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Abstract

Heat illness spans a broad spectrum of disease, with outcomes
ranging from benign rash to fatal heat stroke. Heat illness is broad-
ly divided into 2 types: classic and exertional. Both types occur

as a result of exposure to elevated temperature with inadequate
thermoregulation; however, classic illness occurs without preced-
ing physical activity. Treatment consists of rapid cooling, fluid
replacement, and physiologic support. Other milder forms of heat
illness include heat fatigue, heat syncope, heat edema, and heat
rash. Drugs, drug combinations, drug side effects, and infections
can also cause or complicate heat illness and these manifestations
may not respond to standard cooling maneuvers and treatments
alone; each requires specific additional therapy or antidotes to
reverse the cycle of heat and organ damage. This review examines
the physiology, diagnosis, and treatment of exertional, classic, and
drug-induced hyperthermia. Field and prehospital diagnosis and
treatment are also reviewed, with recommendations for rehydra-

tion and monitoring in rhabdomyolysis.

Editor-In-Chief

Andy Jagoda, MD, FACEP
Professor and Chair, Department of
Emergency Medicine, Icahn School
of Medicine at Mount Sinai, Medical
Director, Mount Sinai Hospital, New
York, NY

Associate Editor-In-Chief

Kaushal Shah, MD, FACEP
Associate Professor, Department of
Emergency Medicine, Icahn School
of Medicine at Mount Sinai, New
York, NY

Editorial Board

William J. Brady, MD
Professor of Emergency Medicine
and Medicine, Chair, Medical
Emergency Response Committee,
Medical Director, Emergency
Management, University of Virginia
Medical Center, Charlottesville, VA

Mark Clark, MD
Assistant Professor of Emergency
Medicine, Program Director,
Emergency Medicine Residency,
Mount Sinai Saint Luke's, Mount
Sinai Roosevelt, New York, NY

Peter DeBlieux, MD
Professor of Clinical Medicine,
Interim Public Hospital Director
of Emergency Medicine Services,
Louisiana State University Health
Science Center, New Orleans, LA

Nicholas Genes, MD, PhD
Assistant Professor, Department of
Emergency Medicine, Icahn School
of Medicine at Mount Sinai, New
York, NY

Michael A. Gibbs, MD, FACEP
Professor and Chair, Department
of Emergency Medicine, Carolinas
Medical Center, University of North
Carolina School of Medicine, Chapel
Hill, NC

Steven A. Godwin, MD, FACEP
Professor and Chair, Department
of Emergency Medicine, Assistant
Dean, Simulation Education,
University of Florida COM-
Jacksonville, Jacksonville, FL

Gregory L. Henry, MD, FACEP
Clinical Professor, Department of
Emergency Medicine, University
of Michigan Medical School; CEO,
Medical Practice Risk Assessment,
Inc., Ann Arbor, MI

John M. Howell, MD, FACEP
Clinical Professor of Emergency
Medicine, George Washington
University, Washington, DC; Director
of Academic Affairs, Best Practices,
Inc, Inova Fairfax Hospital, Falls
Church, VA

Shkelzen Hoxhaj, MD, MPH, MBA
Chief of Emergency Medicine, Baylor
College of Medicine, Houston, TX

Eric Legome, MD
Chief of Emergency Medicine,
King’s County Hospital; Professor of
Clinical Emergency Medicine, SUNY
Downstate College of Medicine,
Brooklyn, NY

Keith A. Marill, MD
Research Faculty, Depatment of
Emergency Medicine, University of
Pittsburgh Medical Center, Pittsburgh,
PA

August 2014

Volume 16,
Authors

Number 8

Jaron Santelli, MD
Department of Emergency Medicine, University of Texas
Southwestern, Austin, TX

Julie M. Sullivan, MD, FACEP
Director of Leadership and Advocacy Education, University of Texas
Southwestern, Austin, TX; Staff Physician, Department of Emergency
Medicine, Guadalupe Regional Medical Center, Seguin, TX

Ann Czarnik, MD, FACEP
Assistant Program Director, University of Texas Southwestern, Austin,
TX

John Bedolla, MD
Assistant Director of Research Education, University of Texas
Southwestern Emergency Medicine Program, Austin, TX

Peer Reviewers

Charles V. Pollack, Jr., MA, MD,
FACEP
Professor and Chair, Department of
Emergency Medicine, Pennsylvania
Hospital, Perelman School of
Medicine, University of Pennsylvania,
Philadelphia, PA

Michael S. Radeos, MD, MPH
Assistant Professor of Emergency
Medicine, Weill Medical College
of Cornell University, New York;
Research Director, Department of
Emergency Medicine, New York
Hospital Queens, Flushing, NY

Ali S. Raja, MD, MBA, MPH
Director of Network Operations and
Business Development, Department
of Emergency Medicine, Brigham
and Women'’s Hospital; Assistant
Professor, Harvard Medical School,
Boston, MA

Robert L. Rogers, MD, FACEP,
FAAEM, FACP
Assistant Professor of Emergency
Medicine, The University of
Maryland School of Medicine,
Baltimore, MD

Alfred Sacchetti, MD, FACEP
Assistant Clinical Professor,
Department of Emergency Medicine,
Thomas Jefferson University,
Philadelphia, PA

Robert Schiller, MD
Chair, Department of Family
Medicine, Beth Israel Medical
Center; Senior Faculty, Family
Medicine and Community Health,
Icahn School of Medicine at Mount
Sinai, New York, NY

Jarone Lee, MD, MPH
Quality Director of Surgical Critical Care, Division of Trauma,
Emergency Surgery, and Surgical Critical Care, Massachusetts
General Hospital, Harvard Medical School, Boston, MA

Kamal Medlej, MD
Assistant Professor of Emergency Medicine, Director of Emergency
Department Critical Care, Department of Emergency Medicine,
American University of Beirut Medical Center, Beirut, Lebanon

Prior to beginning this activity, see “Physician CME Information” on the

back page.

Scott Silvers, MD, FACEP
Chair, Department of Emergency
Medicine, Mayo Clinic, Jacksonville, FL

Corey M. Slovis, MD, FACP, FACEP
Professor and Chair, Department
of Emergency Medicine, Vanderbilt
University Medical Center, Nashville,
TN

Stephen H. Thomas, MD, MPH
George Kaiser Family Foundation
Professor & Chair, Department of
Emergency Medicine, University of
Oklahoma School of Community
Medicine, Tulsa, OK

Ron M. Walls, MD
Professor and Chair, Department of
Emergency Medicine, Brigham and
Women'’s Hospital, Harvard Medical
School, Boston, MA

Scott D. Weingart, MD, FCCM
Associate Professor of Emergency
Medicine, Director, Division of
ED Critical Care, Icahn School of
Medicine at Mount Sinai, New
York, NY

Senior Research Editors

James Damilini, PharmD, BCPS
Clinical Pharmacist, Emergency
Room, St. Joseph’s Hospital and
Medical Center, Phoenix, AZ

Joseph D. Toscano, MD
Chairman, Department of Emergency
Medicine, San Ramon Regional
Medical Center, San Ramon, CA

Research Editor

Michael Guthrie, MD
Emergency Medicine Residency,
Icahn School of Medicine at Mount
Sinai, New York, NY

Federica Stella, MD
Emergency Medicine Residency,
Giovani e Paolo Hospital in Venice,
University of Padua, Italy

International Editors

Peter Cameron, MD
Academic Director, The Alfred
Emergency and Trauma Centre,
Monash University, Melbourne,
Australia

Giorgio Carbone, MD
Chief, Department of Emergency
Medicine Ospedale Gradenigo,
Torino, Italy

Amin Antoine Kazzi, MD, FAAEM
Associate Professor and Vice Chair,
Department of Emergency Medicine,
University of California, Irvine;
American University, Beirut, Lebanon

Hugo Peralta, MD
Chair of Emergency Services,
Hospital Italiano, Buenos Aires,
Argentina

Dhanadol Rojanasarntikul, MD
Attending Physician, Emergency
Medicine, King Chulalongkorn
Memorial Hospital, Thai Red Cross,
Thailand; Faculty of Medicine,
Chulalongkorn University, Thailand

Suzanne Y.G. Peeters, MD
Emergency Medicine Residency
Director, Haga Teaching Hospital,
The Hague, The Netherlands



Case Presentations

On a late summer afternoon shift, a 16-year-old adoles-
cent boy presents to the ED via EMS after collapsing dur-
ing football practice. The medics state that he complained
of dizziness and staggered to the edge of the field before he
fell to the ground. The medics call out vital signs: blood
pressure, 102/60 mm Hg; heart rate, 120 beats/min; and
respiratory rate, 16 breaths/min. They did not measure a
temperature, but state that he feels hot to the touch. The
patient is brought to the resuscitation room where you be-
gin your evaluation. The patient is awake, but very lethar-
gic and unresponsive to verbal commands. You notice he
is flushed, his skin is hot to the touch, and he is sweating.
The rectal temperature is 40.3°C. You begin volume re-
suscitation with normal saline, remove his athletic equip-
ment and clothing, and order laboratory studies. As the
nurse tells you that the patient is no longer responding

to verbal or noxious stimuli, you wonder if you should
intubate him. You consider the quickest and most effec-
tive way to cool the patient with the resources available in
your department. As you assess what other treatments the
patient may need during his resuscitation, the nurse tells
you there is a new patient in the next room.

As you walk into the next room, you see a 35-year-
old woman with her husband at her bedside. He says his
wife was treated for nausea and vomiting at an urgent
care center the previous day. When she woke up today, she
was confused, sweating, and her arms and legs seemed
"stiff.” As you begin your evaluation, you ask the ED
clerk to obtain the records from the outside facility. On
examination, the patient is febrile at 39.4°C, diaphoretic,
and disoriented. Her heart rate is 133 beats/min and her
blood pressure is 170/110 mm Hg. On motor examina-
tion, she exhibits cogwheel rigidity. You place an IV and
administer a benzodiazepine, which does little to alleviate
her symptoms. You ask yourself: What next?

