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chicular hyperthermia is an

uncommon but preventable

cause of heat stroke in young
children. As children are placed out
of sight in the back seat of vehicles,
the incidence of deaths due to vehicu-
lar hyperthermia has increased. Young
children trapped in hot vehicles may
present with heat stroke. They have
core body temperatures of greater than
100" F and have neurologic dysfunction.

Acute management primarily requires
cardiovascular resuscitation for dehy-
dration or shock and rapid cooling,

CASE

On a typical weekday morning, a busy
mother places her 10-month-old daugh-
ter in one of the rear-facing car seats in

=5

the family’s SUV and sets off to drop
her daughter at daycare before heading
to work. Fatigued and distracted, the
mother stops to get gas and then drives
to her office, grabs her purse from the
front passenger seat, and heads in to
start her workday. Twenty minutes later,
she reccives a call from the daycare ask-
ing if her daughter will be absent today.
Panicked, the mother realizes that the
sleeping baby'is still in her car seat in the
parked car in tle sun. When she reaches
the car the baby is hot, difficult to arouse
and breathing fast. She calls 9-1-1.

The EMS providers who arrive on
scene recognize that the baby is suffering
from heat stroke. This brings up some
questions. Why are the crews seeing this
more often? What is the pathophysiol-




Young children strapped into a car seat are both
'deuelﬁpm.e'}ttally and physically unable to extricate
themselves from a vehicle, remove clothing to help
manage heat or drink fluids to manage dehydration.
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EPIDEMIOLOGY

Vehicular hypcrthcrmza. in young chd—_ ;

dren is an increasing cause of. mortality.

Introduction of guidelines encouraging par- -

ents to restrain young children in backseats
were introduced in the 1990s as injuries and
fatalities from airbag deployments became
more common. As an unintended conse-

quence.of this very successful public health

intervention, combined with increasing dis-

traction from cell phones and busy sched-

ules, the frequency of children being left in
cars increased because children in car seats
are now less visible to drivers.

Prior to the mid- 19905, there were
less than 10 pediatric deaths per year in

the US duc to vch;cular hypertherm1a
_Between 1998 and 2012, that number

“increased to an estimated 559, an average
.of 38 deaths pcr year. More than two-
. thirds of these deaths were in children
:younger than age 3. The most common
. reason glven by caregivers of these victims

in media reports is that they forgot the

child was in the vehicle. Other reasons -

included that the child was playing unat-
tended in the vehicle or- that the caregiver

'left the chlld?’m the vehicle intentionally.

“The burde:sg( of deaths due to vehicular

hyperthermia also reflects. weather pat-

terns, as major mctropohtan areas in the
southern U, §. expenencc a h1gher propor~
tion of deaths.!? .

The air temperature inside vehicles rises
dramatically, an effect poorly understood
by many parents and caregivers. In studxcs

~a vehicle parked in the sun with vﬁﬂable
- -outside temperatures increased by approxi- -

-o_f t}_;e rat_e of _in_crcase.of vehicle interior

temperatures, the. 2ir temperature_ inside

mately 20" in 10 minutes. By 20 minutes,
the inside air teniperature was 29° higher
than ambient 1 temperatures. By 60 minutes, -
a vatiety of vehicle types and ambient tem-
peratures will reach similar peak interior
temperatures of 140-180" F.1245 Even a "
brief entrapmeént in a vehicle can expose a
child to heatstroke (havmg a tcmpcrature
above 104" F), but fatalities generally result
from prolonged heat exposure. In a Teview
of 171 pediatric deaths due to vehicular

: -hyperthermm, the duration of heat €xpo-

sure averaged 4.6 hours with the shortest
recorded fatal exposure of 15 minutes; The
core body temperature of deceased victims
was between 102.9-109" F2
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nt,focus on the

PATHOPHYSIOLOGY OF

HYPERTHERMIA . .
Although vehicular ‘entrapment quickly
results in hyperthermia in victims of all ages,
children are especially vulnerable to the

effects of heat stroke. Compared to adults,
they have a more susceptible surface

yperthermiarheat sroke, begin
ABCs: airway, breathing,

. abnormahucsaffcctcarmac c_o.ntractility and
© '\ “conduction, and impede the child’s ability

to maintain an elevated cardiac output. In
‘the presence of dehydration and vasodi-
Iation, this drop in cardiac output leads
to hypotension,

area that can absorb heat and immature
thermoregulation. Additionally, young
children strapped into a car seat are both
developmentally and physically unable
to extricate themselves from a vehicle,
remove clothing to help manage heat or
drink fluids to manage dehydration.
Heat stroke is the most severe form of
heat illness. It usually consists of a core
body temperature greater than or equal
to 104" F and neurologic dysfunction,
such as disorientation, delirium, sefzures,
or coma. The pathophysiology of heat
stroke in children relates to the duration
of exposure to heat, At the onset of heat
stress, cardiac output increases and circy-
lation is shunted peripherally to vasodilate
skin and muscle to facilitate heat loss.
Hyperthermia develops as the child is

Core temperature
should be measured
rectally as rapidly
as possiole. Axillary,
oral & tympanic

temperatures dre not

accurate enough for

agiagnosis or treatment

of hyperthermia.

In a serics of autopsies of children who
died from vehicalar hyperthermia, the most
consistent finding was intrathoracic pete-
chiae, presummed to be due to deep gasping.?

