
CASE REPORT

Despite the diverse nature of orbitocranial penetrat-
ing injuries (OPIs), general guidelines for imaging 
and surgical protocols have emerged, and patterns 

of injury types have been recognized and described.33,45,47 
Rarely, cases of shotgun pellets migrating from the pri-
mary injury site to the intracranial arteries have been re-
ported.44 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.

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–M1 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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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).

Intraoperative angiography demonstrated good filling 
of the distal MCA vasculature, with retrograde filling of 
the M1 down to the level of the pellet (Fig. 4). The ophthal-

FIG. 1. Admission axial CT scan obtained without contrast demonstrat-
ing a metallic artifact in the expected distribution of the left MCA.

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.

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 M1 segment by a round object (arrow) shown by a slight subtraction artifact. 
There are 2 anterior temporal branches arising from the mid-M1 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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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;27 however, endovascular techniques failed to 
retrieve the pellet, leaving the M1 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.8,35

Although intravascular migration and occlusion of 

blood vessels by penetrating missile fragments most com-
monly affects the thorax and extremities,53 migration to 
the intracranial circulation has been reported for shotgun 
and air gun pellets or metal fragments in 46 cases (Table 
1).44 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.41 As shown in Table 2, intracranial pellets most 
often caused occlusion of the MCA (30 of 46, 65.2%),43 
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%).12 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.36 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.48

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.38 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,11,16 with endovascular suction, stent retrievers, 
and alligator retrieval devices having high rates of suc-

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.

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.
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cess; the latter 2 have yet to be attempted on a missile em-
bolus. Furthermore, recent improvements5 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.21 
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 M1 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 

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 

TABLE 2. Injury, symptom, and treatment characteristics

Types of 
Projectile No.

Locations 
of Injury No.

Locations 
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 Chest or 

thorax
19* ICA 8 Aphasia or dysphasia 8 Surgical embolectomy 12 Neuro deficits 26

Metal fragment or 
steel splinter

7 Eye area 2 PCA 4 Visual field loss &/ or pupil 
dilation

4 EC-IC bypass 2 Death 8

Other 3 Other 3† Other 4 Speech disturbance 3 Endovascular therapy‡ 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.
† 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.
‡ The present case is counted twice in this chart (once as a successful EC-IC bypass and once as a failed endovascular therapy). 

TABLE 3. Clinical outcomes by treatment type
No Intervention, n = 30 Surgical Embolectomy, n = 12* EC-IC Bypass, n = 2 Endovascular Therapy, n = 2†
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.
† 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 OPI.

Acknowledgments
We received a grant from the United Hospital Foundation in 

support of this work. We also acknowledge the assistance of Jodi 
Lowary, CNRN, for her assistance with the management of this 
complex patient.

References
 1. Abdo F, Massad M, Slim M, Fahl M, Saba M, Najjar F, et al: 

Wandering intravascular missiles: report of five cases from 
the Lebanon war. Surgery 103:376–380, 1988

 2. Aghaebrahim A, Giurgiutiu DV, Jankowitz BT, Jovin T, Jad-
hav AP: Ischemic stroke after pellet embolization. Neurol-
ogy 84:2383, 2015

 3. Alsofrom DJ, Marcus NH, Seigel RS, Talbot WA, Akl BF, 
Schiller WR, et al: Shotgun pellet embolization from the 
chest to the middle cerebral arteries. J Trauma 22:155–157, 
1982

 4. Anda T, Suyama K, Kawano T, Mori K: [Shotgun pellet 
embolus in the cerebral circulation via the internal carotid 
artery in the neck; a case report.] No Shinkei Geka 20:457–
461, 1992 (Jpn)

 5. Asadi H, Dowling R, Yan B, Wong S, Mitchell P: Advances 
in endovascular treatment of acute ischaemic stroke. Intern 
Med J 45:798–805, 2015

 6. Bahnini A, Petitjean C, Kieffer E: Gunshot pellet embolus to 
the middle cerebral artery. Ann Vasc Surg 1:139–142, 1986

 7. Barrett NR: Foreign bodies in the cardiovascular system. Br 
J Surg 37:416–445, 1950

 8. Borkar SA, Garg K, Garg M, Sharma BS: Transorbital pen-
etrating cerebral injury caused by a wooden stick: surgical 
nuances for removal of a foreign body lodged in cavernous 
sinus. Childs Nerv Syst 30:1441–1444, 2014

 9. Chen C, Hou B, Luo L, Ying G: Surgical treatment of metal-
lic foreign body embolization in the middle cerebral artery: 
case report and literature review. World Neurosurg 98:874.
e7–874.e12, 2017

10. Cogbill TH, Sullivan HG: Carotid artery pseudoaneurysm 
and pellet embolism to the middle cerebral artery following a 
shotgun wound of the neck. J Trauma 39:763–767, 1995

