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INTRODUCTION

Gunshot wounds are a common cause of morbidity, disability, and
often fatality in the United States.""? Penetrating cardiac wounds are
the most lethal form of cardiothoracic trauma.” Gunshot injury is
also a source of trauma to companion animals, and in one study,
22% of gunshot wounds involved the thorax.* Nonpowder firearm in-
juries from air guns, including BB and pellet guns, are an overlooked
but important cause of serious, preventable injury, especially in chil-
dren.”” Nonfatal gunshot wounds leading to projectile lodgment
within the myocardium are rarely reported.

CASE PRESENTATION

An asymptomatic, 14-month-old, mix-breed, female dog weighing
20.5 kg was presented for routine veterinary examination. It had
been orphaned and rescued in Texas, tested positive for Dirofilaria im-
mitis (heartworm disease), and was medically managed according to
American Heartworm Society guidelines.® A soft, systolic heart
murmur was detected. and a point-of-care cardiac ultrasound exami-
nation was performed. A metal-density foreign body was identified
within the basal interventricular septum. One month later, the dog
was referred to a veterinary cardiology specialist. At physical examina-
tion the dog appeared to be healthy. Overt chest wall injury or super-
ficial wounds were not detected. Thoracic radiographs were taken,
and two metallic projectiles were seen, one adjacent to the right,
13th costovertebral junction and the second summated over the
heart, with no other findings (Figure 1).

A comprehensive two-dimensional echocardiographic examina-
tion revealed a metallic projectile embedded within the basilar inter-
ventricular septum below the insertion of the mitral and tricuspid
valve leaflets (Videos | and 2).

The width of this interventricular segment measured at end-dias-
tole was 9.1 mm. The projectile lodged within this segment measured
5.8 mm in diameter. No associated flow disturbance, septal defect,
pericardial or pleural effusion, arrhythmia during simultaneous elec-
trocardiographic recording, or hemodynamic compromise was
detected. The echocardiographic examination was otherwise
unremarkable. Epithelialization around the embedded projectile
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was presumed to account for lack of shunting around the projectile.
When the projectile’s echocardiographic position and orientation rela-
tive to the basal interventricular septum were compared with similar
characteristics from initial point-of-care images, these relationships
were subjectively judged to be unchanged. Because the ferromagnetic
features of the projectiles could not be confirmed, magnetic reso-
nance imaging was not performed out of concern for secondary dislo-
cation. Computed tomography was not performed, because of
anticipated metal density—induced artifact. Overall, given the absence
of clinical symptoms or cardiac complications, conservative manage-
ment was elected. Serial echocardiography to monitor for bullet
migration or development of related new acquired cardiovascular in-
juries was recommended.

DISCUSSION

In this asymptomatic dog, detection of a metallic projectile embedded
in the interventricular septum was unanticipated. Forensic details per-
taining to weapon, external and terminal ballistics, distance from
muzzle to victim, and time course between the gunshot wound and
the date of veterinary examination were unknown. However, the
physical features of the metallic projectiles were consistent with ballis-
tic, pointed-shaped, metallic pellets fired by nonpowder air guns (also
referred to as air rifles, pellet guns, and BB guns). These weapons use
compressed air or other gasses to pneumatically propel metallic pro-
jectiles and are manufactured to shoot missiles of various calibers.
Caliber .177 and .22 lead or lead-based alloy pellets are most com-
mon.” The projectile’s diameter measured from the right parasternal
four-chamber echocardiographic view in the present case was propor-
tional to a .22 caliber gun. Modern pellets fired by air guns resemble
an hourglass shape, known as a “diablo design,” and are further classi-
fied on the basis of the shape of the projectile head.'® Pointed-shaped
pellets are marketed for optimal tissue penetration. The metallic pro-
jectiles found in this dog conformed to this design. One pellet was
within soft tissue adjacent to the spine of the dog, and one pellet
was embedded in the interventricular septum. In a case report of a
2-year-old child shot with a similar projectile fired from an air rifle,
the projectile was also reported to be lodged within the interventric-
ular septum.'" Because air guns do not use explosives to expel projec-
tiles, in the United States, they are not classified by the Bureau of
Alcohol, Tobacco, Firearms, and Explosives as firearms.'?
Ownership laws and restrictions regulating nonpowder guns vary
from state to state."> Other countries such as Canada apply different
metrics, where regulations are influenced by ballistic details that incor-
porate muzzle velocity and/or muzzle energy.* Nevertheless,
whether air guns are subsonic, high velocity, or designated as firearms
or not, their missiles are capable of penetrating vital organs and can
result in substantial morbidity, as well as life-threatening and fatal
injuries.'"1>1”

