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Radiation Evaporation
Transfer of heat between the separated Heat loss derived from the evaporation of

surfaces of two objects via electromagnetic water from skin & lungs
(infrared) radiation. Accounts for +15% of heat loss (5% from

Accounts for 50-70% of heat loss in awake the skin, 10% from the lungs)
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Conduction

Conduction

Transfer of heat from a surface to the Direct transfer of between surfaces
Amount of heat loss is closely related to

surrounding air. e
Accounts for 20-30% of heat loss COMIaCt SUHace = : e
Increases in the sitting or lying position

Convection
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The three phases of hypothermia treatment

Induction phase.

Beginning of
re-warming phase.
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Figure 3. Graphic depiction of the three phases of hypothermia treatment. The induction phase
should last between 30 and 120 mins; rapid cooling may lead to a small overshoot, which should be
accepted provided it is no greater than 1°C. The maintenance phase usually lasts 24 hrs in cardiac
arrest patients (may be longer for other indications) and should be characterized by no or minimal
fluctuations in temperature. The rewarming phase should be slow and controlled, with rewarming
rates of 0.2°C to 0.5°C in cardiac arrest patients and lower rewarming rates for other indications. Fever
should be prevented after rewarming.




phases of hypothermia

1. induction phase

get to target temperature (34°C?) as quickly as possible
(small overshoot acceptable provided temperature remains > 30 °C)

2. maintenance phase
should be reliable, with no or minor fluctuations (max. 0,2-0,5 °C)

3. re-warming phase
slow and controlled (max 0,2-0,5 °C/h)
4. fever-control phase

maintain controlled normothermia
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Baltimore, 1955

Historical hypothermia

Philadelphia, July 1936




metody chlazeni

povrchové chlazeni

- ledove obklady, polévani studenou vodou, alkoholem
- systémy s cirkulujici vodou
- systémy s cirkulujicim vzduchem

intravendzni roztoky

intravaskularni chlazeni

selektivni ochlazovani mozku (RhinoChill)
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povrchove chlazeni

v vaky s ledem, polévani studenou vodou,
alkoholem

v chlazeni kondukci

v Spatna riditelnost vsech 3 (4) fazi hypotermie,
nekomfortni uzivatelsky a osetrovatelsky

v levné (,poor-man ‘s method")
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chlazeni cirkulujici vodou

v chladi cirkulujici studenou vodou

v v chladicim systému je podtlak
v velmi ucinng, rychle se nalozi na pacienta
v cooling and re-warming profil

v nutna sedace pacienta (shivering)



Arctic Sun® 5000, Colorado, USA



Blanketrol 11I®, Cincinnati Sub-Zero, USA
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chlazeni studenym vzduchem

v chlazeni konvekci

v meéne efektivni

v nastavuje se teplota vzduchu na 32 °C
v narocne osetrovatelsky

v nutna sedace pacienta



Bair Hugger®,
Augustine Medical, USA
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intravenozni chlazeni

v cold fluids 4 °C i.v. 30 ml/kg

v with pressure bag

v ,as rapidly as possible™

v type of fluid: 0,9% NaCl, Ringer, Hartmann,
Elo-Mel... (crystalloids)

v begin prehospital



External and/or internal cooling techniques
can be used to initiate cooling. An infusion of
30 ml/kg of 4 C saline or Hartmann’s

solution decreases core temperature by

approximately 1.5 C.
ERC, 2010
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intravaskularni chlazeni

v intravenozné zavedeny katetr (v. femoralis)

v cirkulujici chladny roztok 0,9 % NaCl
v ,nvazivni*, proveditelna pouze nemocnicnée
v velmi rychlé dosazeni cilové teploty

v nejlépe se udrzuje nastavena teplota
TTM (,,autopilot™)



Temperature controlled
saline to Thermogard XP

Standard catheter
infusion lumens

Temperature controlled

saline from Thermogard XP

ThermoGard XP®, Alsius, USA
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Quattro®-Katheter
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Solex®-Katheter
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RhinoChill



v transnazalni evaporativni ochlazovani

v certfikovan pro EU, doporucen ERC
v minimalné invazivni metoda
v pro prednemocnicni fazi

v cileneé ochlazuje mozek



Konduktionskiihlung

Die diinne Lamina cribrosa, die das Gehirn
vom Nasenrachenraum trennt, ermoglicht
eine effiziente Diffusion der thermalen
Energie zur Kuhlung des Gehirns.

