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Penetrating head injury is a serious open cranial injury. In civilians, it is often caused by non-missile, low velocity flying objects
that penetrate the skull through a weak cranial structure, forming intracranial foreign bodies. The intracranial foreign body can be
displaced due to its special quality, shape, and location. In this paper, we report a rare case of right-to-left displacement of an airgun
lead bullet after transorbital entry into the skull complicated by posttraumatic epilepsy, as a reminder to colleagues that intracranial
metal foreign bodies maybe displaced intraoperatively. In addition, we have found that the presence of intracranial metallic foreign
bodies may be a factor for the posttraumatic epilepsy, and their timely removal appears to be beneficial for epilepsy control.
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INTRODUCTION

Penetrating head injuries (PHI) account for approximately
0.4% of all traumatic brain injuries (TBI)”. In civilians, it is
often caused by non-missile type, low velocity flying objects
such as projectiles, wood, debris, or skull fragments, entering
the cranial cavity through anatomically weak areas such as the
external auditory canal or orbit'"”. In China, non-missile PHI
is mostly caused by air guns, which have slow velocity and low
kinetic energy, and the injuries are mostly blind tube injuries,

often forming intracranial foreign bodies. There are few re-

ports of displacement of intracranial metallic foreign bodies
complicated by posttraumatic epilepsy (PTE). In this paper,
we report a case of right-to-left displacement of an airgun lead
bullet after transorbital entry into the skull complicated by
PTE. The patient in this case underwent two surgeries within
2 years : the first surgery mainly removed the broken bone
fragments in the brain, but the lead bullet foreign body was
not found due to its intraoperative displacement from the
right hemisphere to the left. One year later, the patient was re-
admitted due to PTE seizures frequently and strongly request-

ed to remove the intracranial lead bullet foreign body. There-
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for we operated the second surgery, during which the foreign
body was successfully removed and the epilepsy was effective-

ly controlled.

CASE REPORT

On March 18, 2020, a 40-year-old male was accidentally
shot by an airgun lead bullet through the left eyeball into his

skull, resulting in the lead bullet retained in his brain.

On March 19, 2020, he presented to the emergency depart-
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ment, where the physician performed computed tomography
(CT) scan of the head and found a foreign body retained in
the frontal horn of the right lateral ventricle (Fig. 1A-D), then
he was admitted to the neurosurgery department. He was ad-
mitted with a clear consciousness, stable vital signs, a Glasgow
coma scale (GCS) score of 14 and a previously healthy body.
He underwent an operation to remove the intracranial foreign
body on the same day after completing the preoperative ex-
amination.

Some of the bony foreign bodies were removed during the

operation, but the lead bullet foreign body was not successful-

Fig. 1. Location of the intracranial foreign body before and after the first surgery. A-D : Preoperative. E-H : Postoperative. The red dots in (C, D, G, and H)

indicate the intracranial foreign body which is reconstructed in 3D.

Fig. 2. The first surgical procedure. A : The skin incision design. B : The arrow in the middle indicates a brain surface wound. C : Intraoperative
ultrasound, the highlighted area in the center of the figure is a foreign body shadow, which cannot be located. D : Intraoperative X-ray, the red arrow
indicates a foreign body, which cannot be located despite the use of surgical instruments.
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ly found due to intracranial displacement. We inability to lo-
cate it accurately by intraoperative X-ray and ultrasound
(Fig. 2). The postoperative cranial CT showed that the foreign
body was moved from the preoperative right lateral ventricu-
lar frontal horn to the left lateral ventricular frontal horn
(Fig. 1E-H). We decided to treat with him conservatively and
not do the second craniotomy for the patient after communi-
cated with his relatives.

During hospitalization, we performed regular lumbar
punctures to extract cerebrospinal fluid for bacterial culture,
which showed no bacterial growth. After 1 month of hospital-
ization, he was discharged on April 18, 2020 with well-wound
healing, blindness in the left eye and no other abnormal
symptoms. He was seizure-free during hospitalization and
continued out-of-hospital medication to prevent seizure.

