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Objective: Water circulation cooling blankets are commonly used in heat stroke management, but their efficacy and safety remain 
insufficiently studied. This study aimed to assess the cooling effect of the cooling blanket within the first 24 hours after emergency 
department admission in patients with heat stroke.
Methods: Retrospective data were collected from six hospitals. The primary outcomes included body temperature at 0.5 and 2 hours 
post-treatment and changes in temperature during these intervals. The cooling effect was assessed using logistic regression, general-
ized additive mixed models, and genetic and propensity score matching. Test effectiveness was evaluated based on the non-inferiority 
test formula.
Results: A total of 191 patients were included, with 84 (44.0%) receiving cooling with the blanket. The mean cooling duration was 
2 hours. Body temperatures at 0.5 hours were 39.80 ± 0.96 °C in the cooling blanket group versus 39.26 ± 0.94 °C in the non-cooling 
blanket group. At 2 hours, temperatures were 38.08 ± 1.00 °C and 37.84 ± 0.96 °C, respectively. No significant differences were found 
in body temperature at 0.5 hours (β, −0.19 [95% CI, −0.50, 0.12]; P = 0.242) or 2 hours (β, −0.24 [95% CI, −0.57, 0.09]; P = 0.161) 
between the cooling blanket and non-cooling blanket groups. Similarly, no significant differences in temperature changes at 0.5 or 
2 hours were observed. After adjusting for propensity scores, no differences in temperature were found in the matching cohort. The 
non-inferiority criterion was met, with effectiveness scores of 1.000 at 0.5 hours and 0.998 at 2 hours.
Conclusion: The cooling blanket demonstrated no significant temperature reduction advantage compared to the non-cooling blanket 
group. High-quality randomized controlled trials remain necessary to further evaluate its therapeutic role in heat stroke management.
Keywords: cooling blanket, cooling effect, heat stroke, generalised additive mixed model, genetic matching

Introductions
Heat stroke (HS) is a life-threatening condition characterized by a core body temperature exceeding 40 °C, accompanied 
by central nervous system dysfunction and multi-organ damage.1 The degree of cellular and tissue damage in HS patients 
is directly related to the peak temperature and duration of hyperthermia.2,3 Rapid cooling of the core body temperature 
can prevent cellular injury, reverse organ dysfunction, and improve patient outcomes.1,4,5 Therefore, effective and timely 
cooling strategies are critical to preventing irreversible damage and reducing mortality in HS patients.6–8

Cooling techniques for HS can be broadly classified into internal and external methods. Internal cooling, such as 
intravascular cooling or renal replacement therapy, requires specialized equipment and expertise. It carries risks such as 
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bloodstream infections, venous thromboembolism, and edema, limiting its immediate applicability in the management of 
HS.9–11 Antipyretic agents, such as aspirin and acetaminophen, are ineffective in HS due to the underlying mechanisms 
of fever,12,13 and may exacerbate coagulopathy and liver injury.5,8,13 As a result, external cooling methods are preferred 
in clinical practice.

External cooling techniques include evaporation, conduction, convection, and radiation.12 A water circulation cooling 
blanket (CB) utilizes conduction to regulate the cooling rate and target temperature by adjusting the blanket and body 
temperature settings. The maximum temperature gradient between the blanket and the patient accelerates passive heat 
transfer.1,14 A blanket temperature of 4 °C is recommended when using it in HS patients.15 However, when the skin 
temperature falls below 30 °C, cutaneous vasoconstriction and shivering may occur, potentially reducing cooling 
efficiency, increasing oxygen consumption, and inducing metabolic acidosis.16,17

CB have demonstrated efficacy in inducing mild hypothermia and improving neurological outcomes in critically ill 
patients.18 However, despite their widespread use, few studies have investigated the effectiveness of CB in early 
temperature management for HS patients. The effectiveness of CB specifically in managing HS remains insufficiently 
studied.19 This study aims to compare the cooling effects of the CB and non-CB methods during the first 24 hours post- 
admission to the emergency department (ED) through a non-inferiority study design. We hypothesize that the CB may 
not significantly improve cooling outcomes in HS patients. Since this was a retrospective study, baseline characteristics 
between the CB and non-CB groups were not balanced. Therefore, we employed genetic matching combined with 
propensity score matching to balance the observed covariates between the two groups.

