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Does air embolism occur as a result of primary blast injury (PBI)?
· Yes. The emergency medical literature is replete with references to it. (Mayo 2006, many others)
· Curves establishing the probability of lung damage from PBI were published by the Defense Atomic Support  Agency in 1971 ( Bowen 1968) and are still widely referenced.

· The blood pressure in the pulmonary circulation is close to zero.  Consequently, any time there is damage to lung microstructures, air can easily pass into the bloodstream.
· Exposure to air blast was shown by Mason in 1971 to readily produce air bubbles in the carotid arteries of a  dog (Mason 1971)
Why are the current wars different?

· Blasts in confined spaces (e.g. inside stoutly built buildings and armored vehicles) tend to produce “long” (greater than 1.8 milliseconds) overpressure times due to restrictions on the dispersion of the blast gasses. 

· “Long” blast overpressure times greatly increase the probability of lung damage and, therefore, air embolism (Bowen 1968)
Perceived significance of air embolism, notice the contrast.
· Diving and Hyperbaric Communities:  
· AE is considered a medical emergency requiring immediate recompression and oxygen breathing, e.g. hyperbaric oxygen therapy (HBOT)
· Military and Civilian Emergency Medicine Communities

· AE is considered just one of many possible complications from blast injury.  

· A 2005 review article on the management of blast injury in the New England Journal of Medicine doesn’t even mention the possible risks of non-occlusive AE (DePalma 2005)
· One author states regarding PBI  “If not fatal, recovery usually occurs in 15 minutes to 3 hours”   (Mayo 2006)
· HBOT is recognized as the definitive treatment for AE ( Moon 2008).  However, none of the literature we have seen regarding management of blast injuries suggests significant urgency for HBOT.
Microbubbles are now recognized as bad for brains.
· “Silent” bubbles (bubbles insufficient to cause immediate and lasting clinical symptoms) were once considered harmless (Mason 1971)

· Microbubbles from cardiopulmonary bypass machines are now recognized as producing major and minor neurologic injury and neurocognitive deterioration (Barak 2008)
· Microbubbles are also associated with diminished neurologic executive function in divers with decompression sickness (Cianci and Slade 2006)
· Cognitive problems can take 2 to 3 to become manifest (Wright 2009)

Are there injuries/symptoms that that are easily recognizable in field situations that could be effective “sentinel” markers for probable AE?  
      Yes, possible candidates include:
· Any amount of blast lung

· Any loss of consciousness or cognitive disruptions lasting more than a few minutes
· Ruptured eardrums
· Mucosal edema 

If AE is a significant causative factor for mTBI, what are the implications?
· Prompt treatment of  AE with HBOT following PBI should greatly reduce the frequency of mild traumatic  brain injury (mTBI) and therefore significantly reduce the  loss rate of skilled combat personnel 
· Changes in the design of armored  vehicles to allow rapid dissipation of elevated pressures inside the vehicle should reduce the frequency of mTBI. 

· The established protocols for the management of blast-injured patients will need to be modified to reflect the long-term brain injury risk associated with AE. 

· “Long” blast overpressures capable of producing fatal lung damage are well below those shown in simulations to produce brain accelerations equivalent to a 15 mph impact (Moore 2009).   Consequently, the current research focus on direct blast injury to brains via the mechanism of acceleration resulting from the blast pressure  wave is not likely to produce a solution to the mTBI problem.  “The rabbit is hiding in a different hole.”

Summary
One of the most difficult things to recognize in a complex situation is “What is missing?”.   From the literature relative to emergency and battlefield medicine that we have seen, there is widespread recognition that AE is a probable consequence of PBI.   What appears to be missing is appreciation that AE of any extent, left untreated,  leaves the patient at significant risk for long term neurological sequelae.  It is our hypothesis that the long term neurological sequelae typical of blast exposure in Iraq and Afghanistan which have been traditionally diagnosed as PTSD are much more likely to be mTBI resulting from untreated air embolism..
Recommendations

We make the following recommendations:

1. Try to confirm Mason’s experiment.

2. Make sure researchers understand the differences between “short” & “long” blast overpressures.

3. Establish “sentinel” signs for subtle AE (burst eardrums, mucosal edema, cognitive disruption lasting more than a few minutes, any loss of consciousness, etc.).

4. Consider a field trial where if air embolism is suspected, the person is referred for HBOT as soon as possible at treatment depths currently utilized for acute air embolism.  If our hypothesis is correct, reduction in the rates of mTBI should quickly become apparent.
Full Paper Text Available
The document is a synopsis of a paper being prepared for publication. Copies of the full manuscript (still a “work in progress”) are available to policy personnel on request.

Reimers & Slade, February 20, 2010, Page 1 of 2
Copyright: Reimers Systems, Inc. All Rights Reserved


