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ABSTRACT: In planning for future contingencies, current problems often crowd out historical perspective and planners often turn to technological
solutions to bridge gaps between desired outcomes and the reality of recent experience. The US Military, North Atlantic Treaty Or-
ganization, and other allies are collectively taking stock of 10-plus years of medical discovery and rediscovery of combat casualty care
after the wars in Iraq and Afghanistan. There has been undeniable progress in the treatment of combat wounded during the course of
the conflicts in Southwest Asia, but continued efforts are required to improve hemorrhage control and provide effective prehospital
resuscitation that treats both coagulopathy and shock. This article presents an appraisal of the recent evolution in medical practice in
historical context and suggests how further gains in far forward resuscitation might be achieved using existing technology and methods
based on whole-blood transfusion while research on new approaches continues. (J Trauma Acute Care Surg. 2015;78: S2YS6. Copyright
* 2015 Wolters Kluwer Health, Inc. All rights reserved.)
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FROM ‘‘BLACK HAWK DOWN’’ TO
‘‘INHERENT RESOLVE’’

Senior policy makers ask their staff officers to build robust
plans for future contingencies. Often, promised technological
solutions seem to provide better solutions to difficult problems,
and the lessons of history are easily forgotten. The US Military
and its North Atlantic Treaty Organization and other allies are
collectively taking a moment to contemplate a very high op-
eration tempo decade-plus of medical discovery and rediscovery.1

We have made undeniable progress in the care of combat
wounded during the course of the conflicts in Southwest Asia.
Unfortunately, our ‘‘lessons learned’’ eerily evoke the ghosts of
Task Force Ranger from Mogadishu in 1993, immortalized in

the film, ‘‘Black Hawk Down,’’ in that prehospital hemorrhage
control and resuscitation remain the weak links in combat ca-
sualty care. In ‘‘Operation Inherent Resolve,’’ the conflict against
the ISIS (Islamic State of Iraq and Syria), a solution to improve
outcomes from hemorrhagic shock is one of the main goals for
military medical officers. This article reviews the evolution of
far forward resuscitation and suggests that a return to the well-
established use of whole-blood transfusion will dramatically
improve medic capabilities while research on new approaches
continues in the field of remote damage control resuscitation
(RDCR).2

LESSONS LEARNED

Mabry et al.1 described in detail for the military medical
community the circumstances and challenges faced by the
Ranger mission in Mogadishu. They concluded that medics
treating casualties at the point of injury lacked adequate tools
for hemorrhage control and resuscitation. The frustration evi-
dent in his description is magnified by reading, nearly two
decades later, the autopsy study by Eastridge et al.3 who ob-
served that 90% of those killed in recent conflicts died be-
fore reaching a military treatment facility. Approximately one
quarter of these died of potentially preventable injuries, 90% of
which were caused by hemorrhage. In 2014, the main capa-
bility gap in tactical combat casualty care remains the inade-
quate capability to implement RDCR for patients at risk of
death from hemorrhagic shock. These findings would have
been painfully familiar in 1993, 1968, 1953, and, as we mark
the centennial of WWI, in 1914.

The RDCR symposia sponsored by the Norwegian Naval
Special Operations Commando, Norwegian Air Ambulance
Service,NorwegianArmed ForcesMedical Services, and THOR
(Traumatic Hemostasis and Oxygen Research) Network since
2011 have gathered leaders in far forward resuscitation care,
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delivery, and research. In this forum and in others, such as the
Military Health System Research Symposia, sponsored by the
US Department of Defense (DoD), we have come to the reali-
zation that improvements in education, training, and research
are required to support our frontline medics and to improve
outcomes for both civilian and military trauma patients.2