Methods
Study Design and Participants
The multicentre study protocol was approved by the Ethics Committee of the Second Affiliated Hospital of Zhejiang 
University School of Medicine (approval 2022–0913), and it conforms to the provisions of the Declaration of Helsinki. 
This retrospective cohort study was carried out across six tertiary care hospitals over two summer seasons, spanning from 
January 1, 2021, to September 30, 2022, and has been detailed in our prior researches.20,21 The requirement for informed 
consent was waived because the data were anonymous, and the STROBE guidelines for cohort studies were applied.

Only adult patients with HS who were admitted to the ED were enrolled. According to the expert consensus in 
China,15 HS was defined as cases subjected to high-intensity exercise or exposed to high temperature and high humidity 
environments, with at least one of the following clinical presentations: 1) core temperature above 40 °C; 2) functional 
impairment of the central nervous system; 3) functional impairment of multiple organs (≥ 2); and 4) severe coagulopathy 
or disseminated intravascular coagulation (DIC).

Exclusion criteria for this study included patients transferred from another hospital with body temperature <39.5 °C, 
those who required immediate cardiopulmonary resuscitation or had other serious diseases, such as severe trauma or 
massive cerebral haemorrhage, those who were discharged from the ED within 4 h, and those with unavailable outcomes.

Data Collection
We extracted clinical data, including demographic variables, symptoms and signs at presentation, HS type, underlying 
comorbidities, vital signs, Glasgow Coma Scale score, and in-hospital mortality. The main laboratory indicators of organ 
function obtained at ED admission were collected, including neutrophils, platelets, creatinine, alanine aminotransferase, 
troponin I, prothrombin time (PT), pH, partial pressure of carbon dioxide (PCO2), and base excess (BE).

We carefully reviewed all patient orders and nursing records to extract information on CB use, including the time it 
was started and ended, the setting temperature of the blanket, and the target body temperature. Information on other 
cooling techniques was also collected, such as evaporation, cold pack, iced gastric lavage, iced bladder lavage, 
intravenous injection of cold saline, and use of nonsteroidal drugs. Additionally, the use of a lytic cocktail was confirmed. 
We also focused on information on shivering during cooling in the nursing record sheet. Since all participating EDs were 
equipped with standardized air-conditioning systems maintaining ambient temperatures at 20–24 °C and relative 
humidity at 55–65%, we did not investigate the potential influence of outdoor atmospheric conditions on cooling efficacy.
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Outcomes
The primary outcome of this study was body temperature at 0.5 and 2 h, as well as changes in temperature between these 
time points. In the six hospitals included in this study, patient body temperature was measured using infrared ear 
thermometry. Therefore, the intervals for temperature measurement and recording were inconsistent. In this study, body 
temperature at 0.5 h and 2 h refers to readings obtained 25−35 min and 100−140 min after ED admission, respectively. 
The 0.5 h and 2 h temperature reduction were calculated based on the initial temperature at admission to ED and the 
temperature at 0.5 h and 2 h, respectively. The lowest temperature within 24 hours was also obtained from electronic 
medical records.

Statistical Analysis
Baseline characteristics, laboratory results, cooling methods, and patient outcomes were summarized using descriptive 
statistics. Continuous variables were presented as mean ± standard deviation for normally distributed data (compared 
with Student’s t-test) or median (interquartile range) for non-normally distributed data (compared with the Mann– 
Whitney U-test). Categorical variables were reported as numbers (percentages) and analyzed using the chi-squared test or 
Fisher’s exact test, as appropriate.

To evaluate the cooling effect of CB, we used regression analysis to compare body temperatures at 0.5 and 2 hours 
between the CB and non-CB groups. Results were presented as β coefficients with 95% confidence intervals (CIs). 
Patients who did not receive CB within 0.5 hours were classified as part of the non-CB group for the 0.5-hour analysis, 
and similarly, those who received CB cooling after 2 hours were included in the non-CB group for the 2-hour analysis. 
Adjusted models accounted for hospital site, baseline characteristics, HS type, and cooling methods. Additionally, 
initial body temperature at admission was included as a covariate since subsequent body temperatures were strongly 
influenced by admission values. Furthermore, we performed comprehensive sensitivity analyses stratified by both age 
categories (<65 65, >65 years) and HS classification to evaluate the robustness of our findings across clinically 
relevant subgroups.

