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Objectives

• Brief history of therapeutic hypothermia/Targeted Temp. 
Management

• Definitions

• Understand some currently available devices

• Review supportive data

• Future directions



History
• Hypothermia (Hypo- under, therme- heat) – Greek origin

• ‘Some, pale and depressed by inanition, swooned away and died, 
stretched on the snow … They were seen walking insensible and 
ignorant where they went … In a word, when no longer able to 
continue walking, having neither power nor will, they fell on their 
knees … Their pulse was small and imperceptible; respiration, 
infrequent and scarcely perceptible in some, was attended in others 
by complaints and groans. Sometimes the eye was open, fixed, dull, 
wild, and the brain was seized by quiet delirium.’ -A Treatise on the 
Effects and Properties of Cold (1826) French doctor Pierre Jean 
Moricheau-Beaupré

• Used by Egyptians, Greeks for millenia to treat infection, 
hemmorhage



History – Peter Safar



Definition/Mechanisms:

• Mild to moderate hypothermia : 32 to 34 Degrees Celsius

• Neuroprotection/Cardioprotection
• Decrease in metabolic demand

• Post ischemia/reperfusion improved
• Apoptosis, mitochondrial dysfunction, ion pump function

• Decreased activity of caspase enzyme

• Decrease in free radical formation
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Available Devices

• Surface cooling – blankets, ice etc

• Adhesive cooling pads – “Arctic Sun”

• Deltatherm – Air cooling

• Cooling helmets – Used in neonates

• Large volume “ice” cold fluid IV infusion

• Drug cooling – Neurotensin analogues

• Endovascular catheter directed cooling

• ECMO circuits
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Guideline Recommendations



Future Directions

• Continued treatment of hypoxic ischemic encephalopathy
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Abstract 

Recent medical progress is quickly advancing our ability to induce torpor, a deep sleep hibernation-like state, in 

humans for extended periods of time. The authors propose to place crew and passengers in a prolonged hypothermic 

state during space-mission transit phases (outbound and Earth-return) to significantly reduce the system mass, power, 

habitable volume, and medical challenges associated with long-duration space exploration. The process and 

application is based on an emerging medical practice known as Therapeutic Hypothermia (TH) or Targeted 

Temperature Management (TTM). TH is a medical treatment in which an injured patient’s body temperature is 

lowered to 32-34°C (89-93°F) in order to slow the body’s metabolism and minimize ischemic injury. This paper 

focuses on the medical aspects associated with achieving this induced torpor state for deep space missions. The authors 

have assembled a team of experts in multiple medical specialties to access the feasibility of extended duration 

hypothermia and administration of TPN, overcoming the long-term medical complications that may occur, and 

advantages of placing the crew in hibernation. Detailed descriptions of the current state-of-the-art for each process, 

recommendations from the medical team, and discussions of medical advantages and potential medical challenges are 

presented. Designs for crew support systems that can enable prolonged stasis periods in deep space habitats are also 

discussed. 

 

Acronyms/Abbreviations 

GCR Galactic Cosmic Radiation 

H2S Hydrogen Sulfide  

HBE Harris-Benedict Equation 

ICP Intra-Cranial Pressure 

ISS International Space Station 

IV Intra-Venous 

NIAC NASA Innovative Advanced Concepts 

NMES Neuro-Muscular Electrical Stimulation 

PICC Peripherally Inserted Central Catheter 

SPE Solar Particle Events 

TBI Traumatic Brain Injury  

TH Therapeutic Hypothermia 

TPN Total Parenteral Nutrition 

VIIP Vision Impairment and Intracranial Pressure 

1 Introduction 

The idea of suspended animation for interstellar 

human spaceflight has often been posited as a 

promising far-term solution for long-duration 

spaceflight. A means for full cryo-preservation and 

restoration remains a long way off still. However, 

recent medical progress is quickly advancing our 

ability to induce deep sleep states (i.e. torpor) with 

significantly reduced metabolic rates for humans over 

extended periods of time.  

The authors propose that placing crews in an 

inactive, torpor state can provide significant benefits 

towards advancing our spaceflight capabilities. Torpor 

can be safely achieved by placing the body in a mild 

hypothermic state. This practice is a common and 

well-understood medical procedure called Therapeutic 

Hypothermia (TH) or Targeted Temperature 

Management (TTM). TH is a medical treatment in 

which a patient’s body temperature is lowered to 32-

34°C (89-93°F) in order to slow the body’s 

metabolism. TH is being used routinely in hospitals 

around the world with broad application to reduce the 

impact of traumatic body injuries. To support 

prolonged periods of torpor needed for spaceflight, 

body nutrition and hydration provided via Total 

Parenteral Nutrition (TPN) is advocated. TPN is a 

medical process in which patients are fed 

intravenously with fluids delivered via a central 

venous catheter. Long-term TPN is often used to treat 

patients suffering the extended consequences of an 

accident, surgery, or digestive disorder. 

TH is a proven and ischemic treatment for 

traumatic injuries; however, it has not been applied for 

non-critical care purposes due to current lack of 

purpose (i.e. no practical need). The opportunity exists 

to advance TH in this capacity to enable and enhance 

our human spaceflight capability. With this concept, 

we have the potential to simultaneously solve multiple 

exploration challenges. 

In July 2013, the NASA Innovative Advanced 

Concepts (NIAC) Program awarded the authors with a 

Phase I study to investigate the feasibility and systems-

level impact of applying this medical technology to 

human spaceflight, specifically for human missions to 