Introduction

Heat-related illnesses exist along a continuum from
the less severe symptoms of heat edema to the
potentially fatal syndrome of heat stroke. (See Table
1.) Heat-related illnesses are classically defined in
review literature by exposure without alteration

of hypothalamic thermoregulation.'” In contrast,
fever is defined by changes to the hypothalamic set
point by pyrogenic cytokines.! Heat stroke is a life-
threatening condition and requires the highest level
of clinical attention. The cardinal sign of heat stroke
is a change in mental status and it is associated
with a significant mortality. Delirium, convulsions
(particularly during cooling), multisystem organ
failure, coma, and death can occur. Any substance
or situation that alters thermoregulatory function
can precipitate severe, life-threatening disease. As
there are no tests to confirm the diagnosis of heat
stroke, other conditions presenting in a similar way

should be considered and investigated. A list of dif-
ferential diagnoses is provided in Table 2, page 3.
Heat-related illnesses occur when the body’s cooling
mechanisms are unable to control the natural rise in
body temperature caused by metabolism, physical
activity, or exposure to warm temperature. The true
prevalence is difficult to estimate, as many cases
go unreported. Heat-related illnesses can be multi-
factorial, but are most commonly seen in improp-
erly conditioned patients participating in physical
activities in environments with hot, humid weather
(exertional), and in patients unable to escape a
heated environment (classic). The challenge for the
emergency clinician is twofold: first, the severity of
heat illness must be established and prompt cool-
ing therapy must be started. Second, the emergency
clinician must be aware of toxicological substances,
infectious processes, and other medical conditions
that can cause symptoms that mimic heat illness.
The majority of heat illness cases are benign
and easily reversed. After evaluation, diagnosis,

Table 1. Types Of Heat llinesses®”’

Heat edema Benign, self-limiting condition, usually seen in
the lower extremities after heat exposure; sec-
ondary to prolonged cutaneous vasodilation.

Heat rash A dermatologic condition caused by plugging

of sweat ducts and the ensuing inflammatory
eruption that follows; also known as lichen
tropics, prickly heat, miliaria rubra.

Exercise-associated muscle contractions be-
lieved to be secondary to loss of electrolytes
(such as sodium), which occurs mainly after
cooling.

Heat cramps

Heat tetany Carpopedal spasm and paresthesia secondary

to hyperventilation.

Heat syncope Transient loss of consciousness or collapse
during heat exposure followed by a rela-
tively rapid return to baseline; elevated core
temperature is not necessary to make the

diagnosis.

Heat exhaustion | An illness of mild to moderate severity second-
ary to loss of salt and water during exposure
to heat. Symptoms are wide-ranging and may
include fatigue, rapid pulse, profuse sweat-
ing, vomiting, and weakness without central
nervous system involvement. Core tempera-
ture may be low, normal, or high (but < 40°C
[104°F]) .

Core temperature = 40°C (104°F) with central
nervous system dysfunction/encephalopathy.

Classic: Passive hyperthermia secondary to
impaired mechanisms for heat dissipation or
inability to escape heated environment (gener-
ally develops slowly, over days).

Exertional: Hyperthermia associated with partic-
ipation in sport or occupation leading to heat
exposure (develops relatively rapidly).

Heat stroke

Copyright © 2014 EB Medicine. All rights reserved.
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and cooling treatment, the vast majority of patients
presenting with mild to moderate disease can be
discharged from the emergency department (ED).
Important exceptions include heat stroke and lesser
forms of heat illness occurring in patients who are
elderly or debilitated or who have multiple comor-
bidities. Such conditions may result in major physi-
ologic stress in situations of passive ambient heat
exposure. This issue of Emergency Medicine Practice
reviews the types of heat illness, their diagnosis, and
their management. Knowing how to rapidly cool
the patient, what sequelae to anticipate, and which
processes mimic heat stroke can prevent mortality.

Critical Appraisal Of The Literature

A systematic search of the literature through May
2014 was undertaken using PubMed and the Co-
chrane Database of Systematic Reviews. The search
was performed using the terms heat illness, heat
stroke, neuroleptic malignant syndrome, serotonin
syndrome, aspirin overdose, sympathomimetic overdose,
rhabdomyolysis, and lithium toxicity. Limitations of the
studies included poor study design, small sample
sizes, and lack of appropriate controls in those stud-
ies examining treatment.

Epidemiology

The data that exist on the epidemiology of nonex-
ertional and exertional heat illness are imprecise,

Table 2. Differential Diagnosis In

Hyperthermia'?**
Origin/Cause Diagnosis
Endocrine » Pheochromocytoma

+ Thyroid storm

Infectious (including + Brain abscess
central nervous » Encephalitis
system) + Malaria

* Meningitis

+ Sepsis

+ Tetanus

» Typhoid fever

Neurologic + Cerebrovascular accident
+ Status epilepticus/seizures

Toxicological + Alcohol withdrawal (delirium tremens)

+ Anticholinergic toxidromes

» Aspirin overdose

+ Complex drug interactions (PCP, heroin,
MDMA, cocaine, amphetamines)

+ Malignant hyperthermia

+ MAQO inhibitors

+ Neuroleptic malignant syndrome

» Serotonin syndrome

Abbreviations: MAO, monoamine oxidase; MDMA, 3,4-methylene-
dioxymethamphetamine; PCP, phencyclidine

with inconsistent definitions of important terms.
However, there are identifiable trends across all
sources that are helpful in interpreting meaning.
Nonexertional heat-related illness is noted most fre-
quently during heat waves with high peak temper-
atures and extended exposure.'*? Risk factors for
heat illness may include low socioeconomic status,
inability to leave home, mental illness and other
comorbidities, unavailable or nonfunctioning air
conditioning systems, and age > 65 years.!* Over
the past several decades, many cities and countries
have achieved significant success in the implemen-
tation of prevention and education plans aimed at
reducing the occurrence of heat-wave-related heat
illness. 1420

Fewer epidemiological data are available with
regard to exertional heat illness, but the studies that
have been conducted present consistent risk fac-
tors such as young age and participation in sport or
exercise in hot environments. Nelson et al performed
a retrospective analysis of exertional heat illness in
the United States from 1997 to 2006. They identified
54,983 patients treated in EDs.?! Patients aged < 19
years represent the largest portion of these cases
(47.6%) and the majority of these were related to
sport or exercise. Fortunately, 90.4% were successful-
ly treated and discharged from the ED. The remain-
der required hospital admission; no deaths were
reported.”! Kerr et al also addressed heat illness in
the athlete, noting that football players were 11 times
more likely to develop exertional heat illness than
players of all other sports combined.? Rav-Acha et
al reviewed 34 cases of exertional heat illness and
reported that delayed recognition and treatment
contributed to 6 fatalities; 4 of the 6 decedents died
within 1 hour of collapse.”

Physiology

The widely accepted definition of thermoregulation

is the physiologic response to internal and external
thermal stimuli. It is the process by which the hu-
man body regulates heat production and dissipation
to maintain core temperatures that are consistent
with life. Hyperthermia occurs when the natural
thermoregulatory processes are overwhelmed or are
no longer functional.

Mechanisms Of Heat Transfer

There are 4 mechanisms by which the human body
regulates temperature: radiation, convection, con-
duction, and evaporation. (See Table 3, page 4.) Ra-
diation is heat transfer that occurs through emission
of particles or waves. It plays a relatively minor role
in transferring heat away from the body. Convection
is heat transfer by a moving liquid or gas, such as
occurs from flowing blood to surrounding tissues.
Conduction is heat transfer through direct contact

August 2014 « www.ebmedicine.net
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between surfaces and is, therefore, surface-area
dependent. In the ED, conduction can be a major
mechanism of heat transfer in treating the hyper-
thermic patient. Lastly, evaporation, the change of a
liquid to a gas, is the primary method by which the
human body cools itself. It occurs naturally through
sweating or therapeutically by misting the skin with
water. Evaporative heat transfer becomes less effec-
tive with rising ambient humidity.*

Two-thirds of the human body is composed of
water; for the average 70 kg body, this represents ap-
proximately 50 L. Evaporative loss of water depends
on a number of physiologic and environmental fac-
tors, and is only possible if humidity is low enough

to allow sweat production and permit evaporation.>

5

Evaporation is dependent on wind velocity and vapor
pressure between the water on the skin and the atmo-
sphere. To maintain thermal equilibrium, the body
increases the rate of sweat output to compensate for
increases in body temperature.”* When sweat is pro-
duced more rapidly than it can evaporate, it becomes
less effective as a means of cooling.* Sweating rates
are also dependent on the density of activated sweat
glands in a given region of the body and the sweat
output per gland, both of which differ depending

on the part of the body.?® Ultimately, if water cannot
evaporate or if water is not replaced, core tempera-
ture will rise and hyperthermia may ensue.

Thirst has not been shown in the heat-illness
literature to be an effective mechanism for monitor-
ing fluid balance. For this reason, hydration regi-
mens that encourage fluid and electrolyte intake
beyond the normal thirst sensation are widely ac-

cepted as effective in preventing heat illness.

18,27-30

However, no large randomized controlled studies

support this practice.

Thermoregulation

Thermoregulation in humans occurs by both volun-
tary and involuntary mechanisms. Voluntary respons-
es to heat arise in the cerebral cortex and include
seeking shade, resting, drinking water, and cooling
oneself. Involuntary responses to heat are regulated
by the hypothalamus and involve complex cutane-

ous, cardiovascular, and neurologic systems.

31-33

The preoptic anterior hypothalamus is the area
of the brain where temperature sensation and regu-
lation intertwine. It receives input from the somato-
sensory thermoreceptors in the skin and spinal cord
and then regulates changes by altering skin blood
flow, cutaneous vasodilation, and blood pressure
through the baroreceptor reflex. 5313336 During ex-
ercise, competing reflexes in this system will activate
both vasoconstriction (in response to physical activ-
ity) and vasodilation (in response to the heat pro-
duced).?3% This results in an increase in skin blood
flow and, thus, heat dissipation through the surface
of the skin. Skin blood flow can increase to 8 L./
min during exercise and is essential to heat transfer

through increased convection and evaporation.