To further explore body temperature trends within the first 2 and 24 hours after admission, a generalized additive 
mixed model (GAMM) was applied. GAMM is well-suited for longitudinal data analysis due to its flexibility in 
modeling time-dependent effects, ability to handle missing data, and adaptability to unbalanced and unevenly spaced 
time points.22

The baseline data revealed an imbalance between the CB and non-CB groups, with the CB group presenting more 
severe conditions. To adjust for confounders and achieve covariate balance, genetic matching based on estimated 
propensity scores was applied. Hospital site, cooling methods, baseline characteristics, admission vital signs, and 
laboratory results were included as covariates to calculate propensity scores for each patient. A 1:1 repeated genetic 
matching algorithm was used to balance both covariates and propensity scores between the two groups. Genetic 
matching, a robust multivariate method, employs an evolutionary search algorithm to determine optimal covariate 
weights and does not solely rely on propensity scores, though incorporating them significantly enhances its 
performance.23 After matching, logistic regression was conducted to assess differences in outcomes, with propensity 
scores included as covariates in adjusted models.

To evaluate the effectiveness of temperature differences between the two groups, a non-inferiority test was performed. 
In this cohort, the CB group showed mean temperature reductions of 1.11 °C at 0.5 hours and 2.83 °C at 2 hours. Based 
on the principle that non-inferiority margins should preserve at least 50% of the control group’s therapeutic effect and 
considering the critical requirement for rapid cooling in HS patients, the non-inferiority margin was conservatively 
defined as the temperature in the non-CB group not exceeding that of the CB group by more than 0.5 °C at both 0.5-hour 
and 2-hour timepoints, representing 45% of the CB group’s 0.5-hour cooling effect and 18% of its 2-hour effect while 
meeting clinical needs for early rapid temperature management. This margin was selected to ensure both statistical rigor 
and clinical relevance in evaluating cooling efficacy between the two treatment approaches.

All statistical analyses were performed using EmpowerStats (www.empowerstats.com) and R (version 3.5.1, 
www.r-project.org). Statistical significance was set at a two-tailed P-value < 0.05.
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Results
Demographic and Clinical Characteristics of HS Patients
Initially, 338 patients were recruited; 191 patients remained after applying the exclusion criteria (Figure 1). Table 1 
shows the median age, 66.24 ± 14.96 years, and 76 (39.79%) were women. Overall, 80 (41.88%) patients exhibited 
classic HS (CHS) and 111 (58.12%) exertional HS (EHS). Hypertension (26.18%) was the most common comorbidity, 
followed by mental disorders (14.14%), diabetes (7.85%), and chronic heart disease (7.85%). The median body 
temperature and Glasgow Coma Scale score at admission were 40.76 ± 0.79 °C and 8.26 ± 4.11, respectively. In this 
study, 24 patients (12.57%) experienced in-hospital mortality.

Cooling Methods
Among the cooling methods, 94.76% of patients received cold fluid infusion. Cold packs were used by 84 patients 
(43.98%). Other methods include evaporation (27.75%) and ice-cold gastric and bladder lavages (6.81%). Nonsteroidal 
drugs were administered to 13 patients (6.81%), although they were not recommended. A lytic cocktail comprising 
chlorpromazine, promazine, and meperidine was used in 17 (8.90%) patients to achieve vasodilation and suppress 
shivering.24

Combined with other cooling techniques, 84 patients (44.0%) were cooled using CB. There were 61 (80.26%) patients 
who underwent CB cooling within 0.5 h, 12 (15.79%) between 0.5 h and 2 h, and three (3.95%) patients after 2 h. Eleven 

Figure 1 Flow chart. Initially, 338 patients were recruited; 191 patients remained after applying the exclusion criteria. 
Abbreviations: ED, emergency department; HS, heat stroke.
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Table 1 Patient Baseline Characteristics, Cooling Methods and Main Outcomes

