
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.



E. S. Nussbaum

J Neurosurg Pediatr  December 22, 20174

TA
BL

E 
1. 

Li
te

ra
tu

re
 re

vi
ew

 o
f i

nt
ra

cr
an

ia
l f

or
ei

gn
 o

bj
ec

t m
ig

ra
tio

ns
 an

d 
oc

clu
sio

ns

Au
th

or
s &

 Y
ea

r
Ag

e (
yr

s),
 

Se
x

Ty
pe

 of
 

Pr
oje

cti
le

Lo
ca

tio
n o

f In
jur

y
Lo

ca
tio

n o
f 

Mi
gr

ati
on

Sy
mp

tom
s o

f E
mb

olu
s

Tr
ea

tm
en

t fo
r E

mb
olu

s
Lo

ng
-Te

rm
 C

lin
ica

l O
utc

om
e

Le
ce

ne
 &

 Lh
er

mi
tte

, 
19

20
30

, M
M

et
al 

fra
gm

en
t

Lt 
ne

ck
Lt 

M
CA

Ag
ita

tio
n, 

pa
ra

lys
is,

 pa
lsy

No
 in

ter
ve

nti
on

De
ath

Do
wz

en
ko

, 1
94

6
29

, M
St

ee
l s

pli
nte

r
Ne

ck
Rt

 M
CA

He
mi

ple
gia

No
 in

ter
ve

nti
on

He
mi

ple
gia

Ba
rre

tt,
 19

50
32

, M
Sh

otg
un

 pe
lle

t
Lt 

ne
ck

Br
an

ch
 of

 M
CA

Ap
ha

sia
, r

t h
em

ipl
eg

ia
No

 in
ter

ve
nti

on
Lo

ng
-te

rm
 ap

ha
sia

, r
t h

em
ipl

eg
ia

30
, M

M
et

al 
fra

gm
en

t
Ne

ck
Br

an
ch

 of
 M

CA
Ap

ha
sia

, h
em

ipl
eg

ia
No

 in
ter

ve
nti

on
De

ath
Pi

az
za

 &
 G

ais
t, 1

96
0

22
, M

Sh
otg

un
 pe

lle
t

Ne
ck

Lt 
M

CA
He

mi
pa

re
sis

Cr
an

iot
om

y, 
em

bo
lec

tom
y

Mi
ld 

he
mi

pa
re

sis
Va

n G
ild

er
 &

 C
ox

e, 
19

70
21

, M
Sh

otg
un

 pe
lle

t
Ne

ck
Lt 

M
CA

He
mi

pa
re

sis
, d

ys
ph

as
ia

Em
bo

lec
tom

y
M

od
er

ate
 he

mi
pa

re
sis

, d
ys

ph
as

ia
Ka

pp
 et

 al
., 1

97
3

39
, M

Sh
ra

pn
el

Ch
es

t
Rt

 M
CA

He
mi

pa
re

sis
Em

bo
lec

tom
y

He
mi

pa
re

sis
Pa

da
r, 1

97
5

56
, M

Ai
r g

un
 pe

lle
t

Ne
ck

Rt
 IC

A
No

ne
 re

po
rte

d
No

 in
ter

ve
nti

on
Co

mp
let

e r
ec

ov
er

y
Mi

ne
r &

 H
an

de
l, 1

97
8

13
, M

Sh
otg

un
 pe

lle
t

Ne
