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Cardiac arrest 
Reperfusion damages (“SIRS”) 
- At tissular level 
- At cellular level 
(œdema, rise in ICP, herniation, loss of 
vasoreactivity, vasoconstriction, 
reperfusion insult, free radicals release, 
inflammation, excito-toxicity) 

Systemic induced secondary 
cerebral insults (ACSOS) 
Hypo/hyperoxia, hypo/hyperglycemia  
Hypo/hyperercapnia, acidosis 
Hypo/hypertension 
Hyperthermia +++ 

Secondary brain 
injury 

(necrosis, apoptosis) 

Definitive brain injury 

Primary brain injury 
(excito-toxicity, free radicals 

release, inflammation, 
necrosis, apoptosis) 

No Flow 

Low Flow ROSC 



OPTIMIZING TTM/TH PROTOCOL 
OPTIMAL LEVEL OF TEMPERATURE 



Normal temperature? Abnormal damages 

Villers. 2003  36,6  0,4ºC 
 Central compartments “core” (trunk, head)  2 to 4ºC 
 above periph. (surface: skin) 

 
Precise thermoregulation (hypothalamus: intact or not)
   

Holtzclaw. Sessler. 2000  37,0  0,6ºC 

Variations (day, month…) 

« Cerebral  
thermo-pooling »  



Variable OR (95% CI) p 

No flow 

Low flow 

Maximal temp 

1.05 (1.01-1.09) 

2.26 (1.24-4.12) 

1.34 (1.16-1.55) <0.001 

.01 

.008 

Arch Intern Med 2001 

Benz-Woerner. Resuscitation 2012 Lyon RM. Resuscitation 2010 

Survivors are less hypothermic on admission but less febrile thereafter 

Lin. CCM 2014 



• Patient who develop hyperthermia after CA have worse prognosis. 
Despite lack of evidence, it is reasonable to treat hyperthermia. 

 

• Comatose adult patients (not responding in a meaningful way to 
verbal commands) with spontaneous circulation after out-of-hospital 
VF CA should be cooled to 32 to 34°C for 12 to 24 hours.  

 

• Induced hypothermia might also benefit comatose adult patients with 
spontaneous circulation after OHCA from an initial non-shockable 
rhythm, or IHCA (low level of evidence) 

Treatment Recommendations Related to Post–Cardiac Hypothermia 

From 2003-2010 

NNT using TH to save 1 patient = 6 (IC95% [4-21]) 

When considering HACA, australian (Bernard) and Hachimi-Idrissi trials 



Targeted Temperature Management in Critical Care 

Nunnally  
CCM 2011 

TTM vs noTTM in HIE (neonates): weak recommendation (32.5-35.5ºC, 72H) 
TTM vs noTTM in CA (VF): strong recommendation (32-34ºC, 24H) 



Control = normothermia or hyperthermia? 
Limit of the 2 main RCTs in 2002  

Controversial metanalysis (NNT/NNH): Nielsen IJC 2010 

Patients in the control group slightly hyperthermic 
(37-38ºC during the first 48 hours) 

No TTM 



Nielsen et al, 2013 
NS superiority large RCT 

(469 vs 464 pts) 

33° 

36° 



D180 

Nielsen Niklas 
NEJM 2013 



Summary of the 2 possibilities (slight TTM or HACA-TH) 

Nielsen N et al. NEJM 2013 
HACA Study. NEJM 2002 
Nielsen N et al. NEJM 2013 
HACA Study. NEJM 2002 



In-hospital low TTM effect vs slight TTM or vs no TTM ?  

Vargas M.  
Resu 2015 

IH low TTM improved short and long term mortality compared with no TTM 
Conversely low TTM outcome did not improve compared with slight TTM 

More than 15 metanalyses: Cochrane, CCM, CMEJ, Resu, ACA, AMJ, CC, IC… 
Remind Laurent RCT: JACC 2005 (No TTM vs HF±TH ~ 32-36°) 
Remind Lopez-De-Sa RCT: Circulation 2012 (32 vs 34°) 
 



2015 
summary 

of changes 
since 2010 
guidelines 



LESSONS FROM TTM TRIAL 
 
You can choose to treat at 36oC (1/3 of respondents) or 
keep 33oC  
 

We do not abandon TTM based on the TTM-trial    
One size does not fit all ! Adaptative approach? 
 

