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INTRODUCTION
Climate change is causing a global increase in average 

temperatures as well as an increase in the frequency, 
duration, and intensity of extreme heat events,1-3 resulting in 
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Introduction: Climate change is causing an increase in the frequency and intensity of extreme heat 
events, which disproportionately impact the health of vulnerable populations. Heatstroke, the most 
serious heat-related illness, is a medical emergency that causes multiorgan failure and death without 
intervention. Rapid recognition and aggressive early treatment are essential to reduce morbidity 
and mortality. The objective of this study was to evaluate current standards of care for the emergent 
management of heatstroke and propose an evidence-based algorithm to expedite care.
 
Methods: We systematically searched PubMed, Embase, and key journals, and reviewed bibliographies. 
Original research articles, including case studies, were selected if they specifically addressed the 
recognition and management of heatstroke in any prehospital, emergency department (ED), or 
intensive care unit population. Reviewers evaluated study quality and abstracted information regarding 
demographics, scenario, management, and outcome. 
 
Results: In total, 63 articles met full inclusion criteria after full-text review and were included for 
analysis. Three key themes identified during the qualitative review process included recognition, rapid 
cooling, and supportive care. Rapid recognition and expedited external or internal cooling methods 
coupled with multidisciplinary management were associated with improved outcomes. Delays in care 
are associated with adverse outcomes. We found no current scalable ED alert process to expedite 
early goal-directed therapies.
 
Conclusion: Given the increased risk of exposure to heat waves and the time-sensitivity of the 
condition, EDs and healthcare systems should adopt processes for rapid recognition and management 
of heatstroke. This study proposes an evidence-based prehospital and ED heat alert pathway to improve 
early diagnosis and resource mobilization. We also provide an evidence-based treatment pathway to 
facilitate efficient patient cooling. It is hoped that this protocol will improve care and help healthcare 
systems adapt to changing environmental conditions. [West J Emerg Med. 2021;22(2)186–195.]

unprecedented levels of exposure to heat. Between 2000 and 
2016, an estimated 125 million additional adult Americans were 
exposed to heat waves, and in the year 2017 alone, the majority 
of Americans experienced temperatures that were the hottest 
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What do we already know about this issue?
Heatstroke is a life-threatening, time-sensitive 
condition that requires significant resources 
to treat.

What was the research question?
What are the processes and current standards 
of care in the literature for the acute 
management of heatstroke?

What was the major finding of the study?
Recognition, rapid cooling, and supportive 
care were key steps to treatment, yet no 
scalable process was found.

How does this improve population health?
Our proposed heatstroke treatment pathway 
may assist healthcare systems to adapt to a 
changing climate and protect populations at 
increased risk.

recorded.4,5 The number of days with dangerously elevated 
temperatures are projected to increase in coming years.6 This 
will create significant challenges for exposed populations, 
healthcare systems, and public health officials leading 
community prevention and response efforts.7 Emergency 
departments (ED) are likely to treat increasing numbers of 
patients affected by extreme heat.8 According to the Centers for 
Disease Control and Prevention, heat-related illnesses are the 
leading cause of weather-related death in the United States.9 

Heatstroke, the most serious heat-related illness, is 
a medical emergency that requires rapid recognition and 
treatment to prevent permanent morbidity and mortality.10 The 
hallmark of heatstroke is the combination of central nervous 
system dysfunction and elevated core body temperature, defined 
as over 40 degrees Celsius.11 The presenting symptoms of 
heatstroke can mimic many other illnesses including sepsis, 
ischemic stroke, and toxicologic emergencies, particularly if a 
core body temperature is not obtained. On average, 618 deaths 
are reported per year in the US due to environmental heat12; 
however, this is likely a gross underestimate of the true extent 
of heat-related illness as comorbid diseases that are exacerbated 
by heat exposure are often erroneously reported as the primary 
diagnosis, thus concealing the role of heat as an inciting factor.13 

Exposure to elevated ambient temperatures coupled 
with increased metabolic activity may result in heat illness 
if the individual has exhausted physiological compensatory 
mechanisms and is unable to take behavioral steps to cool 
down.14 Heat stress initially leads to activation of compensatory 
mechanisms such as sweating, which help maintain stable 
core temperature, but eventually lead to consumption of fluid 
and electrolyte reserves. Once these internal and behavioral 
mechanisms are overwhelmed, core temperature can rise 
precipitously. Left unchecked, elevated core temperature can 
result in catastrophic multisystem illness characterized by renal 
injury, liver injury, vascular inflammation, coagulopathy, airway 
spasms, disruption of homeostatic thermoregulation, and central 
nervous system dysfunction and death.15 

Any person exposed to high environmental temperatures 
is at risk of heatstroke, but specific populations are at a 
comparatively higher risk of experiencing adverse health 
outcomes. Heat poses serious risks for children, older adults, 
pregnant women, and those with chronic health conditions 
such as cardiovascular, respiratory, renal, or psychiatric 
disease. Heat illness is also a disease of socioeconomic 
vulnerability and occupational vulnerability.8,16 Communities 
in rural areas as well as dense urban settlements (heat islands) 
are at higher risk as well as certain demographics of workers, 
which include outdoor workers employed in agriculture and 
construction, first responders, military personnel, and others.5 

Medications that interfere with salt and water balance 
and circulatory function place individuals at even higher 
risk. These medications include but are not limited to 
diuretics, anticholinergic agents, and beta-blockers, as well 
as medications that interfere with centers of thermoregulation 

such as selective serotonin reuptake inhibitors and anti-
dopaminergic medications.17 Heatstroke can result from 
either environmental exposure (classic heatstroke) or intense 
physical activity (exertional heatstroke), but in both cases 
early identification and rapid intervention are critical to 
survival and neurologic outcome. Older adults are at risk 
for classic heatstroke while younger individuals tend to be 
affected by exertional heatstroke.

