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Infants, children, and adolescents are at increased risk for heat-related gency

illness due to their inability to remove themselves from dangerous
environments. Evidence shows that morbidity and mortality from
heat illness is related to the length of time core temperature is elevat-
ed, so rapid reduction and accurate serial measurements are crucial to
prevention of organ system damage and death. The primary methods
of patient cooling are conduction (ice-water immersion, cold packs)
and convection (moisture and moving air). The choice of method
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Case Presentations

On a hot summer day, an obese 15-year-old adolescent
boy presents to the ED after a week of two-a-day foot-
ball practices. He has completed 10 practices to date.

He presents with headache, muscle aches, nausea, and 2
episodes of vomiting. The patient denies any trauma or
injury. His past medical history includes ADHD, and his
home medications include methylphenidate. His physical
examination is remarkable for a fatigued-appearing obese
boy with flushed, sweaty skin. The patient’s vital signs
are: heart rate, 120 beats/min; respiratory rate, 24 breaths/
min; blood pressure, 128/76 mm Hg; rectal temperature,
39°C (102.2°F); and oxygen saturation, 98% on room air.
You begin to wonder how severe his heat-related illness is
and whether diagnostic studies need to be ordered. What
treatment needs to be initiated immediately, or can treat-
ment wait while you see another patient?

While you are considering these questions, EMS
brings in a lethargic 8-month-old infant. The paramedic
reports that a bystander found the infant in a locked
vehicle. The parents could not be located, and the amount
of time the child was in the car is unknown. The physical
examination demonstrates an obtunded infant with no
evidence of sweating. The infant’s vital signs are: heart
rate, 192 beats/min; respiratory rate, 20 breaths/min;
blood pressure, 70/45 mm Hg; rectal temperature, 41°C
(105.8°F); and oxygen saturation, 92% on room air. You
consider whether this is heat exhaustion or a more severe
case of heat stroke. You begin to think about the diagnostic
studies that you will need to order to confirm the diagno-
sis and when you should begin treatment.

The following day, you are volunteering as a clinician
on the medical team for a marathon. Bystanders bring
over a 16-year-old adolescent girl with altered mental sta-
tus. Her temperature is 40°C (104°F). She is responding
to questions, but is confused to place and time. You decide
to contact EMS for transport to the ED and plan to initi-
ate cooling measures. While waiting for EMS to arrive,
you look around to see what resources are available and
consider what cooling measure would be most effective.

Introduction

Heat-related illness is the result of inadequate ther-
moregulation during excessive heat exposure and/
or exertion.! Heat-related illness varies in clinical
presentation depending on the severity of illness,
which ranges from mild heat stress to life-threat-
ening heat stroke. The variability in presentation
requires emergency clinicians to include this diagno-
sis in their differential for any patient who presents
with hyperthermia.

Heat-related illness does not occur only in sum-
mer months or in hot climate regions. Zeller et al
found that while most exertional heat-related illness
in the United States does occur during the hotter
months of May to September, a few occurred during

the winter months.? Local and federal health ser-
vices record fatal and nonfatal heat illness incidents,
noting correlations to weather conditions.>* From
1997 to 2006, 54,983 patients were treated for exer-
tional heat-related illness in emergency departments
(EDs) in the United States, with a 133% increase in
that time frame. Pediatric patients aged < 19 years
accounted for the largest proportion of heat-related
illness, at 47%.° Heat stroke has the highest mortal-
ity of all heat-related illnesses, with a mortality rate
ranging from 6.4% to 33%."* To reduce morbid-

ity and mortality in patients with heat illness, it is
essential that emergency clinicians recognize heat-
related illness and implement resuscitation quickly.
This issue of Pediatric Emergency Medicine Practice
provides an overview of heat-related illness and
offers recommendations for prevention and manage-
ment in the pediatric population.

Critical Appraisal of the Literature

A systematic literature search was performed in
PubMed for articles on heat-related illness in pa-
tients aged 0 to 18 years, with limitations to articles
published in English from 1996 to 2017. The follow-
ing search terms were used: exertional heat illness, heat
stress, heat cramp(s), heat exhaustion, and heat stroke. A
total of 121 articles were selected as being relevant
to this issue, including case reports, epidemiological
studies, clinical reviews, retrospective and prospec-
tive observational studies, canine experimental stud-
ies, simulation studies, and a few small randomized
controlled studies.

Etiology and Pathophysiology

Core body temperature is maintained by the body’s
ability to balance heat exposure and heat production
with heat dissipation to the environment. Heat-
related illness occurs when the body is unable to
regulate its core temperature in response to excess
heat exposure and heat production, coupled with
decreased heat dissipation.

Heat Exposure
Nontrauma visits to the ED from mass gathering
events (such as amusement parks and county fairs)
indicate that 11% to 25% of all visits are due to heat-
related illness.®” The majority of heat-related illness
cases are seen during the summer months.®® During
heat waves, ED visits, hospitalizations, and daily
mortality rates are increased.'*!* Toloo et al found
a significant increase in heat-related illness in chil-
dren on heat-wave days in Australia, with a relative
risk (RR) of 3.0 for days when the temperature was
> 34°C (93.2°F) and a RR of 29.8 for days when the
temperature was > 37°C (98.6°F). 1

A preventable source of heat exposure occurs
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when infants and children are left unattended in
vehicles. Over a 13-year period, the United States
National Highway Traffic Safety Administration
reported 556 vehicular child hyperthermia deaths
due to children being locked in cars.' Other studies
have confirmed the frequency of this highly pre-
ventable cause of death, with reports ranging from
384 to over 600 fatalities related to vehicular heat
exposure.'®!” Grundstein et al performed a model
simulation of a 1-year-old child left in a car and
compared the expected heat stress on the model in
4 astronomical seasons. In the simulation, a model
could reach 42°C (107.6°F) in as little as 125 minutes
in the summer and 355 minutes in the winter.'”

McLaren et al found that the rate of tempera-
ture increase inside an enclosed vehicle was not
significantly different when environmental tempera-
tures ranged from 22.2°C to 35.6°C (72°F-96°F). An
average mean increase of 1.8°C (3.2°F) per 5-minute
interval was reported, with 80% of the increase
occurring in the first 30 minutes. The final internal
vehicular temperature reached 47.2°C (117°F), even
at the cooler environmental temperature of 22°C.
They also found that leaving the windows open
slightly did not decrease the rate of temperature
increase.'® Duzinski et al studied daily vehicular
temperature measurements in Austin, Texas. Vehicu-
lar temperature rose to > 41°C (106°F) in all months
except January and December, and during the days
with the hottest temperatures, vehicular temperature
reached a maximum of 58°C (137°F). Even with envi-
ronmental temperatures of 20°C (68°F), vehicular
temperature still reached > 41°C (106°F).1

Case reports have also shown excessive heat
exposure and heat-related illness in infants exposed to
electric blankets; infants swaddled tightly in several
blankets with and without recent illnesses; infants
wrapped in 4 blankets and placed within a few feet of
a fire; infants sleeping next to a radiator; infants left in
an unplugged, closed icebox; and infants exposed to an
electric foot warmer.*2!

