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Blast Injuries

Introduction
Explosions occur in a variety of settings and have multiple causes. As demon-

strated by recent tragic events, detonations are occurring increasingly in civilian 
settings as well as the more typical military zones. Blast injuries may result from 
explosives that deliver minimal force or massive explosions, resulting in signifi-
cant injuries, loss of life, and destruction of property. Blasts can cause penetrat-
ing and blunt trauma, as well as characteristic injuries associated with the wave 
of overpressure. Blasts may result in chemical, biologic, and radiation exposures. 
All emergency healthcare providers need to be aware of and prepared for blast 
injury patterns and the hazards that can be associated with blast incidents.

Epidemiology
When considering blast incidents, high-profile terrorist bombings tend to 

come to mind first. Worldwide, there were 13,463 terrorist attacks in 2014, 
resulting in 32,700 deaths and 34,700 injuries. Bombings accounted for 42% of 
attacks that caused at least one fatality. Terrorist attacks were concentrated in a 
small number of countries: 60% occurred in Iraq, Pakistan, Afghanistan, India, 
and Nigeria.1 

In the United States, blast injuries are relatively uncommon and sporadic 
among civilians. The incidents range from small-scale detonation of fireworks to 
industrial disasters that cause massive destruction of infrastructure with signifi-
cant loss of life and many critical injuries. The United States Consumer Product 
Safety Commission estimates that 10,500 people with fireworks-related injuries 
were treated at emergency departments in 2014 (67% were treated between 
June 20 and July 20). Eleven people died in non-occupational incidents caused 
by fireworks explosions, four of them in house fires ignited by fireworks.2

The most significant modern industrial blast occurred at the West Fertilizer 
Company in Waco, Texas, on April 17, 2013. This explosion caused 15 deaths, 
injured 160 people, and damaged or destroyed dozens of homes and an elemen-
tary school. Intentional bomb incidents in the United States are reported 
every year to the Bureau of Alcohol, Tobacco, Firearms, and Explosives and 
the Federal Bureau of Investigation (FBI). Between 1987 and 1997, the FBI 
reported 18,283 “illegal detonations or ignition of explosive or incendiary 
devices.” Those incidents caused 448 deaths and 4170 injuries.3 The majority 
of reported incidents involved low-order explosives in crudely built devices, 
which likely accounts for the relatively high injury-to-fatality ratio of 10:1.4 
Residential bombings are the most commonly reported and result in the most 
injuries and deaths.5 These dramatic figures should remind the acute care pro-
vider in the United States that, although encountered infrequently, intentional 
blast incidents are not just a distant problem in other countries.
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EXECUTIVE SUMMARY
 z Kinetic energy released from the point of detonation displaces 

outward through the surrounding medium (typically air or 
water), creating a pressure differential called a blast wave (also 
known as a shock wave).

 z Amplitude and duration of the peak overpressure and envi-
ronmental factors such as proximity to structures, victims’ 
locations in relation to the blast, and the medium in which the 
blast occurs are important determinants of injury severity.

 z Explosions inside buildings and buses used the most hospital 
resources and their victims have poorer outcomes.

 z High-order explosives consist of chemicals that convert to gas 
virtually instantaneously in a process known as detonation, 
resulting in a substantial release of kinetic energy that creates 
blast overpressure and the resultant blast wave. In contrast, 
low-order explosives burn slower in a progressive fashion 
called deflagration.

 z Abdominal primary blast injuries may present with pain of 
varying character and intensity, nausea, vomiting, diarrhea, 
and tenesmus. The stool or emesis might be bloody. Bowel 
sounds might be absent. The patient could have varying 
degrees of tenderness with presence of guarding or rebound. 

 z Traumatic brain injury and post-traumatic stress disorder have 
been called the “signature” injuries of military operations in 
Iraq and Afghanistan.

 z Among the initial survivors of an explosion, blast lung injury is 
the most common primary blast injury that ultimately is fatal.

 z The absence of tympanic membrane rupture does not prove 
absence of other injury. The presence of tympanic membrane 
rupture, however, is associated with other blast injuries and 
places a patient in a high-risk group.

Throughout the world, the use of 
explosive devices in terrorist activi-
ties continues to rise. The Terrorism 
Knowledge Base, created by the 
Oklahoma City National Memorial 
Institute for the Prevention of Terrorism 
and now maintained by the RAND 
Corporation, demonstrates a four-fold 
increase in the rates of military and 
civilian explosive incidents and an 
eight-fold increase in the injuries caused 
by them.6

Blast incidents account for a large 
proportion of the injuries and deaths 
of military personnel deployed in 
Afghanistan since 2001 and in Iraq 
since 2003. Improvised explosive devices 
(IEDs) accounted for 2200 American 
soldier fatalities and 22,000 injuries 
from March 2003 to November 2011.7 
The 10:1 injury-to-fatality ratio seen 
in combat is likely related to the use of 
protective equipment and advances in 
troop transport rather than a decrease in 
the lethal potential of explosive devices.

Blast injuries sustained by military 
combatants and civilians differ signifi-
cantly. Injured military personnel tend 
to be young, healthy, and male. Civilian 
incidents cause more casualties at the 
extremes of age, among females, and 
among people with chronic health 
problems. Military personnel usually 
wear some level of personal protec-
tive equipment (PPE) at the time of 
the incident, whereas civilians do not. 
The military PPE provides protection 
for the thoracoabdominal area and the 

head. Explosions that occur as a result 
of terrorist activity targeting civilians are 
more likely to occur in enclosed spaces 
than blasts encountered in military 
incidents. 

The effects of blasts on military per-
sonnel have been studied much more 
thoroughly than those in the civilian 
population. Ritenour and colleagues 
retrospectively reviewed the Joint 
Theater Trauma Registry for Overseas 
Contingency Operations in Iraq and 
Afghanistan. During the study period 
(March 2003 through October 2006), 
6687 military personnel were injured 
in combat and survived to be treated 
in medical treatment facilities. Among 
those survivors, explosions were the 
cause of injury in 4765 (71%).8

Blast Physics
A conventional explosion results 

from the rapid chemical conversion 
of a solid or liquid into a gas. Kinetic 
energy released from the point of deto-
nation displaces outward through the 
surrounding medium (typically air or 
water), creating a pressure differential 
called a blast wave (also known as a 
shock wave). The Friedlander waveform 
(see Figure 1) is an idealized version 
of this pressure change over time for 
an open-space explosion. The pressure 
attains its maximum peak overpressure 
(Pmax) rapidly, then dissipates over time 
and distance until it reaches the refer-
ence pressure (P0), which in most cases 
is the normal atmospheric pressure. The 

blast wave can travel as fast as 8000 m/s 
and reach pressures approaching 30,000 
times that of atmospheric pressure.9 As 
the blast wave propagates outward, it 
displaces the air, generating blast winds 
that can produce flying debris. People 
located near the center of the blast can 
be thrown outward. The void left by the 
displaced air (or water in underwater 
explosions) causes the pressure to drop 
below the reference pressure until the 
maximum negative pressure (Pmin) is 
reached and then there is a return to the 
reference pressure. The negative phase 
duration (tn) is much longer than the 
positive phase duration (tp).

