
Future role of ECMO Far Forward 
How FAR should we go? 

Jeremy W. Cannon, MD, SM, FACS 
Trauma, Surgical Critical Care & Emergency Surgery 
jeremy.cannon@uphs.upenn.edu 

I have no financial disclosures 
 

These are MY OPINIONS and do not 
represent any sort of statement by the 
USAF or DOD 



2 

ECMO	in	general	and	far	forward	in	par2cular...	



3 

CC Clin NA. Jan 2017 

Robert	Bartle:,	MD	
 

Acknowledgments 

Alois  
Phillipp 

Thomas 
Mueller 

DoD Members 
•  Warren Dorlac, Gina Dorlac 
•  Pat Allan, Erik Osborn 
•  Ray Fang, David Zonies 
•  Matt Bacchetta 
•  Lee Cancio, Andrew Batchinsky  



4 

First Far-Forward Cases  

Index cases 
•  Dorlac 2006 
•  Bacchetta 2009 
•  Wanek 2010 
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Overview 

Getting started 
•  Definitions/Indications 
•  Historic Context 
•  Needs Assessment & Buy-In 
•  Infrastructure 

Keeping it running 
•  More Buy-In 
•  More Infrastructure 
•  Sustainment 

Moving forward 
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Definitions/Indications 

Resuscitation 2010; 81: 804-9. 
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Definitions/Indications 

pHI	38,	FiO2	1,	SpO2	82%	
 

VV ECMO 
•  Respiratory Support 
•  Rapidly Correct ABG 
•  Reduce Vent Settings 
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Courtesy, Dr. Robert Bartlett 

Historic Context 

Post-Trauma ARDS, 1971 
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1977  Bob Bartlett, 2 Bread Trucks, and a C-130 

Historic Context 
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1986 Maj Devin Cornish 
1st ECMO Transport Program 

Journal of Pediatric Surgery (2008) 43, 46–52


Historic Context 
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Needs Assessment 

2001 2009
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resuscitation, despite a significant degree of hypotension in
young males with penetrating torso trauma.13 This study
demonstrated that mortality and patient length of stay
were both significantly improved in those unresuscitated
and left hypotensive with no preoperative IV fluids
compared with routine prehospital volume resuscitation
for hypotension. Thus, they confirmed that you not only
do not have to be aggressively resuscitated, but in fact, pa-
tients with penetrating torso trauma do better without
fluid, as previously advocated by Dr Cannon in 1918 dur-
ing World War I.
Unfortunately, we humans also have an inherent ten-

dency to extrapolate beyond the findings and supporting
data. Mattox demonstrated that predominantly young
males, shot in the torso, in Houston, do better with rapid
surgery and without preoperative IV fluids. That is what
the study tested. What was extrapolated was a concept of
preferential significant hypotensive resuscitation in all
trauma. The adoption of medical knowledge must be
done carefully, and data applied appropriately to the cor-
rect patient population to avoid undue extrapolation,
similar to the recent overutilization of b-blockers perio-
peratively. Several prehospital systems have been reported
anecdotally as interpreting the data as an indication to re-
turn to the 17th century practice of bloodletting, with
blood loss in the field until the patient becomes hypoten-
sive to ensure optimal outcomes. However, I would argue
that was not the conclusion of the study, and this extrap-
olation will lead to poorer outcomes rather than advance
care.
A study from Gene Moore and the Denver group in

the early 1990s defined the causes of death from trauma14

(Table 1). While acute and ongoing blood loss is the pri-
mary cause for death in the early initial resuscitation
phase, it still accounted for only 55%dan almost equal
number die from severe traumatic brain injury. And, as
you would expect, at later time periods, very few deaths
are due to hemorrhage. The average trauma patient in a
Level I trauma center is not the patient in the study by
Mattox, but rather the multiply blunt-injured patient
who is most likely to die from traumatic brain injury or

multiple organ failure. And, while we can do little to
reverse the initial brain injury, secondary injury to the
brain, primarily due to hypotension, creates a much
larger deficit, with worsened functional outcomes and
increased mortality. Dr Chesnut, from our institution,
has confirmed that brief episodes of hypotension after
brain injury dramatically worsened the outcomes.15 If
patients with a head injury are hypotensive in the field
and not given fluid, they have very poor outcomes from
their brain injury. This is further supported by a Denver
study that identified 3 major independent factors that
predict poor outcomes and multiple organ failure. While
we cannot change the age of the patient, the one major
predictive factor that can be treated is ongoing significant
hypoperfusion, ie, hypotension.
The Glue Grant, a multi-institutional trial funded over

a 10-year period by NIH/National Institutes of General
Medical Sciences, collected detailed physiologic data on
massively blunt-injured patients who were hypotensive
and/or acidotic and received a blood transfusion for
ongoing blood loss. This dataset is the most complete se-
rial physiologic data that have been collected from trauma
patients. Using this repository, Jason Sperry and col-
leagues compared patients hypotensive in the field given,
on average, 2 L Ringers lactate to patients with persistent
hypotension.16 The patients left hypotensive with inade-
quate resuscitation after blunt trauma had a markedly
lower survival compared with those who were hypotensive
and received the 2-L bolus of Ringers lactate as recom-
mended by ATLS.
Not surprisingly, the results duplicate the conclusion of