Heat Production
During exertion, heat is generated by muscle contrac-
tions that elevate core body temperature.”? Nonac-
climated athletes, obese athletes, athletes with certain
chronic medical conditions (eg, diabetes or cystic fibro-
sis), and those taking certain medications (eg, methyl-
phenidate [Ritalin®, Concerta®, Aptensio®, etc]) have
an increased risk for exertional core body temperature
rise.”** Yeo reported that exertion in temperatures
> 26.1°C (79°F) with humidity > 59% increases the risk
of developing a heat-related illness.”®

Exertional heat stroke in high school athletes
has been described in case reports.””** Studies of
the National High School Sports-Related Injury
Surveillance System data found that 90% of exer-
tional heat-related illness occurred during pre-
season training, with football being 11 times more

likely to be associated with a heat-related illness
than all other sports combined.??

Heat Dissipation

The body uses the mechanism of heat dissipation to

balance the effects of excess heat exposure (environ-

mental heat) or excess heat production (exertion).

Effective heat dissipation depends on the rapid

transfer of heat from the core of the body to the skin

and from the skin to the external environment.
There are 4 mechanisms of heat dissipation:
radiation, evaporation, convection, and conduction.

Under normal physiologic conditions, radiation

and evaporation account for most heat transfer in

humans.

e Radiation involves heat transfer through in-
frared rays. It occurs when the environmental
temperature is below body temperature, and it
accounts for 65% of heat transfer under normal
physiologic conditions. Once the environmen-
tal temperature reaches 35°C (95°F), radiation
becomes less effective. When the environmental
temperature exceeds body temperature, heat is
gained instead of lost.**°

e Evaporation involves heat transfer through the
conversion of sweat from liquid to gas at the
skin surface, and it is the main mechanism of
heat dissipation at higher environmental tem-
peratures, when radiation is less effective. When
the humidity level exceeds 75%, heat transfer by
evaporation begins to decrease.>°

e Convection involves heat transfer through the
movement of air or water over the skin surface.
Under normal physiologic conditions, about
10% of heat transfer occurs by convection.

e Conduction involves heat transfer through
physical contact of the body with another cooler
surface or object. Conduction allows for approxi-
mately 2% of heat loss under normal physiologic
conditions.!¥%

As the environmental temperature increases,
the body's ability to dissipate heat through radia-
tion decreases, and convection and evaporation
gain greater importance in preventing heat-related
illness. Convection and evaporation are directly
controlled by circulatory dynamics and sweating.®
The hypothalamus compensates for each 1°C (1.8°F)
increase in core temperature by promoting cutane-
ous vasodilatation and increasing the rate of sweat-
ing. Vasodilatation dissipates heat by convection,
and sweat dissipates heat by evaporation.?34%-7

Thermoregulation in Children

It has been postulated that children are at in-
creased risk for heat-related illness due to several
physiologic reasons. These include greater body
surface area-to-body mass ratio, production of
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more metabolic heat per kilogram of body weight,
a slower rate and volume of sweat production,

a higher temperature required to stimulate the
sweating mechanism, and a lower cardiac output
at a given metabolic rate 35363840 However, recent
studies have revealed that children and adults have
similar rectal and skin temperatures, cardiovascu-
lar responses, and exercise tolerance times during
exercise in neutral-to-moderate heat,*1*° although
in extreme environmental conditions, children may
thermoregulate less effectively.*® Falk et al com-
pared thermoregulatory responses to exercise in
prepubertal, midpubertal, and late-pubertal boys.
They found sweating and evaporative cooling rates
were lower in prepubertal boys, but there was no
difference in sweat production per kilogram of
weight between them and the other 2 groups. The
authors concluded that the overall thermoregula-
tory response was effectively similar between the
groups.”” Inbar et al compared the thermoregulato-
ry response to exercise in prepubertal boys, young
adult men, and elderly adult men. The rise in tem-
perature was found to be similar in all age groups,
but the sweating rate and volume was found to be
lower in the prepubertal group. However, since
prepubertal boys were more efficient thermoregula-
tors, the thermoregulatory response to exercise was
found to be similar to the other groups.*?

Differential Diagnosis

Heat-related illness occurs along a continuum from

heat stress, to heat exhaustion, to heat stroke. The

signs and symptoms of the different stages of the
illness can overlap.

* Heat stress is characterized by perceived dis-
comfort and physiologic strain, including heat
cramps, while a normal core temperature is
maintained.*$°

* Heat exhaustion is characterized by a rise in
body temperature usually associated with de-
hydration, with a core body temperature < 40°C
(104°F). Signs and symptoms of heat exhaustion
include fatigue, weakness, dizziness, nausea,
vomiting, myalgias, profuse sweating, intense
thirst, tachycardia, syncope, and headache,
with the absence of severe neurological symp-
toms. 4853

* Heat stroke is a life-threatening failure of ther-
moregulation characterized by a body tempera-
ture > 40°C (104°F), with central nervous system
abnormalities such as confusion, convulsions, or
coma. It is associated with severe dehydration,
endotoxemia, circulatory failure, and, poten-
tially, multisystem organ failure.*8>3

It is imperative that the emergency clinician
be able to differentiate hyperthermia from fever. In

hyperthermia, the hypothalamus has a normal set
point and the body is unable to dissipate enough
heat to match the set point, resulting in an elevated
core temperature. In contrast, fever occurs when the
hypothalamic set point is increased by circulating
cytokines, and the body attempts to conserve and
generate heat until the core temperature rises to the
new set point.*” 4

The differential diagnosis of heat-related illness
includes any disease process that causes hyper-
thermia from excess heat exposure or production.
Causes of hyperthermia include toxins and associat-
ed toxidromes such as anticholinergic and serotonin
syndromes. Another drug-related cause of hyper-
thermia includes neuroleptic malignant syndrome,
most notably associated with antipsychotic drugs.
Malignant hyperthermia is an autosomal-dominant
condition that results in an elevation in core tem-
perature following exposure to medications such as
inhalational anesthetic agents and paralytic agents,
and it causes skeletal muscle rigidity and a rapid
increase in core temperature.”’ There are similarities
between exertional heat stroke and malignant hyper-
thermia; although the inciting etiology is different,
both lead to excessive heat production.”**> A thor-
ough history of exposures will lead to easy differen-
tiation between these diseases.