ck

Rt
 IC

A
No

ne
 re

po
rte

d
No

 in
ter

ve
nti

on
Co

mp
let

e r
ec

ov
er

y
Se

th
i &

 R
oz

dil
sk

y, 
19

78
27

, M
Sh

otg
un

 pe
lle

t
He

ar
t

Rt
 IC

A
W

ea
kn

es
s o

f lt
 ey

e r
ec

tus
, 

he
mi

pa
re

sis
No

 in
ter

ve
nti

on
De

ath

Ha
vil

l &
 W

yn
ne

-J
on

es
, 

19
79

18
, M

Sh
otg

un
 pe

lle
t

Rt
 ch

es
t

Rt
 M

CA
Lt 

he
mi

ple
gia

, c
ra

nia
l n

er
ve

 
pa

lsi
es

No
 in

ter
ve

nti
on

Ap
ra

xia
 &

 as
ter

eo
gn

os
is,

 lt 
he

mi
pa

-
re

sis
Gl

as
s e

t a
l., 

19
80

24
, M

Sh
otg

un
 pe

lle
t

Ch
es

t
Bi

lat
 IC

A
No

ne
 re

po
rte

d
No

 in
ter

ve
nti

on
De

ath
Ka

se
 et

 al
., 1

98
1

24
, M

Sh
otg

un
 pe

lle
t

He
ar

t
Rt

 M
CA

Ed
em

a, 
un

ca
l h

er
nia

tio
n

No
 in

ter
ve

nti
on

De
ath

Gi
pe

 et
 al

., 1
98

1
21

, M
Sh

otg
un

 pe
lle

t
Rt

 ch
es

t
M

CA
Di

lat
ed

 &
 hy

po
re

ac
tiv

e p
up

ils
, 

de
co

rti
ca

te 
po

stu
rin

g
No

 in
ter

ve
nti

on
De

ath
 be

fo
re

 su
rg

er
y c

ou
ld 

be
gin

Hu
ng

er
fo

rd
 et

 al
., 1

98
1

8, 
M

Sh
otg

un
 pe

lle
t

Lt 
ne

ck
, fa

ce
Lt 

PC
A

Lt 
he

mi
pa

re
sis

, h
yp

er
ten

sio
n, 

ed
em

a, 
ap

ne
a, 

br
ad

yc
ar

dia
No

 in
ter

ve
nti

on
De

ath

Va
sc

ik 
& 

Te
w,

 19
82

12
, M

Sh
otg

un
 pe

lle
t

Ch
es

t
Rt

 M
CA

Lt 
he

mi
ple

gia
Cr

an
iot

om
y, 

em
bo

lec
tom

y
Mi

ld 
sp

as
tic

ity
23

, M
Sh

otg
un

 pe
lle

t
Ch

es
t

Rt
 M

CA
No

nr
es

po
ns

ive
No

 in
ter

ve
nti

on
Co

mp
let

e r
ec

ov
er

y
Al

so
fro

m 
et 

al.
, 1

98
2

17
, M

Sh
otg

un
 pe

lle
t

Rt
 he

mi
th

or
ax

Rt
 &

 lt 
M

CA
s

Mi
ld 

ne
ur

o d
efi

cit
s, 

ap
ath

y, 
dy

sa
rth

ria
No

 in
ter

ve
nti

on
Pe

rs
ist

en
t m

ild
 ap

ha
sia

Ba
hn

ini
 et

 al
., 1

98
6

