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IschemicIschemic InjuryInjury

� Blood flow to brain interrupted

� Central region of tissue damaged rapidly — infarct core
� Infarct extends to region around core — ischemic penumbra

� Processes of cellular injury/death different in these 2 regions

� The ischemic cascade / cycle of death is multifaceted and 
continues as dying neurons threaten surrounding nerve cells
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• Hypothermia is a proven 
neuroprotectant therapy.

• Currently used in acute care 
settings (AHA recommended 
protocol).

• Hypothermia counteracts the 
multiple metabolic pathways in 
brain injury and death:
– Reduces glutamate release

– Limits calcium influx
– Reduces inflammatory response

– Limits edema

– Lowers metabolic rate

– Suppresses formation of reactive 
oxygen species

– Interrupts necrosis / apoptosis



Current Cooling Techniques

• Total body cooling: Surface cooling and  intravenous 
heat exchange

• Slow (takes too long to hit target temp.), difficult to 
control (maintain target temp.), cumbersome

• Detrimental systemic effects; limited to ~32-33
C
• Cardiac dysfunction – arrhythmias, arrest 

• Pulmonary infection 

• Electrolyte imbalance
• Pharmacologic paralysis required to suppress shivering

• Ineffective and impractical: cannot get cold enough
Cooling the body too much; not cooling the brain enough



“The efficacy of post-ischemic hypothermia is 
critically dependent on the duration and 
depth of hypothermia…”
Krieger DW, Yenari, MY. Stroke 2004; 35:1482-1489

“Efficacy was highest with cooling to lower 
temperatures (� 31 ºC)…”
Van der Worp HB, et al. Brain 2007 May 29 [Epub]

Review of the Literature



Selective Cerebral Hypothermia

Selective 
hypothermic 
blood 
perfusion of 
Internal Carotid 
Artery

Technique of Schwartz, et al 
(Neurosurg 1996; 39:577-82.  

Radiol 1996; 201:571-572)



• ICA and both anterior cerebral arteries occluded 1 hour
• At 2.5 hr post ischemia, 4 had selective cerebral cooling to <25 
C  for 

12 hours; 4 normothermic
• MRI 3 days post op

Stroke Model
(8 baboons)

Schwartz AE, et al. Anesthesiology 2000; 93:A373

Normothermic- 40% infarct Hypothermic- <1% infarct



• 8F Sheath; 7 F straight catheter
• Cooled to <25 
C  for 1 hour

– right cerebral temp decreased from 36.7 to 24.7 
C ± 1
C in 
14.8 ± 4.0 min

– Left cerebral temp  at 1 hr decreased to 24.6 
C ± 0.6
C 
– Esophageal temp at 1 hour decreased 3.5 
C

Transfemoral Internal Carotid Catheterization
(4 baboons)

Schwartz AE, et al. Radiology 1996; 201:571-572



• Intravascular catheter system 
(DuoFlo™)
– Isolates and selectively perfuses 

carotid artery
– Single femoral artery insertion

• Can be used with standard 
extracorporeal circuit

DuoFlo™ System – Selective Cerebral 
Hypothermia



Counter-current flow provides insulation



In Vivo Feasibility Studies

• 12 swine (65-72 kg)
• Standard transfemoral approach
• DuoFlo positioned to isolate the CCA
• Blood cooled to 5-20
C
• Flow rates 80-250 ml/min
• 30-180 min
• Temperature measured in bilateral frontal 

lobes, nasopharynx, ear, esophagus, aorta



14F Sheathless insertion
DuoFlo catheter

Venous Line
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Aortic Arch

Distal marker of 
outer catheter

Inner Catheter 
in RCCA



Distal Outflow 
Marker

Proximal Balloon 
Occlusion in RCCA



Rapid Selective Cooling



Rapid Flow-controlled Cooling



• No adverse events
• Normal heart rhythm, systemic arterial blood 

pressure, arterial blood values
• No rebound hyperthermia with passive 

rewarming
• In this model, nasopharyngeal temperature 

closely followed brain temperature; 
contralateral  hemispheric cerebral 
temperature followed systemic temperature

Results (cont.)



Counter-current Flow Active Insulation



% Change in Blood Viscosity From 37°C



Conclusion

This new catheter-based system shows 
promise in providing rapid, selective, deep 
cerebral hypothermia, and may offer an 
improved method for neuroprotection during 
cardiac arrest, stroke and other ischemic 
injury
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