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Spectrum of Heat-Related lllnesses

Severity Type Symptoms Treatment Physiologic response
Mild Heat edema Extremity swelling, occasional Mowe from heat, elevate lower Cutaneous vasodilation,
facial flushing extremities; diuretics not vascular leak resulting in
indicated increased interstitial fluid
Exercise-associated Muscle spasms, moist and cool Mowve from heat, rest, leg Muscular overuse, neuro-
muscle cramps skin, normal body temperature elevation, stretching. massage. muscular hyperactivity, fluid
heat cramps] oral electrolyte/fluid repletion and electrolyte depletion
Heat rash (miliaria Eruption of red papules or pus- Remowe clothing, evapora- Vasodilation of skin vessels
rubra) tules, primarily on neck, upper tive cooling, avoid topical with obstructed sweat
extremities, trunk, and groin emollients ducts/pores from macerated
stratum corneum; second-
ary infection possible
Moderate Exercise-associated Lightheadedness. orthostasis, Rest in supine position, elevate Profound peripheral vasodi-
collapse (heat dizziness, transient loss of legs. oral or intravenous rehy- lation, volume depletion and
syncope) consciousness immediately dration; prolonged recovery decreased vasomotor tone,
following cessation of activity or significant cardiac risk decrease in venous return
factors should prompt further and subsequent syncope or
evaluation presyncope
Heat exhaustion Thirst, headache, fatigue, Mowe from heat, rest in supine Mild thermoregulatory dys-
tachycardia, weakness, ataxia, position, leg elevation, evap- function, hypovolemia with
Syncope, nausea, vomiting, orative cooling, intravenous splanchnic vasoconstriction
diarrhea, cold and clammy skin, or oral rehydration; delayed and hypotension, early mul-
core temperature 101® to 104°F response requires further tiorgan dysfunction
{38.5" to 40°C) evaluation
Severe Heat stroke Altered mental status, seizures, Mowe from heat; manage air- Severe thermoregulatory

Information from reference 3.

coma, tachycardia, hypo-
tension, hyperventilation,
diaphoresis (skin may be wet
or dry at time of collapse), core
temperature = 105°F (40.5°C)

way, breathing, and circulation;

cold/fice water immersion;
intravenous rehydration; hos-
pital admission

dysfunction resulting in
endotoxin leakage. systemic
inflammatory response syn-
drome, cellular apoptosis,
and multorgan dysfunction
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(The modified JAAM heat stroke definition; JAAMHHSWG)®
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l. Glasgow Coma Scale (GCS) score of < 14,

II. Creatinine or total bilirubin levels of = 1.2 mg/
dL,

. JAAM DIC score of = 4.
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Japanese Association of Acute Medicine Heat Related Illness Classification 2015

related 1o heatsiroke™

Symptoms

Severity

Treatment

Classification
from clinical
presentations

First aid can be conducted and
patient is monitored only when
Stage 1 symproms gradually
improve

Seage 1
(Farst aid and
ohservation )

Diriness, faintness, slight yawning

Heavy sweating

Muscle pain, stiff muscles (muscle

crampsh

Impaired consciousness is not

observed (JCS =00

May be handled on site
under normal conditions
— Resting in & cool place,
cooling the body surface,
amd orally supplying water
amd Na

Stage 11
(Should be taken
to o medical

Headache, vomiting,
Fatigue, sinking feeling, and
declined concentration and

Examination at a medical
institution is necessary
— Body temperature

consciousness JUS = 2, cerchellar
symptoms, convulsive seizures)
(H/K )} hepaticirenal dysfunction
follow-up following admission to
hospital, hepatic or renal impairment
n:qulrl ng inpaticnt hospital care)

as DIC according wo acute phase DIC

imstimation) Judgement {JCS < 1) management. resting. and
sufficiemly supplying
water and Na® {by drip
infusion if oral intake is
difficult)
Stage I Includes at least one of the following: Inpatient hospital care
(Inpatient hospital | (€ central nervous system (depending on the case,
care) manifestation (impained intensive care) is necessary

—s Body temperature
management

(internal body cooling.
intravascular cooling. ete,
are carried out along with
body surface cooling)

Respiratory and circulatory

care
DIC wreatment

Heat cramp
Heat syncope

Hear exhaustion

Heat siroke

e

The patient should immediately
be wken to the hospital in the
event when stage Il symploms
ocour or improvement in Stage |
is not observed

{asscssed by others)

! ]

Whether or mot it is Stage 111 is
determined by ambulance staff
or at examination‘checkup after
arrival at hospital

diapnostic criteria {Japancse
Association of Acute Medicine)
— Most severe of the three types

-

Japanese Association of Acute Medicine Heat-Related lliness criteria. DIC, disseminated intravascular coagulation; JCS, Japan Coma Scale
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Bouchama's definition JAAM criteria JAAM-HS-WG criteria
Exposure to
Environment environmental Exposure to high
heat (classic heat stroke) environmental
temperature
Body temperature Core body - -
temperature > 40 “C
Organ dysfunction Central nervous system Delirium, convulsions, Impaired consciousness JCS 2 2, GCS score < 14
of coma cerebellar symptoms,
convulsive seizures
Coagulation - Diagnosed as DIC by JAAM JAAM DIC score 2 4
Liver - Follow-up after admission Creatinine or total
R _ 1o hospital, hepatic or renal bilirubin levels 2 1.2 mg/dL
impairments requiring
inpatient hospital care
Cardiovascular - - -
Respiratory - - -

GCS Glasgow Coma Scale, JAAM Japanese Association of Acute Medicine, JAAM-H5-WG Japanese Association of Acute Medicine heat stroke committee working

group, JCS Japan Coma Scale, DIC disseminated intravascular coagulation

AN 3 LAAINSUSEUgUNNEENTLATNANAIINNAANNYDY Bouchama's, JAAM-HS waz JAAMFHHS-WG
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CIassm/Non Exertional Heat Stroke Nammim
mimmaﬂmawmﬂﬂaumwwu (heat waves) AN
Fuuslndgarunarnuasizuuilasaandon
Tamse?i Exertional Heat Stroke mmmmmui@mma
1819890 Wuuwniumaaqmiauwawmﬁiauﬁm PN 4
LEAINILUTB U8 U134 Classic/Non-Exertional Heat
Stroke w8z Exertional Heat Stroke
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M99 4 LN aLlIeuiieuszying Classic/NonExertional
Heat Stroke waz Exertional Heat Stroke