Emergency departments have alert systems for other 
high-risk, time-sensitive conditions to appropriately allocate 
human and hospital resources in a timely manner to improve 
patient outcomes. For example, sepsis and cardiac alerts 
are a component of quality incentive metrics for many EDs 
and have been shown to improve mortality.18-20 Stroke alerts 
expedite imaging and timely intervention.21,22 With these time-
sensitive conditions, emergency medical services (EMS) also 
participates in identifying and initiating treatment by alerting 
treatment teams prior to hospital arrival to prepare for rapid, 
aggressive treatment. The time sensitivity of heatstroke and 
the risk of severe complications warrants a similar approach. 
Currently, national EMS protocols exist for hyperthermia,23 

but there are no mandates for implementation and each state 
determines its own protocols (if any). Similarly, many EDs 
lack protocols and have variable guidelines for management 
of heat-related illness, which vary by institution.24 

The current lack of standardization and deployment of 
evidence-based protocols presents an opportunity to save lives 
and improve patient outcomes by instituting system-based 
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approaches to healthcare delivery for heatstroke patients. 
Here, we review current standards of care for the emergent 
management of heatstroke and propose an evidence-based 
algorithm to expedite care and improve recognition and 
treatment of this condition.
 
METHODS
Study Eligibility

The primary topical focus for all articles included in the 
study was heatstroke, defined as the combination of elevated 
core body temperature and altered mental status due to either 
ambient temperature, exertion, or both. Secondary topical 
foci included acute management of heatstroke and/or early 
outcomes associated with management. Studies were excluded 
for the following reasons: 1) non-English language; 2) non-
human subjects; 3) full text not available; 4) qualitative 
studies unless high-level consesus panel recommendations; 
and 5) topical focus only on prevention or physiology 
descriptions, rather than acute treatment. 

We included all quantitative studies. In addition, we 
included qualitative studies published as a consensus 
recommendation from a major health body such as the World 
Health Organization, US Occupational Safety and Health 
Administration, EMS, or military. Quantitative articles included 
published articles and articles in press, conference papers, 
editorials, reviews, case reports, and case series. Included 
articles were written in English and had full text available. 

Study Identification
We performed searches for scientific articles addressing 

the acute management of heatstroke using PubMed and 
Embase databases without date restrictions. This review did 
not meet eligibility criteria for a PRISMA systematic review 
or meta-analysis as it included two databases.25 Search terms 
are available in the Supplemental Methods. All English-
language articles meeting the heatstroke topical and situational 
criteria were included. The search strategy was designed in 
collaboration with a health sciences medical librarian with the 
goal of identifying articles that addressed the rapid recognition 
and treatment of heatstroke in prehospital, ED, or critical 
care settings. Additional searches of the non-peer-reviewed 
medical literature were performed to capture prehospital 
protocols and expert opinion. Additional articles were added 
after independent review of the references of articles identified 
during the literature search. 

Study Selection
After articles were identified via the initial search 

strategy, duplicates were removed, and titles and abstracts 
were screened for relevance and consistency with the 
inclusion criteria. Each article was read and assessed by two 
independent, blinded physician reviewers (CR, CD, CG, CS). 
Any discrepancies were resolved by a third blinded physician-
author reviewer. We tracked inter-rater reliability for inclusion 

and exclusion criteria and the Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) criteria. 
We used EndNote bibliographic manager to assist in the 
review. Additional articles were found from bibliographic 
review of selected studies for inclusion.

Data Extraction
Reviewers extracted information on author, year, study 

design, study setting (prehospital, ED, intensive care unit 
[ICU]), population, topical focus (recognition, cooling, 
management, systems), classic vs exertional heatstroke, 
cooling method, prognosticators if measured, and outcome. 
Notable case complications were also recorded. Quantitative 
studies were assessed by reviewers using the GRADE criteria, 
which included very low, low, moderate, and high quality.26 

Data Synthesis
We performed a descriptive thematic analysis due to 

the heterogeneous nature of the articles and developed a 
management pathway based on evidence in the literature.

RESULTS
Overview

Of the 183 articles identified in the search, 25 duplicates 
were removed and 58 were excluded by title and abstract 
review (Figure 1). In total, 63 articles met full inclusion 
criteria after full-text review and were included for analysis 
(Supplemental Results Table S1). Studies were primarily 
excluded due to lack of topical focus on heatstroke or acute 
management. There was discrepancy between reviewers for 
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through bibliography review 

(n = 19) 

Records after duplicates removed 
(n = 177) 

Records screened 
(n = 177) 

Records excluded 
(n = 58) 

Full-text articles assessed 
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(n = 119) 

Studies included in 
qualitative synthesis 

(n = 63) 

Records excluded 
(n = 56) 

Figure 1. Flow chart for selected studies on heatstroke management.
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14 studies from the database that required a third reviewer. 
Of those studies, nine were excluded and five were included. 
Studies included all years with relevant results, with 
publication dates ranging from 1956 to 2020.

Quality of studies varied. Of the included studies, 25 were 
assessed to be very low quality, 25 were low quality, and 13 
were moderate quality. No studies were ranked as high quality. 
There was discrepancy in 17 of 63 studies (27%) between 
reviewers. All were one level of evidence off and resolved by 
a third blinded reviewer. The majority of moderate-quality 
studies were found through the search of references (10 of 13). 
Just over half of the included studies (34) were case reports 
or case series. Two case reports also included a review of 
current standards of care.27,28 In total, 16 reviews, primarily 
unstructured, were identified, and 15 other studies ranged from 
opinion pieces to observational studies. 

Exertional heatstroke was addressed in 38 studies, classic 
heatstroke in 12 studies, and both types in 13 studies. Patients 
in specific case reports and series were more frequently male 
than female.. More than half of studies (39 of 63) focused 
on a single care setting rather than across all three settings—
prehospital, ED, and ICUs; management included prehospital 
care in 37 studies, EDs in 33 studies, and ICUs in 25 studies. 

Numerous patient populations from infants29 to older 
adults30-32 were identified in this review of heatstroke. Pediatric 
athletes27,33-35 and pediatric vehicular heatstroke cases were 
discussed.36,37 Occupational heatstroke was described in 
construction workers,38,39 a baker,40 gold miners,41 and an 
aluminum smelter pot room process-control operator.42 
Environmental circumstances including heat waves29,31,40,43,44 

and sunbathing45 were identified as risks, as was non-endemic 
heat due to a dry sauna exposure.46 Exertional heat stress was 
described in runners,47-50 individuals along the US-Mexico 
border,28 participants in the Hajj pilgrimage to Mecca,51 and 
military personnel.52-61 While many predisposing factors 
have previously been identified,62 specific cases highlighted 
hypohydrosis disorder,63 antipsychotic medications,31 and 
social determinants of health such as poor housing29 and lack 
of indoor cooling43 as contributory to heatstroke.

