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Heat-related illness is a leading cause of weather-related fatalities, and 
its prevalence is expected to increase (1). Heat stroke, the most severe 
form of heat-related illness, is defined as a core temperature greater 

than 40°C presenting with CNS abnormalities. Heat stroke can affect anyone, 
but certain populations are at higher risk including infants, elderly, athletes, 
domestically displaced, and outdoor workers (e.g., firefighters, construction 
workers, landscapers, military personnel, etc.) (2).

The increasing prevalence of heat stroke has emphasized the need for timely crit-
ical care and emergency services (3). Rapid cooling is an essential intervention to 
restore normal physiologic activity and minimize morbidity and mortality (4). Cold 
water immersion (CWI) is frequently cited as the preferred modality, but CWI may 
not be feasible in some settings or during mass casualty events, raising questions on 
the best alternative strategy (5). Additionally, once cooling has been achieved, critical 
care management of heat stroke is often centered around maintenance of organ sup-
port with minimal direct evidence to guide clinical decision-making. This executive 
summary provides an overview of the recommendations crafted by an international 
panel of multidisciplinary clinicians for the management of heat stroke. The seven 
Population, Intervention, Comparison, and Outcome (PICO) questions included in 
the guideline are presented in Table 1. For a detailed description of methodology, 
results, and rationale, the reader is referred to the complete guideline (6).

RECOMMENDATIONS

The panel issued a total of two strong recommendations, five good practice 
statements, and one “only-in-the-context of research” statement for these clin-
ical practice guidelines (6). The infographic provides a brief summary of these 
recommendations (Fig. 1).

Recommendation 1

We recommend active cooling methods over passive cooling in patients with 
heat stroke (strong recommendation, very low certainty of evidence).

Remarks

CWI or ice water immersion will result in the fastest rate of temperature reduc-
tion and shortest time to target temperature (< 39°C).
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TABLE 1.
Population, Intervention, Comparison, and Outcome Questions and Summary of 
Recommendations

Population, Intervention, Comparison, and Outcome Question Recommendation

Population: Patients with heat stroke We recommend active cooling methods 
over passive cooling in patients with 
heat stroke (strong recommendation; 
very low certainty of evidence)

Intervention: Active cooling methods

Comparison: Passive cooling methods

Outcome: Survival with good neurologic function long-term (i.e., after 6 mo), 
survival with good neurologic function at discharge, hospital survival, rate of 
temperature reduction, time to target temperature, achievement of target tem-
perature within 30 min, organ dysfunction, adverse effects/complications, or 
hospital length of stay

Population: Patients with heat stroke Clinicians should prioritize cooling meth-
ods that achieve the most rapid rate 
of cooling, which is ice water immer-
sion (1–5°C) or CWI (9–12°C) (Good 
Practice Statement)

Intervention: CWI (or other active method if not CWI)

Comparison: Alternative method

Outcome: Survival with good neurologic function long-term (i.e., after 6 mo), 
survival with good neurologic function at discharge, hospital survival, rate of 
temperature reduction, time to target temperature, achievement of target tem-
perature within 30 min, organ dysfunction, adverse effects/complications, or 
hospital length of stay

Population: Patients with classic heat stroke Clinicians may use similar cooling 
strategies for either classic or exer-
tional heat stroke (Good Practice 
Statement)

Intervention: CWI

Comparison: Method other than CWI

Outcome: Survival with good neurologic function long-term (i.e., after 6 mo), 
survival with good neurologic function at discharge, hospital survival, rate of 
temperature reduction, time to target temperature, achievement of target tem-
perature within 30 min, organ dysfunction, adverse effects/complications, or 
hospital length of stay

Population: Patients with exertional heat stroke Clinicians may use similar cooling 
strategies for either classic or exer-
tional heat stroke (Good Practice 
Statement)

Intervention: CWI

Comparison: Method other than CWI

Outcome: Survival with good neurologic function long-term (i.e., after 6 mo), 
survival with good neurologic function at discharge, hospital survival, rate of 
temperature reduction, time to target temperature, achievement of target tem-
perature within 30 min, organ dysfunction, adverse effects/complications, or 
hospital length of stay

