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Hypothermie efficace sur l’ensemble 
des lésions anoxo-ischémiques
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métabolique

Excito-
toxicité

☺ Contrôle thermique☺

Cascade biochimique des lésions d’ischémie / reperfusion



Olai H, et al. ICM Exp. 2020

N=17809 (after exclusion of duplicates) with
181 studies describing neurobehavioral outcome: 1787, 

brain histology: 6495, or mortality: 2945 animals

TTM was favoured vs. control for all outcomes.
TTM = beneficial using short and prolonged cooling, 

deep and moderate temperature reduction, 
early and delayed time to treatment.

Median (IQR) study quality = 4 (3-6); 18 studies: 7-8 quality
items. No clear correlation between study quality and 

efficacy for all outcomes.

TTTM after CA. A review of animal studies. Arrich
J, et al. Resuscitation. 2021

(in CA animals, consistent favourable effect of 
post-resuscitation TTM vs. normothermia on 

neurologic outcome increasing with lower temp)



1961 2000 2003 2013

1960-90 2002 2019

Background : Six Decades of TH/TTM History

2002, HACA & Bernard 
studies: benefits of TH 
(32-34℃) in post-CA

Nolan (2003)

2021

2006-2011



HT vs. control = normothermia or hyperthermia?
Limits of the 2 main RCTs in 2002

Controversial metanalysis (NNT/NNH): Nielsen IJC 2010

Bias. Patients in the control group slightly hyperthermic
(37-38ºC during the first 48 hours). No WLST guidelines. 

TH vs No TTM

NEJM 2002
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Class 2a ® 1 recommendation to 
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33°

36°

Nielsen et al, NEJM 2013
NS superiority large RCT 

(469 vs 464 pts)
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Figure 1. Body Temperature during the Intervention Period.

Shown are body-temperature curves in the 33°C and 36°C groups for the 860 patients in whom a bladder tempera-
ture was recorded. In the remaining 79 patients, the temperature was recorded with an intravascular or esophageal 
probe, with a similar temperature profile (data not shown). Rewarming was commenced at 28 hours after random-
ization. The temperature curves display the means, and the I bars indicate ±2 SD (95% of the observations are with-
in the error bars).

Table 2. Outcomes.

Outcome 33°C Group 36°C Group

Hazard Ratio  
or Risk Ratio  

(95% CI)* P Value

no./total no. (%)

Primary outcome: deaths at end of trial 235/473 (50) 225/466 (48) 1.06 (0.89–1.28) 0.51

Secondary outcomes

Neurologic function at follow-up†

CPC of 3–5 251/469 (54) 242/464 (52) 1.02 (0.88–1.16) 0.78

Modified Rankin scale score of  4–6 245/469 (52) 239/464 (52) 1.01 (0.89–1.14) 0.87

Deaths at 180 days 226/473 (48) 220/466 (47) 1.01 (0.87–1.15) 0.92

* The hazard ratio is shown for the primary outcome, and risk ratios are shown for the secondary outcomes. CI denotes 
confidence interval.

† The neurologic follow-up was specified in the protocol to be performed at 180 days ±2 weeks, but the time to follow-up 
was in some cases several weeks longer for logistic reasons. The Cerebral Performance Category (CPC) scale ranges 
from 1 to 5, with 1 representing good cerebral performance or minor disability, 2 moderate cerebral disability (function 
is sufficient for independent activities of daily life), 3 severe cerebral disability, 4 coma or vegetative state, and 5 brain 
death. Scores on the modified Rankin scale range from 0 to 6, with 0 representing no symptoms, 1 no clinically signifi-
cant disability despite some symptoms, 2 slight disability (patient is able to look after own affairs without assistance), 
3 moderate disability (patient requires some help but is able to walk unassisted), 4 moderately severe disability (patient 
is unable to attend to own bodily needs), 5 severe disability (patient is bedridden), and 6 death.
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Cooling

 

In patients randomly assigned to the hypothermia
group, the median interval between the restoration
of spontaneous circulation and the initiation of cool-
ing was 105 minutes (interquartile range, 61 to 192).
The median interval between the restoration of spon-
taneous circulation and the attainment of a temper-
ature between 32°C and 34°C was 8 hours (inter-
quartile range, 4 to 16). In 19 patients, the target
temperature could not be reached. Ice packs were
required for 93 of the 132 patients for whom data
were available (70 percent). The median duration of
cooling was 24 hours (interquartile range, 24 to 25),
and among patients in whom the target temperature
was reached, it was maintained for a median of 24
hours (interquartile range, 12 to 29). Passive rewarm-
ing to a temperature above 36°C lasted for a median
of 8 hours (interquartile range, 8 to 12). The tem-
perature curves for the normothermia and hypother-
mia groups are shown in Figure 1.

