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Ar. Temple Fay
Temple University
Pensylvania, USA

V roce 1941 pouzil cilenou hypotermii u pacientt s
tezkym poranéenim 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"

doporucoval
pouziti hypotermie
u pacientut po
KPCR jiz v r.1964







cévni mozkova prihoda poranéni mozku

nahla zastava obéehu
posthypoxicka encephalopatie

akutni infarkt myokardu
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- zacina minuty az hodiny po inzultu
- trva vetsinou 48-72 hodin

- nekdy i delsi casovy usek
- az 10 dnu
- napr. apoptoza



- pouziti farmakologickych prostredkii

- Jinych technik (hypotermie)

vedoucich ke zlepseni konecnhého neurologického
vysledku lécby u nemocnych




Ca blokatory

- nimodipin, nicardipin
glukokortikoidy

- lazaroidy
cytokiny

- Interleukin 1, interleukin 6, TNF
progesteron ?

(Doppenberg, 1997)



mirna - N
stredni

32-28°C )
hluboka

28-17°C




snizenim metabolizmu => snizeni CMRO,
— priblizné o 7% na kazdy 1°C

shizeni ischemii indukovaného uvolnéni
excitatornich aminokyselin

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



1 produkce laktatu

J lipidové peroxidace
1 akumulace neutrofilu
- inhibice apoptozy

- prevence translokace protein kinazi C



- stabilizace krevné-mozkove bariéry

- prevence poskozeni mikrotubult

- iInhibice posSkozeni axonalnich neutrofilament
J calpainem indukované proteolyzy

Disrupce axonu pfi difGznim axonalnim poskozeni



Pravdepodobnou pricinou efektivhosti hypotermie
je multifaktorialni ovlivnéni ischemické 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 ucinnos
hypotermie ovérena na rozli€nych zvirecich
modelech




Conclusion

Hypothermic culture at decreased the production
of early-phase TNF-a and late-phase IL-10 and NO
from ATP- and TLR-activated microglia as observed
at

Neurocrit Care (2014) 20:301-310



encephalomyelitida z nekardialnich
pricin

: . S zlepSeny
(kardlochlrurgl_e,cevnl asfyxie _ outcome
a neurochirurgie) KT/KE Asystolie/PE

poSkozeni

myokardu Mozneé indikace k pouziti snizeni ICP
Fizené hypotermie

encephalopatie

poSkozeni zlepsSeny
myokardu outcome snizeni ICP

zlepSeni oxygenace o
: " -




- termistor plicnicoveho katétru -

- tympanicka membrana
- nasopharyngealneé

-V jicnu

- mocovy mechyr

- rektalne

- kozni teplota




Mozek-lokalizace shodna s monitoraci ICP
— epiduralneé
— intraventrikularné
— intraparenchymaine
teplotni rozdily uvnitr mozku 0,4-1°C

Lateral ventricle

Brain tissue
>— oxygen probe

Ventriculostomy

Fiberoptic
| | intraparenchymal
ICP monitor







- u zdravych jedincu
teplotni gradient az 2°C mezi TT télesného jadra a
mozku

- U pacienta s traumatem mozku az 4°C



Temperature (°C)
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Romano et al., Brain temperature exceeds systemic temperature in head-injured patients.
Crit care Med 1998;562-567




Povrchove
— celotélove
vodni matrace, gelove systemy atd

Ledové roztoky

— intravenézne
Endovaskularni metody
Jicnova sonda
ECMO
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selektivni chlazeni
mozku

perfluorocarbon 4°C
intranazalneé

The RhinoChill System
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EUROPEAN
' RESUSCITATION
COUNCIL

postupy se liSi podle zvolené cilove teploty
pacienti po KPR jsou Casto hypotermni

30 ml/kg 4°C chladného roztoku snizi teplotu jadra o 1 -
1,5 °C

pouzitelné jakékoliv metody od chlazeni ledem po iv
cooling a ECMO

nejsou data favorizujici nékterou metodu



Dle sou€asnych poznatku by Fizena hypotermie
neméla byt pouzivana u pacientu s tézkym
kardiogennim Sokem, u tehotnych a u nemocnych
s primarni koagulopatii.

Trombolyticka lécba neni kontraindikaci pouziti
rizené hypotermie.



infuze 30ml/kg krystaloidu s teplotou 4°C do
periferni zily behem 30-60 minut.

nasledné udrzovani télesné teploty v rozmezi 32 -
34°C povrchovym nebo intravendznim
chlazenim po dobu minimalné 24.hodin u
pacientl po resuscitaci. V jinych indikacich je
vhodné pokraCovat v zavedené hypotermii po
dobu 48-72.hodin, v pripadé zvyseného ICP u
pacientu s KCP i déle.



