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Negative effects of fever, „secondary neuronal injury“ I: 

Metaanalysis of 39 studies and 14.000 patients 
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Negative effects of fever, „secondary neuronal injury“ II: 
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Mechanisms of temperaturemanagement: 

Primary Injury: 
Traumatic brain 

injury (TBI) 
Stroke 

Hypoxia 
intracerebral 
hematoma 
metabolic 

 

ICP= intracranial pressure 
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Pathophysiological mechanism induced by isch. Stroke: 

Arterial Occlusion 

CBF-reduction 

metabolic deficit 

Release of glutamate dysbalance of elect. 

Influx of Ca 2++  

Free radicals 

Membrane dysfunction 

Inflammation 

Edema 

Necrosis 

Apoptosis 

Reperfusion 

BBB-dysfunction 
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Neuroprotection after Stroke: 

Arterial occlusion 

CBF-Reduction 

Metabolic defizit 

Release of glutamate Dysbalance of elect. 

Influx of Ca 2++ 

Free radicals 

Membrane dysfunction 

Inflammation 

Edema 

Nerosis 

Apoptosis 

Reperfusion 

BBB- dysfunction 

Glutamate-
Antagonists 

NMDA-Antag. 

GCSF/EPO 

Neutrophil-
Antag. 

MMP-Inhib. 

Calcium-
Antagonists 

t-PA 

GABA-
Antagonists 
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Onsets of Hypothermia: 

Arterial occlusion 

CBF-reduction 

Metabolic deficit 

Release of glutamate dysbalance of elect. 

Influx of Ca 2++ 

Free radical 

Membrane dysfunction 

Inflammation 

Edema 

Necrosis 

Apoptosis 

Reperfusion 

BBB dysfunction 

Hypothermia 

Fever 
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(Possible) indications for therapeutic hypothermia: 

Comatose survivors after cardiac arrest 
(refractory ) Elevated intracranial pressure (ICP) 
Asphyctic neonates 
Hepatic encephalopathy 
Heat stroke 
 
Stroke 
Traumatic brain injury 
Myocardial infarction 
Spinal cord injury 
Status epilepticus 
Meningitis 

Evidence level 
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Phases of hypothermia: 

Time 

Te
m

p
er

at
u

re
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Practical approach to hypothermia: 

Pre-Induction: 
  avoid shivering through medication and counter warming 

 
Induction: 

as fast as possible (ice cold saline 4°C i.v., 30ml/kg /bw) 
Target temperature 34° - 35°C (avoid overshoot) 

 
Maintenance: 

at least 24hrs (up to 7 days) 
closely maintain target temperature (use devices – endovascular vs surface) 

 
Rewarming: 

very slow (!)  
controlled rewarming (0.1 °C/hr) 

 
Post rewarming: 
  avoid fever (close temperature surveillance) 
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Therapeutic temperature management requires: 

continuous monitoring of: 
body core temperature 
cardiovascular functions 
renal functions 

 
standardized  

surveillance of infections 
laboratory work up 
treatment of shivering 

 
 
 
        ICP monitoring 
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Limitations of Hypothermia : 

NEJM, 2001 

Lancet Neurology, 2010 
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Limitations – Infections: 

Hemmen et al., Stroke 2010 
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Controlled prophylactic normothermia 
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Concept of controlled prophylactic normothermia: 

Negative effects of fever: 

independent predictor of 
unfavorable outcome 

breakdown of blood-brain-barrier 

vascular permeability↑  

– leads to brain edema 

mitochondrial dysfunction 

increased metabolic demand↑ 

free radicals↑ 

focal hyperthermia 
„Thermopooling“↑ 

Reperfusion Injury ↑ 

 

Broessner 2009, Diringer 2005, Polderman 2004, Polderman 2008, Child 2005, Rumana 1998, Clifton 2001 
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Concept of controlled prophylactic normothermia: 

Negative effects of hypothermia: 

Hypotonia (TBI) 

Infectious complications 

Magnesium 

Sodium 

Shivering 

Rewarming Injury („rebound effect“) 

„awake patient“ 

reduction of rTPA action (?) 
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Negative effects of fever: 

independent predictor of 
unfavorable outcome 

breakdown of blood-brain-barrier 

vascular permeability↑  

– leads to brain edema 

mitochondrial dysfunction 

increased metabolic demand↑ 

free radicals↑ 

focal hyperthermia 
„Thermopooling“↑ 

Reperfusion Injury ↑ 

 

controlled normothermia (36,5°C) 

 
avoidance of the NEGATIVE effects of fever 

 
WITHOUT incresing risk by hypothermia 

Broessner 2009, Diringer 2005, Polderman 2004, Polderman 2008, Child 2005, Rumana 1998, Clifton 2001 
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Cerebrovascular diseases – Normothermia I 

