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Case RePORT: A patient developed a delayed bo
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Introduction Q

Usually, penetrating injurieshareicaused by firearms and
sharp objects, while bl XCS y motor vehicle col-
lisions, assaults, recr @ al_accidents, or falls. Blast
weapons might ca oth penetrating and/or blunt trau-
ma !. Despite t eased number of terrorist attacks
over the last 15 s, blunt abdominal injuries follow-
ing blast wave are very rare. Most clinicians are not
familiar in their daily practice with this disease even in

the busiest urban trauma centers and especially after gun-
shot wounds 5.
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and

terature

X of shooting, which can cause
sm"of blunt abdominal injury fol-
jon and to review the literature avail-

gunshot injury of the abdomen without
il confirmed with contrast-enbanced comput-
ction, end-to-end anastomosis, and large lavage
en days after operation in good condition.

ries, Pressure Waves

Similarly to blast weapons, every firearm produces explo-
sion at the moment of shooting, which can cause blunt
injuries in every region of the body. Blast injuries are a
result of the body exposure to sudden changes in pres-
sure produced by the explosion. Such injuries are
described since the First World War and are commonly
encountered in the battlefield ©. Blast injuries are divid-
ed into five categories: Primary blast injury that is caused
by the exposure to a blast wave itself; Secondary blast
injury that is caused by material propelled by a blast that
strikes the body; Tertiary blast injury is caused by setting
the body in motion from the blast wave and striking the
ground, a structure, or some other object; Quaternary blast
injury is attributed to explosions such as crush injuries,
burns, chemicals, toxins; Quinary is the systemic inflam-
matory response provoked in the host 7.

Blast wave changes its intensity under certain circum-
stances. Thus, in water and confined spaces, it is more
devastating than in open air. The pressure wave travels
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three times faster in water than in the air for a com-
parable size of explosion 8. The underwater equivalent
of the blast wind is a mass movement of water as a
‘ram” effect, which can potentially cause a significant
blunt trauma °. In confined spaces the increase of the
focal blast pressure and the long time exposure increase
the risk of primary blast injury 7.

Blast weapons and every firearm can cause blast injuries
in every region of the body as a result of an externally
imposed pressure wave or an internal pressure created by
the interaction of a bullet and tissue respectively %11,
In addition to local effects in tissue caused by direct
impact, blast weapons and firearms produce distant
injury due to indirect impact '>. A penetrating high
velocity missile (usually bullets) transfers a destructive
energy called shock wave to the surrounding tissues,
which can extend in distance, transferring physical shock
to tissues whose physiologic function may be disrupted
by it (especially in the circulatory or nervous systems).
Bellamy RF and Zajtchuk R described three mechanisms
of distant injury due to transient pressure wave: 1) stress
waves 2) shear waves and 3) a vascular pressure impulse.
Stress waves refer to tissue damage due to primary waves
that is in contact with the wound channel (for example
a lung contusion from a hit to the shoulder). Shear waves
reflect a possible mechanism of indirect injuriesy (for
example bones fractured by the bullet passing.closeto
the bone without a direct impact). The same ‘Authors
wrote, “The abdomen is one body region in which dam-
age from indirect effects may be common” 3.

Dr. Cernak explains that neurotrauma followingsblast injury
is associated with pressure transients” propagating via blood
vessels (for example, pressure tramsients arising from an
abdominal gunshot wound might propagate through the
vena cava and jugular venous'systemyinto the cranialwcav®
ity and cause a precipitotis rise in intracranial pressure with
consequent transient neurological dysfunction) .