Prehospital Care

Prior to emergency medical service (EMS) provider
arrival, prehospital care for a patient with exertional
heat-related illness may include immediate care
provided by coaches and athletic trainers on the
scene. Once a heat-related illness is suspected, the
patient should be removed from the environmental
heat source and placed in a cool, shaded area. If ap-
plicable, the equipment, uniform, or clothing should
be removed and oral rehydration initiated while
waiting for EMS arrival. If available, rapid cooling
with immersion in a tub of ice water should be con-
sidered. In an online survey of 1142 athletic trainers,
most were compliant with therapeutic interventions
for heat-related illness in removing equipment (98%)
and placing the patient in a shaded area (91%), but
few had active strategies for calling EMS (29%).5¢

In an online survey of 38 coaches regarding knowl-
edge of exertional heat stroke, most coaches were
unaware of potential causes or symptoms of heat
stroke, but they had levels of self-confidence in their
management abilities higher than was indicated by
their knowledge level.”’

Basic Life Support (BLS) interventions for
patients with heat-related illness include immedi-
ate assessment of airway, breathing, and circulation
(ABC). After initial assessment of the ABCs, the
BLS unit should remove the patient’s clothing (if
not already done), obtain a rectal temperature, if
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possible, and begin cooling interventions. If Ad-
vanced Life Support (ALS) medical providers are
available, additional interventions include perform-
ing an electrocardiogram with interpretation, plac-
ing an advanced airway, if indicated, administering
intravenous (IV) fluids, and managing seizure ac-
tivity. Prompt and appropriate prehospital care can
greatly improve patient outcomes. If transportation
is prolonged, immediate cooling measures should
be considered.

Emergency Department Evaluation

History

When a patient presents with signs and symptoms
of a heat-related illness, there are certain key ques-
tions the emergency clinician should ask when
taking the history. Has the patient been involved in
exertional activities in a hot or humid environment?
Is the patient new to the physical activity? Is the pa-
tient taking any type of stimulant medication, either
prescribed or recreational? How long has the patient
been exposed to heat?

Physical Examination
The physical examination in a suspected heat-related
illness should be problem-focused. The emergency
clinician needs to be observant of vital signs, and
abnormal vital signs should be addressed. Either
rectal or esophageal temperature should be obtained
to estimate core temperature, as all other external
temperatures are inadequate at predicting core
temperature and may be falsely depressed.’®*° Poor
prognosis is likely if the patient's core temperature is
> 42°C (107.6°F).”°

A neurologic examination and Glasgow Coma
Scale (GCS) score will not only allow the emergency
clinician to address the severity of the injury and
diagnose heat stroke, but also to determine the need
for immediate intervention and resuscitation. A car-
diac examination should be completed to evaluate
for tachycardia and/or dysrhythmias and to evalu-
ate for adequate perfusion. An increase or decrease
in respiratory effort can be a presenting abnormality
in heat-related illness. Both profuse sweating or a
lack of sweating can provide necessary information
to the emergency clinician that a patient may have a
heat-related illness.

Diagnostic Studies

The diagnosis of heat stroke is based on clinical
symptoms and does not require any laboratory
abnormalities. Laboratory test results for patients
with heat stress or heat exhaustion are usually
normal or consistent with dehydration; other organ
systems are usually not involved. Nonetheless,
heat stroke has been found to be associated with

multisystem organ dysfunction as well as myo-
cardial injury,® so although diagnostic studies are
not needed to verify the diagnosis and should not
delay immediate treatment, diagnostic studies may
assist with managing complications associated with
a heat-related illness. (See Table 1.)

In patients with heat stroke, laboratory tests
can reveal an elevated lactate level from poor
perfusion. In addition, hepatic injury is a common
finding in patients with heat stroke. Aspartate
aminotransferase (AST) and alanine aminotrans-
ferase (ALT) elevations peak approximately 48
to 72 hours after exposure to heat and gradually
return to normal in 10 to 14 days. Elevation of
bilirubin levels as well as prothrombin time have
been reported secondary to liver injury. Rhab-
domyolysis with an elevated creatine kinase can
be associated with heat-related illness. Acute
renal injury leading to renal failure can also oc-
cur with heat stroke, but it generally responds
well to rehydration and usually corrects in a few
days. Hematologic findings can include anemia
from red blood cell membrane osmotic fragility.
Thrombocytopenia and findings of disseminated
intravascular coagulation with prolongation of
prothrombin time, partial thromboplastin time,
and D-dimer are also found with heat stroke.”

Treatment

The initial care of the patient with a heat-related
illness should focus on evaluation and support of
the ABCs. Dehydration is often associated with
heat-related illness and attention should be given to
adequate fluid resuscitation. As heat-related illness
progresses, attention to complications associated
with heat exhaustion and heat stroke need to be ad-
dressed, including electrolyte abnormalities, mul-

Table 1. Potential Organ System Affected and
Suggested Diagnostic Studies

Organ System Diagnostic Studies

Circulatory Basic metabolic panel, lactate
Cardiac Troponin, CK, ECHO, ECG
Hepatic AST, ALT, bilirubin, PT, PTT, INR
Renal BUN, Cr, UA

Hematologic CBC, PT, PTT, INR, D-dimer

Musculoskeletal CK, urine myoglobin

Neurologic Head CT

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BUN, blood urea nitrogen; CBC, complete
blood cell count; CK, creatine kinase; Cr, creatinine; CT, computed
tomography; ECG, electrocardiogram; ECHO, echocardiogram; INR,
international normalized ratio; PT, prothrombin time; PTT partial
thromboplastin time; UA, urinalysis.
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tisystem organ failure, disseminated intravascular
coagulation, seizures, and coma.

The key to management is the initiation of
rapid cooling, because morbidity and mortality are
directly related to the duration and intensity of the
hyperthermia.®! A retrospective study concluded
that hyperthermic patients with a higher initial
temperature, hypotension, or a low GCS score had a
higher mortality rate.®® Decreasing the temperature
to below 40°C (104°F) is critical and more important
than how high the initial temperature was.

Decreasing the core temperature prevents
protein denaturation, and complications associ-
ated with heat stroke can be reduced if cooling is
initiated within the first 30 to 60 minutes after the
onset of heat stroke symptoms.*! Bouchama et al
reported a heat stroke mortality rate of 15% if cool-
ing was initiated within 60 minutes, and 33% if it
was initiated after more than 60 minutes.! In a study
of adults, if the temperature was reduced to < 40°C
(104°F) within 30 minutes, then mortality from heat
stroke approached 0%.5%%* Core temperature must
be continuously monitored with either a rectal or
esophageal probe, and cooling measures must be
stopped once the core temperature has decreased.
There is no evidence of a specific end point to stop
cooling measures, but a rectal temperature of 38°C
to 39°C (100.4°F-102°F) appears to be a safe tempera-
ture range to avoid hypothermic overshoot.**®

The most-recommended methods of cooling
utilize the property of heat dissipation. When core
temperatures are high, cooling measures utilizing
the properties of conduction and evaporation are
used to rapidly decrease the core temperature.

