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CASE REPORT

Air gun orbitocranial penetrating injury: emergency
endovascular treatment and surgical bypass following
pellet migration to middle cerebral artery: case report
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The authors describe a 14-year-old boy presenting with an orbitocranial penetrating injury (OPI) from a metallic air gun
pellet to the left eye who developed hemiparesis and speech difficulty due to migration of the pellet to the left middle
cerebral artery. They highlight the potential complications associated with both OPlIs and intravascular foreign body mi-
gration and occlusion by describing the patient’s presentation, results of imaging evaluation, and the combined endovas-
cular treatment and extracranial-intracranial bypass, which resulted in rapid restoration of blood flow and full neurological
recovery with intact vision. Based on this case and a review of the literature on intracranial foreign body migration with
resultant vascular occlusion, the authors recommend that complex OPIs be treated at centers that offer both neuroen-
dovascular and neurovascular surgical capabilities on an urgent basis to manage both the primary injury and potential

secondary vascular compromise.
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ing injuries (OPIs), general guidelines for imaging

and surgical protocols have emerged, and patterns
of injury types have been recognized and described.’34>4
Rarely, cases of shotgun pellets migrating from the pri-
mary injury site to the intracranial arteries have been re-
ported.** The successful management of these complex
cases requires treatment of the primary injury as well as
any potential secondary vascular compromise. We report
a case of pellet migration following an OPI that was man-
aged through a coordinated multidisciplinary effort, which
included a novel attempt at endovascular treatment and
successful surgical intervention.

D ESPITE the diverse nature of orbitocranial penetrat-

Case Report
History and Examination

A 14-year-old boy suffered a hunting accident in which
a pellet from an air gun penetrated his left orbit. On admis-

sion to a regional hospital, the patient was noted to have a
penetrating injury to his upper eyelid, with a very swol-
len eye that precluded assessment of vision. A mild right
hemiparesis was noted as well. These findings prompted
air transfer to our center for more detailed assessment and
treatment. During transport, the patient demonstrated fluc-
tuating speech difficulty and worsening right hemiparesis.
On arrival, he underwent CT scanning, which showed the
metallic pellet in an intracranial location (Fig. 1). Emer-
gency cerebral angiography revealed a small carotid cav-
ernous fistula (CCF), suggesting that the pellet had entered
the cavernous internal carotid artery (ICA) and migrated
distally to become wedged in the mid—M, segment of the
middle cerebral artery (MCA), completely obstructing
flow (Fig. 2).

Operation
An attempt was made to remove the pellet by using

ABBREVIATIONS CCF = carotid cavernous fistula; EC-IC = extracranial-intracranial; ICA = internal carotid artery; MCA = middle cerebral artery; OPI = orbitocranial pen-

etrating injury; STA = superficial temporal artery.
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FIG. 1. Admission axial CT scan obtained without contrast demonstrat-
ing a metallic artifact in the expected distribution of the left MCA.

an endovascular suction device (the Penumbra aspiration
system; Penumbra Inc.), but a suction lock could not be
achieved, and attempts to retrieve the pellet were unsuc-
cessful in moving it; the pellet appeared to be wedged
tightly in its location. The CCF was quickly treated trans-
arterially with coil occlusion (detachable coils, Boston
Scientific Co.), and the patient underwent emergency ex-
tracranial-intracranial (EC-IC) bypass using a superficial
temporal artery (STA)-MCA graft (Fig. 3).

FIG. 3. Postcoiling angiogram of the CCF. Lateral unsubtracted left ICA
angiogram showing interval placement of a metallic coil (arrow) in the
posterior genu of the cavernous carotid artery, with resultant occlusion
of the CCF.

Intraoperative angiography demonstrated good filling
of the distal MCA vasculature, with retrograde filling of
the M, down to the level of the pellet (Fig. 4). The ophthal-

FIG. 2. Initial left ICA angiograms showing MCA flow occluded by the air gun pellet (left), and the CCF (right). Left: Anterior-pos-
terior view, demonstrating abrupt cutoff in the distal M, segment by a round object (arrow) shown by a slight subtraction artifact.
There are 2 anterior temporal branches arising from the mid-M, perfusing only a small portion of the MCA territory. Right: Lateral
view, demonstrating a high-flow CCF in the region of the horizontal portion of the cavernous carotid artery, with venous drainage
via the inferior petrosal sinus and pterygoid plexus. Arrows point to the pellet (white arrow), the inferior petrosal sinus (outlined

arrow), and the pterygoid plexus (black arrow).
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FIG. 4. Follow-up angiogram of STA-MCA bypass (arrow). Oblique digi-
tal subtraction angiography view of the left external carotid artery show-
ing excellent opacification of the STA, with resultant retrograde filling of
the MCA to the level of the pellet.

mic artery was patent following treatment and there was
persistent occlusion of the fistula.

