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HACA trial



Bernard trial



- in 2002, two landmark RCTs were published
      simultaneously in NEJM

- they have found that therapeutic hypothermia (TH) 
       is effective in reducing the risk of neurological disability 
       in patients with OHCA due to an initial shockable
       rhythm who were comatose post-arrest 

- a rapid adoption of TH into clinical practice in post-arrest 
       patients (revolution in therapy after cardiac arrest)

- TH received a class I recommendation 
       in resuscitation guidelines

- TH has since expanded to include patients with 
       non-shockable rhythms and patients with IHCA

- standard procedure in the postresuscitation care

všichni chladili……





fyzikální 
 principy 





postup
chlazení





1. induction phase

get to target temperature (34ºC?) as quickly as possible

(small overshoot acceptable provided temperature remains > 30 ºC)

2. maintenance phase

should be reliable, with no or minor fluctuations (max. 0,2-0,5 ºC)

3. re-warming phase

slow and controlled (max 0,2-0,5 ºC/h)

4. fever-control phase

maintain controlled normothermia

phases of hypothermia



metody
chlazení



- povrchové chlazení

- ledové obklady, polévání vodou, alkoholem

- systémy s cirkulující vodou

- systémy s cirkulujícím vzduchem

- intravenózní roztoky

- intravaskulární chlazení

- selektivní ochlazování mozku (RhinoChill)

metody chlazení



povrchové
chlazení



Arctic Sun® 5000, Colorado, USA











Blanketrol III®, Cincinnati Sub-Zero, USA



intravenózní
chlazení



 cold fluids 4 ºC i.v.  30 ml/kg
 

 with pressure bag

 „as rapidly as possible“

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

 begin prehospital

 cave: overfluid, electrolytes!!!

intravenózní chlazení



intravaskulární
chlazení



 intravenózně zavedený katetr (v. femoralis)
 

 cirkulující chladný roztok 0,9 % NaCl

 „invazivní“, proveditelná pouze nemocničně

 velmi rychlé dosažení cílové teploty

 nejlépe se udržuje nastavená teplota
TTM („autopilot“)

intravaskulární chlazení



ThermoGard XP®, Alsius, USA



















RhinoChill



 perfluorohexan vstřikován do oblasti 
nazofaryngu
 

 rychlým odpařováním se  teplota sliznice na 
2-4°C

 mozek se ochlazuje kondukcí a perfúzí

 CAVE: perfluorohexan se sráží v nasofaryngu 
a zatéká do žaludku





srovnání 
 metod 















- in 2002, two landmark RCTs were published
      simultaneously in NEJM

- they have found that therapeutic hypothermia (TH) 
       is effective in reducing the risk of neurological disability 
       in patients with OHCA due to an initial shockable
       rhythm who were comatose post-arrest 

- a rapid adoption of TH into clinical practice in post-arrest 
       patients (revolution in therapy after cardiac arrest)

- TH received a class I recommendation 
       in resuscitation guidelines

- TH has since expanded to include patients with 
       non-shockable rhythms and patients with IHCA

- standard procedure in the postresuscitation care

všichni chladili……



…  až do
studie TTM



N Engl J Med. 2013 Dec 5;369(23):2197-2206.

TTM1 trial



TTM1 trial





N Engl J Med. 2021 Jun 17;384(24):2283-2294.

TTM2 trial



TTM2 trial



guidelines?











máme
přestat

 

chladit?