After discharge from hospital, he was followed up by regu-
lar outpatient visits and telephone calls. He had several sei-
zures separately at 4, 8, 11, and 12 months after the operation.
One year later, the seizures occurred monthly with no appar-
ent pattern and lasted from a few seconds to a few minutes

separately. The sodium valproate couldn’t control his seizures.

So, he visited the neurology clinic to adjust the treatment pre-
scription to a combination of sodium valproate and levetirace-
tam, which reduced his seizures.

On December 20, 2021, he had a serious seizure. So, he re-
admitted to the hospital on December 27, 2021, with a strong
desire to remove the intracranial foreign body. The intracrani-
al foreign body was successfully removed on December 29,
2021 (Fig. 3). The sodium valproate was applied intravenously
but one seizure occurred during hospitalization. We complet-
ed the electroencephalography (EEG) for him, but we did not
detect typical epileptic waves. He was discharged from hospi-
tal on January 14, 2022. Sodium valproate was administered
out of hospital to prevent seizure. He had no seizures after fol-

lowed up 8 months.

DISCUSSION

The airgun is the most common factor to PHI among civil-
ians. The mechanism of injury from airguns is primarily de-

rived from the kinetic energy of the pellet”. Due to the low ki-

Fig. 3. A : Foreign body trajectory diagram. 1 to 4 in the diagram respectively indicate foreign body trajectory into the skull, foreign body and skull
collision reflex point, rebound trajectory and foreign body stay location. B : Location of the intracranial foreign body (red dot) before the second
operation, with a slight downward shift compared to the first operation. C and D : The second intraoperative ultrasound for clear visualization of
intracerebral structures, the red arrows in (C) indicate the lateral ventricles and the arrow in (D) indicates the foreign body. E-H : The second operation to
remove the foreign body, the arrows in (G) and (H) indicate the foreign body.
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netic energy, the airgun pellets generally remain in brain
tissue after they penetrate the skull, then damage the brain
tissue and blood vessels in the trajectory of the pellet™*".

In this case, based on the patient’s injury, the first preopera-
tive imaging data and intraoperative observations, the ballis-
tics of the intracranial projectile in this patient were analyzed
as follows : the airgun lead bullet was shot from the left eye-
ball, penetrated the orbital wall, slightly changed its trajectory
direction, passed obliquely upward through the left frontal
lobe of the brain, penetrated the falx cerebri, entered the right
side of the brain, then rebounded to the frontal corner of the
right lateral ventricle after colliding with the right parietal
bone (Fig. 3A).

Imaging

CT scan is the first choice of imaging. This noninvasive ex-
amination method not only allows rapid assessment of lesion
extent, missile trajectory, shrapnel residue, size of the hemato-
ma, and type of cranial injury but also helps us to assess pa-
tient prognosis and provides visual imaging guidance for sur-
gical planning”"*"**”. However, metal artifacts in CT scans
from intracranial foreign bodies may mask some of the inju-
ries. Magnetic resonance imaging (MRI) is superior to CT in
many fields. However, the pellets of airgun are mostly metal-
lic, so MRI is not selected because it may lead the metal frag-
ments to move”. The position, shape and number of foreign
bodies such as metals can be easily obtained in the sagittal
position with intraoperative X-ray, but it is difficult to obtain
the position in the coronal and axial positions™”. Transcranial
sonography (TCS) was usually used in TBI because it’s nonin-
vasive, convenient, and efficient'”. Intraoperative TCS can
clearly show the midline structures, ventricular system and
other important structures in the brain (Fig. 3C). TCS can
display the size, shape, depth, surrounding brain tissue struc-
ture and echogenic characteristics of the foreign body in real
time intraoperatively (Fig. 3D). This is a unique advantage
over the metal artifacts of CT and the movement of metallic
foreign bodies of MRI. However, it is not easy to observe the
foreign body by TCS when the foreign body is deep, when the
foreign body has an obvious acoustic shadow, or when the for-
eign body is obscured by the skull.

In this case, the CT played an important role, as it directly
clarified the displacement of the lead bullet and the location of

the intracranial foreign body after the first operation. The us-
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ing of X-rays only showed us a two-dimensional plane of in-
formation during the first operation. That made us difficult to
locate the foreign body accurately. The use of intraoperative
TCS can be helpful in the localization of foreign bodies some-

times.

