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Tepelny stres — Dr. Jekyll a pan Hyde?
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ga Ochlazuje se lidské telo?

A White Black

Temperature,”C

Men [
Women [l
36.0-
] L] 1 L} 1 [ L] 1 L] I
1800 1850 1900 1950 2000 1800 1850 1900 1950 2000

Year of birth

men born in the early 19t century had temperatures 0.59°C higher than men today,
with a monotonic decrease of —0.03°C per birth decade

Protsiv et al. eLife 2020;9:e49555.
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Hot webther and heat extremes: health risks

Kristie L Ebi, Anthony Capon, Peter Berry, Carolyn Broderick, Richard de Dear, George Havenith, Yasushi Honda, R Sari Kovats, Wei Ma,
Arunima Malik, Nathan B Morris, Lars Nybo, Sonia | Seneviratne, Jennifer Vanos, Ollie Jay

Lancet 2021; 398: 698-708

e ...in 2003 and 2010, respectively, two heat wave-related disasters affected Western
Europe, resulting in 70,000 and 55,000 excess deaths

* heat waves such as those could increase 5- to 10-fold in frequency by 2050

* 65000 ER visits in the US each year from extreme heat exposure
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Intensive Care Med (2020) 46:485-487
https://doi.org/10.1007/500134-019-05888-4

UNDERSTANDING THE DISEASE

Climate change, global warming,
and intensive care

Thomas Bein'"®, Christian Karagiannidis” and Michael Quintel

Heat stress associated Psychologic sequelae due

cognitive disorders l l to natural disaster

Cardiovascular instability
due to heat stress

Worsening of lung function
in chronic respiratory

diseases (COPD, asthma)

Heat stress associated
nephropathy

Intestinal diseases/diarrhea “Uncommon” respiratory

due to infections infections




TEMPERATURE

how hot is too hot to survive?

What's the hottest temperature
the human body can cope with?

DEATH BY hyperthermia
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Kdyz je tepla p




Rallye Dakar

Velmi kruta smrt! Polsky zavodnik umrel na
prehrati organismu
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Kent State athlete's death ruled exertional heat stroke

Posted: Sep 19, 2017 10:12 AM
Updated: Sep 22, 2017 10:11 PM

KENT, Ohio (AP) - An Ohio coroner has ruled exertional heat stroke
caused the death of a Kent State University football player after an
offseason morning workout.

The Portage County coroner’s office released the findings of an
autopsy of Tyler Heintz on Monday. Heintz died June 13 after being
hospitalized following conditioning drills at Dix Stadium. Tyler Heintz

Kent State fired a strength and conditioning coach who was at the
workout. It says he gave false information about his certification. The
coach says he was upfront about his credentials and was working toward certification.

Heintz was an incoming freshman. He was recruited from Kenton High School as an offensive UNIVERSITY OF MD ATHLETE DIES OF HEAT STROKE
lineman. DOCTOR: CAN AFFECT HEALTHY PEOPLE OF ALL AGES

CURRENTS ' HAVRE DE GRACE: PART DY .i 75°

r



16 lety triatlet

e Sprint triatlon (750m — 20km — 5km)

* Teplota 25°C, vlhkost vzduchu 55%

* 5. km béhu — nalezen v bezvédomi v prikopu
e Zvraci, aspiruje, TT 40.1°C

* Kriticky stav

* Urgentni Tx jater

* Propusténi po 4 meésicich
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30 lety amatér, zacatecnik

e Terénni triatlon (300m — 15km — 4km)

* Teplota 32°C

* Od 3. km ,se mota“, mohutné povzbuzovan
priznivci

e pred cilem kolaps, zvraci, porucha védomi

e Kriticky stav — selhani srdce, ledvin, otok
mozku

* Mésic hospitalizace, trva porucha funkce srdce
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Amatérska 40-leta bézkyné absolvovala svuj
prvni béZecky zavod (pulmaraton)

* Teplota 30°C

* V cilové rovince nekoordinované pohyby, pfri
dobéhu nepoznava manzela a nasledné ztraci
vedomi, generalizované krece.