Variables All (n =191) Cooling Blanket

No (n=107) Yes (n=84) P-value

Baseline characteristics

Hospital <0.001

1 65 (34.03) 45 (42.06) 20 (23.81)

2 30 (15.71) 25 (23.36) 5 (5.95)

3 28 (14.66) 8 (7.48) 20 (23.81)

4 22 (11.52) 15 (14.02) 7 (8.33)

5 29 (15.18) 10 (9.35) 19 (22.62)

6 17 (8.90) 4 (3.74) 13 (15.48)

Age (years) 66.24 ± 14.96 69.64 ± 14.38 61.92 ± 14.63 <0.001

Female 76 (39.79) 50 (46.73) 26 (30.95) 0.027

Heat stroke type 0.068

Classic 80 (41.88) 51 (47.66) 29 (34.52)

Exertional 111 (58.12) 56 (52.34) 55 (65.48)

Underlying illness

Kidney failure 1 (0.52) 1 (0.93) 0 (0.00) 0.374

Diabetes 15 (7.85) 9 (8.41) 6 (7.14) 0.746

Mental disorder 27 (14.14) 15 (14.02) 12 (14.29) 0.958

Coronary heart disease 15 (7.85) 10 (9.35) 5 (5.95) 0.387

Hypertension 50 (26.18) 32 (29.91) 18 (21.43) 0.186

Cooling methods

Evaporation 53 (27.75) 31 (28.97) 22 (26.19) 0.670

Cold pack 84 (43.98) 51 (47.66) 25 (29.76) 0.012

Iced gastric lavage or Iced bladder lavage 13 (6.81) 0 (0.00) 13 (15.48) <0.001

Intravenous injection of cold saline 181 (94.76) 103 (96.26) 78 (92.86) 0.294

Nonsteroidal drugs 13 (6.81) 12 (11.21) 1 (1.19) 0.006

Lytic cocktail 17 (8.90) 3 (2.80) 14 (16.67) <0.001

Monitoring parameters at admission

Temperature (°C) 40.76 ± 0.79 40.64 ± 0.74 40.92 ± 0.82 0.018

Heart rate (beat/min) 130.04 ± 24.37 127.17 ± 25.15 133.69 ± 22.96 0.066

Respiratory rate (beat/min) 27.25 ± 9.03 27.80 ± 9.67 26.55 ± 8.14 0.341

Systolic pressure (mmHg) 124.22 ± 32.69 131.98 ± 30.81 114.33 ± 32.52 <0.001

Diastolic pressure (mmHg) 67.76 ± 21.44 70.00 ± 20.64 64.90 ± 22.22 0.103

Pulse oxygen saturation (%) 91.47 ± 7.41 92.07 ± 6.55 90.70 ± 8.37 0.208

Glasgow Coma Scale 8.26 ± 4.11 9.75 ± 4.20 6.37 ± 3.10 <0.001

Body temperature after cooling

Temperature at 0.5 h (°C) 39.50 ± 0.99 39.26 ± 0.94 39.80 ± 0.96 <0.001

Temperature at 2 h (°C) 37.95 ± 0.98 37.84 ± 0.96 38.08 ± 1.00 0.138

Lowest temperature within 24 h (°C) 36.42 ± 0.72 36.74 ± 0.70 36.35 ± 0.74 0.118

0.5 h temperature reduction 1.26 ± 1.00 1.38 ± 0.92 1.11 ± 1.07 0.153

2 h temperature reduction 2.81 ± 1.19 2.79 ±0.13 2.83 ± 1.27 0.923

Blood test at admission

Neutrophil (%) 73.45 ± 15.19 77.10 ± 13.76 68.88 ± 15.73 <0.001

Platelet (*109/L) 195.53 ± 72.86 190.36 ± 71.39 201.99 ± 74.58 0.277

Creatinine (mmol/L) 114.65 (89.35–144.28) 103.00 (76.03–147.43) 119.10 (102.92–143.25) 0.024

