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přehled



jak to 
začalo





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……





…  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



máme
přestat
chladit?



- výsledky studií

- experimentální modely

- klinické zkušenosti

- změna outcome po zavedení protokolu TTM1

- detaily studií TTM1 a TTM2



experimentální
práce



hypotermie

- v patofyziologických modelech:
- ↓ buněčného poškození, ↓ mitochondriální dysfunkce,
↓ oxidativního stresu, ↓ neuroinflamatorní reakce,
↓ aktivity apoptózy

(Talma N; Biochim Biophys Acta 2016; 1860:2521)
(Busto R; J Cereb Blood Flow Metab 1987; 7:729)

- v experimentálních modelech:
- ↓mortality ↑outcome (metanalýza exper. modelů)

(Arrich J; Resuscitation 2021; 162:47)



- reduction in cerebral metabolic rate 
(for every 1oC a 6-10% drop in CMRO2)

- interruption of apoptotic pathways 

- reduction of neuroinflammation

- reduction of free radical production

- reduction of areas of hyperthermia 
within injured brain tissue 

- improve brain glucose metabolism
- down-regulation of the release of and imbalance of local 
vasoactive mediators such as endothelin, 
thromboxane A2 and prostaglandin I2

- reduce ischaemic-reperfusion injury 

- decreasing harmful intracellular calcium accumulation



klinické
zkušenosti



11.02.2012







- seven ECMO
- warming (one degree per 10 minutes)
- six hours after the accident ROSC
- everybody awoke at the same day
- 100% survival
- good neurological outcome in six of seven





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 %)

TTM2 trial



- 80% of pts had bystander CPR (short no-flow time)

- Germany (middle Europe), USA: ≈ 40%

- approximately 50% (!) of pts in both groups
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









rychlost
chlazení?



Circulation.2010;122:729-736.

Coclusions: 
Prehospital intra-arrest transnasal cooling is safe and 
feasible and is associated with a significant improvement
in the time intervals required to cool patients.



JAMA.2019;321(17):1677-1685.











guidelines?











the story
must

go on… .



…děkuji Vám za pozornost
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