Characteristic | Classic heat stroke [ Exertional
heat stroke

General health | Predisposing health | Healthy person
factors

Age Older Younger

Occurrence | Often occurs during | Occurs sporadically
high temperatures

Sweating Absent Present

Activity Sedentary Strenuous

Disseminated | Uncommon Common

intravascular

coagulation

Acute renal | Uncommon Common

failure

Lactic acidosis | Uncommon Common

Hyperuricemia | Moderate Severe

Hypokalemia | Rare Common

Rhabdomyolysis | Rare Common

Fuanonfeniidrdnesinalamn fAemslafmie
ponIizagluNIzINMATEUIA viuae fTeu 380
nazvnesinann Jadeu Uiadee nihiia mela aduld
o ndanitainss fuss duu phuenaene 9 e
FRndiaetosasaniionaaad lawdwsusunai

wansnudauazng15a339nyn (Pathogenesis and
Pathophysiology) aasinalasn
dnalaIniinaInnTieaugar09IzUUAILAN
ANNIDUYDITINEY (thermal homeostasis) T1319NT
FINANHIEN LAZNNTITUIEANIBUVRITNNNY TN
pnnfununeingedu ansfouludmediiadu
SlALAANILINNINALETEN (Metabolism) Jtwe
MAINTIN NITHATLEILAN NITIFNATOINATON WA
o fimald smeinAanIsnfindige Semesanan
wﬁmwﬁwwmﬁluﬁﬁummdw 20 i WRMIUI I
Soenz 75 wWasnluiduannion
N13I2UIEAINIOUEONAININY (heat dissi-
pation) (indusunalndrdy 2 naln denalndaunans
(central mechanisms) uaznalnaiusauwan (peripheral
mechanisms) N1332UN8ANHIDBHIWNA INTIBNATY
PIUANFNUIZUUUSZENEIUAILANEMMAA (thermoregula-
tion Center) %ﬂ@@ﬁiﬂﬂﬂﬂ@’]ﬁﬁﬁuuwﬁﬂ (anterior hypo-
thalamus) TunizUn@snmesneigugiununieg (core
temperature) Tﬁ’mﬁagjﬁﬁazmm 37 pvAaidea® 1ie
femefiguvnfunumeningein sruudssamanlud
FuwnFn (sympathetic) aznszauszuuiilanaziaen
Gealimlarnnuanniu eondesillidesiimimees
fonaliirionsnfinannin efinnsszneanudon’
MITTUIEANNIOUNIUNALINEINTEUUEN ATUANHIH
NITUIBNIUATIRAINTDW (radiation) N1IvIAINITan
(conduction) NMIW1ANIBY (convection) LaznN1IIzIIY
(evaporation) NalnAILANANNITBURIUNAIS AUNUIN
fdmyninalndimsausenann foununaf 1

S —
Tachyarrhythmias/
Heat production m:t‘ac;f)?ffate conduction
disturbance
Environmental Increased cardiac i
heat load output Myocarchal Injury
S ~—
Gl Failed heat
Heat dissipation i dissipation Heat stroke Heart failure
vasodilation mechanisms
Evaporation of
Siiaal Shock
Sudden death

wHWAN 1 uansszuumlanaznasaiaaiunalnmuingnalasnuaznnizunindeuiini
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N9TUIMNITLHSIE (radiation) wazAINSauTiHAAIN
guIuMINeIUaTaNIa N Ll Lﬁaaqmmmmuma
(core temperature) LinNgsIH Walaguaalafisuingsdu
WaDALRDATIAIMITIAANNTYET8#7 (cutaneous vasodi-
lation) \danlvaiieulgimiadinanniu vildnme
Fhurieiniu vasadeafluidesd lduaznazinig
91¥NINIAR (visceral vasoconstriction) AMKTaUEIINICY
gnaztnarwminIladeulaiin Nl viaasdenlvig)
graoaiaauIinidinig Taenszuiunsniansian
(convection) lAaARAMHEIHIINIBNNTIINIANNTOULA
JusinonnlaefiinlfgompRvoshmenfisduies
\Bnites nMsrenefvemasadantilaldasnsnis
Usinmmsguaalafaldunnnafiazinsnszduanus
Tadnliogluazduiiung azvinldanusulafaanas 3
AAFITDINADALABALSI MR ANM IS WM IME
Fewdonsounonasniniinanasulaie wirilians
§1H1I0TUNITIZVIEANHIDUAA DY

arnfaudiutasgnaeiiuainndnitalig
RanalagnIanIwn1IiIANSen (conduction) g
2UN8ANHIBNHIBNITIAIINTEN (conduction) ez
MIuN39aAIINSDU (radiation) vfiUszAnEMmANTW
Lﬁaqmmﬁmmmamm&’aw‘ﬁndw 20 avANTaLTeq
WIaT89 U8 HSBRHIUNIILAE (evaporation)
A133LUNEAINT BUKIUNIZUIBNTIL AT UNTEUIN
mii:mg@mN%fau‘wﬁﬂLa‘jaqmmmaﬁ'mmé’aquj’]
20 peFTadEs (68 avmrnianlar) aradudninsly
pmAANTY FlRszansnmlnnsszoneanaion
MM IITAEVD LTI DR AR

melFnnzoimeaiaudprnldigomgiunumeiia
Qesﬁlu WAANEINITNIBNITIZUIEANNTDUTD 91N
ﬂﬁuammtﬁaamﬂmwmewiwmqmmﬁ (temperature
gradient) 3zv 939N BLATMIZLIAGaNEN TnstanIy
aﬁhqE“iﬁLﬁ'aqquﬁmmmamnmﬁauqqm’wqquﬁ
WNHME NANMINIAINTDY (convection) NMITHIATIHIBY
(conduction) N1ILWAMNTEW (radiation) AzLAANTT

MUGaUNay 1nnTauaIndanindonNneuwandng

1 o v a Lal 13) a o Y
Mg g Aunumeiageln iianizdiian
1w (hyperthermia) mﬂqmmmmumaqwimﬁamﬂu

JeezINIWIU (prolonged/extreme hyperthermia) aza
wnlwAnnITweseunlanionds (endotoxin) ﬁnmﬁ'au
nidn lddngszuuTvaiauladie (systemic circulation)'
nazfuliioadifoidaninuazioadiioynaomidondul
(endothelial) naslalalas (cytokine) %QLﬂuIﬂiﬁquLaqa
S9RTYRI0h (signal molecule) wanewia laun Sulnod
&A% 1 (interleukin (IL)-1) uaz BumaIaIAn 6 (IL-6)™
uaz 1U3sin HVIGB1 (high-mobility group box 1 protein)
TUsfiniivsuenmanasudemereagaduaziioido an
wadndailadgrsuulnadeuladin vliAnazns
Sniauuninazanenalulngnene (systemic inflammatory

)" nlAdTanondeanlUifes

response syndrome; SIRS
aenznmelugeayias (visceral perfusion) aaad TINAUNT
WNinan2993 (shunt) 209tdananszuuiilauaznasniian
(central circulation) Qﬂdﬂlﬂfi”smﬂawﬁfauazné’wmf&tﬁm
HINTH Wldgniainnivinuaseletzanimad (organ
failure)'® ori EnalainIadnmazAnunafrinldiaans
RHIDINAEBIBIZANYIAT (Multiple organ failure) 8%