The relative importance of research on adequate shock
resuscitation can be measured in lives. As of December 2014,
there were 57,664 US casualties between Iraq, Afghanistan,
and Libya. These included 4,067 killed in action (KIA), 1,288
who died of wounds (DOW), and 52,309 wounded in action
(WIA), resulting in a case fatality rate (CFR = 100 � ((KIA +
DOW)/(WIA + KIA))) of 9.5% compared with 23.8% during
the Vietnam War.4,5 This translates into a prehospital death
rate of 76% (prehospital death rate = 100 � (KIA/(DOW +
KIA)). While this rate is lower than Eastridge’s estimate de-
rived from autopsy studies, it is still clear that the vast majority
of combat deaths occurred in the prehospital setting. Even if
some of these deaths were caused by tactical situations that
precluded timely first-responder intervention, it is equally ev-
ident that substantial room for improvement remains. To de-
termine an approximate number of patients who were at high
risk of exsanguination and thus who might benefit from RDCR
interventions such as blood far forward, we consider that, since
late 2001, more than 8,836 patients were transfused. Of these,
about 40% to 50% (3,500Y4,400 casualties) received massive
transfusions (Q10 U red blood cells in 24 hours) and would
have been candidates for RDCR. Based on Eastridge’s analysis,
we can also estimate that perhaps an additional 25% of the
4,067 KIAs, roughly 1,000 casualties, lost their lives because
of potentially salvageable hemorrhage. Taken together, across
the 13 years of US military conflict, RDCRmight have reduced
morbidity or mortality in approximately 5,000 cases of hem-
orrhage or generally about 8% to 10% of overall casualties.6

During recent conflicts, the military has engaged in a
rigorous effort to implement hemorrhage control practices,
study their effects, improve techniques, and then study the
effects again in a continuous loop of translational research.
The resulting improvements in the CFRs were reported by
Holcomb et al.4 Unfortunately, much of this research and
process improvement focused on hospital-based care because
of difficulties inherent in studying care in the prehospital care
in the combat environment. Furthermore, medical planners for
future conflicts must consider that most of the fighting in Iraq
and Afghanistan were of a low-intensity/counterinsurgency
nature in which the United States and its allies enjoyed air
superiority and robust logistical support. It might, therefore, be
instructive to consider the Korean War as a relevant model of
a bitterly contested regional conflict in which major force-on-
force air/land battles occurred to explore the potential stresses
that might affect future RDCR planning in a high-intensity
setting. The United States suffered more than 129,357 casu-
alties in only one quarter of the timeVabout 3 years instead of
13Vof that in recent conflicts in Southwest Asia.7 This ca-
sualty rate, 10 times higher than what we have experienced
recently, underscores the importance of developing safe, effi-
cient, and efficacious resuscitation approaches that can be
applied across a range of combat scenarios. The CFR in Korea
was 20.6% compared with the recent Southwest Asia rate of

9.5%.5,6 The high-intensity combat experiences of USMarines
in Fallujah and the Israeli Defense Forces in recent conflicts
underscore the need to plan with ‘‘worst-case’’ scenarios in
mind. To consolidate these gains and rise to greater challenges,
changes in practice in trauma system policy and in acquisi-
tions strategy must be built on a foundation of examining each
principal element of the RDCR approach beginning at the point
of injury.

LOOKING BEHIND TO FIND THE FUTURE

In the late 1960s, whole blood was replaced with crys-
talloids and colloids for hemorrhagic shock resuscitation. In
the aftermath of recent conflicts, we have returned to whole
blood and blood components for rapid resuscitation. What was
the evidence for switching to colloids and crystalloids and
what is the evidence for returning to blood? Extensive expe-
rience and knowledge from previous wars seem to have been
completely overlooked when changes were implemented. There-
fore, before we rush to a new strategy, we should revisit obser-
vational reports and well-written scientific articles. The medical
community’s apparent requirement for randomized controlled
trials as the only guidance for change in therapy, together with
detachment of transfusion medicine from the direct clinical en-
vironment, might explain whywe have forgotten that whole blood
is optimal for hemorrhagic shock. In particular, the ‘‘right product,
right patient, right time’’ concept has overlooked the obvious point
that an exsanguinating patient loses all ‘‘blood components’’ at
once. Accordingly, let us compare the old reports with what ‘‘we
have recently discovered.’’

Blood Versus Crystalloid-Based Resuscitation
1917, Robertson:8 ‘‘For many years past we have in

England, at any rate, trusted to saline infusion to restore the
balance after hemorrhage. So far as my experience goes, there
is no comparison between the results of blood transfusion and
saline infusion. The effects of blood transfusion are instanta-
neous and usually lasting; the effects of saline too often
transitoryVa flash in the panVfollowed by greater collapse
than before.’’

2014, Butler et al.:9 Committee on Tactical Combat
Casualty Care prioritizes whole blood and then blood com-
ponents over crystalloids as optimal therapy for hemorrhagic
shock resuscitation.