34,35,37

However, a cardiac output of 20 L /min is needed to
maintain skin blood flow at that rate, so any impair-
ment of this system through cardiovascular disease,
dehydration, electrolyte abnormalities, medications,
infection, or age may alter the evaporative cooling
mechanism.>**3°383 In hyperthermia, the peripheral
mechanisms that help the body maintain tempera-
ture at its normal set point are lost.

Prevention And Acclimatization

Prevention and acclimatization are important in
decreasing heat illness morbidity and mortality, as
adverse effects appear more likely when behavioral
responses are restricted. Although good physi-

cal conditioning through training helps decrease

the risk of heat illness, it does not entirely prevent
it.!8274041 Assessment of the thermal environment
should include factors such as air temperature,
humidity, situational environment, clothing/armor,
and the diversity of activity being performed. The
most commonly used assessment of environmen-
tal heat safety is the wet bulb globe temperature
(WBGT) index. Developed by the United States mili-
tary in the 1950s, it was originally created to assess a
soldier’s risk for developing heat-related illness and
guide the work/rest and hydration practices of mili-
tary personnel. Briefly, it is an equation that takes
into account heat (dry bulb temperature), humidity
(wet bulb temperature), and ambient temperature,
calculated to include wind and reflected heat (black

Table 3. Cooling Mechanisms And Methods

Cooling Modality

Mechanism

Dissipation/Absorption

Cooling Method

Conduction Direct contact between surfaces of | Both minimal Cooling blankets
divergent temperatures

Convection Transfer to moving liquid or ambi- Both moderate Mist/fan, water immersion
ent air

Radiation Transfer via electromagnetic waves | Both minimal Not applicable

Evaporation

Change of state from liquid to
vapor or water

Dissipation only

Sweating, fan, misting

Adapted from Emergency Medicine Clinics of North America, Vol. 31, Edition 4, Walter F. Atha, Heat-Related lliness, Pages 1097-1108, Copyright 2013,

with permission from Elsevier.
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globe temperature).?”#042 Currently, both military
and civilian groups (including the American College
of Sports Medicine), use the WBGT index to reduce
the risk of heat illness and injury. A comparison of
the military and American College of Sports Medi-
cine guidelines is found in Table 4.

The temperature at which the WBGT index

reflects individual guidelines can be widely variable.

This may be secondary to different measurement
techniques used by each group. However, there are
additional limitations to using the WBGT index as
a predictor of heat illness: calibration techniques,
WBGT formula variation, nonstandard instrumenta-
tion, lack of consideration of clothing type/armor,
and other oversights.***3 Because of these varia-
tions, several researchers have attempted to develop
mathematical models to estimate WBGT but there is
no consensus regarding their use.***
Acclimatization has been described as daily
exposure to high temperatures over a 1- to 2-week
period.>** After several days of a daily regimen of
physical exertion in high temperatures, the body is
said to adapt by increasing plasma volume, sweat-
ing at lower temperatures, increasing sweat volume,
lowering the electrolyte concentration of sweat, low-
ering heart rate with exertion, and increasing stroke
volume.**® There is not a large body of literature
to support this definition, although it is accepted in
clinical practice.

Mass Gatherings, Field Care, And
Prehospital Care

Heat illness considerations play an important part
in planning and managing mass-gathering events.
Large retrospective studies of general population
cohorts and of mass-gathering cohorts demonstrate
that, as ambient temperature rises, the incidence

of heat illness increases proportionately. Heat
illness cases are rare in noncompetitors and civil-
ians at temperatures of 60°F (15.5°C) or below.*5!

A variety of prediction tools exist, including the
heat index and the more comprehensive WBGT
(which takes into account wind velocity and radi-
ant heat).***? The WBGT is used extensively in the
United States military, but there are no guidelines
as to when to cancel an event. The medical direc-
tor should consider recommending cancellation or
modification of a mass event if the expected heat
will be too high or if the resources to prevent heat
illness appear insufficient.*?

Measurement Of Patient Core Temperature
In The Field

Ideally, an accurate reading of a patient's core
temperature should obtained, but direct core body
temperature measurements are often impractical.
Core temperatures are most often obtained through
rectal temperature measurement, but esophageal or
bladder temperature reading may also be obtained.
Methods of external measurement include oral, axil-
lary, skin, and tympanic readings. However, these
modalities are inaccurate and cannot be used reli-
ably as an indicator of core temperature because skin
cooling occurs more rapidly than core cooling.*>>
Pryor et al examined 4 methods of external tempera-
ture measurement (temporal, tympanic, forehead,
and skin) in firefighters who engaged in physical
activity while wearing thermal protective clothing.
They compared each to the core temperature mea-
sured rectally and found that external temperature
measurement failed to accurately predict core tem-
perature.®® Although the Pryor et al study referenced
a very specific population, the results are supported
by other articles and can be extrapolated to patients
with heat illness.**®’

While external measurements are not ideal,
emergency medical service (EMS) and prehospital
providers should use what is available and initiate
treatment in a timely fashion. If external temperature
measurement is all that is available, the temperature
trends can be used as a precursor to core measure-
ment. The recommendation to “cool first, transport

Table 4. Wet Bulb Globe Temperature Categories And Recommended Activity Levels

WBGT Category ACSM Guideline

US Military Guideline

Risk Level And Recommendations

1 (white flag) < 50°F (10°C)

78°F-81.9°F (25.6°C-27.7°C)

Very low risk. Use caution and preventive measures
during physical activity.

2 (green flag) < 65°F (18.3°C)

82°F-84.9°F (27.8°C-29.4°C)

Low risk. Use caution and preventive measures
during physical activity.

3 (yellow flag) 65°-73°F (18.3°-22.8°C)

85°F-87.9°F (29.4°C-31.1°C)

Moderate risk. Curtail strenuous outdoor activity for
all persons not acclimatized.

4 (red flag) 73°-82°F (22.8°-27.8°C)

88°F-89.9°F (31.1°C-32.2°C)

High risk. Use extreme caution and preventive
measures during physical activity.

5 (black flag) > 82°F (27.8°C)

> 90°F (32.2°C)

Extreme risk. Restrict physical activity to air-condi-
tioned or climate-controlled environments.

Abbreviations: ACSM, American College of Sports Medicine; WBGT, wet bulb globe temperature.
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second” is based on the fact that timely treatment is
essential in decreasing mortality, and it underscores
the goal of treating patients within the “golden
hour.”%>°%% This approach prioritizes appropriate
cooling measures in the first 30 to 60 minutes after
recognition, when interventions are most likely to
improve survival. The exact initial temperature is
thought to be less important than the time to reduce
the core temperature to < 40°C. Military and sports
literature has shown that when core temperature is
decreased to < 40°C within 30 minutes of recogni-
tion, the mortality rate approaches zero.>>®

Field And Prehospital Treatment

The principles and modalities of prehospital cool-
ing are similar to inhospital treatment. After initial
prehospital triage and intravenous access are
obtained, cooling and hydration should begin. The
patient with significantly elevated temperatures
and central nervous system abnormalities should
be placed in a cold water immersion bath (when
available), as such patients are likely suffering
from heat stroke. If this is not available, misting the
patient with tepid water, combined with fanning,
promotes rapid evaporative and convection cool-
ing. Additionally, ice packs to the neck, groin, and
axillae, or near great vessels, provide the highest-
volume exposure to cooling.>>*¢°

It is also essential to start hydration judiciously.
The main therapeutic effect of intravenous fluids is
to re-establish circulating volume and to promote
sweating. Fluids can be given orally or intrave-
nously in the prehospital setting; clinical condition
will likely dictate the route. Patients suffering from
moderate to severe exertional heat illness are more
likely to present with concurrent hypovolemia and
dehydration, although this may not always be the
case. (See the Treatment section, page 8).

Sporting events, especially endurance events,
make for special prehospital circumstances as the
athletes are usually prepared for heat illness and
have attempted to replace their fluid losses. This can
result in hyponatremia if the patient has attempted
to rehydrate with very hypotonic fluids. The 2007
Statement of the Second International Exercise-
Associated Hyponatremia Consensus Development
Conference recommends withholding hypotonic
or isotonic fluid administration in any patient who
appears to have symptomatic hyponatremia (con-
fusion, seizures, weakness, nausea, or vomiting)
until a blood sodium level can be obtained.®® Many
endurance events now supply point-of-care devices
to check serum sodium. A prospective study of 766
runners participating in the Boston Marathon (2002)
looked at blood samples from 488 runners who met
specific physical examination and history criteria on
a survey.®? Of this group, 13% had sodium values
<135 mEq/L, while 0.6% had sodium values < 120

mEq/ L and were defined as critical.

Patients with moderate symptoms (headache,
nausea, or vomiting) should only be treated with
hypertonic sodium if serum or plasma levels have
been identified as critical (< 120 mEq/L). Patients
with severe symptoms (seizure or confusion) should
receive hypertonic saline in the field and be imme-
diately transported to a hospital. Recommendations
for hypertonic saline treatment, where indicated in
moderate and severe hyperthermia, are: up to 3 dos-
es of a 100-mL bolus of 3% saline given 10 minutes
apart, followed by transport to a hospital.®! While
the withholding of intravenous fluids may seem
counterintuitive, it is important to remember that
intravenous fluids in the field are not as important
or efficacious for rapid core temperature reduction
as are active cooling maneuvers such as cold water
immersion, misting and fanning, or ice packs. In
cases where prehospital sodium levels are unknown,
presenting symptoms should guide treatment.

