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Ar. Temple Fay
Temple University
Pensylvania, USA

V roce 1941 pouzil cilenou hypotermii u pacient UGS
tézkym poran énim mozku
Fay T. Observations on generalized refrigeration
In cases of severe cerebral trauma

ResPubAssNervDis 1945




Bigelow v r.1950

predstavuje hypotermii jako moznou metodu

ochrany mozku v kardiochirurgii

Bigelow WG Hypothermia: Its possible role in
cardiac surgery

Ann Surg 1950




Peter Safar
the father of CPR*

doporu coval
pouziti hypotermie
u pacient u po
KPCR jizvr.1964




Brain Trauma Research Center,University of
Pittsburgh

Hypotermie 32-33°C po dobu 24h u 20 pacient 0s

kraniocerebralnim poran énim

Ve srovnani s kontrolni skupinou vyrazné snizeni
ICP - 0 40%

Nebyl zjist én rozdil v po ¢tu komplikaci

Marion et al The use of therapeutic hypothermia for
patients with severe head injuries

J Neurosurg 1993







cévni mozkova p fihoda poran éni mozku
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- farmakologickeé prost redky
- jiné techniky
vedouci ke zlepSeni kone ¢éneho neurologického

vysledku lé €by u nemocnych




Ca blokatory

- nimodipin, nicardipin
glukokortikoidy

- lazaroidy
cytokiny

- Interleukin 1, interleukin 6, TNF
progesteron ?

(Doppenberg, 1997)




cilené snizeni t élesne teploty

.

mirna
36,5-34°C

stredni
33,5-28°C

hluboka
27,5-17°C

i
. T
: e




snizenim metabolizmu => snizeni CMRO
— pfiblizn € 0 7% na kazdy 1°C

snizeni ischemii indukovaného uvoln éni
excitatornich aminokyselin

— pozorovano i p Fi mirnych stupnich hypotermie
Zornow MH
University of Texas, Galveston
J Neurosurg Anestesiol Apr 1995




1 produkce laktatu

J lipidové peroxidace
1 akumulace neutrofil U
- inhibice apoptozy

- prevence translokace protein kinazi C




- stabilizace krevn é-mozkoveé bariéry
- prevence posSkozeni mikrotubul U
- inhibice poskozeni axonalnich neutrofilament




Moznou p Fiéinou efektivhosti hypotermie je
multifaktorialni ovlivn  éni ischemicke kaskady

W. Dalton Dietrich
Departments of Neurological Surgery,

Neurology, Cell Biology and Anatomy
University of Miami, USA
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V experimentu je neuroprotektivni U  €innost
hypotermie ov érena na rozli énych zvi recich

modelech
T T,
.




encephalomyelitida feé z nekardialnich
pricin

zlepseny
(kardiochirurgie,cévni B outcomep y
a neurochirurgie) KT/KE Asystolie/PE

posSkozeni

myokardu Mozné indikace k pouziti snizeni ICP
Fizené hypotermie

encephalopatie

poskozeni zlepSeny
myokardu outcome snizeni ICP

zlepSeni oxygenace o
: 1 -




Povrchové
— celot élove
vodni matrace, gelove systemy atd
— selektivni chlazeni hlavy

Ledové roztoky
— intravendzn é

Endovaskularni metody
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selektivni chlazeni
mozku

perfluorocarbon 4 °C
intranazaln é

The RhinoChill System




6. dubna 2010

Motorka rske p filby zachra nuji zivoty p Fi havariich
dnes a denn é. | presto jsou ale motorka i tou
nejohrozen éjSi skupinou U €astnik U provozu. A

zranéni hlavy jsou nej castejsi p Fi€éinou umrti.
Nova prilba TermaHelm ma pomoci motorka Fre s
takovym poran énim zachranit.

Zdroj: http://auto.idnes.cz/helma-zmrazi-
motorkarovu-hlavu-a-pomuze-mu-prezit-fw3-
/motorky.asp?c=A100201 202329 motorky vok







Dle sou éasnych poznatk U by fizena hypotermie
neméla byt pouzivana u pacient u s tézkym
kardiogennim Sokem, u téhotnych a u nemocnych
S primarni koagulopatii.

