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• State the various types and effects of conventional explosions

• Discuss the clinical management of blast casualties

• Discuss the hospital-administrative management
of blast casualties

8

 ,-%"��"�

• Instantaneous high-energy event where a solid or liquid

is converted to a gas under high pressure and heat

• Three rates of exothermic (energy-releasing) events

– Deflagration :  Rapid burning

– Explosion :      Rapid production of gas with subsonic blast wind

– Detonation :    Rapid production of gas with supersonic blast wave

– However, these terms have other definitions as well

• Unconventional explosions:  Nuclear explosions

The N in CBRNE

• Conventional explosions:      Non-nuclear explosions

The E in CBRNE

9
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• Projectile
– An object (e.g., bullet, round, shell) designed to be fired

• Propellant
– A material used to move an object

by applying a motive force

• Ammunition , munition
– [The assembly of] a projectile and its propellant

• Explosive
– A compound or mixture which, upon the application o f heat or shock, 

decomposes or rearranges with extreme rapidity,
yielding much gas and heat

1
2
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• Pure compounds
– Nitroglycerine (dynamite when mixed with stabilizer)

– Acetone peroxide (a very unstable white organic peroxide)

– TNT (yellow insensitive crystals that can be melted wit hout detonating)

– Nitrocellulose (a variably nitrated polymer that can be a low or a  high explosive)

– RDX, PETN, C4 (used pure or in plastic explosives)

• Mixtures
– Black powder (potassium nitrate + charcoal + sulfur )

– Flash powder (metal [ Al or Mg] + strong oxidizer [e.g., potassium chlorate or perchlorate ])

– Ammonal (ammonium nitrate + aluminum � stearic acid � TNT)

– Armstrong’s mixture (potassium chlorate + red phosphorus + sulfur )

– Sprengel explosives (highly reactive fuel [ nitroaromatics ] + strong oxidizer [ chlorate ])

• ANFO (ammonium nitrate + fuel oil )

• Cheddites (oil + either chlorates or perchlorates )

• Oxyliquits (organic materials + liquid oxygen )

$'- �
".
 ,-%"��"��
�	��

���������

Explosives (and explosions) can be categorized by
the relative speed of the expanding pressure wave

Low-energy (low-grade, low-yield) explosives 
High-energy (high-grade, high-yield) explosives 
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• Low-grade (low-yield, low-order) explosives (LE)
– Often relatively unstable
– Require confinement and heat for ignition
– Ignite and then burn rapidly; cannot support a deto nation wave
– Subsonic blast wind , but high-velocity shrapnel still possible

• High-grade (high-yield, high-order) explosives (HE)
– Supersonic blast wave (overpressure wave) + blast wind
– Initiating, or primary, explosives

• Detonate after a mild shock; very sensitive

– Detonating (secondary, base) explosives
• Require trauma or shock, and then detonate at super sonic speeds 
• Somewhat more stable than low-grade explosives

– Tertiary explosives (blasting agents)
• Require an intermediate explosive booster of second ary explosive

• Volumetric explosives (heat and pressure greater th an fragmentation effects)
– Fuel-air explosives (FAE)
– Thermobaric explosives

%"&(2��� 
 ,-%"��# �
%"&(2��� 
 ,-%"��# �

• Nitrostarch

• Nitrocellulose

• “Smokeless” gunpowder

• Black powder

• Most solid rocket fuels

• Pipe bombs

• Fireworks

• Ammonium nitrate (NH4NO3)

• Amatol 80/20 (NH4NO3 + TNT)

• Ammonal (NH4NO3 + TNT + Al)

• ANFO (NH4NO3 + fuel oil)

• RDX (cyclotrimethylenetrinitramine)

• HMX (High Melt Explosive)

• TNT (trinitrotoluene)

• Nitroglycerine

• PETN (pentaerythritetetranitrate)

• Composition B (TNT + RDX)

• Composition C-3 [obsolete]

• Composition C-4 (RDX + plasticizer)

• Tetrytol

• Tetryl

• Picric acid

• Dynamite

• Gelatin dynamite

• Ammonia dynamite

)�2)(2��� 
 ,-%"��# �
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• Dust

