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- patofyziologie hypotermie

- TTM
- kraniocerebralni poranéni
- misni trauma
- subarachnoidalni krvaceni
- cevni mozkove prihody
- epilepsie

- kazuistika






cévni mozkova prihoda poranéni mozku

~ /

ischémie




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

- nekdy i delsi Casovy usek
- az10 dnu
- napr. apoptoza
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Ca blokatory

- nimodipin, nicardipin
glukokortikoidy

- lazaroidy
cytokiny

- interleukin 1, interleukin 6, TNF
progesteron ?

(Doppenberg, 1997)



Rizena hypotermie - cilené snizeni télesné teploty
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shizenim metabolizmu => snizeni CMRO,
— priblizné o 7% na kazdy 1°C

snizeni ischemii indukovaného uvolneni
excitatornich aminokyselin

— pozorovano i pri mirnych stupnich hypotermie
Zornow MH

University of Texas, Galveston
J Neurosurg Anestesiol Apr 1995



Moznou pri¢inou efektivnosti hypotermie je
multifaktorialni ovlivnéni ischemickeé 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 ucinnost
hypotermie overena na rozlicnych zvirecich
modelech
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Brain Trauma Research
Center,University of Pittsburgh

Hypotermie 32-33°C po dobu 24h u 20 pacientu s
kraniocerebralnim poranénim

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

Nebyl zjisten rozdil v poctu komplikaci

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

J Neurosurg 1993



shizuje poskozeni krevné mozkové bariéry
shizuje tvorbu edému

shizuje ICP

shizuje zanétlivou odpoved’

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



In sum, the present study's updated meta-analysis supports
previous findings that hypothermic therapy constitutes a
beneficial treatment of TBI in specific circumstances.

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. Journal of Neurotrauma. January
2008, 25(1): 62-71. doi:10.1089/neu.2007.0424.



Clinical Neurology
and Neurosurgery

om/flocate/clineuro

Mild hypothermia therapy for patients with severe brain injury

Roman Gal®*, Ivan Cundrle?, Iveta Zimova ?, Martin SmrckaP?

72 pacientu s tézkym KCP
Glasgow Coma Score <8
- priumeérny vék 41 let

- starsi 60 let

- infaustni prognéza
oboustranna mydriaza
areflexie nad C1



- minimalni nezadouci uc€inky
- za komplexni monitorace bezpecneé 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.

Enroliment occurred from December 2005 to June 2009, when the trial was

terminated for futility. There was concern over slow 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)

Lancet Neurology 2010



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

-metaanalyza 18 studii pacientu s TBI

-celkem 2096 pacientu s intrakranialni hypertenzi
refrakterni k bézné léecbe
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Figure 4: (hnvical trials assessing the effects of hypothermia on newrological ovtoome in patientswith travmatic brain injury and intracranial by pertension




hypotermie snizuje ICP (class l.evidence)

pozitivni vliv na konecny vysledek lécby vsak
zaznamenan pouze ve velkych centrech

casné zahajeni léecby behem hodin po TBI

doba léecby hypotermii alespon 48.hodin (class
ILA)

zahrivani velmi pomalé nejméne 24.hodin
zasadni je lécba hypotenze a hypovolémie



normotermie !

optimalne rychlosti 0,25 °C/hodinu !




SFAR

Somr-'te Francaise d'Anesthesie et de Réanimation

Guidelines

Targeted temperature management in the ICU: Guidelines from a
French expert panel™

Alain Cariou *", Jean-Francois Payen ®, Karim Asehnoune ", Gérard Audibert ’, Astrid Botte °,
Olivier Brissaud ?, Guillaume Debaty ™, Sandrine Deltour®, Nicolas Deye ',

Nicolas Engrand!, Gilles Francony ?, Stéphane Legriel 2, Bruno Levy ", Philippe Meyer 9,
Jean-Christophe Orban¥, Sylvain Renolleau”, Bernard Vigué', Laure de Saint Blanquat ¢,
Cyrille Mathien©, Lionel Velly®, Société de réanimation de langue francaise (SRLF)the
Sociéeté francaise d’'anesthésie et de réanimation (SFAR)in conjunction with the
Association de neuro-anesthésie réanimation de langue francaise (ANARLF)the Groupe
francophone de réanimation et urgences pédiatriques (GFRUP)the Société francaise de
médecine d'urgence (SFMU)the Société francaise neuro-vasculaire (SFNV)

R2.2 In patients with severe traumatic brain injury, we suggest
considering TTM at 35-37 “C to improve survival with good
neurological outcome.

(Grade 2+)

R2.3 In TBI patients with refractory intracranial hypertension
despite medical treatments, we suggest considering TTM at
34-35 “C in order to lower ICP.

(Grade 2+)

The duration of hypothermia should be adapted according
to the persistence of intracranial hypertension. In a study of

Anaesth Crit Care Pain Med (2017), http://dx.doi.org/10.1016/j.accpm.2017.06.003



primarni poranéeni

— krvaceni
— kontuze

sekundarni poraneni

— hypoperfuze
— edém

— termoregulace
— ischémie
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Fraktura C3-4 s dislokaci u hrace
amerického fotbalu

— paraplegie

— senzoricka blokada
— pod krcni oblasti

— obtizna ventilace




operace — stabilizace, fuze do 3.hodin po poranéni
UPV, rizena mirna hypotermie 48 hodin
extubace 3.den

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

Béhem 3.tydni obnova motorickych funkci
— klasifikace ASIA D

Andrew Cappuccino,Orthopedic,March 1,2008



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

Department of Neurological Surgery and the Miami Project 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.

Abstract

BACKGROUND: Although a number of neuroprotective strategies have been tested after
spinal cord injury (SCI), no treatments have been established as a standard of care.