Population: Patients with heat stroke Clinicians should choose cooling meth-
ods that reach the target temperature 
within 30 min of recognition of heat 
stroke symptoms (Good Practice 
Statement)

Intervention: Reaching the target temperature within 30 min

Comparison: Not reaching the target temperature within 30 min

Outcome: Survival with good neurologic function long-term (i.e., after 6 mo), sur-
vival with good neurologic function at discharge, survival, organ dysfunction, 
adverse effects/complications, or hospital length of stay

(Continued)
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The outcome that was emphasized for this PICO 
was cooling rate because there were insufficient data 
to compare active vs. passive cooling methods on clin-
ical outcomes such as survival, length of stay, organ 
dysfunction, and complications. A meta-analysis of 
randomized controlled trials (RCTs) (7–39) was per-
formed that pooled the cooling rates for all active 
cooling methods and demonstrated a faster cooling 
rate with active vs. passive cooling in participants 
with experimental exertional hyperthermia (mean  
difference = 0.04°C/min [95% CI, 0.03–0.05°C/min]). 
The overall certainly of evidence for the recommenda-
tion is very low, primarily due to indirectness (experi-
mental exertional hyperthermia vs. actual heat stroke 
subjects), imprecision, and inconsistency.

Active cooling can be performed via numerous 
mechanisms, and there is substantial variability in 
the cooling rates achieved with each. For example, ice 
water and CWI have a cooling rate of approximately 
0.178°C/min and 0.154°C/min, respectively, com-
pared with methods such as fan cooling (0.057°C/min)  

or evaporative cooling (0.002°C/min) which are 
much slower. The CNS is extremely vulnerable to ex-
cessive heat and both the degree and duration of hy-
perthermia affect normal physiologic processes. In 
fact, cell death increases in an exponential manner as 
temperature exposure time increases (40). Data di-
rectly comparing cooling rates on clinical outcomes 
though are limited. One review combined case series 
data (not amenable to Grading of Recommendations, 
Assessment, Development, and Evaluation method-
ology) and reported higher mortality and a higher 
rate of complications when cooling rates of greater 
than 0.15°C/min were not achieved (41). Similarly, 
two large case series reported zero fatalities when 
target temperatures were reached within 30 min-
utes (primarily with CWI) (42, 43). The panel de-
cided active methods that achieve a cooling rate of 
at least 0.155°C/min should be prioritized over those 
that do not achieve this rate. These include ice water 
immersion and CWI. CWI/ice water immersion may 
be associated with undesirable effects for patients, 

Population, Intervention, Comparison, and Outcome Question Recommendation

Population: Patients with heat stroke Clinicians should prioritize cooling 
modalities that achieve a cooling 
rate ≥ 0.155°C/min (Good Practice 
Statement)

Intervention: Achieving a faster cooling rate (≥ 0.155°C/min)

Comparison: Not achieving a faster cooling rate (< 0.155°C/min)

Outcome: Survival with good neurologic function long-term (i.e., after 6 mo), sur-
vival with good neurologic function at discharge, survival, organ dysfunction, 
adverse effects/complications, or hospital length of stay

Population: Patients with heat stroke We recommend against the use of 
dantrolene in patients with heat stroke 
(strong recommendation, very low cer-
tainty of evidence)

Intervention: Medications that either directly or indirectly affect temperature 
control

The routine use of acetaminophen, non-
steroidal anti-inflammatory drugs, and 
salicylates for temperature reduction 
should be avoided (Good Practice 
Statement)

Comparison: No medications Prophylactic antibiotics or prophylactic 
antiseizure medications should only be 
used in the context of research (Only 
in the Context of Research Statement)

Outcome: Survival with good neurologic function long-term (i.e., after 6 mo), 
survival with good neurologic function at discharge, hospital survival, rate 
of temperature reduction, time to target temperature, achievement of target 
temperature within 30 min, organ dysfunction, adverse effects/complications, or 
hospital length of stay

CWI = cold water immersion.