Systolic Blood Pressure
1946, Emerson and Ebert:10 Preoperative transfusions

were halted when the systolic arterial pressure had risen to
approximately 100 mm of mercury.

2011, Eastridge et al.:11 This analysis shows that a sys-
tolic blood pressure of 100 mm Hg or less may be a better and
more clinically relevant definition of hypotension and impend-
ing hypoperfusion in the combat casualty.

Treatment of Shock
1946, Ebert and Emerson:12 The presence of severe

anemia, with marked diminution of the oxygen-carrying power
of the blood, renders these patients especially prone to develop
irreversible shock in consequence of prolonged tissue anoxia.
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2012, Barbee et al.:13 Oxygen debt has been shown to be
the only physiological variable that can quantitatively predict
survival and the development of multiple organ failure after
hemorrhage.

Platelet Function
1954, Crosby and Howard:14 A mild tendency to ooze

occurs only in casualties receiving more than 20 units of stored
whole blood but the platelet count postoperatively is normal
in all patients.

2014, Pidcoke et al.:15 Reviewof the literature, to include
randomized clinical trials, indicates that platelets stored at 4-C
either in platelet units or whole blood have improved hemo-
static capacity and reduce blood loss compared with platelets
stored at 22-C.

THE CENTRAL ROLE OF THE MEDIC

Combat medics have traditionally been thrust into the heat
of battle with a level of training equivalent to that of a basic
emergency medical technician. For Special Operations Forces
(SOF) in the United States and allied countries, medic training
extends well beyond this level of competency, often approxi-
mating that of a physician assistant or nurse practitionerVhighly
trained physician extenders with trauma care expertise. Fur-
thermore, SOF units provide expanded medical training to
nonmedical personnel and drill medical response functions as an
integral part of unit training. This has resulted in significantly
lower battlefield mortality rates in the US Army 75th Ranger
Regiment, despite higher risk mission profiles and increased
casualty rates compared with conventional forces.16 These re-
sults underscore the need for command support, sustained train-
ing, data gathering and continuous improvement, and sustained
investment in appropriate RDCR technologies.

To stimulate innovation, the US DoD created grants
aimed at developing solutions for prehospital resuscitation.
While numerous creative products are under investigation, not
all will be appropriate to the prehospital setting. Adoption of
new technologies will depend on multiple factors, including
training feasibility, weight, volume, power consumption, and
ruggedness requirements. The weight of a combat medic pack
averages of 30% to 70% of body weight and is excessive for
first-line providers.17 New technology initiatives must balance
the need to provide solutions addressing prehospital hemor-
rhage with the concurrent goal of simplifying and lessening the
medic’s burden.18

THE CHALLENGES AHEAD

As patients with life-threatening wounds lose blood,
the combination of hypoperfusion, leading to accumulation of
oxygen debt, and coagulopathy of trauma presents a lethal
combination, which demands aggressive treatment. Early he-
mostasis and reversal of shock with rapid evacuation allowing
for surgical treatment of injuries are the standard practice for
preventing death in this setting. Increasingly, physicians are
recognizing that, to effectively achieve these goals, this requires
replacing lost blood with either whole blood or a combination of
blood components that delivers close to whole-blood function-
ality, restoring tissue oxygenation, and enhancing hemostasis.

The historic role of crystalloid and colloid solutions in trauma
resuscitation represents the triumph of hope and wishful thinking
over physiology and experience.19

Ironically, surgeons recognized as early as WWI that
clear fluidYbased resuscitation was inferior to blood-based
resuscitation in hemorrhagic shock and whole blood contin-
ued to be the standard of care as recently as the Vietnam
War.20,21 Recognition of the superiority of blood-based re-
suscitation has only recently led to moving blood transfusion
to the battlefield because in large part of its considerable lo-
gistical challenges. Regrettably, storage requirements, volume,
and weight have limited the military’s ability to implement the
one therapy that could further reduce mortality in prolonged
field care scenarios.

Opportunities for research and development of new
technologies abound; however, implementation of whole-blood
far forward strategies must advance now since the clinical
need is acute.