 

 

 Bray et al. Resuscitation 2017 

After the change from TTM 
of 33 to 36°C, we report a 
low compliance with TT, 
higher fever rates and trends 
toward clinical worsening. 

STRICT PROTOCOL! 

Hospitals adopting a 36°C TT need to be aware that this should not 
be easy to achieve, requiring adequate sedation + NMB to avoid fever.  

Deye et al, 
AIC,2016 

Storm et al. 
Resu.2017 



OPTIMIZING TTM/TH PROTOCOL 
CA PATIENT’S SELECTION 
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Conclusions from the post-arrest trials: control arm 
         HACA 

        Bernard 

        TTM 

Control  

differs: 

 

uncontrolled  

 

vs. controlled 

Target Achieved 

HACA 2002 
N=275 32-34  Normal 33 37.8 

Bernard 2002 
N=77 33 37 33 37.4 

Nielsen 2013 
N=939 33 36 33 36 

Modified from 

Abella BS,  

AHA Dallas 2013 
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60% 

59% 

        HACA 

        Bernard 

        TTM 

Shockable 

 rhythms 

(>95% HACA 

and Bernard 

80% TTM) 

Modified from 

Abella BS,  

AHA Dallas 2013 

Still the 

control arm! 

And the rhythm (etiology?) 

Conclusions from the post-arrest trials 
 



Hypothermia & shockable rhythm 
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Adapted from Behringer et al.    And Polderman K, Lancet 2008 



Meta-analysis 
non-VF 

TH is associated with 
reduced in-hospital 
mortality for adults 
resuscitated from 
non-shockable CA  

However, most of the 
studies had 
substantial risks of 
bias and quality of 
evidence was very low.  

Resuscitation 2012 

Neurological outcome 



Hypothermia & non-shockable rhythm 
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Meta-analyses: BioMedResIntern 16 (Song+, nonRCT), Crit Care 15 (Zhang-)…  



ICM 2013. Vaahersalo J, et al. 

281 shockable CA (TH 86%) 

223 non-shockable CA with TH = 70 (31%): prolonged time to ROSC, more 

cardiac etiology, more pneumonia, mechanical ventilation and lengh of stay 

 

64% survivors at ICU discharge (with or without TH) 

At hospital discharge, 37% if TH vs 32% without TH 

TH-treated 1y survival: 27% 

Not-TH 1y survival: 19% 
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19% 

81% 

16% 

84% 

Non significant  (p=0.56) 

even after adjustment for propensity score 

NS 



Ther Hypothermia Temp Manag. 2014 

Comparative Effectiveness of Therapeutic Hypothermia After Out-

of-Hospital Cardiac Arrest: Insight from a Large Data Registry 

Mader TJ, Nathanson BH, Soares WE, Coute RA, McNally BF. 

Retrospective study of OHCA adults in the CARES registry 

6369 pts: shockable= 2992 (47%) ; nonshockable= 3377 (53%).  

Unadjusted neurological status at hospital discharge with and without TH were similar 

(p=0.3). After multivariate adjustments, TH had no association with good 

neurological status at hospital discharge or TH was actually associated with 

worse neurological outcome, particularly in nonshockable patients 

JAMA 2016 

26183 CA (1524 TH treated vs 3714 not treated after propensity score), 

TH was associated with lower IH survival for non shockable and for 

shockable rhythm, and lower rate of favorable neurological survival 

for the global cohort (both rhythm) 

NS ? Harmful !? 



ILCOR. 2015 



ICM 2013 
Hétérogénéité des non choquables?! 



Fever (not hyperthermia) is not always associated with poor prognosis 

Control of fever is not always correlated with better prognosis in ICU 

Role of inflammatory response, defense against virus-bacteria… 

and thermomodulation (hypothalamic set-point modification for 

microbiological control) 

Better heat shock response? Role of heat/cold shock proteins? 



In septic patients (temp. > than non-septic ), 

fever = not associated with mortality  

(antipyretics independently associated with 

mortality)  

Egi et al. 2012 

NS 

n=606 septic patients n=819 non-septic patients 

Maximum body temperature during ICU stay 

In non-septic patients, fever >39.5°C 

= independently associated with death 

(no association between antipyretics 

and mortality) 

Sepsis? 