11. Cunningham EJ, Albani B, Masaryk TJ, Rasmussen PA: 
Temporary balloon occlusion of the cavernous carotid artery 
for removal of an orbital and intracranial foreign body: case 
report. Neurosurgery 55:1225, 2004

12. da Costa LB, Wallace MC, Montanera W: Shotgun pellet 
embolization to the posterior cerebral circulation. AJNR Am 
J Neuroradiol 27:261–263, 2006

13. Dada MA, Loftus IA, Rutherfoord GS: Shotgun pellet em-
bolism to the brain. Am J Forensic Med Pathol 14:58–60, 
1993

14. Dadsetan MR, Jinkins JR: Peripheral vascular gunshot bul-
let embolus migration to the cerebral circulation. Report and 
literature review. Neuroradiology 32:516–519, 1990

15. David W, Odeh Y, Mittal V: Shotgun pellet embolus to the 
middle cerebral artery: case report. J Trauma 54:417, 2003

16. Ding D, Liu KC: Management strategies for intraprocedural 
coil migration during endovascular treatment of intracranial 
aneurysms. J Neurointerv Surg 6:428–431, 2014

17. Dowzenko A: Niezwykly przypadek zatoru tetnicy srod-
kowej mozgu, spowodowanego przez cialo obce. Pol Tyg Lek 
1:1045–1047, 1946

18. Gipe BT, Acker B, Smith R: Delayed cerebral emboliza-

tion of a shotgun pellet with fatal consequences. J Trauma 
21:326–329, 1981

19. Glass JM, Zaki SA, Rivers RL: Intracranial missile emboli. J 
Forensic Sci 25:302–303, 1980

20. Haninec P, Houstava L, Klener J: Shotgun pellet embolus of 
the middle cerebral artery treated by emergency embolec-
tomy. Br J Neurosurg 10:311–314, 1996

21. Haselsberger K, Oberbauer RW: Extracranial-intracranial ar-
terial bypass after cerebral foreign body embolization: effec-
tive treatment of transient ischemic attacks. Neurosurgery 
31:141–144, 1992

22. Havill JH, Wynne-Jones G: Cerebral embolisation of a shot-
gun pellet: case report. N Z Med J 89:253–255, 1979

23. Hungerford GD, Reines HD, Powers JM, Otherson HB Jr: 
Shotgun pellet embolus to the posterior cerebral artery. 
AJNR Am J Neuroradiol 2:185–186, 1981

24. Jones BV, Tomsick TA: Shotgun pellet embolus to the basilar 
artery. AJR Am J Roentgenol 165:744, 1995

25. Kapp JP, Gielchinsky I, Jelsma R: Metallic fragment embo-
lization to the cerebral circulation. J Trauma 13:256–261, 
1973

26. Kase CS, White RL, Vinson TL, Eichelberger RP: Shotgun 
pellet embolus to the middle cerebral artery. Neurology 
31:458–461, 1981

27. Korkmazer B, Kocak B, Tureci E, Islak C, Kocer N, Kizilkil-
ic O: Endovascular treatment of carotid cavernous sinus fis-
tula: A systematic review. World J Radiol 5:143–155, 2013

28. Kuroiwa T, Tanabe H, Ogawa D, Ohta T: Traumatic intracra-
nial foreign body embolization—case report. Neurol Med 
Chir (Tokyo) 34:810–813, 1994

29. Langenbach M, Leopold HC, Hennerici M: Neck trauma with 
embolization of the middle cerebral artery by a metal splin-
ter. Neurology 40:552–553, 1990

30. Lecene P, Lhermitte J: Une observation anatomo-clinique d 
‘un cas de ramollissement cerebral consecutif a I’obliteration 
de I’artere sylvienne gauche par une embolie metallique. Rev 
Neurol 27:1116–1121, 1920

31. McCague A, Kelly S, Wong DT: Shotgun pellet embolization 
to the middle cerebral artery. Am Surg 79:E322–E323, 2013

32. McDowell MM, Zhu X, Johnson S, Deibert C, Jankowitz B, 
Pollack IF: Shotgun pellet embolization to the posterior cere-
bral artery. Childs Nerv Syst 32:1317–1320, 2016

33. Michon J, Liu D: Intraorbital foreign bodies. Semin Oph-
thalmol 9:193–199, 1994

34. Miner ME, Handel SF: Traumatic embolization of the intra-
cranial internal carotid artery. Neuroradiology 15:141–143, 
1978

35. Nishio Y, Hayashi N, Hamada H, Hirashima Y, Endo S: A 
case of delayed brain abscess due to a retained intracranial 
wooden foreign body: a case report and review of the last 20 
years. Acta Neurochir (Wien) 146:847–850, 2004