Emergency Department Evaluation

History

Patients presenting to the ED with hyperthermia
pose a diagnostic challenge because of the broad
array of conditions associated with elevated core
temperature. (See Table 2, page 3.) It is important to
obtain information related to environmental heat ex-
posure as well as the patient’s activities prior to the
onset of symptoms. History of exercise, recreational
activity, and outdoor work may help to narrow the
differential.*® Because multiple drug classes are
associated with hyperthermic toxidromes, it is vital
to get an accurate account of the patient’s use of
medication or illicit substances as part of the initial
assessment. (See Table 5.) Drugs can also exacerbate
heat-related illness associated with ambient heat
exposure. Evaluation of elderly, debilitated, and
nonambulatory patients should include an assess-

Table 5. Drugs Associated With
Hyperthermia

Prescription Drugs Nonprescription Drugs

+ Anticholinergics
+ Antihistamines

+ Amphetamines
+ MDPV ("bath salts")

» Beta blockers + Cocaine

+ Calcium-channel blockers » Ecstasy

+ Diuretics » Jimson weed
+ Laxatives * Mushrooms
+ Lithium » Phencyclidine

» Neuroleptics

+ Phenothiazines

+ Salicylates

+ Serotonergics

+ Tricyclic antidepressants

Abbreviation: MDPV, 3,4-methylenedioxypyrovalerone.
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ment of their living conditions and, specifically, their

access to air conditioning.

To institute proper treatment, it is important to
recognize other manifestations of heat-related ill-
nesses in the ED:

e Patients with new-onset lower extremity edema
should be questioned about heat exposure, liv-
ing conditions, and medication use.

e Prickly heat or heat rash should be considered
in patients who present with a burning rash
during times of high ambient temperatures and
humidity. This should especially be considered
in children.

e Patients evaluated for muscle cramps and car-
popedal spasm should be asked about activity
prior to arrival, as these conditions may also
result from heat exposure.

e Patients presenting with syncope should be
evaluated for cardiac dysfunction, symptoms
of stroke, medication mismanagement, glucose
imbalance, and heat illness.

¢ In patients with altered mental status, use of
illegal substances and exposure to toxins should
be explored.

Physical Examination

Because heat stroke can compromise both the
respiratory and the circulatory systems, evaluation
of the airway, respiratory rate, and circulation is cru-
cial.>#* Patients should be undressed and placed on
a monitor, and core temperature should be obtained.
As discussed previously, a rectal measurement pro-
vides the most accurate ’tempera’cure.52'53'65

Central Nervous System

Physical examination findings suggestive of central
nervous system involvement and, therefore, heat
stroke, include irritability, confusion, bizarre behav-
ior, ataxia, coma, and seizure activity. Additional
findings (such as hyperreflexia) may suggest other
diagnoses, such as lithium toxicity.®® Heat exhaus-
tion presents with milder symptoms (such as dizzi-
ness, weakness, malaise, and headache).?

Cardiovascular System

Healthy adult patients with heat illness may present
with sinus tachycardia.”” However, medications and
medical devices may hinder this response, causing a
normal heart rate. Hypotension is also common and
is usually associated with dehydration.

Emergency clinicians should be aware of other
etiologies of hyperthermia associated with cardiac
abnormalities. Anticholinergic toxicity, serotonin
syndrome, and neuroleptic malignant syndrome
may also cause tachycardia. Tachycardia with hyper-
tension is common in serotonin syndrome.®®

Lungs

Physical examination of the lungs is likely to be un-
remarkable, although tachypnea and hypoxia may
be seen, especially if the patient develops pulmonary
edema from aggressive fluid resuscitation. Rales
may be heard on physical examination in this case.

Abdomen

The abdominal examination will likely be nonspe-
cific. A urinary catheter should be placed in patients
with heat stroke to monitor urine output.®” Urine
output may be decreased or normal, depending on
the severity of disease and end-organ involvement.
In cases of hyperthermia caused by anticholinergic
toxicity, urinary retention may be observed.®

Skin

Findings upon examination of the skin can vary.
Most patients present with warm, flushed skin,
which may be wet or dry. Generally, exertional heat
stroke is associated with wet skin, while classic
heat stroke is associated with anhidrosis, although
this is not always the case.* Evidence of pruritus or
erythematous papules and vesicles may indicate
miliaria or heat rash.

Diagnostic Studies

Heat stroke is a clinical diagnosis, and there is no
single diagnostic test to identify it. Nonetheless,
diagnostic studies are essential in ruling out other
conditions with a presentation similar to heat
stroke and with differing management. (See
Table 2, page 3.)

A full set of vital signs should be obtained on
all patients, and a rapid blood glucose test and 12-
lead electrocardiogram (ECG) obtained. A complete
blood count (CBC) and complete metabolic panel
with liver enzymes, lactate, urinalysis, and creatine
phosphokinase (CPK) level should also be obtained
in all patients with suspected heat stroke (both ex-
ertional and classic). These tests should be consid-
ered in patients with milder forms of heat illness as
well. If appropriate, testing for cardiac enzymes, ar-
terial blood gas, and thyroid-stimulating hormone
levels, as well as a toxicological screen, should also
be considered.

A chest x-ray should be obtained to evaluate
for pneumonia and pulmonary edema, the latter of
which is associated with heat stroke.

The emergency clinician should consider a head
computed tomography (CT) if there are any neu-
rologic deficits, or if there is evidence or history of
trauma. A CT may also be considered in patients
who do not return to baseline with appropriate treat-
ment. A lumbar puncture should be considered in
hyperthermic patients when central nervous system
infection is suspected.
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Treatment

The urgency and level of treatment in heat illness
depends on the severity of the disease. It is therefore
crucial to determine how impaired the hyperthermic
patient is so proper therapy can be initiated. Most
important is the neurologic examination, as patients
who are altered or have neurologic findings or defi-
cits likely have heat stroke.

Heat stroke, whether exertional or classic, has
the highest mortality rate of all the heat illnesses.
However, in exertional heat stroke, prompt and
appropriate cooling yields survival rates of 90%
to 100%, whereas classic heat stroke patients tend
to have more severe underlying comorbidities,
resulting in a significantly higher mortality rate,
ranging from 14% to 63%.2%7%7% Delayed or im-
proper treatment can cause fatalities secondary to
end-organ damage in both classic and exertional
heat stroke.®”* Rapid reduction of core tempera-
ture and support of organ system function are
paramount to reducing morbidity and mortality,
especially in exertional heat stroke>>°8596975 and,
to a lesser extent, in classic heat stroke.?’ Previous
research has determined that death from classic
heat stroke is primarily associated with multisys-
tem organ failure, cardiovascular collapse, and
neurologic damage.”®%47°

Exertional Heat Stroke Treatment

Rehydration

Contrary to the belief that exertional heat stroke
patients are dehydrated (as they present with a his-
tory of physical activity), these patients may, in fact,
be euvolemic and may suffer harm from massive
and rapid rehydration. In an observational study
by Seraj et al of 34 patients during the pilgrimage
season (Hajj) in Saudi Arabia, 22 patients were found
to have a normal to above-normal central venous
pressure (CVP), while 12 patients were found to
have low CVP.7® Of the normal- to high-CVP group,
6 patients were found to have a CVP elevated such
that providing a significant amount of fluid could
have precipitated acute congestive heart failure or
pulmonary edema. According to this study, an aver-
age of 1 L of crystalloid was adequate to normalize
CVP in patients with exertional heat stroke.”

There is an emerging standard of bedside ultra-
sound to guide fluid resuscitation, although there is
no clinical literature to guide fluid resuscitation spe-
cifically in heat illness. It is, therefore, reasonable to
base resuscitation efforts on sepsis guidelines.”” The
authors' recommendation for rehydration includes
initial 500-mL aliquots of normal saline in mild cases
and more aggressive fluid resuscitation in hemody-
namically unstable patients, while monitoring blood
pressure, urine output, CVP, lactate, and CPK levels.
If rhabdomyolysis is present, urine output should

be maintained at 50 to 100 mL/h or 2 mL/kg/h. If
rhabdomyolysis is not present, a goal of 0.5 to 1 mL/
kg/h is accepted by present practice.

One review article states broadly that cooled in-
travenous fluids are not recommended, as they may
induce shivering.? However, there is a large body of
evidence that shows positive outcomes for cardiac
arrest patients on a hypothermia protocol that
includes cooled intravenous fluids. A recent case re-
port by Hong et al illustrates the use of a therapeutic
hypothermia protocol in a heat stroke patient with
multiorgan failure. The subject had a full recovery
at 1 year.”® In a thorough discussion of the patho-
physiology, Wilson et al and Nielsen et al further
supported the consideration of cooled fluids, given
that controlling hyperthermia aids in preservation
of neurologic function in cardiac arrest,”**’ which
is very similar to the decrease in perfusion of end
organs that is seen in severe heat stroke. While there
is no consensus in the literature, cooled intravenous
fluids may be considered in the patient with severe
heat stroke.?!