Kithlung durch Evaporation

Das zerstaubte Kuhimittel vaporisiert
innerhalb des Nasenrachenraumes und
sorgt so fur eine schnelle Kuhlung.

Konvektionskiihlung

Das Blut, welchen vom Gehirn zum Herzen
das durch das Gehirn zurtick zum Herzen
flieBt wird dadurch gekuhit, da es dabei die
Umgebung des Nasenrachenraum passiert.
Durch das Blut wird daraufhin ebenfalls
Gehirn und der restliche Korper abgekuhit.




v perfluorohexan vstrikovan do oblasti
nazofaryngu

v rychlym odparovanim se | teplota sliznice na
2-4°C

v mozek se ochlazuje kondukci a perfuzi

v CAVE: perfluorohexan se srazi v nasofaryngu
a zatéka do zaludku
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Devices: Cooling safety

Endovascular: Surface:

Benefits: Benetfits:
excellent temperature safe and easy to use
modulation good temperature
cooling speed modulation
feedback loop feedback loop
Risks: Risks:
Infection, thrombosis, slower cooling
bleeding mild temperature flux

ggrsrwc())r?ing issues / shivering

shivering




Abb.3 Kiihltechniken zur Indikation einer therapeutischen Hj,/pct:)hermie,16

Kiihltechnik Kiihlrate °C/h
Eispacks 0,9

Kaltluft 0.4-0,8
Kiltematten 0,9

Infusion kalter Fliissigkeiten 3.2
Endovaskularer Kiihlkatheder 0,8-4,7
Venovenos (z.B. Himofilter) 3.5
Extrakorporale Zirkulation 12




Research

Comparison of cooling methods to induce and maintain normo-
and hypothermia in intensive care unit patients: a prospective

intervention study
Cornelia W Hoademaekers, Mustapha Ezzahti, Aico Gerritsen and Johannes G van der Hoaven

» 90 patients
» |Indications for mild hypothermia or strict euthermia
» Randomized to 5 groups

o “Conventional” = 30cc/kg cold IVF + ice/cold packs
o Water circulating blankets (Blanketrol Il, Cincinnati Subzero)
> Air circulating blankets

Arctic Sun

Intravascular balloon device

» Endpoints: speed of cooling, % time above or below
temperature range

Crit Care 2007:11:R91




Cooling efficacy

Figure 1
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Maintenance of target temperature.
Depicted as the percentage of time the
patient's temperature was 0.2°C below
or above the target temperature.

Crit Care 2007;11:R91




Cooling efficacy

Figure 3
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@ Water-circulating

blankets, gel-coated
water circulating pads
and intravascular cooling
were equally efficient in
inducing hypothermia
and normothermia

Intravascular cooling with
heat-exchange balloons
was the most effective
way to maintain goal
temperature

Crit Care 2007;11:R91
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33 9C vs 36 °C
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33 9C vs 36 °C

Kaplan-Meier estimates for time to death in TTM-trial intervention groups
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Nielsen et al

HACA study
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The three phases of hypothermia treatment

Induction phase.
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Figure 3. Graphic depiction of the three phases of hypothermia treatment. The induction phase
should last between 30 and 120 mins; rapid cooling may lead to a small overshoot, which should be
accepted provided it is no greater than 1°C. The maintenance phase usually lasts 24 hrs in cardiac
arrest patients (may be longer for other indications) and should be characterized by no or minimal
fluctuations in temperature. The rewarming phase should be slow and controlled, with rewarming
rates of 0.2°C to 0.5°C in cardiac arrest patients and lower rewarming rates for other indications. Fever
should be prevented after rewarming.




v Intravaskularni chlazeni je nejlepsi na
udrzeni hypotermie a prevenci horecCky
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=8 [ v intravaskularni chlazeni je nejlepsi na
udrzeni hypotermie a prevenci horecCky
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shivering
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= 35,9-33,5°C

shivering

o maximum shivering (peak at 35,5 °C)

33,5-31,0 °C
much decreased shivering response

< 30,0 °C
shivering stops completely
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temperature control

v about 90% of information regarding
temperature comes from skin

v 10% comes from the core

v S0... in theory (and, as the evidence suggests,
in practice) we can FOOL the body and
circumvent its' thermoregulatory defense
mechanisms

v skin counterwarming can be a highly effective

anti-shivering strategy...
Crit Care Med. 2009;37:1893-7.
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