• Electrical transmission equipment

– PCB exposures

• Overpressure systems

– Steam lines and tanks

– BLEVEs
(Boiling Liquid Expanding Vapor Explosions)

21
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• May be used to spread chemical or radioactive materials
(or  even, with low-yield explosives, biological materials)

• May significantly impede scene access and egress and
may have a significant impact on first-responder capabilities

•Three blast zones

– Blast epicenter (kill zone)

– Secondary perimeter (critical-casualty zone)

– Periphery (walking-wounded zone)

2

���2 
.�"�
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• Blast epicenter (kill zone) 

– Highly lethal: survivors (if any) probably mortally  injured

– Technical rescue capabilities and extrication requi red

– Advanced life support / definitive medical interven tions

– High victim-to-care-provider ratios

24
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• Secondary perimeter
(critical casualty zone)

– Survivors suffer multiple injuries

– Requirements

• Standard rescue capabilities
and stabilization

• Basic and advanced life support

• Moderate victim-to-care-provider ratios

2
5
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• Blast periphery (walking-wounded zone)

– Non-life-threatening injuries and psychogenic trauma

– No rescue required

– Self help , first aid , and basic life support (BLS)

– Minimal victim-to-care-provider ratios

2
6
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• Physical trauma

– Fractures

– Respiratory compromise

– Injuries to soft tissue and internal organs

– Internal and external blood loss with shock

– Burns

– Sensory impairment (especially hearing and sight )

• Psychological trauma

3
1

• Direct damage from supersonic blast wave

• Energy wave moves through body and organs,
damaging organs and tissues that have air and fluid
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• Mechanisms: Spalling , implosion , and inertia

– Spalling : The transfer of the shock wave from a dense medium
(e.g., liquid , liver , muscle ) to a less-dense medium
(e.g., air in the gastrointestinal tract and lungs)

– Implosion : The compression of gas-filled spaces
from high pressure in the surrounding fluid or solid tis sue

– Inertia : Shearing and tearing forces
from tissue-density-related changes
in acceleration and deceleration rates
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• Spalling, implosion, and inertia

– Processes whereby blood and non-compressible tissue
are forced by the blast pressure into air-containin g tissue

– Two mechanisms for hemorrhage

• Blood is forced from the vasculature into the air spaces

• Blood is forced from the air spaces into the surrounding tissue
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• Affected organs

– Lungs , ears , brain , heart , bowel , and testes

• Blood in these organs is pushed and pulled 
into air spaces and tissues

• Air within hollow organs is compressed
and then rapidly re-expands
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• Eardum rupture and injury to CN VIII (acoustic nerve)

– Very common in fatalities

• Those with these injuries
are often killed by other blast effects

– Variable incidence (up to 40%) in survivors

• A marker of more serious injury?

• Pharyngeal petechiae may be better

– Secondary and tertiary blast effects
are also present in varying degrees
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• Modifying factors

– Geometry of the area in which the explosion occurs

– Position of victims in relation to the blast wave

– Surrounding substances

• Body armor

• Water

3
7
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• Pathology
– Pulmonary barotrauma

(blast lung injury, “blast lung”)

• Pulmonary contusion

• Systemic air embolism

• Free-radical-associated injuries

– Thrombosis, lipooxygenation, and disseminated intra vascular coagulation (DIC)

– Acute gas embolism (AGE ), especially in brain or spinal cord

– Intestinal barotrauma (especially with underwater explosions )

– Acoustic barotrauma

• Tympanic-membrane rupture

• Hemotympanum without rupture

• Fracture or dislocation of ossicles in middle ear

– Mild traumatic brain injury (MTBI)

• May be difficult to distinguish from concussion or PTSD

3
9

• Injury from flying debris thrown by blast

• Lacerations , fractures , other injuries
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Incidence of blast lung: 2%-20% 
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• Injury from being thrown into solid objects

• Massive blunt trauma , fractures
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70 kg at 18 mph into immovable object � 50% fatality rate

5
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• Burns 

– “Flash” from explosion

– Burns from secondary fires

• Inhalation of toxic substances

– Central-compartment toxicants

– Peripheral-compartment toxicants

– Systemically acting toxicants
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• Crush injuries