In the case presented here, we presumed that a direct, penetrating
gunshot wound to the heart was plausible to explain the projectile’s
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VIDEO HIGHLIGHTS

Video 1: Transthoracic two-dimensional echocardiogram.
Right parasternal long-axis four-chamber cardiac view shows a
homogeneous, hyperechoic projectile embedded in the basal
interventricular septum. There was no associated septal defect or
pericardial or pleural effusion. Reverberation artifact is seen
beneath the metallic projectile.

Video 2: Transthoracic two-dimensional echocardiogram.
Short-axis cardiac view shows a homogeneous, hyperechoic
projectile embedded in the basal interventricular septum. There
was no associated septal defect or pericardial or pleural effusion.
Reverberation artifact is seen beneath the metallic projectile.

View the video content online at www.cvcasejournal.com.
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being completely embedded within the approximately 9-mm-thick
basal interventricular septum. As such, the ballistic projectile would
have had to contain sufficient velocity and energy, relative to the dis-
tance between the patient and weapon, to perforate skin, muscle,
lung, pericardium, and heart. At the time of examination there was
no evidence of pericardial or pleural effusion. Such findings also
were reported in a young child who sustained a penetrating cardiac
injury from a similar ballistic projectile that was fired from an air
gun.'" However, we could not exclude the alternative possibility
that the heart was the final destination for the ballistic projectile,
following a wound to the systemic venous system that embolized to
the right heart. Although rare, bullet embolization is a potential
complication of penetrating gunshot wounds when metallic ballistic
projectiles gain access to the vascular compartment, and projectiles
embedded within the myocardium have been reported. A case in
point is that of a 28-year-old man who sustained a gunshot wound
to the right abdomen and 2 months later was found with a ballistic
projectile partially embedded in the trabeculated right ventricle.
This final cardiac destination was attributed to bullet migration along

Figure 1 Thoracic radiographic views from a 14-month-old, mix-breed, female dog. (A) Right lateral, (B) left lateral, (C) ventrodorsal,
and (D) magnified view from (C). A small, pointed-tip, metallic-density, ballistic projectile summates over the cardiac silhouette in all
views. In (B) and (C),a second metallic projectile is seen adjacent, and to the right, of the 13th costovertebral junction. L, Left; R, right.
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the vena cava.'® Factors associated with embolization of ballistic pro-
jectiles include vascular access from wounds, direct propulsion,
vascular erosion, projectile size and shape, body position, gravity,
muscular and respiratory motion, and other causes.'®?! Ballistic pro-
jectiles entering the venous system with cardiac embolization
commonly migrate to the right heart, especially the right ventricle,**
with the pulmonary artery, lung, and other final destinations reported
less frequently.

Because this dog displayed no clinical signs or complications on
physical examination, radiography, and echocardiography, we elected
a conservative approach, as has been advocated in the human litera-
ture.”>** This included serial echocardiography, as projectile-related
erosion, migration, and other complications can develop months
following cardiac trauma.”’

CONCLUSION

This case contributes to the literature demonstrating that air guns are
capable of inflicting serious cardiac injury. A ballistic metallic projectile
lodged within the interventricular septum of this dog was plausibly the
result of direct cardiac penetration. However, we could not exclude
the possibility of a gunshot wound that caused vascular injury, with
subsequent projectile migration and embolization to the right heart
as the final destination. At the time of medical examination, this
dog was asymptomatic and without apparent complications.
Conservative management was selected with sequential echocardiog-
raphy intended to monitor for projectile migration or late-developing
complications.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://doi.
org/10.1016/j.case.2020.08.011.
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