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Abstract

When psychol ogica and physi ol ogic adaptati on mechani smsbecome dysfunction to environment
induced aperiod of elevated heat stress, hegt-rel ated emergenciesoccur. Heat-related illnessmay
betrivid tolifethreatening. They represent acontinuum of disorders such asheat edema, prickly
heat, heat cramps, heat tetany, heat syncope, and heat exhaustion to critical diseasewell knownas
heat stroke. It can beeasily found in higher temperature situation such asthe hot summer in Taiwan
or those who have chronic medical diseases, older than 75 years, younger than 4 years, mental
illness, d cohalics, and vigorousexertionwithout proper training and acclimatization. Duetothehigh
mortality isfrom 10to 75 % in heet stroke, del ay treatment after 2 hoursonset of severe symptoms
may result in poor outcome. Early recognition and prevention become more important as early
actually treatment. For the above reasons, the articles about heat stroke were reviewed to help
emergency physiciansto befamiliar with thehesat rel ated ilInessesand cooling techniquesand pro-

vide optimal management for such victims.(Ann Disaster Med. 2004;2 Suppl 2: 97-S109)
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Introduction

Theincreasing numbersof participantsinmany
wildernessactivitiesor adventuretravelersin
recent years result in more environmental
accidents. Studiesof morbidity andmortality in
National Parksdemonstrated anoveral illness
andinjury rate of 9.2/100,000 visits. Hesat-re-
latedillnessesareaspectrumof conditionsrang-
ingfrommildilldernesstolifethreatening heat
stroke. It was a so the most important and fre-
quent causeof wilderness-relatedmorbidity and
mortality intheUnited States, responsiblefor 7
%of wilderness-rel ated deaths. Many military
campaigns have been lost because of training

poor acclimatized troops with forced heavy
physical exercises. TheU.S. Army reported at
least 125 deathsfrom hesat stroke between 1941
and 1944.1 Besides, 46 Americanfootba | play-
ersdied of heat stroke between1961 and 1971
2]t isaso the third leading cause of deaths
among American athletes. Heat-induced ill-
nesses occur when body isunableto maintain
appropriate homeostasi s at the el evated ambi-
enttemperaturesituation. Thisriseinbody tem-
perature may produce heat edema, heat rash,
heat cramps, heat tetany, heat syncope, heat
exhaustion, or heat stroke. Due to the high
montality of heat stroke, wereview articlesto
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hel p emergency physiciansrecognizeandlearn
how to managetheillness. Especially in most
situations, heat illnesses may be preventable
throughmany preventivemethodsandwel l pub-
lic education with alarm for predictable heat
waves.

Epidemiology

Heat-induced illnessisthemost frequent cause
of environment-related desthinthe U.S. Heat-
related death rates average 1/1000000 for
those 5to 44 years of age but increaseto five
timesin the population order than 85 years.
From 1979 to 1999, 8015 hest-induced fatali-
tieswere reported to the C.D.C in the United
States, and 3829 amoung them died of heat
waves(adversewegather condition). Anaysisof
the 3764 weather-related deathsrevealed 142
deathsand 1068 deathsfon those yunger than
4andoldenthan 75, respectively. Heat-induced
death rate variessignificantly accordingtothe
westher condition. Indefinition, hest wavesare
3 or more consecutive days of sustained tem-
peratureabove 32.2 °C. Inthe heat waveyears
1952 to 1955 and 1966, an average of 820
annual hest stroke desthswerereportedinthe
United States compared with 179 deaths per
non-heat wave year. Despite advancesin pre-
vention and treatment, more than 700 deaths
wereinduced by the heat during the 1995 heet
wavein Chicago.**Besides, 15highschool stu-
dentsdied in heat stroke during football com-
petition between 1995 and 2001. We found
that athleteshavehigher risk to heat-relatedill-
nesses in vigorous exertion without proper
training, acclimatization, andfluidreplacement.
One Californiastudy about occupational heat
injuriesindicated 1128 cases seeking medical
treatmentinayear. Therewere7 deaths, 15 %
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hospital admission rate, and 40 % workers of f
work for several days after initial medical
management. Populationsat risk include: eld-
erly (age>75y/o), younger (age< 4 years)
with congenital CNSdiseaseor diarrheaillness
, chronicillness or take some medicationsthat
interfere with heat loss or production such as
antipsychotic drugs, anticholinergics,
anti parkinsoniam drugs, B-blockers, calcium
channel blockers, diuretics, vasodilations,
a cohol, amphetamine, cocaine, and ketamine.
Other infregnent Situatiousinclude congenital
absence of sweat glands, scleroderma,
hyperthyrodism, and pheochromocytoma. In
addition, individualswith history of heat stroke
areat greater risk for another episode. Another
risk factorsare obesity, dehydration, and vig-
orous exertion without proper training and
acclimatization. Theenvironmental risk factors
arehigh humidity, high temperature, and those
without air-condition breaks. Mortality of heat
strokerangesfrom 10to 75 %. For thosewith
severeunderlying diseaseor delayed treatment
for morethan 2 hours after the onset of severe
symptoms, the ratewould be highen.