Characteristics of the 
Blast Environment 

The capacity of a blast to cause injury 
and death depends on a number of fac-
tors. As the amplitude and duration of 
the peak overpressure increase, so does 
the potential for harm. Other important 
determinants include environmental 
factors such as proximity to structures, 
victims’ locations in relation to the 
blast, and the medium in which the 
blast occurs. Confinement of a blast in 
a closed or semi-closed space, such as 
a subway tunnel or city bus, can dras-
tically increase its potential to cause 
harm. In a confined-space explosion, 
the Friedlander waveform no longer 
represents the atmospheric changes that 
occur in the area around the blast. A 
blast wave will reflect, possibly several 
times, when it strikes solid surfaces, 
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resulting in complex and erratic pressure 
changes (see Figure 2). The positive-
pressure phase is prolonged, with an 
increased peak overpressure and several 
subsequent peaks as a result of the 
pressure wave reflecting off surround-
ing solid structures. A negative pres-
sure phase might not occur in such 
situations. Leibovici et al reviewed the 
medical records of approximately 300 
terrorist bombing victims in Israel and 
calculated a mortality rate of 7.8% for 
open-air blasts, compared with 49% for 

blasts confined to a bus.10 Rozenfeld 
et al characterized an additional 65 
terrorist bombings in Israel, involv-
ing approximately 800 victims, and 
concluded that explosions inside build-
ings and buses used the most hospital 
resources and their victims had poorer 
outcomes.11 This investigative group also 
raised concern about blast wave reflec-
tion, as evidenced by the high number 
of injuries sustained by victims located 
near buildings at the time of explosion. 
A person located between an explosion 

and a solid structure capable of reflect-
ing the blast wave can suffer two or 
three times the degree of injury as a 
person caught in a similar incident in an 
open environment.6

The proximity of victims to the explo-
sion will affect their likelihood for 
injury. The energy of the blast wave in 
air dissipates rapidly and is governed by 
Hopkinson’s scaling law, which states 
that as the distance from the explosion 
doubles, the peak overpressure experi-
enced by the victim decreases by one-
eighth.12 Based on this ratio, a distance 
of more than 16 meters is required to 
protect from the blast overpressure pro-
duced by up to 25 kg of 2,4,6-trinitro-
toluene (TNT).9

Underwater explosions pose an 
increased risk of injury given the virtu-
ally incompressible nature of water mol-
ecules compared with air. Fortunately, 
exposure to this type of explosion is rare 
outside combat scenarios. Nguyen and 
associates described the injuries sus-
tained by a young man when a firework 
failed to launch into the air and instead 
detonated underwater approximately 
1.5 meters away from where he was 
submerged to his neck. The incident led 
to the development of severe multilobar 
hemorrhagic pulmonary contusions 
requiring intubation. In this scenario, 
the overpressure created by underwa-
ter detonation of a typical consumer 
firework containing 3-10 grams of 
explosive powder comparable to TNT 
exceeded the threshold for lung injury 
by 10-fold.13 Had this been an open-air 
rather than an underwater explosion, 
the peak overpressure would not have 
reached the threshold for causing lung 
injury. For swimmers treading water in 
a vertical position when a blast occurs, 
bowel injury is the most likely form 
of trauma, possibly related to the fact 
that blast loading increases with depth. 
Measurements of peak overpressures 
taken at depths of 1 and 2 feet dem-
onstrated a 2- to 10-fold increase with 
depth.12

Characteristics  
of the Explosive

Explosives can be categorized as 
either high or low order, based on the 
velocity of decomposition. High-order 
explosives consist of chemicals that 

Figure 1. Friedlander Waveform

Figure 2. Enclosed Waveform
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convert to gas virtually instantaneously 
in a process known as detonation, 
resulting in a substantial release of 
kinetic energy that creates the afore-
mentioned blast overpressure and 
resultant blast wave. High-order explo-
sives can be pure compounds, such as 
nitroglycerin, TNT, acetone peroxide, 
cyclonite, or pentaerythritol tetranitrate 
(PETN). They may also be compounds 
of different materials, as found in 
dynamite and ammonium nitrate-fuel 
oil. Plastic explosives use a plasticizer, 
usually phthalate esters, to increase flex-
ibility and durability. C-4 is an explosive 
composite that contains the explosive 
RDX (research department explosive), a 
nitroamine, a binder, and a plasticizer.14

Compared with high-order explo-
sives, low-order explosives burn slower 
in a progressive fashion called deflagra-
tion. Because of this characteristic, they 
can be purposed as mining tools, pro-
pellants, fuses or detonators for certain 
high-order explosives, or pyrotechnics 
when manufactured for light, heat, and 
sound. Low-order explosives typically 
do not generate a blast overpressure 
but are still capable of producing blast 
winds, projectiles, and burns. Common 
examples are black powder, gunpowder, 
and petroleum-based explosives. When 
low-order explosives are intentionally 

confined within a casing, as in a pipe 
bomb, the speed of detonation increases 
drastically, though not to the extent of 
high-order explosives.14

Shaped and projectile charges are 
explosives engineered to create direc-
tionality to blast overpressures. A 
shaped charge has a lined hollow space 
that focuses explosive force, improving 
control over the area of damage — this 
characteristic can increase the likelihood 
of inflicting damage on a desired target 
while limiting collateral damage (see 
Figure 3). An explosively formed pro-
jectile is a special type of shaped charge 
that uses a metal plate designed to 
deform to an aerodynamic shape when 
struck by a blast wave, resulting in its 
propulsion toward the intended target 
at high velocity and with narrower focus 
of force. These are often used to circum-
vent military armor.15 

Enhanced-blast weapons have been 
developed to increase the lethality of 
explosive weapons by increasing the 
energy released from an explosion. 
Thermobaric and fuel-air explosives are 
currently in use by the United States, 
China, and Russia. These weapons have 
a lower peak overpressure, but duration 
of the overpressure is greatly increased 
and the blast wave propagates farther. 
Fuel-air explosives create a small initial 

explosion that disperses a vapor cloud of 
a fuel such as ethylene oxide. A subse-
quent detonation ignites this fuel cloud, 
resulting in a uniform dynamic over-
pressure.16 Thermobaric explosives use a 
reactive metal to augment the blast.17

Some civilian situations have the 
potential for blasts, for example, dust/air 
mixtures in grain silos or coal mines and 
slowly leaking flammable gases. Boiling 
liquid-expanding vapor explosions take 
place when liquefied gas stored above 
its boiling point vaporizes and ignites 
as a result of container failure.18 A situ-
ation in which this can occur is after a 
fuel tanker collision when the tanker is 
resting on its side and the relief valves 
on the top of the truck, designed to 
ventilate vapor and reduce pressure, fail 
to function properly. As previously dis-
cussed, confinement of a blast, such as 
in a building or tunnel, results in faster 
detonation and higher overpressure.19 
Asphyxia can result if the reaction con-
sumes all available atmospheric oxygen.

Classification  
of Blast Injuries

Traditionally, injuries resulting from 
blasts have been categorized by the 
mechanism through which they are 
sustained. The system described by 
Zuckerman in 1941, classifying these 
injuries as primary, secondary, tertiary, 
and quaternary, is still widely used 
today.20 These injuries may occur in 
isolation or in any combination. A fifth 
class, quinary blast injury, was proposed 
recently. (See Table 1.) The lethality of 
a blast and the severity of injuries that 
a blast can cause depend on numerous 
factors: magnitude of the explosion, 
proximity of the casualty to the explo-
sion, occurrence in an open vs enclosed 
space, and the presence of other struc-
tures or objects that can cause additional 
injuries.

Primary Blast Injuries
Primary blast injuries are caused pre-

dominantly by high-order explosives, 
which create a blast wave of overpres-
sure also known as a shock wave. The 
blast wave travels outward from the 
explosion at 3-9 km/sec. Low-order 
explosives form a lower energy blast 
wave that travels at subsonic speed. The 
overpressure formed by a blast wave 

Figure 3. Shaped Charge
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characteristically affects areas at or near 
junctions of tissues of different density, 
for example, the interface in air-con-
taining structures such as the eardrums, 
lungs, and bowel.

