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Data Sources

* Medical literature
* Government investigative reports

* Court transcripts

* Personal reports from trauma surgeons / medical
examiners

* Media coverage reporting on specific injuries and / or
causes of death



Immediate Deaths

% of Deaths
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Timing of Death After Injury

Survivable?

Civilian Trauma deaths occur in a trimodal
distribution:
Death within minutes ~ 50%
Neurologic and vascular
injuries.
Death within hours ~ 30%

Hypoxia and hypovolemia.

Death within days ~ 20%
Sepsis, MODS

Lacerations
Brain
Brainstem
Aorta
Cord

rieart Epidural

Subdural
Hemopneumothorax
Pelvic fractures
Long bone fractures
Abdominal injuries
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failure
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Survivability (OptimalAnatomic / Physiologic)
Assumption: Optimal Resuscitative / Surgical Conditions

Non-Survivable

Head / Neck
* Decapitation
* Brain evisceration

e Head crush with skull
fragmentation and extensive
parenchymal brain destruction

* Transection spinal cord C3 and
above

Torso
e Torso dismemberment

* Torso crush with extensive injury /
loss of investing soft tissue
associated with massive internal
organ injury / avulsion

e Cardiac avulsion

e Aortic injury, uncointained by
mediastinum

e Liver avulsion

* Massive open pelvis with major
vascular injury / hemi-pelvectomy
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US M

litary Pre-MTF Mortality

Explosion 74 %
GSW 22 %
Other 4 %
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Pre-MTF

O Non-Survivable
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Anatomic / Physiologic Cause of Death
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Terrorist Plot / Activity

ATTACK PLOTS ACAINST WESTERN TARGETS
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Terrorist Mode of Attack




Armed Assault



Active Shooter / Lone Wolf Terrorist Event

* Injured: Kill ratio ~3.4:1
* Higher relative incidence of higher lethality injuries
* Torso
* Head
e Timing first radio call of “Shots Fired” to the last call of “Shooter
Neutralized”
* Majority 8 to 12 minutes in duration.
* Less than 5 minutes 37 %

* Prolonged access to potential victims associated with greater number
injuries and greater lethality

* The next Active Shooter / Lone Wolf incident is already in progress



US Mass Shootings:
Active Shooter Events

m— —c— T US INCIDENTS WITH THE HIGHEST
8 CASUALTY COUNTS:

N Bectl °© Columbine High School (47 minutes)
e Littleton, CO
e 13 killed, 21 wounded
Columbine ‘g9 Virginia Tech ‘o7

80 * Virginia Polytechnic Institute and
| State University (11 minutes)

* Blacksburg, Virginia
e 32 killed, 17 wounded

2 * Pulse Nightclub (149 minutes
g I -s!'.:l,!,lg'z I;';'!Io'o'm';l!l!l,'oln . Orlan%l o, FL ( )
e 49 killed, 53 wounded
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Columbine High School 1999

Perpetrators: Dylan Kleibold
Eric Harris
High school shooting

Multiple weapons

Changed paradigm of law enforcement / EMS response
response

Scene Fatalities: 13 GSW
* Nonsurvivable: 9
* Most shot at point blank range

* Potentially survivable: 4

* Noncompressible torso hemorrhage with
concomitant junctional hemorrhage: 3

 Noncompressible torso hemorrhage (isolated): 1




Virginia Tech Mass Shooting 2007

Perpetrator: Seng Hui Cho
Mental health diaghoses
GSW

Scene Fatalities: 30 + 2
 Nonsurvivable: 32
* Wounds 1-9 / casualty

e All had at least 1 close
range GSW head

BC NEWS




Pulse Nightclub Mass Shooting 2016

Perpetrator: Omar Mateen
Claimed allegiance to ISIL
Nightclub shooting Orlando, FL
Prolonged access to victims
(182 minutes)

e Scene Fatalities: 49

* Nonsurvivable (Medical):
Unknown

* Nonsurvivable (Context): 49




Paris 2015 (Bataclan)

Perpetrator: ISIS
Multiple terrorists

Bataclan theater shooting spree /
explosives

Prolonged access to victims
(198 minutes)

Scene Fatalities: 89

* Nonsurvivable (Medical):
Unknown

* Nonsurvivable (Context): 89
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Lone Wolf Terrorist
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Oslo Bomb / Utoya Massacre 2011 -

Perpetrator: Anders Behring Breivik
(Lone Wolf)

VBIED detonates in Oslo
Utoya Island shooting spree

Scene Fatalities: 8 VBIED & 68 GSW
e Nonsurvivable VBIED: 8
* Nonsurvivable Utoya: 62

* Potentially survivable: 6

* Noncompressible torso
hemorrhage 6



Civilian Mass Shooting Fatality Study

* Retrospective study of autopsy reports for
all victims involved in civilian public mass N=115
casualty with available records Potentially survivable injury 7%
* Nonsurvivable defined as follows:
e Penetration of the heart
* Injury to any non-extremity major
vasculature structure
* Transcranial, mid-brain or brainstem
injury
Multiple solid organ injury
EMS within 10 minutes
 Trauma center access within 60 minutes

Limitations: Definition too liberal Smith, ER: The profile of wounding in civilian

Not consistent with public mass shooting fatalities. J Trauma. 2016
other definitions in literature