Pathophysiology

Body temperature is regulated through a dy-
namic bal ance between heat production (and
absorption) and hest 10ss.® Heat isabyproduct
of cdllular metabolismandthemechanical work
of skeletal muscle. Itisgained by direct con-
tact with hot objectsand radiation fromthesun.
Thebody heatislostinfour ways:

(1) Conduction: represent direct hegt transter
into cooler surrounding environment (eg. air,
water, sweet, or clothes). When the surround-
ing environment reachesthe sametemperature
asbody skin surface, aninsulator zone occurs
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and conduction stops. Since conduction of heat
inwater isthousandtimesthanair, theinsul ator
zonewill not be devel oped in the existence of
water. So water or sweat isthe primary deter-
minant factor for hegt | oss.

(2) Convection: is an adjunct to conduction,
accounting for about 15% of total heat |oss
Convectionfail towork when humidity and at-
mospheretemperatureabove35%and 32.2°C,
respectively.

(3) Radition: isthe primary method when sur-
roundingtemperaturel ower thanbody tempera:
ture and responsible for 60% body hegt |oss.
(4) Evaporation of sweet into the surrounding
air: isthe primary way of heat losswhen envi-
ronmental temperature higher than body. Even
without sweating, respiratory and skin evapo-
ration areresponsiblefor 600 ml of water |oss
and 12 to 16 Kcal/h of heat loss pen day. It
accountsfor about 25% of heat lossin cooler
Stuationsand reachesnearly 100%at hightem-
peraturewesather. Thelimitationsare environ-
mental humidity and whether adequate sweat
amountssecretionisachieved. High humidity
will decrease the evaporation efficiency. For
each 1% body weight dehydration, core tem-
peratureincreases 0.1 to 0.3°C. Furthermore
dehydration, with fluid loss ashigh as 6-10%
of body weight, appears to be the most com-
mon risk factorsfor heat illnessin exercising
individua sinthehesat.® Dehydration a so com-
promisescardiovascular and thermoregul atory
adaptation by decreasing cutaneoushblood flow
and swesting rate. The Olympic athletes study
showed that well acclimatized individualsget
Swesat secreting rate exceeding the ability of
water absonption via gastrointestinal tract.
Then, dehydration may occur. Itiswell known
that sweating rate may be greater than 1 L/h.
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Oral rehydration alonemay be not enough.

Convectionandevaporationaremoreim-
portant than other methods of losing hest be-
causethey areregulated primarily by thebody
itself. Wind velocity is also related to heat
remova . Heat | ossisproportional tothesquare
root of thewind vel ocity. But fan aonedoesn’t
lower therate of heat stroke. According tothe
above reason, lower socioeconomic status
populationswithout homeair conditioning are
at higher risk of heat-related illnesses.
Furthermore, taking a heat break asshort as2
hoursaday will reducetherisk of heat stroke
if noair-conditionavailable.