WABIINNANIZDINASDUIN

hsudsszasmatindnalasn (Risk factors of heat
stroke)

Tagefinandevr0en13 5 Ul 188uLien
ilaganannden Taun marhnanssunatudmdelui
fanufougedadaidunaiunu mmizneih anmzany
wHeuseesione lsadszin naduld enfisudsenmu
LazEIanAnuTin JgiengnIaanian audin uaz
ANNIUANNS o YAy FaenTefl 5

ﬂﬁgtyﬁmfwﬁﬂﬂtjmamﬂfw (dehydration) "
TailgFumasidlunaunuegaieswe Semeasiin
nazmen MafanzeiAuASoEas 3 189rnTerHA
Tud19ne RsAMNIEEw eI AnANNS U eTiiien
ilosananadouadnedioddn udlwinfAmazEuddn
nazmeTndinieumly manszmerinlaaanaoliide
fsatnmnei e de dhfmezEaiinnizmeh
Lﬁaﬁma:sﬂmﬁwgmﬁﬁaﬂm 5 gps5ananinlugeme’”
mazmm‘fwmz‘gmmmnﬁufﬁc’?‘ium%’aq?{uﬁﬁmwxlé‘w'%a
LeanaseanatilasaniAdesRNmanivh AT
metasziingw (diuretic)
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Risk Factors for Heat-Related lllness

Drug and alcohol use
Alcohol

Amphetamines
Anticholinergics
Antidepressants
Antihistamines
Antipsychotics

Beta blockers
Benzodiazepines

Calcium channel blockers

Dietary supplements (primarity
through ergogenic stimulants)

Diuretics
licit drugs (e.g.. cocaine, heroin,

phencyclidine [PCP]. lysergic acid
diethylamide [LSD])

Laxatives

Lithium

Neuroleptics
Phenothiazines

Thyroid agonists
Enwvironmental factors
Absence of adequate breaks
Absence of shelter or shade
High humidity

High temperatures

Lack of access to water

Individual factors

Age extremes (younger than
15 years or older than 65 years)

Deconditioning or sedentary
lifestyle

Excessive clothing
Inadequate sleep

Lack of acclimatization
Large muscle mass

Male sex

Obesity

Preexisting dehydration
Medical conditions

Cardiac disease

Congenital disorder (e.g.. ecto-
dermal dysplasia, idiopathic
anhidrosis)

Diabetes mellitus

Previous heat injury

Recent or acute illness

Sickle cell trait

Skin abnormalities (e.g.. burns,
psoriasis, eczema, radiation)

Adapted with permission from Pryor RR, Bennett BL, O'Connor FG, Young JM,
Asplund CA. Medical evaluation for exposure extrermeas. heat. Wilderness Environ

Med. 2015264 suppl)-571.

A159N 5 LAANTATELFLIVDINTAAANNLI U8 oM NRDINUANNST DU

NANIENUVDITEULNRA lauaziaaatdaanadnalasn
(Impact of the oardiovasclular system on heat stroke)
Afigrnnwudeusadoagneldniizeiniaiouda
(thermal stress) MaaALdaATiAINTI9LAAN1I981857
nanaldanvevnNLazedelzlug e nuinn1srana
(splanchnic vessels constrict) miwamwummuom
Tafin (cardiac output) 1l a3nw1IzFuATNGUla#RA (blood
pressure) Tia181z 614 ’]WNLNBWVL‘LJLNEIQ (organ perfusion)
WReane wazisdenldidesiiaminieszuneanuan®
Lﬁa%’ﬂmqmmmmumsﬂﬁmﬁ (thermal homeostasis)

W“/lﬂ’]‘mN’m‘IJE]GinU?I’JIﬁ]LLawﬁﬂaﬂLﬂaﬂNﬂ’ﬂNUﬂWiaﬂ
LT wmﬂaumiﬁa (valvular heart disease) wikiiala3)
(septal defect) “a4 wﬂmnmﬂammmwiumnwmw
guialadia (stroke volume @z cardiac output) U7
naaAldaATlasIRIvnIanad aenaliaNaIn1Inle
M39rNeANNSaNasIINeanay ThlEANIEe 9Dy
mmﬁ@%mﬁimmﬂlmﬁu‘g FINTINT 1 nmIanzd
aAn (meta-analysis) Twithednalasn wuigidulae
‘m%u,amaamaa@umwLammnmaammwmuamq
dAnedAy 2.5 n®°
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—ITHeat stroke
-+ 'Other heat illness
--"iNon heat illness

100~ Log-rank P<0.001

:

o
g
1

Cumulative risk of CV events

0.00-|

| L L . O O O O O O I
012 3 456 78 91011121314
Years of follow-up
A o o ¢ wa '3
N3N 1 WEAIAINANAUSIBIRUAN TlAz AN YRlIA
sz lanaznaaadeatunguitiednalasn ngunis
Wuthefifefosnanudoudu 9 uasnguanaiuilie

Alaingitosannanuian?

nansznuvassrsneilsadszinaraadnalasn
(Impact of medications on heat stroke)

eninwlsamnlaaiesfia Wi enguuin Udenined
(Beta-blockers) ennguaannnitanunianiwdgioad
YaiuAaLTeN (nondihydropyridine calcium-channel
blockers) L‘ﬁ'Nﬂ’J’]NLﬁlﬂwaﬁﬂ’]ﬂﬁ@%‘ﬂﬁimiﬂ Lﬁaqf\nﬂ
lfiAsanuunwiaslum s guialaineasile
I aRDUAHEIABNIZE M ASE RN

gnduifaaiy (Diuretics) TredAsnnazannuinlu
fohesnalaanlFpunsenniy uaziinanademoms
\Feannavasdianlalat (electrolyte)

granIzAUIAalunIzuaden (hypoglycemic
agents) L@ LWnWaIAU (metformin) engudalniia
QL'%EJ (sulfonylureas) LLazmﬂ@jN SGLT2 (sodium-glucose
cotransporter 2 inhibitors) ﬁ];”,ﬁfﬂLﬂ%ﬂﬁﬂ’]’)m’]@%{’@mtiﬂ
AT

enlunguiudzuniaiu uosdlamudu (Renin
angiotensin system inhibitors) NATEEIRAAlAE
leunan (acute kidney injury) Lilewiadnalaan
Nﬂﬂ‘i:ﬂu%ﬁ)dﬂ’]ﬁg@iagﬂﬁ‘[ﬁﬁﬂ (Impact of age on heat
stroke)