Trombolyticka |[é ¢ba neni kontraindikaci pouziti
Fizené hypotermie.




infuze 20ml/kg krystaloid u s teplotou 4°C do
periferni zily b éhem 30-60 minut.

nasledné udrzovanit élesné teploty v rozmezi 32 -

34°C povrchovym nebo intravendznim
chlazenim po dobu minimaln é 24.hodin u
pacient U po resuscitaci. V jinych indikacich je
vhodné pokra €ovat v zavedené hypotermii po
dobu 48-72.hodin, v p fipadé zvyseného ICP u
pacient i s KCP i déle.




- elektrolytova dysbalance
- zvySene riziko infekci
- trombocytopenie

- koagulopatie

- arytmie, bradykardie

- pankreatitida

- vzestup ICP p fi zah¥rivani
- tresavka




1. zahfivani kozniho povrchu (kon ¢etin v p fipadé
povrchoveho chlazeni)

2. meperidin 50-100mg
propofol 5 -50 mcg/kg/min

dexmedetomidin 1 mcg/kg/10min dale infuze
0,3-1,5 mcg/kg/hod
fentanyl 25-75 mcg
magnézium
3. nedepolarizujici svalova relaxancia




- termistor plicnicoveho katetru-standard
- tympanicka membrana
- nasopharyngealn é

- v jicnu

- mo€ovy m echyr
- rektaln e

- kozni teplota




- u zdravych jedinc U
teplotni gradient az 2°C mezi TTt élesného jadra a
mozku

- U pacienta s traumatem mozku az 4°C
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Romano et al., Brain temperature exceeds systemic temperature in head-injured patients.

Crit care Med 1998;562-567
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Mozek-lokalizace shodna s monitoraci ICP
— epiduraln é
— intraventrikularn é
— Intraparenchymaln é

teplotni rozdily uvnit ¥ mozku 0,4 -1°C

Lateral ventricle
Brain tissue

Ventriculostomy > oxygen probe

Fiberoptic
| | intraparenchymal
ICP monitor
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Akutni diseminovana Grand mal Srde éni zastava UéinnOSt

Level IV Level IV . v v
Level [V Klinicky ov érena
Peropera éné Perinatalni Post anoxicka Post anoxické KCP-
asfyxie encephalopatie encephalopatie
KT/KF Level lIA
Level Il Level Il
Minimalizace o . . ] ..
b&hem Mozné indikace k pouziti KCP- snizenf ICP
ischémie/reperfuze v , .
Level Il rizené hypotermie
FURYERCE . Ischemie michy SAK CMP- CMP-
ST . Level IV
kardiochirurgii Level IV Level Il Level Il
Level IV
Prevence Jaterni oy
L& : , , Bakterialni
Lecba kardiogenniho ‘ nceohal | =
Soku postkontrastni encephalopatie meningitida
Level Il Level Ill Level Ill Level Il
ARDS Misni kontuze Lé¢Eba hore €ky p Fi neurologickém

Level IV Level IV Level IIB






CPR - % good outcome
Randomised controlled trials

m Hypothermia
m Controls

p Good neurological outcome (%)

Good
outcome:

P<0.01

HACA 2002

Bernard 2002

+16%

Relative: +39%

+23%
Relative: +78%  Relative: NA

Hachimi ldrissi 2001

+19%



Souéast doporu €enych postup U (EBM grade B) u nemocnych
usp ésné resuscitovanych po NZO

, ... pacienti v bezv édomi s obnovenym ob é&hem po NZO by m éli byt
chlazeni na 32 -34°C po dobu 12 -24 hodin...

...kdyz vychozi , rytmus “ byla komorova fibrilace...”

, -.. chlazeni m Gze byt p finosné i po jinych rytmech vedoucich
K NZO v nemocnici..."

