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n The Kill Clain: Defending

America in the Furnre of High-Teck

Warfare, author Christian Brose
describes a concept in which the
speed that a combat force is effective
at “closing the kill chain®™ will deter-
mine whether it wins or loses." Brose
proposes a redesign of our military
combat infrastructure to “understand,
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decide, and act™ faster than the enemy
to employ the required force (for
example, lethal versus nonlethal) to
achieve aperarional erermarch. Follow-
ing his Jead, we propose the concept
of a “survival chain® as the medical
equivalent that could provide combat
caswalty care support to the “kill
chain® to gain and maintain seedical
arermeated on future battlefields.

The Department of Defense Joint

Trauma System {JT8) was created to pro-

vide optimal care to the wounded on a
battlefield. The current Mational Defense
Strategy anticipates future threats of
lange-scale combat operations { LSCCY)
against peer adversanes that may limit
overall freedom of maneuver for medical
evacuation, increase survivability risk of
medical units, and limit tmeliness and
robusmess of critical medical logistics.
Thus, the JTS must continue to evolve
and embrace the concept of Medical
Pertormance Optimization {MI'CY 1o
adapt to this new operational reality.
MPO captures the intent of the JTS
asa “continuously learning health sys-
tem™ o evale the speed at which it can

evde through near-real-time data capture,

analysis, and adaptation of knowled g
and matenial solutons to optimize bartk-
field trauma care. Like the *understand,
decide, and act™ of the kill chain, JTS
MPO will be the survival chain that
relies onrapidly closing the TTS MI'O
cvcke via “observe, orient, decide [or
understand], and act™ {the JTS OO DA
loop).* Therefore, the puipose of this
articde is to inform military kadership
about the risks to optimal combat ca-
sialty care in potential future LSCOs
and to provide a focused discussion of
potental seltdons to gain and maintain
medical overmatch in the survival chain
on the 21=-century battletields.

Reframing Current
Challenges

Casualty care on the battleficld is based
on the JTS performance improvement
cvcle (MIMOY) overlaid on the Morth
Atantic Treaty Organization’s Roles

of Care guidelines.” The TTS mission
includes overall dinical care optimiza-
tion of the bartlefield rauma system

by provdding clinical data collection

and analysis, “loop closure™ feedback
o medical commands, identfication of
gaps in knowledge and skills for further
research, best practice clinical guide-
lines, quality improvement, and inform-
ing education,/training, * The JTS MPO
process must continuously and rapidly
optimize battlefield tranma care—that
is, continuously enhance the survival
chain to gain and maintain medical
overmatch to address the volume of
casualties expected for an LSCO.

The crux of the current challenge &
that the past two decades of war in the
Middle East have resulted in the focus
ona conflict inwhich there are robust
medical resources, fixed Bole 3 combar
suppart | Rale 3 facilitier are equivalent
o multdisciplinary general hospitals),
field hospitals in relatvely safegmarded
Jocations, as well as 2 hierarchical trauma
system in which casualties move along a
contimmm of care with increasing capa-
bality at cach Jevel of care [figure 2.

The JTS performed well in the recent
conflicts, but the reality of future lind or
maritime LSCOk drves the challenges we
now face to prepare the system o deliver
the excellent care expected from our
Servicemembers and our nation. Data
mntegration and technology are integral
o MIMO For our system toobserve (cal-
lect real-time, relevant data), orient (or
understand via rapid data analysis), deadde
[inerease speed and accuracy of deci-
gons ), and act {treat casualties) o meet
the expectation of leaders to decrease
force attrition from injury and madmize
its lethality. As Brose notes, “The prob
Jems fadng the US. military ane nosw
taking on a fundamentally different and
greater sense of ungency, and it goes be-
vond emergng technologies. ™

The goal ofthe JTS in preparing tor
LSCOk 5 a more effectve suraval chan
not oithy to provide new technologes that
improve the deploved medical sestem
bt also tos continue to evohee the cor-
rent system by enhancing real-time data
acquistion for MPPOY. As Brose describes
for increasing lethality, solutions that
improve survival and force regeneration
may imvelve novel medical innovations,

new mechamsns by which to deliver

already proven medical interventions, and
modernization of trauma medical systems
imvoling nentmditional architectures that
are nat platform-centnic.” Therefore, in this
article, we fxcus on the thiee most urgent
chalkenges to providing a survival chainin
support of future military operations:

e point-of-injury care
o casualty evacuation care
e surgical care.