The mechanisms by which primary 
blast injuries occur are described by 
the concepts of spalling, implosion, 
and inertia, which were first proposed 
by Schardin in 1950.21 In spalling, the 
blast wave propagates from a more 
dense to a less dense medium, result-
ing in fragmentation and displacement 
of the dense medium into the less 
dense medium. An underwater detona-
tion demonstrates this effect with the 
splash of fragmented water into the air. 
Another example is the propagation 
of the blast wave through the armor 
of a tank without physical penetration. 
When the blast wave approaches the 
interior surface of the tank’s armor, it 
causes fragmentation of metal, which 
can injure the tank’s occupants.

In implosion, the blast wave overpres-
sure compresses gases and gas-filled 
structures. When the wave passes, the 
gas expands, releasing significant kinetic 
energy to the surrounding tissue. At the 
level of the lung alveoli, air can enter the 
pulmonary vasculature and cause sys-
temic air embolism.22

Inertial effects occur when a force 
acts on two structures of different 
densities simultaneously. The less 
dense material will have greater accel-
eration than the more dense material, 
which causes significant stress at the 
boundary of the two structures.23 The 
resulting disruption is similar to an 

acceleration-deceleration injury.6

Secondary Blast Injuries
Secondary blast injuries are caused 

by the acceleration of objects, especially 
bomb fragments or shrapnel, outward 
from the blast center. These projectiles 
can cause significant penetrating and 
blunt injuries. The “shimmy” caused 
by irregularly shaped shrapnel causes 
fragments to tumble within the tissue, 
increasing the amount of damage.24 

Tertiary Blast Injuries
Tertiary blast injuries result from 

the victim being physically displaced 
by the blast wave. Commonly found in 
this category are fractures, crush inju-
ries, compartment syndrome, internal 
organ injury, and traumatic brain injury. 
Injuries sustained in a structural collapse 
after an explosion are also classified as 
tertiary blast injuries.25

Quaternary Blast Injuries
Quaternary blast injuries occur as a 

result of the thermal, asphyxiant, and 
toxic properties of the explosive sub-
stance. Exacerbations of chronic condi-
tions, such as asthma in the setting of 
smoke exposure, are in this category.19 
These effects are greatly increased when 
the explosion and the blast victim are in 
an enclosed space. Bones and teeth from 
suicide bombers create an intentional 
form of secondary blast injury that has 
the potential to become a quaternary 
injury due to transmission of infectious 
agents. Braverman et al published a 
case report of bone fragments from a 

suicide bomber being recovered from 
within a victim. These fragments tested 
positive for hepatitis B surface antigen. 
As a result of this case, Israel’s Ministry 
of Health ordered active immuniza-
tion against hepatitis B for all patients 
injured in such attacks.26

Quinary Blast Injuries
The term quinary blast injury is used 

to describe delayed effects of explosions, 
such as infections, radiation exposure, 
and other toxic exposures.8,27,28 A group 
in Israel applied this term to a hyperin-
flammatory state seen in four patients 
with tachycardia, low central venous 
pressure not responsive to fluid, and 
fever. It was presumed to have been 
caused by exposure to the high-order 
explosive, PETN, which also functions 
as a potent vasodilator.29 

Prehospital Care
Prehospital management of blast 

injuries must focus on situational 
aspects prior to individualized patient 
care. First, the responders must con-
sider secondary hazards such as struc-
tural instability or delayed devices 
that could cause harm to rescuers. 
Consideration also must be given to 
contaminants that might be present in 
the environment and on the victims. 
These may be chemical, biological, 
or radioactive. Proper steps must be 
undertaken to decontaminate patients 
and provide protection to rescue per-
sonnel. The number of casualties also 
must be assessed. Obviously, a single 
casualty from a fireworks explosion 
requires significantly fewer resources 
than a large group of people injured by 
an IED detonated within a crowded 
enclosed space. A mass casualty inci-
dent is an event that exceeds the 
healthcare capacity of the response. 
Large-scale blast injuries follow a typi-
cal pattern of presentation. Those clos-
est to the blast have a very high initial 
mortality rate. Survivors have injury 
severity indirectly proportional to their 
distance from the explosion. Many 
of the minimally injured come to the 
closest healthcare facilities as “walking 
wounded” prior to arrival of the more 
severely injured patients who undergo 
on-scene triage.

Table 1. Blast Injury Mechanism Categories

Category Mechanism Typical Injuries

Primary Caused by blast wave
Tympanic membrane rupture, 
blast lung, intestinal hemorrhage 
and rupture

Secondary Caused by flying debris and 
shrapnel

Blunt and penetrating traumatic 
injuries

Tertiary Due to individual being 
thrown by blast

Blunt and penetrating traumatic 
injuries

Quaternary Thermal, toxic, and asphyxiant 
effects

Thermal burns, chemical burns, 
exposure to toxins, asphyxiation

Quinary Delayed hyperinflammatory 
response

Tachycardia, low central venous 
pressure not responsive to fluid, 
fever
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Triage
Although numerous triage method-

ologies have been created, there is no 
national standard for the prehospital 
management of mass casualty incidents. 
These triage methods strive to provide 
the maximum amount of benefit to the 
maximum number of patients in an 
environment with limited resources.30 
There is a tendency of those perform-
ing triage to up-triage casualties, thus 
directing them to receive more imme-
diate care than is warranted. In some 
cases, overtriaging increases the overall 
case fatality rate by redirecting critical 
care resources away from the patients 
most in need.31 The negative effect of 
overtriage is magnified as the number of 
patients increases. At some point, every 
healthcare system will reach a critical 
juncture where it is unable to cope with 
needs of the injured.

The START (Simple Triage and 
Rapid Treatment) system was devel-
oped by the Newport Beach Fire 
and Marine Department and Hoag 
Hospital in Newport Beach, California, 
in 1983, and has been adopted by 
numerous medical systems around the 
world. This system rapidly places a casu-
alty into one of four categories based on 
a simple clinical assessment. The areas 
assessed are ability to walk, the presence 
of spontaneous breathing, respiratory 
rate, the presence of a pulse, and alert-
ness. The categories are green for minor 
injury or “walking wounded,” yellow for 
delayed treatment, red for immediate 
treatment, and black for deceased.32,33 
Multiple companies have developed 
and sell materials to assist with the 
performance of triage at mass casualty 
incidents. (See Figure 4.)

Use of Tourniquets
Secondary and tertiary blast injury 

patterns often result in extremity ampu-
tations and penetrating injuries that 
place the patient at risk for exsanguina-
tion. The use of tourniquets to control 
bleeding in extremity injuries has 
been credited with reducing mortality 
in both military and civilian settings. 
At the start of military operations in 
Afghanistan and Iraq, medical support 
personnel were not routinely supplied 
with manufactured tourniquet devices. 
However, they started to become 

available to troop medics around 2005 
and were standard issue by 2007. 
Eastridge et al retrospectively reviewed 
the battlefield fatalities that occurred 
between October 2001 and June 2011. 
They found that the death rate asso-
ciated with extremity hemorrhage 
decreased from 23.3 fatalities per year 
before widespread tourniquet use to 3.5 
deaths per year after implementation of 
the practice.34 It is likely that the lower 
mortality rate was the result of tourni-
quet use as well as improved training of 
emergency care providers.

The Boston Marathon bombing in 
2013 involved two improvised explo-
sive devices that were detonated in 
close succession near the finish line, 
causing three deaths and 264 injuries. 
Twenty-nine victims, including 15 with 
lower extremity traumatic amputations, 
had life-threatening exsanguination. 
Tourniquets were applied to 27 of the 
29 people during prehospital care. All 
of the tourniquets were improvised and 
applied by both emergency medical 
services (EMS) and non-EMS respond-
ers.35 Because of these experiences and 
other military studies,36-38 recent guide-
lines have promoted the use of tourni-
quets in the prehospital setting.39

Organ-Specific Injury 
Patterns

Central Nervous System. Traumatic 
brain injury (TBI) and post-traumatic 
stress disorder (PTSD) have been 
called the “signature” injuries of military 
operations in Iraq and Afghanistan. 
According to the Defense and Veterans 
Brain Injury Center, more than 333,000 
service members have been diagnosed 
with TBI since 2000.40 In 2010, Wojcik 
and colleagues reported that explo-
sions were the cause of 46.7% of brain 
injuries sustained by American troops 
in Iraq and 63.9% of such injuries in 
Afghanistan.41 Six months after the 
Oklahoma City bombing of the Alfred 
P. Murrah Federal Building, 34% of 
the survivors who could be assessed 
had symptoms of PTSD.42 The clinical 
symptoms of post-concussion syndrome 
and PTSD have significant overlap, 
making it difficult to determine a blast’s 
contribution to this entity beyond the 
psychological trauma suffered by the 
victim.