International Liason Committee for Resuscitation.
Postresuscitation support, Circulation 2005







- v Evropske unii je KCP p fi€innou asi 1 000 000
hospitalizaci ro éneé

- 50 000 umrti

- u 10 000 pacient G zpusobi t ézkou invaliditu




- v 75% se jedna o mladé dosp élé jedince

- KCP jsou pro spole €nost p Fi€éinnou obrovskych
finan €nich ztrat




- chirurgicka dekomprese

- CPP v norm é nebo vyssSi (nad 60 mmHgQ)
- normoxie

- normoglykémie

- prevence elektrolytové dysbalance
Specificka neuroprotektivni terapie

—hypotermie




snizuje poskozeni krevn €& mozkové bariéry
shizuje tvorbu edému

snizuje ICP

snizuje zan étlivou odpov éd

Jiang JY, J Cereb Blood Flow Metab 2005
Sue lhro, J Neurotrauma 2004




In sum, the present study's updated meta-analysiss  upports
previous findings that hypothermic therapy constitu tes a
beneficial treatment of TBI in specific circumstanc es.

Accordingly, the BTF/AANS guidelines task force has Issued a
recommendation for optional and cautious use of
hypothermia for adults with TBI.

Peterson Kim, Carson Susan and Carney Nancy. Journa | of Neurotrauma. January
2008, 25(1): 62-71. doi:10.1089/neu.2007.0424.




- 72 pacient u s tézkym KCP
Glasgow Coma Score < 8
- prumeérny v ék 41 let

51 muzu
21 zen

- starsi 60 let

- Infaustni prognoza
oboustranna mydriaza
areflexie nad C1




GCS
GOS

GCS

Normotermie (n=17)
4,59 + 1,37
3,47 £ 1,74

Normotermie (n=17)
4,00 +£1,08

Hypotermie (n=21)
462+1,24 p=0,9426
3,71+£1,62 p=0,4470

Hypotermie (n=21)
450+1,34 p=0,2377




- minimalni nezadouci U ¢€inky
- za komplexni monitorace bezpe ¢€neé pouzitelna
metoda i u polytraumat

extracerebralnim hematomem




The NABIS: H Il trial therefore tested the effects  of very early hypothermia in
adults with severe nonpenetrating brain injury.

Enrollment occurred from December 2005 to June 2009 , when the trial was
terminated for futility. There was concern over slo w accrual and patient
safety, the investigators say.

According to the investigators,

Table 1. Poor Outcome by Treatment
Primary Analysis Hypothermia, No. (%) (n = 52)
Normothermia, No. (%) (n =45)




Subgroup Analysis 'Interesting'

However, results of a subgroup analysis suggested
a
but not in

patients with diffuse brain injury.




Induced hypothermia and fever control for prevention and
treatment of neurological injuries

Kitw1 H Fol

-metaanalyza 18 studii pacient u s TBI

-celkem 2096 pacient u s intrakranialni hypertenzi
refrakterni k b ézné leébé
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Figure 4: Clinical trials assessing the effects of hypothermia on newrological ouboome in patients with travmatic brain injury and intracranial bypertension



hypotermie snizuje ICP  (class l.evidence)
pozitivni vliv na kone €ny vysledek Ié €by vSak
zaznamenan pouze ve velkych centrech

c¢asné zahajeni lé €by b éhem hodin po TBI

doba lé ¢by hypotermii alespo n 48.hodin (class
1WA

zahrivani velmi pomalé nejmén & 24.hodin
zasadni je |é éba hypotenze a hypovolémie




F. Sadaka, Ch. Veremakis, R. Lakshamanan, A. Palagi ri, INTECH 2013, Neurocritical Care, St.Louis Univ.

- databaze Medline 1993-2011

1. Therapeutic hypothermia for ICP control
- 14 studii

2. Therapeutic hypothermia as a neuroprotectant
- 9 studii




Depth and duration of

"Is probably an important strategy
to avoid rebound increases in intracranial
pressure.,

Period
have a beneficial effect on outcome.




Hypothermia should no longer be viewed as
dangerous. It should take the place of
barbiturates as the best modality for refractory
ICH.

Therapeutic hypothermia deserves at leasta  level |l
evidence recomendation for the treatment of
refractory ICH.

We would like to emphasise that the




normotermie !

optimaln é rychlosti 0,25 °C/hodinu !