The body have a diurnal temperature
change, ranging from about 36°C inthemorn-
ingto37.5°Cintheafternoon.°Wetendto keep
coretemperature between 36°Cand 38°C.The
regulatory mechanismsfail towork when body
temperatureisabove40°C or below 35°C.We
can stay at the temperature between 40°C to
42°C for a short periods without severe
complications. Body temperatureisregul ated
by four primary methods including skin
vasodilation, heat gainand productiondecreased
(inhibit shivering), behavior hest control, and
increased sweat secretion. The anterior
hypothalamus, responsible for hesat |oss, re-
ceives afferent information from cutaneous
(surface) receptorsandinterna (core) tempera
tures and gives efferent signal to the skin by
sympathetic nervesto stimulate skin vasodila-
tationand swesting.’

Cutaneous vasodilatation increases con-
vective heat |0ss.® Sweating increase heat dis-
sipation because of cooling the skin through
evaporation. When the hypothal amic set point
isnormal and heat is produced or gained ab-
normally or cannot bedissi pated, the condition



isknown as hyperthermia. In contrast, when
the hypothalamic set point elevate, it iswell
known as fever.> Exposure to high tempera-
turesand an el evation of body temperaturewill
induce anumber of changesin the cutaneous
circulation. Skinbloodflowisincreasedfroma
basdlineof gpproximately 250 mL/minutetoap-
proximately 6to 8 L/minutethroughincreased
cardiacoutput and concomitant vasocondtiction
of therend and splanchniccirculation. Cardiac
output may increase nearly 3 L/min for each
1°C of temperature elevation. As the above
statements, such victims may worsen the car-
diovascular situationwith underlying diseases
at thiskind of condition. Arrhythmia, worsen-
ing CHF, myocardid ischemiatoinfarctionmay
bedeve oped. Thischangeresultsinanincrease
in heat loss above the resting state of 80 to 90
kcal/hour. Evaporation of swest coolstheskin,
further enhancing hesat transfer. Cutaneousdi-
lation and swesting increase asbody tempera-
turerisesuntil thehegat dynamichba anceregained
and body temperature el evation stopped. En-
duranceathletesand heat-enviroment workers
might reach and maintain body temperaturesof
40°C (104°F) without substantial morbidity.®
Thehumanbody’ sresponseat hot climate
toincreaseefficiency of heat lossiswell known
as acclimatization, providing maximal heat
losing. Under the physiologic and biochemical
adjustments, individual swill adapt hegt stress
that may result in others substantial morbidity
or even death.’® It may take 7 to 10 daysto
target the adaptation. The methodsare moder-
ateexerciseinahot and dry temperature Situa
tionfor 60 to 100 min per day or smplemove-
ment in the same Situation for 1 to 4 hours per
day. Itcanreachacclimatizationwithin2weeks.
When returnto cold temperature, usethesame
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timefor adaptation. Primary routesare:
(1)Changing theamount and rate of swesting.
(2)Increasing skin blood flow and cardiovas-
cularfunction.

(3)Changing the thermoregul atory set point:
lower the thermal set point within the
hypothdamus.

Acclimatizationresultsin plasmavolume
expans on, increased renal blood flow, andin-
creased ability to shunt blood away from non-
critica circulatory areas(includingthesplanch-
niccirculation), thusimprovingtherena ress-
tancetoexertiond rhabdomyolysis. Acclimati-
zation will also fasten activation of therenin-
angiotension-aldosterone system, enhancethe
kidneysand sweat glandsto retain sodium and
preventvolumedepl etion. Despitethisenhanced
ability toretainsodium, acclimated swest glands
can actually secreteagreater volume of sweat
by secretingsweat withsgnificantly lesstonicity,
makingvolumedepletionlesslikely andputting
theheat-stressedindividua sat lessrisk for vol-
umedepletionor dilutional hyponatremiaif fluid
replacement ismaintained solely withfreewa-
ter or other non-electrolyte-contai ning sol ution.
Theacclimati zationplansmay beuseful for gpe-
cificindividualssuch assoldier , athletes, or
occupationa exposureworkers. Thosewill pre-
vent much heat inducedillnessand mortality.