Alanine aminotransferase (IU/L) 24.00 (19.00–38.78) 24.00 (19.00–40.00) 23.80 (18.90–36.70) 0.228

Troponin I (ng/mL) 0.04 (0.01–0.15) 0.04 (0.01–0.15) 0.04 (0.02–0.13) 0.267

Prothrombin time (s) 13.24 ± 2.05 13.04 ± 1.86 13.50 ± 2.25 0.131

pH 7.45 ± 0.07 7.45 ± 0.07 7.45 ± 0.07 0.883

PCO2 (mmHg) 26.31 ± 8.44 27.87 ± 8.80 24.45 ± 7.63 0.007

Base excess (mmol/L) −4.95 (−8.22–1.70) −3.80 (−6.82–0.70) −6.50 (−9.00–3.72) 0.001

Outcomes

In-hospital mortality 24 (12.57) 11 (10.28) 13 (15.48) 0.282

Notes: Data are shown as number (%), mean±standard deviation, or median (interquartile range). Bold values indicate statistical significance. 
Abbreviation: PCO2, partial pressure of carbon dioxide.
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patients had no record of CB discontinuation. The longest time of CB cooling was 31 h, and the lowest body temperature at 
stopping CB was 35.6 °C. The mean CB time was 2.00 (1.30−3.25) h. CB use differed significantly among hospitals. 
Compared to the non-CB group, the CB group was younger and had a higher initial body temperature, lower systolic 
pressure, and lower Glasgow Coma Scale scores (P <0.05). Furthermore, the CB group had a lower neutrophil count, PCO2, 
and BE and higher creatinine levels (P <0.05). In total, 29 patients had records of shivering, among whom 18 manifested 
this symptom: 15 with CB cooling.

Cooling Effect
The cooling effect of CB in the ED at 0.5 h and 2 h was revealed by univariate and multivariate regression (Table 2). 
There was no difference in body temperature at 0.5 h between the non-CB and CB groups in univariate analysis (β, 0.19 
[95% CI, −0.12, 0.49]; P = 0.230). In the multivariate model, the difference between these two groups was also 
insignificant (β, −0.19 [95% CI, −0.50, 0.12]; P = 0.242). This phenomenon existed in the 0.5 h temperature reduction 
(β, 0.19 [95% CI, −0.12, 0.50]; P = 0.242), the body temperature at 2 h (β, −0.24 [95% CI, −0.57, 0.09]; P = 0.161), and 
2 h temperature reduction (β, 0.24 [95% CI, −0.09, 0.57]; P = 0.161). Notably, subgroup analyses demonstrated 
consistent cooling rates between CB and non-CB groups across different age strata and HS types (exertional vs classic), 
with no statistically significant differences observed (Table S1).

GAMM (Table S2) showed that the body temperature within the first 2 and 24 h significantly decreased with time 
across all patients and subgroups. No significant difference was observed in the cooling rate within the first 2 h between 
the non-CB and CB groups (β, −0.06 [95% CI, −0.24, 0.18]; P= 0.4981) (Figure 2A). However, following the initial rapid 
cooling phase, the body temperature of the CB group dropped and was maintained at a lower temperature (β, −0.02 [95% 
CI, −0.04, −0.01]; P = 0.005) (Figure 2B).

Propensity score and genetic matching were used to determine the optimal balance between the CB and non-CB 
groups. In total, 150 pairs were matched. Table S3 shows the baseline clinical, laboratory characteristics, and cooling 
methods of the matched cohorts. Apart from hospital, gender, platelet, and iced gastric lavage or iced bladder lavage, all 
other confounders were similar in the matched cohort. Logistic regression analysis was performed to assess cooling effect 
of CB. In univariate analysis, no significant difference was observed in the body temperature at 0.5 h (β, 0.25 [95% CI, 
−0.08, 0.58]; P = 0.145) and 2 h (β, −0.10 [95% CI, −0.44, 0.23]; P = 0.553) between the non-CB and CB groups 
(Table 3). After adjusting for propensity-score, this phenomenon existed.

Based on the non-inferiority test formula, the effectiveness of the test was evaluated. The non-inferiority criterion was 
met, with effectiveness scores of 1.000 at 0.5 hours and 0.998 at 2 hours, based on the criterion that the non-blanket 
group’s temperature should not exceed 0.5°C higher than the blanket group.

