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( Heat-related illness ) 

40

( acute phase response ) ( Thermoregulation ) 

( heat-shock proteins ) 

2 2

( ) 

20

( Heat stroke )

2003

2

3 5 (  5 )  
1,2,3,4

5

6 ,7

( classic ) 

( exertional ) 

8
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1 7 . 6

26 .5

450 1800 9,10

11

( 

39.5 ) 

( )

( ) 8

( )

( )6

( cytokines ) ( co-

agulation proteins ) 
12

13,14,15

(

) ( blood brain barrier; BBB ) 

( free rad-

ical )

( Thermoregulation ) 

20~40
( neuroleptic malignant syndrome )

30
30 35
35 40

40

( ) (%) 0.1=
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8

1

580

2~3 16

20 17

( effective circulating volume ) 

( 

1% ) 

18

- -
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( Renin-Angiotensin-Aldosterone System ) 

( NaCl ) 

AT P

( ) ( )

10
19

( )

( 7 to 110 kDa ) HSP25

HSP32 HSP47 HSP60 HSP70 HSP90

HSP110 HSP70 HSP72 H-

SP73 HSP75 HSP78 20,21

22-25

(stress protein) ( cyto-

protection ) ( cellular home-

ostasis ) ( thermotolerance )

30~60

18

( ) ( de-

naturation )

( chaperon

)
26

( heat shock

response ) HSP72

( HSP72 ) 

2 2 , 2 7

28

( 

) 

( reactive oxygen species,ROS ) - 

( peroxide ) ( superoxide )

( reactive nitrogen species,RNS )

22,29

( cytokines ) 6

( endotoxin ) 

- (Tumor necrosis factor-

TNF- ) -1 ( Interleukin-1 )30

31

32

33
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34

( lipopolysaccharide ) 35

36

( prothrombotic ) 

( anticoagulant ) 

( thrombin anti-thrombin complex ) 

( fibrin monomers ) C S

( DIC )

( sepsis ) 19,37

( phospholipids ) ( lipoproteins )

38

( critical thermal max-

imum ) 41.6 42 39 45 8

( 

)

( apoptosis ) ( 49-50 )

5

( ATP adenosine

triphosphate )

Na /K ( 

) ATP

Na /Ca2 ( exchanger

protein ) 

A T P

( sarcoplasmic reticulum ) 

( degradative enzymes )

A2 ( phospholipase A2 ) ( pro-

teases ) ( sarcolemma )

-

ATP

ATP

40,41

37 40

40 ( 40.6 )

4 2
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( hyperdynamic state ) 

( hypodynamic state )

( cardiac output ) 

43,44

D I C

- ( multiorgan-

dysfunction syndrome )

( )

45

ST-T

( 

QT )

( cerebellar atrophy )
46,47

48 Yuval Heled

( Golden

hours ) 49 2

2
50

( 20~40 ) 

0.14 /min

10

1.4 41 39.6
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1 . 4

( ) 

( ) 0.034 0.31 /min

0.15 0.35 /min 51

( 

1 2 3 0 )  

(  )  

7 14

39
48

(

) 

2

( normal saline ) 1 1.5

250 ml
4 3

( 4L/min ) 90%

( cold room ) ( 1 5 ) 

10 80

52

cold    room

30

( 250 /m2 hr )

(va-

sospasm) 51

( 7 14 ) 

( 40 ) 

Benzodiazepines

( AST/ALT ) 48 2
( BUN/Cr )

36-72

CPK,LDH,myoglobin CPK 100,000 IU/mL
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51,53

Broessner

( CoolGard® and CoolLine® ) 

54

51

( )6

( CVP ) ( PCWP )
43

( mean ar-

terial pressure ) 60 mmHg

( vasopressor )

3 %

NaCl ( mannitol ) ( plasma

expanders ) ( human albumin )

( hydroxyethyl starch ) 15

( intracranial pres-

sure ICP ) ( cerebral perfusion

pressure CPP )

( free radical scavenger )
22

-1

( interleukin-1 receptor antagonists )

( antibodies to endotoxin ) ( an-

tioxidant agents ) ( nitric oxide

synthase,NOS ) 

6,15

( fibrinolysis ) ( dis-

seminated intravascular coagulation )

C ( human re-

39.4 30-33

Benzodiazepines

( gag reflex ) 90

( mean arterial pressure ) 60 mmHg

( mannitol ) ( sodium bicarbonate ) 
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combinant protein C ) 

36

( Salicylate ) 

( NSAIDs ) 
55

NSAIDs

NSAIDs

( set-point )

NSAIDs

Aspirin

NSAIDs 51

4

( retrograde jugular vein flush ) 

13

56

( hyperbaric oxygen ) ( L-arginine )

( estrogen ) 6,15,57

20 58

( cerebellar syndrome ) 

( ataxia) ( tremor )

( dysarthria ) ( paresis ) ( para-

plegia ) 59

10% 50%

50%

1.25%

( 80 1 )52,60

1000 /

33

3%

97%
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( ) ( )

1

( Acclimatization )

7

10

61

1~2

62

( )

( cool first transport second )48
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Heat Stroke

Chich-Chiang Wang2, Ming-Kai Tsai1, I-Hung Chen1, Chao-Wen Hsueh2, and Jeng-Chuan Shiang1

Heat-related illness includes heat cramps, heat syncope, heat exhaustion and heatstroke. Untreated heat

exhaustion can progress to heatstroke, a life-threatening illness characterized by an elevated core body tem-

perature ( 40 ) and dysfunction of central nervous system, which results in delirium, convulsions, or coma.

Hyperthermia associated with the acute physiological alterations, thermoregulatory failure, systemic inflamma-

tory response, attenuated heat-shock response and the cytotoxicity of heat leading to progression of heat stroke.

The prognosis of heat stroke in patients is directly related to the duration of hyperthermia. The prognosis is poor-

est when treatment is delayed 2 hours. Therefore, the most important feature in the treatment of heat stroke

is rapid cooling. The prognosis is optimal when heat stroke is diagnosed early and management with effective

and easy cooling measures (including immersion in water, evaporative cooling) begins promptly. Long-term neu-

rologic sequelae occur in approximately 20% of patients. New approaches to reduce mortality and complication

of heat stroke are being studied.  ( J Intern Med Taiwan 2008; 19: 136- 147 )
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