Central nervous system (CNS) inju-
ries following explosions are caused 
predominantly by secondary and ter-
tiary blast mechanisms. These injuries 
are consistent with blunt and penetrat-
ing mechanisms from non-blast causes. 
Quaternary CNS injuries can be caused 
by toxic exposures, burns, or asphyxi-
ation. The contribution of a primary 
blast to CNS injury has been a matter 
of debate since World War I.43 Some 
blast-exposed patients have evidence 
of CNS injury in the absence of sec-
ondary or tertiary blunt or penetrating 
trauma. A proposed mechanism for 
this counterintuitive scenario is blast 
wave propagation directly through the 
skull or sinus openings.44 Another pro-
posed mechanism is thoracoabdominal 
compression that engorges the cerebral 
vascular and cerebrospinal fluid sys-
tems. Increased pressure in the cerebral 
vasculature damages small cerebral 
vessels and causes a loss of integrity of 
the blood‒brain barrier.45 Blast-wave-
induced damage to air-filled structures, 
such as the lung, can lead to formation 
of air emboli through the process of 
spallation. The emboli then travel to 
the brain or spinal cord and cause isch-
emia or infarction. Structural findings 
of primary blast CNS injuries include 
skull fracture, diffuse axonal injury,46 
contusion, hemorrhage, and edema. 
Immediately after the blast, survivors 
with CNS blast injury may have loss of 
consciousness, memory loss, headache, 
confusion, nausea, and focal neurologic 
deficits. Patients with PTSD report 
the persistent re-experiencing of their 
symptoms (through flashbacks, dreams, 
and intrusive thoughts), avoidance 
symptoms, memory loss, depression, and 
hyperarousal.

Pulmonary. Blast lung injury (BLI) 
is the term for disruption of the alveolar 
architecture from supersonic pressure, 
with resultant pulmonary contusions 
(with or without laceration), other pul-
monary barotrauma (pneumothorax, 
pulmonary interstitial emphysema, 
pneumomediastinum, subcutaneous 
emphysema), and acute gas embolism 
(AGE). Among the initial survivors of 
an explosion, BLI is the most common 
primary blast injury that ultimately is 
fatal.8

Originally, it was thought that a blast 
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wave travels down a patient’s nasal and 
lung passages, resulting in alveolar dis-
ruption. Subsequent evidence suggests 
that the blast wave acts on the chest 

wall, causing compression of the chest 
and creating an associated transient 
intrathoracic pressure wave, which trav-
els through the lung parenchyma and 

can even reflect off the mediastinum, 
creating complex shearing forces.47

Tsokos et al characterized the damage 
of such forces from a histopathological 
perspective, noting a nearly uniform 
injury pattern in a series of human 
autopsy cases. Close-range blast victims 
of chemical explosives were compared 
with non-blast controls. In addition 
to the expected alveolar rupture, pul-
monary hemorrhage, and edema, the 
authors noted air, bone marrow, and fat 
emboli, postulating that the latter could 
be a major determinant in the develop-
ment of acute respiratory distress syn-
drome (ARDS).48

Clinically, the initial assessment of a 
patient at risk for BLI should focus on 
the fundamentals of airway and breath-
ing assessment and management. Signs 
and symptoms of the injury are usually 
present on initial exam. They include 
chest pain (often retrosternal), coughing 
with or without hemoptysis, dyspnea, 
and tachypnea. On exam, the patient 
may have dullness to percussion, pal-
pable crepitus, and a retrosternal crunch 
suggestive of pneumomediastinum.49 
Other diagnostic clues include hypo-
pharyngeal petechia, hypoxia, cyanosis, 
diminished breath sounds, and hemody-
namic instability.19

A proposed “triad” — respiratory 
distress, hypoxia, and the classic “but-
terfly” or “bat wing” pattern of bilateral 
hilar pulmonary infiltrate seen on chest 
radiograph — underscores the absolute 
need for pulse oximetry evaluation and 
chest radiograph in all suspected cases 
of BLI. The chest radiograph should be 
evaluated for subcutaneous emphysema, 
rib fractures, hemopneumothorax, pneu-
momediastinum, as well as the pres-
ence of foreign bodies such as shrapnel. 
Thoracic computed tomography (CT) 
may serve a role in the diagnosis of 
small pneumothoraces and pulmonary 
lacerations as well as the quantification 
of interstitial and alveolar fluid bur-
den,12 and the identification of foreign 
bodies not seen on plain imaging.51 
Interestingly, Avidan wrote that there 
is no good pathophysiological explana-
tion for why BLI infiltrates are central, 
in contrast to the peripheral infiltrates 
characteristic of blunt trauma.50 The 
infiltrates may progress over days. 
Although such progression can be the 

Figure 4. START Triage Algorithm
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result of aggressive fluid resuscitation, 
practitioners should retain a high clini-
cal suspicion for pneumonia. 

Initial stabilization measures should 
be based on the clinical findings at 
presentation. Hypoxia is caused by 
impaired oxygen diffusion and should 
be managed aggressively with supple-
mental oxygen, likely via non-rebreather 
mask.19 The use of non-invasive pos-
itive-pressure devices, such as bilevel 
positive airway pressure (BiPAP) and 
continuous positive airway pressure 
(CPAP), is not recommended. A patient 
with diminished or asymmetric breath 
sounds in the setting of possible pneu-
mothorax should undergo immediate 
needle decompression, followed by tube 
thoracostomy. Shorter, larger bore tubes 
are recommended, given the possibility 
of large air leaks associated with bron-
chopleural fistulas.12

Most critically ill patients with BLI 
require intubation with mechanical 
ventilation. The positive pressure used 
in mechanical ventilation may worsen 
the findings of BLI. Care should be 
taken to minimize the risk of baro-
trauma, tension pneumothorax, and 
AGE. A pressure-control or pressure-
limited mode should be used, with the 
goal of maintaining an end-inspiratory 
plateau pressure of less than 30 cm 
H2O using about 6 mL/kg of tidal 
volume.52 Permissive hypercapnia has 

been studied in BLI; no evidence of 
organ dysfunction related to respiratory 
acidosis was found,53 but some authors 
caution against its use with coexisting 
neurologic injury.54 Elevated positive 
end-expiratory pressure (PEEP) higher 
than 10 cm H2O might be required to 
overcome initial hypoxia but should be 
titrated down as soon as possible.12

Pizov and colleagues proposed a 
system to stratify BLI based on sever-
ity and to prognosticate the need for 
mechanical ventilation strategies. This 
classification scheme was based on a 
series of victims of Israeli bus bombings. 
They used radiographic findings and 
the PaO2/FiO2 (PF) ratio to determine 
the severity of the BLI.55 A PF ratio > 
200 mmHg with only unilateral infil-
trates was deemed mild, not requiring 
mechanical ventilation. Patients with 
a moderate PF ratio (between 60 and 
200 mmHg) with bilateral infiltrates 
were found to require intubation but 
were supported successfully with con-
ventional ventilator techniques similar 
to those described above. Patients with 
severe BLI, described as a PF ratio < 
60 mmHg and diffuse radiographic 
infiltrates, often had pneumothoraces or 
bronchopulmonary fistulas and required 
significantly higher PEEP. The deter-
minants used to classify severity were 
expanded by Wightman and Gladish to 
include requirement of positive pressure 

ventilation and use of PEEP.12 (See 
Table 2.) Some unconventional ventila-
tor methods have been used in patients 
with severe BLI, including indepen-
dent lung ventilation, high-frequency 
jet ventilation, and nitric oxide.55 The 
actual benefit of these techniques is 
unclear. Extracorporeal membrane oxy-
genation also has been used in patients 
with BLI,56 but some clinicians advise 
caution in its use given the risk of cata-
strophic pulmonary hemorrhage.55