Populations represented were from geographically diverse 
settings. Countries/regions included Pakistan,64 China,65 

India,55,66 Saudi Arabia,51,63 Australia,50 Puerto Rico,53 the 
United Kingdom,48 Japan,34 Israel,67 Nigeria36 and other African 
countries,41 France,31 and the United States of America.32,43,68,69

Key Steps in Heatstroke Management
We identified three principle themes for clinical 

management: recognition, rapid cooling, and supportive 
care (Table).

Recognition
Heatstroke recognition was highlighted in 23 studies. 

Topical focus was cooling in almost all studies (55 of 63). 
Cooling methods included removal from the hot environment, 

fluid resuscitation, cold water or ice water immersion, 
application of cold packs, evaporative cooling with water 
and fans, internal cooling (gastric, bladder, and/or rectal), 
endovascular cooling,28,40,54,70 and extracorporeal membrane 
oxygenation (ECMO)-based cooling.71 

Rapid Cooling
Preferred cooling treatments varied, with no clear 

prevailing recommendation. A previous systematic review 
(2007) showed no definitive data to guide specific cooling 
approaches.24 In one study in which cooling rates were 
compared,72 cold water immersion was considered the gold 
standard; this is consistent with the Wilderness Medicine 
Society Grade 1A recommendations for cold water 
immersion of heatstroke patients.73,74 Other studies by the 
same author supported cold water immersion.75,76 Earlier 
work found no statistically significant difference between 
ice water immersion and cold water immersion.77 One study 
recommended ice water immersion.78 Other than rate of 
cooling, a primary consideration was mental status and other 
monitoring required in these patients. In intubated, obtunded 
patients, a cooling catheter was placed70 or evaporative 
cooling was preferred for patient safety.49,60 

Supportive Care
Laboratory management was discussed in 23 studies with 

variation in values reported. One study found sodium >145 
was an independent risk factor for death44; in contrast, low 
sodium was reported to be common in other cases.42,65 A case 
series found both high and low values of potassium, sodium, 
calcium, and phosphorus.65 Aspartate aminotransferase >1000 
units was associated with death.41 Elevated troponin T and 
creatine kinase were also noted in patients.49 Lactate, troponin 
I, and creatinine were significantly elevated in non-survivors of 
classic heatstroke as compared with survivors, although time 
to cooling in the non-survivor group was significantly longer.31 
Resuscitation guidance was the focus of two studies,51,65 
which recommended Foley catheters to monitor urine output 
and avoidance of over-resuscitation due to risk of pulmonary 
edema.51 Only four studies addressed systems-based approaches 
to heatstroke; all focused on exertional heatstroke.50,57,60,79

Topic Recommended action
Recognition Maintain high clinical suspicion

Weather awareness
Measure core body temperature

Rapid cooling Initiate immediate external cooling
Early decision regarding invasive cooling

Supportive care Emphasis on airway, breathing, circulation
Monitor for and correct metabolic derangements

Table. Principle themes identified in literature review 
concerning heatstroke.
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Many of the reported patient outcomes consisted 
of complete recovery followed by discharge from the 
hospital.30,36,38,48,49,53-57,60,68,70,80-82 Several patients required a 
prolonged hospitalization up to 75 days.39,63,83 Notable case 
sequelae were ventricular tachycardia,39 aspiration,40,60 cerebral 
edema,53 seizures,38,55 residual neurological deficits,42,59,63,66 
acute liver failure that required transplantation46,83,84 or 
supportive care,45 and death.27,29,31,34,43,47,59,65,66,68 It was noted 
that many patients arrived via EMS, yet cooling was often 
delayed.31,32,46,47,58,67 However, none of the articles or guidelines 
that were reviewed described a scalable system-based EMS 
and ED process, alert, pathway, or algorithm to expedite early 
identification and intervention. 

DISCUSSION
This literature review examined current available English-

language literature on the recognition and management 
of acute heatstroke. This review did not identify any 
standardized, systematic approach for EMS or ED treatment 
of heatstroke. These results are consistent with findings of 
a previous review.24 Available guidelines tend to emphasize 
“rapid cooling” without exploring the specific operational 
steps that are necessary to ensure this occurs efficiently and 
consistently in practice, despite the fact that most deaths are 
attributable to delays in prehospital or ED care. There is some 
evidence that identification of patients with heatstroke may be 
a limiting factor; consideration of elevated indoor and outdoor 
temperatures, membership in vulnerable groups, and recent or 
ongoing increased metabolic demand37 were shown to improve 
detection, but currently are not applied in a systematic fashion.

The review supports the efficacy of standard emergency 
medicine (EM) management of heatstroke. However, it 
appears that the application of these techniques is variable, as 
is timely identification of at-risk patients. Here, we propose 
an ED heatstroke pathway to facilitate rapid identification and 
timely intervention for these critically ill patients. 

Treatment Approach
Rapid identification and initiation of treatment in patients 

with heatstroke is a core component of EM training yet 
remains difficult to implement in many settings. Heatstroke is 
an uncommon diagnosis that is time and resource intensive; 
early diagnosis is both challenging and essential. Published 
literature demonstrates reduced morbidity and mortality with 
prompt action and provides evidence for key clinical actions 
in heatstroke management.

Early Recognition and Core Temperature
Early recognition is consistently emphasized in the 

published literature. Military events and athletic events 
frequently have protocols in place during warm weather 
days. Other variables of heat stress beyond temperature 
were inconsistently incorporated, such as wet-bulb globe 
temperature.69 Heat index (temperature and humidity) was 

used in the algorithm similar to previous work.85 Time of 
the year and active heat advisories were also considered to 
address exposure risks.