Moler et al.  
NEJM 2017 

N=166 vs 163 
(33° vs 36.8°) 

P=0.45 

Enfant? 



Moler et al.  
NEJM 2015 

N=155 vs 140 
(33° vs 36.8°) 

P=0.04 

Enfant? 



11 RCTs included / 1505 neonates at term or end of pre-term 

with moderate to severe encephalopathy and per-partum asphyxia 

2013 

•  death or major neurological sequellaes at 18 months       

RR 0.75 [IC 95% 0.68-0.83], NNT 7 [95%CI 5-10], 8 studies (1344 children) 

•  death RR 0.75 [95%CI 0.64-0.88], NNT 11 [95%CI 6-50], 11 studies 

•  neurological sequellaes in survivors           

RR 0.77 [95%CI 0.63-0.94], NNT 8 [95%CI 5-14], 8 studies (917 children)  

NICHD trial 

(Toby, NEJM 05) 
Cool Cap 05 Pilot study 05 

Pedia Neurol 

Neurological impairment: seizures, clinical or EEG encephalopathy, low Apgar score, 
acidosis, O2 desaturation (perinatal asphyxia), bradycardia and/or CPR 

TH in neonates with hypoxic ischaemic encephalopathy: concordant RCTs 

Toby NEJM, 2009 
Zhou 2010; nEURO study 2010  

Azzopardi NEJM, ICE study 2012 

Concordant meta-analyses (Edwards 06-10, Jacobs CD 07-09, Shah 07, Schulkze 07), etc 



Matched patients with (n=20, LVEF 42%) or without TH 

Sparing in catecholamines (SVR , CO preserved if fluids) 

CCM 2012 

TH NT 

Shock 



Bro-Jeppesen et al.  
CCM 2014 

N=950 



Mortality D180; 
p=0.17 
 
Mortality ICU; p=0.06 
 
After adjustment: 
p=0.03 

TTM in PCAS on admission (n=139) 

ICM 2014 

Shock 



IH mortality ↑ if exposures (n=66) vs not exposed (n=36). More 
re-CA. Independantly associated with IH death if early exposure 

 (n=168) 

Kilgannon et al. Early arterial hypotension is common in PCAS and 

associated with increased mortality. Resuscitation 2008 

ICM 2013 



Hemodynamic Optimization 

 In adult patients with ROSC after (OH / IH) CA, does early 

hemodynamic optimization, as opposed to standard care, improve 

outcome (survival)? 

 Post-CA myocardial dysfunction causes hemodynamic instability. 
 

Treatment Recommendation 

 Despite limited clinical data, the known pathophysiology of post-CA 

syndrome provides a rationale for titrating hemodynamics to optimize 

organ perfusion. 

 Perform early echocardiography, fluid and inotropic support guided 

by clinical and biological parameters, target pressure for diuresis = 

1 ml/kg/h and normal lactate (care if hypertension) 
 

Knowledge Gaps ADAPT TTM ? 

 Clinical research is needed to define the optimal targets for 

hemodynamic optimization and the best strategies to achieve these 

targets (fluids, vasopressors, inotropes, circulatory support, etc). 

From 2010 to 2015 



Thomsen et al. CCM. 2016 

n=430  

n=447  

n=130  

n=131  

Adjusted OR (CI 95%): 0.38 (0.21-0.68), p<0.01 



Bougouin W, Cariou A. Curr Opin Crit Care 2013 

Algorithm proposed for the detection and management of 

postresuscitation myocardial dysfunction (PRMD) 

Possible ttt of PCAS patients (CS complicating AMI…) 

De Chambrun et al ICM 16, Bougouin et al Resu 16 



WHO TO CONTROL  
TEMPERATURE? 

All patients after CA  
not obeying to verbal command after ROSC 

TBI / intracranial hemorrhage,  
 uncontrolled hemorrhagic shock,  

major uncontrolled bleeding (DIC?) 
Initial temperature < 30ºC, terminal disease, futility (?) 

 

WHO NOT TO TREAT  
WITH 33-TTM (TH)? 

WHEN TO ADAPT TTM?  
Uncontrolled sepsis?  

Uncontrolled shock ??? (but not bradycardia!) 
Infants? pregnancy?  