AGE can occur with the initial blast 
wave through the mechanism of spall-
ing, or it can occur later, when pul-
monary tissue disruptions cause air to 
move into the arterial or venous system. 
When a lung injured by a blast experi-
ences high alveolar pressure, such as that 
seen with positive pressure ventilation, 
the risk of AGE increases. Emboli have 
been noted to travel to the eye, brain, 
spine, and coronary arteries, resulting in 
sudden blindness, neurologic deficit, loss 
of consciousness, and chest pain. 

Providers should assess the patient 
for retinal arterial gas bubbles on fun-
doscopy, focal neurologic deficits, or 
findings of ischemic changes on an elec-
trocardiogram (ECG).19 Initial treat-
ment is high-flow oxygen. Definitive 
treatment is hyperbaric oxygenation, 
which reduces the size of the gas bubble 
through the principle of Boyle’s law. 
Placement of the patient in the left 
lateral decubitus position with as much 
pronation as possible elevates the left 
atrium, making it less likely for air bub-
bles to pass to the ventricles and to the 
systemic circulation. This position also 
allows the coronary artery ostia to sit in 
the lowest possible position, minimizing 
the risk of embolic myocardial infarc-
tion. Conversely, if there is high suspi-
cion for isolated right lung injury, place 
the patient in the right lateral decubitus 
position — a dependent injury has a 
higher capillary pressure and thus less 
risk of AGE.12

Historically, BLI was thought to have 
the potential for delayed presentation, 
up to 48 hours after an explosion. In 
more recent case series, all clinically 
significant pulmonary decompensa-
tion requiring mechanical ventila-
tion occurred within the first 2 to 6 
hours.50,55 However, these studies were 
based on predominantly closed-space 

Table 2. Severity Categories for Primary Blast Lung Injury

Mild Moderate Severe
Radiographic 
infiltrates

Unilateral Asymmetrical 
bilateral

Diffuse bilateral

PaO2/FiO2  ratio (PFR) 
(mmHg)

> 200 60-200 < 60

Bronchopleural 
fistula

No Yes

Positive pressure 
ventilation (PPV) 
requirement

Unlikely to require Likely to require 
conventional 
methods

Universal, 
may require 
unconventional 
methods

Positive end-
expiratory pressure 
(PEEP) requirement 
(cm H2O)

If needed, < 5 5-10 usually needed > 10 commonly 
needed

Severity categories for primary blast lung injury, which may help to predict necessity for 
use of PPV and PEEP, as originally proposed by Pizov et al55 and expanded by Wightman 
et al12
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explosions, limiting the generalizabil-
ity of the findings. It is possible that 
victims of closed-space explosions, 
with exposure to prolonged overpres-
sures, have a shorter latency period.57 
Approximately 70% of critically injured 
patients with BLI who survive to 
admission will also survive to discharge, 
most with normal or near-normal lung 
function by 1 year after the injury.19

Cardiac. A primary blast is one of 
several mechanisms that can cause blunt 
injury to the heart. In the literature, 
causes of blunt cardiac injury (BCI) are 
typically grouped together. BCI can be 
rapidly fatal, causing death at the scene; 
it can be relatively apparent through 
clinical clues upon presentation at the 
emergency department; or it can have 
only subtle signs and symptoms, with 
delayed development. It is unlikely 
that a primary blast will cause a cardiac 
contusion in isolation. If a blast’s over-
pressure is significant enough to cause 
cardiac contusion, the patient will likely 
have multisystem effects.

Important acute injuries to consider 
in patients with BCI are free wall or 
septal rupture, pericardial tamponade, 
coronary artery injury, papillary muscle 
rupture, aortic or mitral regurgita-
tion, and arrhythmia. Subtle or delayed 
injuries can include rupture of a low-
pressure chamber or coronary vein. 
Asymptomatic hemopericardium can 
take months to organize into con-
strictive pericarditis. Pulmonary and 
tricuspid valve injuries might remain 
asymptomatic for years.58

Physical examination findings sug-
gestive of significant BCI include tachy-
cardia (secondary to stress, acute blood 
loss, hypoxia, exertion, or dehydration), 
bradycardia, hypotension, delayed capil-
lary refill, and presence of an S3 gallop, 
rub, or new murmur.59 Several reviews 
of blast injury discuss animal studies 
in which bradycardia and hypotension 
resulted from a primary blast.60,61 A 
bimodal distribution of vital sign insta-
bility occurs immediately and again 2-3 
hours after the blast (which could have 
been caused by vagus nerve-mediated 
bradycardia without compensatory vaso-
constriction, resulting in cardiogenic 
shock).62

All patients with suspected BCI 
should have a 12-lead ECG. There are 

no electrocardiographic findings specific 
for BCI.59 Non-specific abnormalities, 
including sinus tachycardia, are present 
in up to 80% of patients with BCI.58 
Evaluate the ECG for signs of ischemia, 
infarction, and arrhythmia. A patient’s 
sympathetic stress response to a blast 
event could precipitate acute coronary 
syndrome in the setting of baseline 
coronary artery disease. Address dys-
rhythmias in accordance with standard 
practice. Electrical alternans, the elec-
trocardiographic finding of alternat-
ing amplitude and vector of the QRS 
complex, suggests the presence a large 
pericardial effusion.

Perform bedside echocardiography 
in any patient suspected of having BCI. 
Findings may include the presence of 
pericardial effusion with or without evi-
dence of tamponade, aortic rupture, and 
intracardiac thrombus or gas.58 It is also 
useful for assessing cardiac contractility 
and helps in the evaluation of volume 
status. Right ventricular enlargement 
might be seen in patients with tricuspid 
valve injury, left ventricular failure, pul-
monary embolism, or ARDS.63

The use of a cardiac biomarker, most 
frequently troponin, as a screening 
tool for BCI is a controversial topic. 
Troponin can be elevated in the set-
ting of catecholamine release, reperfu-
sion injury after hypovolemic shock, 
microcirculatory dysfunction, and 
oxidative injury. Conversely, troponin 
can be negative in patients with cardiac 
dysrhythmias, a finding that requires 
further monitoring and possible inter-
vention.64 Previous guidelines for evalu-
ation of patients for BCI did not require 
biomarker evaluation in the setting of 
an initial normal ECG.65 More recent 
guidelines call for screening for BCI 
with both electrocardiography and mea-
surement of troponin.66 The timing of 
troponin evaluation and the use of serial 
testing have not been established.

Abdomen. Most gastrointestinal 
injuries caused by blasts are the result 
of secondary and tertiary injury mecha-
nisms. The large and small bowel are 
gas-containing organs and are thus at 
risk for primary blast injury. Abdominal 
primary blast injury was first reported 
in 1917 in a case series of three sailors 
who were in the water when a torpedo 
struck their vessel.67 Solid organ injuries 

are rarely found as a result of a primary 
mechanism alone. When they do occur, 
they are most commonly subcapsular 
hematomas of the liver, spleen, and 
kidneys.49 The risk of abdominal injury 
is increased when the blast occurs in a 
confined space68 or under water.69,70

The blast wave transmits shearing 
and stress forces on the bowel wall, 
resulting in submucosal and subserosal 
hemorrhages. Gastrointestinal hemor-
rhage results from mucosal rupture. The 
bowel can be perforated directly from 
the blast, or a perforation might have a 
delayed presentation due to necrosis of 
injured portions of the bowel.69

The presentation of abdominal 
primary blast injury is inconsistent. 
Symptoms can be masked by more 
severe acute symptoms associated with 
primary blast injury of the brain and 
lung. Clinical symptoms include pain 
of varying character and intensity, nau-
sea, vomiting, diarrhea, and tenesmus. 
The stool or emesis might be bloody. 
Bowel sounds might be absent. The 
patient could have varying degrees of 
tenderness with presence of guarding or 
rebound.