Different mechanismsor pathol ogiesbe-
tween exertional and non-exertional (classic)
heat strokewilln’t mal cethefina medica man-
agement different. Emergency physiciansmust
search underlying drug history or illnessesto
interfereheat lossor production. Obesity guys
haveless effective surface areaand much adi-
posetissue (lesswater content amount), mak-
ing heet lossineffectively. Febrilediseasesthat
reset thermal point alsoworsenthehest release
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from our skin. Antipyretics may be helpful in
the situation but play norolein truly environ-
mental heat-related illness. Alcohol inhibits
ADH. Confinement hyperpyrexiaisasubtype
of non-exertiona hyperpyrexiausualy encoun-
tered when children left inside the cars. Itis
found that temperature reach up to 54°C to
60°C withinalocked car without ventilationin
less than 10 minutes in hot weather. 1llegal
immigrators within aclosed box are also the
major probleminU.S.A.

Usually, heat causes damageto the body
by threemechanisms: Firs, heatisdirectly dam-
agetocells. Increasing cell temperatureresults
in protein denaturation and interrupts critical
cellular processes, reading to apoptosisand
cell death. Temperatures above 41.6°C to
42°Carecondgdered critical therma maximum
for human beings and can be expected to pro-
duce injury even in afew hours. Extreme
temperatures, above49°C, resultinnearly im-
mediate cell desth and tissuenecrosis.

Second, heat induces release of inflam-
matory cytokinesincludingtumor necrosisfac-
tor- « , interleukin-1 () andinterferon 7, and
the anti-inflammatory cytokines|L-6, IL-10,
and TNF receptors p55 and p75. Theelevated
temperatures seemto result in vascular endot-
heliuminjury, increased vascular permesbility,
activation of thecoagul ation cascades, and even
disseminatedintravascul ar coagulation (DIC).

Finally,combinationof direct cytotoxicity
and severesystemicinflammeatory responsesin
whichencepha opathy predominatesearly inthe
courseof thedisease.® If |eft unchecked, renal
failure, coagul opathy, hepaticdysfunction, and
ultimately multipleorgan dysfunction systems
will result.

Ann Disaster Med Vol 2 Suppl 2 2004

Clinical Presentation

Heat edema

Heat edemaoccurswhen cutaneousvasodila-
tation and pooling of interstitia fluidin depen-
dent extremitiesresult in swelling of thehands
andfeet. Itisasdf-limited processfor thefirst
few daysin hot Situation and rarely lastsmore
than a few weeks. Increased secretion of
antidiurentic hormorce and aldoderoneinre-
gponsetothehegt siressal so contributeto some
edemaformation. Itiseasily found in non-ac-
climatized and elderly human or during travel -
inginarplanesor carsfromacolder climateto
ahotter environment. Fitting edemaover ankles
may beseen but pre-tibiaareaisnever involved.
Treatmentsincludesel evation and application
of compressive stockings or support hose of
the extremities. Diuretics should avoided be-
cause of potential volume depletion, and el ec-
trolyteimbalance,

Prickly Heat

It isamaculopapular, pruritic, and erythema-
tousrash over theclothescovered areas, which
iswell known as heat rash or miliariarubra
Theetiology isthat sweat gland duct poresare
blocked. Inacutephase, it can beeasly trested
by antihistamines. Other preventivemaneuvers
arewearing clear, light, and bigger clothesthan
usual tofacilitate heat | oss. Besides, baby pow-
der isof novaueinthestuation and may inter-
fere sweating and heat | oss. Chlorhexidinelo-
tion or light cream can be the alterative treat-
mentchoice. Inseverdy cases, damageinvolves
deep into the dermis causing white and non-
pruritic papules, which may progress into
chronic dermatitis and associ ate with Staphy-
lococcusaureusinfection. Antibioticslike ox-
acillinor erythmycinmay beuseful inthiskind



situation. In addition, using 1% salicylic acid
threetimes aday can cause desquamation of
theinvolved skin.