2015 CA etiology 



OPTIMIZING TTM/TH PROTOCOL 
TEMPERATURE MONITORING 



CCT 

Avoid overcooling and overheating! 

2/3 patients = overcooling 

(Merchant CCM 2006) 



Zeiner Resu 2010 Moran. CCM 2007 

Knapick. Resu 2011 



Akata et al. 
J Thorac 
Cardiovasc 
Surg. 2007 
 
Nussmeier. 
Anesth Analg 
2006 

N=20 

ECMO > 

Jugular bulb (>) pulmonary artery 

Naso-pharyngeal > 

Bladder; Rectal >>> Tympanic 

Cutaneous (unreliable) 
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ECMO ≅ jugular bulb > esophagus  ≅ nasophar. > bladder ≅ rectal 

Niven et al.  
A review.  
Ann Med Int 2015 



TTM IN ICU (EXCEPT NEONATES) 

French TTM recommendations 2016 

Société de Réanimation de Langue Française 

Société Française d’Anesthésie et de Réanimation  

In collaboration with 5 French Medical Societies: Intensive care, Anesthesiology Resuscitation 

Council, Emergency Medicine, Neuro Intensive care, Neurovascular, Pediatric Society 

Practical implementation and monitoring of TTM 
(question 6) 

R 6.3. In patients treated by TTM, core body temperature 

measurement should probably be preferentially used 

(Grade 2+) Strong agreement 

Clinical fields: CA, TBI, stroke, status epilepticus, shock 

Recommendations are ranked by evidence (grade) and level of consensus reached among the 

experts (strong to weak) 

Alain Cariou, JF Payen et al. AIC 2017 



OPTIMIZING TTM/TH PROTOCOL 
SIDE EFFECTS / MONITORING 

ACSOS 



CD 2010-2016 

No significant difference in 
reported adverse events 
between TH and control 

EMJ 2012 (n=63 studies) 

Most of adverse events potentially associated with TH 
(sepsis, bleeding…) were NS between HT and NT  

(except hypoK+; pneumonia: p=0.06; arrhythmia: p=0.05) 

Rapport  

risque/bénéfice? 



Nielsen Niklas 
NEJM 2013 

More hypoK+ if 33°C 

Trend for pneumonia 



infectious 

cardiovascular 

coagulation 

sepsis, pneumonia, immunosuppression 

coagulopathy, hemorrhage,  
platelets, WBC (neutro)  

ischemia, CI , brady-arrythmias 

respiratory pCO2 , pO2 , pH , congestion 

Main side-effects of TTM 30-36ºC  

shivering, rhabdomyolysis, vasoconstriction  

Risks 

Polderman K.  
CCM. 2009 

electrolytes 

renal: hyperdiuresis hypovolemia 

 K, Ph, Mg, Ca 

metabolic… Hyperglycemia; ileus;  cortisol, 
epi+nor, ASAT, amylase; acidosis  
(lactate, fatty acid, ketone) pharmacokinetic 



Pneumonia 

Lengh of ICU stay (h) 

OR 

Number and frequency of adverse events  

“Early onset pneumonia” 

Adverse events were common after OHCA. 
Sustained hyperglycemia & seizures treated with anticonvulsivants were 
associated with  mortality (multivariate). Bleeding and infection were more 
common after invasive procedures, but not associated with increased mortality. 

(n=765 patients with full AE 
data collection, 22 centers) 



85%

9%

3% 1% 1% 1%

Pneumonie n=318

Bactériémie n=35

Infection liée au cathéter n=11

Infection intra-abdominale n=5

Infection urinaire n=4

Sinusite n=3

281/421 patients (67%) developed 373 infections: 

Pneumonia n=318 

Bacteriemia n=35 

Catheter-related infection     n=11    

Intra-abdominal infection

 n=5    
Urinary tract infection n=4 

Sinusitis  n=3 

CCM 2011 

New meta-analysis – review: Kavakas et al, J of Infection, 2015 



TH as an independant risk factor for EOP: OR 1.9  

 MV, ICU stay duration but not VAP 
n=641 (TH: 500 pts, 78%) 

EOP (<D3): 419 (65%) 

WE CAN USE ANTIOBIOTICS ! OR PROPHYLAXIS ? 