Tom Shires in the 1960s, that the hypotensive trauma pa-
tient benefits from a limited volume of crystalloid during
transport. What he did not propose was that the normo-
tensive patient in the field undergo aggressive resuscitation.
In fact, as shown by the Sperry analysis, there is a reverse
effect on outcomes. While normotensive patients who
received no resuscitation volume have improved survival,
those normotensive patients who receive 2 L Ringers
lactate have a significantly increased mortality. The lesson
relearned is to treat patients for the disease they have. If
patients are hypotensive, limited fluid resuscitation is
gooddif the patient is normotensive, drowning with salt
water has never been advocated as beneficial for their out-
comes. And yet, somehow we have pursued that end point.
Based on these studies and others by many of the inves-

tigators that are present here, and based on the original
military observations from the 1920s, hypotension should
not be aggressively corrected until surgical control of
bleeding is accomplished.17 However, limited resuscita-
tion is still required for optimal care. Current military ob-
servations, in the austere environments of Afghanistan

Table 1. Why Do Trauma Patients Die?

Acute
(<48 hours), %

Early
(48 hours

to 7 days), %
Late

(>7 days), %

Brain injury 40 64 39

Blood loss 55 9 0

MOFS 1 18 61

MOF, multiple organ failure.
(Adapted from data from Sauaia A, Moore FA, Moore EE, et al. Epidemi-
ology of trauma deaths: a reassessment. J Trauma 1995; 38:185e193, with
permission.)

340 Maier A Century of Evolution in Trauma Resuscitation J Am Coll Surg

JTrauma 2011. 71:S4-8. 

“DOW” 

If bleeding 
doesn’t get 
you, MSOF 
will. 

Needs Assessment 
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•  ARDS in 6.4% intubated casualties 

•  Risks are female, high ISS, and shock 

•  Plasma & Crystalloid increase ARDS 

•  OR for Death = 4.8 

Needs Assessment 

J Trauma and ACS (2013) 75:S238-46
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JTrACS 2014. 76(5):1275-81. 

65% v. 24% 

Needs Assessment 
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CCATT Capability 
w  Paralytics and the 754 
w  No iNO, No proning, No advanced vent 
w  Patients marooned in level III or died 

Courtesy LtCol (Dr.) Phil Mason 

Needs Assessment 

Dual Lumen ET Tube 
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24 Evacuations 
Infrastructure 
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OCT 2010 

Infrastructure 
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US Only (Not including NATO allies) 

Results 
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Level 1-III

Level IVLevel V

No CONUS DoD ECLS Centers 
No CONUS Transport Team 

Keeping It Running 
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More Buy-In 
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Training 
      - Animal Lab 
      - Clinical Cases 

Didactics 
    - ELSO Course 
    - WHMC Course 

More Infrastructure 
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CONUS PROGRAM TRANSPORT PROGRAM FORWARD REACH 

w 49 cases from Sep 2012-Apr 2017 
w 30 in the last 16 months 
w 590 ECLS days 
w 30 transports (fixed wing + ground) 
w 1 bridge to transplant 
w 1 transport out of Afghanistan 
w 65% survival to discharge 

Sustainment 
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Pre-Transplant 
German Civà 
LRMCàSAMMCàUH, San Antonio 

Post-Transplant 
October 2013 

Sustainment—2013 Bridge to TXP 
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46 yo UK contractor 
Influenza B + S. aureus PNA 

Sustainment—2016 Bagram, Afg 
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BAFàLRMCàLeicester, UK 

Sustainment—2016 Bagram, Afg 

C-130 2016 

C-17 2016 
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•  Stable base of operations (SAMMC) 
•  ECMO Program Leadership Pipeline 
•  ECMO as AF (DOD) Doctrine 

Looking Forward 
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Looking Forward 
VA ECMO 
Louvre 2014 

VA ECMO 
Paris Marathon 2010 

Resp Failure, Not Cardiac Arrest 
Time on Vent (Level III) 
Distance (CONUS ECMO team) 
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•  Forward Reach: FOCUS ON ROLE III Capability 
- Early Recognition: ARDS CPG 
-  “Bridge” Solutions 
- Pre-position equipment/supplies 
- ECMO Physicians 
- ECMO Support Staff 

Looking Forward 
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