Heat Cramp

The illnesses are characterized by painful,
involuntary, andsdlf-limitedmusclespasms, es-
pecialy involved thelargemusclegroupssuch
as he calves, thighs, and shoulders.It’s often
occurred severa hoursafter vigorousexercise
inahot environment and during arest period of
showering. Common for non-acclimatizedin-
dividuasjust beginningtoreceivetraining. Hy-
poka emiacombinedwithhyperventilaionisaso
considered a predisposing factor. Dilutional
hyponatremiawill be deuel oppd becauseindi-
vidualsreplaceswest |osswithfreewater with-
out salt contents.***3 Core body temperature
might benormal or elevated. Managementsin-
cluderesting in acool environment and salt
replacement. Oral e ectrolytesol utionwithcom-
mercially available balanced sportsdrinks or
650 mg sodium chloridetablet in 500 ml water
(about 0.1 to 0.2% saline solution) are the
choices. Rardly, intravenous normal salineis
required. In addition, the pain will not bere-
lieved by opiatesaone, and occurredinthe ab-
sence of other symptoms including
rhabdomyolysis. Neventhless, they can beac-
companied by symptoms and signs of heat
exhaugtion.

Heat Tetany

Itistheconditionthat hyperventilationsyndrome
occurred under the hesat stress, like thetypical
hyperventilation presenting with paresthesiaof
extremities and circumoral area, respiratory
alkalosis, and carpopedal spasm. It resultsin
little pain and cramps than heat cramps.
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Otherwise, more paresthesisover specificar-
eas are noted than heat cramps. Managements
include lowering therespiratory rate and rest-
inginacool environment.

Heat Syncope

Heat syncope results from volume depletion,
peripheral vasodilatation, pooling of bloodsand
decreased vasomotor tonewhileexercisingin
ahotenvironment, withsubsequenttransentloss
of consciousness. It affectsmost commonly in
poorly acclimatizedande derly individuals. Re-
covery after supining and usually normal body
temperature separate heat syncope from heat
stroke. Postura hypotensionmight or might not
be noted on presentation to the emergency
department. Thekey pointsshould bethorough
evaluation for injuriesinduced by afall, and
exclud all cardiac, neurologic, or other poten-
tially serious causes of syncope. Treatments
consist of restand oral or intravenousfluid sup-
ply inacool environment. Education of victims
toprevent damagefromfall isimportant asweu.