TABLE 1. (Continued)
Population, Intervention, Comparison, and Outcome Questions and Summary of 
Recommendations
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Figure 1. Summary of guidelines recommendations for the management of heat stroke. To convert Celsius to Fahrenheit, multiply by 
1.8 and add 32. GRADE = Grading of Recommendations, Assessment, Development, and Evaluation, NSAIDS = nonsteroidal anti-
inflammatory drugs, SCCM = Society of Critical Care Medicine.
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introduce hazards for hospital staff (e.g., slips and 
falls), complicate patient monitoring (e.g., cardiac 
monitor leads falling off), and interfere with ongoing 
resuscitation and procedures. Nevertheless, when 
considering the consequences of prolonged exposure 
to extreme body temperatures (i.e., long-term cogni-
tive dysfunction and/or death), the panel determined 
that the desirable effects far outweighed the undesir-
able effects. CWI (or other methods of active cool-
ing) may not be available or feasible in some settings 
such as austere environments, mass casualty events, 
or resource-limited regions. In these instances, clini-
cians are advised to select the method or combina-
tion of methods that will achieve the fastest rate of 
temperature reduction, aiming to achieve the target 
temperature within 30 minutes of recognition of heat 
stroke symptoms (see full online guideline). Careful 
planning and foresight are needed so required re-
sources are readily available.

Recommendation 2

We recommend against the use of dantrolene in 
patients with heat stroke (strong recommendation, 
very low certainty of evidence).

Dantrolene is a treatment option for patients with 
malignant hyperthermia and its use in heat stroke has 
been considered due to overlap in pathophysiologic 
mechanisms. Three RCTs have compared dantrolene 
with placebo in patients with heat stroke (44–46). 
One is available in abstract form only. Meta-analyses 
have demonstrated no reduction in the risk of mor-
tality (three trials; risk ratio [RR], 1.01 [95% CI, 
0.11–9.31]), a mean difference in cooling time (two 
trials) of –10.5 minutes (95% CI, –28.5 to 7.6 min), 
a difference in hospital length of stay (one trial) of 
1.85 days (95% CI, 0.99–2.70 d), no difference in the 
risk of adverse events (two trials; RR, 0.99 [95% CI, 
0.46–2.15]), and a difference in incidence of recovery 
of consciousness as defined by a Glasgow Coma Score 
of greater than or equal to 13 points at less than or 
equal to 90 minutes of RR 2.5 (95% CI, 0.56–11.16). 
The overall certainty of evidence was very low due to 
risk of bias, imprecision, and inconsistency. When 
formulating the strength of the recommendation, the 
panel considered the quality of evidence, the wide 
CIs, including the fact that differences noted were not 
statistically significant, acquisition cost, and required 

resources. Furthermore, some outcomes were only 
analyzed via one study.

Other medication therapies, such as acetamin-
ophen, nonsteroidal anti-inflammatory drugs 
(NSAIDS), and salicylates, have no evidence sup-
porting a desirable effect in the setting of heat stroke. 
Further, the panel recognized the risk for known 
adverse effects (e.g., hepatotoxicity, acute kidney in-
jury, bleeding), which may be more prevalent in heat 
stroke patients. The routine use of acetaminophen, 
NSAIDS, and salicylates for temperature reduction 
should, therefore, be avoided. Due to the lack of any 
available evidence, antibiotic prophylaxis and seizure 
prophylaxis should only be used in the context of 
research.

RESEARCH AGENDA

Several challenges exist with conducting ethical 
clinical trials in patients with heat stroke. Given 
these challenges, most data arise from experiments 
conducted using healthy volunteers in controlled 
settings. Data utilizing endpoints like survival, sur-
vival with good neurologic function, organ failure, 
etc. are lacking. Further studies are needed that 
report outcomes in patients with heat stroke (vs. 
experimental hyperthermia) evaluating the rela-
tionship between cooling rate, time to temperature 
target, and clinical outcomes. Finally, research fo-
cused on treatment strategies in the critical care 
setting for comatose/symptomatic patients post-
cooling is needed. A blueprint for future studies has 
been proposed (5) .

	 1	 Department of Pharmacy Practice, Midwestern University, 
College of Pharmacy, Glendale, AZ.

	 2	 Davis and Shriners Children’s Northern California, University 
of California, Sacramento, CA.

	 3	 Carilion Rockbridge Community Hospital, Lexington, VA.

	 4	 Department of Internal Medicine, College of Medicine and 
Health Sciences, United Arab Emirates University, Al Ain, 
United Arab Emirates.

