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The NEW ENGLAND
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TABLE 1. GLOSSARY OF TERMS.

CoNDTDN DerNTION

Severe illness characterized by a core temper-
ature >40°C and central nervous svstem
abnormalities such as delirtum, convulsions,
or coma resulting from exposure to environ-
mental heat (classic heat stroke) or strenuous
phvsical exercise (exertional heat stroke)

Heat stroke

N Engl J Med 2002; 346:1978-1988
N EnglJ Med 1974; 291:564-567
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43° C(109.4° F) * DEATH or serious brain damage

42° C(107.6° F) *May turn pale or remain flushed and red
*May become comatosed

*Severe delirium, vomiting and convulsion
*Blood pressure may be high or low
*Heart rate fast

41° C(105.8° F) *Fainting, vomiting, severe headache, dizziness,
confusion, hallucinations, delirium and drowsiness can
occur

*Palpitation and breathlessness may also occur

39° C(102.2° F) -Severe sweating, flushed , very red.
-Fast heart rate and breathlessness

38° C(100.4° F) -Sweating, feeling uncomfortable, slightly hungry

37 C(98.6F) Normal body temp 36.12° -37.5° C



The lethal effects of > 42 °C

Tek et al,. Em Med Clin North Am 1992
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Heat exhaustion vs Heat stroke

* < 104°F (<40°C)

Heat

* > 104°F (>40°C)

* No AMS

Neurologic:

* Dizziness

* Headache

* Fatigue

* Confusion that
resolves with rest,
cooling

Exhaustion

Gastrointestinal:
* Vomiting
* Diarrhea

¢ Tachycardia
* Tachypnea

Cardiopulmonary:

Musculoskeletal:
* Muscle cramps

Skin:
* Sweaty

*  Flushed
* Warm

« AMS
Neurologic:
* Seizures
* Ataxia
* Delirium
Cardiopulmonary: * Combativeness
* High-output * Syncope
heart failure * Coma
* Hypotension * Pupil changes
* Arrhythmia
Gastrointestinal:
*  Hematemesis
* Hematochezia
* Liver failure
skin: * Renal failure
* Sweaty ordry
* Purpura

* Findings in heat exhaustion may also be
present in heat stroke.

Musculoskeletal:
* Tetany




b b

NPT

— oo} 7 25 — Bl 7K. g
-2kl FibgE -BE ) dn
= 2 (ARDS) — B o
- Bl 05
-2 MHuiEE
- FES
3% B i o -
&k dn 4P E -2 EEN
4 B ALIE AR iR Rt A B P9
#t gz (DIC)
— By dn fE
— |~ Bl E. 1% BF ot b oy
~ 4 HE P 23 [ 0




\:l%;y—e _‘$

SR 1 21%-63%

Arch Intern Med. 2007;167(20):2177
Crit Care Med. 2006;34(4):1087
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Fever+ conscious change- DDx

- B % % (meningitis) &R
(encepha11t1s)

- Neuroleptic malignant syndrome- NMS

- 2R PFLELHF BRI (non-convulsive status
epilepticus)

- PN oAk B oksp s suie (thyrotoxicosis)
Pﬁﬁ* ‘m?z B (pheochromocytoma)

- &4 %—%iﬂﬁli\m% (i)

- Heat stroke - #E# 133 HE



Scenario

» 22BN, FrEll N 2, FElmSERE 0] F

* FH3000 m 1&13[#l » conscious change

BT 40.5°C > BP80/40 > HR 150

s BETFEIMARS ¢ AR B IS RS N e
REMNZEEY)...

e 02,1V, monitor ,B/R, E8, CRP, TNI, EKG, CxR,

e BT 40.5°C » ZK{&0E? OBS? NSAIDs?
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Fever

Heat strokesn® B2 R A EilA2enFET

* BEZAHE

‘H‘i_%i_%- thermoregulatory failure
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EVENTS REQUIRED FOR FEVER INDUCTION

Infection, microbial toxins,
mediators of inflammation,
immune reactions

Microbial toxins

Y

Monocytes/macrophages,
endothelial cells, others

Y
Pyrogenic cytokines
IL-1, IL-6, TNF, IFN

Gl 2
<>

Fever

Heat conservation,
heat production

i

Elevated
thermoregulatory
set point

Hypothalamic
andothelium

o

Source: Longo DL, Fauci AS, Kasper DL, Hauser 5L, Jameson 1L, Loscalzo 1: Harrison’s

Principies of Internal Medicine, 18th Edition: www.accessmed|cine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.




mPGES-1/2, cPGES
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41% of heat
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Modified from Frisancho 1993:33 Mndified from Fricanchn 199333
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100%

| Dehydration
JOSH!