Table 2 The Difference in Body Temperature After Cooling Between the Cooling Blanket Group and Non-Cooling 
Blanket Group

Exposure Non-Adjusted Adjust I Adjust II

β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value

Non-CB group Reference Reference Reference

CB group
Body temperature at 0.5 ha 0.19 (−0.12, 0.49) 0.230 0.05 (−0.25, 0.34) 0.757 −0.19 (−0.50, 0.12) 0.242

0.5 h temperature reductiona 0.00 (−0.30, 0.31) 0.978 0.03 (−0.29, 0.35) 0.856 0.19 (−0.12, 0.50) 0.242

Body temperature at 2 hb 0.02 (−0.27, 0.32) 0.874 −0.09 (−0.39, 0.22) 0.577 −0.24 (−0.57, 0.09) 0.161
2 h temperature reductionb 0.19 (−0.16, 0.55) 0.292 0.23 (−0.14, 0.59) 0.220 0.24 (−0.09, 0.57) 0.161

Notes: Non-adjusted model adjusted for: None. Adjust I model adjusted for: sex, age, type of heat stroke. Adjust II model adjusted for: hospital, sex, age, 
type of heat stroke, temperature at admission, evaporation, cold packs, intravenous injection of cold saline, iced gastric lavage or iced bladder lavage, 
nonsteroidal drugs, lytic cocktail. aNon-CB group included the patients who received CB cooling after 0.5 h. bNon-CB group included the patients who 
received CB cooling after 2 h. 
Abbreviations: CB, cooling blanket; CI, confidence interval.
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Figure 2 Association between body temperature within 2 h and 24 h and CB using the GAMM. (A) Temperature trends during first 2 hours. Body temperature decreased 
rapidly in both groups. Key observations: - No statistically significant differences were observed in temperature reduction between the two groups at either the 0.5-hour or 
2-hour time points (all P > 0.05). - The impact of body temperature within the first 2 h was not significantly affected by the CB type (P for interaction = 0.498). (B) 24-hour 
temperature trajectories. Non-CB group: Temperature reached its lowest point at 5–10 hours, with slight rebound and stabilization thereafter. CB group: Temperature 
showed a sustained, slow decline, with the maximum intergroup difference at 15 hours and persistently lower temperatures at 24 hours. Key findings: - The impact of body 
temperature within the first 24 h was significantly affected by the CB type (P for interaction = 0.005). - The body temperature within the first 24 h decreased by 0.02°C (95% 
CI: −0.01–-0.04) every hour in the CB group compared to that in the non-CB group. X-axis: Time after cooling initiation (hours). Y-axis: Body temperature (°C). 
Abbreviations: GAMM, generalized additive mixed model; CI, confidence interval.
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Discussion
In this retrospective multicenter study of HS patients, no statistically significant difference in body temperature at 0.5 
and 2 hours was observed between the CB and non-CB groups. However, following the initial rapid cooling phase, 
body temperatures in the CB group remained consistently lower. Even after genetic matching, CB use did not 
demonstrate a significant advantage over non-CB methods. These findings suggest that while CB may contribute to 
sustained cooling—such as their role in inducing hypothermia and improving neurological outcomes in critically ill 
patients18 —their effectiveness in achieving rapid early cooling for HS warrants further investigation.

Although cold-water immersion is widely regarded as the preferred cooling method for EHS,25 its use may hinder 
critical medical interventions, such as monitoring, fluid administration, and resuscitation. Consequently, it may be 
unsuitable for patients with urgent medical needs, such as impaired consciousness, airway compromise, seizures, or 
hemodynamic instability.26 Furthermore, in CHS, cold-water immersion often induces severe shivering and agitation, 
which are linked to higher mortality rates.7,26 Currently, no conclusive evidence supports the superiority of any specific 
cooling method for the early management of heat stroke in emergency settings. Instead, the choice of cooling technique 
often depends on factors such as the patient’s condition, equipment availability, and staff familiarity with the chosen 
method.7

In ED, cooling techniques are often combined to achieve optimal results.16 Rapid infusion of 4 °C saline, whether 
prehospital or in the ED, is a convenient and effective cooling method.5,19 Besides facilitating heat dissipation, cold- 
saline infusion helps restore blood pressure and tissue perfusion, promoting hemodynamic stability. Consequently, it is 
frequently included in comprehensive treatment strategies, particularly for EHS patients who present with dehydration.27 

In our study, cold-saline infusion was the most commonly employed cooling method, with no other in vivo cooling 
techniques used in this cohort.