	 5	 Korey Stringer Institute, University of Connecticut, Storrs, 
CT.

	 6	 Faculty of Medicine and Health, Sydney School of Pharmacy, 
The University of Sydney, Sydney, NSW, Australia.

	 7	 Rush University Medical Center, Chicago, IL.

	 8	 Program in Trauma, Department of Neurology, University of 
Maryland School of Medicine, Baltimore, MD.



Copyright © 2025 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Barletta et al

e488          www.ccmjournal.org	 February 2025 • Volume 53 • Number 2

	 9	 Brooke Army Medical Center, US Air Force, San Antonio, 
TX.

	10	 South Dayton Acute Care Consultants, Dayton, OH.

	11	 Department of Emergency Medicine, University of Tennessee 
Health Science Center, Murfreesboro, TN.

	12	 Society of Critical Care Medicine, Mount Prospect, IL.

	13	 Carilion Children’s, Roanoke, VA.

	14	 Sociedade Mineira de Terapia Intensiva, Belo Horizonte, 
Brazil.

	15	 UPMC Center for Emergency Medicine of Western 
Pennsylvania, Pittsburgh, PA.

	16	 Geisinger Health System, Danville, PA.

	17	 Nanjing Gaochun People’s Hospital, Nanjing, China.

	18	 Patient representative.

	19	 University of Rwanda and African Health Sciences 
University/King Faisal Hospital, Kigali, Rwanda.

	20	 Department of Emergency Medicine, Durham Veterans 
Affairs Medical Center, Durham, NC.

Dr. Barletta is a consultant for Wolters Kluwer and a current member 
of Council for the Society of Critical Care Medicine. Dr. Stearns 
is employed by the Korey Stringer Institute, member of the USA 
Football Medical Advisory Panel, and received royalties as book ed-
itor for two books that contain material on heat illness. Dr. Siparsky 
received funding from UpToDate. Dr. Schultz disclosed government 
work; he is a U.S. Government employee. Dr. Bruno received fund-
ing from Hemcon. Dr. Bailey received funding from Radiometer and 
Baxter; she disclosed that she is a past President of the Society of 
Critical Care Medicine. The remaining authors have disclosed that 
they do not have any potential conflicts of interest.

For information regarding this article, E-mail: jbarle@midwestern.edu

REFERENCES
	 1.	 National Oceanic and Atmospheric Administration/National 

Weather Service: Weather Related Fatality and Injury Statistics. 
2023. Available at: weather.gov/hazstat. Accessed August 15, 
2024

	 2.	 Douma MJ, Aves T, Allan KS, et al; First Aid Task Force of the 
International Liaison Committee on Resuscitation: First aid cooling 
techniques for heat stroke and exertional hyperthermia: A system-
atic review and meta-analysis. Resuscitation 2020; 148:173–190

	 3.	 National EMS Information System: Heat-Related EMS 
Activation Surveillance Dashboard. 2024. Available at: https://
nemsis.org/heat-related-ems-activation-surveillance-dash-
board/. Accessed August 15, 2024

	 4.	 Bouchama A, Abuyassin B, Lehe C, et al: Classic and exer-
tional heatstroke. Nat Rev Dis Primers 2022; 8:8

	 5.	 Barletta JF, Palmieri TL, Toomey SA, et al: Management of 
heat-related illness and injury in the ICU: A concise definitive 
review. Crit Care Med 2024; 52:362–375

	 6.	 Barletta JF, Palmieri TL, Toomey SA, et al: Society of Critical 
Care Medicine Guideline for the Treatment of Heat Stroke. Crit 
Care Med 2025; 53:e490–e500

	 7.	 Clements JM, Casa DJ, Knight J, et al: Ice-water immer-
sion and cold-water immersion provide similar cooling rates 

in runners with exercise-induced hyperthermia. J Athl Train 
2002; 37:146–150

	 8.	 DeMartini JK, Ranalli GF, Casa DJ, et al: Comparison of body 
cooling methods on physiological and perceptual measures 
of mildly hyperthermic athletes. J Strength Cond Res 2011; 
25:2065–2074