- výsledky studií

- experimentální modely

- klinické zkušenosti

- změna outcome po zavedení protokolu TTM1

- detaily studií TTM1 a TTM2



what
happened

 

after TTM1?



after TTM1

- ↑mortality ↓neurol. outcome 
        (Bray JE; Resuscitation 2017; 113:39)

- ↑mortality ↑tělesné teploty 
        (Salter R; Crit Care Med 2018; 46:1722)

- ↑mortality ↓adherence k hypotermii 
        (Garfield B; Ther Hypothermia Temp Manag 2020; e-pub; 
           Nolan JP; Resuscitation 2021; 162:304)

- ↑mortality 
        (Nishikimi M; Crit Care Med 2021; 49:e741)

- ↓mortality 25% vs 44% (HACORE dle TTM1)
       (Akin M; JACC Cardiovasc Interv 2018; 11:1811)



problémy
studií



- study protocol: 90 min from ROSC to 33°C TTM2 trial



- study protocol: 90 min from ROSC to 33°C 

- time from ROSC to randomisation: 135 min

- time from randomisation to 33°C: 5 hours (median)

- more than 50% of pts needed 7 hours 
     from ROSC to 33°C!

- only few pts with intravascular cooling 
     (TTM1 24%, TTM 29%)

- other studies with more intravascular cooling had
     lower mortality (25-35 %)

- approximately 50% of pts had insufficient 
     control of fever at day 3

- 85% (88%) pts had propofol (0% in HACA, Bernard study)

- protocol for determination of the neurologic prognosis 
     and withdrawal of life-supporting therapies

TTM2 trial





40% 57%



guidelines
vs.

 

reality



















what
 

now ?





Germany and Austria

- Germany 60.000 Austria 5.000 OHCA/year 
        (Fischer M; 2022; Außerklinische Reanimation)

- pouze 10-15% pacientů bez neurologického deficitu
        (Gräsner JT; Resuscitation 2020; 148:218)

statement:
- Deutsche Gesellschaft für Internistische 

       Intensiv- und Notfallmedizin (DGIIN)
- Deutsche Interdisziplinäre Vereinigung für Intensiv-

       und Notfallmedizin (DIVI)
- Deutsche Gesellschaft Interdisziplinäre Notfall-

       und Akutmedizin (DGINA)

- Österreichische Gesellschaft für Notfallmedizin (AAEM)



TTM trials:

1) rate of bystander CPR in all groups was 73 to 82%, which is considerably
    higher than the average rate in Europe of 58% (D 40%, A 57%)

patients with a short cardiac arrest time, as it is in the case of bystander CPR, 
     presumably have less brain damage and so might not benefit from hypothermia

2) both TTM studies allowed a delay of up to 3 to 4 h between ROSC and 
    randomisation, and the targeted temperature has taken up to 7 h after 
    cardiac arrest to achieve

reperfusion injury starts immediately following resuscitation from cardiac arrest, 
    and all pathophysiology shows that earlier cooling is more effective

3) both TTM studies included many centres from various countries, 
    with each centre enrolling only a few patients

this creates potential for considerable heterogeneity in all other 
    aspects of postresuscitation care



guidelines ERC/ESICM:

1) are predominantly based on the meta-analysis by Granfeld (Resuscitation 2021)

the selected studies were separated into two different analyses (30ds vs 3-6ms)

both meta-analyses showed a risk ratio in favour of hypothermia at 32 to 34°C 
     compared with normothermia; however, the 95% confidence interval crossed 1, 
     and so the results of these two group analyses were not statistically significant

why the data was split into these underpowered groups is not clear

2) new meta-analysis by Granfeldt (Resuscitation 2023)

there were more, but still not all available studies are taken into account
     again no statistically significant benefit of therapeutic hypothermia at 32-34°C

which is why there were no subsequent changes to the recommendations
     for post-resuscitation therapy by the ERC ESICM



Recommendation:
Based on current scientific evidence, it is recommended 
that comatose adult patients after out-of-hospital cardiac 
arrest and primarily successful resuscitation should be 
placed in controlled hypothermia with a target 
temperature of 32 - 34 °C for at least 24 hours as 
soon as possible, unless there are contraindications

Med Klin Intensivmed Notfalmed. 2023;118:59-63



published 2024 Apr 1; e-published 2023 Dec 19





















Antarctica 2024

…please keep cooling!
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