Heat Exhaustion

Heat exhaustion isthe most common hegat-re-
lated illness'* and characterized by significant
volumedepletion.”*Classically, heat exhaugtion
is classified as water depletion and salt
depletion. Water depl etion heat exhaustion oc-
cursinindividual sworkinginahot environment
without adequate water replacement.
Nevertheless, salt depletion heat exhaustion
takeslonger timeto develop and occursduring
exerciseinahot environment because of heavy
swesting and hypotoni ¢ sol utionsrepl acement.
But most victimspresentingto ED awayscom-
binewith both water and salt |oss. Thosewho
haveheat exhaustionwill present with nonspe-
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cific systemic symptoms and signs such as
fatigue, headache, nausea, vomiting, weskness,
maaise,dizziness mydgia,irritability, digphore-
sisand muscle cramps. Patients can al so expe-
rienceorthostatic hypotension or heat syncope.
Physical examination usually showscoretem-
peratures of lessthan 40°C and normal mental
status. Asphysical responsefor heat stress, vic-
timsmay present to ED withtachycardia, ortho-
static hypotension, and clinical evidence of
dehydration. Patients who have heat exhaus-
tionwill usualy haveprofuseswesatingalmost.
Mild hest exhaustion and hegt stroke are
at opposite ends of the heat illness disease
gpectrum. Wesometimeshavedifficultiestodif-
ferentiate from them. Anhidrosis, CNS
dysfunction, and body coretemperature above
40°C areclues. Exertional heat strokemay ini-
tidly presentto ED without anhidrosis. Besides,
heat stroke may occur at any coretemperature
especially when the patients with heat stroke
had been treated before arriving to ED. If any
doubt in differentiating from the two kinds of
Stuations, thepatientsshoul d betreated for heet
stroke as soon asfast. Infact, heat stroke may
happenif hest exhaustion|eft untrested. Always
keepinmindthat hest exhaustionisadiagnosis
of exclusion. The only objective and useful
method isthe level of hepatic enzymes. Itis
found elevated in heat strokeand may contrib-
uteto thedelayed complicationsof heat stroke.
Laboratory abnormalities, including
hemoconcentration, hyponatremia or
hypernatremiacan also be measured. In heat
exhaustion, altered mental status or seizures
without combinationwith severehyperpyrexia,
hypoglycemia,or traumamay alert the physi-
cians that hyponatremia maybe the primary

etiology, especidly if symptomsprogressafter
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exercisesstop. Therapiesconsist of increased
heat |oss by fan evaporation, rest in a cool
stuation, salt with fluid repletion. Ora sports
drinksisacceptablein those without unstable
vital sgnsor havesaverevomiting. Ontheother
hand, el ectrolytesmeasurement andintravenous
normal salinemay achievethebetter efficiency
if thevictimsarehemodynamicaly unstableor
severe Gl upset. Furthermore, avoid exercise
for 2to 3additiona daysneedsto beinformed.
Hospita admissonisrarely acquiredexceptvic-
timsof CHF or severedectrolyteimbaance.

Heat Stroke

Classic heat stroke. Classis heat stroke is
typically seenin debilitated patients after sev-
eral daysof high environmental temperatures
and humidity exposure. Thisconditionisseen
maost commonly during hest waves. Individuas
especially at highenrisksincludethosewhoare
chronicill, theelderly, a coholic abuse, those
without air conditioning. Otherstaking specific
drugsasprevioudy mentioned arealso at par-
ticular risks.*® Chronicand debilitating diseases
such as cardiac conditions, dementia, and
chronic obstructive pulmonary disease have
also been found at risk.* In addition, infants
andill, febrilechildrenareat highenrisk.’* One
animal study streptozotocin-induced diabetic
ratsto demothat chronicillnesssuchasDM is
more easily induced to elevated striatal
glutamate (represent more serious heat-shock
syndrome) by high temperature exposure. So
that, insulintreatment seemshel pful inthepre-
vention of heatstroke in STZ-diabetic rats.*®
Two magjor diagnostic findings are core tem-
peraturemorethan 40°C and CNSdysfunction.
©OTypicdly, victimsmay beanhidrosis, but ab-
sence of swest is not the absol ute diagnostic



criterion. Follow therulemight lead to adelay
in the diagnosis and trestment of heat stroke
with seriouscomplication. CNSdysfunction
isusually manifested by delirium, seizures, or
coma. Other clinical findings such as
hallucinations, ataxia, or bizarre behavior can
also be noted. Patients can a so present with
systemic symptomslike nauseaand vomiting
smilar toheat exhaustion but with altered men-
tal status. Besides, most will present with ta-
chycardiaand hypotensonwhenarrival toED.
.2l Hyperventil ation, with concomitant meta-
bolicacidosis,isa socommon.>2Unfortunately,
more than 50% may be combined with infec-
tionat presentation. Thismight beexplained by
that increased | eukocyte count with decreased
circulating neutrophil phagocytic capacity and
increased expression of lymphocyte adhesion
molecul esincrease susceptibility toinfections
inexertional heat stroke. Laboratory findings
might include hemoconcentration, acuterenal
faillure (ARF), abnormal liver function tests,
hypernatremiaor hyponatremia, and hypokae-
miaaccording tothedegree of dehydration.*”®

