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AND ITS IMPACT ON THE

As evidenced on September 11,2001, the United  tiesacted against American citizens on American
States is not immune to acts of terror. This event  soil. In the aftermath of this horrific attack, we,
marks one of the first occasions that foreign par-  as professionals within the surgical setting, must



PRACTICE OF SURGERY

review our personal and institutional prepared-  weapons, their impact on surgical practice, and
ness for such events. This article will discuss  control and response strategies used to minimize
potential types of attack using explosive the associated morbidity and mortality.
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Weapons of mass destruction
The act of flying a fuel-laden jet into a skyscraper
proved a relatively simple task, as was tragically
demonstrated in New York and Washington,
DC. This type of terrorism has the potential to
create massive disruption in the delivery of
health care services both at the scene and at local
hospitals. In addition, this kind of terrorist act
has the potential of causing thousands of trau-
matic injuries in relatively small areas, stressing
the infrastructure of local and regional health
care systems. Many of the injuries identified in
this type of situation will require surgical inter-
vention and many will ultimately prove fatal.!3
Weapons of mass destruction (WMD) fall
into several categories. Incendiary (or thermal)
weapons are devices designed to explode or
ignite (eg, nuclear weapons). Biological weapons
contain microorganisms designed to transmit
disease. Chemical weapons contain various sub-
stances created to harass and incapacitate their
victims, and fall into several classes: blister
agents, choking agents and nerve agents. In
response to September 11, this article focuses
primarily on conventional (non-nuclear) incen-
diary weapons.

WMD Design
The two common types of conventional ther-
mal WMDs are composed of solid matter,
volatile liquids, or a composite of both. Solid
matter devices are generally easier to transport
and position and have the potential of causing
greater destruction. Liquid and composite
devices usually require larger quantities of the
agent, and therefore are not practical to assem-
ble, store or transport. Composite weapons may
be safer to produce and transport, as these
weapons require both the solid and liquid to be
mixed prior to becoming explosive. The terrorist
may be able to affix a timing device to regulate
the mixing of the two components and be far
away when the subsequent explosion occurs.
Each of these devices relies on rapid ignition
resulting in an almost instantaneous reaction of
their chemical components.* This rapid reaction
reduces the opportunity for potential victims to

The Surgical Technologist mar 2002

2002 CATEGORY 1

escape. The destructive nature of these weapons,
when applied against humans, causes significant
impact to the local health care infrastructure.’

Impact

Most acts of terror to date have involved explo-
sive or incendiary devices. The act of detonating
or igniting a device of this nature serves the
needs of terrorists and hate-mongers in several
ways. First, these devices are relatively easy to
produce and conceal and are the least expensive
of terrorist tools. Second, the impact of these
devices is sudden and intense, creating an atmos-
phere of chaos that terrorists crave. Third,
although these incidents affect a relatively small
geographical area, the psychological impact on
citizens’ well-being extends far beyond the site,
causing fear and uncertainty among the popu-
lace. In addition, explosive devices are accompa-
nied by loud noise and concurrent fire.

Unlike biological weapons, the detonation of
an explosive device causes a sudden, massive
impact on health care personnel and institu-
tions. This impact is multiplied when health care
providers become victims, as in the World Trade
Center disaster. Chemical weapons produce a
significant impact on emergency medical ser-
vices, firefighters and law enforcement person-
nel. Casualties from a chemical weapon release
usually only require stabilizing treatments pro-
vided in the field and in the emergency depart-
ment.% Some of these patients will require inpa-
tient observation or intensive care unit (ICU)
support; however, very few will require surgical
intervention. Therefore, the effect of a chemical
attack on a civilian target is not a major threat to
the operation of the surgical services depart-
ment.

Similarly, a biological attack will have very
little bearing on the operating room setting. Vic-
tims of a biological agent release will develop
symptoms 12 hours to several weeks after the
actual exposure. Most organisms identified by
the Centers for Disease Control and Prevention
(CDC) as likely bioterrorist agents will cause the
victims to experience symptoms within 24 hours
to one week.578 These individuals will primarily



present to physicians’ offices, clinics and hospital
emergency departments. The patient load from
this type of attack will be staggered and unlikely
to overwhelm most hospital-based resources ini-
tially. In any case, victims of bioterrorism are not
surgical patients, per se, and the physical impact
on the surgical environment will be minimal.?