24
, M

Sh
otg

un
 pe

lle
t

Ne
ck

, r
t h

em
ith

or
ax

M
CA

Co
ntr

ala
t h

em
ipl

eg
ia

No
 in

ter
ve

nti
on

Pe
rs

ist
en

t a
rm

 pa
re

sis
Ab

do
 et

 al
., 1

98
8

18
, M

Sh
otg

un
 pe

lle
t

Ne
ck

Lt 
M

CA
No

ne
 re

po
rte

d
No

 in
ter

ve
nti

on
Co

mp
let

e r
ec

ov
er

y

Da
ds

et
an

 &
 Ji

nk
ins

, 
19

90

17
, M

Sh
otg

un
 pe

lle
t

Rt
 ey

e a
re

a
M

CA
Le

th
ar

gy
, a

ph
as

ia,
 rt

 he
mi

pa
-

re
sis

Cr
an

iot
om

y, 
em

bo
lec

tom
y

Lt 
sid

e s
en

so
ry

 m
oto

r d
efi

cit
, c

en
tra

l 
ne

rv
e p

als
y

30
, M

Sh
otg

un
 pe

lle
t

Ch
es

t
Rt

 pr
ox

im
al 

M
CA

No
nr

es
po

ns
ive

Cr
an

iot
om

y, 
em

bo
lec

tom
y

Lt 
he

mi
pa

re
sis

, a
ph

as
ia,

 ne
ur

o d
efi

cit
La

ng
en

ba
ch

 et
 al

., 1
99

0
52

, M
M

et
al 

fra
gm

en
t

Ne
ck

M
CA

He
mi

pa
re

sis
, d

ys
ph

as
ia

No
 in

ter
ve

nti
on

He
mi

pa
re

sis
, d

ys
ph

as
ia

An
da

 et
 al

., 1
99

2
57

, M
Sh

otg
un

 pe
lle

t
Ne

ck
Rt

 an
gu

lar
 ar

ter
y

No
ne

 re
po

rte
d

Cr
an

iot
om

y, 
em

bo
lec

tom
y

Ce
re

br
al 

ed
em

a, 
lt l

ow
er

 qu
ad

ra
n-

ta
no

pia
Ha

se
lsb

er
ge

r &
 O

be
r-

ba
ue

r, 1
99

2
9, 

M
St

ee
l s

pli
nte

r
Ne

ck
Rt

 IC
A

Lt 
he

mi
pa

re
sis

EC
-IC

 by
pa

ss
Co

mp
let

e r
ec

ov
er

y

Da
da

 et
 al

., 1
99

3
22

, M
Sh

otg
un

 pe
lle

t
Ch

es
t

Rt
 M

CA
No

ne
 re

po
rte

d
No

 in
ter

ve
nti

on
De

ath
Os

er
 et

 al
., 1

99
4

40
, M

Sh
otg

un
 pe

lle
t

Lt 
ne

ck
Lt 

IC
A

No
nr

es
po

ns
ive

No
 in

ter
ve

nti
on

Re
sid

ua
l d

en
se

 rt
 he

mi
ple

gia
, 

ap
ha

sia
CO

NT
IN

UE
D 

ON
 P

AG
E 

5 
»



Surgical bypass for pellet migration to middle cerebral artery

J Neurosurg Pediatr  December 22, 2017 5

TA
BL

E 
1. 