* RZP registruje teplotu 42 st. C, pacientku
intubuje, chladi a transportuje do nemocnice

* 6. den umrti na podkladé maligniho otoku
mozku a refrakterniho sSoku
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TT a0 1

TT A0 4 3

pacient 1 pacient 2 pacient 3 pacient 4 pacient 5 pacient 6
veék 30 23 39 41 16 36
BMI 22.35 21.9 25.6 24.4 24.7 25.2
plavani, sledovan v
oddile sportovnim| netrénovany, tyden
rekreacné,| rekreacné, posledni 3 |ékarem, pred béhem| pred startem strevni
sport rekreacné prilezitostny béh mésice intenzivné rekreacné vs virdza chripka
zavod (délka) | 10 km 10 km 11.7km 10,5 km triatlon 10 km!
teplota vzduchu 30.8 27 27 30 25 15
vlhkost vzduchu 49% 74% 30% 69% 55% 65%
kolaps 10. km 9. km 10. km 8. km 6. km 9. km
porucha visu, porucha
vedomi, hypoglykemie
bezvédomi,| (intubace do jicnu na bezvédomi, kiece, bezvédomi, Uzeh, bezvédomi,
tachykardie,| spadovem Urg prijmu, Tachypnoe,| dehydratace, Krece,| bezvedomi, zvraceni,| . prechodne apnoe,
hypoventilace TT aspirace) TT 40 st| hypotenze T intubace aspirace, intubace neklid

T 27 3 oi

icleobras ( ’
| preklad do IKEM pro ASJ 5. den 3. den 4. den 3. den 4. den 7. den

CRRT ne ano ne ano ano ano
Prometheus ne ano ne ano ano + ECMO ne
zafazeni na WLk LT ano ano ne ano ano ne
transplantace jater ne ne ne ano ano (ECMO) ne

reparace jater i ledvin,

stabilizace po LT, Stép

reparace jater i|vyrezeni z WL, stabilni, funkcni, AKI, 25.den
ledvin, vyrezeni z WL, Zije (pneumonie, reparace jateri umrti (sepse,| Zije po transplantaci| Zije, reparace jateri
aktudlni stav stabilni, Zije| vypotky, resekce plic)| ledvin, stabilni, Zije hemoragicky $ok) jater ledvin
(Courtesy of Dr. Kieslichova, IKEM)
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Heat stroke - nejcastejsi pricina smrti

atletu, které ale ve 100% zabranit

Krece z horka
Tepelné vycerpani
Akutni tepelné postizeni (Heat injury)

Akutni tézké teplené trauma (Heat stroke)
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Kdo je v riziku?
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Télesna teplota v prubéhu zatéze

70- 80% energie prace
svall = teplo

Vétsi svaloveé skupiny =
vice tepla

37°C P '
B

Body core temperature (7C)

Submaximalni zatéz v béznych klimatickych podminkach
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Co se déje v téle v horku?

Submaximalni zatéz v horku/vysoké vihkosti

I
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Ul Scott K. Powers, Edward T. Howley: Exercise Physiology: Theory and Application to Fitness and Performance, 10e
Copvright @ raw-Hill Education. All rights reserved




Core temperature up to 41.5°C during the UCI Road
Cycling World Championships in the heat

Sebastien Racinais, > Sebastien Moussay,3 David Nichols," Gavin Travers,’
Taoufik Belfekih,' Yorck Olaf Schumacher, Julien D Periard"*
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Racinais S, et al. Br J Sports Med 2018;0:1-4. doi:10.1136/bjsports-2018-09988 1
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Jak rychle muze dojit k prehrati?

Med. Sci. Sports Exerc., 2006.

Running Time (min)

e Atlet dokaze zvysit svUj
metabolizmus 20-25x

B —+—7 -8 —+—9 —o—10 o—11 =12
42.0 +
41.5+

Dt = 20 kcal/min (=4 10,/min)

U

= 1 1°C béhem 5-7 minut

(McArdle et al, Excercise Physiology, 2015)



Kdyz se vse vymkne kontrole
g
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Primy cytotoxicky vliv hypertermie

Nekor?tn,)lované ,aktivace K\r,e(\fe, kO, Mma
imunitniho system-u Cirkulaém’ §Ok
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WARNING

() Alarmujici symptomy

ALARM SYSTEM

* Atlet ma zretelné problémy pokracovat ve vykonu
* Ma potize s koordinaci, ,mota se”

* Objevuje se dezorientace, iracionalni chovani,
podrazdénost, nekritické chovani (chce zavod za
kazdou cenu dokoncit, odmita pomoc)

= hypertermicko-neurologicka faze

Kriticky stav: bezvédomi, krece, inkontinence, sok
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Lecba — na scéne

Meéreni teploty - jedina relevantni je rektalni

Pokud nelze a je podezreni na tepelné trauma, je treba zahajit
bezprostredné chlazeni

Chybou neni chladit zbytecné, ale chlazeni nezahdjit vibec

NejdulezitéjSim opatfenim je co nejrychlejsi a agresivni ochlazeni
organizmu.

Kazda minuta opozdéného chlazeni od vzniku zdvaznych symptomu
zhorsuje prognozu postizeného sportovce.