The greatest effect on and demand for surgi-
cal resources will be from terrorist acts involv-
ing incendiary devices. Impact on the operating
room at the affected hospital(s) will vary based
on the type of device used, time of day or night,
physical space involved in the attack and number
of casualties. For example, a bomb exploding in
the lobby of a large office building at 3 pm will
have a significantly greater impact on local hos-
pitals than if the explosion took place at 3 am. All
JCAHO-accredited hospitals have written disas-
ter plans that outline procedures to follow dur-
ing such an attack. These plans should be imple-
mented as soon as personnel become aware that
an explosion has occurred in the vicinity, regard-
less of the time of day or night.

Mechanisms of injury
Injuries associated with explosions are related to
the proximity of the victim to the detonation
and the related physical properties of the loca-
tion.'? Individuals in proximity to the explosion
suffer injuries known as “blast injuries.” Injuries
vary depending on where the explosion occurred
(eg, within an enclosed structure or on the
street). These injuries occur as a result of the det-
onation velocity and the displacement of the
normal air volume (pressure) that occupies the
given space. This displacement is caused by the
sudden changes in atmospheric pressure within
agiven space, The force of the air displacement is
referred to as the “shock wave,” or blast overpres-
sure (BOP), and is responsible for much of the
damage and many of the injuries associated with
an explosion. #!01L12 [njuries associated with an
explosive detonation are classified in Table 1.
Severity of injuries depend on the size of
explosion and the distance from detonation. An
additional concern is whether the victim was
inside an enclosed structure or on open ground.

One final note: manufactured explosive devices
often incorporate nails, screws or other metal
fragments to increase the number and severity of
injuries and damage.

The physics of an explosion

The detonation of an explosive device produces
an initial pressure wave that progresses outward
from the detonation point at supersonic speed
(>2,000 m/sec) and quickly deteriorates.!!° An
explosion that occurs outside produces a pres-
sure wave known as a free-field or Friedlander
wave (Figure 1a). Explosions within an enclosure
produce a more complex wave form (Figure 1b).
This complex wave has multiple spikes and

depressions caused by the reflection of BOP
from walls and ceilings. The pressure wave
diminishes at a rate of the cubed root of the dis-
tance from the explosion. Therefore, a victim
standing 10 feet (3 m) from the explosion will
be subjected to nine times the amount of force
than that of a person standing 20 feet (6 m) from
detonation.!?

This force may be strong enough to distort or
destroy walls, ceilings and floors causing major
structural damage that impedes initial rescue
efforts. Delays in rescue increase morbidity and
mortality of victims. Walls and other flat surfaces
reflect the blast wave and consequently, injuries
suffered within enclosed space explosions are
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Table 1 Classifications of Blast Injuries

Primary blastinjuries—These are injuries that are directly related to the effect of the shock (pressure) wave on

the body.

Secondary blast injuries—These are injuries that result from debris or shrapnel that has become airborne as a

result of the explosion.

Tertiary blast injuries—Tertiary injuries occur when a person is lifted by the shock wave and propelled into

another person or physical structure.

Miscellaneous blast injuries—This type of injury is an indirect result of the explosion and includes burns,
inhalation injuries and crushing injuries suffered from collapsing walls, floors or ceilings. 2121314

more frequent and catastrophic than explosions
that occur in open air.

During an explosion, an exothermic reaction
occurs releasing tremendous amounts of energy
resulting in burns from the intense heat. Addi-
tionally, the energy generated by the explosion
may be sufficient to cause combustion of inani-
mate objects in the area. Victims in the area of
combustibles are also likely to suffer thermal
injuries as well as smoke inhalation as a result of
the conflagration.

Patient load and assessment
The anticipated patient load depends on the
severity of the event and the overall number of
casualties. The operating room as well as the
entire health care facility must anticipate the
arrival of patients requiring immediate interven-
tion. Intervention is based on the individual
patient’s injuries and must be coordinated
through the entire health care environment.
Assessment of each patient is critical at the point
of triage and again at the patient’s arrival in the
emergency department (ED). Of particular
importance is airway management and fluid
resuscitation. Adherence to standard ABC (air-
way, breathing, circulation) resuscitation tech-
niques reduces mortality in the short-term fol-
lowing a disaster.”