Preventing End-Organ Damage
End-organ damage in exertional heat stroke is similar
to that seen in classic heat stroke. Rhabdomyolysis,
which can be defined as a CPK level > 5 times the
upper limit of normal, is related to muscle break-
down and hypovolemia in heat stroke patients. CPK
levels will likely be higher because of increased
muscle breakdown in exertional heat stroke when
compared with classic heat stroke.> Resuscitation
efforts are aimed at normalizing intravascular vol-
ume to prevent ischemic damage of the renal system
while preventing progression to acute renal failure.
The literature warns that CPK levels of 5000 IU/L to
10,000 IU/L raise concern for progression to acute
kidney injury.® Initial management for resuscitation
will be guided by the degree of injury and underlying
medical condition. Although there are no compara-
tive studies of the exact amount of fluid required
in heat illness, 1 to 2 L of normal saline should be
started once elevation of CPK is identified. Additional
fluid boluses should be given in patients with CPK >
10,000 IU /L unless there are contraindications. CPK,
urine output (maintain at 2 mL/kg/h), and renal
function should be monitored closely for 24 to 72
hours, during which time the CPK should peak.®*3*
Case reports have documented possible stress-in-
duced cardiomyopathies such that, if ECG or enzyme
abnormalities are seen, further workup is clinically
indicated.® If patients present with hypotension that
is refractory to fluid resuscitation, vasoactive medica-
tions may be required.®*®” Use of such medications
may decrease peripheral circulation and heat dissipa-
tion. Although several studies mention that dys-
rhythmias should resolve as the patient is cooled, and
cardioversion should be withheld, there is little pri-
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mary literature to guide this decision. Clinical prac-
tice supports unstable patients being cooled while
Advanced Cardiac Life Support (ACLS) is initiated,

if indicated. Special attention should also be given

to hepatic injury, which, according to several case re-
ports, may be more common than originally thought.
Hypotheses for cause of injury include direct thermal
insult and hypoxia.**® Although a majority of these
injuries resolve and fewer than 10% of patients go on
to require transplant,® there is little literature to direct
treatment; standard monitoring and treatment should
be followed. Patients who are admitted with elevated
liver enzymes should have the enzymes monitored
and trended. The literature does not guide the inter-
pretation of elevated liver enzymes in patients with
milder forms of heat illness; these patients may be
good candidates for discharge to home. The authors
of this review recommend admission if liver enzymes
are elevated more than 2 to 3 times the upper limit of
normal. Patients with less severely elevated liver en-
zymes may be discharged, but only after levels have
been rechecked and found to be stable or decreasing.

Active Cooling Techniques

Water Immersion Therapy

Water immersion therapy is highly successful in
cooling patients, as water distributes and dissipates
heat very rapidly and serves as an efficient heat sink
or capacitor. This method provides conduction cool-
ing over a large surface area, so the patient should
have at least his torso submerged and, if possible,
his full body (excluding head).”? Many earlier stud-
ies recommended using cool or tap water (not ice
water) for immersion. It was thought that ice water
resulted in shivering and cold-induced vasocon-
striction that would decrease heat loss and increase
metabolic heat production.”® However, there are sev-
eral newer studies with opposite findings suggesting
that ice water is superior.”””* In a review of recent
literature, a range of cooling rates has been identi-
fied, with ice water immersion providing the most
rapid cooling. (See Table 6.) To prevent hypother-
mia, patients should be removed from water immer-

Table 6. Inmersion Cooling Rates, By Water
Temperature

+ Cooling rates with water immersion temperature < 3°C (ice water)
ranged from 0.12°C to 0.35°C/min%-%

+ Cooling rates with water immersion temperature > 8°C (cold water)
ranged from 0.04°C to 0.25°C/min®0-92.95-97

« Cooling rates in temperate water immersion ranged from 0.10°C to
0.19°C/min%0:92:98

Note: Factors that affected the above rates and help explain differ-
ences include: (1) circulation of water in immersion tub, (2) the
amount of body surface immersed, and (3) the location where cool-
ing took place.

sion therapy when they reach a core temperature of
38.8°C (102°F) to 38.6 (101.5°F).>2

Although some of the studies that favor ice wa-
ter immersion reported little to no observed shiver-
ing, vasoconstriction could not be directly measured.
Casa et al argued that the shorter duration of ice
water immersion required to decrease the subject’s
temperature to a safe level minimizes the effect of
increased heat production by shivering.” Proulx et
al looked at cooling rates of hyperthermic patients
(core body temperature > 40°C) when submerged in
water ranging from 2°C to 20°C until rectal tempera-
tures reached 37.5°C. They were able to obtain the
fastest recorded rate of cooling (0.35°C/min) when
subjects were submerged in water at 2°C. Of note,
no cold-shock responses (such as hyperventilation
and cardiac arrhythmias) were noted. No shiver-
ing was recorded by either direct observation or by
increase in heart rate.”? In contrast, a study by Cle-
ments et al found there was no difference in cooling
rates between ice water (5°C) and cold water (14°C)
immersion. This finding may be caused, in part, by
vasoconstriction. There is no mention of shivering in
this study and the patients were only submerged up
to the torso.”

Vigorous massage during ice water immersion,
spraying immersed patients with 40°C water, and
blowing air warmed to 45°C over the submerged
patient have all been suggested to help decrease
vasoconstriction, but there is no strong evidence to
support such practice. Benzodiazepines have been
reported to help decrease shivering; however, these
medications should be reserved for extreme shiver-
ing, and short-acting agents are advised.”

Mist-And-Fan Technique

Although it is not as rapid as water immersion ther-
apy, based on review literature, evaporative cooling
with misted water and fanning has been shown to
successfully cool hyperthermic patients. Mist-and-
fan techniques have been used successfully for over
30 years in Saudi Arabia during the Hajj. Each year,
millions of people make the multiday pilgrimage

in extreme environmental conditions. Most of the
research by Weiner and Khogali was published in
the early 1980s and has flaws in study design, study
population, or calculation of cooling rates. Their
cooling technique involved misting an undressed
patient with water cooled to 15°C while fanning the
patient with air warmed to a temperature of 45°C,
thus increasing evaporation. In their controlled
study, cooling rates reached 0.31°C/min.'?’ On re-
peat studies, cooling rates were found to be closer to
0.05°C / min.'01102 A more recent observational study
conducted by Hadad et al found cooling rates as
high as 0.14°C/min when a patient was soaked with
tap water and placed in an open, moving vehicle.!®
In the military literature, Poulton et al found a cool-
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ing rate of 0.1°C/min when using a helicopter rotary
blade.!® Research in this area lacks rigor, and studies
applying very different cooling methods are difficult
to compare with one another. Overall, the clinically
accepted trend in mist-and-fan cooling suggests fully
exposing the patient and using tap water and a fan.
Across published literature, rates of cooling appear to
be slower than immersion therapy.

Ice Packs And Internal Cooling

Ice packs applied to the groin, axillae, neck, and
head, and placement of wet sheets over the patient
are other modalities that may be used if preferred
cooling techniques are unavailable. This method

is inferior to both immersion and the mist-and-fan
techniques®!® (although there are no additional
comparative trials). If external cooling is not effec-
tive, internal cooling methods such as gastric, blad-
der, and rectal lavage can be considered. However,
these modalities are poorly studied in humans,
may cause water intoxication, and the available
literature conflicts.!’® Cardiopulmonary bypass has
been reported in extreme cases and does provide
effective cooling.’?

Classic Heat Stroke Treatment

Rehydration

Recommendations for rehydration for classic heat
stroke are similar to recommendations for exer-
tional heat stroke: initial 250- to 500-mL aliquots of
room-temperature normal saline in mild cases, more
aggressive rehydration in severe cases, and monitor-
ing of urine output, CVDP, lactate, and CPK levels.
This recommendation is based on sepsis literature,
as there is a lack of evidence to guide heat illness
resuscitation. Urine output should be maintained at
50 mL to 100 mL/h, or 2 mL/kg/h in thabdomyoly-
sis and 0.5 to 1 mL/kg/h without rhabdomyolysis.
Dehydration is more likely in exertional heat illness
than in classic heat stroke, but individual methods
for monitoring fluid status are the same as in exer-
tional heat stroke. Caution should be exercised in
patients with congestive heart failure, renal dysfunc-
tion, lung disease, and fluid-overloaded states such
as pulmonary edema.

Classic Heat Stroke-Associated Sodium
Abnormalities

Hypernatremia and hyponatremia have both been
associated with heat stroke in the literature. As pa-
tients with classic heat illness are more likely to take
multiple medications and have more complex under-
lying comorbidities, other electrolyte abnormalities
may also exist. A study by Hausfater et al looked at
sodium measurements in 1263 patients presenting
with heat stroke. Hyponatremia was seen in one-third
of patients and hypernatremia in just under one-
fifth. According to their risk-of-death score, patients

with hypernatremia had a significantly lower 1-year
survival rate than the hyponatremia patients. Hyper-
natremia was found to be independently associated
with elevated creatinine and blood urea nitrogen.®

Preventing End-Organ Damage

Prevention of end-organ damage is paramount to
survival in classic heat stroke. In a retrospective
study of 28 patients who had been diagnosed with
heat stroke, > 75% of patients progressed to multior-
gan dysfunction, with 85% of those patients having
respiratory dysfunction.® The highest mortality
rates were seen in patients with CPK > 1000 IU/L
and metabolic acidosis and liver enzymes elevated
more than twice normal, which correlated with a
mortality rate of 87%.%* To prevent such outcomes,
organ dysfunction must be identified and corrected,
if possible.

Rhabdomyolysis is related to muscle breakdown
and has been associated with high mortality rates,
as described by Varghese.®* Treatment is aimed at
normalizing CPK levels and intravascular volume to
prevent ischemic damage of the renal system while
preventing progression to acute renal failure. In gen-
eral, CPK levels should be trended for 24 to 72 hours
until they peak, and resuscitation efforts should
maintain a urine output of 2 mL/kg/ h.8384

Cardiovascular dysfunction was seen in 54% of
patients with heat stroke in the retrospective study
by Varghese. The definition of cardiovascular system
dysfunction used was broad, and included brady-
cardia, hypotension, and dysrhythmias.®'%” If ECG
or enzyme abnormalities are seen, further workup is
clinically indicated, as with cardiovascular dysfunc-
tion in exertional heat stroke. Vasoactive medica-
tions should be used in refractory hypotension and
ACLS should be initiated, if indicated. Hepatic func-
tion must also be monitored because, in a minority
of patients, direct thermal insult and hypoxia may
cause hepatic injury that requires transplant.**
Although a majority of these injuries resolve, there
is little literature to direct treatment, so standard
monitoring and treatment should be followed.

From a review of the literature, there is little
evidence that compares treatment and prevention of
end-organ damage in classic heat stroke with that of
exertional heat stroke. Many of the treatment recom-
mendations follow standard practice for the specific
organ damaged and have not been directly studied
in heat illness.