TTM IN ICU (EXCEPT NEONATES) 

French TTM recommendations 2016 

Société de Réanimation de Langue Française 

Société Française d’Anesthésie et de Réanimation  

In collaboration with 5 French Medical Societies: Intensive care, Anesthesiology Resuscitation 

Council, Emergency Medicine, Neuro Intensive care, Neurovascular, Pediatric Society 

Practical implementation and monitoring of TTM 
(question 6) 

R6.4 – In patients treated by TTM, the occurrence of several 

complications should be monitored: sepsis, pneumonia, 

arrythmia, hypokalemia 
(Grade 2+) Strong agreement 

Clinical fields: CA, TBI, stroke, status epilepticus, shock 

Recommendations are ranked by evidence (grade) and level of consensus reached among the 

experts (strong to weak) 

Alain Cariou, JF Payen et al. AIC 2017 



Thrombocytopenia: 
impaired coagulation 
cascade and platelet, 
Coagulation disorders: 
increase in bleeding 
time, APTT and PTT 

New studies on bleeding in TTM: Stockmann Resu 14; Jacob Resu 15 



Blood Glucose Control : Treatment Recommendation 

 Strategies to treat hyperglycemia > 180 mg/dL (10 mmol/L) should 

be considered in adult patients with sustained ROSC after CA.  

 Hypoglycemia should be avoided. 

Knowledge Gaps 

 Adequately powered intervention trials of moderate ranges of 

glucose control in patients who survive cardiac arrest are required. 

2010-2015 



P=0,846 

ICM 2007 



• Retrospective analysis of data obtained from the European RCT about the effect of mild 
hypothermia after cardiac arrest  
• Adjustment (in multivariate analysis) for sex, „„no-flow‟‟ and „„low-flow‟‟ time, hypotension after 
ROSC, epinephrine dose administered during CPR, reoccurrence of CA after CPR, hypothermia, 
history of CHD or MI 

Odds ratio of good neurological recovery after cardiac arrest 

  OR 
[IC95%] 

 

Group 1 (67-115) 

 

100 [94-108] 

Group 2 (116-143) 

 

130 [123-135] 

Group 3 (144-193) 

 

159 [150-175] 

Group 4 (194-464) 

 

255 [207-292] 

4.55 (1.28-16.12) 13.02 (3.29-49.9) 1.37 (0.38-5.64) 1 (ref) 

Med  
[IQR25-75] 

Resuscitation 2008 



Daviaud F, Dumas F, Demars N, Geri G, Bouglé A, Morichau-Beauchant T, Nguyen YL, 
Bougouin W, Pène F, Charpentier J, Cariou A 

ICM 2014 



2015 

O2 / CO2: NEW GUIDELINES 



Kilgannon JH et al. The Emergency Medicine Shock Research Network. JAMA. 2010;303:2165-71 

Large US database 
n=6326 post-CA pts (OHCA 43%) 

Exposed to  

Hypoxia 
<60mmHg 

n=3999 

Exposed to  

Normoxia 
60-300mmHg 

n=1171 

Exposed to  

Hyperoxia 
>300mmHg 

n=1156 

Death 57% Death 45% Death 63% 



V-shaped relationship between PaO2 and poor CPC (best ~ 130mmHg) 

Multivariate: PaO2 (1
st 2nd 3rd quartiles) associated with poor neurologic outcome 

2014 

OXYGEN: WHAT’S NEW AFTER ROSC? 

213 patients > 16 yo with CA (OHCA 83%, 2008-12). TH 100%. Mean PaO2 (8 ABG) 

from ROSC to rewarming. Hyperoxia <3%  

Multivariate: mean PaO2 not associated with IH-death 



In hospital mortality 
OR 1.40 (1.02-1.93), R2 0.69 

Studies comparing oxygen vs normoxia alone excluded 
10 studies pooled in meta-analysis (out of 16 assessed for eligibility) 
Hyperoxia: PaO2 > 300 mmHg 
Results were inconsistent in subgroups, with significant heterogeneity and limited studies 

OXYGEN: WHAT’S NEW AFTER ROSC? 

2014 



Poor neurologic outcome at hospital discharge 
OR 1.62 (0.87-3.02), R2 0.55 

Studies comparing oxygen vs normoxia alone excluded 
10 studies pooled in meta-analysis (out of 16 assessed for eligibility) 
Hyperoxia: PaO2 > 300 mmHg 
Results were inconsistent in subgroups, with significant heterogeneity and limited studies 

OXYGEN: WHAT’S NEW AFTER ROSC? 