A secondary assessment helps to identify
internal injuries to the patient and aids in plan-
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ning ongoing care for the patient. At this time a
history should be obtained that will, among
other things, determine a patient’s location rela-
tive to the explosion. The examiner should con-
duct a thorough exam of the thorax and
abdomen to rule out occult injuries to the respi-
ratory system or gastrointestinal tract.

Victims of explosions should be monitored
for exposure to chemical or radioactive contam-
inants.”10.1314 Monitoring should be initiated at
the detonation site by trained emergency per-
sonnel and continued at the hospital using
appropriate equipment. The hospital safety offi-
cer and radiation safety officer should be respon-
sible for such monitoring and for implementing
adequate decontamination processes.

Primary blast injuries

The properties of a detonation (air being com-
pressed more readily than fluid) indicate that
most primary injuries will be to hollow or gas-
filled structures. Thus the ear, respiratory system
and gastrointestinal tract are most prone to
damage from an explosion.!210:12.13.14 The ear is
the most sensitive of these systems.?

Ears

The tympanic membranes (TM) of all victims of
an explosion should be evaluated for perforation
or hemotympanum. In one report, 45% of fatal-
ities from explosions suffered TM injuries.!? The



head, eyes, ears, nose and throat (HEENT) exam
may identify a perforated TM.

The TM separates the external auditory canal
from the structures of the middle and inner ear.
Pressure of 5 pounds per square inch (psi) can
rupture the tympanic membrane.*!> The audi-
tory ossicles may also be fractured or dislocated
during an explosion, although there is typically
no damage to the inner ear.

These patients are managed medically, and
routine surgical intervention is not required.
Individuals with ossicular chain injury may be
candidates for reconstruction at a later time. A
significant proportion of victims suffering oto-
logic injury experience permanent hearing
deficit including complete loss of hearing.

Patients with injuries involving the TM
should be evaluated for pulmonary injuries, as a
significant number of these patients also suffer
from pulmonary complications. Absence of TM
injury does not rule out injury to the pulmonary
system or gastrointestinal tract.!

Eyes

Ophthalmic injuries are typically related to sec-
ondary blast injury though many of these are
superficial and include corneal abrasions and lac-
erations. These are frequently related to dust par-
ticles carried by the force of the explosion. The
globe is not easily injured by explosive forces and
most superficial injuries can be treated in the
emergency department. The exception to this
involves patients who have suffered penetrating
injuries of the globe due to flying debris. These
patients may require surgical intervention after
critically injured patients have been stabilized.!

Respiratory system

Primary blast injuries or complications involv-
ing the respiratory system include pulmonary
contusion, pulmonary edema secondary to
myocardial contusion and pneumothorax. Vic-
tims of explosions are at significant risk for
development of Adult Respiratory Distress Syn-
drome (ARDS) and should be monitored for this
complication. ARDS may result from the inhala-
tion of gases or dust associated with the explo-

sion or as a result of barotrauma to the lung tis-
sue itself.'?

Any patient presenting with wheezing should
be evaluated to rule out pulmonary contusion, as
this is the most common, and potentially fatal,
respiratory complication associated with prima-
ry blast injury. Patients with respiratory insult
are not candidates for surgical intervention as
they are treated with anti-inflammatory agents
and oxygen therapy.

Chest tubes may be inserted in the emergency
department as required to alleviate pneumoth-
orax or hemothorax. Surgical staff members
should be prepared for intraoperative placement
of chest tubes on patients who develop symp-

toms of pneumothorax or tension pneumotho-
rax while in surgery.

Neurological system

A common and frequently fatal complication of
blast injury is the development of arterial gas
embolism (AGE). This condition often affects
the smaller vessels of the brain, coronary arter-
ies and spinal cord. Symptoms of central ner-
vous system (CNS) injury must be differentiat-
ed from AGE to provide proper treatment.
Patients with AGE may require hyperbaric ther-
apy as part of stabilization. Surgical patients
should be positioned in the left lateral recum-
bent position when possible to prevent air
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emboli from migrating up the carotid vessels.
Trendelenburg position is no longer recom-
mended for these patients due to concerns about
intracranial pressure (ICP) elevation.!%12 As
AGE may present several hours after the explo-
sion, patients undergoing surgical intervention
may require monitoring for development of this
complication. Evaluation may include cerebral
angiography, nerve impulse monitoring and ver-

tebral or cord angiography.

