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cilené snizeni teploty télesného jadra
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- pouziti farmakologickych prostredku

- jinych technik (hypotermie)

vedoucich ke zlepseni konecného neurologického
vysledku lécby u nemocnych




cévni mozkova prihoda poranéni mozku

~ /

Ischémie

nahla zastava obéehu
posthypoxicka encephalopatie

akutni infarkt myokardu




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

- nekdy i delsi Casovy usek
- napr. apoptoza
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shizenim metabolizmu => snizeni CMRO,
— priblizné o 7% na kazdy 1°C

snizeni ischemii indukovaného uvolneéeni
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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Povrchové
— celotéloveé
vodni matrace, gelove systémy atd

Ledove roztoky
— intravenozneée

Endovaskularni metody
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selektivni chlazeni
mozku

perfluorocarbon 4°C
intranazalneé

The RhinoChill System






Dle souc¢asnych poznatku by fizena hypotermie
neméla byt pouzivana u pacientl s tézkym
kardiogennim sokem, u tehotnych a u
nemocnych s primarni koagulopatii.

Trombolyticka lécba neni kontraindikaci pouziti
Fizené hypotermie.



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

nasledné udrzovani télesné teploty v rozmezi 32 -
34°C povrchovym nebo intraven6znim
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.



- elektrolytova dysbalance
- zvysene riziko infekci

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



- termistor plicnicového katétru-

- tympanicka membrana
- nasopharyngealné

- v jicnu

- mocovy mechyr

- rektalne

- kozni teplota




Mozek-lokalizace shodna s monitoraci ICP
— epiduralneé
— intraventrikularneée
— intraparenchymalné
teplotni rozdily uvnitfr 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 telesného 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




normotermie !

optimalne rychlosti 0,25 °C/hodinu !




1. Initiation ormothermia

«Start cooling immediately *Avoid fevers
* Analgesia/Sedation
38 7., Recognize/treat shivering l
37 1
™ 2. Maintenance
g 36 / *Close attention to
© BP, O, sat, volume,
Q 35 / glucose, K*, \
D 34 seizures
o 3. Rewarming
® 33 *Begin 24h after induction
= o > +0.25°hr
32 24 hrs «Watch BP, glucose, K*
31

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

Hours from Initiation of Hypothermia
E American
Heart
Associations
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Anoxické poskozeni mozku po nahlé zastave
obéhu




100% 7 |CPR - % good outcome
90% 4 | Randomised controlled trials

® Hypothermia
m Conftrols

70%- P<0.01

p Good neurological outcome (%)

HACA 2002

Good +16%
outcome: Relative: +39%

Bernard 2002

+23%
Relative: +78%  Relative: NA

Hachimi Idrissi 2001

+19%



Soucéast doporuc¢enych postupu (EBM grade B) u nemocnych
uspeéesne 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 prinosné i po jinych rytmech vedoucich
K NZO v nemocnici...”

International Liason Committee for Resuscitation.
Postresuscitation support, Circulation 2005



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



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.

33°C versus 36°C



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?



D4

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

Condensed Abstract

Forty three 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 34-35°C in patients after cardiac
arrest.



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
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EUROTH ERM
3

This web site is under construction

Thiz ground breaking tral aims at evaluating if

o EUROPEAN SOCIETYod therapeutic hypothermia (32-35°C) reduces death
32 OF INTENSIVE CARE « and dizability after intracranial hypertension due to
MEDICINE nh

traumatic brain injury.

ALL EUROPEAN ICUS ARE WELCOME TO JOIN THE PROJECT

Wisit the ESICK stand at the 20058 ESICK congress in Lisbon for maore infarmatiaon
(21-24 September 2005)

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

To determine whether systemic cooling to a target
temperature of , 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.



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 32-34°C or 36°C
for the management of comatose cardiac arrest
survivors with ROSC?



Should the target temperature be 32-34°C or 36°C
for the management of comatose cardiac arrest
survivors with ROSC?

Normalni TT 37°C



cilova hodnota jicnove-teploty pri fizené hypotermii je
32+

— po dosazeni cilové hodnoty je teplota udrzovana
v danem rozmezi po dobu 24 hod

Postup pri planovanem ukonceni hypotermie

— cilové udrzovaci rozmezi telesné teploty je 36-
36,5 °C po dobu 72 hod od prijeti



American Heart Association post—cardiac arrest care algorithm

e

14

American

Heart
Associations

Adult Immediate Post-Cardiac Arrest Care

1

Return of Spontaneous Circulation (ROSC)

Optimize ventilation and oxygenation

* Maintain oxygen saturation 294%
* Consider advanced airway and waveform capnography
* Do not hyperventilate

Treat hypotension (SBP <90 mm Hg)

* |V/IO bolus

¢ Vasopressor infusion

¢ Consider treatable causes
¢ 12-Lead ECG

Consider induced hypothermia

No

7
STEMI
Coronary reperfusion OR
high suspicion of AMI
8

Advanced critical care

Doses/Details

Ventilation/Oxygenation
Avoid excessive ventilation.
Start at 10-12 breaths/min
and titrate to target PETCO,
of 35-40 mm Hg.