Hgieginuunudeiirasiaoaien (athero-
sclerotic) ¥linTrEnefr0masadanRiRINGg (cuta
neous vasodilation) UNWIad LaznN1IRaUEReIRe AN
ponlad (nitric oxide) anav? fgeengeulnglFisnaix

Saamatsusasinla (heart rate) MnNnINTTANYIHDL
donannatudmaesialaurazass (stroke volume) Lite
Lﬂuﬂ‘%uwmnﬁquﬁﬁﬂaﬁm (cardiac output) FilAHL e
gaenafiendsiormlanaden uaznasitowilame
Lﬂ'uqﬁu
nansznussanNdulnamadednalasn (mpact
of humid on heat stroke)

mm%ﬂummﬂ(Humid conditions) HWa#aN1I
%ﬂmﬂmmmmw%’ammiwmaLﬁaamﬂﬁlmmé’auﬁ
AnNTuFNRnS geazvinlinTrz e aniaanag inlw
ANNTINIINIUNTIZLIEANHNIBUVDITNTAART

Relative Temperature (*F)
humidity

] 680 7L6 752 788 824 B60 896 932 968 1004 1040 1076 1112 1148 1184 120

0 586 609 643 655 677 €99 21 M3 5 806 JERUEENTNE 266

Temperature Category Risk level

- 77* 1o BLY'F (25° 10 22.7°C) Caution

Possible fatigue with prolonged exposure
B2°t0B49F (278°1029.4°C)  Extremecaution  Heat-related lliness possi

85't0 88.9°F [205°t0 316°C)  Danger

ith lang expasure
Heat stroke possible. heat-related liness Likety

2 89°F (2 31.7°C

Extreme danger  High risk of heat stroke

Wet bulb globe temperature based on temperature and humidity, assuming a clear sky (maximum solar load) and
atmospheric pressure of 1 ATA (760 mm Hg).

@397 6 UARIANHFNAUEIDIANNTUENINS (Relative
humidity) uazgamginizwiaden (OF) AuszAuAIw
Wesmafeemnasulheswitasnnanadon Taelduoud
W Aot uaY kaTAIN® F231 T2 NN0ENGY uAIe
LATEUATIBFI MINRIAL

AMzUNINGanaInNLEnalasn (Complications of
heat stroke)
mzunIndeusasmsinalasnilminanuiiene
28932 UUUITEINEIUNaN sruurialaLaziasniion
WnanAaUnfvaiila @ mlaawindenmie (arrhyth-
mia) nésitealasnaden (myocardial infarction) N2
Whvhen (pulmonary edema) mM3udsraadoniaUni
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3

(coagulopathy) mIuaiuaasdunulates Willgnie
Faasminaes (aundice) wazmaiandaiiioaneaane
AUABUNAW (rhabdomyolysis) waznizlulalnadugie
(myoglobinuria) uazn1IUNALlRUYedla (renal injury) @
3197 7

Organ system Manifestations in heat stroke

Central nervous Confusion, seizure, coma

Respiratory Cardiogenic or noncardiogenic
pulmonary edema, ARDS

Hepatic Liver-enzyme elevation, acute liver
failure

Renal Acute kidney injury, acid—base
disturbances, electrolyte
disturbances

Hematologic DIC

Musculoskeletal Rhabdomyolysis

ARDS, acute respiratory distress syndrome; DIC, disseminated intravas

cular coagulation.

@139 7 UAAIDINIILEMITDIIZ VDY IzE N Sxuumela
fu T szuudoauaznanniiolugirednalasn anuin
sruumlauazraaaion

Hansznuvasdanalasnaaszuulszama1wnans
(Impact of heat stroke on central nervous system dysfunction)

rziiﬂaﬂ%ﬂﬂlﬂiﬂﬁwumuﬂﬁauuﬂmmaﬁ:ﬁumm
¥ins o nanfidisumsineTulsmwenons Alanafiay
WuANAnUNAULaweTEULYITE AN uaT
THaarlunsangmpfiununieasiolddegumpiid
ANIEUIHT W WINYIZUAZAHE TBIBNUANAAUNG
fuiilewarizuulsmndimnan (central nervous system
sequelae) 22 318 mﬂﬁﬂaﬂlﬁuﬂaBﬁLﬁﬂaLﬁaaﬁumw%ﬁm
(heatrelated illnesses) w1t 1441 58 Anduineaz 1.5
nansznuvasanalasnaaszuuidlouazvaanlian
(Impact of heat stroke on the cardiovascular system)

mazdnalaan wladeeiundniasivegn
1n FhefiflsaUszisanszuuilauazvaanidon
ﬁ]:ﬂm’u‘ﬁwmwuaﬁzuuﬁa%ﬁl?fiﬁwmﬂ (compromised)
NIIZVNEANNIBNIDITHNELABANHE IR TN LB IROU
auasaeile dunalinnizunindeunsesialadadues
alade Tdun sladuiindanae (arrhythmias) ndatite
mlaeden (myocardial ischemia) Nz lAANIAAY
(heart failure) nnzlvalieulafnanivad (circulatory
collapse) Fan (shock) uazn1adedinaunan (sudden
death)® FamnT1971 8

Category Manifestations in heat stroke

Tachyarrhythmias Sinus tachycardia, atrial fibrillation,
SVT

PR-interval prolongation,
intraventricular conduction delay,
LBBB, RBBB, QT-interval
prolongation

Nonspecific ST and T wave changes,
ischemic ST depressions or
elevations, troponin elevation,
regional wall-motion abnormalities

Congestive heart failure, stress-induced
cardiomyopathy, cardiogenic shock

Decreased SVR', hypotension,
decreased CVP

CVP, central venous pressure; LBBB, left bundle branch block; RBBB,
righ{ bundle branch block; SVR, systemic vascular resistance, SVT, supra-

Conduction system impairment

Ischemic changes

Myocardial impairment

Vascular/hemodynamic changes

ventricular tachycardia.