 

Outcome at Six Months

 

A total of 75 of the 136 patients (55 percent) in
the hypothermia group had a favorable neurologic
outcome, as compared with 54 of the 137 (39 per-
cent) in the normothermia group (risk ratio, 1.40;

95 percent confidence interval, 1.08 to 1.81) (Table
2). To prevent one unfavorable neurologic outcome,
6 patients would need to be treated with hypothermia
(95 percent confidence interval, 4 to 25 patients). Af-
ter adjustment for a history of diabetes mellitus, a
history of coronary heart disease, and receipt of basic
life support from a bystander, the risk ratio changed
only marginally (data not shown). After adjustment
for all the base-line variables shown in Table 1, the
risk ratio increased slightly, to 1.47 (95 percent con-
fidence interval, 1.09 to 1.82).

The rate of death six months after cardiac arrest
was 14 percentage points lower in the hypothermia
group than in the normothermia group (risk ratio
for the hypothermia group, 0.74 [95 percent confi-
dence interval, 0.58 to 0.95]) (Table 2 and Fig. 2).
On the basis of the difference in the risk of death
between the two groups, 7 patients would need to
be treated with hypothermia (95 percent confidence
interval, 4 to 33 patients) to prevent 1 death. After
adjustment for base-line differences in the propor-
tions of patients with a history of diabetes mellitus, a
history of coronary heart disease, and receipt of basic
life support from a bystander, the risk ratio changed
only minimally (data not shown). After adjustment for
all the base-line variables shown in Table 1, the effect

 

Figure 1.

 

 Bladder Temperature in the Normothermia and Hypothermia Groups.
The T bars indicate the 75th percentile in the normothermia group and the 25th percentile in the hypothermia group. The target
temperature in the hypothermia group was 32°C to 34°C, and the duration of cooling was 24 hours. Only patients with recorded
temperatures were included in the analysis.
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Summary of the 2 possibilities (slight TTM or HACA-TH)

Nielsen N et al. NEJM 2013Nielsen N et al. NEJM 2013

HACA Study. NEJM 2002

In-hospital low TTM effect = slight TTM > no TTM 

Guidelines: 
2015 

changes



Nolan JP et al. 
Resuscitation 2020

N=1.181.405 admissions in 
235 ICUs.
Lowest temp. during the 
first 24h = lower in the 
preTTM1 era.
PostTTM cohort = more 
temp. >38℃ (25 vs. 15%)

Highest unadjusted in-hospital 
mortality (63.7 vs. 61.6%)
Multivariate: step change in 
death, change in slope = NS

Similar results in
Australia/ New Zealand

(Bray/Salter)
Sweden (Abazi), 
USA (Bradley), and in 
France (Lascarrou, CEMS)

Dec. 2013



1961 2000 2003 2013

1960-90 2002 2006-2011 2019

TTM > TH
after CA and NN-HIE

Nunally (2009-11)

Background : Six Decades of TH/TTM History

2002, HACA & Bernard 
studies: benefits of TH 
(32-34℃) in post-CA

2003-2010, AHA upgraded to 
Class 2a ® 1 recommendation to 
32-34℃ in (OH)CA patients (FV)

Nolan (2003)

TTM trial: no 
difference between 

33 vs 36℃

confusion, misinterpretations? 
Post TTM trial publications:

Changes in clinical practice, TTM non-compliance, and 
worsened patient outcome?

2021

2015, AHA/ILCOR
Expanded 

recommendation 
to 32-36℃



Lascarrou et al, NEJM, 2019

N=584 out of 27723
287 vs 297 included

On D90, CPC 1-2:
TH: 29/284 (10.2%) 
vs NT: 17/297 (5.7%); 
Diff = 4.5% (CI 0.1-8.9); P=0.04
Mortality: NS (81.3 vs 83.2%)
Subgroups: NS 



2020

ILCOR et ERC/ESICM :
• Contrôle thermique recommandé pour tous les 

les rythmes d’AC adultes +++
• Cibler une température entre 32 et 36℃ pdt

au moins 24h
• Eviter la fièvre > 37.7℃ pdt 72h (si coma)