Postoperative Course

Immediately after surgery, the patient’s hemiparesis
resolved, and his speech had normalized by the follow-
ing day. At the 6-month follow-up, the EC-IC bypass re-
mained patent and, despite evidence of a small hypoden-
sity in the dorsal aspect of the left lentiform nucleus, the
patient had no neurological symptoms, and he had intact
vision (Fig. 5).

Discussion

Our case of pellet migration and occlusion of the MCA
highlights a rare but interesting sequela of OPI secondary
to a projectile object. The initial CCF was treated endo-
vascularly;?” however, endovascular techniques failed to
retrieve the pellet, leaving the M, segment of the MCA
occluded. Ultimately, rapid surgical intervention was re-
quired to restore cerebral blood flow in this case. We agree
with prior reports that have emphasized the importance of
a multidisciplinary team approach that incorporates input
from imaging and surgical experts to allow for optimal
management of damaged or tamponaded blood vessels
and possible removal of the foreign pellet, if possible, to
decrease infection risk.33

Although intravascular migration and occlusion of

Surgical bypass for pellet migration to middle cerebral artery

FIG. 5. Follow-up CT showing ischemic infarct. Axial CT scan obtained
without contrast demonstrating a small area of hypodensity (arrow) in
the dorsal aspect of the left lentiform nucleus.

blood vessels by penetrating missile fragments most com-
monly affects the thorax and extremities,” migration to
the intracranial circulation has been reported for shotgun
and air gun pellets or metal fragments in 46 cases (Table
1).# In these reports, pellets most commonly embolized
from arteries in the upper chest or neck to the intracranial
circulation, because pellets in venous circulation or below
the heart would most likely embolize to the limbs or other
locations.* As shown in Table 2, intracranial pellets most
often caused occlusion of the MCA (30 of 46, 65.2%),%
but also occluded the ICA (8 of 46, 17.4%), posterior ce-
rebral artery (4 of 46, 8.7%), or other intracranial arteries
4 of 46, 8.7%).!2 Common symptoms include hemiplegia,
hemiparesis, aphasia, weakness, and visual field deficits.
Migration of fragments occurs most commonly with small
pellets from air guns (4 of 46, 8.7%) or shotguns (32 of
46, 69.6%); the low (< 100 m/second) to mid (< 250 m/
second) impact velocities of these missiles means that they
are more likely to lodge in soft tissue and lacerate blood
vessels rather than cause shock waves and cavitation or
exit the body.*® Migration within intracranial circulation
is restricted to pellets of a size that can be carried within
the ICA, and the prevalence of arterial rather than venous
migration suggests a link between high flow velocity and
pellet migration.*

In symptomatic cases, there are a variety of treatment
options to restore cerebral blood flow. Endovascular ther-
apy using a balloon catheter was successful in 1 case of
intracranial pellet embolus, although the patient had per-
sistent neurological deficits.*® Although endovascular suc-
tion failed in our case, it could be considered as a reason-
able first-line treatment option because of its minimally
invasive nature, potential to achieve rapid restoration of
flow, and its relative safety. The retrieval of migrated coils
and balloons during intravascular aneurysm treatment pro-
vides some precedent for endovascular pellet retrieval in
this setting,!"'¢ with endovascular suction, stent retrievers,
and alligator retrieval devices having high rates of suc-
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TABLE 2. Injury, symptom, and treatment characteristics

Types of Locations Locations
Projectile No. of Injury No. of Migration No. Common Symptoms No. Treatments No. Clinical Outcomes No.
Shotgun pellet 32 Neck 29 MCA 30 Hemiparesis or hemiplegia 23 No intervention 30 Complete recovery 12
Air gun pellet 4 Chestor 19* ICA 8 Aphasia or dysphasia 8 Surgical embolectomy 12 Neuro deficits 26
thorax

Metal fragmentor 7
steel splinter

Eyearea 2 PCA
dilation

4 Visual field loss &/ or pupil

4 EC-IC bypass 2 Death 8

Other 3 Other 3t Other

4 Speech disturbance

3 Endovascular therapyt 2

One craniectomy was performed to relieve hypertension, and the patient completely recovered. This patient was not included in this chart.