75% T

S50% =+

PERFORMANCE

25% T

” -
= 1% = rapid 1 in temp (heat stroke) #ORATION
x 2% = | performance
x 3% = | coordination
= 4% = headache/nausea
= 5% = failure of thermoregulation

= 6% = serious risk for collapse, permanent
injury, & organ failure

TBW= 70kg * 0.6 = 42L
421*0.05= 2.1L




Exercise or
heat exposure

v

|

i

Heat stress l

v

Thermoregulatory
failure, circulatory
shock, and
heat stroke

Acute-phase R - 3 Thermoregulatory Heat-shock
response response response
T I :
L
.
¥ ¥ ,
Cutaneous Splanchnic .
vasodilatation vasoconstriction >
L
h 4 h 4
Exaggerated Altered
acute-phase heat-shock
response response
T .
A .
p a .
s R Release of Production of .
: LS . nitric oxide [ reactive oxygen :
- - L
: and nitrogen species -
= L
: ¥ -
. Increased intestinal -
- permeability -
- VL :
.
- L
e e e e Endotoxemia -
.
L
L
L
L

(= = == —— e ——————

N Engl J Med 1974; 291:564-567

Figure 1. The Sequence of Events in the Progression of Heat Stress 1o Heat Stroke.
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Gideon M. Am J Foren Med Pathol 22:100, 2001



Inflammatory Response Coagulation Response
to Heat Stroke to Heat Stroke

Interleukin-1,
_interleukin-6

Fibrin monomers

-
& Neutrophil

Increase in TNF-«,
i ukis

Inhibition of
fibrinolysis

| | _ A —
- e

von Willebrand Clot Increase in
factor antigen E-selectin

Increase in
thrombomodulin

N Engl J Med 2002; 346:1978-198¢

Intestine




Extrinsic factors

« Exercise/Heat stress |«

Intrinsic factors

1
Metabalic rate 1
i '
E sweat [+ Tc 1
§. ¥
- co t
8
skin BF t »| visceral BF |}
| o] | Energy
8 - intestinal g tnn
Er dehydration (i |
5 circulatory collapse l + cell anoxia
€ | | inflammatory reaction ¥ [ andotoxing
= | l L Te ﬂT — T | X1 |
BBB breakdown J sliver dysfunction
+ ) L | *ARF
CNS dysfunction | | "7 | *Coagulopathy (DIC)
& global -4 *Muscle breakdown
encephalopathy e *Cardiac dysfunction

The pathopysiology of heat stroke: an integrative view of the final common pathway.

DOI:10.1111/j.1600-0838.2011.01333



https://doi.org/10.1111/j.1600-0838.2011.01333.x

l Heat Stroke l

Inflammatory Thermoregulatory Coagulation
Response Response Response
< < Attenuated by QD
* * Ascorbate *
Circulatory Thermoregulatory Microvascu.lar
shock failure thrombosis

{

Multiple organs failure

|

Death

Ascorbate rescues heat stroke death by attenuating exaggerated inflammatory,
thermoregUIatory and Coagl,”ation FeSPONSES.  FreeRadical Biology and Medicine Volume 93, April 2016, Pages 84-93



https://www.sciencedirect.com/science/journal/08915849
https://www.sciencedirect.com/science/journal/08915849/93/supp/C

Exertional heat stroke

* Extreme hyperthermia

* Conscious change

* Circulation collapse
 Thermoregulatory failure

* DIC, Multiple organ dysfunction

* High mortality rate !
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v % mj
General data
@ FIXX > 25%

®BH 172 cm ~ BW 78.6 kg.

OrIL%6X

A

» 14:00 {4 s

» 16:00 :g & ~ %ii,ﬁt%\

~ f88 37.5°C

» 16:40 O%H B838.1°C~ i &
» 16:50 2 ;§40.7°C ~ f‘é?\;&’)&

» 17 51 71‘]‘75,\_, /
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4 % % b
Hospital course

,/\'—!-»
SV %

e Vital signs: BP: 100/50, HR:115, RR:20,
815}5'_'40 7°C
¢ LB R NIH,FL B F R

. Compllcatlon. Complication: DIC,
respiratory, renal, hepatic failure,

rhabdomyolysis

33



v %‘;"Sfﬂ]
Hospital course

~ % 3%

e General condition improved

e BP:130/70, HR:93, RR:16, BT 37.5°C

e Consciousness (10T/15), renal function
also improved

34



v % ]
Hospital course

NI L= M I
o« RREXBL

BP: 70/40mmHg, HR:160, BT: 38.9°C

LR A R~ TRIREOR

muscle guarding.

Amylases T 204 IU/L; Lipase T 794.6 IU/L.

KUB- diffuse ileus, bowel loop dilatation.

35



diffuse dilated bowel loops

36



Abdominal CT

Arrow- amorphous free air- pneumoperitoneum ; Arrowhead-
diffuse wall thickening ;

Star- ascites and mesentery fat - peritonitis.

37



Oral
cavity

Esophagus

Pancreas

Small
intestine
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