Elevated core body temperature is a crucial cue to 
responders to initiate cooling. Thus, early rectal temperature 
measurement35,54,68,86 was emphasized in the algorithm; empiric 
treatment is also an option if high suspicion exists and it is not 
possible to obtain a core temperature.77 Failure to recognize 
heatstroke was life-threatening.46,58,67 In contrast, patients who 
were rapidly cooled frequently had rapid reversal of mental 
status changes30,49 and in some cases were discharged from the 
ED. In one study of 274 cases of exertional heatstroke, there 
was 100% survival with on-site immersion in cold water.81 

Treat or Transport? Advantages of Cooling Prior to Transport 
or Transfer

Cooling was recommended prior to transfer in several 
publications, with recommendations to continue cooling 
during transport if possible.35,49,50,79 Time was the main driver 
of this recommendation, with a goal of less than 30 minutes69 

or less than 60 minutes to cooling.86 Delays in cooling 
contributed to adverse outcomes.47,31,32,67

On-site cooling is important in rural settings; the literature 
favors continued attempts at cooling prior to transport until 
temperature is controlled or until all means of cooling are 
exhausted. Urban populations were more represented in the 
literature32,43,68 than rural populations, but some of the methods 
of cooling described in the literature may be most applicable in 
remote settings. For example, sites with air transport can use the 
downdraft of a helicopter as a fan to evaporate cool water.82 

Allocation of Human and Medical Resources
Unique and specialized resources such as cooling devices 

as well as multiple specialties and staff resources are required 
to manage heatstroke. A target goal of 39°C was chosen as 
other studies demonstrate safety between 38.3-39°C.24,74 
Early initiation of the heat response algorithm is expected 
to facilitate appropriate care early in the treatment timeline. 
We believe a protocol encourages discussion of resources 
available at individual EDs before the first patient arrives, as 
many methods are available for effective cooling: body bag,30 
tarp,80 helicopter downdraft,82 endovascular,70 and ECMO.71,87 
Other more robust responses such as a dedicated heatstroke 
unit55 or an on-site, field-deployed body cooling unit49 may 
apply in certain settings.

A proportion of patients required intubation and definitive 
airway management. In one study, non-survivors were more 
likely to have been intubated in the ED than survivors.32 When 
mentioned, rocuronium39 and succinylcholine27 were both used 
in patients with no discussion on preference of one over the 
other. While there is a theoretical basis to support the use of 
a nondepolarizing agent such as rocuronium, which avoids 
possible heat generation during fasciculations and results 
in longer duration neuromuscular blockade that may reduce 
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metabolic heat generation, no clear evidence supports the 
recommendation of rocuronium in favor of succinylcholine.

Transfer to a liver transplant center was included in the 
algorithm as a consideration due to several cases of acute 
liver failure secondary to heatstroke.46,83,84 There was one 
case of a teenager who died secondary to acute liver failure 
and disseminated intravascular coagulation (DIC) with 
no transplant.27 Of the three cases identified in the review 
in which patients underwent transplant, two athletes with 
exertional heatstroke required transplant on day three of 
admission83,84 and one required transfer to a transplant center 
on day three followed by transplant on day six.46

At-risk Populations
Certain populations appear to be at elevated risk. The 

populations identified in this review include older adults, 
who tended to present with classic heatstroke, and athletes 
and military personnel, who tended to present with exertional 
heatstroke. Identification of at-risk populations can help 
educators inform the general public, public health agencies, 
occupational health agencies, and first responders with regard 
to identification of potential heatstroke patients. 

Classic heatstroke was predominantly described in urban 
environments; patients tended to be older and suffer worse 
outcomes32 than those described for exertional heatstroke.81 
The 1959 heat wave in Melbourne,29 the 1995 heat wave 
in Chicago,43 and the 2003 heat wave in France,31,40,44 
exposed large numbers of urban dwellers to sustained high 
temperatures with tragic consequences. Hypernatremia was an 
independent risk factor for death in the heat wave in France, 
which was associated with advanced age.44 Patients with 
classic heatstroke tended to have underlying comorbidities 
that placed them at elevated risk, although mortality rates 
varied widely from 17%68 to 63.6%.31

Most descriptions of exertional heatstroke involved 
athletes and military personnel. Among runners, intermediate-
skill runners were more often described as suffering from 
heatstroke as compared to novice or elite runners.48,50 
Hyperkalemia (9 milliequivalents per liter), elevated 
creatinine, rhabdomyolysis, acidosis, and elecrocardiogram 
changes were associated with one runner fatality.69 Two 
publications described non-athletic, nonmilitary cases of 
exertional heatstroke. One case report highlighted a male 
along the US border who had been walking for 24 hours.55 A 
second publication described a male construction worker who 
had persistent ventricular tachycardia until he was cooled.39 

Men were more represented than women in the literature. 
Larger body mass may contribute, although males do not 
appear to be at higher physiologic risk once cooling is 
initiated. A study of exertional heatstroke in runners found 
no statistical difference in cooling rate based on initial 
temperature, age, or gender.81 The discrepancy in publication 
volume may be a function of historical gender patterns in 
outdoor work and military activities; it should be noted that 

women are also at risk in similar situations, as described in 
a case report of an 18-year-old female military recruit who 
suffered rhabdomyolysis and a two-week hospitalization 
before being discharged neurologically intact.61 

A Community-based Approach to Heatstroke
Heatstroke is a preventable yet under-recognized 

medical emergency. Only four studies clearly addressed 
system-based changes50,57,60,79 despite previous calls for 
systemic approaches to address heat-related illness, 
particularly in EM.88 None of these studies addressed classic 
heatstroke or the impact of heat waves, despite the fact that 
these patients are often more vulnerable, present later, and 
suffer worse outcomes, and the fact that heat wave frequency 
and intensity is projected to increase as a result of climate 
change. This situation represents a significant opportunity 
for communities to reduce health harms and direct and 
indirect healthcare costs associated with extreme heat from 
lost productivity, worker absenteeism, medications, and 
healthcare utilization.89 

While the present study did not address prevention, 
the results are useful for stakeholders working to expand 
syndromic surveillance and warning systems. Real-time 
surveillance has already demonstrated success for monitoring 
deaths and public health interventions during a heat wave.90 
Heat early warning systems have reduced heat exposure risks 
in communities by evaluating healthcare data and heat index 
values for heat alert processes.85 Multidisciplinary teams 
with representatives from athletics, public health, climate 
sciences, emergency management, energy, city planning, and 
meteorology have had meetings using the National Integrated 
Heat Health Information System to better prepare and adapt 
to heat.91 Furthermore, these efforts demonstrate an active 
commitment to addressing climate change and to improving 
social and environmental determinants of health,29,43 and 
resultant health inequities. Thus, final recommendations 
focus on an integrated approach both in the ED and in 
the community to facilitate heat-related illness education, 
recognition, and treatment.

