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Historical perspective 
 

 

◼ Use of hypothermia described 

by ancient Egyptians, Greeks and Romans 
 

◼ Hippocrates advised to surround badly wounded 

patients with ice and snow to reduce blood loss 

◼ Celcus and Galaenus also described treatments 

with hypothermia 

Hippocrates (460-375 BC). De Vetere Medicina. 

Celcus AC (1ST century AD). De Medicina. 

Galaenus C. (129-199 AD) Opera Omnia (Medicorum Graecorum Opera). 

Swan H Surgery 1973;73:736-758. 
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Napoleons Field doctor was a visionary . . . 
 
 

Dr. Baron Larrey described, that wounded 

soldiers near the campfire died faster then 

those, who were not rewarmed. 

 

 
 

Larrey IJ. Memoirs of military service and 

campaigns of the French armies, Vol 2. 

Baltimore, J Cushing, 1814, pp 156-164. 
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Survace versus endovascular: retrospective data 

• Multicenter, 

retrospective, 24 
hospitals in South Korea 

• 803 pat. after Cardiac 
arrest 

• 559 (70%) used survace 
cooling, 244 (30%) 

endovascular 
• Propensity score 

matching 
• Endpoints: Adverse 

events, Efficacy, 

Outcome 

Oh SH et al., Critical Care, 2015 

Systemic cooling 

SURFACE COOLING 

◼ Heat loss via scan/mucosa 

◼ Non invasive 

◼ Sever counter-regulation/ problematic in 

adipose patients 

 
ENDOVASCULAR COOLING 

◼ Cooling catheter inserted to central 

venous system 

◼ Excellent cooling rates 

◼ Risk of thrombosis/ catheter-associated 

complications 



7 

 

 

 
 

 

 

 

 

ICERA-Trial 
(„Impact of Endovascular Cooling in the Management of Cardiac Arrest“) 

 
◼ 400 patients with out-of-hospital 

CA, ROSC < 60 Min., Inclusion 

within 4 hours 

◼ Prospectiv, randomized: 

endovascular hypothermia (Zoll) 

versus surface (Fans, Ice Packs, 

Homemade tent) 

◼ Prim. EP: Favorable outcome, 

Cerebral Performance Category 1-2 

on Tag 28 

Deye N. et al., Circulation, 2015 

 
Functional outcome not different. 

Risk of hyperglycemia, hyperthermia and hypotension higher 
with survace cooling 

Oh SH et al., Critical Care, 2015 
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ICERA- Functional outcome unchanged 

orable Outcome on day 28: 35% (endovasc.) versus 26% 

(external), OR 1.41, 95% CI 0.93-2.16, p=0,107) 

◼ After 90 days: Trend in favor of the endovascular tecnique (p=0.052) 

 
 

Deye N. et al., Circulation, 2015 

 
 
◼ Fav 

   

ICERA-Trial: Temperature Control better with 
endovascular cooling 

  
◼ Time to target 

temperature of 33°C 

shorter (7,1 versus 10 

h, p<0.001) 

◼ Precision and stability 

of hypothermia better 

(Devation>1°C: 1,0 

versus 5,5, p<0.0001) 

  

 

Deye N. et al., Circulation, 2015  
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effects 

◼ Catheter-associated bleeding 

and hematoma: n=25 

Bakt. colonisation and 

Infektionen n=27 

2 patients with ischemia of 

the 

◼ Acc ia < 

30° in the 

ext 

 
 

Deye N. et al., Circulation, 2015 

leg 

idential hypotherm 

C in 3 patients, all 

ernal cooling group 

A-Studie: Side ICER 

 
 
 
 
 
 

 
◼ 387 Pat. with elevated ICP>20 mmHg 

◼ Hypothermie 32°C to 35°C plus 

Standard Care versus Standard Care 

◼ 47 centers in 18 countries 

◼ Recruitment 09/09-10/14 

◼ Prim. EP: GOS-E Score after 6 months 

Andrews P et al., New Engl J Med, 2015 
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Eurotherm3235: Methods of cooling 
 
 

◼ Induction: Bolus (20-30 ml/kg) of refrigerated sodium chloride 

i.v. 