As with other abdominal trauma, 
screening with ultrasound is appropri-
ate. Stable patients in whom abdomi-
nal injury is being considered should 
undergo CT. It is important to note that 
CT might have insufficient sensitivity 
to identify hollow organ injury.71 The 
colon and ileocecal region are at greatest 
risk of injury.6,72 Indications for surgery 
in abdominal primary blast injury mir-
ror those for other abdominal injuries. 
Non-operative management of patients 
with evidence of injury but stable clini-
cal status should allow frequent serial 
exams for a minimum of 3-5 days (the 
risk of perforation persists up to 14 
days).69

Eye. The ocular surface constitutes 
only 0.1% of the total body surface 
area but it is frequently found to be 
injured in blast survivors.19,73 Many 
survivors of recent devastating terrorist 
attacks had ocular injuries: 8% in the 
1995 Oklahoma City bombing, 21% 
in the 1998 U.S. Embassy bombing in 
Nairobi,54 and 18% in the 2004 Madrid 
train bombings.51 In the Nairobi bomb-
ing, patients as far as 2 km from the site 
sustained eye injuries.54
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These significant and potentially 
devastating injuries largely occur as 
the result of secondary or tertiary blast 
mechanisms. Overall, their management 
is consistent with that of conventional 
ocular trauma and, therefore, will not be 
discussed here. However, several circum-
stances unique to primary blast injury 
of the eye are described. Emergency 
enucleation is not advised.25

As previously discussed, ocular AGE 
can occur concomitantly with pri-
mary BLI. Retinal artery air bubbles 
detected on fundoscopic exam should be 
treated with high-flow oxygen therapy. 
Consideration of hyperbaric oxygen 
therapy is based on sound physiologic 
principles despite lack of clinical trials. 
Other ocular injuries that can be caused 
by a primary blast mechanism include 
globe rupture, serous retinitis, and 
hyphema.8

The globe might be capable of with-
standing considerable force during the 
primary blast, transferring the energy 
and causing a “blowout” of the orbital 
floor and lamina papyracea. CT scan 
of the orbits with coronal views is the 
most useful radiographic test for assess-
ing such injuries, and ophthalmologic 
assessment is indicated. Shamir et al 
described two patients who had been 
caught up in a terrorist bombing on an 
Israeli bus, who presented 2 weeks after 
the incident with complaints of ocular 
discomfort. The patients had isolated 
orbital blowout fractures without any 
other sign of injury. They were found to 
have upward gaze restriction and slight 
enophthalmos, though they did not 
demonstrate other classic findings of 
diplopia or infraorbital paresthesia.73

Ear. The delicate and sensitive struc-
tures of the auditory system are the 
most frequently injured structures dur-
ing a blast incident. The external ear 
is subject to trauma from secondary, 
tertiary, and quaternary blast mecha-
nisms. Debris scattered in the blast may 
result in secondary blast injuries such as 
lacerations, amputations, and damage 
to structures in the middle or inner ear. 
An example of a quaternary mechanism 
would be fire and extreme heat caus-
ing burns to exposed structures of the 
auditory system. The middle and inner 
ear are most frequently injured by the 
primary blast wave overpressure. 

The tympanic membrane (TM) is the 
structure most sensitive to pressure dif-
ferentials. A TM exposed to as little as 5 
psi (35 kPa) of pressure is at risk of per-
foration. Individuals exposed to 15-50 
psi have a 50% risk of perforation.9 The 
risk is affected by the magnitude of the 
blast, distance from the blast center, 
and the person’s head position relative 
to blast wave propagation. Another 
important factor is whether the blast 
occurred in an open or enclosed space. 
Researchers evaluating civilian bus blast 
survivors found that the rate of TM 
perforation for people on the bus was 
markedly higher than for those adjacent 
to the bus (29% vs 1%).68 Other middle 
ear injuries that can occur include dis-
articulations and fracture of the three 
bones of the ossicular chain — the mal-
leus, incus, and stapes. These structures 
convert acoustic vibrations from the 
tympanic membrane to pressure waves 
within the inner ear. Any disruption 
along this chain results in conductive 
hearing loss. Sensorineural hearing loss 
can occur when the cochlear hair cells of 
the inner ear are damaged.

After exposure to a blast, patients 
might complain of hyperacusis, hear-
ing loss, tinnitus, otalgia, or vertigo. 
Differences in rates of auditory system 
injury between civilian and military 
blasts may be related to the use of ear 
protection. Remenschneider and asso-
ciates reported on 94 survivors of the 
Boston Marathon bombing who were 
evaluated by otolaryngologists. Shrapnel 
injury to the external ear and exter-
nal auditory canal was found in eight 
patients. Perforation of the tympanic 
membrane was found in 48 patients, 
with 14 being bilateral.74 The inci-
dence of ear injuries among survivors 
of blast injuries during Operation Iraqi 
Freedom was reported by Dougherty 
and coworkers in 2013. Of 3981 blast 
survivors, 1223 (30.7%) had injury to 
the auditory system and 319 (8.0%) had 
TM rupture. The most common injury 
was tinnitus, found in 767 survivors 
(19.3%).75

All survivors of blasts should undergo 
an otoscopic examination. Physical 
exam findings may include lacerations, 
burns, and avulsions of the external 
ear, hemotympanum, TM rupture, and 
the presence of foreign bodies in the 

external auditory canal. The most fre-
quent location of TM rupture is inferi-
orly at the pars tensa.76

An injured external ear is often dif-
ficult to manage due to its irregular 
contour, poor blood supply, and under-
lying cartilage. Concomitant injuries to 
vital organs often take precedence over 
the auditory system. For avulsions of 
the pinna, clean the wound edges thor-
oughly and debride non-viable tissue. 
A postauricular pocket can be created 
to avoid necrosis and tissue loss until 
definitive repair can be performed.77 
Treatment of TM perforations is 
generally expectant, since many heal 
spontaneously. Remove any debris from 
the external auditory canal. While a 
perforation is present, ototoxic eardrops 
should be avoided. Tympanoplasty is 
usually performed if spontaneous reso-
lution is not observed after a period of 
conservative management. This pro-
cedure has shown good results in the 
hands of experienced surgeons, with an 
82% closure rate in one study.78 Healing 
might be complicated by the formation 
of cholesteatoma, a mass of keratinizing 
squamous epithelium that can erode 
into other structures of the middle 
ear. Choleastoma formation compli-
cating TM rupture healing has been 
reported in 4% to 12% of blast injury 
survivors.79-81 

Orthopedic/Soft Tissue. Traumatic 
amputations from blast incidents are 
considered a marker of exposure to 
severe overpressure and portend a high 
likelihood of death.82 They are typi-
cally associated with head trauma, chest 
wounds, evisceration, and BLI as well 
as the obvious risk of hemorrhage.54 In 
general, it is accepted that a primary 
blast wave creates axial stresses in bones, 
leading to fractures.83 A near-simulta-
neous high-velocity blast wind flails and 
separates the soft tissue. 