Nolan et al. ICM 2021



1961 2000 2003 2013
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after CA and NN-HIE

Nunally (2009-11)

Background : Six Decades of TH/TTM History

2002, HACA & Bernard 
studies: benefits of TH 
(32-34℃) in post-CA

2003-2010, AHA upgraded to 
Class 2a ® 1 recommendation to 
32-34℃ in (OH)CA patients (FV)

Nolan (2003)

TTM trial: no 
difference between 

33 vs 36℃

confusion, misinterpretations? 
Post TTM trial publications: Changes in 
clinical practice, TTM non-compliance, 

worsened patient outcome?

2020, AHA/ILCOR
expanded Class 1 

recommendation to 
IHCA/OHCA, 32-36℃, 
same for pregnancy

2015, AHA/ILCOR
Expanded 

recommendation 
to 32-36℃

2006-2011

2019, Hyperion: 
33℃-TTM > in 

nonshockable CA

2021

?



TTM: maintained 28 hours after randomization
Intervention (sedatives): 40h after randomization

NT: aim of temperature ≤37.5℃
If conservative & pharmacologic ttt insufficient + temp. 
≥37.8℃, cooling device required (with 37.5℃ target)

No active warming or cooling if ≤37.8 ℃

33.0 ℃



ITT:
N=1861 

Missing data <1%

Functional outcome assessed: 98%





Probability of survival 
until 180 days after 

randomization



No differences according to pre-specified subgroups for survival & neurological outcome

Modified Rankin 
score at 6 months
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EXPERIMENTAL-ANIMAL STUDIES

Human beings are animals (normal Tº=37.0±0.5ºC) but… 
humans are different from animals !?

POLYPNEA

Different thermoregulation and 
basic temperature

SUDATION



Experimental data: controversial? 
Species (rat, swine… human ! Gyrencéphale…)

Quality of studies, parameter (neurologic, histologic, CPC)
Model (CA, asphyxia, carotid occlusion)

Co-morbidities (cerebral atherosclerosis…)
Type & severity of insult (multifactorial, predominant factor)
Degree of cooling, Duration of cooling (1, 3, 6, 12, 24, 72H…)

Post-ischemic delay before TH

Olai H, et al. ICM Exp. 2020

Homogeneous 
population &
controlled 
experiment

Heterogeneous 
population & 

diseases

= No success 
in humans ?

Success 
in rat



-
-

-

-
-

-

-
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CCM 2009 Polderman

Hypothermia

Cerebral edema ¯

Apoptosis ¯
Brain pH ­
PO2 ­

NOs activity ¯

Glycolysis ­
ICP ¯
ATP synthesis ­
Jugular  venous
desaturation ¯

CMRO2 ¯

Cerebral metabolism ¯

Pathophysiology of post-anoxic (brain) damages 
too complicated? individual variations? adverse effects?

TTM is only delaying injuries? TTM dose?



CLINICAL STUDIES





Kaliemia?

Nielsen N, et al. TTM1.
NEJM 2013

More hypoK+ if 33°C
Trend for pneumonia

Intravascular device-related thrombosis: 1 (TH) vs. 2 (NT)



Arrhythmias

2021

N=8 trials (77 assessed for eligibility)



WLST: NT/TH = similar
repartition during time



More shivering and paralyzers 

TTM2: une des études les plus robustes en post-AC avec peu de biais
et une conclusion peu discutable :

33-HT = NT/pas de fièvre en suivant un protocole strict
(monitoring/cooling pharmacologique + device si besoin/sedation/LAT…)
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130 protocol deviations in 126 participants (63 for HT group vs. 63 for NT
Early awakening (before 40 hours) occurred in 29 cases

53/930 patients rewarmed before H40 (6%)



Received cooling with a device:
95% in the TH group (882/930)
46% in the NT group (428/931)

Cooling devices:
Endovascular: 30% TH ~ 31% NT
Surface: 70% TH ~ 69% NT

10-20% patients with temp. ≥37.7℃ within first 72h (Morrison, NEJM 2021)



TH vs. TTM
Délai TT? Durée TTM? Sédation?