◼ Maintainance: usual cooling tecnique of each side. Duration: At 

least 48 hours 

◼ Rewarming: 0.25°C/ hour, provided that ICP < 20 mmHg 

 

 

 
 

Andrews P et al., New Engl J Med, 2015 

 

 

 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 

 
Andrews P et al., New Engl J Med, 2015 

• Well balanced 
• ¼ with Surgery 

• Start of cooling late 

after injury (>12 hours) 
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th hypothermia higher (HR 1.45 (1.01-2.10), p=0,04 

   

Eurotherm3235 Trial  

• Temperature in the intervention group significantly lower 

• No better control of ICP with hypothermia compared to standard 
of care 

 

Andrews P et al., New Engl J Med, 2015  

 

 

 

 

 

Eurotherm3235 Trial 

After 6 month: Evidence of harm with hypothermia 

Favorable outcome in 26% (hypothermia) versus 37% (control) 

Mortality wi Worrying results with hypothermia after TBI. 7) 

Possible reasons: 
• Start of hypothermia to late? 
• Induction of hypothermia to slow? 
• Rewarming to fast? 

 

 

 

 

 

 
Andrews P et al., New Engl J Med, 2015 
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POLAR-RCT 

 

 
e, cooling wraps, 2000 ml ice-cooled saline i.v., 

ace cooling, 33°C or 35°C (if bleeding concerns), 

ng at 0,25°C/ hour to 37°C as long as ICP <20 

ormothermia for 7 days using automated surface 

 

 
M 

◼ 

 

 
ethods: 

Induction: Exposur 

target 35.0°C 

◼ 

 
 

◼ 

 
 

◼ 

Maintainance: Surf 

duration 3-7 days; 

Controlled Rewarmi 

mmHg. 

After rewarming: N 
cooling wraps 

 
Cooper D et al., JAMA, 2018  
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Early prophylactic 

◼ Early enrollment af 

◼ 511 patients in 6 c 

◼ Recruitment 12/10 

◼ Control group: No 
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Cooper D et al., JAMA, 2018  
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POLAR-RCT: ICP unchanged 
temperature co 

despite sufficient 
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Cooper D et al., JAMA, 2018  

Cooper D et al., JAMA, 2018 

 

Prophylactic Hypothermia after TBI: POLAR-RCT 
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POLAR-RCT: Functional outcome unchanged 
 

 

 
 

 
 

 

 
Cooper D et al., JAMA, 2018  

 

 

 

 

A f pneumonia and bleeding equal 

 

Cooper D et al., JAMA, 2018 

R-RCT: Risk o POL 
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Cochrane Database Systemic Rev, 2016 

fit with Hypothermia after severe TBI 

◼ Did not control ICP better than standard of care 

◼ Did not improve outcome, even if started prophylactically 

ultra-early 

◼ Mi f used secondarily after ICP has increase ght be harmful, i 

mmary: No bene Su 
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The TTM-Trial 
 

 

◼ Prospective, randomized, 36 centers, Europe and Australia 

◼ N=950, comatous survivors of CA (>20 minutes) 

◼ Excluded: unwitnessed CA, prim. Asystolia 

◼ Methods: Surface cooling (76%) or endovascular cooling (24%) 

◼ Duration: 36 hours (incl. Rewarming) 

◼ Target: 33°C versus 36°C 

◼ EP primary: Mortality after 180 days 

Secondary: functional outcome (mRS 4-6; CPC 3-5) 

 

 

Nielsen N et al., N Eng J Med, 2013 

Cochrane Database Systemic Rev, 2016, Feb 15 
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TTM Trial - Resul ts 

  

 
 
 
 
 
 
 
 
 
 
 

 
31 

  
Sufficient temperature control 

Prim. EP unchanged between 

33°C und 36°C 

 

 

Nielsen N et al., N Eng J Med, 2013 

 

 

 

 

 

 

 
 

 

High rate of “bystander witn 

arrest” (90%) 