CoolGard 3000, Zoll Corp. 
A B 

36,5°C 

conventional temperature 
management treatment, 

stepwise escalating 

1. Paracetamol 500mg p.o. 

2. Naproxen 500mg p.o. 

3. Pethidin 100mg i.v. 

4. ICE packs  

5. Cool „washing“ 

6. cooling balnkets (Blanketrol®) 
 

Temp > 37,9°C 

conventional  
„ controls „ 

Broessner et. al., Stroke 2009 

SAH HH 3-5 
ICH GCS ≤ 10 
Stroke  NiHSS ≥ 15 
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Cerebrovascular diseases – Normothermia II 

168 hrs 

336 hrs 

Broessner et. al., Stroke 2009 
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Cerebrovascular diseases – Normothermia II 

Primary Outcome 

Broessner et. al., Stroke 2009 
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Cerebrovascular diseases – Normothermia III 

III 

Sekondary Outcome (AE) 

Broessner et. al., Stroke 2009 
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Cerebrovascular diseases – Normothermia III 

III 

Tertiary Outcome 

Broessner et. al., Stroke 2009 
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Cerebrovascular diseases – Normothermia IV 

Broessner & Schmutzhard et al., Stroke 2010 

Rate of infectious complications vs. inflammatory parameters? 
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Cerebrovascular diseases – Normothermie V 

Broessner & Schmutzhard et al., Stroke 2010 
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Cerebrovascular diseases – Normothermie V 

Broessner & Schmutzhard et al., Stroke 2010 

Unfavorable outcome MRS 3-6 
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Normothermia and TBI I: 

Puccio et al., Neuro Crit Care 2009 

severe TBI GCS ≤ 8 
 
N= 21 patients 
endovaskular normothermia (TT 36 – 36,5°C) 
(Zoll®, Coolgard®) over 36 hrs 
 
comparison with „historic controls“ (N=21) 
 
ICP monitoring (Licox®) 
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Normothermia and TBI iI: 
: 
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Normothermia and TBI iI: 
: 
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Therapeutic hypothermia 
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TBI – measurment of brain temperature 

Can prophylactic endovascular normo-/hypothermia influence brain 
temperature (in patients with severe TBI)? 

Inclusion criteria: 
 
severe TBI (intial GCS ≤ 8) 
 
 
Interventions: 
 
ICP + temperatureprobe (Neurovent-Temp-P, Raumedic AG, Muenchberg, Germany) 

endovascular normo/ hypothermia (CoolGard 3000®, Zoll®) 

 
N=7 patients 

Fischer & Broessner et al., Neurosurgery 2011 



G. Brössner 2012, Moscow 25.05.2012 
Neurologie Intensiv 
Universitätskliniken Innsbruck 

TBI – brain versus bladdertemperature under normo/hypothermia 

Fischer & Broessner et al., Neurosurgery 2011 

CC r= 95 
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Hypothermia and ICH: 
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Hypothermia and ICH: 
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Hypothermia and ICH: 

35°C 
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Hypothermia in ICH rat model: 
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Hypothermia in ICH rat model: 
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Hypothermia and  ICH: 

Normo / Hypothermia over 10 days 
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Hypothermia and ICH : 

Kollmar, Staykov et al., Stroke 2010 
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Ongoing trials with temperature management 

Clinicaltrials.gov (National Institutes of Health (NIH)) 
 
Hypothermia: 
 
  78 registered trials (recuiting or before recruiting) 
  Indications: Stroke, bact. meningitis, status epilepticus, 

     TBI, SAH, cardiac arrest, asphyxia a.m.m. 

 
 
 
Controlled normothermia: 
 
  9 registered trials (recuiting or before recruiting) 
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Ongoing trials with temperature management: 
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Ongoing trials with temperature management: 
: 
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Ongoing trials with temperature management : 
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Summary I: 

fever has to be avioded in patients with acute neuronal injury by 
any means 
 
Good evidence for hypothermia (RCT): 
 

Post resuscitation 
Refractory elevated ICP 
Asphyctic neonates 
 
promising results in Stroke, ICH.... 

 
 
(longterm-) prophylactic endovasacular normothermia is 
efficacious and feasibel 
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Summary II: 

Understanding and treating the limitations in therapeutic temprature 
management is pivotal: 
 

(even under prophylactic normothermia) close and 
 standardized surveillance for infections is absolutely 
mandatory – treatment of fever does not replace treatment of 
infections 
 
 
use anti-shivering protocol 
 
avoid fever rebound 
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