Explosions



Closed Space Explosions



Madrid 2004 / London 2005
Perpetrator: Islamic Extremists

Backpack / suitcase bombs on
enclosed transport carriers

Rapid acces to advanced EMS /
trauma centers

Scene Fatalities: Madrid 177
London 52

 Nonsurvivable : 229

Enclosed Space
Explosions

Confined space — inside bus, train, or auditorium
Blast pressures intensified x2-9,
20% fatalities



Israel Experience

e 28 Terror attacks Jerusalem
200-2003

e Casualties: 2,328
* Deaths: 273 (11.7%)

* Scene Mortality
* Explosion 87%
e Mortality > closed space
e GSW 77%

 Survivability: Indeterminate




Explosions Associated with
Structural Collapse



Beirut Embassy Bombing
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Marine Barracks Bombing / French
Paratrooper Barracks

Perpetrator: Islamic Jihad

VBIED

2,000 |b improvised thermobaric high
yield explosive (butane / PETN)
Complete structural collapse

Scene Fatalities: US Marines 241
French

Paratroopers 58
Nonsurvivable: 299




Bali Nightclub S T P v
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Perpetrator: Jemaah Islamiyah .= = 7
Extremist Terror Cell e
VBIED
1,000 chlorate bomb

___________

Scene Fatalities: 202
Nonsurvivable: 202



Oklahoma City Federal Building

Perpetrator: domestic terrorist Timothy m ==

McVeigh

4,000 Ibs ANFO

VBIED

Front face of 9 story building collapsed

Scene Fatalities: 162

Nonsurvivable (blast / crush)
Multiple 122
Thorax 13

1Bl 24

Cervical spine 3

Potentially survivable: 3
* Nonspecified hemorrhage 3




US Embassy Nairobi

Perpetrator: al Quaeda Network
~5-10 metric tons high explosive

VBIED
Massive structural collapse

* Scene Fatalities: 198
* Nonsurvivable (Blast / crush)
* Multiple 93
e Thorax 31
 TBI 61
e Potentially survivable: 14

* Nonspecified hemorrhage
from penetrating wounds 14




Mumbai Terrorist
Attacks 2008

Perpetrators: Lashkar-e-Taiba,
Islamic Militant (10 —12 militants
(split into four cells)

Coordinated attacks (10 sites)

Attacked targets on foot, taxi, or
motorcycle; AK-47s, handguns,
pistol, grenades, large amount of

Scene Fatalities: 166 (98 postmortem
exams)




Mumbai Terrorist Attacks 2008

GSW

Nonsurvivable 51
e GSW
* Multiple 17
* Thorax 18
 TBI 16

Potentially survivable: 17

Abdomen 8
Extremity / soft tissue 9

Explosion

* Primary 2

* Secondary 12

* Tertiary 4

* Quartenary 12
Nonsurvivable: > 14

Potentially survivable: UTD




Open Space Explosions



Boston Marathon Bombing 2013

Perpetrators: Tsarnaev Brothers ,'
Radicalized Islamists |

Two low yield pressure cooker IED

Detonated in large crowd at finish line i b

e Scene Fatalities: 3
* Nonsurvivable 1
* Near dismemberment
* Potentially survivable: 2
* Hemorrhage 2
* Extremity amputation /
severe peripheral soft
fissue Injury



Time is the Enemy ol
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Prehospital Time in Noncompressible Torso Hemorrhage (GSW)

Impact of Pre-Hospital Time and Torso Injury

Severity * High grade torso injury, AlS grades > 4,

associated with significant hemorrhage.

* Rise in patient mortality was exhibited in
high grade injury demonstrated at
prehospital times < 30 minutes

* Highlights critical nature of prehospital
time in patients with non-compressible
torso hemorrhage.

* Evacuation times < 30 minutes not
realistic, particularly in rural or austere
environments,

Torso AIS - ‘ ' i * Future efforts should be directed toward

0-15 16-30 31-45 46-60 61-75 76-90 the development of therapies to
increase the window of survival in the
prehospital environment.
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Pre-Hospital Time (Minutes)

Alarhayem, Eastridge, et al: Mortality in Trauma Patients with Hemorrhage from Torso Injury Occurs
Long Before the “Golden Hour” Am J Surg 2016



DCR Forward

* Scoop and Run or Stay and
Play? o

* Advanced providers

ISS 10-19

(] Critical ca re Ca pa bilities Observed Mortality = Expected Mortality
* Blood products
 Surgical capability enroute




Explosions : o
Summary / Challenges

Explosions are highly variable
events

« Explosive yield variable
results

« Superimposed to blast wave
Is fragmentation debris

* Dependent on many
variables: geometry, height,
obstacles, distance, explosive
type

* Open vs. Closed space

 Structural collapse




Conclusions

* Needs better prehospital mortality data

* Consensus definitions

* Military / civilian translation
*Value

*njury prevention

* Mitigation strategy

*Trauma system development



Multi-Disciplinary Multi-Institutional
Mortality Investigation in the Civilian
Prehospital Environment (MIMIC)

* Develop a framework and methodology for evaluating the
causes and pathophysiology of pre-hospital deaths

* Network of experts to apply the methodology to identify the
causes of pre-hospital deaths due to trauma and estimate the
potential for survivability.

* Trauma surgery
* Neurosurgery

Orthopedic surgery NTR
Forensic pathology

Emergency medicine
Emergency medical services