Cooling Techniques

Cooling literature in classic heat stroke is not as
robust or recent as that of exertional heat stroke. A
1986 retrospective study of 39 patients by Vicario
et al found there to be no significant difference in
survival between patients who were rapidly cooled
and those who had a delay in cooling > 1 hour.”? A
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2009 study by Pease et al noted that the cooling time
required was significantly shorter in survivors. This
time discrepancy makes it unclear whether time to
cooling is as important to survival in classic heat
stroke as it is in exertional heat stroke and highlights
an area where research is needed.

Cooling techniques in classic heat stroke are
similar to those used in exertional heat stroke. (See
page 8.) However, in classic heat stroke, immersion
therapy may have more barriers to success than in
exertional heat stroke. Evaporative cooling tech-
niques with mist and fan or cool gauze and fan may
be better tolerated by older individuals, and they
allow for easier monitoring. In a case-control study
by Hart et al, patients were cooled by ice water
immersion or brisk ice massage.”’ Mortality was
reported in 14% of patients, and cooling mechanisms
were only described as part of overall treatment, so
causality cannot be identified. Of note, all patients
were cooled within 1 hour of arrival.”’ There are no
randomized trials to compare true immersion cool-
ing with evaporative cooling.

As time to cooling may, in fact, improve sur-
vival, it is our recommendation that cooling therapy
should be initiated as rapidly as possible.”’ Patients
may undergo immersion therapy or evaporative
cooling depending on comorbidities, extent of ill-
ness, and availability of monitoring capabilities.
Further research is needed.

Other Cooling Modalities

External cooling devices (such as cooling blankets)
may be considered if no other options are avail-
able.”® Devices that adhere to the skin and cover
large surface areas have better efficacy in reducing
core temperature108 when compared with cooling
blankets, which rely on conduction and provide

low and inconsistent surface-area coverage. At this
time, no pharmacologic agents have been found to
be effective in cooling patients with heat stroke.>” As
discussed previously, more invasive internal cool-
ing modalities (such as gastric, bladder, and rectal
lavage) lack quality human research and are associ-
ated with significant side effects.!’® Cardiopulmo-
nary bypass may be used in extreme circumstances;
however, there is a general lack of evidence to guide
treatment in the setting of heat illness.> Nonetheless,
its use is not unseen in emergency medicine.

Risks Of Cooling

There are risks associated with cooling the hyper-
thermic patient, regardless of whether the patient

is diagnosed with classic or exertional heat stroke.
Emergency clinicians must be careful not to overcool
patients and induce hypothermia. Patients must be
monitored to ensure that, once cooling has ceased,
their core temperature stabilizes. These patients
should be kept on a monitor during observation.

Putting It All Together

Although few hospitals have water immersion facili-
ties, water immersion therapy is accepted by present
practice to be the most efficient cooling technique
available.””®> However, in the present literature,
there is a lack of quality trials with adequate num-
bers of participants that compare different methods
of cooling. When cooling rates of individual studies
are compared, there appears to be a slight advantage
in cool water immersion when compared with the
mist-and-fan technique, although there is no ran-
domized comparative research to support it.”>%1%

When available, immersion up to the torso or of
the full body (excluding the head) is the most effec-
tive method for rapid cooling, and ice water should
be used. Rectal temperatures need to be monitored
frequently to prevent overcooling. Cooling should
be stopped when core temperature reaches 38.6°C
(101.5°F).>

Treatment Of Other Heat-Related Conditions
Prickly Heat (Miliaria)

As this is a disease characterized by incomplete
formation of sweat glands, children are most com-
monly affected. Treatment for associated pruritus
may include calamine lotion, cold compresses, and
topical steroids. If there is a suspicion of infection,
antibiotics should be considered.'!

Heat Edema

Based on the pathophysiology, this is not a fluid-
overloaded state, but a state of vasodilation for
whole-body heat reduction. For this reason, there is
no role for diuresis. Symptomatic treatment includes
cooling and oral hydration.

Heat Tetany And Cramps

Treatment includes oral hydration and symptomatic
treatment (ie, stretching and massage). No evidence
to support the use of benzodiazepines has been re-
ported. If the patient is found to have renal dysfunc-
tion, hyponatremia, or an elevated CPK, intravenous
fluids should be given according to the level of associ-
ated dehydration, electrolytes should be addressed,
and admission should be considered."!

Special Populations

The Very Young

Children are at greater risk for heat injury for several
reasons. They have a greater surface area to body
mass ratio than adults, allowing for more environ-
mental heat transfer. They have slower sweat rates,
and they begin to sweat at higher core temperatures
than adults. Slower acclimatization to high ambient
temperature and a blunted thirst response are also
contributing factors. Between 1997 and 2006, nearly
one-half of reported exertional heat illnesses were in
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Consider potentially life-threatening
causes:

+ Heat stroke

+ Neuroleptic malignant syndrome
« Serotonin syndrome

+ Anticholinergic OD

» Sympathornimetic OD

+ Aspirin OD

+ Sepsis

Also consider:

+ CNS infection

+ Other medications

Altered mental status?

¥

Exertional or classic
heat stroke?

|
NO

Mental status normal-
izes with euthermia?

|
NO

— NO ey |

Heat illness confirmed

Clinical Pathway For Differential Diagnosis Of Heat lliness

Mild to moderate heat illness

(heat stroke unlikely)

Y

Symptoms resolve with
euthermia?

|
NO

Y A\ Y

Consider alternate diagnosis by symptoms

= Altered mental status, muscle rigidity, elevated CPK, diaphoresis, NL pupils, phenothiazine exposure — NMS
Altered mental status, myoclonus, HTN, hyperreflexia, increased HR, diaphoresis, dilated pupils,
> v ypSSRI use P pup | Serotonin syndrome
> Altered mental status (confusion); increased HR; dry, hot flushed skin; urinary retention; quiet abdo- | —)- Anticholinergic OD
men; dilated pupils
> Altered mental status (manic), increased HR, HTN, diaphoretic, dilated pupils, recreational | Sympathomimetic OD
sympathomimetic risk
> Altered mental status, hyperventilation, respiratory alkalosis or metabolic acidosis, tinnitus, increased —_— Aspirin OD
HR, vomiting, history of ingestion
> Mixed, other symptoms: consider other causes. Poison control center call is helpful for all cases 3|  Consider other causes
ymp! p

Abbreviations: CPK, creatine phosphokinase; CNS, central nervous system; HTN, hypertension; HR, heart rate; NMS, neuroleptic malignant syndrome;
OD, overdose; SSRI, selective serotonin reuptake inhibitor.
Adapted with permission from SafetyCore™. © SafetyCore™ 2014.
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Clinical Pathway For Treatment Of Noninfectious Heat lliness

Patient presents with heat illness

Y

Initiate passive cooling maneuvers:
+ Remove from environment

« Place in cool, shaded area

+ Remove extra clothing

Mild or moderate
Heat stroke (‘E‘ Altered mental status? = NO 3 heatillness (ie, heat exhaustion or e
less severe condition)?

MILD (ie, heat tetany or
less severe condition)

Initiate active cooling: Initiate active cooling:

» |V fluids, mist-and-fan » |V fluids, mist-and-and fan

* lce packs * lce packs

+ Immersion if available and patient would tolerate + Immersion if available and patient would tolerate

+ More invasive methods in severe and high-risk cases only + More invasive methods in severe and high risk cases only

v 2 4

Resolves with cooling? E-} Admit vs Resolves with cooling? E_} Initiate passive cooling:
1 selective discharge 1 * PO fluids
NO NO + Observe vs discharge
* home when feeling
better
Consider more severe or atypical process €
= NMS e Administer bromocriptine, dantrolene (Class lll)
= Serotonin syndrome — Administer benzodiazepine, cyproheptadine (Class IlI)
e Anticholinergic OD e Administer physostigmine (monitor for dysrhythmia) (Class Ill)
=  Sympathomimetic OD  fe—p- Administer benzodiazepines, sedation (avoid phenothiazines) (Class Ill)
— Aspirin OD > Administer alkalinization, hemoperfusion (Class Ill)
—  Other medication (€9, |y Administer drug-specific antidote (toxicology consult) (Class IlI)
lithium)
= |nadequate resuscitation |———] Administer continued therapy and evaluation (Class Ill)
o Consider other e Administer infectious disease consult, toxicology consult, sepsis screen (Class Ill)

For Class of Evidence definitions, see page 14.

Abbreviations: CPK, creatine phosphokinase; CNS, central nervous system; HTN, hypertension; HR, heart rate; NMS, neuroleptic malignant syndrome;
OD, overdose; PO, by mouth; SSRI, selective serotonin reuptake inhibitor.

Adapted with permission from SafetyCore™. © SafetyCore™ 2014.
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children and adolescents.® Additionally, very young
children may not be able to remove themselves from
hot environments. Every year, children die from heat
stroke after being left in unattended vehicles. Heat
stroke and death in these patients can occur even at
relatively mild ambient temperatures.!?