36. O’Neill OR, Gilliland G, Delashaw JB, Purtzer TJ: Trans-
orbital penetrating head injury with a hunting arrow: case 
report. Surg Neurol 42:494–497, 1994

37. Oser AB, Moran CJ, Cross DT, Thompson RW: Shotgun pel-
let embolization to the intracranial internal carotid artery: 
report of a case and review of the literature. Emerg Radiol 
1:200–205, 1994

38. Pacio CI, Murphy MA: BB embolus causing monocular 
blindness in a 9-year-old boy. Am J Ophthalmol 134:776–
778, 2002

39. Padar SC: Air gun pellet embolizing the intracranial internal 
carotid artery. J Neurosurg 43:222–224, 1975

40. Piazza G, Gaist G: Occlusion of middle cerebral artery 
by foreign body embolus. Report of a case. J Neurosurg 
17:172–176, 1960

41. Sandler G, Merrett N, Buchan C, Biankin A: Abdominal 
shotgun wound with pellet embolization leading to bilateral 
lower limb amputation: case report and review of the lit-



E. S. Nussbaum

J Neurosurg Pediatr December 22, 20178

erature of missile emboli over the past 10 years. J Trauma 
67:E202–E208, 2009

42. Sethi JM, Rozdilsky B: Internal carotid artery embolism by 
shotgun pellet. Can J Neurol Sci 5:325–326, 1978

43. Song JK, Srinivasan J, Gordon DS, Newell DW, Baxter AB: 
Internal carotid pseudoaneurysm and cerebral infarction 
from shotgun pellet penetration and embolization. AJR Am 
J Roentgenol 173:1116–1116, 1999

44. Stein M, Mirvis SE, Wiles CE III: Delayed embolization of a 
shotgun pellet from the chest to the middle cerebral artery. J 
Trauma 39:1006–1009, 1995

45. Sun G, Yagmurlu K, Belykh E, Lei T, Preul MC: Manage-
ment strategy of a transorbital penetrating pontine injury by 
a wooden chopstick. World Neurosurg 95:622.e7–622.e15, 
2016

46. Timpone VM, Jesinger RA, Johnson T, Palka P: IED frag-
ment embolism to left posterior cerebral artery. Mil Med 
174:iv–v, 2009

47. Turbin RE, Maxwell DN, Langer PD, Frohman LP, Hubbi B, 
Wolansky L, et al: Patterns of transorbital intracranial injury: 
a review and comparison of occult and non-occult cases. 
Surv Ophthalmol 51:449–460, 2006

48. van As AB, Pillay R, Domingo Z: Shotgun pellet embolus to 
the anterior cerebral artery. Injury 26:631–632, 1995

49. Van Gilder JC, Coxe WS: Shotgun pellet embolus of the mid-
dle cerebral artery. Case report. J Neurosurg 32:711–714, 
1970

50. Vaquero-Puerta C, San Norberto EM, Merino B, González-
Fajardo JA, Taylor J: Shotgun wound and pellet embolism to 
the intracranial carotid artery. J Vasc Surg 55:535–537, 2012

51. Vascik JM, Tew JM Jr: Foreign body embolization of the 
middle cerebral artery: review of the literature and guidelines 
for management. Neurosurgery 11:532–536, 1982

52. Vedelago J, Dick E, Thomas R, Jones B, Kirmi O, Becker J, 

et al: Look away: arterial and venous intravascular embolisa-
tion following shotgun injury. J Trauma Manag Outcomes 
8:19, 2014

53. Walden R, Lynn M, Golan M, Garniek A: Plastic bullet arte-
rial embolization following gunshot injury to the heart. Case 
report and review of the literature. J Cardiovasc Surg (To-
rino) 31:482–485, 1990

54. Yaari R, Ahmadi J, Chang GY: NeuroImages. Cerebral shot-
gun pellet embolism. Neurology 54:1487, 2000

Disclosures
The authors report no conflict of interest concerning the materi-
als or methods used in this study or the findings specified in this 
paper.

Author Contributions
Conception and design: Nussbaum, Graupman, Goddard. Acqui-
sition of data: all authors. Analysis and interpretation of data: 
Nussbaum, Kallmes. Drafting the article: all authors. Critically 
revising the article: all authors. Reviewed submitted version of 
manuscript: all authors. Approved the final version of the manu-
script on behalf of all authors: Nussbaum. Statistical analysis: 
Kallmes. Administrative/technical/material support: Nussbaum, 
Kallmes. Study supervision: Nussbaum.

Correspondence
Eric S. Nussbaum, National Brain Aneurysm Center, 3033 Excel-
sior Blvd., Ste. 403, Minneapolis, MN 55416. email: lnussbaum@
comcast.net.