* Five injuries were to both the chest and the neck, and were counted in both categories.

t One injury was to the mandibular region, and 2 were to the chest and neck as well as the face or limbs, and were counted in all relevant categories.
T The present case is counted twice in this chart (once as a successful EC-IC bypass and once as a failed endovascular therapy).

cess; the latter 2 have yet to be attempted on a missile em-
bolus. Furthermore, recent improvements’® in endovascular
devices such as stent retrievers make their use in pellet
embolectomy worth examining. No attempt has yet been
made to use a stent retriever to remove a pellet embolus,
which may allow for noninvasive embolectomy. However,
the differences in material between metallic pellets and
thrombi could render stent retrievers less effective; failure
to remove the pellet through aspiration in our case shows
that lack of malleability or manipulability of pellets may
prevent endovascular removal.

An EC-IC bypass, which successfully restored cerebral
blood flow in our patient, has been used in 1 other patient
with MCA occlusion caused by a metal foreign object.?!
Both patients who have received EC-IC bypasses had a
full neurological recovery, but this treatment is relatively
novel for intracranial occlusion by a metal foreign object.
More commonly, craniotomy and arteriotomy or embolec-
tomy has been attempted (12 of 46, 26.1%; Table 3). Ten
(83.3%) of the 12 patients who were treated with embo-
lectomy had persistent neurological deficits. In our case, it
was thought that direct removal of the pellet would have
required temporary trapping of the M, segment and its as-
sociated perforators, with possible risk of direct perforator
injury, and a distal bypass was chosen as a more straight-
forward procedure.

In previous reports, the majority of patients, even when
symptomatic, have been managed conservatively with
monitoring alone (30, 65.2%). However, outcomes with
conservative treatment are variable, with neurological
deficits reported in 15 of 30 cases (50.0%) and death in 8
(26.7%). Three of the emboli in this category that caused
death were discovered only at autopsy, and 1 patient died

TABLE 3. Clinical outcomes by treatment type

before surgery could begin, suggesting that rapid identifi-
cation and treatment of the pellet embolus may improve pa-
tient prognoses. Conservative management was also much
more common before 1990 (16 of 20, 80.0%) than after (14
of 26, 53.8%), as was death related to these lesions (7 of 20
before 1990 [35.0%] and 1 of 26 after 1990 [3.8%]). This
suggests that improvements in diagnostic imaging and sur-
gical retrieval techniques may have improved early detec-
tion and allowed intervention in a wider range of cases.

Our case and literature review demonstrate the promise
of EC-IC bypass to restore blood flow when an intracranial
pellet embolus cannot be removed endovascularly, as well
as the importance of early detection and the risks associ-
ated with conservative management. The need for surgical
intervention in a given case will depend on multiple factors,
including the adequacy of collateral circulation to the af-
fected territory at risk, the exact location of the pellet, and
the patient’s neurological status. When collateral supply is
questionable and particularly when the patient is symptom-
atic, we recommend attempted endovascular removal as a
logical first-line option. Given the technical difficulty as-
sociated with craniotomy and embolectomy, urgent EC-IC
bypass is a reasonable surgical option that has demonstrat-
ed good outcomes in 2 cases, and endovascular therapy is
also worth considering due to its noninvasive nature.

Conclusions

We describe a 14-year-old boy who suffered an air gun
OPI, highlighting the potential for such injuries to cause
vascular fistulas and migration of a foreign body to the in-
tracranial circulation to occlude major blood vessels. The
combination of endovascular assessment with coiling and

No Intervention, n = 30 Surgical Embolectomy, n = 12*

EC-IC Bypass, n=2 Endovascular Therapy, n = 2t

Outcome No. (%) Outcome No. (%) Outcome No. (%) Outcome No. (%)
Complete recovery 7(23.3)  Complete recovery 2(16.7)  Complete recovery 2(100)  Failure (present case) 1(50)
Persistent neuro deficits 15 (50) Persistent neuro deficits 10 (83.3)  Persistent neuro deficits 0 (0) Success, neuro deficits 1 (50)
Death 8(26.7) Death 0(0) Death 0(0) Death 0(0)

* One craniectomy was performed to relieve hypertension, and the patient completely recovered. This patient was not included in this chart.
t The present case is counted twice in this chart (once as a successful EC-IC bypass and once as a failed endovascular therapy).
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EC-IC bypass allowed rapid repair of the CCF and restora-
tion of blood flow to an occluded left MCA. Our case also
emphasizes the importance of urgent, coordinated, neuro-
endovascular and neurosurgical expertise to optimize out-
comes in patients with OPL
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