Gastrointestinal system

Gastrointestinal injuries are commonly noted
with underwater explosions but are frequently
noted with enclosed space explosions. Injuries

associated with the gastrointestinal tract involve
contusions of the lower intestinal tract,
hematoma formation within the muscularis
layer of the small intestine and omentum, and
shearing of the ligaments supporting the struc-
tures of the peritoneal cavity.2141517.1819 Injury
to intraabdominal structures often occurs as a
result of compression or deceleration forces
(primary or tertiary injury),!18:19

Compression injuries result from blunt trau-
ma to the abdominal wall as seen in patients suf-
fering primary or tertiary blast injury. This force
deforms abdominal viscous and, consequently,
increases intraluminal pressure of the GI tract
which may lead to rupture or tearing of these

The Surgical Technologist marzeez

structures, particularly the colon. These injuries
can lead to necrosis of portions of the GI tract
or gross contamination of the peritoneal cavity.
Compression of the solid organs (eg, liver,
spleen) can lead to the formation of intracapsu-
lar hematomas and is commonly associated with
tertiary blast injury.!%:20.21

Patients presenting with increasing abdomi-
nal pain, nausea and vomiting should be evaluat-
ed using ultrasound and CT. Abdominal organ
injuries often present a number of hours after
the explosion and may not be identified during
initial examination.2*2425 These often require
surgical interventions that include bowel resec-
tions, repair of serosa and intestinal reanastomo-
sis or colostomy.26

Secondary blast injuries

Secondary blast injuries result in the high mor-
bidity and mortality among victims, as these are
associated with massive hemorrhage, foreign
body implantation and the likely involvement of
multiple structures of the body. Of particular
importance to health care workers is the fact that
civilian terrorists frequently use screws, nails and
other metal pieces as components of explosive
devices to cause significant injury to their vic-
tims,'42829 Military munitions, such as hand
grenades and cluster bombs, are designed to
fragment and have similar results.!

Solid organ injury is not typically associated
with primary blast injury. These structures are
more frequently injured as a result of secondary,
tertiary or miscellaneous blast mechanisms.
Most commonly, the liver is affected followed by
the spleen and the kidneys. Routine urinalysis is
indicated for all victims of blast injury and gross
hematuria requires a cystogram.?’ Progressive
abdominal pain and changes in hemodynamic
status indicate injuries involving the liver and/or
spleen and appropriate diagnostic tests should
be performed.?*?* Depending on patient volume
and hospital resources, a diagnostic peritoneal
lavage (DPL) may be the quickest method of
determining injury to solid or vascular struc-
tures of the abdomen.?* Hemoperitoneum in the
presence of unstable vital signs requires immedi-



ate surgical intervention. Surgical staff members
should be prepared for injuries to the liver and
hepatic arteries, portal vein, spleen, abdominal
aorta and injuries to the renal vessels.!6:17.18.22
[njury to any of these structures constitutes a
true surgical emergency and staff members
should be prepared accordingly.

Secondary blast injury involving penetration
of the abdominal wall requires surgical explo-
ration to rule out perforation of viscous, lacera-
tion to the liver, kidneys, spleen or major vessels
and injury to the serosa and omentum. These
patients, if stable, may be deferred until critical
patients are stabilized. Patients who are deferred
must be monitored for adverse changes in status.
The surgical team should be prepared to per-
form repairs to the hollow viscous and to address
injuries to the liver, spleen or major vessels.

Penetration of the thorax subsequent to sec-
ondary blast injury results in pneumothorax or
hemothorax. These patients are typically man-
aged by placement of chest tubes and monitor-
ing for hemodynamic instability. Penetrating
objects that traverse the mediastinum require
emergency thoracotomy or emergency mediasti-
nal exploration. 4.2

The head, face and neck are quite prone to
secondary blast injury and multiple lacerations
and puncture wounds may be noted. With the
exception of injuries involving the trachea,
carotid arteries and jugular veins, most of these
patients can be cared for in the emergency
department or triage area, stabilized and
deferred until critical patients are cared for.