Cooled Fluid Administration/Lavage

Historically, cooled IV normal saline (0.9%) or iced
lavage fluids have been used as conductive cool-
ing methods to reduce core temperature in patients
with heat-related illness. There is no literature to
support the use of cooled IV saline for the treatment
of hyperthermia in children, and this method is as-
sociated with discomfort and shivering. Hostler et al
showed that, in patients who received cold normal
saline, high-dose diazepam (20 mg) compared to
low-dose diazepam (10 mg) or placebo control
showed improved reduced core body temperature
without oxygen consumption or shivering.®

There are no human studies that compare iced
gastric or bladder lavage to other cooling measures;
however, studies in animals have shown mixed
results. Iced gastric lavage was studied in a canine
model and yielded a cooling rate that was 5 times
faster than controls in ambient air temperature;
(0.15°C/min vs 0.03°C/min).®” In another canine
experiment, White et al found that iced gastric
lavage was not advantageous compared to evapo-
rative cooling.®®

Due to the lack of evidence for the use of
cooled IV or iced lavage fluids, it is not routinely
recommended for heat-related illness, but consid-
eration should be given to its use in children with
severe heat stroke. No studies have evaluated the
effect of more-invasive cooling measures (such as
peritoneal or thoracic lavage) in the treatment of
heat-related illness in children; therefore, they are
not recommended for the management of heat-re-
lated illness, as they are invasive, time consuming,
and difficult to perform.

Conductive Cooling Measures

Cooling measures using conductive heat dissipation
include water immersion, ice pack application, cool-
ing blankets, and more-invasive iced peritoneal or
gastric lavage.

With water immersion, the patient is sub-
merged into either cold water or ice water. With
ice water, a steeper temperature gradient can be
obtained and can potentially increase the rate of
heat dissipation, but it is postulated that aggres-
sive cooling with ice water may secondarily cause
shivering and peripheral vasoconstriction, thereby
impeding the efficacy of ice-water immersion.®’
However, several studies have shown superior ef-
ficacy of ice-water immersion. Casa et al reviewed
published literature on cooling rates of different
cooling modalities and found cooling via ice-wa-
ter immersion to be superior to all other modali-
ties.”? Flouris et al compared ice-water immersion
to natural recovery and found ice-water immer-
sion had a faster cooling rate.”’ Armstrong et al
compared ice-water immersion to air-exposed wet
towels and noted the cooling rate in ice water was
twice as rapid compared to wet towels, 0.2°C/min
compared to 0.11°C/min.”? Proulx et al showed
the cooling rate after immersion in 2°C water was
about 2 times faster (0.35°C/min) compared to
water at 8°C (0.19°C/min), 14°C (0.15°C/min), or
20°C (0.19°C/min).”® Clements et al compared the
cooling rate of runners with exercise-induced hy-
perthermia of 39.3°C to 39.6°C (102.7°F-103.3°F).
They found that 12 minutes of immersion in either
ice or water was more effective than passive cool-
ing, but the cooling rates were similar for immer-
sion in ice or water.”*

Monitoring vital signs and temperature can be
difficult with water immersion; therefore, this can be
a challenge to perform in the ED setting. Practically,
the lack of a tub can also prevent this treatment in
the ED, but this method of cooling can be considered
on-scene for patients with hyperthermia, such as
a football locker room or sporting event treatment
unit. Ice-water immersion is best utilized with a pa-
tient who is awake and alert, but it can be performed
with patients with altered mental status.

Ice-pack application usually involves placing
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ice packs over the large vessels of the body, such as
the neck, axillae, and groin. Shibasaki et al found
greater blood flow over the chest and back of boys
with heat exposure, which suggests that other
potential sites for ice application should include
the chest and back.”>7”® Ice-pack cooling promotes
heat exchange adjacent to areas of increased blood
flow by convection and conduction, but used alone,
it is not as effective as other cooling measures.*
Indeed, evaporative cooling was found to have a
higher cooling rate compared to ice packs.”” The
least effective of all conductive cooling measures is
probably cooling blankets.

Evaporative Cooling Measures

The most recognized and recommended method

of cooling in the ED setting is evaporative cool-

ing. Evaporative cooling requires all clothing to be
removed from the patient, followed by spraying
water over the skin in a setting where there is con-
tinuous airflow. Hadad et al suggested that a warm
environment is crucial for the evaporative process,
which can be accomplished with either warm forced
air and/or by warming the water sprayed on the
body.%® As an alternative method of evaporative
cooling, Al-Harthi et al showed that a sheet wetted
with tap water and placed over the body in a setting
with fans was as effective as spraying warm water.”®

Comparison of the Efficacy of Different
Cooling Measures

Studies demonstrate conflicting results regarding
whether water immersion or evaporative cooling is
more effective. Hadad et al reported a significantly
higher cooling rate with evaporative cooling com-
pared to immersion in 14°C (57°F) water.®® In con-
trast, Armstrong et al reported a significant decrease
in rectal temperature when a patient was immersed
in ice water compared to using evaporative cool-
ing.”” Hadad et al summarized the cooling rate of
available methods in healthy subjects and reported
that evaporative cooling (0.027°-0.31°C/min)

and conductive cooling with ice-water immersion
(0.16°-0.35°C/min) appear to have the fastest
cooling rates, followed by tap-water immersion
(0.04°-0.16°C/min) and cooling with locally applied
ice packs (0.03°-0.09°C/min). In studies evaluating pa-
tients with heat stroke, evaporative cooling appeared
to have a faster cooling rate (0.05°-0.34°C/min) than
ice-water immersion (0.15°-0.23°C /min).®® Casa et
al also found evaporative cooling to be effective, but
immersion in 2°C (35.6°F) water was superior to all
other modalities of cooling.”

Medications

Pharmacologically induced cooling measures have
little role in the management of heat-related illness.
Due to the normal set point of the hypothalamus and

the pathophysiology associated with heat-related ill-
ness, antipyretics should not be used in the treatment
of hyperthermia, as the etiology of the hyperthermia
with heat-related illness is not related to circulating
cytokines.®> However, benzodiazepines can be consid-
ered to decrease shivering if cooled IV fluids are used
for a patient with heat stroke.®

Special Populations

Children Left in Cars

The risk for heat-related illness in infants and young
children is mostly attributed to their inability to
remove themselves from high-heat environments,
such as a locked vehicle. Guard et al found that

over 70% of fatalities were children who were left

in cars by adults”” and Ferrara et al found that 75%
of children were intentionally left in a car.®’ Balbus
et al studied the effects of climate change on hot-car
deaths and found that mortality rates for infants and
children increased by 4.9% per 5.6°C (10°F) increase
in mean daily temperature.’! These studies highlight
the importance of educating parents and caregivers
about the dangers of leaving children in cars, even
for short periods of time.