EUROTHERM
35" o @™

This web site is under construction

This ground breaking trial aims at evallating if
_ therapeutic hypothermia (32-35°C) reduces death
:-FlHT:-n;Ei'-'I:EHH.if_-."— :,., and disability after intrﬂacra’niél h_ypﬁrtensinn due to
SIELE iy traumatic brain injpuey.

ALL EUROPEAN ICUS ARE WELCOME TQ JOIN THE PROJECT

Wisit the ESICM stand at the 2005 ESICK congress in Lishon for more infarmation
[(21-24 September 2008)

Farticipate in the Eurotherm project launch meeting on Tuesday 23rd September,
12-1pm in room BM3 during the ESICM congress in Lisban




This is the first trial 1o be launched, dnven and sponsorad by the ESICA.
All European ICUs are welcome to join the project.
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Eurotherm3235 Trial Recruitment Graph
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Patofyziologie

primarni poran éni
— krvaceni
— kontuze

sekundarni poran éni
hypoperfuze
edém
termoregulace
iIschémie







Fraktura C3-4 s dislokaci u hra ¢e
amerického fotbalu

paraplegie
senzoricka blokada
pod kr €ni oblasti
obtizna ventilace




stabilizace krku

kyslik maskou

iInfuze krystaloid U
intravenozn é kortikoidy

Dle NASCIS II protokolu

zavedena hypotermie
iInfUuze ledovych roztok U
povrchove chlazeni ledem




operace — stabilizace, fuze do 3.hodin po poran  éni
UPV, Fizena mirna hypotermie 48 hodin
extubace 3.den

8. hodin po vykonu wake up test — bez motoricke reakce

Béhem 3.tydn G obnova motorickych funkci
— klasifikace ASIA D

Andrew Cappuccino,Orthopedic,March 1,2008




Clinical outcomes using modest intravascular hypoth ermia after
acute cervical spinal cord injury.
Levi AD , Casella G, Green BA, Dietrich WD , Vanni S, Jaqid J , Wang MY .

Department of Neurological Surgery and the Miami Pr  oject to Cure Paralysis, University
of Miami, Miller School of Medicine, Miami, Florida , USA. alevi@med.miami.edu

Comment in: Neurosurgery. 2010 Jun:66(6):E1217.

OBJECTIVE: We report the clinical outcomes at 1-yea r median follow-up, using
endovascular hypothermia after SCl and a detailed a  nalysis of the complications.

METHODS: We performed a retrospective analysis of A merican Spinal Injury Association
and International Medical Society of Paraplegia Imp  airment Scale (AlS) scores and

complications in 14 patients with SCI presenting wi th a complete cervical SCI (AIS A).
All patients were treated with 48 hours of modest ( 33 degrees C) intravascular
hypothermia. The comparison group was composed of 1 4 age- and injury-matched
subjects treated at the same institution.

CONCLUSION: This study is the first phase 1 clinica | trial on the safety and outcome with
the use of endovascular hypothermia in the treatmen t of acute cervical SCI. In this
small cohort of patients with SCI, complication rat es were similar to those of
normothermic patients with an associated AIS A conv ersion rate of 42.8%.




Neni dostatek relevantnich dat pro ani proti pouziti
hypotermie u misnich poran éni
American Association of Neurological Surgeons

Nutna multicentricka studie k ov  éreni U cinnosti
hypotermie

Normotermie




Akutni diseminovana Grand mal Srde €ni zastava Septické Hypovolemicky
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Aim

To determine whether systemic cooling to a target

temperature of 34 to 35 °C, started within 6 hours
of symptom onset and maintained for 24 hours,
Improves functional outcome at 3 months in
patients with acute ischaemic stroke.




This Is an open, randomised, phase |ll, multicentre
International clinical trial with masked outcome
assessment testing the benefits and harms of
therapeutic cooling in 1500 awake adult patients

with acute ischaemic stroke.

Inclusion criteria

A clinical diagnosis of acute ischaemic stroke;

A possibility to initiate cooling within 6 hours of symptom onset and
within 90 minutes of start of thrombolysis, or withi n 90 minutes of
hospital admission in patients who are not treated with
thrombolysis;

A score on the national Institutes of Health Stroke Scale (NIHSS) of 6
up to and including 18 at the time of study inclusi on;

Age 2 18 years;
Written informed consent.