4 o A .
A1991 8 LEAYEINILEAYANNARUNRYBIIZULTA
uazraaaiaalalinnzEnalasn (cardiac manifes-
tations on heat stroke)

wlaanAndInIz (Arrhythmias)

wlasusaninund (sinus tachycardia) 1uens
wanmasiladasduiinuteslugihednalasniionan
AUBIADN12TI1ANN LAZNIINTTAUYDITTUVYIZTE N
Faludddanundn ainnigudalafndaduila
P09NALNNITIZVIEAMHIENTDITINE ANIZHLLAT
57 (tachyarrhythmias) 8% 9 Wu nzialaRaundu
Wa2 (atrial fibrillation) waznIzilaRasUwEWSIAR
Un@ (supraventricular tachycardia) wulavasigunn e
naauyiliialaguiialadin (cardiac output) Taaaas Tu
efiiagnalasnuuss anvnalfiAanzilaiassn
WSIAAUNA (ventricular tachyarrhythmias) waznaz
WilangaLan Fern AN ’eddmle
aanlniwalefindn@d (Conduction disturbances)

maihnszuslnimlafiadnd laun PR prolonga-
tion, intraventricular conduction delay, and right and left
bundle branch blocks s#130tAnTwld QT prolongation
wuldas dnduiusiumadeaugavsmninazdian
Imslati (electrolyte disturbances)
adaitaslenasunienaranitesinleanaidan
(Myocardial injury/ischemia)

NIzUIBNIINE15a332 (pathophysiology) 383
Tsendaiitomlanadoaludiednalaindeagmeld
AMILAUBIINAINIOUAN (thermal stress) THNEFHBINTT
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Tyilaguiialadin (cardiac output) LRHANT Wi
dwlngiiuggoany Teiilsadszdrdufeniaivszoy
vlaazvaandonagiaunin 1u nzndmiilaala
Fosandnenuns (ventricular hypertrophy) Tsaausiala
NuAnUN@ (valvular heart disease) uazlinnanaldon
w1lafiu (coronary artery disease) ;:Jﬂmmhfiﬁmmb
(susceptible) an13inn1IzndNteTlaAEan
vidondailamlaneldiemniuainnzgunwien
LazoandausIaLAanliTNgaiuAINNADINIT (Supply-
demand mismatch) 189n& el MIrseneana
ihdudnlfnzgnmunauaauliugaiuansdaini
(supply-demand mismatch) wuwmn%u uaﬂmﬂﬁtﬁ\i
Annvasiinaneras (Cytotoxic effects) 3IuAE8 WU
gufinssinafinanninunfives ST segment Tuadn
Tndvlagedisiaeas 50 (ST-segment deviations) Wi
NFuNusnunIzalanaiensasas 50 Tagnsiany
ANNRAUNAYDY ST segment foud 2 lead Aadan
LarATIINUMILANTwenouliiala (cardiac enzyme
elevation)®?® waznuMItAdoulnIre IRt laAnUn
(wall-motion abnormalities) S08a:187 duilnasdils
Wumm@‘ﬁ'm%ﬂ ;f{ﬂm%mimﬂﬁﬁmmi‘gmmwumi
Andneesmslunszualafiaitsuandonsuimiures
n&atitaala (cardiac biomarkers) inLfiasannng
néaitorlamedeunau inanaEewoimMadedin
atalnEAY®®

NNIARAARAIINSON (heat wave) TiU3a Tn
1 2003 Hihednalnindasar 35 aany Insluiiu lo
(troponin I; cTnl) Lﬂ'uqﬁu Wuqaﬁu‘dmnmﬁaﬂa:
112 waznugsduanniosas 6.65% fiaefinulnsluin
Wingetuanddnniandin 1 8 f¥eeaz 241 Wiew
isuiuddednalasnifdInsluduund 28nmson
#m 1 1 fi¥oeaz 58 Mimish Tull a.a. 2012 TB9TwNL
maaenulasmanlniils (EKG) whanznanile
Mlaadan (schemic) Tugihednalanin Saeny 44.44
(4 Tn 9 78) wardvsziandaiteladasansdudne
18 (left ventricular hypertrophy)?®
Az ladaman (Heart failure )

WUednalaan wilavoea e udigazyingurin
L‘WIN%‘% (hyperdynamic left ventricle) Lﬁamauauaﬂmm
AB9IN13989319NEINNIE supply-demand mismatch
wlfAanensamnsasnanitewlafinnziilanae
\d0n (ischemia) Flaflusasanaododiounan e

Nawmeinanaailuuuaiilaa1fiu (Catecholamine) ‘*7'1'@0
TuliloUnduanANLAIER (stress-induced cardiomyo-
pathy)*® uazarvildgnisiianizmladumaisuan
ftheEnalasniiszunlnaisulafindumadiulg
WUBNMITENIINIMIZINATLEEMITEFTeMaDALA DN
(distributive/hypovolemic shock) Walasinerinauninann
Iulunmaguiaidanoonaniladewidl (high cardiac in-
dex) fithednalanduiasaglumizile guialafing
(hypodynamic state) Wilagudiaiianaanainiilasioud
Taamag (reduced cardiac index) waAMHAUMUIRIZUL
Tnadeulafndinnfingeiu anuindniludnsosduilin
wulugilsaUszdhrasizusilauasnandenfduis
fupanANSouatsraianinzez e (prolonged
period) Wmhﬂﬂa&%mlmnﬁﬁma:mﬂmLﬁauiaﬁmLLa:
naguiialafnddamnadediniageiu’
MsFaBiadaunan (Sudden death)

g niedindulvnjsznitonndudanis
anwdeu Tdldfanalnensosnangmnniningedu
waflamgEnINMInuRalnfresszuuiilanazaen
e (cardiovascular dysfunction)

Tuil ad. 1995 dnauannSouiisanln Merwny
mMadedingenin 241 Neseiu fiieTindoeas 94 wudl
lsptazdnsaatszuuiilaLasiasalian™
uansznuvasinalasndamstiaanainlnfainns
udedvastdan (Impact of heat stroke on coagulation
disorder)

mﬁtﬁmmw34Lﬁﬂmmaum&%uwﬁfmaamﬁaﬂ
lAgAT99INAMNTDN TINAVNIZNIDNLEULNINIZ Y
mldlusene MlfAanwafurensadidoyni
wapaLaandWln (vascular endothelium) wdiensinliAn
nMINNzATenaaldan (platelet aggregation) vinlw
AndsLdonswialdn (microthromboses) lunaanidon®
wonnilguvgaununiefigedainld winanilalar
(megakaryocyte) Tulanszgnlisanisaanisndsndaiion
(susceptibility) analriU3nnmnaainnanaing193ns
mliAnnznwiiaresioninunfiniaun

nsaelWuin (fibrin formation) 1ue1n1Iuane
°naoma:ﬁ'uLﬁamwﬁm:mﬂumamﬁaﬂ (disseminated
intravascular coagulation: DIC) Lﬂuﬂnxﬁ‘swumm,%ﬁa
veudongnnazduliisiuoeniaundmiime iedudon
lunapaldonauialdan winguusvazinldiiianisaasu
spnaoadeniliusuondeniluideeTerznneln
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T9Ne (visceral perfusion) anad IINAUNIAAARAINRT
(shunt) wpaionvnIzuuilauazraanion (central
circulation) mmlﬂmmmwmm ﬂmmumwumnw
ﬁﬂﬂjoﬂi'mimmmimmmaammwammm (organ failure)
nansznuaddnalasnaanisiialalng (Impact of
heat Stroke on Renal Failure)