Children Who Take Medications, Drugs, or
Supplements

Other at-risk populations who need special consid-
eration are children and athletes who take regularly
scheduled medications and/or use recreational drugs,
as some medications are associated with an increased
risk of heat stroke. A list of medications and drugs
that can contribute to hyperthermia is included in
Table 2. There are multiple case reports of patients
who used methylphenidate who experienced heat
stroke induced by exertion.”#2% Other medications
(eg, zonisamide [Zonegran®]) have been reported to
cause heat stroke-like episodes when used to treat a
child with seizures.3 Previous recommendations in-
cluded the avoidance of caffeine, as it was believed to
have a diuretic effect and thereby increase the risk of
exertional heat-related illness, but studies on caffeine
intake in adults have shown little to no influence on
heat stress during exertion.®>® Tllicit recreational drug
use also has been associated with heat-related illness,

Table 2. Medications That Contribute to
Hyperthermia

+ Alcohol + Neuroleptic agents

+ Cocaine + Phenothiazines

» Amphetamines and « Thyroid agonists
derivatives « Tricyclic antidepressants

+ Atropine « Typical and atypical

+ Alpha-adrenergic agonists antipsychotics

+ Diuretics

+ Laxatives
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especially in combination with decreased fluid intake,
increased physical activity, and drug use during mass
events such as raves.”"

Patients With High Body Mass Index

Athletes who have a high body mass index should
be monitored, as they have an increased risk for
heat-related illness.**" In a review of 243 high
school and college football player fatalities over a
20-year period, obesity was found to be a risk factor
for heat-related fatality. Patients who are obese have
increased heat production and relatively low surface
area for heat dissipation via evaporation.® Kerr et al
found exertional heat-related illness in football play-
ers to be most frequent among offensive linemen,
defensive linemen, and linebackers.?! Bedno et al
found an increased risk of heat-related illness among
adult male military recruits with excess body fat; the
RR for heat exhaustion was 3.3 and the RR for heat
stroke was 21.4.°! Dougherty et al studied the effects
of light-to-moderate intensity exercise in heat-
acclimated obese boys compared to lean boys. They
determined a significant difference in obese boys,
with a decrease in sweating rate and volume at all
temperatures, a lower water vapor pressure between
skin and air, and a higher subjective response for
rating of perceived exertion and thermal sensation.
They suggested exertion modification guidelines at
different climatic heat stress levels that are tailored
for obese boys.”*?

Patients With Chronic Medical Conditions

Patients with certain chronic medical conditions are
at increased risk for heat-related illness. A 2012 case-
control study based on a surveillance system for heat
illness found that patients with certain pre-existing
conditions were at greater risk for developing heat
stroke (40% vs 24%). Neuropsychiatric disorders were
associated with an odds ratio (OR) of 7.6.” Wang et
al found an OR of 3.6 for heat-related hospital admis-
sion for children with renal disease on heat wave
days.” Over a 5-year period, Hess et al analyzed data
from the Nationwide Emergency Department Sample
of the Healthcare Cost and Utilization Project that
included patients of all ages. They evaluated factors
associated with hospital admission or deaths in the
ED that were related to heat illness and found that
men, the elderly, and patients who were chronically
ill were at greatest risk for admission or death in the
ED. They also noted that, among the subgroup with
heat stroke, adjusted odds of death in the ED were
highest for the patients who were aged 0 to 17 years,
boys/men, patients from low-income Zip codes, and
patients with chronic circulatory conditions.”® Pa-
tients with sweat and temperature instability, such as
in familial dysautonomia, hypohidrotic ectodermal
dysplasia, sickle cell disease, and cystic fibrosis are at
a higher risk for heat-related illness.” % Patients with

type 1 diabetes are also believed to have an associated
impairment in heat dissipation during exercise and
should be monitored closely during exertion on days
with high heat or humidity.**

Controversies and Cutting Edge

Given the similar physiologic processes of exer-
tional heat stroke and malignant hyperthermia,
there is a theoretical benefit for the skeletal muscle
relaxant, dantrolene. Although dantrolene reduces
muscular heat in malignant hyperthermia, there
have been mixed recommendations for its use

in heat illness. In a case series of patients with
heat-related illness, dantrolene was not found to
be effective.!®® There is no evidence for the rec-
ommendation of dantrolene for the treatment of
exertion-related heat illness. The mainstay treat-
ment for heat stroke remains aggressive cooling
measures and IV fluid resuscitation.'**

A few case reports support the use of more ag-
gressive measures in patients with heat stroke who
are not responsive to standard supportive therapy.
Sixteen patients with heat stroke who were treated
with continuous venovenous hemofiltration were
retrospectively reviewed. All 16 patients had sig-
nificant improvement and there were no deaths.®
In a retrospective study conducted by Chen et al,
the clinical effects of continuous renal replacement
therapy (CRRT) versus routine therapy in adults
and a few adolescent patients with heat shock were
reviewed, with the conclusion that patients with
CRRT treatment in combination with current treat-
ment had a higher discharge rate. These patients
also had a faster return to baseline body tempera-
ture, acidosis correction, and decreased serum lev-
els of biomarkers for liver and kidney dysfunction.
Furthermore, these patients had a more extensive
improvement and recovery from organ dysfunc-
tion. While CRRT is not appropriate for everyone,
especially those diagnosed with heart/lung edema,
CRRT in combination with routine therapy has
been shown to be successful in decreasing heat
stroke-related mortality.!*

Kawanami et al studied the analysis of urine
temperature as a surrogate for rectal temperature
and found urine temperatures correlated closely
with rectal temperatures.'® Further studies will
need to be conducted to evaluate the accuracy of
urine temperature before recommendations can be
made for this noninvasive method for estimating the
core temperature of patients with hyperthermia.

Disposition
Patients with mild heat-related illness (eg, heat stress

or exhaustion) whose vital signs have returned to
normal and who are no longer symptomatic during
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their ED stay may be discharged home. There is no
consensus on the duration of monitoring after stabi-
lization of vital signs in asymptomatic patients.
Most children have lower odds of hospitaliza-
tion from the ED compared to adults; OR of 0.25 for
children aged 0 to 14 years and OR of 0.64 for chil-
dren aged 15 to 19 years.'® Discharge instructions
should include education on strategies to prevent
future heat-related illness, including proper hydra-
tion prior to and during exertion, cooling in shade
with the onset of heat-related illness symptoms, and
proper acclimatization during the preseason.
Patients with heat exhaustion whose vital
signs or symptoms have not returned to normal or
patients with major laboratory test abnormalities
should be admitted until they are stabilized. Patients
with heat stroke and those who required intubation,
exhibited signs of shock, or had evidence of multi-
system end-organ damage should be admitted to the
intensive care unit.