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

METHODS: We performed a retrospective analysis of American Spinal Injury Association
and International Medical Society of Paraplegia Impairment Scale (AlS) scores and
complications in 14 patients with SCI presenting with 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 14 age- and injury-matched
subjects treated at the same institution.

CONCLUSION: This study is the first phase 1 clinical trial on the safety and outcome with
the use of endovascular hypothermia in the treatment of acute cervical SCI. In this
small cohort of patients with SCI, complication rates were similar to those of
normothermic patients with an associated AlIS A conversion rate



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

Nutna multicentricka studie k ovéreni ucinnosti
hypotermie

Normotermie



hlavni priCinou morbidity a mortality u pacientu
prezivsich uvodni ataku SAK je

Komplikace:

opakované krvaceni
— nejc€astéji v prvnich 24hod. po vzniku SAK
— celkova incidence je asi 11%

lécba
— kontrola TK, Ié€ba hypertenze

— €asna chirurgicka revize



HHH terapie:
- hematokrit 33-38%
- hypertenze (STK 160-200 mmHg)
- CVP 10-12

Nimodipin ((Dilceren, Nimotop) od 3.dne, poté dle TCD)
Endovaskularni reseni (PTA, papaverin)

MgSO, erythropoetin, blokatory endotelinovych receptoru



zvyseneé riziko ischemického poskozeni mozkové
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Key results

Our analysis showed that in good grade patients, it
remains possible that cooling the brain during
surgery might prevent death or dependency in
everyday activities.

Cochrane Library, March 2016
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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 lll, 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 within 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 inclusion;

Age 2 18 years;

Written informed consent.



EuroHYP-1 patient enrolment
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3.1.3. TTM after stroke, intracerebra : subarachnoia
haemorrhage

R3.1 We suggestconsidering TTM at normothermia during the
early phase of severe ischaemic stroke.
(Expert opinion)

R3.2 — In comatose patients with spontaneous intracerebral
haemorrhage, we suggest considering TTM at 35-37 "C to
lower intracranial pressure.

(Expert opinion)

R3.3 — In comatose patients with aneurysmal subarachnoid
haemorrhage, wesuggestconsidering TTM tolower ICPand/or
to improve neurological outcome.

(Expert opinion)




R4.1 In patients with refractory or super-refractory status
epilepticus, we suggest considering TTM at 32-35 "C to control
seizure activity.

(Expert opinion)

Rationale: Experimental studies [123-131] showed the anti-
convulsant properties of hypothermia that were confirmed in
patients with refractory or super-refractory status epilepticus
(lasting for more than 24 h) persisting despite maximum
treatment. A randomized controlled trial and several reports
showed that TTM (32-35 °C) for 24 h was associated with a better
control of electrical seizure activity and achievement of burst-
suppression pattern [132-134]. In the HYBERNATUS trial, the rate
of progression to EEG-confirmed status epilepticus was lower in
the hypothermia group than in the control group ( 11 vs. 22%; odds
ratio, 0.40; 95% CI 0.20-0.79; P=0.009) [135].




Crriginal Investigation | Movember 27, 2013
CARING FOR THE CRITICALLY ILL PATIENT JAMA I':;;:Tﬂ:ém Association
Home

Induced Hypothermia in Severe Bacterial Meningitis
A Randomized Clinical Trial

e Current Issue Al Issues  Online First

November 27, 2013, Vol 310, No. 20 =

multicentricka randomizovana studie- Francie
98 pts s bakterialni meningitidou, GCS<8
hypotermie 32-34°C na 48 hod.

ukoncena po zarazeni 98 pts pro vysokou mortalitu ve skupiné
hypotermie (25 of 49 patients [51%]) vs the control
group (15 of 49 patients [31%]

Conclusions and Relevance Moderate hypothermia
in patients with severe bacterial
meningitis and may even be harmful. Careful
evaluation of safety issues in future trials on
hypothermia are needed and may have important
implications in patients presenting with septic shock

or StrOke' R4.2 In comatose patients with meningitis or meningoenceph-
alitis, we do not suggest considering TTM when fever is
tolerated.
(Expert opinion)




29. lety muz, polytrauma po autonehodé
na misté bezvédomi,anizokorie

DAP s krvacenim do pontu a mezencephala, fr. foramen
magnum, occp. kondylu,kontuze plic, fr.femuru

analgosedace, UPV, vzestupy ICP pfi manipulacich
4.den stabilizace femuru, zahajen weaning za kontroly ICP

10.den odpojen od UPV, kontaktni, pseudochaba
kvadrupareza, nasledné postupna rehabilitace

aktivni chlazeni do normotermie 11.dnti!

2.1.2018
23:12:14
SE:4
IM.: 24

Slice Pos.. -15,8 mm
Tloustka 5,0 mm

120 kV, 400 mAs/Slice

SOFT 5/5 AGFA

polytrauma s k.I. nad 80 minut
W 24/63
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- tympanicka membrana
- nasopharyngealneé

- v jicnu

- mocovy mechyr

- rektalne

- kozni teplota
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Romano et al., Brain temperature exceeds systemic temperature in head-injured patients.
Crit care Med 1998;562-567




3848 patients, 59 studies

The use of adjunctive therapy in addition to hypothermia, for
example, barbiturates, to reduce ICP limited the effectiveness
of hypothermia

Meta-Analysis of Therapeutic Hypothermia for
Traumatic Brain Injury in Adult and Pediatric Patients*
Ellie M. Crompton at al., Critical Care Medicine April 2017 « Volume 45 « Number 4



ucinnost farmakologickych prostredku ke snizeni
teploty je u neurointenzivnich pacientu velmi
mala

udrzeni optimalni TT vyzaduje aktivni pristup
cilova tt 34-36°C
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