– Renal failure

– Sepsis

• Psychomotor effects 

– Amnesia

– Temporary blindness

– Paresthesias
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• The crushing effect is one of continuous pressure
on large skeletal-muscle groups , although
other organs can also be affected

– Rhabdomyolysis

– Increased serum myoglobin and potassium levels

5
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• Blast destruction and casualties create terror

• Potential for many psychological casualties

– Patients and staff

• Long-term psychological effects

– Post-traumatic stress disorder (PTSD)  

5
5
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• Lung injury
– Apnea , bradycardia , and hypotension �  blast lung
– Pharyngeal petechiae as a potential predictor
– “Butterfly pattern” on chest X-ray

• Ear injury
– Hearing loss , tinnitus , otalgia , vertigo , bleeding from the external 

auditory canal , eardrum rupture , mucopurulent otorrhea

• Eye injury (in up to 10% of casualties)

• Abdominal injury
– Abdominal pain , nausea , vomiting , hematemesis , rectal pain , 

tenesmus , testicular pain , unexplained hypovolemia , acute abdomen
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• Brain injury (MTBI with or without concussion ) / PTSD
– Headache , fatigue , poor concentration , lethargy , depression ,

anxiety , insomnia

• Air embolism
– Stroke , MI, acute abdomen , blindness ,

deafness , spinal-cord injury , claudication

• Acute damage via inhalation of smoke and toxicants
– Central-compartment damage (noise ); soot �  smoke inhalation
– Peripheral-compartment damage (delayed-onset shortness of breath )
– Systemic effects (especially from carbon monoxide and cyanide )

• Compartment syndrome , rhabdomyolysis , and acute renal failure
– Swelling , ischemia , hypotension , myoglobinuria , hyperkalemia , ECG 

changes , sepsis
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• General
– Take care of the ABCs!

• High-flow oxygen , fluid management
• Consider early chest-tube placement !

• Suspected acute gas embolism (AGE)
– Most common cause of death in immediate survivors ,

especially after positive-pressure ventilation (PPV ) has been initiated
– Administer high-flow supplemental oxygen
– Place in coma position (halfway between left lateral decubitus and prone,

with head at or below the level of the heart)
– Avoid PPV unless absolutely necessary;

if necessary, use slower and less forceful deliveri es
– Institute hyberbaric oxygen (HBO)

• Vasovagal syncope
– Place in coma position and allow up to 2 hours for awakening
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• Massive hemoptysis compromising the airway
– Selectively intubate the least injured side

• Suspected pneumothorax
– Perform a needle thoracentensis

for suspected tension pneumothorax
– Perform a tube thoracentesis

if air is aspirated during needle thoracentesis
– Seal open pneumothorax

• Suspected pulmonary contusion
– Stop all activity for at least an hour
– Administer high-flow oxygen



A

�������	
�����	
�
����
���������
����
����
������	
�� ������
���
�
�
�
��
�������	
����������� 
�������

����!����

�"�# �$�"��%
�%��$
����� �$�

6
3

�%��$
 # �$�
&��

'��
���@

������
��


�
��;
���

�%��$
 # �$�
&��

'��
���@

������
��


�
��;
���

• GI bleeding
– Find and treat source of bleeding
– Surgery as indicated by severity of bleeding

• Possible GI-tract rupture
– Keep NPO
– Administer cefoxitin or ceftriaxone IV or IM
– Monitor for peritonitis and sepsis
– Surgery within 4 hours

• Wounds
– Administer tetanus antitoxin as indicated
– Surgical debridement and amputation as indicated
– Infection surveillance and antibiotics as indicated

6
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• Tympanic-membrane rupture
– Refer to an ENT specialist if significant debris is in canal
– Instill ophthalmological gentamicin 4 drops QID x 10 days

for infection of the tympanic membrane (myringitis)

• Acute crush syndrome
with rhabdomyolysis , hypovolemic shock , hyperkalemia , metabolic 
acidosis , compartment syndrome , and acute renal failure
– Monitor urine output (catheterize ), arterial blood gases , electrolytes , and 

muscle enzymes; control hyperkalemia with calcium , insulin , and glucose
– Monitor compartment syndrome and perform fasciotomies if necessary
– Give normal saline both before and after release of pressure
– Maintain a forced mannitol-alkaline diuresis

to maintain urine output up to 8 L / day and to maintain urine pH �  5
until myoglobin is no longer detectable in urine