Heat Alert Algorithm
We developed an alert process and treatment algorithm 

to facilitate critical care delivery in EDs (Figure 2). The 
algorithm is based on available evidence from the published 
literature regarding presentation, critical interventions, 
and time-dependence of interventions. Seasonal timing is 
appropriate for use in the Northern hemisphere temperate zone 
for peak heat illness.92 Details should be adjusted to match 
local conditions. 

In Step 1 of the algorithm, a heat alert flag integrates 
information on current environmental conditions, body 
temperature, and patient complaints and prompts triage staff 
to consider whether the patient has heatstroke. In Step 2, the 
heat alert expedites clinical evaluation by a trained health 
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professional to assess for other underlying etiologies and 
ultimately triggers or ceases the continuation of the algorithm. 
Step 3 is the heat response guide for members of the 
healthcare team to perform within 30 minutes of evaluation. 

Recommendations
•	 Health systems need to implement heat alert systems and 

train relevant staff members
•	 Include prehospital providers and EMS networks in 

early identification, early communication, and treatment 
of heat illness 

•	 Increase public health messaging around risks of 
endemic and acquired heat illness especially among 
vulnerable populations

•	 Increase syndromic surveillance and improve heat 
warning systems

STRENGTHS AND LIMITATIONS
This study has a few strengths. A rigorous search strategy 

was developed in partnership with a research librarian 
across two large databases. Next, the literature included in 
the review spanned 64 years with results that represented 
populations from infants to older adults and incorporated a 
spectrum of occupational as well as endemic and acquired 
heatstroke cases across a wide range of geographic areas. 
The mix of study settings also incorporated the expertise of 
prehospital, emergency care and critical care providers, which 
strengthened the management approach. 

Several limitations remain. The majority of studies were 
of low-quality evidence as case reports or case series. This 
may limit validity and allows for confounding factors for 
management suggestions. For example, time to cooling rather 
than specific laboratory prognosticators may influence patient 

Heat Alert Triggered
Computer prompts triage clinician 
to consider heat alert if all of the 
following are present:

• Season = high risk season based on 
local climate patterns, active regional 
heat advisory, or high heat index

• Patient temperature  ≥ 40˚C

• Chief complaint includes: Altered 
Mental Status OR Confusion OR 
Unresponsive OR Seizure

Triage Clinician Evaluation
Activate heat alert if clinical suspicion 
is high based on:

• Recent history of environmental (indoor 
or outdoor) heat exposure OR strenuous 
physical activity

• Central nervous system dysfunction

• Tachycardia, tachypnea, +/- hypotension

• Flushed or warm skin +/- sweating

• Lower suspicion for sepsis, toxidrome, or 
metabolic abnormality (e.g. hypoglycemia)

Begin Heat 
Response Algorithm
This guide to key actions 
does not replace clinician 
judgement; actions should 
be initiated simultaneously 
if feasible. More aggressive 
interventions are available 
at select facilities by 
professionals trained to do so.

1 2 3

TREATMENT  
GOALS

5 minutes
• Recognition
• Initiate 

algorithm

10  
minutes
• Initiate rapid 

cooling 

30  
minutes
• Cool to 39˚C
• Avoid  

re-exposure

 Bedside provider evaluation   |   Move to resuscitation bay   |   ICU consultation  

TRIAGE

  RECOGNITION
• Assess airway, breathing, and 

circulation

• Document core temperature

• Consider alternative/concomitant 
diagnoses and need for 
neuroimaging

• Neuroleptic Malignant 
Syndrome, Malignant 
Hyperthermia, Serotonin 
Syndrome, Hyperthyroidism, 
Sepsis

   RECOGNITION
• Obtain core temperature
• Place patient on the monitor
• Establish large bore IVs
• Obtain labs, EKG, and chest x-ray

• CBC, CMP, CK, PT/INR, Magnesium, Phosphorus, 
Lactate, Blood Alcohol Level, Uric Acid, Urinalysis, 
Urine Drug Screen 

Tasks

Begin external cooling 
• Perform cold water 

immersion 
• Place ice packs to 

axilla, groin, and 
neck

• Mist patient with 
water and direct fan 

• Apply cooling 
blanket  
(if available)

  SUPPORTIVE CARE
• Serial neurologic and hemodynamic 

reassessments
• Keep defibrillator and pads at bedside
• Resupply ice as needed
• Active temperature management

    RAPID COOLING
Obtain supplies: ice, ice packs, mist bottle, fan, cooling 
blanket, Foley catheter, IV fluids, cooling device

   RAPID COOLING
• Begin external cooling and 

consider internal cooling

• Consider deep sedation followed 
by neuromuscular blockade to 
reduce metabolic heat production

• Use benzodiazepines to 
prevent shivering

Clinical Provider Key Steps

  SUPPORTIVE CARE
• Continuous temperature monitoring

• Correct electrolyte abnormalities

• Arrange for disposition (likely ICU)

• Consider transfer to transplant 
center if in acute liver failure

Consider internal cooling
• Hang chilled fluids
• Place 3-way Foley catheter for 

bladder irrigation
• Sedate and paralyze
• Place intravascular cooling device
• Perform body cavity lavage (rare)
• ECMO /transfer to liver transplant 

center for patients with higher 
severity illness (rare)

Emergency Management of Heatstroke: AN EVIDENCE-BASED 
APPROACH

Figure 2. Management of heatstroke in the emergency department.
CBC, complete blood count; CMP, comprehensive metabolic panel; CK, creatine kinase; PT/INR, prothrombin time/international 
normalized ratio; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit.
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outcomes the most. While many populations were represented, 
missing vulnerable populations, such as prisoners, were 
not included. These populations may benefit from systemic 
changes and protocols the most and will be important to 
include in further implementation of scientific research on 
efficacy and outcomes of protocols. 

CONCLUSION
Rapid recognition and management of heatstroke is 

critical for the healthcare system to successfully adapt to the 
increases in frequency, intensity and duration of heat waves as 
a result of climate change. The proposed heat alert algorithm 
is intended to help ED and prehospital teams identify 
heatstroke patients, implement critical treatments, and allocate 
resources in a timely fashion. The process presented here is 
a template for evidence-based clinical practice and may help 
institutions meet the standard of care for patients with life-
threatening heat-related illnesses. Improved recognition and 
treatment of heatstroke has the potential to reduce mortality 
and neurological complications and support vulnerable 
patients in a rapidly warming world.