. Although victims of heat stroke may prog-

ress.to cercbral edema, multiorgan hemor- .
rhage, and necrosis or rhabdomyolysis, these
injuries are not believed to be present during

‘acute heat stroke.? R

TREATMENT
Treatment of hyperthermia. should begin

- with a thorough history and physical assess-

ment. Often, but not always, the history or
scene circumstances will provide clues to

~ the cause of the patient’s condition. It's
- important to initially keep a broad differen-

tial diagnosis, including infectious causes,
toxic ingestions or exposures, or status
epilepticus. Accordingly, the initial physical f
assessment and interventions should focus f
on routine resuscitation of airway, breathing 1
and circulation. '

Airway: Depending on the degree of !‘
hyperthermia and altered mental status, the
child may require basic and advanced air- |
way maneyvers, including bag-valve mask
ventilation, supraglottic airway or endotra-
cheal tube insertion, to maintain their
airway and breathing,’

Breathing: All patients with suspected
hyperthermia and altered mental status
should reccive trearment with supple-
mental oxygen because of the patient’s
increased metabolic rate in the face of
heat stress.

Circulation: At least one intraosseous
{0} or IV access point should be estab-
lished. Children with vehicular hyperther-
mia are often only mildly hypovolemic,
because there has been no exertion, An ini-
tial fluid bolus of 20 mL/kg of cither chilied
or tepid isotonic erystalloid is approptiate
initial treatment.!’ Given the potential for
electrolyte abnormalities, a 12-lead ECG
may add to clinical management by ALS
providers. The most common ECG finding
in hyperthermia is sinus tachycardia; how-

unable to dissipate heat with prolonged

exposure and can no longer maintain a nor-
mal core body temperature. As it progresses,
dehydration and- electrolyte abnormalities
develop, particularly hypernatremia due to
water loss and hypocalcemia due to skel-
etal muscle degradation, These electrolyte

As the duration of exposure increases,
endothelial damage occurs to the microvas-
culature and children may develop cutaneous

. signs of coagulopathy, including petechiae

and purpura. Terminal hyperthermia results
in cardiac arthythmias and deep gasping**

ever, abnormal intervals, peaked T-waves,
bradycardia, or a widened QRS complex are
concerning for electrolyte abnormalities. For
hyperthermic patients in shock, vasoactive
agents, including calcium ghuconate delivered
via IV or intramuscularfy, may need to be initi-
ated to'maintain normotension, ™!
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Disability: A point-of-care blood glucose
should be done to exclude hypoglycemia as
a cause of altered mental status.1 .

Exposure: Core temperature should be
measured rectally as rapidly as possible.
Axillary, oral and tympanic temperatures are
hot accurate enough for diagnosis or treat-

treating environmental hyperthermia.

Heat stroke requires active cooling, but
there’s no evidence-based best method for
cooling in the pediatric population. Data
from smalt trials and expert consensus suggest
that evaporative cooling is the most appropri-
ate znd rapid method in the field.

Hyperthermia develops
as the child is unable
to dissipate heat with

prolonged exposure
& can no longer
maintain a normal

core body temperature.

The patient should be removed
from the vehicle and stripped to
bare skin. Room temperature water
is effective for evaporative cooling
and better tolerated than ice water.
Once exposed, the patient should
be sprayed with water or saline
while being fanned manually or,
preferably, by the ambulance fan or
air conditioner, Evaporative cool-
ing should be augmented with ice
packs placed in the axilla, groin, and
around the neck if the patient will
tolerate jt. To prevent hypothermia,
cooling should be stopped once the
goal temperature of 100° F has been

ment of hyperthermia. /111 The goal of treat-
ment is the initiation of cooling to a core
temperature of 100" F as quickly as safely
possible. Because morbidity and mortality
are directly related to the duration of hyper-
thermia, aggressive cooling should begin in
the field !> Antipyretics don't have a role in

Table 1: BLS & ALS 'I:reatment
of Hyperthermia

Provide oxygen ' Provide advanced
and _b_ag-vgtve_.* s cardiac life - e
mask ventilation. - -support drigs,

**achieved. Midazolam 0.05-0.1 mg/
kg IV/IO can be given for shivering or sei-
zure. Shivering should be actively managed
because it slows the rate of cooling,” 101
Since patients will cool during transport,
the concern for hyperthermia needs to
be clearly conveyed to the receiving staff
because the initial core temperature mea-
sured by hospital staff may be below 104° F.

Milder cases of heat illness can be treated
by simply removing the patient from the
vehicle and placing them in 2 cool envi-
ronment. Oral or IV rehydration with an
isotonic electrolyte solution may also aid
recovery from heat exhaustion.

Transport: Hyperthermia requires recog-
nition, stabilization, and initiation of treat-
ment in the field, but this shouldrt delay
transport to definitive care, Local destina-
tion protocols for pediatric patients should
be followed but in general, these patients
will benefit from being taken to a hospital
with pediatric intensive care unit facilities if
one is availafﬁle. Unstable patients should be
taken to the nearest emergency department
approved for children. Some patients may
initially appear well after confinement in 2
hot vehicle, but if they have any elevation
in core temperature, these patients should
be evaluated by an emergency department
to rule out electrolyte abnormalities or mus-
cle breakdown that may not be apparent

on initial exam and could develop hours
after exposure. Children who have a normal
mental status, were not exposed to very
high temperatures and have 2 normal core
temperature may be released to a reliable
caregiver with advice to seek evaluation by
their primary care physician, if allowed by
local protocol. sems
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