Toe Lﬂumawﬁlmﬁmlﬁamwmmitﬂ,‘umimawm
\Fgaananiian mnmmmwmu‘[ammamﬁmmmam'sw
°ﬁanmﬂmﬂmmLﬂmwﬂwnmmu visoMeraINIAiANa
amesanedisunan (habdomyolysis) DENITHUTY o
suszaulnlelnadn (myoglobin) Tunszumfanuaziaaniy
anadiUniiet u,mummmﬂmwmmaammmmﬂm‘[ﬂlﬂauu
Tunsumdosuasiiaasiuazaiaiio Toredaon
maszavaslilenadniinasala (renal tubules)®

nsauasnmiiliednalasn (Treatment Considera-
tions of Heat Stroke)

gnalasnidunizgnidiuniamawnng giieasd
QmmﬂLLﬂumegmﬁg@m 40.5 avAgalded (105 a9
Wusula) nuanuAaUnfresszuulszamaIuaiIunn
gomnfiTninie dewalddnisuiaiuwazniiinuie
Unfivesnareniens gihenalaindanuindudolasy
MINTINIRINY mminmsluhqwmma AARNDINTT LAE
Léhiwwma Lmiﬂszrauwawmmuamﬂnam POUHTN A
il 2 wWhnsnevnandan 2 ﬂiwmﬂumimmnmwma
Fnalaan @ ﬂammﬂqmmmmuma (body core temperature)
98819399157 LaTNTUITALYIEABITEULNTHNUYDY
93832609 9 289919n18°

Patient suspected of having heat-related illness

!

Altered mental status?

No

y
Heat-related illness

Mild Moderate

r .

Exercise-associated Exercise-associated
muscle cramps collapse (heat syncope)

Heat exhaustion

Yes

Initial rectal temperature = 105°F (40.5°C)?~

l No l Yes
Consider other @ Treat for heat stroke
diagnoses (Table 3) l

! '

Rest, leg elevation, Supine with legs
stretching, massage, elevated, oral or intra-
oral rehydration venous rehydration

Supine with legs
elevated, oral or intra-
venous rehydration

Obtain rectal temperature

Manage airway, breathing. and circulation;
cold/ice water immersion; intravenous
rehydration; monitor rectal temperature

!

Stop rapid cooling when
temperature = 101°F

101° to 104°F (38.3° to 40°C)

!

Iniuate modest cooling;
stop when = 101°F

}

Prolonged recovery?

No Yes
Release Recommend
admission

—Initial temperature = 105°F or unknown may stdl represent heat stroke. Treat

Algorithm for diagnosis and treatment of heat-related illness.

Information from references 6, 8 14, and 16

= 105°F or symptoms deteriorate

|

Gow @

for heat stro

!

Has mental status improved?

Consider other
diagnoses (Table 3)

Recommend admission

}

Anticipate and treat
systemic complications

we if clinical history is consistent with diagnosis

ad ] v aa @ [y @ o A -
lLN%QNﬂ 2 LEAN Algorlthm Iuﬂ’]{LWﬂ’ﬁ’J‘u"ﬂﬂﬂ LL@5LL%’JW’NH’]§§HH’]T}’]:§LQUU’JEauLﬂEJ’JL‘Haa\j

NANNIauLazdnalasn
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rm‘a@qmwgﬂLmumﬂmaﬂwmm%a (Rapid cool
ing) Waomgivasivmeanasgitimaned 38.8 pem
waLdes (101.8 Wigulas) melu 1 $lue® Tnelvigoangf
WnUMEaARIRAE 0.1 svruaLdeasauil (average rate
of 0.1 °C/ min) F_mﬁmﬂmwBﬁﬁmmﬁ%ﬂué{mﬁwmiﬁ
Audw (cardiopulmonary resuscitation)® Hilednalaan
foglunmizlashdosldsumislarienmasnas (endotra-
cheal intubation) S1nAvlA3evTevela (mechanical
ventilation)
N1IaRMANRINNIEaIBENTIATREIITLALIA
fanIouile (reverse) mazlasnuaznavheminalng
18983892 (organ dysfunction) dutfieatitasainanalasn
Tnausnundldegiiszaniaw fihefinauauasio
NIBAgUNYALNUNIERA gosrnAununMeTIxIIngnyinld
anaernnii 39 atrngalded Inan IS AdEen N9
angmnnAvasINMentela 2 35 A mMITzuigaNIan
Meuan war NIzuIganNIawaInMelune
mMysrungaNIawnanan (External cooling)
nIaAgMn)RY89TINelAeNIITUIEAIINTEY
meuanaananildvaneds liun migusihmdeutibu
(lce water or cold water immersion) N13U3zAUINE
ﬁwﬁm% (application of ice packs) wazn13wanILt
frewaan (fanning) Ludu 35M3szuneanudannmenen
AfUszansamgegadiaaduidannidesny wuinis
N332UNEANNSaulnen133zIe (evaporative method)
Lm:miLL‘*ﬁﬁjﬂuﬁmﬁu (immersion method) &eaadn
3819l lewe*>Y nsszuneansanlaeisnsszive
Fonanderilisudusan Uandsrisaurinlinais
Wnazaasidn (spraying) wazviievieAq (wrapping)
Funmegtiededvingn (cooling blanket) WinANgU
Wdn ﬁwqwfm% (ice packs) 1M9USLIMINLS 2Ty
LazAD TINNUNITIETUNNA N1II2LI8AMHIOUAIENTT
TLAITNLNINAFILDIVADALG BATIAIATILAZEINTTY
ﬁaﬂﬂjwﬂﬁﬂﬂﬂ@mwmﬂé}’aﬂﬁﬂsguﬁwﬁuam
mysztneanndewlaedsnisugluingn (mmer-
sion methods) \JwiEAflszAnBaW e ugsenlu
MITAmseN Sasdamsenanoutinuds (ice baths) #9019
Al aEnszueanSaninldandt nszuiennden
Tagdsnaudluindu ffedaeludihendosinadiiu
Andn Fosudusofinmuaanliimle EKG) aAnmn
MINTEAUITUULIZEaNWNFNNINGAN (parasympathetic;
vagal stimulation) ¥inldn s lndwala (impulses) Ww