Reported survival rates for patients 
with traumatic amputations caused 
by blasts range from 1% to 3%.18,54,83 
However, the 69 patients with traumatic 
amputations sustained in the 2007 
suicide bombing attack on the London 
Underground had a survival rate of 
24.5%. Patel and colleagues postulated 
that the higher survival rate in this 
incident was related to the placement 
of the bomb on the floor in addition to 
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the positions of the survivors in the sub-
way cars. Many passengers were tightly 
packed in standing position, so the 
primary blast wave was probably chan-
neled through a “forest” of legs, which 
shielded other organs. Other passengers 
were seated, so their torsos were par-
tially protected from the blast and resul-
tant shrapnel by the seats beneath them. 
A blast wave strong enough to cause an 
upper extremity amputation is thought 
to be more likely to be fatal because 
it impacts nearby structures — brain, 
heart, lungs — with similar force.83

Shuker documented that for survivors 
of a blast, the presence of facial fractures 
was a marker for severe multisystem 
trauma. Transverse mandibular fractures 
are unique to blast injury and occur 
when a significant blast overpressure 
encounters the juncture of the relatively 
weaker cancellous body of the mandible 
and its firm lower border of solid corti-
cal bone. The shearing along this line 
can result in a horizontal fracture, which 
runs parallel to the jaw. Because teeth 
are meant to withstand vertical forces, 
victims might also experience shearing 
of the teeth along the cementoenamel 
junction. Cover the pulp exposed by 
such fractures with cotton impregnated 
with zinc oxide and eugenol paste, 
pending definitive dental intervention.84

The nature of blast wounds makes 
them inherently contaminated.85 Dirt, 
shrapnel, and bits of clothing usually 
contaminate the soft tissue of victims. 
Bone fragments can act as secondary 
projectiles. All bony fragments should 
be removed, because they carry a high 
risk of infection.51 Heavy polymicrobial 
contamination can occur as a result of 
tissue stripped from bone, disruption 
along fascial planes, and secondary 
projectiles with unknown trajectories. 
Given the risk for infection, treat all 
wounds with copious irrigation and 
debridement of non-viable tissue. Some 
soft-tissue wounds and all open frac-
tures require prophylactic antibiotic 
treatment. Patients should be given 
appropriate tetanus prophylaxis. Apply 
direct pressure to bleeding sites unless 
threatened exsanguination necessitates 
the use of a tourniquet or vessel ligation. 
Fracture management includes reduc-
tion and splinting, if immediate opera-
tive repair is not indicated, to prevent 

further soft-tissue, vascular, and nervous 
damage as well as for pain relief.86 Cover 
open wounds with sterile moist gauze 
in preparation for surgical debridement; 
early and regular debridement plays a 
critical role in the management of large 
wounds.31 Maintain a high index of 
suspicion for the development of rhab-
domyolysis and compartment syndrome 
in patients with crush injuries.54

Special Populations
The indiscriminate nature of a blast 

overpressure in the setting of a terrorist 
attack or other disaster scenario requires 
consideration of special populations. In 
pregnant women, fetal injury is uncom-
mon in the absence of maternal injury, 
but a blast wave can result in placental 
abruption via the spalling mechanism. 
The Centers for Disease Control and 
Prevention (CDC) recommends that all 
women in the second or third trimester 
be kept for continuous fetal monitor-
ing and screening for fetal-maternal 
hemorrhage.87

Children are at particular risk for 
blast injury because of their relative size 
and increased risk for head and abdomi-
nal trauma. As a result of terrorism, the 
medical community is gaining experi-
ence in characterizing blast injuries and 
fatalities in pediatric patients. The Joint 
Theatre Trauma Registry provides data 
on all civilians admitted to U.S. military 
treatment facilities. Edwards and associ-
ates reviewed the registry from 2002 to 
2010 for pediatric patients admitted for 
blast injury. The 1000 Afghan and Iraqi 
children who were included in their 
dataset had an increased risk for head 
and neck injuries compared with pelvic 
and extremity trauma.28

Many children involved in a blast are in 
a closed or confined space. As discussed 
above, these areas are associated with 
higher rates of injury and fatality com-
pared with open-air blasts. As with adults, 
only a relative few pediatric patients will 
survive major injuries sustained in the 
worst areas of blast overpressure. Those 
who do survive will likely need care at a 
dedicated pediatric medical center. Only 
5% of hospitals in the United States have 
a dedicated pediatric center and operate 
at capacity or over-capacity on a regular 
basis. The ability of these hospitals to 
absorb additional patients from a major 

blast incident is limited.88

The elderly are also more prone to 
prolonged and complicated hospital-
izations after blast injury. Underlying 
medical conditions can be exacerbated 
by the blast or make recovery from new 
injuries more difficult. Orthopedic inju-
ries are more prevalent in this popula-
tion. Given the risk for decompensation, 
blunt chest trauma is of greater signifi-
cance, and the provider should have a 
low threshold for prolonged observation 
and monitoring. The CDC specifically 
cites the challenge of decontamination 
for individuals with limited mobility, 
noting that technical decontamination 
of wheelchairs, walkers, and other walk-
ing aides may be necessary.87

Special Considerations: 
Chemicals and Radiation

Blasts can be associated with expo-
sure to toxic chemicals or radiation, 
whether intentional in the case of 
terrorist activity or unintentional in 
industrial incidents. Providers caring for 
blast injury survivors should consider 
these possibilities to help prevent cross-
contamination and predict injury pat-
terns in survivors. For example, a patient 
developed methemoglobinemia after 
exposure to a blast caused by detonation 
of TNT.89 Survivors might need to be 
decontaminated prior to their entry into 
the hospital to prevent further absorp-
tion and exposure of healthcare workers 
to the agent. Every hospital should have 
a plan in place for how to respond to 
a mass casualty incident and provide 
decontamination. The most important 
step to adequately decontaminate a 
patient is to remove all of his/her cloth-
ing and jewelry. This step will reduce the 
contamination load by 70-85%.90

A radiological dispersion device, pop-
ularly known as a dirty bomb, presents 
a challenging scenario for disaster man-
agement. This type of device would be 
an ideal weapon for terrorists because of 
the injuries that the blast would inflict 
and the psychological consequences of 
the presence of radiation.91 Dirty bombs 
are not the same as a nuclear weapon, 
which works by the process of fission or 
a combination of fission and fusion to 
release a very large amount of energy. 
The radiation consequences of a dirty 
bomb likely would be much less than 
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the effects of the blast itself. Delays in 
the treatment of survivors as a result 
of the need to protect care provid-
ers might increase the morbidity and 
mortality stemming from the initial 
blast. Industrial incidents involving 
an explosion at a nuclear power plant 
or a processing plant for radioactive 
materials carry a much greater threat 
for radiation injury. The Fukushima 
Daiichi nuclear disaster, initiated by an 
earthquake-induced tidal wave, resulted 
in the breakdown of pumps used to 
cool fuel rods. Subsequent explo-
sions led to the prolonged release of 
radioactive material into the environ-
ment. Despite the major damage that 
occurred at the plant, the exposure to 
inhabitants of the area is estimated to 
be below the cumulative background 
dose.92 Healthcare personnel who are 
treating blast survivors contaminated 
with radioactive material should limit 
their exposure to radiation by limit-
ing time, increasing distance from the 
source, and the use of shielding.54

Disposition
No evidence-based, definitive guide-

lines exist regarding the disposition of 
patients exposed to blasts but with-
out significant injury. The assessment 
and treatment of obviously injured 
patients is more straightforward. Initial 
evaluation should follow standardized 
Advanced Trauma Life Support pro-
tocols. The use of TM perforation as a 
screening test to determine a patient’s 
potential to develop delayed lung or 
gastrointestinal injury is no longer 
recommended. In a study of military 
personnel in Iraq who were exposed 
to blasts, TM rupture was seen in only 
four of nine patients with primary blast 
injury to the lung or gastrointestinal 
tract.93 The sensitivity of < 50% in this 
patient series demonstrates that the 
absence of TM rupture does not prove 
absence of other injury. However, the 
presence of TM rupture is associated 
with other blast injuries and places a 
patient in a high-risk group. One study 
of military blast survivors showed an 
almost three-fold relative risk for loss 
of consciousness in those with TM 
rupture compared to those without.94 
Patients who are asymptomatic with 
normal vital signs; normal physical 

examination findings, including intact 
TMs; and a normal chest radiograph 
are likely safe for discharge after 4-6 
hours. Patients who are at higher risk 
for injury should be observed for longer 
periods with frequent reassessments. 
These include individuals exposed to 
large blasts, to blasts in enclosed spaces, 
or to underwater blasts, and those in 
close proximity to the blast center. 
Patients who are discharged home 
should be given discharge instructions 
that detail the signs and symptoms of 
delayed lung and gastrointestinal injury.