Address for Correspondence: Caitlin Rublee, MD, MPH, 
Medical College of Wisconsin, Department of Emergency 
Medicine, 8701 Watertown Plank Rd, Milwaukee, WI 53226. 
Email: crublee@mcw.edu.

Conflicts of Interest: By the WestJEM article submission agreement, 
all authors are required to disclose all affiliations, funding sources 
and financial or management relationships that could be perceived 
as potential sources of bias. No author has professional or financial 
relationships with any companies that are relevant to this study. 
There are no conflicts of interest or sources of funding to declare.

Copyright: © 2021 Rublee et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

transformation for public health. Lancet 2018;391(10120):581-630.
5. Salas R, Knappenberger P, Hess J. 2018 Lancet countdown on 

health and climate change brief for the United States of America: 
Policy Brief for the United States of America. 2018. Available at: 
https://www.lancetcountdownus.org/wp-content/uploads/2020/11/20
19LancetCountdownPolicyBrieffortheU.S.Appendix_Updated-1.pdf. 
Accessed June 3, 2020.

6. United States Global Change Research Program. Fourth National 
Climate Assessment Volume II: Impacts, Risks, and Adaptation in the 
United States. 2018. Available at: https://nca2018.globalchange.gov/. 
Accessed June 3, 2020.

7. Luber G, McGeehin M. Climate change and extreme heat events. Am 
J Prev Med. 2008;35(5):429-35.

8. Hess JJ, Saha S, Luber G. Summertime acute heat illness in 
U.S. emergency departments from 2006 through 2010: analysis 
of a nationally representative sample. Environ Health Perspect. 
2014;122(11):1209-15.

9. Centers for Disease Control and Prevention. CDC’s tracking network 
in action: extreme heat. 2020. Available at: https://www.cdc.gov/nceh/
features/trackingheat/index.html. Accessed June 15, 2020.

10. Heled Y, Rav-Acha M, Shani Y, et al. The “golden hour” for heatstroke 
treatment. Mil Med. 2004;169(3):184-6.

11. Bouchama A, Knochel J. Heat stroke. N Eng J Med. 
2002;346(25):1978-88.

12. Centers for Disease Control and Prevention. Number of heat-related 
deaths, by sex: national vital statistics sytem, United States, 1999-
2010. MMWR. 2012;61(36):729.

13. Environmental Protection Agency. Climate change indicators in the 
United States: heat-related deaths. 2016. Available at: www.epa.gov/
climate-indicators. Accessed June 15, 2020.

14. Hueutel G, Miller NH, Molitor D. (2017). Adaptation and the mortality 
effects of temperature across United States climate regions. 
Cambridge, MA.

15. Epstein Y, Yanovich R. Heatstroke. N Engl J Med. 2019;380(25):2449-59.
16. Salas R, Knappenberger P, Hess J. 2019 Lancet countdown 

on health and climate change policy brief for the United States 
of America. 2019. Available at: https://f.hubspotusercontent10.
net/hubfs/6000718/LancetCountdownPolicyBrieffortheUS2019.
pdf?__hstc=63114544.39f42ba61d3c7f9c91685e39178263
1c.1606876408719.1610818321271.1613187180841.24&__
hssc=63114544.1.1613187180841&__hsfp=2519901765&hsCtaTrac
king=ea37561f-accb-4374-b24d-a6250a3d35ab%7C8a12a33b-a396-
456e-88cd-6eaf0b13d936. Accessed June 3, 2020.

17. Crimmins A, Balbus J, Gamble J, et al. The impacts of climate change 
on human health in the United States: a scientific assessment. 
2016. Available at: https://health2016.globalchange.gov/low/
ClimateHealth2016_FullReport_small.pdf. Accessed June 3, 2020.

18. Manaktala S, Claypool SR. Evaluating the impact of a computerized 
surveillance algorithm and decision support system on sepsis 
mortality. J Am Med Inform Assoc. 2017;24(1):88-95.

19. Gatewood MO, Wemple M, Greco S, Kritek PA, Durvasula R. A 
quality improvement project to improve early sepsis care in the 

REFERENCES
1. Intergovernmental Panel on Climate Change. Climate change 2014: 

synthesis report. Geneva, Switzerland. 2014.Available at: https://
archive.ipcc.ch/pdf/assessment-report/ar5/syr/SYR_AR5_FINAL_
full_wcover.pdf. Accessed October 15, 2020.

2. Union of Concerned Scientists. Killer heat in the United States. 2019. 
Available at https://www.ucsusa.org/resources/killer-heat-united-
states-0#ucs-report-downloads. Accessed June 3, 2020.

3. Raymond C, Matthews T, Horton R. The emergence of 
heat and humidity too severe for human tolerance. Sci Adv. 
2020;6(19):eaaw1838.

4. Watts N, Amann M, Ayeb-Karlsson S, et al. The Lancet countdown 
on health and climate change: from 25 years of inaction to a global 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Western Journal of Emergency Medicine 194 Volume 22, no. 2: March 2021

Heatstroke Management Rublee et al.

emergency department. BMJ Qual Saf. 2015;24(12):787-95.
20. Zalenski R, Selker H, Cannon C, et al. National Heart Attack 

Alert Program position paper: chest pain centers and programs 
for the evaluation of acute cardiac ischemia. Ann Emerg Med. 
2000;35(5):462-71.

21. Binning MJ, Sanfillippo G, Rosen W, et al. The neurological emergency 
room and prehospital stroke alert: the whole is greater than the sum of 
its parts. Neurosurgery. 2014;74(3):281-5; discussion 285.

22. Hoegerl C, Goldstein F, Sartorius J. Implementation of a stroke alert 
protocol in the emergency department: a pilot study. J Am Osteopath 
Assoc. 2010;111(1):21-7.

23. National Association of State EMS Officials Medical Directors 
Council. National model EMS clinical guidelines. 2017. 
Available at: https://www.ems.gov/pdf/advancing-ems-systems/
Provider-Resources/National-Model-EMS-Clinical-Guidelines-
September-2017.pdf. Accessed April 15, 2020. 

24. Bouchama A, Dehbi M, Chaves-Carballo E. Cooling 
and hemodynamic management in heatstroke: practical 
recommendations. Crit Care. 2007;11(3):R54.

25. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. 
PLoS Med. 2009;6(7):e1000097.

26. Guyatt G, Oxman A, Schunemann H, et al. GRADE guidelines: a 
new series of articles in the Journal of Clinical Epidemiology. J Clin 
Epidemiol. 2011;64(4):380-2.

27. Wagner C, Boyd K. Pediatric heatstroke. Air Med J. 2008;27(3):118-22.
28. Horseman MA, Rather-Conally J, Saavedra C, Surani S. A case of 

severe heatstroke and review of pathophysiology, clinical presentation, 
and treatment. J Intensive Care Med. 2013;28(6):334-30.

29. Danks DM, Webb DW, Allen J. Heat illness in infants and young 
children: a study of 47 cases. 1962. Wilderness Environ Med. 
2004;15(4):293-300.

30. Kim DA, Lindquist BD, Shen SH, et al. A body bag can save your life: 
a novel method of cold water immersion for heat stroke treatment. J 
Am Coll Emerg Physicians Open. 2020;1(1):49-52.

31. Pease S, Bouadma L, Kermarrec N, et al. Early organ dysfunction 
course, cooling time and outcome in classic heatstroke. Intensive 
Care Med. 2009;35(8):1454-8.

32. Vicario S, Okabajue R, Haltom T. Rapid cooling in classic heatstroke: 
effect on mortality rates. Am J Emerg Med. 1986;4(5):394-8.

33. Chesney ML. Pediatric exertional heatstroke. Air Med J. 2003;22(6):6-8.
34. Hatori Y. Heat stroke in schools. Japan Med Assoc J. 2013;56(3):179-85.
35. National Athletic Trainers’ Association. Executive summary of national 

Athletic Trainers’ Association position statement on exertional heat 
illness. 2002. Available at: https://www.nata.org/sites/default/files/
Heat-Illness-Executive-Summary.pdf. Accessed March 28, 2020.

36. Asani M, Kabir H, Adamu H. A report of heat stroke in two Nigerian 
siblings. Niger J Clin Pract. 2015;18(1):137-9.

37. Chan YK, Mamat M. Management of heat stroke. Trends in 
Anaesthesia and Crit Care. 2015;5(2-3):65-9.

38. Pechlaner C, Kaneider NC, Djanani A, et al. Antithrombin and near-fatal 
exertional heat stroke. Acta Medica Austriaca. 2002;29(3):107-11.

39. Shimada M, Tsai B, Marshall JP. A case of heatstroke complicated by 
persistent ventricular tachycardia. J Emerg Med. 2015;48(1):31-4.

40. Mégarbane B, Résière D, Delahaye A, et al. Endovascular 
hypothermia for heat stroke: a case report. Intensive Care Med. 
2004;30(1):170.

41. Kew M, Bersohn I, Seftel H. The diagnostic and prognostic 
significance of the serum enzyme changes in heatstroke. Trans R 
Soc Trop Med Hyg. 1971;65(3):325-30.

42. Wesdock JC, Donoghue AM. Life-threatening heat-related illness with 
severe hyponatremia in an aluminum smelter worker. Am J Ind Med. 
2019;62(12):1068-75.

43. Dematte JE, O’Mara K, Buescher J, et al. Near-fatal heat 
stroke during the 1995 heat wave in Chicago. Ann Intern Med. 
1998;129(3):173-81.

44. Hausfater P, Mégarbane B, Fabricatore L, et al. Serum sodium 
abnormalities during nonexertional heatstroke: incidence and 
prognostic values. Am J Emerg Med. 2012;30(5):741-8.

45. Sein Anand J, Chodorowski Z, Korolkiewicz RP. Heat stroke 
complicated by liver failure and hyperbilirubinaemia: a case report. 
Przegl Lek. 2007;64(4-5):344-5.

46. Coenen S, Tran K, De Haan J, et al. Liver transplantation for non-
exertional heat stroke-related acute liver failure. BMJ Case Rep. 
2017;2017:bcr2017221029.

47. Epstein Y, Roberts WO, Golan R, et al. Sepsis, septic shock, and 
fatal exertional heat stroke. Curr Sports Med Rep. 2015;14(1):64-9.

48. Hawes R, McMorran J, Vallis C. Exertional heat illness in half 
marathon runners: experiences of the Great North Run. Emerg Med 
J. 2010;27(11):866-7.

49. Hee-Nee P, Rupeng M, Lee VJ, et al. Treatment of exertional heat 
injuries with portable body cooling unit in a mass endurance event. 
Am J Emerg Med. 2010;28(2):246-8.

50. Richards R, Richards D. Exertion-induced heat exhaustion and other 
medical aspects of the city-to-surf fun runs, 1978-1984. Med J Aust. 
1984;141(12-13):799-805.

51. Seraj MA, Channa AB, Al Harthi SS, et al. Are heat stroke patients 
fluid depleted? Importance of monitoring central venous pressure as 
a simple guideline for fluid therapy. Resuscitation. 1991;21(1):33-9.

52. Ash CJ. Heat stroke. Mil Med. 2001;166(1):v.
53. Boodosingh DR, Robles-Arias C, Alemán-Ortiz JR, et al. A rare cause 

of altered mental status and fever in a young military recruit in Puerto 
Rico. P R Health Sci J. 2014;33(4):200-2.

54. Bursey MM, Galer M, Oh RC, et al. Successful management of 
severe exertional heat stroke with endovascular cooling after failure 
of standard cooling measures. J Emerg Med. 2019;57(2):e53-6.

55. Deshwal R, Tiwari D, Singh R. Clinical and biochemical 
characteristics of exertional heat stroke among paratroopers in Agra, 
India. J Assoc Physicians India. 2017;65(2):57-61.

56. Marom T, Itskoviz D, Lavon H, et al. Acute care for exercise-induced 
hyperthermia to avoid adverse outcome from exertional heat stroke. J 
Sport Rehabil. 2011;20(2):219-27.

57. Pollman PJ. A 29-year-old soldier with heat stroke. J Emerg Nurs. 
2001;27(2):119-23.



Volume 22, no. 2: March 2021 195 Western Journal of Emergency Medicine

Rublee et al. Heatstroke Management

58. Rav-Acha M, Hadad E, Epstein Y, et al. Fatal exertional heart stroke: 
a case series. Am J Med Sci. 2004;328(2):84-7.