1. Initiation ormothermia

«Start cooling immediately *Avoid fevers
* Analgesia/Sedation
38 *Recognize/treat shivering l
37 1
2. Maintenance
6 - / *Close attention to

BP, O, sat, volume,

glucose, K*,
seizures

O,

\

3. Rewarming

H

Degrees (Celsius)
W w W W

3 7 *Begin 24h after induction
¢ > *0.25%hr
32 24 hrs +Watch BP, glucose, K*

0O 4 8 12 16 20 24 28 32 36 40 44 48

Hours from Initiation of Hiiothermia
e American
Heart
Associations



normotermie !

optimalne rychlosti 0,25 — 0,5°C/hodinu !
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Although the effect of elevated temperature on outcome
IS not proven, it seems reasonable to treat
hyperthermia occurring after cardiac arrest with
antipyretics and to consider active cooling In
unconscious patients.

The development of hyperthermia after a period of mild
Induced hypothermia (rebound hyperthermia)is
associated with increased mortality and worse
neurological outcome.

Bro-Jeppesen J, Hassager C, Wanscher M, et al. Post-hypothermia fever isassociated with
increased mortality after out-of-hospital cardiac arrest. Resus-citation 2013;84:1734-40.181.

Leary M, Grossestreuer AV, lannacone S, et al. Pyrexia and neurologic outcomes after
therapeutic hypothermia for cardiac arrest. Resuscitation2013



ovliviiuje koagulaci a muze vést ke krvacivym projevam, tento
efekt je zanedbatelny a nebyl potvrzen v klinickych studiich

ovliviuje imunitni systém, zvysuje incidenci infekci- typicky
pneumonie

béehem mirné hypotermie byva zvysena hladina sérovych
amylaz, vyznam vSak nejasny

metabolismus sedativ je béhem hypotermie snizen az na 30%
pfFi teploté jadra 34°C. Normalizuje se pfi dosazeni 37 °C



- elektrolytova dysbalance
- zvysené riziko infekcli
-trombocytopenie

- koagulopatie

- arytmie, bradykardie

- pankreatitida

- vzestup ICP pri zahrivani
- tresavka



1. zahrivani kozniho povrchu (koncetin v pripade
povrchového chlazeni)

2. propofol 5-50 mcg/kg/min
dexmedetomidin 1 mcg/kg/10min dale infaze
0,3-1,5 mcg/kg/hod
fentanyl 25-75 mcg
magnézium
3. nedepolarizujici svalova relaxancia
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Akutni diseminovana

Level IV

Peroperacné

Level Il

Minimalizace
béhem
ischémie/reperfaze
Level lll

Prevence
\Y;
kardiochirurgii
Level IV

Lécba kardiogenniho
Soku
Level Il

ARDS

Level IV

Grand mal Srdeéni zastava 7w
Ucinnost
Level IV L] L] w W
Level IV klinicky overena
Perinatalni | Postanoxicka |G AN (oS
asfyxie encephalopatie encephalopatie
KT/KF Level IIA
Level Il

Mozné indikace k pouziti EXEERFEANEs

Fizené hypotermie

Ischemie michy
Level IV

Prevence
postkontrastni

Level Il

MiSni kontuze
Level IV

SAK CMP- CMP-
~eel Level Il Level Il
Jaterni

Bakterialni
meningitida
Level Il

encephalopatie

Level Il

Lécba horecky pfi neurologickém
Level IIB



Anoxické poskozeni mozku po nahlé
zastave obehu
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outcome:

CPR - % good outcome

Randomised controlled trials

B Hypothermia
m Controls

HACA 2002

+16%
Relative: +39%

Bernard 2002

+23%

Hachimi ldrissi 2001

+19%

Relative: +78% Relative: NA




Soucast doporucéenych postupti (EBM grade B) u nemocnych
uspéesneé resuscitovanych po NZO

,» --- pacienti v bezvédomi s obnovenym obéhem po NZO by méli byt
chlazeni na po dobu 12-24 hodin...

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

,» --. Chlazeni muze byt pfinosné i po jinych rytmech vedoucich
K NZO v nemocnici..."

International Liason Committee for Resuscitation.
Postresuscitation support,



In the first of these studies, the induction of
hypothermia using 2 L of ice-cold normal saline
In patients with return of spontaneous circulation
(ROSC) after OHCA did not improve survival to
hospital discharge compared with those in whom
cooling was delayed until arrival at hospital.

