Explosive Injuries

Jeff Rabrich, DO, EMT-P
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Objectives

® Review recent bombing events in US

® Discuss Iriage strategies and scene
management
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Types of Events

® Jerrorism

® Criminal, non-terrorist
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Terrorism

® Defined as containing 4 key elements
® Premeditation

® Political
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Background

® Explosives are by far the most common
type of terroristic attack.

® Use of explosives increasing
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° °
® Rela vely little knowledge needed to create
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Ristorical Perspective

o [968-1999
® 7000 international terrorist bombings

o [969-1980
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2005 alone
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Recent Events

® Mumbai (2006)
® Tel Aviv (2006)
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MUMBAI 2006

THE TIMESOF INDIA
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Tel Aviv Restaurant
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London 7/2005

news 2« LONDON BI.ASTS

10:36 First piclures of bus oslon
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Madrid 2004
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So What!

® Previously a “non-US” problem

® Domestic terrorism
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US events

® Murrah federal building (1995)
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Failed Attempts

® Portland, Oregon - C
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BREAKING I SRR
TITRRNY I ATTEMPTED TIMES SO. CAR BOMBING
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So What! | don’t live
near the city, why do |
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Non- lerror Events

® Meth lab explosions

® Silo explosions
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n.ehm/'.’s"”e""- Massive Crystal Meth Lab Found in N.Y.
F Published on Firehouse.com (http://www.firehouse.com)

Massive Crystal Meth Lab Found in N.Y.

BEEKMANTOWN, N.Y.

Federal and New York authorities said they * MIDD LETOWN JO U I :I JAL (=1 Print this page |-

methamphetamine in a room at the Stone Hi

newscramner s tat oficias st reppenea ¢ - IF€FIQter Killed in silo explosion on NY farm

"Today, we just got lucky - right place, right The Associated Press
significant, no matter the size it is."

4:26 PM Monday, April 12, 2010

HOUNSFIELD, N.Y. — A fire in an animal-feed silo has triggered an explosion that killed a firefig

Powerful Explosion Levels
Long Island House

Updated: Monday, 25 Apr 2011, 8:51 AM EDT
Published : Monday, 25 Apr 2011, 8:51 AM EDT

MYFOXNY.COM STAFF REPORT

BRENTWOOD, N.Y. - A powerful explosion destroyed a vacant
house on Long Island and damaged several others.

The explosion left several families in the neighborhood waiting to
find out if their homes are safe enough to sleep in after debris was
sent flying in all directions.

The blast, that took place in Brentwood, was so powerful it could
be felt several miles away.
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Types of Blast Devices

® |mprovised Explosive Devices (IEDs)
® Car and truck bombs (OKC,WTCI,TS)
® |etter / Parcel (Unabomber)
® Pipe bombs (Olympic park)
® Backpack / Satchel (Israel / London)
® |ncendiary Bombs
® Airplane bombs (WTCII, Pentagon)
® Rocket Propelled Grenades (RPG)
® Surface to Air Missiles (SAMs)

® Enhanced blast devices (dirty bomb)

Saturday, September 24, 11



IEDs

® Any non-military manufactured explosive
device

® |mprovised / “homemade”

® Usually made from explosives, commercial
blasting supplies, or fertilizer and household
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Agents

® High-order: HE ® Low-order:LE

® Nitroglycerine (NTGQG) ® Petroleum products
(“Molotov cocktail™)

® Dynamite
~ ® Gunpowder (“black”
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Explosion Scene

® |ncident Command

® crime scene - Jurisdiction?
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Crime Scene

® |ndicators for crime scene
® Chain of custody

® Avoid disturbing or compromising evidence
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Common Hazards

® Secondary devices

® Shrapnel

® Collapse
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Hazards (cont.)

® Uninjured “victims”

® Vehicles out of place or undamaged
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Common Principles

® Contain the incident
® Contain the people

® Protect yourself first, patients second

(leantal VA=

® Activate ICS
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Triage

® Unique patterns, multiple and occult injury

® Death often result of multidimensional
|njury (blast balllstlc thermal)
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Triage

® |arge number of patients may make rapid
triage impossible

- ® Upto75% wi,l.l,‘_ehlf-refer to Iocal hop5|tal
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Unique Issues

® Can inflict muti-system injuries on large
groups of people

- ® Cause many simultaneous life-threatening
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Physics

® Rapid chemical conversion of a solid or
liquid into highly pressurized gases

® Gases expand rapidly and compress the
urrounding air
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Physics

Increasing
probability
of injury

Overpressure

Impact

Fragmentation

Increasing distance Increasing distance
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Blast Physics
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Blast Physics
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Directionality

Murrah Building
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Injury Pattern

Oklahoma City (1993) — distribution of injuries
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Severity

® Nature of device - agent,amount
® Method of delivery - incendiary, explosive

® Nature of environment - open, closed
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Pathophysiology

Proposed mechanisms
® Spalling
® (Caused by shock wave moving through tissues
of different densities — molecular disruption
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Pathophysiology

® Shearing

® Caused by tissues of different densities
moving at different speeds — visceral
tearing
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Categories

® Primary
® caused by blast wave - over pressure
® Secondary

° caused by flylng c!ebrls - shrapnel wounds
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Primary Injury

® Blunt trauma from over pressure wave
® Unique to high-order explosives

® Results from the impact of the over-
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Secondary
mussile 9ic
being propelied

Temvary Impact!
R surfuce,

Primary Blest forea

mifticie Injures Injuties: 1 Earnl
possitie 2 Kunge
3 Gl Tt

Diagram used with permission of LTC John McManus, Jr., MD, FACEP

Saturday, September 24, 11



Secondary

® The most common cause of death in a blast
event is secondary blast injuries. These

|njur|es are caused by flymg debris generated
- by the explosion. Terrorists often add

n«ub emrl other errr) OOJ cts to bombs to
increase Injuries.

