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DISCLOSURES



• Decompression Sickness

• “The Bends”

• Henry’s Law / Boyle’s Law 

• Extracorporeal Life Support (ECLS) 
patients are also at risk for injuries 
caused by gaseous microemboli
(GME or “bubbles”) at both ground 
level and at altitude

• Note: terms GME and bubbles are used 
interchangeably

INTRODUCTION

https://www.divein.com/guide/scuba-diving-and-health-decompression-sickness/ (better citation)

https://www.divein.com/guide/scuba-diving-and-health-decompression-sickness/


• Mechanical tissue damage
• Embolisms

• Gaps between endothelial cells

• Increased thickness of arteries

• Ischemia

• Activates coagulation cascade
• Platelet aggregation

• Thrombin production

• Inflammatory response

http://circuit.perfusion.com/2016/12/perfusion-policies-101-gas-embolism/Win et al. 2008

Why are bubbles bad?



• Cannulation procedure

• ECLS system

• Operator interventions on the 
ECLS patient

• Lung injury

• Environmental changes 
• Pressure - Boyle’s Law / Henry’s Law

Sources of bubbles in ECLS system

Undar et al. 2007; Win et al. 2008
https://www.researchgate.net/figure/221823845_fig1_Fig-1-Schematic-drawing-of-the-
Avalon-catheter-and-correct-positioning



• Detection in circulating fluids using 
ultrasound techniques
• Ultrasound waves are scattered by particles 

in blood

• Bubbles produce a stronger signal than blood 
cells

• Emboli Detection and Classification 
(EDAC) processes these signals and 
returns bubble counts and size 
ranges

How to detect bubbles?



• Our objective was to assess in-vivo detection of GME

in the Cardiohelp ECLS system during aeromedical

evacuation using the Emboli Detection and

Classification Quantifier (EDACTM)

• (Terumo Cardiovascular Systems Corp., Ann Arbor, MI)

OBJECTIVE



• We hypothesized that there will be an increase in

GME counts as a result of trauma, changes in altitude

and ECLS

HYPOTHESIS



METHODS
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METHODS

• Anesthetized swine received VV ECLS

• 23F veno-venous Avalon catheter in right jugular vein

(n=13).

• No injury on 1st day.
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METHODS

• Flight profile detailing operating altitudes

• Day 1 Flight is uninjured state

• EDAC measurements indicated by red highlights

• Two EDAC recordings per altitude level
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METHODS

• Flight profile detailing operating altitudes

• Day 1 Flight is uninjured state

• EDAC GME Detector (A) with two transducers: pre-

ML- upper panel and post ML- lower panel (B).
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METHODS

• After flight, transport back to ICU for overnight stay

• Morning of Day 2, animal receives bilateral pulmonary

contusion using modified captive bolt stunner

• Transport back to altitude chambers
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METHODS

• Day 2

• Flight repeated with animal in injured state

• EDAC measurements indicated by red highlights
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EDAC Disconnected Connected Connected Connected Connected Disconnected

Flow Rate 2 liters/min 0 liters/min 2 liters/min 2 liters/min 2 liters/min 2 liters/min

Recording 
Time

3 minutes 
Pre and Post

3 minutes 
Pre and Post

3 minutes 
Pre and Post

3 minutes 
Pre and Post

3 minutes 
Pre and Post

Expected 
Results

0 bubbles 0 bubbles Some 
bubbles

A lot of 
bubbles due 
to injection

Fewer 
bubbles 

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Reset

METHODS



• Statistics

• Using SAS 9.3 (Cary, NC) and an alpha of 0.05 for 
significance, a Two Sample test for equivalence was 
conducted comparing pre- and post-membrane bubble 
counts for each phase

• Followed by an independent variable test to compare 
between groups for each pre- and post-membrane 
measurement at each bubble size range. 