Prevention Strategies

As frequent providers of emergency care at schools,
sporting events, mass outdoor events, and in EDs
during extreme heat weather events, emergency
clinicians are uniquely positioned to offer patients
strategies for prevention of heat-related illness. The
primary strategies include acclimatization, hydra-
tion, and practice modification.

Acclimatization

The goal of heat acclimatization is to gradually
increase exertional heat tolerance and enhance the
ability to exercise safely in a warm or hot environ-
ment. Although most recommendations for accli-
matization protocols are derived from preseason
football training, we recommend that coaches and
trainers consider acclimatization for all outdoor
activities conducted in hot, humid environments.
Acclimatization should begin on the first day of
conditioning in the preseason and usually follows a
14-day plan.'”” Some acclimatization recommenda-
tions specific to football include no two-a-day prac-
tices in the first week and introducing protective
equipment in stages, starting with the helmet and
progressing to a full uniform.!% In an online ques-
tionnaire of 1142 high school athletic trainers, only
2.5% reported full compliance with acclimatization
guidelines.'” McGarr et al studied heat adaptation
among cyclists using short-term endurance and
sprint interval training over a 2-week period and
found improvements in cardiovascular strain, but
did not find improved thermal responses; they thus
concluded that this did not replace the need for
heat acclimatization.!?

Hydration
Hydration plays a key role in the prevention of heat-
related illness. Adequate thermal regulation requires
adequate hydration, to allow for blood flow to dis-
sipate heat by convection and evaporation. During
intense practice and competitive play, sweat losses
in junior tennis players ranged from 1 liter per hour
up to 2.5 liters per hour in older adolescents.""! In a
study evaluating 8 healthy, fit adolescent male tennis
athletes, Bergeron et al found that players who did
not begin well-hydrated had progressively increas-
ing thermal strain, and playing multiple matches
on the same day posed the greatest risk to thermal
strain."!? In a survey of preseason football injuries,
Luke et al noted that athletic programs had routine
planned hydration only 45% of the time and 7%
provided no water breaks.'"®

Several strategies may increase motivation to
hydrate: marching band participants who had ac-
cess to water via a water belt showed a subjective
improvement in heat-related illness from previous
years;* cold water compared to room-temperature
drinks has been found to extend endurance to ex-
;15 and adding flavoring as well as carbo-

haustion;
hydrates to water was shown to enhance voluntary
drinking and prevent dehydration.'!6-18

Practice Modification

Practice modification during hot and humid days
can decrease the rate of heat-related illness among
athletes. Administrators, event coordinators, coach-
es, and athletic trainers need to be aware of the

risk associated with hot and humid days and make
appropriate modifications to protect athletes from
experiencing heat-related illness.""” A study of pre-
season football programs found that on hot and hu-
mid days, only 31% eliminated all equipment, 57%
eliminated the helmet only, and 33% eliminated the
helmet and shoulder pads.'® In a study of 24 young
athletes, 1 hour of complete rest with cool-down and
rehydration following 80 minutes of strenuous activ-
ity in heat was effective in eliminating any apparent
residual or carryover effects that would result in
thermal and cardiovascular strain during an identi-
cal exercise bout.'?

In a panel consensus statement by Bergeron et
al, recommendations were made for practice modifi-
cation to reduce the risk of heat exhaustion and heat
stroke. The practice modification called for recogni-
tion of the levels of heat and humidity, monitoring
players during practice, and recognition of players
who are not acclimated or aerobically fit.!% Rav-
Acha et al showed that implementing guidelines in
military force training based on individual limiting
factors, environmental factors, and training factors
showed a marked reduction in the rate of heat-relat-
ed casualties in following years.'?!
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Clinical Pathway for Initial Management of
Pediatric Patients With Heat-Related lliness

On Scene
Patient is suspected to
be suffering from a
heat-related iliness (core
temperature > 38°C)

v

Core temperature > 40°C Ask the patient to rest,
and/or = NO 3 cool down in the shade,
neurologic symptoms? and hydrate (Class II)

Initiate cooling measures

Have the patient's )
;(;:sz;l:z)hjgd <= NO = symptoms improved? -E} No need to activate EMS

v

EMS
+ Initiate IV hydration
(Class II) and cooling
measures (Class IlI)
» Transport to the ED

v

ED
Perform initial assessment

v

Proceed to Core temperature > 40°C Proceed to
Heat Stroke 4-@- and = NO 3 Heat Exhaustion
Pathway (page 11) neurologic symptoms? Pathway (page 11)

Abbreviations: ED, emergency department; EMS, emergency medical services; |V, intravenous.

Class of Evidence Definitions

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

Class | Class Il Class lll Indeterminate
* 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
Level of Evidence: ments
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 of e Higher studies in progress
¢ High-quality meta-analyses * Less robust randomized controlled trials 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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Clinical Pathway for Management of Heat Exhaustion

+ Core temperature
o (] ’7
> 38°C but < 40°C? — NO > Core temperature < 38°C?
« Core temperature
= 40°C without

neurological +
symptoms?

No dehydration or other
medical concerns

+ Initiate IV hydration Reassess core Core temperature < 38°C,
; symptoms improving, .
and cooling measures — temperature and > ymp p 9 @ Discharge
(Class Il) symptoms and normal
+ Order laboratory testing laboratory results?
as indicated N.()

]

Core temperature > 40°C
and = NO 3 Admit
neurologic symptoms?

Clinical Pathway for Management of Heat Stroke

-+ Stabilize ABCs

- Initiate or continue cooling measures (Class Il)
+ Initiate or continue IV hydration (Class Il)

+ Order laboratory tests as indicated

¥

Reassess core
temperature and
symptoms

v

Core temperature
> 40°C with persistent = NO Jp
symptoms?

Laboratory results
consistent with
multisystem organ
failure?

= NO 3 Admit

+ Consider cold IV hydration
with diazepam (Class Ill) =3 Admit to ICU

+ Consider iced gastric
lavage and/or iced bladder
lavage (Class Ill)

Abbreviations: ABC, airway, breathing, and circulation; ICU, intensive care unit; 1V, intravenous.
For Class of Evidence definitions, elee page 10.
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Risk Management Pitfalls in Pediatric Patients With Heat-Related lliness

“The outside temperature was only 26.7°C (80°F).
There’s no way that the baby’s elevated tempera-
ture was related to being left in the car.”

Even in mild-to-moderate environmental
temperatures, the temperature inside a car

can reach dangerous levels. McLaren showed
environmental temperature ranges of 22.2°C to
35.6°C (72°F-96°F) can increase the internal car
temperature to 47.2°C (117°F).'8

“The patient’s rectal temperature was not high
enough for her to be considered to have a heat-
related illness.”