Secondary blast injuries involving the extrem-
ities include lacerations, avulsions, puncture
wounds and traumatic amputations. Amputa-
tions are the most severe of these injuries and
require immediate control of hemorrhage and
prompt surgical intervention. In most cases,
limb salvage following traumatic amputation is
not possible based on the resources available and
patient volume. Surgical intervention for
extremity injuries involves tissue debridement
and hemostasis. These wounds are closed by sec-
ond or third intention and may require skin-
grafting or extensive reconstruction. These

A few physics facts

We are surrounded by the presence of many types of waves:sound waves,
microwaves, light waves, shock waves, water waves and stadium waves
are just a few examples. It is the phenomena of waves that underlie much
of the damage that can be suffered by victims in terrorist attacks. A dictio-
nary of terms related to waves and some of the phenomena discussed in
thearticle is available here for your reference.

Amplitude—The maximum amount of displacement of a particle
fromits rest position through the medium.

Boundary—The juncture where one medium ends and another
medium begins.

Boundary Behavior—\When a wave reaches the end of a medium
and reacts to the beginning of another medium, the consequent result is
termed boundary behavior. For example, when a sound wave moves
through air and reaches a rock wall, it returns to its original source, pro-
ducing an echo.

Combustion—A chemical reaction that produces heat and light.

Displacement—When an object moves position and travelsin a
direction from its original location, the process is called displacement.

Energy Transport Phenomenon—When a disturbance travels
through some type of medium, particle-to-particle, energy is being trans-
ported from the starting point of the disturbance to another location. This
process characterizes waves as an energy transport phenomenon.

Equilibrium—The position of the medium before the disturbance
commences is called equilibrium or the rest position.

Exothermic—A chemical or physical event that causes heat to be
released is defined as exothermic (heat-producing).

Force—The push or pull exerted by or exerted on an object.

Pulse—A single disturbance moving through a medium from one
location to another location.

Pressure—The numeric value derived when an object of a specific
weight (force) comes into contact with an area of a specific size.

Speed—The distance traveled by a given point on the wave in a
specific period of time.

Wave—A wave is a disturbance that moves through a medium from
one location to another location. It results when a vibrating source dis-
places the first particle of the medium to initiate the disturbance.

Wave cycle—Each wave causes a repeating pattern of disturbance.
One repetition is called a wave cycle.

Wavelength—The length of one particular repetition.

marzooz The Surgical Technologist

19



20

injuries are also associated with fractures, and
external fixation may be the most appropriate
means of fracture stabilization during a mass-
casualty crisis.

Tertiary blast injuries

Tertiary injuries result from the body being lifted
by the blast forces and propelled into another
body or solid object. The specific injuries asso-
ciated with this force include musculoskeletal
injuries, deceleration injuries and neurological
injuries. Musculoskeletal injuries include frac-
tures and dislocations.

The vertebrae are prone to compression frac-
tures and the subluxation of one or more levels
of the vertebral column is not an uncommon
tertiary injury. Compression fracture of a verte-
bra occurs when the body is stopped by a solid
object (eg wall, cabinet) and the deceleration and
compression forces are directed through the ver-
tebral bodies.?*3! This injury may also be associ-
ated with intervertebral disc herniation particu-
larly if the direction of force is down the
longitudinal axis of the vertebral column.

Subluxation (or dislocation) of a vertebra can
occur when the anterior-posterior movement of
one vertebra is halted but the vertebrae above or
below continue in the direction of travel. The cer-
vical vertebrae, due to their relatively small size
and weak supporting structures, are especially
prone to subluxation injuries. Subluxation of the
vertebrae can cause compression or transection
of the spinal cord. Injuries involving the C-1 to C-
2 vertebra can lead to compression or transection
of the proximal spinal cord and are frequently
fatal. Injury to the spinal cord above the level of
C-4 can result in paralysis of the diaphragm and
subsequent loss of spontaneous respiration.

Edema associated with spinal cord injury may
cause hypoperfusion and anoxia. Patients with
suspected spinal cord injury must be immobi-
lized, evaluated and treated promptly to prevent
irreversible neurological insult.?® Traction is
appropriate in an otherwise stable patient. How-
ever, patients diagnosed with unstable cervical
spine fractures ultimately require surgical inter-
vention as cord edema recedes.
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Most fractures involve the long bones,
although fractures of the carpals and interpha-
langeal (IP) dislocations are noted. Tertiary blast
injuries result in transverse and spiral fractures
of the legs and arms, and these may be open or
closed fractures. Depending on patient volume,
these may be reduced and stabilized using trac-
tion, splinting or external fixator application.
Open wounds must be debrided within four
hours in a surgical setting and external fixation
or intramedullary (IM) nailing techniques used
to stabilize these fractures. The surgical team
must coordinate with the radiology department
to ensure adequate care for these patients. These
patients may also suffer vascular compromise to
the distal extremity and may require
femoropopliteal bypass or a similar technique.