METHODS



• No difference between uninjured and injured conditions

• No difference between pre and post membrane for any size ranges 

RESULTS

Ground 5K 8K 8K to 30K 30K 30K to 5K 5K-2 Ground-2

Uninjured Pre-Membrane Uninjured Post-Membrane

Injured Pre-Membrane Injured Post-Membrane

* difference from baseline within the same injury group

† difference between pre- and post- detector locations 

‡ difference between uninjured and injured

§ difference from previous altitude 



• Injured animals show increase in post-membrane GME compared to 
uninjured above 200um GME diameter

RESULTS

Ground 5K 8K 8K to 30K 30K 30K to 5K 5K-2 Ground-2

Uninjured Pre-Membrane Uninjured Post-Membrane

Injured Pre-Membrane Injured Post-Membrane

* difference from baseline within the same injury group

† difference between pre- and post- detector locations 

‡ difference between uninjured and injured

§ difference from previous altitude 



• 10-fold GME increase vs. Ground level for uninjured animals in the 
smallest two size ranges 

RESULTS

Ground 5K 8K 8K to 30K 30K 30K to 5K 5K-2 Ground-2

Uninjured Pre-Membrane Uninjured Post-Membrane

Injured Pre-Membrane Injured Post-Membrane

* difference from baseline within the same injury group

† difference between pre- and post- detector locations 

‡ difference between uninjured and injured

§ difference from previous altitude 



• 10-fold increase in GME vs. Ground level for uninjured pre-membrane at all size ranges 

• Similar increase seen in uninjured post membrane but only for the smallest 3 size ranges

• Reduction in GME counts post membrane for GME sizes larger than 200um

RESULTS

Ground 5K 8K 8K to 30K 30K 30K to 5K 5K-2 Ground-2

Uninjured Pre-Membrane Uninjured Post-Membrane

Injured Pre-Membrane Injured Post-Membrane

* difference from baseline within the same injury group

† difference between pre- and post- detector locations 

‡ difference between uninjured and injured

§ difference from previous altitude 



• 10- to 100-fold increase in GME counts for all diameter ranges vs Ground

RESULTS

Ground 5K 8K 8K to 30K 30K 30K to 5K 5K-2 Ground-2

Uninjured Pre-Membrane Uninjured Post-Membrane

Injured Pre-Membrane Injured Post-Membrane

* difference from baseline within the same injury group

† difference between pre- and post- detector locations 

‡ difference between uninjured and injured

§ difference from previous altitude 



• 10- to 100-fold increase in GME counts for all diameter ranges vs Ground

RESULTS

Ground 5K 8K 8K to 30K 30K 30K to 5K 5K-2 Ground-2

Uninjured Pre-Membrane Uninjured Post-Membrane

Injured Pre-Membrane Injured Post-Membrane

* difference from baseline within the same injury group

† difference between pre- and post- detector locations 

‡ difference between uninjured and injured

§ difference from previous altitude 



• GME counts for uninjured pre-membrane at all size ranges, and uninjured post membrane 
under 200um remain elevated vs. Ground 

RESULTS

Ground 5K 8K 8K to 30K 30K 30K to 5K 5K-2 Ground-2

Uninjured Pre-Membrane Uninjured Post-Membrane

Injured Pre-Membrane Injured Post-Membrane

* difference from baseline within the same injury group

† difference between pre- and post- detector locations 

‡ difference between uninjured and injured

§ difference from previous altitude 



• No differences between Ground and Ground-2 in both uninjured and injured animals in all 
ranges 

RESULTS

Ground 5K 8K 8K to 30K 30K 30K to 5K 5K-2 Ground-2

Uninjured Pre-Membrane Uninjured Post-Membrane

Injured Pre-Membrane Injured Post-Membrane

* difference from baseline within the same injury group

† difference between pre- and post- detector locations 

‡ difference between uninjured and injured

§ difference from previous altitude 



• This is the first report of GME detection in a modern ECLS device during 
aeromedical evacuation of subjects with ARDS at ground and various 
altitudes

• Ascent to 8 and more so to 30K led to sustained elevation of GME levels in 
all ranges vs. ground level

• There was no significant difference in GME counts between uninjured and 
injured states

• GME ≥ 100um were not significantly increased possibly due to the 
presence of the ML

• ML may trap larger GME and prevent them from re-entering the animal’s 
systemic circulation

• GME may be an important contributor to end organ damage during 
transport of subjects at altitudes above 8K feet

CONCLUSION



QUESTIONS
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