• Mannitol acts as an osmotic diuretic and also scavenges oxyg en free radicals
• Alkalinization increases the solubility of acid hematin and aids i n its excretion

– Consider hyperbaric oxygen (HBO)
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• Hypovolemia and hypotension
may not be apparent initially
but may suddenly occur following
pressure release and tissue reperfusion

• Large volumes of intravenous fluid (NS)
must be given both before and after
reperfusion

– 1-2 L or 20 cc/kg before release

– Continue at a rate sufficient to maintain
a CVP of �  5 mm/Hg or UO of 300-500 cc/hr
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• May displace and disrupt current patient care

• May require recalling and reassigning hospital personnel

• Will increase medical and psychological impact

• Will affect logistics

– Emergency department

– Surgery

– Clinical-support services

Blast events can produce mass casualties
with multiple injuries per casualty

67
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• Location and timing of casualties
– Expect high initial mortality

at the epicenter

– Expect high mortality
from structural collapse

– Expect half of all casualties
to seek medical care
during the first hour

– Expect an “upside-down” triage
• The less seriously injured

may bypass EMS triage
and go directly to hospitals

• More seriously injured casualties
will be transported later

– Expect delayed clinical presentations
of pulmonary contusions , blast lung ,
acute crush injury , and
toxicant-induced pulmonary edema

• Blast lung may not present for 48 hours
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• Risk factors for injury and death
– Use of HE and velocity of blast wave

– Amount of explosive used

– Duration of blast(s)

– Proximity to blast

– Being inside buildings (regardless of blast location)
• Structural collapse
• Modification of shock wave

– Being in water or underwater (threefold distance effect)

– Wearing body armor
• �  risk of PBI
• �  risk of secondary blast injury
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• Types of injuries from Madrid train bombings
– Rupture of tympanic membranes in 99 of 243 victims ( 40.7%)

• In 18 of 27 critically injured patients ( 66.7% of critical victims )
– 17 were bilateral ruptures

– Chest injuries in 97 of 243 ( 39.9%)

– Shrapnel wounds in 89 of 243 ( 36.6%)

– Burns in 45 of 243 ( 18.5%)

– Fractures in 44 of 243 ( 18.1%)

– Eye injuries in 41 of 243 ( 16.9%)

– Abdominal injuries in 12 of 243 ( 4.9%)

– Traumatic amputations in 5 of 243 ( 2.1%)
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• Rescue

• Assess , search , access , 
secure , and extricate

• Triage

• Collect , categorize ,
care , and convey

• First aid , BLS, ALS

– Attention to ABCs

– Stabilization for transport

• Beware secondary devices!

8
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• Train and practice with
everyone involved in the management of blast casualties
in a myriad of scenarios
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• Maintain critical resources for blast casualty management

8
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• Evidence is critical for 
investigation

– Clothing

– Foreign bodies

– Decontamination runoff

• Recognize potential evidence! 

• Preserve evidence!
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• Monitoring with detectors for hazardous substances

• Inspections by knowledgeable personnel
to ensure safety
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• Protect yourself! 

• Remember the possibility of other hazards!

– Secondary explosive devices

– Chemical , biological or radiological/nuclear materials
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• Maintain prompt and regular
dissemination of public information

– Update hospital post-blast-event status regularly
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• Recovery of personnel must occur concomitantly with 
recovery of the facility

– Post-blast-event stress counseling

– Re-evaluation of human-resources strengths and weaknesses
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• Classification of conventional explosives and explosions

– Pure substances vs. mixtures

– Low-yield vs. high-yield

• Blast effects

– Primary , secondary , tertiary , and quaternary

• Clinical presentation and management

– Primary blast injury (PBI) ; burns ; acute crush injury with rhabdomyolysis ; 
psychological effects ; combinations of injuries

• Hospital organization and response

– Clinical , logistical , forensic , and public-affairs aspects

– Adapting an all-hazards approach to analyzed risks of conventional explosions
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Burning Questions?