The tissue damagé fromibullet blastfeffect is related to
the shooting distance;swhereas the ‘distance up to which
serious wounding ‘can occur depends om the type of
firearms. The range of fire is‘détermined by the charac-
teristic of the entrance wound,\burning, singeing and
blackening, tattooing and ‘metallic particles. The symp-
toms of primary blast injury“are.sometimes similar to oth-
er blunt trauma, but the absence of visible trauma is con-
sistent with primary blast injury being a unique type .
Unlike with primary blast injury, trauma caused by
firearms is visible and distant injury way back to the
wound channel should be suspected until they have been
excluded. The major clinical problem with blast injury
is delayed presentation due to the slow evolving of the
damage '°. Although most blast injuries can be managed
in a similar manner with those applied in traumatized
patients, injuries caused by the blast pressure wave itself
cannot 717,

The aim of this paper is to report a case of blunt abdom-
inal injury following gunshot wound, bringing this
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uncommon disease into clinicians attention and to

review the literature available.

Case Report

A 32-year-old man from a suburban area was admitted
to our Level I trauma center one hour after he sustained
a gunshot wound to the abdomen. He was hemody-
namically stable and complained of abdominal pain at
the level of wound channel. A penetrating gunshot
wound of the anterior abdominal wall, from the right
periumbilical region towards the right iliac_crest, was
ascertained (Fig. 1). Onyphysical examination, the patient
had no signs of peritoneal itritation and ho prior med-
ical history. Focused abdominal sonegraphy fof trauma,
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Fig. 1: Penetrating gunshot wound of the anterior abdominal wall,
from the right periumbilical region towards the right iliac crest.

Fig. 2: Plain chest radiograph on admission showed no presence of
pneumoperitoneum.
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Fig. 3: (A, B, C): Abdominal CT scan showed pneumoperitoneum, free fluids, and thickening of the bowel walls.

laboratory parameters, chest, abdomen, and pelvis x-rays
were normal (Fig. 2). A sterile polyethylene tube passed
through the wound channel freely. Under such circum-
sances, the patient was selected for non-operative man-
agement. Eight hours later the patient showed abdomi-
nal pain, fever, nausea, vomiting, peritoneal signs and
leukocytosis. The abdominal CT scan revealed pneu-
moperitoneum, free fluids and thickening of the bowel
wall, but did not detect any perforation in the peri-
toneum or the presence of the contrast media into the
peritoneal cavity, which was instilled through the peri-
umbilical hole wound channel during CT scan exami-
nation (Fig. 3 a, b, ¢). The patient underwent_immedi-
ate laparotomy, and a terminal ileum perforation “was
found but not the breaking of the peritonedm. Reseetion,
end-to-end anastomosis, and large lavage of peritoneal
cavity were performed, and two drains ‘were’ placed.
Intravenous fluids, analgesic, PPly™anti€oagulant, and
broad-spectrum antibiotics thetapy were given.s*The
patient displayed infection of the gunshot wound chan-
nel, which was healed per secundum. He was discharged
ten days after operation’in good conditions

Discussion

The extent of damage fromputhe “blast wave mainly
depends on five factors: (1)4theypeak of the initial pos-
itive-pressure wave; (2) theydutation of overpressure; (3)
the medium of explosion; and (4) the distance from the
incident blast wave=i8,

Blast injuries should be™considered for any person
exposed to an explosive force. In spite of claims that
shock waves cannot result from bullet impacts with tis-
sue, many evidences support the theory that high veloc-
ity missile causes almost always distant injuries away from
the main track 41920,

In ballistics, energy is a function of mass and the square
of velocity 2! When a high velocity missile (exceeding
2,500 feet or 800 metres per second) passes through the
tissue, it sends a shock wave of compression away back
from the main track ?2. This wave increases the tissue
pressure up to thousands of kilopascals that can cause

severe damage into fluid and gas containing tissues like
vessels, respiratoryy/gastrointestinal, bladder and/auditory
systems. Blast waveiean cause unique patterns of injury
seldom seen dn civil life.