While applying ice packs to areas such as the axilla, neck, and groin is simple, its cooling effect is often minimal or 
even negligible.19,28 Spraying the body with cold water while simultaneously fanning to enhance evaporative heat loss is 
a non-invasive, effective, and well-tolerated approach.1 Conversely, gastric and bladder lavage, though capable of 
reducing body temperature, are labor-intensive for nursing staff and associated with complications such as gastric 
distension and aspiration risk,17 limiting their practicality in clinical settings.

The CB was the most commonly used external cooling method in our cohort. However, no statistically significant 
difference was observed in the body temperature within the first 2 h between the non-CB and CB groups. The results 
were unchanged both in the GAMM and in matched cohort. This may possibly be due to delay in the start time of the 
device, poor contact between the CB surface and the skin, and shivering.

Patients with HS mostly explode during heatwaves, causing great personnel and resource pressure in the ED.1 

Caregivers often choose easier measures such as cold fluid infusion and ice packs to cool their patients first. Using a CB 
often requires staff cooperation, especially when placing a cold blanket on the patient’s back. On reviewing the nursing 
record sheet to obtain information on CB, we found that about 20% of patients in the CB group were not commenced 

Table 3 Logistic Regression of Cooling Blanket with Outcomes in the Genetic Matching 
Cohort*

Exposure Non-Adjusted Adjust I

β (95% CI) p-value β (95% CI) p-value

Non-CB group Reference Reference
CB group

Body temperature at 0.5 h 0.25 (−0.08, 0.58) 0.145 −0.18 (−0.68, 0.32) 0.478

0.5 h temperature reduction −0.05 (−0.41, 0.31) 0.792 0.11 (−0.44, 0.66) 0.703
Body temperature at 2 h −0.10 (−0.44, 0.23) 0.553 −0.20 (−0.71, 0.31) 0.433

2 h temperature reduction 0.32 (−0.10, 0.75) 0.135 0.19 (−0.46, 0.83) 0.566

Notes: *The Genetic matching Cohort included 150 non-CB patients and 150 CB patients. Adjust I model adjusted for: 
Propensity-Score. 
Abbreviations: CB, cooling blanket; CI, confidence interval.
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within 0.5 h. Even for those with a CB record within 0.5 h, the timing of true CB initiation was also uncertain. After the 
CB starts, time is required for the blanket temperature to drop to the set target. Only after that can the maximum possible 
temperature gradient between the patient and the blanket surface be established14 and have a cooling effect. Therefore, 
the benefits of using CB may be offset by the time required to start devices.1 Additionally, delayed CB use may be related 
to the availability of equipment and staff familiarity with it.7

Poor contact between the CB and the skin may also contribute to its limited cooling effectiveness.29 To optimize 
cooling, Hoedemaekers et al9 applied two CBs—one under and one over the patient—along with a smaller blanket under 
the head. In contrast, in our cohort, only a single blanket was placed under the back, accompanied by a cold cap 
encircling the head. Additionally, healthcare workers often place a sheet between the blanket and the skin to prevent skin 
damage, although corresponding notes were not observed in the nursing care records. To avoid contamination from the 
patient’s excrement, cotton pads are sometimes placed under the buttocks, further reducing the blanket’s contact area. 
Another challenge arises from the frequent need to reposition patients for cleaning, as diarrhea is a common symptom in 
HS patients and often persists until cooling is complete.1 These factors collectively hinder the consistent application of 
CBs, reducing their potential efficacy as an external cooling method.

