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Teaching Points

Discuss the pathophysiology of shotgun pellet embolization to the
cerebral circulation

Review clinical & imaging findings of shotgun pellet embolizations to
the cerebral circulation

Present cases of shotgun pellet embolization to the cerebral circulation
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Background

& Shotguns are versatile firearms used for targeting small and fast-
moving targets, particularly for hunting waterfowl and other small birds

o Other uses: skeet shooting, military applications, home defense

» Shotgun shells contain small metallic pellets, which burst and fan out
to hit the target

o Size of the pellets depends on use
» Range of 1.27mm to 9.14 mm in diameter

& Average vessel diameter!-3;
o Terminal ICA (C7): 3.3 mm
o MCA:M1: 2.3 mm, M2: 1.7 mm Multiple shotgun casing and pellet sizes.
- Basilar: 2.96 +/- 0.52 PCA: P1: 2.4 mm Source: Getty Images
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Background

& Shotgun pellets can embolize via two main routes:

¢ Direct embolization occurs following direct penetration of vessel by
a pellet

¢ Indirect embolization occurs due to the erosion of a pellet from
peripheral tissue into vasculature

® The final target of the embolized pellets depends on where the injury
occurred

& Injuries at the aortic arch or the arterial system of the head and neck
can migrate to the cerebral circulation

& Injuries to the left-sided heart chambers or pulmonary venous system
can migrate to the systemic (typically right side) circulation




Epidemiology and Demographics

e Incidence
e Shotgun wounds make up a small percentage of all gunshot
wounds
e Embolization of lodged shotgun pellets to the cerebral
circulation is also a rare occurrence
e Risk Factors
e Shotgun wounds to the head, neck, and/or chest
o L ow-velocity pellets do not fully penetrate vessels and can
easily get lodged
e These locations are particularly susceptible to embolization
to the cerebral circulation




Clinical Findings

& Emboli have greater propensity for right side of circulation than left

& Cerebral infarction caused by emboli result in neurological deficits
with ranging severity:
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] Source: Everyday Health, Inc.
o Behavioral changes




Preferred Imaging Modalities

& CT head and neck without contrast
¢ Used to identify/locate pellet embolus in the brain

¢ Used to identify whether infarcts have occurred due to occlusion caused by
the embolus

& CTA head and neck

o Used to locate the vessel where the pellet is lodged
¢ Used to assess flow distal to the embolus

& MRI

o Potentially hazardous due to risk of the movement of pellet fragments

& Depending on pellet composition, likely to be nondiagnostic due to large
susceptibility artifact




Case 1:

pi y o. with a shotgun wound to the axilla
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Multiple shotgun pellets
(2.3 mm) are present in the
left axilla with large
surrounding soft tissue
edema.

Pulmonary contusions and a
pellet at the left heart
border (located in the
pleural space on
subsequent CT) indicate
penetrating injury to the
thorax




Case 1:
4 days later, sedation was weaned and was found to have left
sided weakness and sensory symptoms

-

St CTA head: Embolized shotgun pellet
CT head: Small/moderate sized acute in a distal left M2 MCA branch with
infarct in the right MCA territory infarct of the distal territory




Case 1:
Embolized Shotgun Pellet to the Right MCA with Acute Infarct

& A bubble study was negative for a left-to-right shunt, so
this pellet did not enter through the systemic venous
circulation from the axillary vein

® Radiographs at injury and post-stroke failed to identify a
pellet that had moved

& Hypothesis: Entry into the left heart through direct
injury to a pulmonary vein with embolization at the time
of injury, not discovered until sedation was weaned




Case 2:
32 y.0. paraplegic from prior GSW with a shotgun wound to the

left face, neck,and chest |

« Multiple left
ventricle and LV
outflow tract
pellets, 2.8mm
diameter

- Not imaged, but
there is a pellet in
a pulmonary vein




Case 2:
32 y.o. with a shotgun wound to the left face, neck, and chest
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CTA head: CTA head:
Acute left MCA infarct Pellet in proximal left M2 MCA




Case 2: Embolized Shotgun Pellet to the Left
MCA with Acute Infarct

& Patient suffered multiple injuries to the left neck, chest,
& abdomen requiring tracheal repair, tracheostomy, ex lap
and neck exploration with left IJ ligation and L carotid repair

& No endovascular or surgical intervention due to comorbid injuries

» Hypothesis: Embolus migrated from direct injury to the left
common carotid artery (most likely — a pellet hole was repaired in
the CCA on neck exploration), left ventricle, or left pulmonary vein
to L M1 MCA branch




Case 3:
35 y.o. pregnant (31 weeks) female with shotgun wound to the

left face and neck

/“’.\ \\ : CT head: Multiple

shotgun pellets
(3.1 mm) in the
eft neck in close
proximity to the
eft foramen
transversarium




Case 3:

35 y.o. female with shotgun wound to the left face and neck

CT head: Pellet in the
interpeduncular cistern without
surrounding hemorrhage

CTA head: Pellet in the left PCA P1
segment with distal reconstitution




Case 3: Embolized Shotgun Pellet to the PCA

% Patient ultimately underwent
debridement of the left neck wound
and C-section at 33 weeks due to
preeclampsia

& Neurovascular intervention was not
pursued. Small volume infarct in the
midbrain and thalamus

& Hypothesis: Pellet likely entered
into cervical vertebral artery and
embolized to left PCA




Management

Identified during

initial surgical
exploration?
o Options B w2
& Surgical
removal
Symptomatic? Rigsmtl-]tnot-;eft
& Endovascular
retrieval
¢ Conservative | Ttk |
No — Close septaI' No — Symptomatic?
management =

No

Adapted from Kuo AH, Gregorat AE, Restrepo CS, Vinu-Nair S. Systematic review of civilian intravascular ballistic embolism reports during the last 30 years. J Vasc Surg. 2019;70:298-306.



Management:
Additional Considerations

Is the vessel to access the Age and potential size of infarct: Comorbid conditions and injuries:
embolized pellet injured/occluded? This was likely a few days old when This patient required emergency ex-lap
Large surrounding hematoma and discovered. for bowel injury.

mural filling defect in the left CCA wall.
Injury confirmed at surgery.




Prognosis

® Varies based on timing of intervention and severity of infarction

& Early intervention can prevent neurological deficits from
worsening

& Delayed treatment can lead to permanent deficits or death

@ Surgical removal can improve neurological outcomes, but it is not
guaranteed (full recovery is rare)

& Non-operative management usually results in stable or mildly
worse neurological deficits

& Follow up with serial imaging to assess stability of pellet over
time
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