Challenge 1: Point-

of-Injury Care

Inital casnalty care at the clasic Role

| { Rele 1 care includes medical treat-
ment, initial trauma care, and forward
resuscitation ) will face many challen ges
that are typical of a force-on-foree bat-
tlespace.” We know from data developed
during the war on terror that mast
preventable deaths (B8 percent) occur
in the field, that is, the tme between
the point of injury to the st treatment
Facility { Bole 2) % Therefore, the chal-
lenges during this phase of tranma care
will be cssential to illuminate gaps in
education, traning, and resarch to gain
overmatch in LSOOk,

Main Risks and Potential Mitigating
Measwres During Poing-of Ingury
Casualty Care.

e Death from massive bleeding

* Increase Tactical Combat Casualty
Care trining for nonmedical per-
sonnel to control hemorrhaging
and free up line medics to care for
the more seriously wounded

* Train and equip combat medics
for blood transfusion, walking
bloed banks, and additonal
hemorrhage control techniques
and simultaneously develop novel
technological solutions tor bleed-
ing control and delvering bloed”

* Develop novel antshock drogs,
blood products or alternatives,
and advanced clotting technology
tor mitigate combat deaths from
hemorrhage. '

o Large casualty volume

*  Ensure more sophisticated training

for combat medics on knowledge
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and skills in toage (the sorting of
casualties by the severity of injury)
mvolving an intentional transi-
ton from optimal are for cach
mndridual casualty to *the greatest
wood for the preatest number”

in mass casualty inddents {when
the number of casualties outstrips
resources available )

* Develop simpler and more fune
tonal models for riage that may
involve switt identficaton of
those whao are ambulatory or dead
first, then stable or unstable, and
mncreasing knowledge of resounces
readily avalable to the triage team*

* [evelop best practices in the care
of the injured in mass casualty
inadents to clear the battlefield of
hundreds {or thousands) of casu-
alties and simultaneously provide
care and maximize the foree.

¢ Lack of resources

* [ntegrate remaote-piloted aircraft
or other technology for medical
logistics suppaort in denied and
hostile envirenments

* [Develop dinical decision-suppaort
ool for personnel working with
Imited medical resources

* Develop real-time monitoring and
decsion support ool for medical
asessments and interventions.

Challenge 2: Casualty
Evacuation Care

The next phase of care conventonally
invalves the moveme nt of casualties
from the immediate area of active
conflict to one that can render more
advanced trauma care and damage
control resuscitation. However, during
a large-scale torce-on-force fght with
adversaries that possess comparable
long-range fire technology and air-
power, challenges might arise that
could diminish this potentially lifesay-
ing evacuation capabality. As a result,
this phase of care, still classically con-
sidered Bok 1 care, will include Pro-
longed Casualty Care (PCC) through
eventual medical evacuation when
available ™ In this phase, medics will be
faced with caring for casualties bevond

doctrinal tmelines with large volumes
of casualties and resource constrants—
in other words, more complex care with
less resources.

Main Risksand Potential Mitigating
Measnres o Casnealty Evacuation and
Prolonged Casnalty Care,

e Denied operating environment

* Increase knowledge and skills
required by combat medics o
perform POC to extend typical
hold and evacuation times untila
more advanced resusataton and
surgical care capability can arnve
or be reached"

* Develop the means to employ
telehealth and decsion support in
AUSTETE ENVITOMTEN TS T AUEment
medical care further forward

= Improve clinical data capture
through real-time, automarted
documentation for ongoing care
and for MO,

o Risk of air maneuver,/ground

movement

* Develop automated medical care
technology for acrial and ground
vehicles and include environmen-
tal surveys for ralways as a poten-
tial means tor medical evacuation
of large numbers of casnalties

* Employ remote-ploted aincratt for
medical resupply to include blond
products that could be delivered
an demand to forward lecations

# Evolve Patient Evacuation Coordi-
nation Cells that include real-time,
intelligent tasking that accounts
foor both clinical and operational
factors in optimal timing and des-
tination for paticnt movements.

o Lack of communication /command

and control

* Develop counter-clectronic/
counter—cvber warfare technolo-
ies to protect and ensure dinical
and operational medical com-
munications are avalable and not
compromised

* Conader a batthe Aeld medical
command and control ¢ lement,

linked with the TS, with real-

fme situational awareness of the
battlefield and, with oversight
to best match patient evacuation
tming, clinical care required,
as well as the right destination
medical capability for the best
Outcomes

* Develop a method of automated,
real-time tracking of casualties
acros the battlespace.