U3k AV node a8t anavilHlia AV block tHunald
RN NARIDIR [T B¢
3 ligamadsninieanas vasaianaztinnis
pd nlenudulafiefidiseeiiefingedu onany
$19medihefioinasi (Shivering) mevusuarogmmyi
Tumefitdiana weasansdowisliiuhme dma
TgampAunumeanléthas enmssusnansauilalasnsli
enlazduny (diazepam) Wi AaalUindw (chlorpromazine)
Broessner LazAmE WUIINIIAAGMANHYEININE
0E1993999A2835n139%3n% (conventional temperature
control methods) Imlm’mﬂqmwgﬁﬁﬁuﬁamnmﬁzma
ArnSanmenanlugg 20 $luwan ddszdnsuaiisna
Fumarlunrangomafiununie® 1iasanisainann
Flinasadoaiinontuianisnad waznelfineins
W18 (shivering) Alaifetlszaed
mMsszvngaNNsananaalunie (Internal Cooling)
maszvgansiouwainmelune gnldlunsne
mMizgaerATenesauiv (hyperthermia) ifiomaTzine
anuIannMeweniilaing A1e3dn13ane (irigation)
a¥ozmeludosiasdienindu (cooling Solution) H1w
S1UFIUNIZLINIZBINIT (Stomach) NINTrRN - (rectum)
“3a7097109 (peritoneal) w%aiﬁ’mmfwﬁgﬂﬁﬂﬁ@umq
wapadand onafiasonmalfiesonlonuazialafion
(cardiopulmonary bypass) SR aANLTzANE A WIn
N13IZVIEAINTEOU N1TIzUNEAINNTawINANeTwNNe
Hudsmaiavszdnsnmmannninnisszuneanssauain
menan(3Bnsouing) Tunsangungiununedisa®
guntinanldgnldegriniisenelunisanld
(fever) umn13singnanldnia NSAIDs #nlginerdnalain
Fuiuwdszduionidesiueg® wiuanuadeaznuin
pyrogenic cytokines daulunailigamgdvesinene
LVQ\IINQG%M weNIzFIauAN (hyperthermia) Tudnalaan
waneeann1aduld Lﬁmmﬂﬂmm@;mmﬂmﬁ‘ﬁw’m
AaUnfszudszam damlalumariadadugudainey
goUNR093NNe Fariumsldenanld (antipyretics) tw
Wwaln3n 138 NSAIDs wonanazlaneldiinlszlea
wdvenanelne munsavi vt dnalanugas™ il
Wan1sudemveadeninln® (coagulopathy) waznii
FawasduRnUNG (liver dysfunction)®® fevmuimesin
Tldnoifln visaynusvetnoifin Tunisaiuauenis
Suthefiintu
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a

il'aﬂ'asﬁa'ﬁmﬂn'ﬁ@l,ta%'nmsu 9 (The Other
Management Considerations)

stheeslafumssiuayuuaznemasnsmela wu
malieenianads uazmilaretemeladofitoud some
mwmarhnuresdeauwazmiladeelasunisusziiuiaziin
famuadvlinada AnenamaNNALlafn 8nTINLAUDDN
wila adulniiila (echocardiography) AINANSITD4
pONBAUIUNITTUARDA QUMYTUNINNE LaTTZALANNIANM

ymadadummasadeasiioliindounzen 1
miﬁmmmu (intravenous fluid resuscitation) Lﬁ 2INWIANN
sulafande (mean arterial pressure) TgINT 65 HadNAT
van saihfignildsulngfe 5%Dextrose in Normal Saline
vidn 5%Dextrose in Normal Saline/2 Tuifthefifiausi
Tadasnnund Tivihmsldasinanamitsegirag
(fluid chellenge) e1aIONIFENNIZAUMILMBRERALR DR
(vasopressor) 1&3n Anmaszuulnaliswdondie s
e (invasive hemodynamic monitoring) WazAASNLUINIDL
sz (Urine output) ﬁﬂaaﬁtﬁ@mmaﬁﬂm&’uma’; (heart
failure) NasowINTTMReNTIen13duUAIveRala (inotropic
support) TINAIE

NN13a Ao ian1s launn1insianis
anyInieudiafandon (CBC) asramavhawsasls (BUN/
Cr) ATIMITNmIedu (LFT) asaeulzsivinla (Cardiac
enzyme) AusuaniisnisviaSurssndsiiawilaiiin
ilavnmzilanaden wasriinInnafnmustnise
dloafiuzes (serial biochemical monitor) etszdnans
wWasuulas faenaei 9

@13 NN 9 uaRINIFIRTIAIN eI FURANINE ATy
thednalnin

INIRAAINANRWBS VAL
fnalasn (Findings related to

13896979 (Test)

heat stroke)

Chest x-ray Pulmonary edema, pulmo-
nary congestion, adult res-
piratory distress syndrome

EKG Conduction abnormalities,

nonspecific ST-T wave
changes, arrhythmias, myo-

cardial infarction

13896929 (Test)

DINIHAASNANNWSNUANDE
finalasn (Findings related
to heat stroke)

ABG

Respiratory alkalosis, oxy-

genation status

Cardiac isoenzymes

Myocardial injury

CBC

Leukocytosis, elevated

hematocrit

Fibrinogen, fibrin spilit

products

Coagulopathy, disseminated

intravascular coagulation

LDH, AST, ALT, CK,
potassium, BUN

Elevated in renal or hepatic

injury

Lactate

Commonly elevated in

exertional heat stroke,
predicts poor prognosis in

classic heat stroke

Calcium, phosphorus, | Decreased
glucose
Urinalysis Myoglobin casts, red

blood cells

EKG = electrocardiogram; ABG = arterial blood gas; CBC =
complete blood count; LDH = lactate dehydrogenase; AST
= aspartate aminotransferase; ALT = alanine aminotrans-

ferase; CK = creatine kinase; BUN = blood urea nitrogen.

19

Foluflenanie Aaananldlumasnerdnalasnls
aen9ldna fideiioateiivedian enfivlweinisdn
ﬂlmﬂqmljﬁu T¢un enduifaane (diuretics) eneengns
FUdaTrDLITn LoeRLiudu (renineangiotensin system
inhibitors) AY39AlInan

Krhednalaan menasannslaiveugalingy
T asinrenliiesne nandesnsvianssnedn
oe 1 §Uawi wduSundusniansTNUnAdszsn Tuaene
Apedurnsly aus1n1I0¥inAINTINAS 9 TamnUndilu
2-4 Fai*® nailudodneanysnianaldiianunu 212

a4 jj 1/
LD muagnumm@mmwaﬂbﬂ
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masnansailsa (Prognostic)
nanenstilimasdnalasntszifdnlaanvaie
fued T8un annadnlunisszuneanden (Delay
in cooling) 3zezlIaIN13lNI®NG (Coma) WIUNI1
2 dlug szdvadiafin laua (creatine kinase:CK)
warAnNAlalas Auud (actate dehydrogenase; LDH) aaenlat
Waanwad (alkaline phosphatase; ALP) PANTY uaz
TEAVLDENILAN NIUDZRIUE (aspartate transaminase;
AST) flifisu >1,000 U per L (16.67 pkat per L) Tu 24
Flaouan anmdulafeainiidnd (Hypotension) szes
PafitaeaEnLieia Tamsenidn windw (Prolongation
of prothrombin time)*"*®
nstlasiwnsiutlaeduiianfiasonanason
(Prevention of Heat-Related Illness)
mazomadeniaduainadiAgaeiniafianis
Suthedenanadaw matlesiudianduwndnd Aty
HINNTIM TN MInszvinidaladeidesazdian
griinaimaAaniaduteiiasinanadauld Taun
MIFINATAIZANHIBUIBIBNA ATNTUTNANS M3
donldiaffinanz au AILANTZHZLIAINIIYINAINTIN
NATIULAY m‘sg}cytﬁslm’?iauazma?iuﬁ)wm Y4 ALY
289N13UIAIRUAIINANNToUEINIIngNNeInInlalaeTd
Heat Stress Danger Chart #aifluannadninusazniig
ANMHTEUIBIBIMALAZANHTUFNANS SIUHNAINEL
1T 3 Zone o zone 1 Aty ANaAEEn zone 2 &h A1