Li
te

ra
tu

re
 re

vi
ew

 o
f i

nt
ra

cr
an

ia
l f

or
ei

gn
 o

bj
ec

t m
ig

ra
tio

ns
 an

d 
oc

clu
sio

ns

Au
th

or
s &

 Y
ea

r
Ag

e (
yr

s),
 

Se
x

Ty
pe

 of
 

Pr
oje

cti
le

Lo
ca

tio
n o

f In
jur

y
Lo

ca
tio

n o
f 

Mi
gr

ati
on

Sy
mp

tom
s o

f E
mb

olu
s

Tr
ea

tm
en

t fo
r E

mb
olu

s
Lo

ng
-Te

rm
 C

lin
ica

l O
utc

om
e

Ku
ro

iw
a e

t a
l., 

19
94

27
, M

M
et

al 
fra

gm
en

t
Lt 

ne
ck

Lt 
M

CA
Rt

 he
mi

pa
re

sis
, s

pe
ec

h d
ist

ur
-

ba
nc

e, 
mo

tor
 ap

ha
sia

Cr
an

iot
om

y, 
em

bo
lec

tom
y

Sl
igh

t r
t h

em
ipa

re
sis

, a
ph

as
ia

St
ein

 et
 al

., 1
99

5
21

, M
Sh

otg
un

 pe
lle

t
Lt 

ch
es

t
Pr

ox
im

al 
lt M

CA
Be

ha
vio

ra
l c

ha
ng

es
No

 in
ter

ve
nti

on
Sp

ee
ch

 di
stu

rb
an

ce
, a

ph
as

ia
Jo

ne
s &

 To
ms

ick
, 1

99
5

58
, M

Sh
otg

un
 pe

lle
t

Ne
ck

BA
As

ym
pto

ma
tic

No
 in

ter
ve

nti
on

Co
mp

let
e r

ec
ov

er
y

va
n A

s e
t a

l., 
19

95
24

, M
Sh

otg
un

 pe
lle

t
He

ad
, n

ec
k

AC
oA

Rt
 he

mi
pa

re
sis

, s
pe

ec
h d

ist
ur

-
ba

nc
e, 

mo
tor

 ap
ha

sia
No

 in
ter

ve
nti

on
Mi

ld 
rt 

he
mi

pa
re

sis

Co
gb

ill 
& 

Su
lliv

an
, 1

99
5

12
, M

Sh
otg

un
 pe

lle
t

Fa
ce

, n
ec

k, 
lt c

he
st

Lt 
M

CA
No

ne
 re

po
rte

d
No

 in
ter

ve
nti

on
Co

mp
let

e r
ec

ov
er

y
Ha

nin
ec

 et
 al

., 1
99

6
24

, M
Sh

otg
un

 pe
lle

t
Lt 

ma
nd

ibu
lar

 &
 

re
tro

ma
nd

ibu
lar

 
re

gio
ns

An
ter

ior
 br

an
ch

 
of 

M
CA

Pa
ra

lys
is

Cr
an

iot
om

y, 
em

bo
lec

tom
y

Mi
no

r p
er

iph
er

al 
pa

re
sis

 of
 fa

cia
l 

ne
rv

es

So
ng

 et
 al

., 1
99

9
33

, M
Sh

otg
un

 pe
lle

t
Ne

ck
, fa

ce
Lt 

M
CA

No
ne

 re
po

rte
d

Mi
cr

os
ur

gic
al 

em
bo

lec
tom

y
Ex

pr
es

siv
e d

ys
ph

as
ia,

 rt
 he

mi
pa

re
sis

Ya
ar

i e
t a

l., 
20

00
40

, M
Sh

otg
un

 pe
lle

t
Ne

ck
Lt 

M
CA

Ap
ha

sia
, r

t h
em

ipa
re

sis
No

 in
ter

ve
nti

on
Ap

ha
sia

Pa
cio

 &
 M

ur
ph

y, 
20

02
9, 

M
Ai

r g
un

 pe
lle

t
Rt

 ch
es

t
Rt

 IC
A

Rt
 ey

e b
lin

dn
es

s, 
ne

rv
e p

als
y, 

lt h
em

ipa
re

sis
En

do
va

sc
ula

r r
etr

iev
al 

of 
pe

lle
t w

/ b
all

oo
n c

ath
ete

r, 
ch

em
ica

l th
ro

mb
oly

sis

Un
ca

l h
er

nia
tio

n, 
he

mo
rrh

ag
ic 

inf
ar

ct

Da
vid

 et
 al

., 2
00

3
30

, M
Sh

otg
un

 pe
lle

t
Ne

ck
, c

he
st

Lt 
M

CA
Rt

 he
mi

pa
re

sis
, c

om
a

No
 in

ter
ve

nti
on

Rt