Actually, it is well 'established thag blast wave induces
traumagic braifwdfjury. Primary biomechanical mecha-
nisms which Jcontributesthis_type, of injury are transla-
tional and sotational, head accelerations, direct cranial
transmission, and thoragic ‘mechanism where a pressure
transient reaches the brain via the thoracic vessels. The
neural damage isyhypothesized to result from the expo-
sure to extfavasatediblood products, edema, and hypox-
fa 2. Lu ‘et al in their non-human experimental study
have found “that" ultrastructural changes after blast wave
exposure -ate, present in the brain tissue, and Purkinje
neurons in the cerebellum and pyramidal neurons in the
hippocampus were most vulnerable. These findings cor-
related with behavioral changes and changes in motor
coordination and working memory of the affected mon-
keys, but cellular level changes were mostly undetectable
using MRI 4,

The clinical diagnosis of blast injury to the lung is based
on anamnesis, clinical symptoms and radiology exami-
nation. Symptoms may vary from chest pain and dysp-
noea up to haemoptysis, associated with cyanosis, respi-
ratory distress hypoxemia. Radiology findings may
include focal opacities, loss of lung translucency, pneu-
mothorax, pneumomediastinum, pneumopericardium,
interstitial emphysema and haemothorax. CT scan shows
anatomical structures in respect of location and extent
of damage. When distant injuries due to transmitted blast
wave are suspected, total body CT scan is necessary to
detect them and follow up. Pulmonary contusion and rib
fractures can occur in case of thoracic gunshot wound
without pleural breach #. Arterial air emboli due to severe
pulmonary injury can cause ischaemic complications, espe-
cially in the brain, heart, and intestinal tract 7.

The typical injury after blast abdominal trauma is gas-
trointestinal mural hematoma, which may perforate up
to 14 days after injury °. The concept of evolving trans-
mural damage explains the delayed presentation of gas-
trointestinal blast injury 2°. Consequently, a delayed treat-
ment of blunt abdominal trauma due to untimely diag-
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nosis, can be a life threatening complication #/-*%. Some
authors have reported mural hematomas of sufficient size
to obstruct the lumen of the bowel, however, as the nat-
ural history of hematoma is resolution, a conservative
approach would be appropriate 2°. Blast abdominal injury
should be suspected in any exposed patient with abdom-
inal pain, nausea, vomiting, hematemesis, rectal pain, and
tenesmus. Not all small bowel contusions detected dur-
ing laparotomy require excision. Bowel contusions small-
er than 15 mm in diameter and colonic contusions of
less than 20 mm can be managed conservatively 2¢
However, the treatment of such injuries is complex and
depends on the mechanism of injury, affected organ(s),
grade of injury, and individual circumstances (individu-
al or mass casualty).

Conclusion

Failure to recognize blunt trauma mechanism following
firearm wounds increases the risk of missed injuries.
Distant injuries should be suspected in all cases after
blast wave and firearms exposure and should be followed
up for many days before excluding them. CT scan total
body is recommended in all of such cases.

Riassunto

Presentiamo il caso di un paziente che ha'sviluppato una
perforazione dell’ileo terminale a distanza di*8ore dopo
aver subito una ferita d’arma dasfuoce Superficiale del-
I'addome, in assenza di soluzioni, di continuo del” peri-
toneo. In questo paziente, larma da ftioco ha prodotto
Iesplosione del viscere da improvvise ed intenso,aumen*
to della pressione endoluminale che ha catsate,la tipica
lesione da “scoppio”. Il mancato riconoscimento di que-
sto meccanismo di’ trauma da onda d’urto, ‘come conse-
guenza di una ferita/arma da fuoco interessante la pare-
te addominale espone al rischio diyuna tardiva identifi-
cazione della lesione viscerale! Eesioniyremote dovrebbe-
ro dunque essere sempre sospettate, in presenza di esplo—
sioni di qualunque tipo!” B consigliabile, 'attento moni-
toraggio del pamente, per/poter escludere lesioni secon-
darie di questo tipo.Il"controllo TC total body ¢ rac-
comandabile in ‘tutti/i casi.
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