59. Samarasinghe JL. Heat stroke in young adults. Trop Doct. 
2001;31(4):217-9.

60. Shafie H, Abd Wahab M, Masilamany M, et al. Exertional heat stroke: 
a lucky bunch of overly motivated policemen! Hong Kong J Emerg 
Med. 2007;14(1):37-44.

61. Sidman RD, Gallagher EJ. Exertional heat stroke in a young woman: 
gender differences in response to thermal stress. Acad Emerg Med. 
1995;2(4):315-9.

62. Wexler RK. Evaluation and treatment of heat-related illnesses. Am 
Fam Physician. 2002;65(11):2307-14.

63. Sinha AK, Ghacha R, Youmbissi JT, et al. Classic heat stroke in a 
case of simple hypohydrosis with “bad prognostic indicators” but a 
remarkable recovery. Ren Fail. 2001;23(5):727-30.

64. Shah DA, Najib T. Heat stroke in Karachi: an unprecedented medical 
emergency. J Infect Public Health. 2016;9(3):370-1.

65. Hongjun K, Qing S, Yan Z, et al. Fluid resuscitation and standard 
drug treatment strategies in heatstroke chinese patients. Drug Res. 
2014;65(1):18-23.

66. Sahni GS. The recurring epidemic of heat stroke in children in 
Muzaffarpur, Bihar, India. Ann Trop Med Public Health. 2013;6(1):89-95.

67. Zeller L, Novack V, Barski L, et al. Exertional heatstroke: clinical 
characteristics, diagnostic and therapeutic considerations. Eur J 
Intern Med. 2011;22(3):296-9.

68. Austin M, Berry J. Observations on one hundred cases of heatstroke. 
JAMA. 1956;161(16):1525-9.

69. Smith JE. Cooling methods used in the treatment of exertional heat 
illness. Br J Sports Med. 2005;39(8):503-7; discussion 507.

70. Hamaya H, Hifumi T, Kawakita K, et al. Successful management 
of heat stroke associated with multiple-organ dysfunction by active 
intravascular cooling. Am J Emerg Med. 2015;33(1):124.e5-7.

71. Hifumi T, Kondo Y, Shimizu K, et al. Heat stroke. J Intensive Care. 
2018;6:30.

72. Casa D, McDermott B, Lee E, et al. Cold water immersion: the gold 
standard for exertional heatstroke treatment. Exerc Sport Sci Rev. 
2007;35(3):141-9.

73. Lipman GS, Eifling KP, Ellis MA, et al. Wilderness Medical Society 
practice guidelines for the prevention and treatment of heat-related 
illness. Wilderness Environ Med. 2013;24(4):351-61.

74. Lipman GS, Gaudio FG, Eifling KP, et al. Wilderness Medical Society 
clinical practice guidelines for the prevention and treatment of heat 
illness: 2019 update. Wilderness Environ Med. 2019;30(4S):S33-46.

75. Casa D, Armstrong L, Kenny G, et al. Exertional heat stroke: 
new concepts regarding cause and care. Curr Sports Med Rep. 
2012;11(3):115-23.

76. Casa D, Kenny G, Taylor N. Immersion treatment for exertional 
hyperthermia: cold or temperate water? Med Sci Sports Exerc. 

2010;42(7):1246-52.
77. Clements J, Casa D, Knight J, et al. Ice-water immersion and 

cold-water immersion provide similar cooling rates in runners with 
exercise-induced hyperthermia. J Athl Train. 2002;37(2):146-50.

78. Newport M, Grayson A. Towards evidence-based emergency 
medicine: best BETs from the Manchester Royal Infirmary. BET 3: In 
patients with heatstroke is whole-body ice-water immersion the best 
cooling method? Emerg Med J. 2012;29(10):855-6.

79. Belval LN, Casa DJ, Adams WM, et al. Consensus statement 
prehospital care of exertional heat stroke. Prehosp Emerg Care. 
2018;22(3):392-7.

80. Altman J, Stern E, Stern M, et al. Current paradigms in the 
prehospital care of exertional heat illness: A review. Curr Ortho Pract. 
2020;31(1):1-7.

81. 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(2):240-5.

82. Poulton T, Walker R. Helicopter cooling of heatstroke victims. Aviat 
Space Environ Med. 1987;58(4):358-61.

83. Heneghan HM, Nazirawan F, Dorcaratto D, et al. Extreme heatstroke 
causing fulminant hepatic failure requiring liver transplantation: a 
case report. Transplant Proc. 2014;46(7):2430-2.

84. Berger J, Hart J, Millis M, et al. Fulminant hepatic failure from 
heat stroke requiring liver transplantation. J Clin Gastroenterol. 
2000;30(4):429-31.

85. aidyanathan A, Saha S, Vicedo-Cabrera AM, et al. Assessment of 
extreme heat and hospitalizations to inform early warning systems. 
Proc Natl Acad Sci U S A. 2019;116(12):5420-7.

86. DeFranco MJ, Baker ICL, DaSilva JJ, et al. Environmental issues for 
team physicians. Am J Sports Med. 2008;36(11):2226-37.

87. Murai A, Nakamura Y, Ichiki R, et al. Core temperature cooling 
of severe heat stroke patients using extracorporeal circulation 
with circuits of hemodialtration. J Japanese Assoc Acute Med. 
2013;24(12):977-83.

88. Salas R. The Climate Crisis and Clinical Practice. N Engl J Med. 
2020;382(7):589-91.

89. Wondmagegn BY, Xiang J, Williams S, et al. What do we know about 
the healthcare costs of extreme heat exposure? A comprehensive 
literature review. Sci Total Environ. 2019;657:608-618.

90. Claessens YE, Taupin P, Kierzek G, et al. How emergency 
departments might alert for prehospital heat-related excess mortality? 
Crit Care. 2006;10(6):R156.

91. Jones HM, Mecray EL, Birkel SD, et al. Understanding decision 
context to improve heat health information. Bull Am Meteorol Soc. 
2019;100(8):ES221-5.

92. Noe RS, Jin JO, Wolkin AF. Exposure to natural cold and heat: 
hypothermia and hyperthermia Medicare claims, United States, 2004-
2005. Am J Public Health. 2012;102(4):e11-8.




