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Global temperature anomaly (°C)
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Heat Stroke
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The Wet Bulb Glove Temperature
(WBGT)

0.2 GT+0.1DB+0.7WB
. Black Globe (GT temperature) @ @

The radiant heat load

- Shaded Dry Bulb

(DB temperature)
The actual air temperature

> Wet Bulb (WB temperature)
Natural evaporation of
water/sweat
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aruanusen (Heat Index)
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Prickly Heat (Heat Rash)

NUNALLAR

Lichen tropicus, miliaria rubra
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Prickly Heat (Heat Rash)
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Normal foot

Heat Edema

Foot with edema
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Heat Edema
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Heat Syncope

Cumulative effect of peripheral
vasodilatation, decreased
vasomotor tone and relative
volume depletion

Most common in non-
acclimatized person during early
stage of heat exposure

Removal from heat source, oral
or IV rehydration, rest

Most patients recover with fluid




Heat Tetany

Hyperventilation resulting in respiratory
alkalosis, paresthesia, carpo-pedal spasm

Usually associated with short period of
intense heat stress

Removal from heat
Decreasing RR




Heat Exhaustion

* Nonspecific symptoms..dizziness,
fatigue, light-headedness,
nausea, vomiting, myalgia

* Clinical

— Syncope, orthostatic hypotension
— Sinus tachycardia, tachypnea
— Diaphoresis and hyperthermia




Heat Exhaustion

Core temp..variable from normal to 40°C
Inability to continue exercise

Mental status remains normal
Combination of salt and water deletion

Treated by rest, volume and electrolyte
replacement

“One step before heatstroke”

Heatstroke can develop if managed
improperly




Heat stroke

* Elevated body temperature (core
temperature > 40 °C) and CNS
dysfunction (delirium, convulsion
or coma)

* Catatrophic medical emergency
resulting from a failure of
thermoregulatory mechanism

— Extreme elevation of body
temperature

— Multi-organ dysfunction



Definition

* Heat stroke is a life-threatening illness

characterized by an elevated core body
temperature that rises above 40°C and CNS

dysfunction that results in delirium,
convulsions or coma.

Knochel JP, Reed G. In: Narins RG, ed. Maxwell & Kleeman’s Clinical disorders of fluid and electrolyte metabolism.1994



Incidence

USA: 17.6 to 26.5 cases per 100,000 population

— Jones TS, et al. JAMA 1982;247:3327-31

Saudi Arabia: 22 to 250 cases per 100,000
population

— Ghaznawi HI, et al. Ann Saudi Med 1987;7:323-6

Mortality rate in Saudi Arabia ~ 50%
Incidence in Thailand?
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Heatstroke

* 32 LU bAWA

1. Classical heatstroke

TeAaN3auANnNARLAINN SaL
2. Exertional heatstroke
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Heat Stroke

Classical HS
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Clinical Manifestation

 Hyperthermia

* Encephalopathy
* Multi-organ dysfunction syndrome



Hyperthermia

* Core temperature by rectal temperature >
40°C



Encephalopathy

Altered consciousness
Irritable

Confusion

Headache

Dizziness

Ataxia

Seizure
Coma



MODS

Encephalopathy

Acute kidney injury
Hemorrhagic complication
Rhabdomyolysis
Myocardial injury

ARDS

Intestinal ischemia

Hepatocellular injury
Pancreatic injury



Laboratory

Test Findings
CBC Leukocytosis, high Hct
UA Myoglobin casts, Rbc
CXR Pulmonary edema, ARDS
EKG Conduction abn, non-specific ST-T

changes, arrhythmia, Ml

BUN, Cr, K Elevated in renal injury
AST, ALT, LDH Elevated in liver injury
CPK Elevated
Lactate Elevated
Ca, P, Glucose Decreased
Coag, Fibrinogen, FDP Coagulopathy, DIC

ABG Resp alkalosis, met acidosis




5o InNu

* Heat stroke is totally preventable !!




Heat Stress Management

e Heat acclimatization

* Hydration
e Work rate



Heat Acclimatization

Progressive heat exposure and physical work
Two weeks duration
Minimum exposure 2 hours/day

Reduction in physiological strain 50, 80% in
week 1 and 2

Adequate water replacement during and after
acclimatization period
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Hydration Assessment

W@&ght e “WUT” law
* Dehydrated?