2014 



PaCO2 (mmHg) 

CBF 

 (ml/min/100 g) 

Vasodilatation 

Vasoconstriction 

Decreasing PaCO2 of 1 mmHg decreasing CBF of 3% 

CBF normal 

40-50  

ml/100g/min 

CBF and 

PaCO2 in brain 

Weyland J Cardiothorac Vasc Anesth 1994 

CO2: WHAT’S NEW ? 



2013 

Hypo- & hyper-capnia are common & independently associated with poor neurologic outcome 

57% 

78% 
83% 

89% 

Hypocapnia only 27% 

PaCO2 ≤ 30 mmHg 

Hypercapnia only 33% 

PaCO2 ≥ 50 mmHg 

Retrospective and single center; 193 nontraumatic comatose OHCA ≥ 18 yo + all ABGs ≤ 24h after ROSC 

Both 9% 

PaCO2 ≤ 30 mmHg 

No exposure 31% 

PaCO2 ≥ 50 mmHg 

(74% ) 



2014 

213 CA patients with TH > 16 yo. Mean PaCO2 (8 ABG) 

Multivariate: hypocarbia but not hypercarbia independently associated with 

increased risk of IH-death (OR 2.52, CI95% 1.18-5.37, P=0.016);  

U-shaped relationship between PaCO2 and IH mortality (best ~ 35-45mmHg) 

Hypocarbia & hypercarbia not associated with increased poor neurologic outcome 



CCM 2014 

409 OHCA pts with ≥ 1 ABG. TH 71% 

8 PaCO2 measurements/patient ≤ 24h.  

Hypercapnia was associated with good 1 year outcome 

The mean 24h PaCO2 was independent predictor of good outcome 

Time spent in PaCO2 > 45 mmHg was independent associated with good outcome 





 Sedatives 
 Analgesics 
 Neuromuscular blockers 
  

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) 

 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 

Sterz F, Behringer W, Holzer M. 2006. Global hypothermia for neuroprotection. Acute Carddiac Care.  
Sunde K. Resuscitation. 2007. Implementation of a standardised protocol for post resuscitation care. 
Deye N. Textbook “Acute heart failure syndromes” . 2007. Acute cardiac failure & neuroprotection. 
Kupchnick NL. CCM. 2009. Suppl. Implementation of a TH protocol. 
Seder DB, Van der Kloot TE. CCM. 2009. Suppl. Methods of cooling. Practical aspects. 

Review of protocol utility during TH (neg. /40) : Freund, Cardiol J, 2017 



Neurocrit Care 2011 

n=85 (53 poor outcome = 65%; 53 hypothermia = 62% ; 62 sedative H60 = 73%)  

Patients treated with TH are more likely to receive sedation. 
Sedatives are an important prognostication confounder. 
Midazolam can prolong conscioussness recovery time & delay extubation 
Sedatives in both TH and non-TH patients may confound clinical exam. 

Fugate Wijdicks, et al Annals Neurology 2010 



Sedation (with their pharmakokinetic) and TH (TTM) 
will affect recovery ...& prognosis 

CA 72h 1 W 6M 

SEDATION Delay prognostication! 

Neurological  
function 

Casamento, et al Resuscitation 2016 

In 2 ICUs, a before-after study (2 X 69), no differences in feasibility 
(proportion of within range temperatures); doses of midazolam, fentanyl, NMB, 
fever in the first 96H and shivering were lower in 36-TTM compared with TH. 



Ponz et al et al Resuscitation 2017 

Delay of 5 days if 33°C ? 