5-7H

Time from CA to randomization: 135 min (ROSC-rando. ~ 110 min)
Time from Randomization to ≤34℃ ~ 3h (TTM2)
Time from Randomization to ~33℃: 5h post-randomization (figure TTM2)
50% of patients reached 33ºC ≥9 hours post CA for the first time



Schäfer A, Bauersachs J, Akin M. Current Problems in Cardiology. 2021

Time To Target Temperature: 
possiblement lié au prognostic Uribarri et al. EHJ ACC. 2015



Sedatives: 40 hours for TTM2 protocol

Length of sedation: 40h = similar
Degree of sedation (RASS -4) = similar
No pharmacologic adaptation according to temperature!

?!

!



Kikergaard
JAMA 2017
N=176 vs 179

Optimal Duration ≥ 24H for TTM ≤ 36℃ 
+ Duration of normothermia ≤ 37.5℃ = 72H   

Guidelines ILCOR 2003-2010

Guidelines ILCOR 2015-2020

Optimal Duration 12 to 24H for 33℃-TH 
+ Duration of normothermia ≤ 37.5℃ = 72H   

TTM2 Optimal Duration 28H for TTM ≤ 33℃ 
+ Duration of normothermia ≤ 37.5℃ = 72H   



Schäfer A, Bauersachs J, Akin M. Current Problems in Cardiology. 2021



TH vs. TTM 
Sélection: choquable-cardiaque? sévère?



TTM-2 HACA Bernard TTM-1 HYPERION

Design Multicentric Multicentric Single-center Multicentric Multicentric

N (HT group*) 1861 (930*) 275 (138*) 79 (43*) 939 (473*) 584 (284*)

Age 64+13 59 (49-67) 67 (49-89) 64+12 67 (57-76)

Male 80% 77% 58% 83% 65%

OHCA 100% 100% 100% 100% 74%

CA Cause presumed card. presumed card. unclear presumed card. asph.55% / card. 27%

Bystander CPR 82%* 49% 49%* vs. 71% 73% 70%

Shockable 72%* 96% 100% 79% 0%

Time to ROSC 25 (16-40) 22 (17-33*) 27+13 25 (18-40) 18 (10-25)

No Flow / Low Flow (min) NR (yet) 5-15 / NR 10 / 15 1 / <10 / <60

Shock on Admission 28% 49* Unclear 15% 56%

STEMI 41% NR NR 40% 16%

Lactate 5.9+4.4 NR 8.3 (2.2-14.9) 6.7+4.5 5.8 (3.2-9.0)

Mortality 6 months 6 months Hospital Discharge 6 months 3 months

Mortality, % 50 41 51 50 81

Unfavorable Outcome, %
(assessment scale)

55
(mRS 4-6)

45*
(CPC 3-5)

51*
(CPC 3-5)

54
(CPC 3-5)

90*
(CPC 3-5)

Prognostication Rule Yes No No Yes Yes

Generalizability / Bias High/Low Low/High Low/High High/Low High/Moderate

Adapted from Taccone FS, Lascarrou JB, Skrivars MB. Crit Care 2121
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Schäfer A, Bauersachs J, Akin M. Current Problems in Cardiology. 2021



OHCA Patient Characteristics Comparison Date TTM2 Patient Characteristics

2018 US Pennsylvania data 1 2020 German Resus Registry 2 2018-2020 TTM2

Gender, male, % 62% 66% 80%

Witnessed arrest 75.7% 49% 91%

Bystander CPR 39% 35.9% 82%

Presumed cardiac cause 55% 57.8% 100%

Initial shockable rhythm 26.8% 20.2% 72%

Shock 41.6% --- 28%

STEMI 12.4% 30.7% 41%

1. Fischer, M, et al. Öffentlicher Jahresbericht 2020 des Deutschen Reanimationsregisters:
Außerklinische Reanimation 2020. www. Reanimationsregisters.de/beriche.html

2. Callaway CW, et al. Association of Initial Illness Severity and Outcomes After Cardiac Arrest With
Targeted Temperature Management at 36°C or 33°C. JAMA Network Open. 2020;3:e208215.

Population of TTM2 trial compared with other registries /studies



Critical Care Medicine 2021
Nishikimi N, et al.