 ar

m 
dy

sp
ra

xia
da

 C
os

ta
 et

 al
., 2

00
6

76
, M

Sh
otg

un
 pe

lle
t

Ne
ck

Lt 
SC

A
At

ax
ia,

 lt 
he

mi
pa

re
sis

, lt
 ar

m 
dy

sd
iad

oc
ho

kin
es

ia
No

 in
ter

ve
nti

on
Mi

ld 
pe

rs
ist

en
t c

er
eb

ell
ar

 de
fic

it

Ti
mp

on
e e

t a
l., 

20
09

20
, M

Sh
ra

pn
el

Ne
ck

Lt 
PC

A
Ne

ur
o d

efi
cit

s
No

 in
ter

ve
nti

on
Ne

ur
o d

efi
cit

s
Va

qu
er

o-
Pu

er
ta

 et
 al

., 
20

12
11

, M
Ai

r g
un

 pe
lle

t
Hy

po
ph

ar
yn

x, 
rt 

ne
ck

IC
A

Lt 
he

mi
ple

gia
, p

os
itiv

e B
ab

in-
sk

i s
ign

Cr
an

iot
om

y, 
em

bo
lec

tom
y

Co
mp

let
e r

ec
ov

er
y

M
cC

ag
ue

 et
 al

., 2
01

3
27

, M
Sh

otg
un

 pe
lle

t
Rt

 ne
ck

, r
t c

he
st

Rt
 M

CA
No

 ne
ur

o d
efi

cit
s

No
 in

ter
ve

nti
on

Co
mp

let
e r

ec
ov

er
y

Ve
de

lag
o e

t a
l., 

20
14

55
, M

Sh
otg

un
 pe

lle
t

Rt
 ne

ck
, s

up
ra

cla
-

vic
ula

r r
eg

ion
Rt

 M
CA

Lo
ss

 of
 gr

ay
-w

hit
e m

at
ter

 di
f-

fer
en

tia
tio

n, 
hy

po
at

ten
ua

tio
n

Cr
an

iec
tom

y t
o r

ed
uc

e 
int

ra
cr

an
ial

 hy
pe

rte
ns

ion
Co

mp
let

e r
ec

ov
er

y

Ag
ha

eb
ra

him
 et

 al
., 2

01
5

9, 
M

Pe
lle

t
Th

or
ax

Lt 
PC

A
Vi

su
al 

fie
ld 

de
fic

it
No

 in
ter

ve
nti

on
Vi

su
al 

fie
ld 

de
fic

it
M

cD
ow

ell
 et

 al
., 2

01
6

9, 
M

Sh
otg

un
 pe

lle
t

Ne
ck

, c
he

st,
 ar

ms
, 

ab
do

me
n, 

th
igh

s
Lt 

PC
A

Pa
rti

al 
rt 

su
pe

rio
r q

ua
dr

an
-

ta
no

pia
No

 in
ter

ve
nti

on
Sl

igh
t p

er
iph

er
al 

vis
ion

 di
ffic

ult
y

Ch
en

 et
 al

., 2
01

7
30

, M
St

ee
l s

pli
nte

r
Rt

 ne
ck

Rt
 M

CA
Lt 

he
mi

pa
re

sis
Cr

an
iot

om
y, 

em
bo

lec
tom

y
Co

mp
let

e r
ec

ov
er

y
Pr

es
en

t s
tu

dy
14

, M
Ai

r g
un

 pe
lle

t
Lt 

ey
e

Lt 
M

CA
Rt

 he
mi

pa
re

sis
, s

pe
ec

h 
dis

tur
ba

nc
e

EC
-IC

 by
pa

ss
 fo

llo
wi

ng
 

fa
ile

d e
nd

ov
as

cu
lar

 
su

cti
on

Co
mp

let
e r

ec
ov

er
y

AC
oA

 =
 an

te
rio

r c
om

mu
nic

at
ing

 ar
te

ry
; B

A 
= 

ba
sil

ar
 ar

te
ry

; E
C-

IC
 =

 ex
tra

cr
an

ial
-in

tra
cr

an
ial

; n
eu

ro
 =

 ne
ur

olo
gic

al;
 P

CA
 =

 p
os

te
rio

r c
er

eb
ra

l a
rte

ry
; S

CA
 =

 su
pe

rio
r c

er
eb

ell
ar

 ar
te

ry.

»  C
ON

TI
NU

ED
 F

RO
M 

PA
GE

 4



E. S. Nussbaum

J Neurosurg Pediatr  December 22, 20176

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.
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