During TTM, do you use sedatives? (n=423) 

0,0%

10,0%

20,0%

30,0%

40,0%

50,0%

60,0%

70,0%

80,0%

90,0%

Midazolam Propofol Unknown Other

Response N 

Always 85% 358 

Frequently 11% 47 

Sometimes 4% 16 

Never 0,2% 1 

Unknown 0,2% 1 

Studies with hepatically eliminated (active) drugs suggest ≈ 11 % reduction in 
clearance per °C change. Hepatic metabolism (CYP450) is decreased if TTM for 
hepatically metabolized drugs (≈ NMB, sedatives, analgesics, anticonvulsivants…) 

AIC. 2016 

Anderson THTM 2016 

83% 

40% 



0,0%

10,0%

20,0%

30,0%

40,0%

50,0%

60,0%

70,0%

Morphine Fentanyl Sufentanil Remifentanil Unknown

Response N 

Always 79% 332 

Frequently 14% 58 

Sometimes 6% 25 

Never 1% 6 

Unknown 0,5% 2 

During TTM, do you use analgesics?  
(n=423) 

Michelsen Anesth Analg 2001 30% reductions in dosage per 5°C for remifentanil 

AIC. 2016 

22% 

64% 

16% 
9% 



Conscioussness recovery time 

Bjelland ICM 2012 

Midazolam can prolong 
conscioussness 
recovery time & delay 
extubation 



0,0%
10,0%
20,0%
30,0%
40,0%
50,0%
60,0%
70,0%
80,0%

Response N 

Always 48% 201 

Frequently 31% 129 

Sometimes 19% 81 

Never 3% 11 

Unknown 0,2% 1 

During TTM, do you use paralyzers 
NMB?     (n=423) 

AIC. 2016 

Shivering monitoring (Bedside Shivering Assessment scale… TOF) 

 
Shivering treatment (Mg, buspirone, meperidine, opioïds, 
dexmetomidine, propofol… paralyzers) 

Badjatia, Mayer. CCM 2009 

29% 

67% 

4% 



Impairment of autonomic cold defenses by 

anesthetics (hypothalamic set point) 
Matsukawa T et al. Anesthesiology 1995 

o Volatile anesthetics ?! 

o Propofol 

o Opioids 

• Meperidine 

o Non opioids 

• Nefopam 

• Clonidine  

• Dexmedetomidine 

• Buspirone 

o Drug combinations (without interactions: CYP450) ?! 

 Prefer IV administration if possible (ileus during TTM) 

Use short-acting drugs with short half-life time 

Adapt doses and use strict monitoring 
 Riker et al. Analgesia, sedation and NMB during TTM after CA. 2015 



To 2015 

Prognostication with a 

multimodal strategy ++ 

Allow sufficient time for 

neurological recovery & 

for sedatives’ clearance 

Clinical data ++ 

Biomarker 

EEG, SEP 

Brain CT-scan 

(MRI) 

(Doppler) 



OPTIMIZING TTM/TH PROTOCOL 
WHICH METHOD? Advanced vs basic 

Holzer NEJM  2010 



 Rapid infusion of ice-cold IV fluid 30 mL/kg or ice packs are feasible, safe, 
and simple methods for initially lowering core temperature up to 1.5°C. 
When IV fluids are used to induce hypothermia, additional cooling strategies 
will be required to maintain hypothermia.  2010 

2003 

2015 



Deye N et al (ICEREA).  

Circulation 2015 

CONVENTIONAL EXTERNAL 
COOLING 

p=0.052 

Cumulative survival rate without major 

sequelae within 90 days 

ENDOVASCULAR 
COOLING 



TTM IN ICU (EXCEPT NEONATES) 

French TTM recommendations 2016 

Société de Réanimation de Langue Française 

Société Française d’Anesthésie et de Réanimation  

In collaboration with 5 French Medical Societies: Intensive care, Anesthesiology Resuscitation 

Council, Emergency Medicine, Neuro Intensive care, Neurovascular, Pediatric Society 

Practical implementation and monitoring of TTM 
(question 6) 

R6.1 - In patients treated by TTM, advanced methods (i.e. with 

automated feedback) compared to basic methods should be 

used to optimize TTM 

(Grade 1+) Strong agreement 

Clinical fields: CA, TBI, stroke, status epilepticus, shock 

Recommendations are ranked by evidence (grade) and level of consensus reached among the 

experts (strong to weak) 

Alain Cariou, JF Payen et al. AIC 2017 



OPTIMIZING TTM/TH PROTOCOL 
OPTIMIZED START AND DURATION 



ILCOR 2015 

OPTIMAL DURATION = 24H 

for TTM ≤ 36°C 

+ Duration of normothermia ≤ 37.5°C = 72H    



JAMA 2017 

N=176 vs 179 