Other fractures of note include cranial and rib
fractures. A depressed skull fracture is identified
when a free fragment of a skull fracture is pushed
beneath the level of the intact cranium. This type
of fracture is considered a surgical emergency
and an emergency craniotomy or cranioplasty is
needed. Rib fractures do not routinely constitute
a medical or surgical emergency unless the
patient is suffering from, “flail chest.” Flail chest
occurs when one or more ribs become fractured
in two places along the length of the rib.?? This
causes the rib(s) to deviate inward with inspira-
tion and results in diminished respiratory capac-
ity. Flail chest may indicate more serious injury
to structures within the thoracic cavity.

Forces of deceleration result in the stretching
and shearing of supportive abdominal struc-
tures (eg, falciform ligament, suspensory liga-
ments). These forces also lend themselves to
causing intimal injuries to vascular structures,
namely the renal or hepatic arteries. Note that
deceleration forces are implicated in thoracic
aorta transection and shearing of the ligamen-
tum arteriosum. Evaluation of hemodynamical-
ly unstable patients suffering deceleration injury
should include ruling out aortic transection
using ultrasound or A/P chest radiography
(CXR, aortogram).>22

Miscellaneous blast injuries involve burns,
smoke inhalation and crush injuries that result



from structural collapse or falling debris. Burn
injuries must be promptly debrided to prevent
further thermal insult and to remove necrotic
tissue that fosters the growth of microorganisms.
Skin grafting may be performed at this time
depending on institutional practices, patient
load and individual patient’s stability. Victims of
crush injuries must be monitored for the devel-
opment of compartment syndromes. These
patients may require fasciotomies of one or
more extremities or the abdomen. Crush injuries
result in a significant number of fractures that
require surgical intervention. Patients must be
monitored for tissue perfusion and for myoglo-
binuria, a common indicator of necrosis of mus-
cular tissue,14.18

Explosions and the pregnant patient

Because fluid is not easily compressed, the fetus
within the placenta should remain uninjured as
aresult of primary blast forces. However, due to
varying tissue densities, the placenta itself is
prone to tearing from the uterine wall. As a
result, significant hemorrhage and leakage of
placental fluid may occur. All victims of an
explosion who are within the second or third
trimester of pregnancy should undergo ultra-
sound examination and evaluation for fetal dis-
tress.*>* Secondary and miscellaneous blast
injuries may result in significant morbidity to
the fetus, particularly if the integrity of the pla-
centa is interrupted. An obstetrician should be
available to evaluate the pregnant patient and
surgical staff members should anticipate the
need for emergency cesarean section and/or hys-
terectomy on the pregnant patient.

Accurate determination of fetal age is vital to
ensure adequate treatment and resource allot-
ment. Gestational age of less than 23 weeks indi-
cates a nonviable fetus, and all resuscitation
efforts should focus on the mother. A fetus of
greater than 23 weeks gestation may be viable,
and appropriate treatment should be rendered
to both mother and fetus.

Prior to the 23rd week of gestation, the fetus is
protected by the bony pelvis. As development
continues, the uterus enlarges and begins to

occupy part of the abdominal cavity as well. The
urinary bladder is also displaced superiorly and
anteriorly. These structures subsequently
become more prone to blast injury as the preg-
nancy progresses.

Placental abruption and uterine perforation or
rupture are the two most serious surgical con-
cerns related to the patient. These are associated
with high morbidity and mortality of both moth-
er and fetus and require immediate surgical inter-
vention to assure the viability of either. Surgical
staff members should be prepared to perform a
perimortem Cesarean section. This decision
should be based on the viability of the fetus (>23
weeks) and the duration of cardiopulmonary

resuscitation on the maternal patient.’* This pro-
cedure must commence within four minutes of
initiating CPR. It should be noted that maternal
resuscitation has occurred following emergency
C-section on the perimortem patient.