Exertional heat str oke. Exertiond heat stroke
isfoundmorecommonly inpoorly acclimatized
young personsinvolvedinvigrousphysical ex-
erciseunder ahot environment. It can betypi-
caly foundinheathy military soldiers, miners,
and athletes® particularly if they lack water
supply. In retrospective analyses, most of the
cases can be preventable.®* It presentssimilar
symptoms as classic heat stroke, except pro-
fuse sweating,**?* account of that 50% cases
aredtill swesting at presentation. Vomiting and
diarrheaarerel ative more common, occurring
in up to two thirds of patients.® 25 % of pa-

tientswill develop ARF.** Rhabdomyolysis,
ARF, and DIC aremore commonin victimsof
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exertiona heet stroke. Laboratory abnormali-
tiesaresimilar toclass c hest stroke. Hypokale-
miaisdeveloped in early stages, with hyper-
kaemiamanifestinglater. Sodiumlevelscanbe
normal or dightly elevated dependingonthehy-
dration status of the patients. Elevated creati-
nine phosphokinase (CPK) secondary to
rhabdomyolysismay be seen. Thosewho have
peak CPK levels above 10,000 IU/L are at
significantrisk todevel opARF.* However, low
levelsof CPK oninitial measurement do not
rule out the development of ARF.% Besides,
marked lactic acidosis, hypocal cemia, and hy-
poglycemiacan asobeseen. Differ fromclas-
Schest srokefromanother formhavenodlinica
valuedueto result in the sametreatment. The
determinefactor affect mortaity istheunderly-
ing diseases other than the height of core
temperature.’®* Heat strokeisthediagnosis
of exclusion. Itincludesuchasdrugwithdrawal
syndrome, ethanol withdrawal, neuroleptic
malignant syndrome, systemicinfection, CNS
infection, DKA, thyroid storm, Intracerebral
hemorrhage, status epilepticus, serotonin
syndrome, drug toxicity(anticholinergics,
amphetamines, etc).So, clinicd laboratory sur-
vey must be ordered to detect end organ dam-
ageandtoruleout other etiology that may mimic
heat stroke.®

Treatment

Removethevictimimmediately from hot con-
dition to acool shaded area. Take off al cloth-
ing and evaluate the adequacy of airway,
breathing, and circulationfollowingasACLS
guideline suggestion. Rapid cooling the core
temperatureto below 40°Cistheonly goal and
shouldnot beddayedif any methodisavailable.
Cold water or ice water immersion should be
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ingtitutedif readily avail ableandlower tempera
turemorerapidly athough disadvantagessuch
asshivering, monitor |ead disconnection, equip-
mentlessavailable, primary inyoung and heath
victimswithout comorbid diseases. Inastudy
of 252 exertional heat stroke cases, ice water
immersion lowered coretemperatureto below
39°Cwithin 10to 40 minuteswithout fatalities
inthisgroup.® In another study, icewater im-
mersion cooled twice as fast as evaporative
cooling.3Alternatively, evaporativecooling by
Spraying water over the patient’sskin and fan-
ning the patient maybe useful in pre-hospital
settingandrecelvingfacility.* | cepacksared so
frequently usedin ED and placed over theneck,
axillag, andgroin. However, severd sudieshave
not shownas gnificant reductionof coolingtime
with their use.*>¢ Finally, acore temperature
should be checked with serial monitoring by an
electronic rectal thermistor probe or tempera
ture probe-equipped urinary drainage catheter
during the cooling processto ensure adequate
cooling andto prevent iatrogenic hypothermia
and rebound of hyperthermiarequiring further
treatment. If patient isintubated, esophagea
thermometer isanother choice. If equipment is
limited, usetympanicthermometer asfrequent
aspossibleevery 5to 10 minutes. Seizuresand
excess ve shivering can be managed by using
thebenzodiazepine