	 9.	 Peiffer JJ, Abbiss CR, Watson G, et al: Effect of cold-water 
immersion duration on body temperature and muscle function. 
J Sports Sci 2009; 27:987–993

	10.	 Peiffer JJ, Abbiss CR, Watson G, et al: Effect of a 5-min cold-
water immersion recovery on exercise performance in the 
heat. Br J Sports Med 2010; 44:461–465

	11.	 Taylor NA, Caldwell JN, Van den Heuvel AM, et al: To cool, but 
not too cool: That is the question--immersion cooling for hy-
perthermia. Med Sci Sports Exerc 2008; 40:1962–1969

	12.	 Walker A, Driller M, Brearley M, et al: Cold-water immersion 
and iced-slush ingestion are effective at cooling firefighters 
following a simulated search and rescue task in a hot environ-
ment. Appl Physiol Nutr Metab 2014; 39:1159–1166

	13.	 Weiner JS, Khogali M: A physiological body-cooling unit for 
treatment of heat stroke. Lancet 1980; 1:507–509

	14.	 Barwood MJ, Davey S, House JR, et al: Post-exercise cooling 
techniques in hot, humid conditions. Eur J Appl Physiol 2009; 
107:385–396

	15.	 Carter JM, Rayson MP, Wilkinson DM, et al: Strategies to 
combat heat strain during and after firefighting. J Therm Biol 
2007; 32:109–116

	16.	 Clapp AJ, Bishop PA, Muir I, et al: Rapid cooling techniques 
in joggers experiencing heat strain. J Sci Med Sport 2001; 
4:160–167

	17.	 Selkirk GA, McLellan TM, Wong J: Active versus passive cooling 
during work in warm environments while wearing firefighting pro-
tective clothing. J Occup Environ Hyg 2004; 1:521–531

	18.	 Zhang Y, Nepocatych S, Katica CP, et al: Effects of half time 
cooling on thermoregulatory responses and soccer-specific 
performance tests. Monten J Sports Sci Med 2014; 3:17–22

	19.	 Halson SL, Quod MJ, Martin DT, et al: Physiological responses 
to cold water immersion following cycling in the heat. Int J 
Sports Physiol Perform 2008; 3:331–346

	20.	 Hosokawa Y, Adams WM, Belval LN, et al: Tarp-assisted cool-
ing as a method of whole-body cooling in hyperthermic indi-
viduals. Ann Emerg Med 2017; 69:347–352

	21.	 Butts CL, McDermott BP, Buening BJ, et al: Physiologic and 
perceptual responses to cold-shower cooling after exercise-
induced hyperthermia. J Athl Train 2016; 51:252–257

	22.	 Flouris AD, Wright-Beatty HE, Friesen BJ, et al: Treatment of 
exertional heat stress developed during low or moderate phys-
ical work. Eur J Appl Physiol 2014; 114:2551–2560

	23.	 Gagnon D, Lemire BB, Casa DJ, et al: Cold-water immersion 
and the treatment of hyperthermia: Using 38.6 degrees C 
as a safe rectal temperature cooling limit. J Athl Train 2010; 
45:439–444

	24.	 Luhring KE, Butts CL, Smith CR, et al: Cooling effectiveness 
of a modified cold-water immersion method after exercise-
induced hyperthermia. J Athl Train 2016; 51:946–951

	25.	 Butts CL, Spisla DL, Adams JD, et al: Effectiveness of ice-
sheet cooling following exertional hyperthermia. Mil Med 
2017; 182:e1951–e1957

mailto:jbarle@midwestern.edu
weather.gov/hazstat
https://nemsis.org/heat-related-ems-activation-surveillance-dashboard/
https://nemsis.org/heat-related-ems-activation-surveillance-dashboard/
https://nemsis.org/heat-related-ems-activation-surveillance-dashboard/


Copyright © 2025 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved. Copyright © 2025 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Special Article

Critical Care Medicine	 www.ccmjournal.org          e489

	26.	 Caldwell AR, Saillant MM, Pitsas D, et al: The effectiveness of 
a standardized ice-sheet cooling method following exertional 
hyperthermia. Mil Med 2022; 187:e1017–e1023

