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50% Early Mortality
Consequences

Motor
Sensory
Bowel
Bladder
Sexual function
Skin (decubitus)

Emotional and 
physical 
devastation of 
PARAPLEGIA
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It’s just temporary, right?
When will it go away?
How could this happen?
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Paraplegia is still a problem!
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• TAA Surgery the most common cause of spinal cord infarction.
• EndoRx paraplegia perisists, ½ that of open: No cross-clamp time.

HUGE, ESCALATING SOCIETAL COSTS

Radiographics.2006;26 Suppl 1:S63-73.
Neurocrit Care. 2008;9(3):344-51

Paraplegia is still a problem!



Artery of Ademkiewicz
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•Cross-clamp interval (no lower body
blood flow)

•Air/particulate emboli (“stroke” of cord)

•Permanent deletion intercostal 
arteries

•Obliteration of intercostal artery origins 
by endograft (including upper and 
lower “landing zones”)

“Gas Tank”Model

Etiology of Paraplegia is multi-factorial



Methods of Protection
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1. Good hemostasis and hemodynamics
2. Distal perfusion
3. Proximal hypertension
4. Early recruitment of subclavian artery
5. Spinal artery identification
6. Intercostal artery reimplantation
7. Spinal drain
8. DHCA
9. MEP monitoring
10. Neuroprotective drugs

Neuroprotective drugs

Direct spinal cooling



5. Spinal artery identification
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The artery of 
Adamkewicz is 
the only 
vertical artery 
in the midline.

We image this successfully in 
85% of cases (Dual Energy CT)
We never leave OR without this 
artery in continuity with the 
bloodstream.



9. Motor evoked potential(MEP) monitoring
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MEPs preserved throughout—FINE
MEPs lost, then recovered–FINE
MEPs lost, not recovered—20% PARAPLEGIA



History of Hypothermia in Cardiac Surgery
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• Simple design
• User friendly
• Quick placement, <15 min
• Localized spinal hypothermia
• No more effort than conventional spinal drain

Concept: 
Protect the spinal cord by cooling it topically
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NSF SBIR Phase I
NSF SBIR Phase 2
NSR SBIR Supplemental 



Introduction to Spinal Cooling Catheter
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• Novel approach

• Localized hypothermia to the spinal cord via a catheter that lies in the spinal canal.
– The catheter is placed just like a conventional spinal drain. 
– The catheter recirculates refrigerant fluid, thus substantially cooling the spinal cord. 

• The localized application of cooling avoids the well-known complications of systemic cooling

• Simple, easy-to-use format—essentially “free” cooling for the same effort as a spinal drain.
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Schematic Placement
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Prototype: Spinal Cooling Catheter

Cooling 
catheter

Inflow cooling lumen

Center CSF Drain lumen

Outflow cooling lumen



Cooling Catheter (early prototype)
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Deep cord cooling @ systemic normothermia – All Four Sheep
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Postmortem Examination

• Gross examination: 
– no trauma
– no hypothermic damage
– properly placed 

temperature probes.
• Histologic examination:

– Unremarkable
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Survival Experiments

7 out of 7 long-term survivors 
fully ambulatory without any 

neurologic deficit
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Publications



“Adjunctive techniques to 
increase the tolerance of the 
spinal cord to impaired 
perfusion may be 
considered…including epidural 
irrigation with hypothermic 
solutions….”

2010 
ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM 
Guidelines for the Diagnosis and Management of Patients 
With Thoracic Aortic Disease 



Epidural infusion of cooled saline may be 
used to induce regional hypothermia. 
Although this technique was associated with 
substantial increases in CSF pressure, a 
significant reduction in postoperative 
neurologic deficits was noted (520,716).

A new, self-contained catheter for topical 
cooling of the spinal cord without infusion 
into the CSF or CSF pressure rise has been 
shown in the laboratory to provide topical 
spinal cord hypothermia, while systemic 
normothermia is maintained; clinical trials are 
being organized (752).

2010 
ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM 
Guidelines for the Diagnosis and Management of 
Patients With Thoracic Aortic Disease 
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Product Development to Commercial Stage
CryoLife Inc. commercializing 5F catheter and cooling and drainage console



Successful pre-clinical animal study in an un-altered porcine model shows cooling 12°C below body 
temp.
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Product Development to Commercial Stage

25°C sustained
cooling

Catheter inserted 30 cm from L6/S1
Four spinal cord thermocouple probes along length of catheter
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Brain Cooling Catheter

Cerebral Tissue shows no sign of hypothermic damage



• Successful pre-clinical animal study in an un-altered porcine model shows gravity driven CSF 
drainage up to 24 mL/hr

29

Product Development to Commercial Stage

CSF Drainage

Chilled
Saline Inflow

Chilled Saline Outflow

CSF Drainage
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Ventriculostomy is a common, safe bedside procedure (since 1744).
It was performed for Abraham Lincoln’s bullet wound of the brain 
It is often employed in trauma cases anyway (as well as hemorrhagic stroke), as

part of standard care for relief of increased intracranial pressure. 
Our Brain Cooling Catheter provides “free” hypothermia with no additional effort

beyond that required to relieve pressure. 
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Brain Cooling Wave by MRI
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