Kim F,Nichol G, Maynard et al. Effect of Prehospital induction of Mild
Hypothermia on Survival and Neurological Status Among Adults
With Cardiac Arrest. Jama 2013



33°C versus 36°C

Nielse N,Wetterslev J,Cronberg et al. N Engl J Med 2013

There was no difference in all cause mortality, the
primary end point,between the two groups.



Two questions about the treatment of patients with ROSC after out-
of-hospital cardiac arrest (OHCA) arise from these studies:

1. Should ice-cold intravenous fluid continue to be
used for inducing hypothermia prehospital?

2. Should the target temperature be
for the management of comatose cardiac arrest
survivors with ROSC?



Targeted Temperature Management
at 33°C versus 36°C after Cardiac Arrest

M.D., Ph.D,, Jorn Wetterslev, M.D., Ph.D., Tobias Cronberg, M.D,, Ph.D.,

he, M.D., Christian Hassager, M.D., D.M.S

mezinarodni studie 960 pts v bezvédomi po out-of-hospital
srdecni zastaveé a uspésné KPR s predpokladanou kardialni
priéinou

chlazeni na 33°C ( 50% pts) nebo 36°C (48% pts)

primarni outcome — mortalita

sekundarni outcome — spatny neurologicky vystup nebo smrt 180 den -
hodnoceno CPC ( Cerebral Performance Category) nebo
modifikovanou Rankinovou skalou

vysledek — 54 % vs 52 % pacientl se Spatnym vysledkem (CPC)
resp. shodny vysledek hodnoceny Rankinovou Skalou (52
% v obou skupinach)

analyza prognostickych faktori shodna v obou skupinach
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Figure 2. Probability of Survival
through the End of the Trial.

Shown are Kaplan-Meier estimates of
the probability of survival for patients
assigned to a target temperature of
either 33°C or 36°C and the number
of patients at risk at each time point.
The P value was calculated by means
of Cox regression, with the effect of
the intervention adjusted for the
stratification variable of study site.
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ORIGIMNAL ARTICLE

Therapeutic Hypothermia after Out-of-Hospital Cardiac Arrest in
Children

Frank . Moler, k.0, Faye 5. Sikverstein, kD, Richard Halubkoy, Ph.D., Beth 5. Sloming, PhD., James R, Christenzen, WD,

y vy

295 deéti ( stari 2 dny az 18 let) po out-of-hospital zastaveé a
KPR v bezvédomi

2 skupiny - 33°C a normotermie 36 °C

prim. outcome- preziti 12 mésicu a neurologicky vystup

hodnoceny Vineland Adaptive Behavior Scales, second
edition (VABS-II), skére > 70

VABS Il hodnoceni na Skale od 20 do 160
bez signifikantniho rozdilu v primarnim outcomu

podobna incidence infekci, zavaznych arytmii, spotreba
krevnich derivatii a 28-denni mortality



American

' Heart
Association.
is why"

GUIDELINES
\CPR & ECC

2010 — pacienti v bezvédomi po out-of-hospital KPR pro komorovou fibrilaci
maji byt chlazeni na 32 - 34°C na 12 — 24 hodin

2010 hypotermie mtZe byt pouzita u vSech pacienti s ROSC v
nemocnici s jakymkoliv inicialnim rytmem nebo u out-of-
hospital KPR s inicialni asystolii nebo bezpulzovou elektrickou

aktivitou

Targeted Temperature Management
All comatose (ie, lacking meaningful

response to verbal commands) adult patients with ROSC
after cardiac amrest should have TTM, with a target
termperature between 32°C and ! selected and achieved,
then maintained constantly for at least 24 hours.

pU) (X0 Comatose (ie, lacking of meaningful res

to verbal commands) adult patients with ROSC aft
of-hospital VF cardiac arrest should be cooled 1

34°C for 12 to 24 hours. Induced hypothermia also may be
considered for comatose adult patients with BOSC after
IHCA of any initial rhythm or after OHCA with an initial rhythm
of pulseless electrical activity or asystole.




American

Heart

Associations
s wihy

GUIDELINES
\CPR & ECC

zaklad - aktualni studie s vysokou kvalitou (33 vs 36°C) se
stejnym outcomem v obou skupinach

Iékar muize volit z Sirsiho spektra doporucené cilové teploty

zvolené cilena teplota zavisi na preferencich lékare a klinickych

faktorech

3 initial studies of TTM examined cooling to
termperatures between ! and 34°C compared with no
well-defined TTM and fo mprovement in neurclogic
outcome for those in whom hypothermia was induced.

A recent high-guality study compared termperature
management at 36°C and at 33°C and found outcomes to

be similar for both. Taken together, the initial studies

that TTM is beneficial, so the recommendation remains

to select a single et termperature and perform TTMM.
Given that H ;
from a wider ra f target temperatures. T ]
temperature may be determined by clinician preference or
clinical factors.