	27.	 Pryor RR, Haboian K, Fitts T, et al: Tarp-assisted cooling 
for exertional heat stroke treatment in wildland firefighting. 
Wilderness Environ Med 2023; 34:490–497

	28.	 Hosokawa Y, Belval LN, Adams WM, et al: Chemically  
activated cooling vest’s effect on cooling rate following  
exercise-induced hyperthermia: A randomized counter- 
balanced crossover study. Medicina (Kaunas) 2020; 56:539

	29.	 Lopez RM, Cleary MA, Jones LC, et al: Thermoregulatory in-
fluence of a cooling vest on hyperthermic athletes. J Athl Train 
2008; 43:55–61

	30.	 Smith CR, Butts CL, Adams JD, et al: Effect of a cooling kit on 
physiology and performance following exercise in the heat. J 
Sport Rehabil 2018; 27:413–418

	31.	 Kielblock AJ, Van Rensburg JP, Franz RM: Body cooling as 
a method for reducing hyperthermia. An evaluation of tech-
niques. S Afr Med J 1986; 69:378–380

	32.	 Sefton JM, McAdam JS, Pascoe DD, et al: Evaluation of 2 
heat-mitigation methods in army trainees. J Athl Train 2016; 
51:936–945

	33.	 Lissoway JB, Lipman GS, Grahn DA, et al: Novel application of 
chemical cold packs for treatment of exercise-induced hyper-
thermia: A randomized controlled trial. Wilderness Environ Med 
2015; 26:173–179

	34.	 Reynolds KA, Evanich JJ, Eberman LE: Reflective blankets do 
not effect cooling rates after running in hot, humid conditions. 
Int J Exerc Sci 2015; 8:97–103

	35.	 Adams WM, Hosokawa Y, Adams EL, et al: Reduction 
in body temperature using hand cooling versus passive 
rest after exercise in the heat. J Sci Med Sport 2016; 
19:936–940

	36.	 Maroni T, Dawson B, Barnett K, et al: Effectiveness of hand 
cooling and a cooling jacket on post-exercise cooling rates in 
hyperthermic athletes. Eur J Sport Sci 2018; 18:441–449

	37.	 Zhang Y, Bishop PA, Casaru C, et al: A new hand-cooling 
device to enhance firefighter heat strain recovery. J Occup 
Environ Hyg 2009; 6:283–288

	38.	 McDermott BP, Atkins WC: Whole-body cooling effectiveness 
of cold intravenous saline following exercise hyperthermia: A 
randomized trial. Am J Emerg Med 2023; 72:188–192

	39.	 Caldwell JN, van den Heuvel AMJ, Kerry P, et al: A vascular 
mechanism to explain thermally mediated variations in deep-
body cooling rates during the immersion of profoundly hyper-
thermic individuals. Exp Physiol 2018; 103:512–522

	40.	 Walter EJ, Carraretto M: The neurological and cognitive con-
sequences of hyperthermia. Crit Care 2016; 20:199

	41.	 Filep EM, Murata Y, Endres BD, et al: Exertional heat stroke, 
modality cooling rate, and survival outcomes: A systematic re-
view. Medicina (Kaunas) 2020; 56:589

	42.	 Stearns RL, Hosokawa Y, Belval LN, et al: Exertional heat 
stroke survival at the Falmouth Road Race: 180 New cases 
with expanded analysis. J Athl Train 2024; 59:304–309

	43.	 Demartini JK, Casa DJ, Stearns R, et al: Effectiveness of cold 
water immersion in the treatment of exertional heat stroke 
at the Falmouth Road Race. Med Sci Sports Exerc 2015; 
47:240–245

	44.	 Bouchama A, Cafege A, Devol EB, et al: Ineffectiveness of 
dantrolene sodium in the treatment of heatstroke. Crit Care 
Med 1991; 19:176–180

	45.	 Channa AB, Seraj MA, Saddique AA, et al: Is dantrolene effec-
tive in heat stroke patients? Crit Care Med 1990; 18:290–292

	46.	 Hepner A, Greenberg M: Safety and efficacy of dantrolene so-
dium (250 mg/5 mL) in patients with exertional heat stroke. 
Ann Emerg Med 2017; 70:S39