The Very Old

The elderly are more susceptible to death from heat
stroke during heat waves. Aging patients are not

as capable of increasing cutaneous blood flow or
increasing cardiac output when exposed to high
temperatures. These mechanisms are critical for heat
dissipation during periods of exposure to passive
thermal stress. The decrease in cardiac output results
from a diminished stroke volume and a reliance on
increasing heart rate to preserve cardiac blood flow.
In an elderly patient with cardiovascular disease,

an already-strained left ventricle may not be able to
tolerate these physiologic changes, leading to death
from cardiovascular events.'® Other factors that
predispose the elderly to death during heat waves
include medication use (eg, beta blockers), debilita-
tion, and volume depletion.®

The Agitated Patient

The agitated patient presenting to the ED should

be evaluated promptly for hyperthermia. Excited
delirium syndrome is a constellation of symptoms
and behaviors usually associated with abuse of sym-
pathomimetic drugs or long-term use of psychiatric
medication. The syndrome typically presents with
bizarre, hyperaggressive behavior, along with pro-
found hyperthermia and tachycardia. There is often a
struggle with law enforcement or healthcare profes-
sionals, during which the patient encounters a nox-
ious physical or chemical stimulus. This is followed
by a quiescent period, after which sudden death

may ensue. The mechanism of sudden death in these
patients is poorly understood and is likely multifacto-
rial. The syndrome can be differentiated from other
clinical entities because delirium is accompanied by

Class Of Evidence Definitions

extremely aggressive and violent behavior. Treat-
ment includes prompt chemical sedation to minimize
physical struggle with the patient and initiation of
active external cooling maneuvers.'*

Patients With Drug-Induced Hyperthermia
Patients taking neuroleptics and serotonin reuptake
inhibitors, as well as other psychoactive medica-
tions (such as lithium), may develop dangerous
hyperthermia via differing mechanisms. Central
nervous system dopamine-receptor antagonists
can cause neuroleptic malignant syndrome, which
results in muscle rigidity and generation of periph-
eral heat energy as well as disturbance of central
temperature regulation mechanisms in the hypo-
thalamus.!"® The mechanism of action for neurolep-
tic malignant syndrome from lithium use has been
poorly defined, but emergency clinicians should be
aware that lithium causes neuroleptic malignant
syndrome independent of other agents frequently
implicated in the disease.!!® Serotonin reuptake
inhibitors (used in the treatment of depression
and other psychiatric conditions) can cause sero-
tonin syndrome with resultant hyperthermia after
increased dosing, addition of other serotonergic
agents, overdose, or substance abuse."” Serotonin-
induced hyperthermia results from increased
muscle tone and rigidity, leading to generation of
heat that the body is unable to dissipate.®®

If such medications are suspected to have
caused hyperthermia, treatment will differ from
that of heat stroke. Precipitating medications should
be stopped, which may be all that is required if the
illness is mild. Neuroleptic malignant syndrome
may require intravenous fluids, bromocriptine, or
dantrolene. Serotonin syndrome may be treated with
intravenous fluids and benzodiazepines.''® Patients
with lithium toxicity should be given intravenous
fluids and, if critical levels are met, they should un-
dergo hemodialysis.'"”

Patients who abuse sympathomimetic drugs
are at risk of developing hyperthermia. The cause

Each action in the clinical pathways section of Emergency Medicine Practice receives a score based on the following definitions.

Class | Class Il Class lll
« Always acceptable, safe « Safe, acceptable » May be acceptable « Continuing area of research

« Definitely useful « Probably useful « Possibly useful « No recommendations until further
« Proven in both efficacy and effectiveness « Considered optional or alternative treat- research

ments

Indeterminate

Level of Evidence:
Level of Evidence: + Generally higher levels of evidence Level of Evidence:
+ One or more large prospective studies » Nonrandomized or retrospective studies: Level of Evidence: « Evidence not available

are present (with rare exceptions) historic, cohort, or case control studies « Generally lower or intermediate levels « Higher studies in progress
« High-quality meta-analyses « Less robust randomized controlled trials of evidence « Results inconsistent, contradictory
« Study results consistently positive and + Results consistently positive « Case series, animal studies, « Results not compelling

compelling consensus panels
+ Occasionally positive results

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual
needs. Failure to comply with this pathway does not represent a breach of the standard of care.
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is multifactorial and depends on the mechanism of
action of the drug being misused. Sympathomimetic
drug use may result in vasoconstriction from direct
alpha-receptor stimulation, impairing the ability
of the body to lose heat through cutaneous blood
flow. These substances also cause psychomotor
agitation with increased heat production.'* Com-
monly abused sympathomimetics include cocaine,
ecstasy (MDMA), 3,4-methylenedioxypyrovalerone
(MDPV, “bath salts”), amphetamines, and phencycli-
dine (PCP). Cocaine use with concomitant elevated
ambient temperature has been shown to increase
cocaine abuse-related deaths.'?! This suggests that
in warmer climates, patients who use dangerous
sympathomimetics are at higher risk of hyperther-
mia and heat stroke.

Anticholinergics remain a cause of both acciden-
tal and intentional intoxication.?* Jimson weed and
other naturally occurring plants and mushrooms

Time- And Cost-Effective

Strategies

® Begin cooling immediately. Cooling can begin
in the prehospital phase, and aggressive cool-
ing can begin even as the history and physical
examination are being performed. Strategic ice
pack placement and misting and spraying are
effective and inexpensive cooling modalities.
Simply getting the core temperature to < 40°C
quickly can reverse much of the pathophysiol-
ogy of heat illness.

®  Fluid repletion (oral or intravenous) is a main-
stay of therapy and re-establishes the body’s
ability to thermoregulate by circulation and
sweating.

* Blood tests to determine end-organ damage
should be considered in the management of heat
illness, especially if it is severe or if the patient is
very old or debilitated, has multiple comorbidi-
ties, or appears otherwise ill after cooling and
rehydration.

e There is no test for heat stroke, but the cardinal
sign is central nervous system alteration. The
emergency clinician can be confident that central
nervous system alteration represents a poten-
tially life-threatening situation. The presence of
altered mental status should prompt the emer-
gency clinician to perform 4 critical tasks: (1)
cool the patient immediately; (2) obtain a CBC
with differential, basic metabolic panel, CPK
level, lactate, ECG, and chest x-ray; (3) plan for
admission; and (4) screen for diseases that can
present with hyperthermia (such as meningitis,
drug-induced hyperthermia, withdrawal syn-
dromes, and intracranial processes).

contain anticholinergic compounds. Hyperthermia
results from blockade of both peripheral and cen-
tral muscarinic acetylcholine receptors. Peripheral
blockade prevents sweating and cutaneous heat loss.
Central muscarinic blockade leads to agitation and
increased heat production.!® When compared with
the sympathomimetics, anticholinergic agents often
induce milder hyperthermic effects.'

Controversies And Cutting Edge

The current management of heat illness is relatively
noncontroversial. There is widespread agreement
that therapy should be initiated as rapidly as pos-
sible, including in the prehospital environment.
Current research has refocused attention on estab-
lished cooling techniques, such as cold water im-
mersion. The general consensus is that immersion
is effective. The data stating that immersion causes
shivering and worsening hyperthermia is scant and
anecdotal. No modality, to date, has been shown

to cool more quickly than cold water immersion,
probably because of the large contact area during
immersion and the high heat capacitance of water.
The application of surface cooling devices, such as
those used in hypothermia protocols, also presents
a cutting-edge technology. Surface cooling devices
can be used on patients who cannot get in and out
of an immersion tank, and on patients who need to
remain in a bed.”®1??

Of special concern is thabdomyolysis, an area
in which there has been a recent increase in re-
search. This is important for management of heat
illness because rhabdomyolysis often accompanies
moderate to severe heat illness. The main complica-
tion of rhabdomyolysis is acute kidney injury, but
there has not been a great deal of research toward
establishing exactly what level of rhabdomyolysis
is associated with acute kidney injury. This ques-
tion is answered indirectly by looking at other
factors. What may be most important is monitoring
the absolute CPK level, considered in conjunction
with associated findings (such as acidosis, myoglo-
bin level, and hyperkalemia).

Disposition

The majority of patients with mild to moderate heat
illness can be safely discharged to home. Factors
associated with improved outcome include younger
age, fewer medical problems, working air condition-
ing in the home, adequate social contact, availability
of a cool environment, and resources to bathe more
often.!? Criteria for safe discharge include re-estab-
lishment of adequate intravascular volume, euther-
mia, ability to tolerate fluids, and absence of major
laboratory abnormality.
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A large retrospective study concluded that pa-
tient characteristics associated with need for admis-
sion included advanced age, comorbidities, male
sex, and low socioeconomic status.'?* The majority
of deaths occur in patients aged > 65 years, patients
with cardiovascular disease, and patients with men-
tal illness.'> Additional factors associated with death
included bedridden status, lack of daily excursion
outside the home, and inability to care for self.'*
Based on the evidence, the authors recommend a
cautious approach in patients with these risk fac-
tors. With regard to the severity of the episode, any
patient with severe heat stroke, regardless of age or
comorbidities, should be observed at least until the
altered mental status resolves. Significant laboratory
abnormalities that warrant admission until resolu-
tion include renal failure, hyponatremia, cardiac ab-

normalities, and markedly elevated CPK. Although
the literature varies, a CPK > 5000 IU/L is consid-
ered severe, and a level > 10,000 IU/L is highly
correlated with acute kidney injury, as are metabolic
acidosis, hypoalbuminemia, elevated liver function
tests, and hyperkalemia.'” Myoglobin level > 600
ng/mL has also been shown to be a useful predictor
of which patients will go on to develop acute kidney
injury.!?® Upon hospital admission, acuity should be
dictated by the clinical picture; persistent acidosis,
hypotension or tachycardia, or severe elevation of
liver function tests warrants placement in a higher
acuity area of the hospital.

The best evidence guiding the disposition of the
young athlete or military personnel with exertional
heat illness comes from the consensus statement
of the American College of Sports Medicine posi-

Risk Management Pitfalls For Heat lllness (Continued on page 17)

1. “The patient did not respond to multiple doses
of diazepam and he required general anesthe-
sia and intubation.”

Persistent agitation after control of temperature
or inability to control temperature should
prompt consideration of other causes and
contributors to heat illness. Sympathomimetic
intoxication associated with heat illness

will respond well to benzodiazepines, but
anticholinergic syndrome and neuroleptic
malignant syndrome will not. Before moving to
general anesthesia, emergency clinicians should
consider specific antidotes and treatments for
unusual causes of hyperthermia.

2. “The patient came in febrile and altered, but
now he is better. He can definitely go home.”
Before discharging anyone with heat illness
or heat stroke, consider the factors that are
associated with mortality (such as advanced
age, comorbidities, immobility, social isolation,
cardiovascular disease, and male sex). Also
remember that rhabdomyolysis is a frequent
complication of heat illness and that factors
such as CPK > 10000 IU/L, hyperkalemia,
and metabolic acidosis are associated with
a higher likelihood of acute kidney injury.
Assess a checklist of criteria that are associated
with safe discharge, including working air
conditioning and social support. Be sure that
symptoms are resolved and that any marked
vital sign or laboratory abnormality has
normalized before discharge.

