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Missile embolism into the cerebral circulation is a very unusual complication of shotgun wounds to the chest or neck. We
report a case of an 11-year-old boy who sustained an air gunshot wound and pellet embolism to the intracranial carotid
artery. The cerebral artery pellet embolus resulted in contralateral hemiplegia. The patient was successfully treated by
emergency flow reversal and embolectomy. Because this injury is extremely rare, the literature is reviewed, and several

principles are suggested to improve the management. (J Vasc Surg 2012;55:535-7.)
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Embolism of metallic missiles into the cerebral circula-
tion is a very unusual event following a shotgun wound to
the chest or neck.1 They are generally projectiles of low
velocity with delayed pellet embolization and fatal conse-
quences. We report a case of an air gunshot wound and
pellet embolism to the intracranial carotid artery that was
successfully treated by flow reversal and embolectomy.
Because this injury is extremely rare, the literature is re-
viewed, and several principles are suggested to improve the
management.

CASE REPORT

An 11-year-old boy was shot accidentally with an air gun on
the right side of the neck on zone 2. The patient did not show any
neurologic deficit. There was a small entrance wound at the
hypopharynx, but no exit wound could be found. Plain X-ray films
revealed the presence of a pellet lodged within the neck close to the
carotid artery. On the next day, a new fluoroscopy showed
the pellet lodged within the skull just below the clinoid process on
the right side (Fig 1), and the patient was quickly transferred to our
vascular department. On admission in our center 3 hours later, the
patient sustained a left hemiplegia with a positive Babinsky sign.
He was immediately taken to the operating room, and under
general anesthesia, the common, external, and internal carotid
arteries were controlled. A single perforation of the anterior wall of
the common carotid artery near the bifurcation was observed. After
systemic heparinization, the arteriotomy was reopened at that
point. A flow reversal technique was carried out by clamping the
common and external carotid arteries while the internal carotid
artery was yielded open. The systolic pressure was increased with
noradrenalin (0.04-0.4 �g/kg/min, to increase the mean arterial
pressure to 20-40 mm Hg), and the pellet was then expelled by
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ack flushing, and a small Fogarty catheter (n°3) was used to
emove the presumed adherent thrombus (Fig 2). Under fluoro-
copic guidance, it was passed only one time from the intracranial
ortion of the internal carotid artery before the Willis circle, and no
hrombus was obtained. The passage of the embolectomy catheter
hould be carried out with great caution to avoid creating a
arotid-cavernous sinus fistula. Passing the embolectomy catheter
nly up to the level of the skull base should avoid this serious
omplication. The pellet caliber was 4.5 mm. An intraoperative
ontrol angiogram was performed, and no secondary thrombus
as detected. The arteriotomy was closed first, and the patient was

aken to the intensive care unit where he recovered without any
eurologic deficit on awakening from anesthesia. Postoperatively,
he patient remained hemodynamically stable. A computed tomo-
raphic (CT) scan of the head was normal and no signs of brain
amage were observed.

ISCUSSION

Although missile embolization into the intracranial
rterial system is an extremely rare occurrence, it has already
ecome something more than a surgical curiosity. In fact,
1 cases have been reported in the literature with usually
atal consequences (Table). Surgical intervention with the
oal of pellet embolectomy2,3 has not really been per-
ormed in the intracranial circulation because of the small
essel size, the propensity for vasospasm, and the risk of
atrogenic damage.

With the exception of some metallic fragments,2,4,5 the
ajority of projectiles involved in these lesions have been

hotgun pellets whose external entrance site was the neck or
hest. These embolic missiles are of low velocity, and they
on’t have enough kinetic energy to pass completely through
issues.4 Although many times the site of penetration into
he arterial system was not clearly identified, in the cases of
eck injury2-4,6-11 the carotid artery was usually the point
f penetration, although one case of vertebral artery was
escribed.4 When the chest has been involved,1,2,4,5,11-13

he metallic foreign body is dislodged into the intracranial
irculation through the aorta, supra-aortic vessels, left ven-
ricle, or even the pulmonary veins. In these cases, the
emispheric site of embolization was primarily influenced
y the anatomy of the arterial system. The pellet that

scends the aortic arch is more likely to enter the innomi-
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nate artery because it is the first available branch. This fact
explains that the right side of the brain was more frequently
damaged.1-4,12,13 On the other hand, the small size and
shape of the missile are factors that contribute to its
retention into a particular location. In the majority of
cases, they were lodged into the middle cerebral artery
(73.8%),1,2,4-6,8-12 but in eight cases they were in some
portion of the internal carotid artery because the vessel
restricted the migration (ie, air gunshot).2,4,13

