stroke cases. The combination of these three risk factors collectively represented the most robust
prognostic indicator. Furthermore, a significant advantage of these findings is their swift accessibility.
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