The diagnosis of heat exhaustion includes
temperatures < 40°C (104°F). When considering
the diagnosis of a heat-related illness, history of
signs and symptoms and examination findings are
important in diagnosis and initiating management.

“The boy’s axillary temperature was only 39°C
(102.2°F), so heat stroke could not be a possible
diagnosis.”

Only core temperature measurements utilizing
rectal or esophageal probes should be used for
diagnosis and management of a patient with a
heat-related illness, as other external temperature
measurements are inaccurate and often
underestimate core temperature.

“It was only 26.1°C (79°F) with 80% humidity
outside, so I didn’t consider a heat-related illness
as a source of hyperthermia.”

The body’s ability to dissipate heat is related to
both environmental temperature and humidity.
When the humidity level reaches or exceeds 75%,
heat loss by evaporation begins to decrease and
the risk of heat-related illness during exertion
increases.

“I didn’t stress preseason acclimatization con-
ditioning to the patient’s football coach, as the
temperatures do not exceed 32.2°C (90°F) in our
area.”

Exertional heat illness among football athletes is 11
times more likely than in athletes in all other sports
combined. Most heat-related illness occurs during
the preseason, when athletes are unconditioned
and it is the hottest time of the year. Humidity

as well as temperature should be considered

as risks for heat-related illness. It is therefore
important that athletes are acclimated prior to full
participation in preseason practice.

10.

“Near the end of the championship game, the
football player was experiencing nausea and fa-
tigue. His oral temperature was 38°C (100.4°F).
Since this was an important game and his tem-
perature was not too high, we rehydrated him
and allowed him to return to the game.”

When treating an athlete with heat exhaustion, in
addition to rehydration, it is imperative to remove
football equipment and place the patient in a
shaded area to prevent progression to heat stroke.

“The patient had a temperature of 41°C (105.8°F)
in the ED after football practice, so I asked the
nurse to initiate cooling measures by placing ice
packs on his body and turning fans on him.”
Evaporative cooling has been shown to be

more effective than cooling with ice packs.
Evaporative cooling is accomplished by
spraying warm water over the skin with forced
continuous airflow. Warm forced air or warm
water is crucial for the evaporative process in
order to maintain good peripheral perfusion and
to minimize vasoconstriction.

“] ordered a dose of dantrolene prior to initiat-
ing cooling measures, as the patient’s tempera-
ture was 40.5°C (105°F).”

Although dantrolene is standard therapy for
medication-induced malignant hyperthermia,
there is no convincing evidence for the use of
dantrolene in the management of exertional heat
stroke. Initial management should be focused on
rapid cooling measures.

“The patient is an offensive linemen. Since
they don’t run as much as other football
athletes, I thought he was less at risk for heat
stroke.”

Athletes with a high body mass index are

at increased risk for exercise-induced heat-
related illness, due to their increased heat
production, increased insulation, and decreased
sweating rate, which prevents evaporative heat
dissipation.

“I initiated rapid cooling measures in my
patient whom I suspected had heat stroke. I
instructed the nurse to stop once the patient’s
core body temperature dropped below 37°C
(98.6°F).”

To avoid hypothermia, it is recommended
that cooling measures be stopped when the
core temperature drops below 38°C to 39°C
(100.4°F-102.2°F).
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Summary

Heat-related illness occurs as a result of excess

heat exposure and heat production combined with
decreased heat dissipation, and it can be potentially
life-threatening. A history of excess heat exposure or
exertion with physical examination findings con-
sistent with hyperthermia are needed to make the
clinical diagnosis of heat-related illness. To avoid a
missed diagnosis, it is important to consider special
populations that are particularly at risk, includ-

ing infants, children with chronic diseases, obese
patients, and patients on medications that put them
at risk for hyperthermia. Early recognition and
treatment are critical to reduce morbidity and mor-
tality. A rectal or esophageal thermometer should
be utilized to measure temperature, as external
temperatures can underestimate core temperature.
Laboratory studies have no role in the diagnosis of
heat-related illness, but do assist with managing
associated complications. When heat-related illness
is suspected, immediate cooling measures must be
initiated if they have not already been started by
EMS. Conductive cooling (such as immersion in ice
water) or evaporative cooling are treatment options
to rapidly cool core temperature in the ED. Because
immersion in ice water is often not feasible in the ED
setting, evaporative cooling is the preferred method
of cooling and has been found to be equal or supe-
rior to other cooling measures. There is no clear end
point temperature to stop cooling measures, but
38°C to 39°C (100.4°F-102°F) appears to be safe to
avoid hypothermic overshoot. Most children with
heat exhaustion can be safely discharged from the
ED with adequate hydration, but those with persis-
tent symptoms, abnormal laboratory values, or signs
or symptoms of heat stroke need to be admitted for
further observation and management.

Case Conclusions

Given the history and physical examination findings,
you diagnosed the 15-year-old football player with heat
exhaustion; the patient’s weight, methylphenidate use,
as well as poor acclimatization were likely contributors.
Treatment with IV fluid hydration and evaporative cool-
ing was initiated within the first hour of arrival to avoid
further progression and complications associated with
heat exhaustion. CBC, CMP, and CK levels were ordered
and showed no findings that would suggest multiorgan
involvement. When you rechecked the patient’s rectal tem-
perature, it was 37.4°C (99.3°F). Since all of the patient’s
symptoms had improved, he was discharged home and
given discharge instructions on prevention strategies for
heat-related illness.

The 8-month-old infant that had been in a hot car
was evaluated and determined to have heat stroke. You
immediately established an airway and IV access for fluid

resuscitation. After initial stabilization of the ABCs,
immediate cooling measures were initiated with evapo-
rative cooling as well as cooled IV fluids with a dose of
diazepam. Continuous rectal temperature monitoring was
performed. Diagnostic studies for this patient revealed
elevated AST, ALT, and total bilirubin levels, as well as
acute kidney injury. The infant was admitted to the pedi-
atric intensive care unit.