Conclusion
The principles of caring for patients 

with blast injuries follow the principles 
of disaster and trauma management. 
At the site of the blast, first respond-
ers must initially assess the safety of 
the scene not only for those who have 
been injured but also for themselves. 
If concern exists about contamination 
with biological, chemical, or radioac-
tive substances, then decontamination 
procedures must be followed. For mass 
casualty incidents, triage systems such 
as the START system have been devel-
oped with the underlying goal of pro-
viding the maximum amount of benefit 
to the maximum number of patients. 
First receivers at hospitals need to be 
prepared to manage a vast array of inju-
ries. Planning for mass casualty events 
using an all-hazards approach will 
help with coordination of the many 
resources required when such an event 
occurs.
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CME/CE Questions
1. Which characteristic of an explo-

sion environment is most likely 
to raise the peak overpressure of 
a blast, and, thus, give a greater 
potential for injury?
A. Greater ambient air temperature
B. Greater enclosure around blast 

space
C. Greater barometric pressure
D. Lower humidity index

2. The Hopkinson’s scaling law states 
that as the distance from the explo-
sion doubles, the peak overpres-
sure experienced by the patient 
decreases by what factor of the 
original?
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A. 1/2
B. 1/4
C. 1/6
D. 1/8

3. An underwater blast increases 
the risk of injury due to what 
mechanism?
A. Incompressible nature of water
B. Chemical reaction between the 

explosive and water
C. Lower boiling point
D. Risk of hypothermia

4. All of the following are typically 
characteristic of a high-order explo-
sive except:
A. deflagration.
B. supersonic blast overpressure.
C. primary blast injury.
D. virtually instant chemical  

conversion.
5. Acute gas embolism occurs when 

air enters the pulmonary capillary 
vasculature of the lung. In terms of 
blast injury, this is an example of:
A. spalling.
B. implosion.
C. “shimmy effect.”
D. brisance.

6. The blast injury classification that 
results in the victim being physi-
cally displaced is:
A. primary.
B. secondary.
C. tertiary.
D. quaternary.

7. Zuckerman’s classification of blast 
injury from primary to quaternary 
has been used since the 1940s. 
Some authors describe a “quinary” 
blast injury. The best example of 
this is:
A. shrapnel lodged in the soft  

tissue.
B. delayed hypersensitivity  

reaction.
C. tympanic membrane perfora-

tion.
D. asphyxiation when all available 

oxygen is consumed in combus-
tion.

8. “Walking wounded” are best 
described as victims who:
A. were walking within the blast 

radius at the time of detonation.
B. have extreme injuries, despite 

being able to ambulate.

C. often self-present to healthcare 
facilities, bypassing on-scene  
triage.

D. ambulate only with EMS  
assistance.

9. The “signature” injury of the mili-
tary operations of the Middle East 
in the 21st century is:
A. blast lung injury.
B. traumatic amputation.
C. tympanic membrane perfora-

tion.
D. traumatic brain injury.

10. A proposed means of classifying 
blast lung injury involves which 
measure?
A. PF ratio
B. Maximum PEEP requirement
C. Diameter of “butterfly” infiltra-

tion on chest radiograph
D. Time to requiring intubation
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survey. The results will be used to enhance the content and format of Trauma Reports.

Instructions: Fill in the appropriate answers. Please write in answers to the open-ended questions in the space 
provided. Please insert this survey in the provided envelope along with your continuing education 
evaluation, fax it to 678-974-5419, or fill out online at: https://www.surveymonkey.com/r/TR_2016_survey. 
The deadline is July 1, 2016.

A. Always
B. Most of the time
C. Some of the time
D. Rarely
E. Never

1. Are the articles in Trauma Reports written about issues of
importance and concern to you?

12. How would you describe your
satisfaction with your subscription to TR?

A. Very satisfied
B. Somewhat satisfied
C. Somewhat dissatisfied
D. Very dissatisfied

Questions 4-9 ask about coverage of various topics in
Trauma Reports. Please mark your answers in the following
manner:
A. very useful B. fairly useful C. not very useful D. not at all useful

A B C D

A B C D

A B C D

A B C D

4. Damage Control Resuscitation
(July/Aug 2015)
5. Pediatric Head Injury

(Sept/Oct 2015)
6. Man-made Disaster: In-

hospital Management (Nov/Dec
2015)
7. Ultrasound for Trauma (Jan/

Feb 2016)
8. Electrical and Lightning

Injuries (Mar/Apr 2016)
9. Blast Injuries (May/June 2016)

A B C D

A B C D

13. What is your title?
A. Practicing emergency medicine physician
B. Trauma surgeon
C. Emergency department or surgical nurse
D. Physician assistant
E. Professor/academician

F. Emergency medicine manager/director
G. Resident

14. On average, how much time do you
spend reading each issue of TR?

A. fewer than 30 minutes
B. 30-59 minutes
C. 1-2 hours
D. more than 2 hours

15. On average, how many people read
your copy of TR?

A. 1-3
B. 4-6
C. 7-9
D. 10-15
E. 16 or more

11. Do you plan to renew your subscription to TR? A. yes B. no

If not, why?

2. How would you rate your overall
satisfaction with your job?

A. Very satisfied
B. Somewhat satisfied
C. Somewhat dissatisfied
D. Very dissatisfied

3. What are you most dissatisfied with in your job?
A. staffing
B. heavy workload
C. low morale in your department or facility
D. impact of cost-cutting on quality of care

E. other

17. How large is your hospital?
A. fewer than 100 beds
B. 100-200 beds
C. 201-300 beds
D. 301-500 beds
E. more than 2,00010. How do you receive Trauma Reports?

A. I am a paid subscriber (proceed to question 11)
B. I receive it as a supplement to another publication (skip to question 12)

16. On average, how many articles do you
find useful in TR each year?

A. 1-2
B. 3-4
C. 5-6

https://www.surveymonkey.com/r/TR_2016_survey


29. What do you like most about Trauma Reports?

30. What do you like least about Trauma Reports?

31. What specific topics would you like to see addressed in Trauma Reports?

Contact information (optional):

Please rate your level of satisfaction with the following items.

18. Quality of newsletter A B C D
A B C D
A B C D
A B C D
A B C D
A B C D

19. Article selections
20. Timeliness
21. Length of newsletter
22. Overall value
23. Customer service

A. excellent  B. good  C. fair  D. poor
25. With which publication do you receive
Trauma Reports?

A. Emergency Medicine Reports
B. Pediatric Emergency Medicine Reports

28. Has reading Trauma Reports changed your clinical practice? If yes, how?

24. What type of education credits do you
earn from Trauma Reports?

A. Continuing medical education
B. Nursing contact hours
C. I do not participate in the CNE/CME activity.

26. Would you subscribe to Trauma Reports if
it were available as a 12-month subscription?

A. yes
B. no

27. To what other publications or information
sources do you subscribe?


	TR050116
	TR Reader Survey 2016