U T —Two or more
Urine  Thirst simple
markers



Management
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Management

* In Hospital
—ABCDE
—|V NSS or RLS 10-20 mm/kg/hr
—Retain F/C, record urine output

—Core temp by rectal thermometer
or thermistor probe



Treatment of Heatstroke

* [nitial resuscitation
* Cooling technique
* Treatment of complication



Initial Resuscitation

ABCs

Oxygen supplement, pulse oximetry, cardiac
monitoring

Intravenous access
Foley’s catheter
Thermometer
Diagnostic lab studies



Cooling

Rapid reduction of core temperature to 38°C is
primary goal of treatment

Antipyretics are not effective
Physical cooling techniques

Cooling efforts should be discontinued when

rectal temperature reaches 38°C to avoid
“overshoot hypothermia”



Methods of Cooling

* Techniques based on * Techniques based on
conductive cooling evaporative cooling
— External — Fanning the undressed
* Cold-water immersion patient at room temperature
* Application of cold packs over  — Wetting of body surface

part of body or whole body during continuous fanning

e Use of cooling blankets — Use of body-cooling unit

— Internal

* |ced gastric lavage
* |ced peritoneal lavage




Technique

Advantages

Disadvantages

Evaporation Simple, noninvasive, more | Require constant
rapid moistening of skin

Immersion Noninvasive, relative more | Shivering, pootly
rapid tolerated ?

Ice packing Noninvasive, readily Shivering, pootly
available tolerated

Strategic ice packs

Noninvasive, available, can
be combined with others

Relatively slower,
shivering, poorly

tolerated
Cold gastric Combined Invasive, experience
lavage limited
Cold PD lavage | Very rapid Invasive, experience

limited




msnauaulesnumsing lsnauion

N



o ) ' Y <
ﬂmuzmtﬁ@ﬁmﬂumimmﬂ‘umﬂmm%}@u

- %4 v a 49/ b o/
* NEAURATIEAINAINNNTBU Lﬂﬂ“ﬂuiﬂﬂ’m 4 {Iaqg]

— §AUAINSAU

a

* JPULNATNIEALAMNIUUITasId Y Tne Tda AR,

al

ANNNTUANANE 1178 ANATRANINSAL
— 5¥AUAMNUUNUBRINANTTN, N1FRANNIAINIUWIANITNN
Qv Qs 1 o (. 9 | =R v
— n15UsUMIAAN1ITRANNIRINIY WTANITHN WUATNA TR

— LA ANHANUAINIASAY LLLAAZTA90AN



* ATTUUNTIANMNLALIFADNISINALSARNTAU
— U35 RNUTUNU LN LN U LN B LA L UN AL

* LAFANAMNNTANIUNITURINUTEALINUS

o 6

—R99948101UNIIA MTUTRINNN — AINTUANNS
a I o v d9/ dl =
—RAARNNAATHAIINTDULUNUANEN

(%4 = = = o v v
—AANTHN AL ARINAITINNITHNANNIZAL AN 191

v

=\ % Qi = o I =
HNITEUSWANEWENND LASTALTE IR ININENND



ASIARAU LUNNIS LAUINALNUN LN LIND

o/ vl 9/9; = o o
— QA WRNIT UM ARNU TR RIANINANTINATLLZINNNT

% |

TFUMALNY LAZNUITANUIATNLFUIUN NN LA

— 99240 UINNIINNAURLEA WA TUN 1T U999

v v

—laynslinunsaniimindunisslnenismningieann

NNTUS

—p99aaaUI NN tdag luaniwanain



* [AFIAFDUIMNRINIATUBULAZSUUTENIURIUNSNLNYIND
— ARNAIN175UUIENURNWIIANT D

— AATANTUa U NN g

(- 974 t:; 1 74
¢ 'QﬂLﬂﬁ@QLLmﬂﬂ']ﬂdlMLﬁngﬂN
— N17RNTWTLALAIINTAUN 1-2 (89119-91TI81)
o lyifidaandn
[ % v ai = o
— 76N TUILAUAINNFAUN 3-5 (FILADI-FILAY LAZEIAN)
® ANTUENTAATIVIOULAZDAANNIN TUN1THN

* ARLUNTZUUNITATIAFDLNY 1L
— ldszun Tnunsquariuas (buddy system)

— AARNVUNNTURATAL LAZATIAANUNTAN IUNFR AN TR UT AL
11498l

— 19z@uutna gy unneg N NNda 294



AUMTILAINAIINTEU

N15UaINu

1 v

= o v
B3 191
=
LNEINNR
NeTA e
W RRIGIE
ANNNTHN
Gl

LANRD

a8iN9a 19
[AFrsA%kd
1N
T19NEIAD

INUAIRUA

9; 1 =R
uﬁﬂ@ug@ﬂ

Y o
AErAalTatl

A9LNF
a4

ARINU

dlaanny
£ =
4 1174

UFunoutias

VINUANAAN

U ladng

AINI5LADUNE]

= = =
m‘ N8IUATEY, UmFTesy
m‘ AR anlRw
'A‘ AAUNALIDLINITULI

= v A (3 1
m‘ 1an1gldviTalqutlog
'A‘ Sudsenauenilezansin
'A‘ dunadieuingmnssuasl
@ Tsnudeunagiin viie Wi fianauwnne
—

o v a 1 a a
ﬁuﬂﬂﬂﬁﬂuﬂﬁlﬂﬂiiﬂﬁﬂ%ﬂu HHIWITNHINGT NOIDIYINTTU IiﬁWEﬂ‘lJ'lﬁWiZiNQQmé"l




www.heatstrokecenter.com