N = 1111 OHCA with TTM in 
125 ICUs
3 severity revised CAST 
categories (PCAS for TH: 
rhythm, witness, time to 
ROSC, pH, lactate, mGCS)
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N=32 trials (138 assessed for eligibility, 39 articles)
32-34 TTM vs. NT: 9 trials, 6 included in meta-analysis

Resuscitation
2021

Similar for survival



Behringer W, Abella B, Sunde K. Resuscitation 2021

All available RCTs with outcome evaluation at 6 months after CA (random
effects analyses of 32-34TTM compared to NT for good neurologic outcome; 
if Mori excluded, close results: OR 1.43 (CI 1.01-2.02), P=0.04; RR 1.21 (0.99-1.48, P=0.06)
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2021

Neurologic outcome

N=8 trials (77 assessed for eligibility)

Similar for survival



OPTIMIZING TTM/TH PROTOCOL
METHOD? Advanced (no basic)



Modalités de mise en œuvre et surveillance du CCT 
(question 6)

CONTROLE CIBLE DE LA TEMPERATURE EN 
REANIMATION (HORS NOUVEAU-NES)

Recommandations Formalisées d’Experts
commune SRLF- SFAR

En collaboration avec les Sociétés ANARLF, GFRUP, SFMU et SFNV
Association de Neuro Anesthésie Réanimation de Langue Française, Groupe Francophone de 

Réanimation et Urgences Pédiatriques, Société Française de Médecine d’Urgence, Société 
Française de Neuro-Vasculaire

R6.1 - Chez les patients traités par CCT, il faut utiliser des méthodes 
asservies à la température corporelle par comparaison aux 
méthodes non asservies dans le but d’améliorer la qualité du CCT.

(Grade 1+) Accord FORT
Alain Cariou, JF Payen et al. AIC 2017
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Critical Care 2019

22 studies among 46 
elligible (out of 6686 

screened)

Unfavorable outcome (Sign. for mortality in non-RCTs)

No-TFD = no 
temperature

feedback 
control



TH vs. TTM
PROTOCOL, MONITORING, ACSOS



Modalités de mise en œuvre et surveillance du CCT 
(question 6)

R6.3 - Chez les patients traités par CCT, il faut probablement 
privilégier des sites de mesure de température centrale. 

(Grade 2+) Accord FORT

CONTROLE CIBLE DE LA TEMPERATURE EN 
REANIMATION (HORS NOUVEAU-NES)

Recommandations Formalisées d’Experts

Niven et al. Ann Med Int 2016
Alain Cariou, JF Payen et al. 2016

Toutes les études publiées sur TH/TTM utilisent un monitorage continu (central)



TTT DES AGRESSIONS CÉRÉBRALES 
SECONDAIRES D’ORIGINE SYSTÉMIQUE

HYPERTHERMIE

HYPER /
HYPOCAPNIE

HYPOTENSIONHYPO/HYPEROXIE

HYPO/
HYPERGLYCEMIE

Treatments of potential secondary insults (reperfusion…): short 
acting sedatives & opioids, target blood glucose, shivering, 

seizures, antibiotics if needed

Post-CA care (from 2000 to 2020):
Meilleure prise en charge en réanimation = 

moins d’effet de la température sur le pronostic?

ERC & ESICM guidelines: post-CA care. Nolan et al. ICM 2021



Sedatives (propofol)
Analgesics (remifentanil…)
Neuromuscular blockers (if necessary)

Normoxia in controlled MV (PaO2: 60-200mmHg) 
Normocapnia (4.9-5.5 kPa = 37-42 mmHg)
Hemodynamic optimization (and cerebral perfusion pressure), euvolemia

(SAP > 90 mmHg, MAP ≥ 70 mmHg, diuresis ≥ 1ml/kg/h)
No fever (temp. <37.5°C) / High-quality TTM

Normo-natremia, -kaliemia, -magnesemia, -phosphoremia, -calcemia
Normoglycemia (insuline protocol to treat hyperglycemia > 1.80 g/L (>10 
mmol/L), hypoglycemia avoided, target within 12H after CA : 1.16-1.43 g/L)
Semi-recumbent position in bed (30-45°)
Prophylactic treatments: heparin, anti-arrhythmics

STANDARDIZATION OF WLST



High quality TTM after CA
Taccone FS, et al. 

Crit Care 2020



Other subgroups (excluded from trials)
TTM2 substudies waited:

comparaison des groupes NT + fièvre vs. NT sans fièvre +++



CONCLUSION
TEMPERATURE CONTROL 

FOR ALL,
NO HYPERTHERMIA!

ANY
QUESTIONS?
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TTM2 SUBGROUP ANALYSES
& ANCILLARY STUDIES MANDATORY

WHO ARE THESE FEBRILE PATIENTS = ???
PROGNOSIS ? ROLE OF FEVER ? CAUSES OF FEVER ? 