cCWo,
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Secondary
muassile 9ic
being propeliod

Tevary iImpacL R
harth sustace Primary Slest foree
miftigie Injures Injuties: 1 Eary
possitie < Lungs

3 G.L Tt

Diagram used with permission of LTC John McManus, Jr., MD, FACEP
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Secondary

® The most common types of secondary
blast injuries are:

® trauma to the head, neck, chest,
abdomen, and extremities in the form of
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Secondary

® Penetrating trauma (shrapnel wounds)

® Foreign bodies take unpredictable path
through body

- i -1 ~ »
. S M S
v L e

) Pt 505w D S P e Y i | w A H - e SR Al n -‘
CERRL et RN T o B feac i & ey i L aat IRk e il b O

sl it hat Yo e = .
v : - At 1 "'\-".“-\‘. | 4 L5

i
&

-

Saturday, September 24, 11



RLMONY
42502008

- e g L

‘ . :.;f.“‘.E.“. i .‘
ZLWIN flashy
2 21 0621
v 250

LATERAL

-l
—
.-'

TR SN SRR IS e Y

Saturday, September 24, 11



Tertiary

® Tertiary injuries are the result of being
thrown by the blast wind

® The most common types of tertiary
Injuries are:
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Quaternary

e All explosion-related injuries, illnesses, or
diseases not due to primary, secondary, or
tertlary mechanlsms are con3|dered
‘quaternary blast injuries. This includes

Xxacerpbation or romr)hr ations of existing
onaitions.
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Quaternary

® The most common quaternary blast
injuries include:

® Burns
® Asthma
e COPD
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Blast Lung
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Blast Lung

American Journal of Surgery, V190: 945-950,
Avidan V et al: Blast Lung Surgery
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Clinical Manifestations

Tachypnea
Hypoxia
Cyanosis
Apnea
Wheezing
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Treatment

® High flow oxygen sufficient to prevent
hypoxemia via NRBFM
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- may be found in isolation. Its presence dc

Saturday, September 24, 11

TM Rupture

Tympanic membrane rupture indicates
exposure to an over pressurization wave. |t
may be found in victims with severe
pulmonary, intestinal, or other injuries, or it

95 e b
glel mrll cate that more sinister blast Injuries
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TM Rupture

Norm Tympane Membesne Tesmata Porbow ion
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Blast Ear

® Earinjuries may mclude not only TM rupture
- but also ossicular disruption, cochlear

damage, and ror—»lgm bodies.
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Blast Abdomen

® Abdominal injuries (also called blast abdomen)

include abdominal hemorrhage and abdominal
organ perforation

° HoIIow organs most susceptlble to over-
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Blast Abdomen

Clinical manifestations include:

Abdominal or testicular pain
Tenesmus
Rectal bleeding
Repound tenderness
Guarding
Absent bowel sounds

SIgNs O Nypovolemia
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Blast Brain

® Primary blast waves can cause concussions
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Blast Brain

® Consider the proximity of the victim to the
blast particularly when given complaints of:

® | oss of consciousness (LOC)

® Headache
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Combined Injuries

® Combined injuries, especially blast and burn
- injury or blast and crush injury,are
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Combined Injuries

® Avoid tunnel vision during initial assessment

® Treatment protocols are often contradictory
® Blast lung vs. burn injury, blast lung vs. crush injury
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Your Next Call
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Typical Confined Space

(e.g., bus or subway car)

® Primary - blast lung, intestinal rupture, TM
rupture

® Secondary - penetrating injury to head,
eye, chest, abdomen

® Tertiary - traumatic amputation, fractures
to the face, pelvis, ribs, spine

® Quaternary - crush injuries, superficial and
partial to full thickness burns




Military Experience
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Death Rates After
VWWounding

® Revolutionary War

o VWWII

® Korean War

° ) . N ot E ) Ak 2T His ’
Ty < g . < é . < B ol r [ B f i 4 oy ) S -
. o Pl o 3 .
& A L B Vi) |t i . 3
» A \4 9 “‘ o WA . L Y N LN - o - Iy ,- B i v : ¥ ad o e -
5 |

Saturday, September 24, 11



Advances from GWOT

® Expanded Damage Control Surgery

® Resuscitative techniques
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Special Considerations

® Pregnancy

® Children
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Pregnancy

Injuries to the placenta are possible and
must be detected

Second and third trimester of pregnancy
need admission for continuous fetal
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Children

® History of event or patients complaint may be
difficult to obtain

Pulmonary contusion is one of the most common
injuries from blunt thoracic trauma. The injury
may not be clinically apparent initially and should
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Elderly

e May be at a higher risk of mortality and the in-
hospital stay may be longer and more complicated

e Orthopedic injuries may be more prevalent

e Blunt chest trauma should be of special
consideration

- Decontamination methods may need modification
due to limited mobility

lamination or medical equipment

Irs, walkers and otner waiking

—
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Disabled

® Consideration should be given to patients
with underlying medical conditions
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Language Barriers

® Diverse population speaking multiple
languages may be an unforeseen obstacle

® |nteraction with the deaf, hard of hearing,
and the deaf-blind

s T )
- S
> ' B
- -~
.“ ~'.,"¢'j" Y ) 3 il 2 W T A o

Saturday, September 24, 11



- . B

_Psychologlcal Issues
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Sequelae from an explosive
event

® Anger

® [rustration
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Events affect mental health

® little or no warning

® Unknown duration of event
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Tips for Responders

® Promote safety
® Promote calm
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Summary

® Background
® Reviewed recent events

® Blast injury
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