Leading the Way
Initial deployment of whole-blood resuscitation and sim-

ilar innovative technologies is best accomplished by highly
proficient US and allied SOF units, such as the US Army 75th
Ranger Regiment. These units are uniquely qualified to adapt
novel therapies, existing technologies, and hospital-based best
practices to the prehospital tactical environment. Discussions at
the RDCR 2014 meeting in Bergen, Norway, integrated the
tactical experience of SOF medics with research findings and
physician expertise to develop the new concept of operations
described below.

THE FUNDAMENTALS

The core strategy that has reemerged during the last
decade for treatment of traumatic hemorrhagic shock before
surgical control is low-volume resuscitation (permissive hy-
potension), with blood products delivering whole-blood func-
tionality (preferably as close to point of injury as possible). The
US DoD Committee on Tactical Combat Casualty Care has
amended its guidelines for traumatic shock resuscitation to pro-
mote whole blood as the first resuscitative choice and the use
of blood components as the secondary option. The use of
colloids (Hextend) has been restricted to the situation where
blood products are unavailable.9

Whole blood has regained primacy because the optimal
fluid must enhance the body’s ability to form clots at sites of
bleeding, restore intravascular volume and organ perfusion,
and optimize oxygen-carrying capacity. No other single pro-
duct can perform all these functions. In addition, providing
only red blood cells and/or plasma units to a patient with life-
threatening injuries seems to be inadequate and suboptimal. A
whole-blood equivalent seems necessary to resuscitate a patient
with exsanguinating injuries. Blood component therapy in the
RDCR setting is impractical; products that are appropriate in a
hospital setting are simply unworkable on the battlefield. Blood
component therapy requires special handling for multiple pro-
ducts as well as varied and problematic storage conditions. In
addition, anticoagulants and additive solutions result in a dilute
transfusion cocktail that may undermine the goal of restoring
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oxygen-carrying capacity while avoiding exacerbation of
coagulopathy.22

In addition, whole-blood transfusion protocols are the
only feasible option for isolated units facing evacuation times
of greater than 1 hour.23 The equipment needed to perform
Warm Fresh Whole Blood (WFWB; whole blood that is either
transfused immediately on collection or held at room temper-
ature for up to 24 hours) transfusion is limited to a collection
bag and equipment to gain intravascular or intraosseous ac-
cess. It is also evident that such protocols may be carried out in
an operational situation without compromising combat effec-
tiveness or the performance of the donor.24,25 In considering
WFWB use, the risk-benefit analysis must acknowledge the
military tactical situation.26 The major risks of WFWB trans-
fusions are transfusion-transmitted diseases and major ABO
mismatch. The risk of death from hemorrhagic shock in com-
bat exceeds 30%; the reported transfusion-transmitted disease
risk of 0.03% (Operation Iraqi Freedom/Operation Enduring
Freedom) is minor in this context.11 Major ABO mismatch
canbe mitigated by implementing standard transfusion pro-
tocols using low-titer group O whole blood.27

Concern has also been attached to the use of fresh blood
products collected within areas of endemic disease. While it
may be impossible to fully mitigate this risk, blood collected
from military team members is likely to be safer than blood
collected from local populations, which might be the only
available alternative. The challenges of implementing WFWB
protocols lie in the planning, preparation, training, and edu-
cation of our soldiers and medics.

For situations that permit the use of whole blood col-
lected premission, storage at 4-C for up to 10 to 15 days is
feasible while retaining hemostatic function. Previous con-
cerns regarding platelet function, requirement of ABO-specific
whole blood, and inability to leukoreduce have limited the
application of whole blood in this manner. But now, with the
current understanding that hemostatic platelet function is su-
perior with storage at 4-C versus 22-C, the use of group O
(low titer or not) whole blood is actually safer than attempting
to provide ABO-specific whole blood under emergency cir-
cumstances, and that platelet-sparing whole-blood filters are
available, it is very feasible to provide whole blood to a patient
with life-threatening hemorrhagic shock in the prehospital (and
in-hospital) setting. In fact, two large trauma programs in the
United States have begun providing whole blood to casualties
with life-threatening injuries.

CONCLUSIONS

Future advances in RDCR will require the development
of improved physiologic monitoring technologies, tissue sta-
bilization techniques, and evacuation strategies to improve
outcomes.28

Our challenge is to overcome inertia and misapprehen-
sion of risks versus benefits to move blood-based resuscitation
to the point of injury where it will have the most benefit.
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