Challenge 3: Surgical Care
Although most combat casualties who
succumb to their injuries do so at Role
| before they arrive at a surgical capa-
bility, the concept of Role 2 and Role

3 care remains critical to the reman-
der of survivable injuries." Without
damage control and definitive surgery,
a casualty may initially survive but then
die of bleeding or long-term trauma
complications, such as infection and
organ fallure. For example, a casualty
with a bleeding lver may receive the
appropriate initial treatment to prodong
lite until reaching a facility capable

of surgery, but that injury could only
be more definitively controlled by a
surgenn opening the abdomen and
manually controlling the cngoing
bleeding. Due to this situation, survival
will be compromised without tdmely
surgical intervention. However, on the
potential peer contingency battleficld,
Rale 2 fadlitics and advanced surgical

teams will face challenges.

Risks and Potentind Mitignting Measres
for Initiad Lifeseving Sumpicel Care,

e Operational training,/interoperabilite

* Be-emphasize onganizing, train-
ing, and equipping small surgi-
cal teams that could optimally
perform as both asungical wam
and as an operational element™

* Optimize surgical teams that
have access towork together in
high-volume tranma centers and
conduct specific training to attan
the dinical and operational capa-
bility required

* Conduet research and data
analysis to better understand what
capability & required and how
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to best e mploy surgeal teams in
future operations

# Improve the ability of surgical
teams to capture data in future
operations to be used for MPOL

»  Maintaining casualty care expertise

* Increase opportunities for deploy-
g medical personnel to work
individually and as teams in mili-
tary Medical Treatment Facilities
aor in military-avilian parmeships

# Continue to leverage the Joint
Fnowdedge, Skills, and Abilities
Program Management Otfice
as the means o measure dinical
speaalty-speciic medical readiness
and provide clinical deplovment
readiness assessments

# Besearch and develop technology
that could augment clinical care
through telementoring, telerobot-
igs, augmented reality, or other
emerging solutons.

o Rk of far-forward-deployment

# Consider surgical teams with doc-
trine akin to aquick reaction foree
with the capability to move on the
battleticld alongside operational
elements to mas for casualty care
at decisive points and then dis-
perse when complete to minimize
the risk of exposure

* Establish international parmerships
n geostratege locanons that could
then be levemged a5 a regonal
trauma capability while minimizing
our military Footprint'’

# Besearch and develop telesurgery
capability for far-forward surgical
locations to limit risk to sungeons

and medical teams.

Conclusion: Closing

the Survival Chain to
Support the Kill Chain

The TS has proved its effectiveness

at decreasing death on the battlefield
since its inception in 2005, and thus
the orgamzation was codified into doc-
trine in 2006, Whike the JTS provided
tremendous advances over the past 20
years in combat, the next conflict might
last for less than 2 years but have 10
times as many combat casualties as the

last two decades. The JTS must con-
tinue o evole through is MPO orcle
to meet these anticipated challenges,
mast urgently for point-of-nury care,
care during casualty evacuation, and
surgical care as discussed.

We must actively seek to maintain our
abality to optimize survival on the battle-
field by decreasng warfighter atmrigon
and thus producing the operational effect
ot maintining combat strength, This is
the mission of the Joint Trauma System.
With the support of military keadership,
the JTS could continue to evolee to sup-
port this critical role. The MPO concept
i the oycke of near-real-time data collec-
ton and anahysis, novel knowledge and /
or material solutions, and rapid infegra-
ton inte batthefick tranma care {the JTS
CODA ) that would enabk: the TS to
adapt and react quickly when needed. By
leveraging the existing processes of MI'O
and enhancing its speed of lop dosure,
the JTS would provide the survival chain
that could gain and maintain medical
overmatch on future battlefields regard-
kess of the challenges presented. JFO
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