Prvni pulhodina je zcela rozhoduijici (,,zlata pulhodina®)

Zajisténi ucinného chlazeni a dosazeni teploty jadra pod 39°C ma
prioritu pred transportem (strategie ,first cool, transport second”!)

l.v. krystaloidy (1-2 |/hr); ale dehydratace neni hlavni problém!



Chlazeni

nejucinnéjsSim zpusobem je celotélové ponoreni
atleta do lazné s chladnou vodou (trup + koncetiny)

|ze dosahnout poklesu télesné teploty 0 0.2- 0.3°C na
kazdou minutu chlazeni. Optimalni teplota vody se
pohybuje mezi 2-15°C

efektivniho ochlazeni je vSak mozné dosahnout i pri
vyssich teplotach lazné

jakykoliv zpUsob chlazeni je lepsi nez chlazeni zadné

farmakologicka antipyreticka lécba nefunguje
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Lécba — na ER/ICU

Monitorace rektalni nebo vesikalni T do dosazeni Tcore
<38.0°C;
Chlazené i.v. roztoky (4°C, 1000 ml/30 min)

Dantrolen neni ucinny
Standardni high quality ICU care

‘Core cooling methods

Surface cooling methods

Precooled surface
cooling pad

Catheter-based endovascular device inserted in the femoral vein




Heat stres jako lék?

Good \/s Evﬂ
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Sauna use as a lifestyle practice to extend healthspan

Rhonda P. Patrick™ ', Teresa L. Johnson "
Experimental Gerontology 154 (2021)

Heat stress Protects tertiary (3D) Prevents protein Protects against
protein structure aggregation neurodegenerative disease:
e Alzheimer’s

e Parkinson's

¢ Huntington’s

) \J
-
. Protects against

cardiovascular disease:
e Heart failure

e Cardiomyopathy

e Atherosclerosis

Heat shock protein
(HSP) activation

Heat shock
proteins

- -

Slows muscular Promotes
atrophy longevity




Therapeutic Hyperthermia Is Associated
With Improved Survival in Afebrile Critically Il
Patients With Sepsis: A Pilot Randomized Trial

Richard S. Hotchkiss et al. Critical Care Medicine, in press
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Dékuji!
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Prekroceni kardiovaskularnich limitt — smrtelna spirala
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Nejvétsi naroky na obéhovy systém a soucasné nejvyssi riziko rozvoje

nekontrolovatelné hypertermie a syndromu z prehrati predstavuje

kombinace tri faktoru:

1. Prilis vysoka metabolicka produkce tepla, tj. trvajici zatéz na urovni 80-
90 % maximalni spotfeby kysliku (VO,max)
2. Dosazeni maximalni fyziologické kapacity poceni

3. Prostredi/odév branici maximalnim koznim ztratam tepla

W%’“ LEKARSKA FAKULTA V PLZNI

q-"z' UNIVERZITA KARLOVA V PRAZE
q

9 BIOMEDICINSKE i i
‘, CENTRUM www.biomedic-plzen.cz




"

increased QA\

Heat
stress

BIOMEDICINSKE
CENTRUM

Increased
cardiac
output
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Core
temperature

A A

39°C j 102.2°F
37°C l 98.6°F

Blood
redistribution

Sweating
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Jak poznam, ze kolaps v cili je ,,benigni“

Posturalni hypotenze spojena s fyzickou aktivitou (60% vsech akutnich stavi)

Elevace DK na uroven srdce Zarudly obli¢ej s vybledem kolem Ust
- diagnosticky + terapeuticky test O¢i zavrené do chvile zotaveni
- vizdy ABC + stav védomi (normaini!) Naopak, u prehfati ¢asto bledost

"

pokud alterace védomi — vzdy zmér T

Dllezité! Potize pti benignim kolapsovém stavu pfi uvedenych
opatrenich rychle odeznivaji — do 10-15 minut (max 30 min)

Nutnost opakovaného prehodnoceni zdravotniho stavu
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https://youtu.be/G-fZWO0pJPRO
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https://youtu.be/G-fZW0pJPR0

Heat Stress in Sport

After our personal experiences, Jonny and I consider heat illness to be a very
dangerous condition and one that doesn’t get the attention it deserves. Any further
study and attention it garners is welcomed enthusiastically by both of us, and so it
is a great honour to write the foreword for this book. Whether you are a researcher,
student, coach or interested athlete, I hope you find it a valuable and enjoyable read.

Bramhope, UK Alistair Brownlee
2x Olympic Gold Medallist (2012, 2016)

2x ITU Triathlon World Champion (2009, 2011)

3x European Champion (2010, 2011, 2014)

Commonwealth Games Champion (2014)
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