When using conductive cooling methods, it is essential to establish the largest possible temperature gradient between 
the body core and skin.1,30 To achieve rapid cooling, a lower blanket temperature must be set. However, cold signals 
from the skin stimulate the dorsomedial portion of the posterior hypothalamus—the primary motor center for shivering— 
activating anterior motor neurons. This leads to increased skeletal muscle tone, heightened sensitivity of the spindle 
stretch reflex, and subsequent convulsions or shivering.14,31 During cooling with a CB, the incidence of shivering has 
been reported to range from 57% to 100%.31–33 In our cohort, 29 patients had records of shivering, with 18 displaying the 
symptom: 15 were cooled using a CB, while the other three used ice packs or evaporative cooling methods. Shivering not 
only generates additional body heat, counteracting the reduction of core temperature,17,33 but it also causes significant 
discomfort and reduces patient tolerance for cooling interventions.31,34 Moreover, vasoconstriction triggered by the 
activation of cold receptors in the skin can further impede effective cooling.14

In addition to being no more effective than other cooling techniques, CB treatment is associated with greater 
temperature fluctuations and more frequent rebound hypothermia episodes.30 The large temperature gradient between 
the core and peripheral body regions created by CB use may increase the risk of overcooling.35 In our cohort, patients in 
the CB group experienced lower body temperatures for prolonged periods (within 24 hours). In some cases, CB cooling 
was not discontinued until hypothermia had occurred. This may be due to heavy workload pressures that hinder regular 
temperature assessments after initial rapid cooling or a lack of staff awareness regarding hypothermia prevention. We 
attempted to identify the optimal body temperature for stopping CB cooling; however, only 73 patients who used CB had 
documented cooling cessation times and corresponding body temperatures. While the precise definition of hypothermia 
and its adverse effects in HS patients remain unclear,4 it is evident that proper guidelines are needed to titrate cooling 
effectively and maintain body temperature within an optimal range.36

To the best of our knowledge, this is the first study to evaluate the cooling effect of CB using real-world data. Given 
the more severe baseline conditions observed in the CB group, we utilized a genetic matching-incorporated propensity 
score to adjust for unbalanced confounders. Genetic matching offers superior covariate balance and is more robust 
compared to commonly used alternative propensity score methods.37 Although this study was not conducted as 
a randomized controlled trial, we believe its findings offer valuable insights into the cooling efficacy of CB in facilitating 
rapid early cooling for HS.

Despite its strengths, this study has several limitations. First, while based on real-world data and supported by genetic 
matching, unmeasured or unobserved confounders may still exist. Second, data on CB temperature settings and the 
incidence of shivering were limited, preventing a precise evaluation of the relationship between CB use, blanket 
temperature, and shivering. Third, body temperature in this study was measured using infrared ear thermometers, 
which might differ slightly from core body temperature. In the CB group, the temperature might have been lower than 
the core temperature during the cooling period due to the use of the cold cap. However, this potential discrepancy likely 
increased the reliability of our results by reducing the risk of overestimation. Finally, the absence of standardized 
protocols for CB use in HS patients at the study hospitals may have impacted its efficacy. Optimizing CB application 
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timing, defining target cessation temperatures, and ensuring consistent and adequate skin contact could improve cooling 
efficiency and reduce adverse outcomes.

Conclusions
In summary, no significant difference in body temperature was observed between the non-CB and CB groups at 0.5 h and 
2 h. However, following the initial rapid cooling phase, the body temperature in the CB group remained consistently 
lower. Considering the challenges associated with CB use and its observed cooling effects, future high-quality rando-
mized controlled trials—including both clinical and animal studies—should investigate standardized CB protocols to 
comprehensively evaluate cooling efficacy, determine optimal treatment duration and discontinuation thresholds, and 
clarify CB’s role in early HS temperature management. Such studies would provide evidence-based guidance for EDs 
selecting cooling strategies.

Abbreviations
HS, heat stroke; CB, cooling blanket; ED, emergency department; DIC, disseminated intravascular coagulation; PT, 
prothrombin time; PCO2, partial pressure of carbon dioxide; BE, base excess; CIs, confidence intervals; GAMM, 
generalised additive mixed model; CHS, classic heat stroke; EHS, exertional heat stroke.
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