-> short down time 

-> very early Start of A 

-> early ROSC 

-> mainly shockable rhythms 

-> low rate of sever hypoxic injury 

 
 

Nielsen N et al., N Eng J Med., 2013 
32 

LS 

essed cardiac 

ssion Trial: Discu TTM 
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TH effective especially among patients with Downtime > 10 Minuten 

 

W.Y. Kim et al., Resuscitation, 2014 
Drennan IR et al., Resuscitation, 2014 

 

 

 

 

 

Seeking the optimal target temperature: FROST-I trial 

◼ 150 Pat., OHCA, shockable rhythms 

◼ Prospectiv-randomised, multicenter, 24 h hypothermia at 32° versus 

33°C versus 34°C, endovascular cooling 

◼ Prim. EP: mRS≤3 after 90 d 

◼ 16 centers in Spain und Germany, NCT02035839 
 

 

 

 

 

 

 

 
Lopez-de-Sa E. et al., Intensive Care Med, 2018 
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FROST-I trial 

◼ Outcome unchanged with lower target tempertures 

◼ Limitation: Bystander-CA not equally distributed (14% within 32° 

versus 35% within 33° versus 29% within 34°) 

◼ Multivariate Cox Proportional Hazard Model identifys 2 predictors for 

good outcome: Early Defibrillation und male gender 

 
 
 
 
 
 

Lopez-de-Sa E. et al., Intensive Care Med, 2018 

 

 

 

 
 

 
 

 

 
 

 
 
 

◼ Metaanalysis, liberal Inclusion criteria for the initiation of TH: 

◼ Initial Rhythm: non-shockable included 

◼ Downtime, bystander, witnessed arrest: unknown included 

◼ Persisting shock: included 

◼ d Outcome (CPC1-2) at discharge 

 

Schenone A. et al, Resuscitation, 2016 

Prim. EP: Mortality an 
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Diffe rence between di fferent target temperatures not significant 

  

 
 

 
 
 

Schenone A. et al, Resuscitation, 2016 

 

 

 

 
Schenone A. et al, Resuscitation, 2016 
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Picetti E. et al., Neurocrit Care, 2016 

TTM may not end on day2 

Rise of body temperature by 1°C: 
-> Odds ratio for good outcome 
drops by 31% 

Picetti E. et al., Neurocrit Care, 2016 

Temperature in the following days is of importance. 
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• Children (Age:48 hours-18 years) with in-hospital CA at 
37 children hospitals 

• Temperature management within 6 hours: Hypothermia 
(33°C) versus normothermia (36,8°C) 

• Duration: 48 hours, controlled rewarming over 16 hours 
followed by normothermia until a total of 120 hours of 
TTM 

• Survace cooling 

Moler FW et. Al., NEJM, 2017 

 
Moler FW et. Al., NEJM, 2017 
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Moler FW et. Al., NEJM, 2017 

THAPCA-Trial 

No benefit with hypothermia among children with IHCA 

Moler FW et. Al., NEJM, 2017 

 
THAPCA-Trial 
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Schwab et al, Neurology, 1997 

 

 

 

 
   

   
 
 
 

Inclusion criteria 

• Invasive Neuromonitoring 

within 12 h after ROSC 
• Borehole trepanation 

  

• Monitoring of ICP, T, tO2 
frontal subcortical 

• TTM: 33°C for 24 h 

 
 
 

Coppler et al., THTM, 2016  



25 

 

 

 
 

 

 

 

   

    
 

• Mixture of air/oxygen 

and a liquid coolant 
(perfluorohexane) via 

nasal catheter 
• The coolant evaporates 

and absorbes heat 
from the surrounding 

tissue 
• Cools the nasal cavity 

to 2°C 
• Systemic and local 

cooling effects 

   

   

 

 
 

Coppler et al., THTM, 2016 

Mean difference in 
temperature: 0,34°C (95%CI 
0,31-0,37°C) 
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Nordberg P et al., JAMA 2019 

 
 
 
 
 
 

 
d trial, 7 European countries, Recruitment 

2010-2018 
• Bystander witnessed CA, Inclusion by the ALS-team after 

airway management 

• Intervention group: Intra-arrest evaporative transnasal 
cooling, open lable 

• Both groups: Hypothermia at 33°C for 24 hours 

 
Nordberg P et al., JAMA 2019 

 
 
 
 
Investigator-initiate • 
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Nordberg P et al., JAMA 2019 

Differences in the whole 
population not significant. 