Laboratory testing

All victims of an explosion should undergo
specific baseline lab testing, including complete
blood count (CBC) and urinalysis (UA). Patients
should be typed and screened (T&S) or typed
and crossmatched (T&C) depending on the
patient’s initial presentation to the emergency
department. Patients who were exposed to a fire
or an enclosed space detonation should be eval-
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uated for carbon monoxide (CO) levels. Carbon
monoxide binds more readily to hemoglobin
than oxygen and patients with elevated carboxy-
hemoglobin (COHD) levels should be treated
with 100% oxygen (O) via a tight-fitting mask
to ensure adequate oxygenation. Ventilatory
support may be required for these patients.

Chest and abdominal radiography may be
helpful, although often not on initial admission.
Many intrathoracic and intraabdominal injuries
present several hours after an explosion, there-
fore X-ray and computed tomography (CT)
should be considered for any patient complain-
ing of increasing abdominal pain or of impaired
respiratory function.>!%1

Conclusion

The threat of terrorist actions on our nation
should cause each of us to evaluate our responsi-
bilities during a mass casualty crisis. Accidental
explosions present themselves in a similar fash-
ion, however there are significant differences.
Intentional explosions are designed to injure or
kill en masse, frequently without warning. Man-
ufactured explosive devices often include metal
shrapnel to maximize the number of casualties,
types of injury and physical damage to the area.
Intentional detonations may be designed to con-
taminate the vicinity with biological, chemical or
radiological particles. Monitoring for this
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should commence any time there is a suspected
intentional explosion.

Surgical team members must be prepared to
address the various needs of victims of inten-
tional blast injury. Although the surgical team
cannot know specific injuries, they can antici-
pate certain surgical interventions. In the imme-
diate aftermath of an explosion, the surgical
team should be prepared to perform procedures
to address secondary and miscellaneous blast
injuries, including tissue debridement and exter-
nal fixation. Less commonly, laparotomies are
performed on patients who are hemodynamical-
ly unstable or who have penetrating wounds of
the abdomen.

Four to 24 hours after the initial explosion,
the surgical team should prepare for patients
who have suffered primary blast injuries that,
due to the nature of these injuries, have not been
identified during the primary and secondary
assessments. This group of patients will fre-
quently require exploratory laparotomy, cran-
iotomy and, possibly, thoracotomy. Twelve to 96
hours following an explosion, patients will
return for secondary tissue debridement, dress-
ing changes and fasciotomies.

Surgical personnel can learn whether an
explosion was an enclosed space explosion or an
open-air detonation to help them aid in patient-
care preparations. Patients who have been
exposed to an enclosed space detonation will
have more severe injuries and a greater likeli-
hood of occult injuries. These patients will
require early medical stabilization and, as their
conditions deteriorate, identification of hidden
injuries. Victims of an enclosed space explosion
are likely to suffer tertiary blast injuries that may
include fractures, dislocations and traumatic
amputations.

Thorough observation is required in an
intensive care unit (ICU) setting or other moni-
tored area for at least four hours postadmission
for patients with no outward injuries. Due to
the high incidence of occult injury in this patient
group, these individuals must be instructed to
return to the hospital with any increase in
abdominal pain or respiratory embarrassment.



Enclosed space and underwater detonations
have a much higher morbidity and mortality
than open-air explosions.

Victims of open-air explosions are likely to
endure significant secondary blast injuries,
including penetrating wounds and traumatic
amputations due to flying debris. Patients
admitted to the hospital following an open-air
explosion will frequently require surgical inter-
vention such as wound exploration and tissue
debridement, application of external fixation
devices or IM nailing, exploratory laparotomies
and thoracotomies. This victim is less likely to
suffer occult injuries, and the surgical staff
should anticipate a patient load requiring sec-
ondary tissue debridement and skin grafting
procedures after the first 24 hours.

The impact of surgical services personnel on
the morbidity and mortality of explosion vic-
tims can be significant. Anticipating injuries
based on the type of detonation can eliminate
waiting for appropriate instruments and sup-
plies and can allow staff members to respond to
such a crisis effectively and economically. Antic-
ipating the needs of the surgeon and the patient
will allow surgical team members to focus on the
patient’s injuries and will enhance the care of the
surgical patient at their time of greatest need.
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