__  American
Heart Continuing Temperature Management Beyond
Association. 24 Hours

is why"

GUIDELINES
\CPR & ECC

2015 — aktivni udrzovani normotermie po intervalu
hypotermie je rozumneé

nekteré studie prokazuji zhorseny neurologicky
outcome u pacientu s horec¢kou po vyvedeni z
hypotermie

prevence horecky a udrzovani normotermie je
relativné bezpecné a horeCka muize byt spojena s
horsSim vysledkem — prevence horecky po
vyvedeni z fizené hypotermie je doporuceno



l AMA The Joumal of the
American Medical Association

Home  Current Issue  All Tssues I:Effect of Prehos P ital Induction of Mild Hprt hermia

onh Survival and Neurological Status Among Adults
ith Cardiac Arrest
A Randomized Clinical Trial

rancis Kim , MDY, Graham Michol, WD, MPH'; Charles Maynard, PhD?E; A Hallstrom, PhD?; Peter

2014

1359 patients (583 with VF and 776 without VF)

2000 ml FR 4°C co nejdfive po obnoveni obéhu

snizeni TT 0 1°C, dosazeni cilové teploty 34 'C o 1 hodinu drive

bez vlivu na neurologicky status u pacientti s VF i se zastavou,
Casteéjsi zastava obéhu béhem transportu a vyssi vyskyt
plicniho edemu
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Out-of-Hospital Cooling

PITEIIETH The routine prehospital cocling of patients
with rapid infusion of cold IV fluids after ROSC is not
recommended.

meefcnre 2010, cooling patients in the prehospital setting

had not been extensively evaluated. It had been assumed
that earlier initiation of ¢ might provide added benefits
and also that prehospital initiation might facilitate and
encourage continued in-hospital ¢ ). Recently published
high-quality studies demonstrated n nefit to prehospital
cooling and also identified potential complications when
using cold IV fluids for prehospital cooling.




EUROPEAN RESUSCITATION

RESUSCITATION OFFICIAL JOURNAL OF THE (1}, R S
EUROPEAN RESUSCITATION COUNCIL [8@Eqounci

COUNCIL

European Resuscitation Council and European Society of Intensive
Care Medicine Guidelines for Post-resuscitation Care 2015
Section 5 of the European Resuscitation Council Guidelines for
Resuscitation 2015™

Jerry P. Nolan®"*, Jasmeet Soar*, Alain Cariou, Tobias Cronberg®, _
Véronique R.M. Moulaert’, Charles D. Deakin?, Bernd W. Bottiger", Hans Friberg',
Kjetil Sunde’, Claudio Sandroni*
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neni jasné, zda nékteré subpopulace pacientu profituji z hypotermie
nebo z normotermie
TTM je doporucena u pacientli po out-of-hospital KPR s inicidlnim

defibrilovatelnym rytmem, ktefi zlistavaji v bezvédomi po ROSC
(silné doporuceni, nizka kvalita diikazu)

TTM je navrhovana pro pacienty po OHCA s inicialnim

nedefibrilovatelnym rytmem.....(slabé doporuéeni, velmi nizka
kvalita diikazu)

TTM je navrhovana pro pacienty po IHCA s jakymkoliv
Inicialnim rytmem ..... (slabé doporuceni, velmi nizka kvalita dikazu)

(slabé doporuceni, velmi nizka kvalita diikazu)
It is clear that the optimal target temperature after cardiac arrest
IS not known and that more high-quality large trials are needed.
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rozporné udaje ze studii s chlazenim pacienttl v
prednemocnicni péci

zvysene riziko opéetovné zastavy obehu, plicniho
edému pri chlazeni bolusy chladnych roztoku

Based on this evidence, prehospital cooling using a
rapid infusion of large volumes of cold intravenous
fluid immediately after ROSC



Gal R., Slezak M., Zimova |., Cundrle I., Ondraskova H.,
Seidlova D.

43. patients after out of hospital cardiac arrest admitted at University
Hospital Brno were included in the cohort study.

Good outcomes at hospital discharge were achieved in 21 out of
43(49%) patients.

The study confirmed feasibility, safety and possible efficacy of
the mild hypothermia In patients after cardiac arrest.



vsichni pacienti v bezvedomi s ROSC po srdecni
zastave maji byt chlazeni na teplotu mezi
udrzovanou konstantne - hodin

zvolené cilena teplota zavisi na preferencich lekare
a klinickych faktorech

doporucujeme udrzovani normotermie po vyvedeni
Z mirné hypotermie
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