 

Benefit with TH for patients 
with shockable rhythms? 

 

Minor nose bleed 13% 
Adverse event rate similar. 

the core body tempoerature 

Target temperatures were reached earlier with the intervention. 
-> not only local cooling, but relevant effect on 
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  Greer 2008, Stroke 

Fever after stroke is detrimental 

 

 

 

 

 

 
Meta-analysis 39 trials, n=14.431 

 

 

 

 

f Acetaminophen ineffective: 

den Hertog et al., Lancet 
Neurol, 2009 

Mean difference in temperature: -0,26°C 

Use o 
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De Ridder I. et al., Stroke, 2017 

Premature termination 10/2015 after inclusion of 256 Patients. 

 
De Ridder I. et al., Stroke, 2017 

Meta-Analysis on antipyretic treatment after stroke: No effect on Outcome 
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it with prophylactice use 
of ceftriaxone 

Westendorp et al., Lancet 2015 

No benef 

antibiotics: PASS-Study Use of 

Hypothermia for space-occuping MCA stroke 

24h after stroke onset: 37°C 38h after stroke onset: 33°C 
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Author/year N= Cooling method Goal T°C  Time Duration 

Ventilated patients 

Schwab,1998 25 surface 33°C  14±7 2-3 days 

Schwab, 2001 50 surface 33°C  22±9 1-3 days 

Georgiadis, 2001 6 endovascular 33°C  28±17 2-3 days 

Georgiadis, 2002 19 surface (11) 

endovascular (8) 

33°C  24 (18-14) 2-3 days 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
   

   

 

 

 

 

 
 

centers 

1-09/15 
ith hemicraniectomy for large MCA stroke 

0°C +/- 1°C for >72 hours) versus standard 
 

rate on day 14 

 

 

 

 

• 

 

 

 

 
RCT in 6 German 

• Recruitment 08/1 

• Patients treated w 

• Hypothermia (33. 
 care 

• Prim EP: Mortality 

 
Neugebauer H. et al., JAMA Neurol., 2019  



32 

 

 

   

Depth-SOS – Study Sites 

 

Minden 
Berlin 

 

Leipzig 
 

Heidelberg 
Erlangen

 

Freiburg 

 

 

 

 

2 patients assigned to hypothermia did not 

Neugebauer H. et al., JAMA Neurol., 2019 

receive the treatment (Corssover) 
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Neugebauer H. et al., JAMA 
Neurol., 2019 

Neugebauer H. et al., JAMA Neurol., 2019 

 
Mean intracranial pressure 
per day not different 

 

Target temperature was reached 
and maintained for > 72 h in 88% 

 

Median duration of hypothermia 
including rewarming: 7 days 
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Evidence of harm with hypothermia 
 
 

Safety measures: 

After 14 days: SAEs in 46% (Hypothermia) versus 29 % (SOC) 

Associated with Temperature management: 5 of 26 patients 
(19%). 

 

After 12 months: 80% (Hypothermia) versus 43% (SOC) 

Mortality at day 14:19% (Hypothermnia) verus 13% (SOC) 

 

 

 

Neugebauer H. et al., JAMA Neurol., 2019 

 

 

 

 
 

 

 

 

 

 

 
Therapeutic Hypothermia 

In awake patients 
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◼ ICTUS2/3 program 

◼ Patients with acute iscemic stroke and i.v. Thrombolysis, 3 hours after onset 

◼ Thrombectomy not allowed 

◼ Initially Planned: RCT with 1600 patients 

◼ Hypothermia group: 2 l cooled normal saline i.v., endovascular cooling device 

for 24 hours 

◼ Target temperature 33°C, controlled rewarming for 12 h 

◼ Antishivering: Meperidine, Buspirone, skin counter warming 

◼ Prim. EP: mRS 0/1 on day 90 

 