3. “Haloperidol, lorazepam, and cooling ma-
neuvers could not reverse the heat stroke and
heat-induced psychosis; I have no idea why the
patient died.”

Benzodiazepines are a good starting choice
when sedation is necessary. Phenothiazines,
because of their potential extrapyramidal side
effects and their anticholinergic effects, are not
a good choice in hyperthermia and agitation.
The anticholinergic effects can markedly
decrease the ability of the body to sweat

and the extrapyramidal effects can worsen
hyperthermia. They can also cause neuroleptic
malignant syndrome.

4. “The patient was given naloxone, and thereaf-
ter developed severe agitation. He must have
been doing a speedball. Just keep giving him
diazepam.”

A speedball is a mixture of heroin and cocaine.
When the heroin is reversed with naloxone, the
sympathomimetic effects are unmasked and
the patient may become agitated. Occasionally,
heroin is mixed with an anticholinergic such
as scopolamine. In this case, when the heroin
is reversed, a full-blown anticholinergic
syndrome may result. You can distinguish
between sympathomimetic and anticholinergic
toxidromes by remembering how they differ.
The anticholinergic patient will tend be

more profoundly delirious, and will have

dry, flushed skin, urinary retention, and a
quiet abdomen, whereas the patient abusing
sympathomimetic drugs will tend to be manic,
will tend to sweat profusely, and will respond
better to benzodiazepines.
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tion paper.” The authors agree with the American
College of Sports Medicine recommendation that
patients with heat exhaustion abstain from training
and competition for 1 to 2 days, and that patients
who have suffered from heat stroke abstain for at
least 1 week. There is evidence that patients who re-
turn to their activities prematurely after heat exhaus-
tion or heat stroke are at higher risk of recurrence.
In the opinion of the authors, 24-hour follow-up on
any patient discharged with heat exhaustion or heat
stroke is prudent.

Case Conclusions

You intubated your 16-year-old patient with exertional
heat stroke and gave him 2 L of room-temperature normal
saline. It wasn’t possible to immerse him in cold water

with the equipment available in your department, so

you placed ice packs on his groin, axillae, and neck, and
asked the nurses to dampen his skin with tepid water. You
found a fan in the nurses’ break room and placed it at the
patient’s bedside to take advantage of evaporative and
convective cooling. You continued to monitor the patient’s
rectal temperature, which dropped to 38.8°C (102°F), but
you continued to cool him with a goal of 38.6°C (101.5°F)
in mind. The patient’s laboratory results revealed a CPK
0of 4800 IU/L and a serum creatinine of 1.6 mg/dL, so you
continued to volume resuscitate him with normal saline
to keep his urine output at 50 to 100 mL/h, and the ICU
team was notified.

For your second patient, the hyperthermic 35-year-
old woman with mental confusion and rigidity, you
decided to administer an additional dose of IV benzodi-
azepine. Just as the nurse administered the second dose,

Risk Management Pitfalls For Heat lliness (Continued from page 16)

5. “Please give the febrile marathoner with heat
exhaustion 3 L of normal saline and then re-
check his vital signs.”

Healthy patients who participate in marathons
or other high-endurance events or scenarios can
develop hyponatremia. In the exertional heat
illness group, it is important to check serum
sodium level before administering a large
amount of saline.

6. “ButI treat all my agitated patients with halo-
peridol.”
Sedation of the patient with heat illness merits
careful consideration. Benzodiazepines are
safe, but they may obscure the real cause of
hyperthermia. It is important to try to establish
the likely cause of hyperthermia before sedating
the patient. If you do judge that a sedative is
necessary, benzodiazepines are the safest and
most generally useful class.

7. “The patient is altered because he is old, fe-
brile and demented.”
It may be the case that a fever can, by itself,
cause alteration of mental status in an elderly
patient, but bear in mind that elderly patients
with immobility and dementia are at increased
risk for heat stroke. Additionally, the elderly
are more likely to be on complex combinations
of medications, which may predispose them to
heat-related illness.

8. “Please give that 98-year-old a quick 3 L of
normal saline and when you are done, let me
know.”

The elderly, in general and especially with

heat illness, can become hyponatremic. If the
sodium level is very low and it is corrected too
quickly, central pontine myelinolysis can occur.
To avoid complications of hyponatremia and
hypernatremia reversal, a sodium level should
be obtained as quickly as possible so that sodium
derangement may be corrected appropriately.
Additionally, conditions such as congestive heart
failure or renal disease can thwart the ability of
the elderly patient to tolerate rapid resuscitation
even if the fluid deficit is fairly large. Careful but
continuous fluid administration with frequent
rechecking is prudent.

9. “Her legs were swollen so I prescribed furose-
mide. I had no idea she would get dehydrated
after discharge, fall, and break her hip.”

Heat edema occurs frequently, especially
early in the heat season and it often resolves
with acclimatization. Treatment emphasizes
support stockings and elevating the
extremities, not on diuretics.

10. “He looked great at discharge. I couldn't be-
lieve he died the next day at football practice.”
Young patients with exertional heat
exhaustion or heat stroke can quickly recover
and appear well. However, their ability to
regulate temperature may be impaired, and
they should be returned to play slowly over
time, with close monitoring.
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the clerk arrived with the records you requested from the
urgent care center. You noticed right away that she was
treated for her nausea and vomiting the previous morning
with promethazine and prochlorperazine. You remembered
that the phenothiazine antiemetics are associated with
neuroleptic malignant syndrome and that symptoms can
begin within 24 hours of administration of a precipitating
agent. You undressed the patient and placed ice packs on
her groin and bilateral axillae to cool her, and you began
fluid resuscitation with normal saline. You contacted

the ICU team and administered 2.5 mg of bromocriptine
orally and continued to monitor her core temperature

and hemodynamics. You considered giving the patient IV
dantrolene for her marked rigidity, but to your relief, her
rigidity began to subside with your treatments.
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1. The feature that differentiates heat stroke from
heat exhaustion is:
a. Temperature >40°C (104°F)
b. CPK >10,000U/L
c. Mental status alteration
d. Elevated anion gap and hyperthermia

2. Which of the 4 heat transfer mechanisms is the
primary method the human body uses to cool

itself?

a. Conduction
b. Convection
c. Radiation

d. Evaporation

3. Wet bulb globe temperature is:

a. Alaboratory test for establishing the sodium
content of serum

b. A temperature that factors ambient
temperature, radiant heat, humidity, and
wind speed

c. The wind chill factor

d. A measurement of ocular temperature to
determine blood flow

4. Active cooling maneuvers do not need to be
instituted in exertional heat stroke unless the
patient remains hyperthermic after 1 hour in
the ED.

a. True
b. False
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All of the following drugs may increase sus-
ceptibility to hyperthermia EXCEPT:

a. Lithium

b. Tricyclic antidepressants

c. Benzodiazepines

d. Anticholinergics

Chilled fluids and cold water immersion are
contraindicated because they cause shivering,
which will elevate the patient’s temperature.
a. True

b. False

You volunteer to be a medical director for a
local half-marathon with 3000 runners. The
temperature is expected to be in the low 80s °F.
The sponsors tell you about an old immersion
tank the previous medical director said to put
in storage, and it costs $200 to deliver it and $50
to keep it filled with ice to maintain a tempera-
ture of about 65°F (18.3°C). It leaks and the
temperature won't stay any lower than about
70°F. Your response is:

a. Immersion tank treatment is unlikely to be
effective unless the temperature of the water
is 60°F or less.

b. Cold water tank immersion causes shivering
and makes heat illness worse.

c. Heatillness and heat stroke are definitely
possible at this temperature and immersion
tank treatment is effective, but it should be
used sparingly because of its side effect
profile.

d. Heat illness and heat stroke are definitely
possible at this temperature, immersion tank
treatment is effective, and it is worth the cost
to have on hand.

10.

You have a somewhat frail elderly patient
with heat stroke, a CPK of 3050 IU/L, a slight-
ly elevated creatinine, serum sodium of 126
IU/L, potassium of 2.9 IU/L, a mildly elevated
anion gap, and no changes in mental status.
You call the hospitalist to arrange admission
and monitoring for heat stroke and rhabdo-
myolysis. The hospitalist replies that: (1) the
patient does not have heat stroke if there are
no mental status changes, and (2) that only a
CPK > 10,000 U/L is associated with progres-
sion to acute kidney injury, so the patient
should not be admitted. Which of the hospi-
talist’s assertions are correct?
a. Heis correct about heat stroke, but he is
incorrect about rhabdomyolysis. A CPK
of < 10,000 U/Lis more likely to cause acute
kidney injury if there are associated
comorbidities and acid /base or electrolyte
abnormalities.
b. Heis incorrect about heat stroke, but he is
correct about rhabdomyolysis. It takes a
CPK of > 10,000 U/L to cause acute kidney

injury.
c. Neither
d. Both

An affluent-appearing woman is brought in
by EMS for suicide attempt by pill ingestion.
It is July and the patient was found in a room
alone, semiconscious with a note stating she
was depressed and wanted to “end it all.” En
route, she vomited, and the EMS crew admin-
istered promethazine. On arrival, she is hyper-
thermic and altered. You appropriately intu-
bate the patient for failure to protect the airway
and you begin active cooling maneuvers, but
the patient fails to respond and is increasingly
altered. You remember reading an Emergency
Medicine Practice issue on drug-induced hy-
perthermia, and that:
a. Altered mental status, muscle rigidity,
diaphoresis = aspirin overdose
b. Altered mental status, hyperventilation,
myoclonus, dilated pupils, and respiratory
alkalosis = neuroleptic malignant syndrome
c. Red as a beet, hot as a hare, goofy as a dog,
dry as a bone = serotonin syndrome
d. Altered mental status, myoclonus,
hypertension, hyperreflexia, increased heart
rate, diaphoresis, and dilated pupils =
serotonin syndrome

In heat stroke, liver functions tests are of little
prognostic value.

a. True

b. False
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