IntravenousL R or NSat arate of 250ml/
hr isadvised for most patients. Fluid challenge
must beadjusted by underlyingconditions, urine
output, serial BPmonitor, and PCWP or CVP.
An animal study result demonstrates that the
neuroprotective effect of hypervolaemic
haemodilution by NSsupply decrease cerebral
ischaemiaand hypoxiainjury inhegt strokerats.
37 Another study using 3% hypertonicsadinein
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heat stroke rats shows abetter heat stroke syn-
drome preventive effect than NS.*® Random-
ized andlarger clinical trialsare pivotal before
widely use. Dopamine causes peripheral vaso-
congtriction at higher dosesandimpaired cuta-
neous perfusion and hest loss. Glucose level
must be checked at bedside since hypoglyce-
mia can be noted in exertional heat stroke.
Hematocrit, eectrolytes, BUN, cregtinine, liver
function tests, CPK, coagulation studies, and
urinalysi sshould bemeasured. Electrolytesand
metabolic abnormalities should be corrected
appropriately. Other complications such as
rhabdomyolysis, ARF, DIC, or liver damage
need to be eval uated and treated. Themajority
of patientshaving exertional heat strokewill re-
cover without sequelae.® Long-term effectsfor
heat stroke survivors are rare with adequate
treatment. In acase—control study of 21 young
patientssufferingexertiona hest strokefollowed
up for 6 months and tested for hest tolerance
and psychological sequelae, nonewasfound
to have any abnormal findings.* Moderateto
severeresidua neurologicdefectsinclasscheet
stroke survivors have been reported in up to
33% of cases.?* Neurologic deficits are
paraplegia, paresis, dysarthria, memory loss,
concentration difficulty, and ataxia.® With ap-
propriate rehabilitation, significant motor and
cognitivefunction can berecovered over time.
40 A randomized, controlled, prospective rat
model demonstrated that direct retrograde hy-
pothermicperfusionviatheexterna jugularvein
protected the brain after heatstroke. Thistech-
nique cooled thebrainwithout significantly in-
terfering body temperature.** Another study
showed that athough pretreatment with al pha-
tocopherol andmannitol did not prevent theheeat
stroke syndromeentirely, an attenuation of the



syndromeisobserved.” But it is still contro-
versial and may induce osmotic diuresis and
compromisedehydration.

Disposition

All heat-related illness may be discharged for

outpatient follow-up except

(1) Heat exhaustion combined with
extremityage,significant electrolyteor
fluid disturbance, severe underlying
diseases, or end organ damage.

(2) Heat stroke.

Prevention

Preventionremainsthemost important method
for heat-induced illnesses. Always keep
hydration, wear adequatecl othing, awareof risk
factors and wesather prediction especialy the
heat wavefrom TV or newspaper can prevent
most heat injuries. Elderly patientsat risk for
classic heat stroke should be evaluated
frequently. Avoid strenuousphysical activities
during extreme hot weather with frequent hest
break and adequate fluid and salt supply is
essential. Overhydration should be avoided
since severe hyponatremiahave been reported
inmarathon runners, especially inwomen and
slow runners, due to excessive fluid
consumption.®Whiteor light-colored clothing
reflectsradiant energy isalso helpful.

Summary

The magjority of heat-related illnesses can be
prevented by adequate fluid and electrolytes
supply and awareness of potential risk factors.
Familiarity of emergency physiciansandprimary
phys ciansisfundamenta for early diagnosisand
treatment. Public educationisessential aswell.
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