 

Lyden P et al., Stroke, 2016 

Mortality 

Smaller studies suggested feasibility in awake 
patients 

Functional outcome 

2 Large RCTs were initiated: 
ICTUS 2/3 (USA) und EuroHYP-1 (Europe) 
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R ecruitment 
inclus 

suspended 12/2014 after 
ion of 120 patients 

  

  

 
Lyden P et al., Stroke, 2016  

 

 

 

 
   

No b enefit with h ypothermia  

  

  

 
 

Lyden P et al., Stroke, 2016 
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High risk of pneumonia and SAE  

 
Lyden P et al., Stroke, 2016  

 

 

 

 

 
 

 

 
CT, n=800 

herapeutic hypothermia versus Standard Treatment 

cute Ischemic stroke, awake patients 

NIHSS ≥6 

▪ i.v. tPA and Thrombectomy allowed 

▪ Hypothermia treatment start within 6 hours after onset 

▪ Target: 34-35°C, Duration: 12-24 hours 

▪ Prim EP: Functional outcome day 91 

 
Van der Worp HB et al., ESJ, 2019 

▪ R 

▪ T 

▪ A 

▪ 

roHYP-1 Eu 
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EuroHYP-1: Methods 

Survace Cooling 

◼ Brain.Pad und Felx.Pad (EMCOOLS) 

◼ Arctic Sun / ArcticGel Pads 

(Medivance/Bard) 

◼ Criticool / Cool Wrap 3500 

(MTRE Advanced Technologies) 

◼ BrainCool System and BrainCool cooling 

pads (BrainCool) 

 
Endovascular cooling 

◼ Zoll Thermogard/ ICY Katheter 

(Zoll) 

Van der Worp HB et al., ESJ, 2019 

 

 

 

 

ntion protocol 

Pharmacological 

◼ i.v. pethidine (max 500 mg/24 h) 

◼ Oral Buspiron (max 30 mg/24 h) 

◼ Ondansetron or Granisetron (prior to pethidine application) 

Counterwarming 

◼ Bair hugger 

◼ Gloves, Bandages 

 
Van der Worp HB et al., ESJ, 2019 

vering-Preve Shi 
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Recruitment 
 

 

▪ 38 centers in 13 European countries involved 

▪ First patient included in November 2013 

▪ Recruitment suspended on March 2nd 2018 due to slow 

recruitment and lack of funding 

▪ N=98 patients were included (49 Hypothermia und 49 Control 

group) 
 

 

 

Van der Worp HB et al., ESJ, 2019 

 

 

 

 

 
   

    

 
 

 
 
 

 
 

 
 
 

Van der Worp HB et al., ESJ, 2019 
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Cours e of body temperature 

 
Only 31% of 
patients reached 

the predifined 
targets of cooling 

 
 
 
 
 

Van der Worp HB et al., ESJ, 2019  

 

 

 

 

Prim. EP: No benefit 

◼ ITT: OR 1.01; 95% CI, 0.48 to 2.13; 

◼ Per protocol: OR 1.07; 95% CI, 0.35 

 
Van der Worp HB et al., ESJ, 2019 

to 3.32; p = 0.91 

p = 0.97 
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Adv erse events  
 

 
   

   

 

 
 

ec. Endpoints: No benefit S 
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TBI Eurotherm3235 TH not recommended. Evidence of 

POLAR harm, if initiated > 12 hours after 
trauma. 

Cardiac Arrest Bernard TTM beneficial. Optimal target 

HACA  

TTM 

THAPCA 

PRINCESS 

temperature unknown. 

Ischemic Depth-SOS TH not recommended. Evidence of 

Stroke ICTUS 2/3 

EuroHYP-1 

harm, if initiated in combination 
with decompressive 
hemicraniectomy. 

oHYP-1 

◼ Cooling in the majority of patients not feasible: only 31% of 

patients reached predifined targets of cooling 

◼ No difference for the functional endpoint, patient numbers to 

small 

◼ Pneumonia remains a problem 

clusion: Eur Con 
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