When feasible, titrate Fio,
to minimum necessary to
achieve Spo, 294%.

IV Bolus

1-2 L normal saline

or lactated Ringer’s.

If inducing hypothermia,
may use 4°C fluid.

Epinephrine IV Infusion:
0.1-0.5 mcg/kg per minute
(in 70-kg adult: 7-35 mcg
per minute)

Dopamine IV Infusion:
5-10 meg/kg per minute

Norepinephrine

IV Infusion:

0.1-0.5 mcg/kg per minute
(in 70-kg adult: 7-35 mcg
per minute)

Reversible Causes

- Hypovolemia

- Hypoxia

- Hydrogen ion (acidosis)

- Hypo-/hyperkalemia

-~ Hypothermia

- Tension pneumothorax

- Tamponade, cardiac

- Toxins

- Thrombosis, pulmonary

- Thrombosis, coronary
opvright © Am



Therapeutic Hypothermia after Cardiac Arrest Guidelines of Care

Inclusion Criteria: Exclusion Criteria:

*Within 6 hrs following cardiac arrest (up to 12 hours * Major head trauma

at attending physician’ s discretion) * Major surgery within prior 14 days | Yes
*Successful restoration of a perfusing rhythm and the + Systemic infection/sepsis

ability to maintain a blood pressure with/without + Patients with clinically significant
inotropes or vasopressors bleeding / risk of bleeding
-Comatose state — Lack of meaningful response to

No l

verbal commands

#H

American

Heart
Association.

Initiate cooling as rapidly as possible

s oll * Either method of cooling — ice packs/cooling blankets or Artic Sun System — can be used to initiate cooling
g £ and should be started as soon as possible.
'-g ° « Remove ice packs once the [Arctic Sun] system initiated to prevent overcooling of the patient
= 8 « Defibrillator pads may be placed under the Arctic Sun gel pads. It is safe to defibrillate the patient with the
= Arctic Sun pads on the patient.
« Ensure two methods (bladder, esophageal, core, rectal, groin, axillary) of measuring patient temperature

~ * Non-Pharmacologic Prevention of Shivering Shlverlng tends to occur f“°5‘ often with
c Wrap hands/feet, cover head w/ blankets BRAICRIR DF POt
o P g If present, follow Algorithm in Full TH
= * Magnesium 4 grams |IVB over 4hrs .
© X . Guidelines
o2 * Sedatiow/Anaigesis: + Place the Bair Hugger on the patient
2 4 Goal sedation level of RASS -4 to -5 Shiveri ; 99 p
2 g’ + Sedative Agents: Patients should receive low dose wermg= * K3V SEia Sonen °f. SEigess
DT continuous infusic;n of a sedative agent ' * INETSRAN LGN SEONIVS T
£c s s 15 b if + Bolus NMBA —Cisatracurium
s < 1) Propofol — 1. ine agent; or 2) midazolam (i . NMBA infusion
S propofol contraindicated)
< * Anaigesic agents *Never stop sedation and analgesic
» 1) Fentanyl or 2) Hydromorphone regimens while paralyzed
o « Heart Rate - Bradycardia is associated with hypothermia and should be treated if associated with
2 hemodynamic instability. There is no need to treat normotensive bradycardia.
E * Mean Arterial Pressure (MAP): MAP goal of >90 mmHg is preferred to theoretically improve cerebral
Q perfusion, lower MAP goals (65-100mmHg) have shown benefit
g- E « Central Venous Pressure: Goal 10-12 mmHg
ne + Oxygenation: Goal oxygen saturation of 94-96%
gi 2 » Ventilation: Maintain normocarbia and avoid hyperventilation or hypoventilation
= « Electrolyte Repletion: Basic chemistries should be monitored at least q 4 hours and replaced as necessary
S » Glucose Control: Initiate BHIP for glucose is >200 mg/dl and monitor g hour while cooling g 30 min if glucose
c <80 mg/dl at any time. (Do not exceed 50 units of insulin / hour)
g + Miscellaneous: EEG ASAP after initiation on TH via EEG Lab or on-call Fellow or if any suspician of seizure.

Blood cultures 12 hrs post initiation. Skin care check q 2 hr for burns caused by cold blankets.

« Begin re-warming 24 hrs after initiation of cooling at a rate of 0.25°C (0.5° F) every hour until the patient

o)) returns to normothermia (37°C/98.6° F).
£ « Keep Artic Sun pads on for 48hr and set temperature at 37°C/98.6° F to maintain normothermia.
E + Maintain paralytic (if started) and sedation until temperature of 36C/96.8F degrees is reached.
g . Hypoten‘siont hyperkalemia, hypoglycemia, and hyperthermia may occur during and after the re-warming.
& « Stop IV insulin when glucose <200 mg/dl, unless T1DM.

Testing to assess for neurologic prognsosis should be delayed to at least 72 hours after the return to
normothermia as patients who have TH have delayed neurologic recovery