The 16-year-old marathon runner was experiencing
the onset of heat stroke. The medical unit on scene had a
tub available for ice-water immersion, so you immediately
placed her in the ice-water tub to avoid further progres-
sion and complications related to heat stroke. The patient
was then transported to the ED. Upon arrival to the ED,
her temperature had decreased to 38°C (100.4°F) and her
mental status had also improved. Diagnostic studies were
unremarkable except mild elevation of creatine kinase. The
patient was admitted for further monitoring.
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1. What is the outside temperature that puts
an infant who is left in a car at risk for heat
stroke?

a. 24°C (75.2°F)

b. 32°C (89.6°F)

c. 38°C (100.4°F)
d. All of the above

2. Which athlete is most at risk for a heat-related
illness?
a. A l4-year-old who plays soccer
b. A16-year-old who plays football
c. Al5-year-old who plays tennis
d. A13-year-old who plays basketball

3. A16-year-old girl presents with dizziness and
fatigue after a softball tournament on a hot,
humid day. Her temperature is 39°C (102.2°F)
and she has a normal neurologic examination.
What is the most likely diagnosis?

a. Heat stress

b. Heat exhaustion

c. Heat stroke

d. Malignant hyperthermia

4. On ahot, humid day, a 12-year-old boy pres-
ents with altered mental status (GCS score, 12)
after soccer practice. His vital signs are signifi-
cant for a temperature of 41°C (105.8°F). What
is the most likely diagnosis?

a. Heat stress

b. Heat exhaustion

c. Heat stroke

d. Malignant hyperthermia

10.

What is the preferred route of measuring tem-
perature during management of a patient with
heat stroke?

Rectal thermometer

Axillary thermometer

Temporal thermometer

Tympanic membrane thermometer

a0 we

What heat dissipation methods are utilized for
optimal treatment of a patient with a heat-
related illness?

a. Radiation and evaporation

b. Radiation and convection

c. Conduction and evaporation

d. Conduction and convection

What is the preferred method of cooling in the
ED setting?

a. Tap-water immersion

b. Evaporative cooling

c. Iced peritoneal lavage

d. Administration of dantrolene

What is the recommended technique for per-

forming evaporative cooling for a heat-related

illness?

a. Spraying ice water over the body in a setting
with continuous airflow

b. Wrapping the body with towels that
are soaked in ice water in a setting with
continuous airflow

c. Spraying warm water over the body in a
setting with continuous airflow

d. Wrapping the body with towels that are
soaked in warm water in a setting with
continuous airflow

Which medication increases the risk of a heat-
related illness?

Nonsteroidal anti-inflammatory drugs
Stimulant medications

Antipyretic medications

Beta-adrenergic medications

a0 oe

What pre-existing medical condition places a
child at an increased risk of a heat-related ill-
ness?

Asthma

Hydrocephalus

Supraventricular tachycardia

Cystic fibrosis

aooe
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“Very informative and excellent material.”
“Efficient delivery of the information.”

Interested in a reduced rate for multiple clinicians at your site via a group subscription?
Visit www.ebmedicine.net/groups to request information.

2 Easy Ways To Order:
1. Goonline to: www.ebmedicine.net/NKBXF
2. Call 1-800-249-5770 or 678-366-7933

Use Promotion Code: NKBXF at checkout

Accreditation: EB Medicine is accredited by the Accreditation Council for Continuing Medical Education (ACCME) to provide continuing medical education for physicians. This activity
has been planned and implemented in accordance with the accreditation requirements and policies of the ACCME. Credit Designation: EB Medicine designates this enduring material
for a maximum of 18 AMA PRA Category 1 Credits™. Physicians should claim only the credit commensurate with the extent of their participation in the activity. Faculty Disclosure:

It is the policy of EB Medicine to ensure objectivity, balance, independence, transparency, and scientific rigor in all CME-sponsored educational activities. All faculty participating in
the planning or implementation of a sponsored activity are expected to disclose to the audience any relevant financial relationships and to assist in resolving any conflict of interest
that may arise from the relationship. In compliance with all ACCME Essentials, Standards, and Guidelines, all faculty for this CME activity completed a full disclosure statement. This
information will be presented as part of the course materials. Commercial Support: This activity received no commercial support.
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The 2015-2018 Lifelong Learning
And Self-Assessment Study Guides

Are Available Now The #1.

Receive full article reprints”, CME, lséuiszdy

and more when you order yours today! Rz=== "% R

Your Lifelong Learning And Self-Assessment Study Guides include:
« Full reprints® of the original articles
« Ahandy summary of the key points

« Anin-depth discussion to clarify and elaborate on the key points

[ B MEDIGINE

« Sample questions to help you quiz yourself on your knowledge
of the material

‘Z’;@"‘" 1
« Print or online formats at the same low price

« 35 AMA PRA Category 1 Credits™ and 35 ACEP Category | Credits.

« The practical knowledge you need to ace the ABEM LLSA exams

m “Excellent. | like the format with the synopsis and key points

followed by the full article. Easy to read. Easy to navigate.” he 2018 :
- ANITA L'ITALIEN, MD andng:ﬁni’stiig’ 'er;g
‘ Study Guide

“I have been using your LLSA Study Guides for over seven FULL Article %
years now. They are concise, thoughtful, and extremely Reprints* ‘
helpful. With the CME credits included for free, it is definitely
money well spent.”

*Due to copyright restrictions, 1 article from the 2016 LLSA,
- JAMES ROSBRUGH, MD 2 articles and 1 table from the 2017 LLSA, and 1 article
from the 2018 LLSA are not included.

2 Easy Ways To Order:
1. Goonline to: www.ebmedicine.net/NKLXT
2. Call 1-800-249-5770 or 678-366-7933

Use Promotion Code: NKLXT at checkout

Accreditation: EB Medicine is accredited by the Accreditation Council for Continuing Medical Education (ACCME) to provide continuing medical education for physicians. This activity

has been planned and implemented in accordance with the accreditation requirements and policies of the ACCME. Credit Designation: EB Medicine designates this enduring material
for a maximum of 35 AMA PRA Category 1 Credits™ per study guide. Physicians should claim only the credit commensurate with the extent of their participation in the activity.

Faculty Disclosure: It is the policy of EB Medicine to ensure objectivity, balance, independence, transparency, and scientific rigor in all CME-sponsored educational activities. All faculty
participating in the planning or implementation of a sponsored activity are expected to disclose to the audience any relevant financial relationships and to assist in resolving any conflict
of interest that may arise from the relationship. In compliance with all ACCME Essentials, Standards, and Guidelines, all faculty for this CME activity made a full disclosure statement. This
information will be presented as part of the course materials. Commercial Support: This activity received no commercial support.
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EMERrGENCY MEDICINE PRACTICE

AN EVIDENCE-BASED APPROACH TO PEDIATRIC EMERGENCY MEDICINE A EBMEDICINE.NET

ERRATUM

In the “Nonaccidental Injury in
Pediatric Patients: Detection,
Evaluation, and Treatment” article
in Pediatric Emergency Medicine
Practice, Vol. 14, No. 7, an arrow on
the “Clinical Pathway for Evaluation
of Nonaccidental Injuries in
Children” on page 12 connected to
the wrong box.

The "NO" arrow that connected
the “Is the injury concerning
for abuse?” box to the “Does
evaluation reveal a medical etiology
for presentation?” should have
connected to the “Perform usual
care” box.

The correct version of this article
appears on our website at:
www.ebmedicine.net/NAI
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any commercial support.
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