Generally, the missile embolism takes place with some
delay (hours, days, or even months) after admission into the
hospital.4 This delayed cerebral embolization was some-
times due to maneuvers of cardiac resuscitation, attempts of
withdrawal, or migration due to progressive arterial wall
erosion from the pulmonary veins or ventricles.1,5,6 In two
facilities, the injury was discovered at necropsy.4,12 In cases
of children with an injury from an air gun, the physician
needs to have a heightened awareness that innocuous ap-

Fig 1. Plain X-rays showing the pellet within the skull just below
the clinoid process (arrow).

Fig 2. Intraoperative picture in which the pellet (arrow) is re-
moved by internal carotid artery flow reversal.
pearing entry wounds could be deep, penetrating, and W
ethal.2 In this type of lesion, at the time of the lesion, plain
-rays are essential to localize the pellets.4 Despite the
etallic density of the foreign body producing artefacts, a
T is important to assess tissue damage and to plan a

urgical approach.4,6 The role of arteriography remains
ontroversial. This procedure may be necessary to identify
he location of the embolus and the cerebral collateral
ow,4 but in cases (coma, hemiplegia) where surgery was
equired, unnecessary delay should be avoided. It could
e indicated after minor neurologic impairment (aphasia,
onoparesis).

Neurologic symptoms have been diverse and included ini-
ial coma,2,4,12 hemiplegia,1,2,4,9 hemiparesis,2,4,5,7,10,11 apha-
ia,2,4,10 monoparesis,4 and quadrantanopsia.3 However, seven
atients were asymptomatic,2,4,6,9,13 probably because the
ollateral flow from the opposite side or partial instead of
omplete occlusion of the involved artery avoided a
erebral infarction.

The optimal management is not clear. In our col-
ected series of 42 patients, 12 patients (28.7%) under-
ent surgery,2-4,8,9,13 and 30 (73.3%) underwent con-

ervative treatment.1,2,4,5-7,10-12 Eleven patients2,4,12

ith neurologic deficit that were not taken to surgery
ied (36.7%). Of the patients surgically treated, the
issile was successfully removed in 11 cases (six by

eurosurgery and five by embolectomies). In one case,
he pellet migrated to a distal vessel during surgical
anipulation (angular artery), and the patient developed
permanent quadrantanopsia.3 In another case, it was

ushed to a more distal branch.2 Although the surgical
ndication for removing a metallic foreign body is classi-
ally based on the necessity of reestablishing cerebral
ow avoiding the risk of infection and vascular erosion,4

hese later complications have never been reported. In-
eed, the missile was left in place in 30 cases, four
13.4%) asymptomatic patients,2,4,6 and 26 (86.6%) with
ome neurologic deficit.1,2,4,5,7,10-12 So, in opposition
o the peripheral vessels, the intracranial pellets usually
re well tolerated if the patient survives the injury.

Significant penetrating carotid artery injuries without
oncurrent central neurologic deficit should be repaired.
evertheless, optimal neurologic outcomes are obtained
ith operative repair in cases of carotid injuries associated
ith neurologic deficit. Carotid repair in asymptomatic
atients with occlusion of the carotid artery should be
erformed when it is technically feasible and when retro-
rade arterial backflow can be established. Nonoperative
anagement appears to be safe in neurologically intact

atients with minor carotid artery injuries (small intimal
efects or small pseudoaneurysms), but serial carotid du-
lex ultrasound and close clinical follow-up also seem man-
atory. Anticoagulation should be considered for traumatic
istal internal carotid artery occlusion in neurologically

ntact patients.
In conclusion, we recommend the technique of flow

eversal, particularly when the pellet is placed in the intra-
ranial portion of the internal carotid artery before the

illis circle and the back flushing can dislodge it. In cases in
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which the missile was placed into the middle cerebral artery
or other distal branch, the prognosis could be worse and an
expectant attitude is recommended. A conservative treat-
ment is recommended in cases of distal embolization or
important injuries associated.
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