\§e911mna19 zone 3 AN ANHLEENEY FINTIND 2

100

95 —
%0
85 Zone 3

N Zone 2
75 -
Zone 1
70 -

Relative humidity (%)

85 T T T T T T ! T T
70 75 80 85 90 95

Temperature (°F)
ni'lﬂﬁ 2 LaAY Heat Stress Danger Chart Foldwenaol
ANHLABI8INIIDIAS UIINANS o Ul AE 0 FE FNWIE
219 NH I U BN AL Z AN HTUTHANT

qﬂﬂaﬁﬁmmLﬁlsmm'amnﬁ@mn%uﬂwﬁﬁm
dlotnanafonaistlosmwduiey uazuusi i Aos
Festaluit

1. Pandndesianssaludieainonadaunia
dwignsffidszansnmanniigalunisangiianisal
natAan S uaesuAeiasanannden Tun1ade
WsauunzinlFidencwds uazEnoandcluinid
gompiunaanlaiiu 21 ssrmades HoanANLEes
fugranauLiosnannouluszninan g siu®
U338 50% m@ﬁwLLiaé'uLﬁﬂaLﬁmmnmw%’au
daulngiinludas 10 Alawasgare sznieilamnd
32-42 Alawns dwngusinlsawanson wnmnila
Aotz aefaniiatusznienlamn s 16-21°"

2. Wawlsddashdsan Tuseaune (ight clothing)
PEATRL PRI OINEE

3. finsin T eene (Hydration) Ussnosinlusrene
Aemeflanudddemstesiuniasutheanany
Tou Wmmwﬁlm‘fwLLasx%Jﬂmammmmf’] unzeildaain
450 fadanT fewdnrnianssnvioiauimuioduii
81389 m:ﬁm‘fwaa'wﬁiaLﬁa@Lﬂmwuﬁa%’ﬁmm@mmﬁw
FlnzanmsiAniuings anintee 9 neuilazilanns
n3zmen LﬁaqmnmsmzmﬂﬁwzLﬁ@?]yw,ﬁaiwmﬂagi
Twnmzanainud¥esay 3 vae5mnosinluime e
Taanh 224 finddns NN 20 W JErineyinfangy
husneielail#EEnnssmeriluseniansinfansiy
AT onLa I NAINTIH MELARTRN siveinT
anaenn 1 AlanIsu AYIANTANAUNT 1 ART SHNTDRNIN
W riSeLA3aeANnAausTlin I uIN N NALUWIN RN TS

4. 01ANHTOUYBINIZUIANBNNIEUONFINT
gnRUNUNIY N1ITEUNEANNTOuAIENAaN TN
Yszansaw nsenuidn (cool shower or bath) 3
fuldipanrnlgnnIszuneanSaniUsE AN mANT W

5. WogluasiifiadasSuainiariiaadu
(cooling air condition) t’ﬁagﬂuﬁ’mmﬂﬁm%mﬂ%’ummﬂ
e onen lumanuisiiedes oo wn Feasan
fuen vialsowsandusu

6. WwIgNAMNNIanLazUTuENIWIIN 8 TAT W
AUAMNIOW (Acclimatization) 1wnazuinn1asnAnyl
matasiunasutheduisniosinanudon eme
maIndeuiuazyudfiziouliduseansanann
Fulunnazoimaiau Tnefivlwgoumpiununieiadu
WRetaaas narnnanssnlunzndeniSaudulazsn
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3

FNWEND TIBFUATNNTZUIWBATANTUSUATATHAD TN

°2% {IngoadeinnanIIng 47 A58 ATIa

WINREN
14 4l Lﬁﬂaﬁ’ﬂﬁaﬂ‘ﬁ’]ﬁﬂﬂiim%’m’mﬂj’]l}ﬁ“ﬂﬁﬂuﬂﬁ
Uuaa™

dndeoalUsfiu (Heat shock proteins; HSP) 1iu
nanvasllsfuiisnonieninainradiionouauoide
§n1zwpden (stressful conditions) Lil89aINAINTEYH
gndoalusiu 70 (HSP70) drevhl#senedsuss i
ANHNUNIBADANHIDY (acquired heat tolerance) ng
Tdamazia3gnananuiandn (heat stress) ldszau
HSP70 Lﬁ'uqﬁumn P80 U HAANITHIN YD
a7ezRAnUNG (organ dysfunction)®® LazandnIINIILRe
FInvpInyNAne 9>

maUsuiluiunzanmateulildnadfigados
lugronaideiniaden unerildldewdedfiaw
iﬁ"ﬁﬂjum?‘%aé’mﬁaﬁﬂﬁuﬁmaﬂ 9 MItndannIan1sm
AanTsndANUszansmnaeene vhilfemendeuss
Tu numutn emesEnInIzIeaNESaulaiTe ez
mMasmuaianvsmMeiasuulasiiu Tewoldlungs
A AlEsuNIRnaua

&1 (Conclusion)
onaseudadudoideviineliindunedoun
FAaludrngion Fnalasnidunnzanduniimawnng
wimasaunllatnlasunmsguaineiageiugei szuy
lauaznaoadeniuiuseiianudidyieinsonis
SnENENARYEIANTEY wazgnmniunume HRlIAUI67
ra93zuumlanazvasaiion taswmanizluggeeng
Wnansdesanaiagnalaan dnalasndawaliszuy
mM3uretaisiznmeeiszdumad Tumefizuns
no1aiamladumad ssuvulvadeuladindy uaziie
FIAINNLA NIITTUIEANNTEU NITAAGMNYN Uz
nslrnIguatszAudszasy Hanwndranainlunigua
Snwinzdnalan nstlesnudeaadunandiagainnia
mM3tnen mManszmindieiadedes manienanunion
uazUFusmwiemeliiuiuansion uaznmanides
Aansmlutnmfemafouinazdisangiinisoinis
Aanaiuthedlotananadeuld
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