Displacement of the intracranial foreign body
Displacement of the intracranial foreign body is a rare phe-
nomenon'”. The displacement is related to the qualities of the
foreign body itself (e.g., mass, shape, surface, etc.) and the ini-
tial intracranial location (e.g., the foreign body is not easily
displaced when proximity to bone, blood vessels, meninges,
etc.)™*. There is still considerable controversy regarding the
management of intracranial foreign bodies. Some scholars be-
lieve that the metallic foreign bodies can’t to remove when
they are located in deep vital structures, with small in size or
has life-threatening by operation. However, for lead bullets
and cranial fragment bodies, they should be removed com-
pletely because of their increased toxicity and chance of infec-
tion compared with other foreign bodies™. In addition, intra-
cranial shrapnel or projectiles >5 mm in diameter need to be
completely removed because they are prone to foreign body
displacement and can cause local brain tissue hyperplasia in-
ducing epilepsy or toxic effects on brain tissue (especially lead

" However, Karadas et al.” suggested

and aluminum bullets)
that in cases without complications, where the foreign body is
located deep and difficult to remove by surgery, the operation
is not necessary and regular follow-up is sufficient.

However, intraoperative management of intracranial foreign
body displacement has not been reported. There are no uni-
form criteria about the time to remove intracranial metallic
foreign bodies. If the displacement of the intracranial foreign
body occurs within a few hours of trauma, it is difficult to
successfully remove it through surgery. For this reason, some
investigators have suggested that intracranial foreign bodies
should be accurately localized and removed 2 to 3 weeks after
the injury. When they are easier to be removed as they are held
in place by proliferating fibrous connective tissue or encapsu-
lated by fibrous tissue'”. However, intraoperative management
of intracranial foreign body displacement has not been re-
ported.

In this case, the intracranial metallic foreign body was easily
displaced because of its large mass, spherical shape and

smooth surface. We therefore suggest that intracranial dis-
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placement should be considered if the foreign body is difticult
to locate during the operation, especially in the early stages of
trauma. It is particularly important to identify the location of
the foreign body at this time. When the location of the foreign
body is not clearly identifiable during the surgery, blind explo-
ration is avoided in order to reduce the trauma associated with
surgery. The CT scan should be done to locate the foreign
body. When the intracranial foreign body is confirmed to be
displaced, symptomatic treatment such as anti-infection can
be administered first, and then the patient can be considered
for surgical removal depending on his condition after the for-
eign body has been immobilized by localized hyperplastic
brain tissue.

PTE

PTE is an important complication affecting the quality of
life of patients and can be divided into early (>7 days) and late
(>7 days) epilepsy. The incidence of PTE is 3.8% to 4.2% in all
types of TBI"

in combination with intracranial foreign bodies increases the

. There is no direct evidence as to whether PHI

incidence of PTE. Based on this case, we consider that the
presence of an intracranial metallic foreign body may precipi-
tate seizures. Because this patient had frequent seizures after
the first surgery, this may have been due to the trauma itself or
the retention of the intracranial metallic foreign body. In con-
trast, the patient’s seizures were effectively controlled after the

second successful surgery to remove the intracranial metal

The pathogenesis of PTE is unclear. Aarabi et al.” suggested
by multivariate regression analysis that GCS scores and motor
deficits are associated with the development of epilepsy. Re-
cent studies have concluded that excitotoxicity, neuroinflam-
mation, oxidative stress, and neurodegeneration are the main
causative factors in PTE". Towner et al.”” reported that the
retention of lead bullets in the body resulted in a sustained in-
crease in lead levels and toxic effects, and that the lead levels
decreased rapidly after surgical removal of the lead bullets and
the symptoms were effectively relieved. In this case, the pa-
tient had a GCS score of 14 and no motor deficits, so it was
considered that seizures might be related to the type of foreign
body. In other words, the intracranial metallic foreign body
may increase the probability of PTE, which may be related to
the slow release of metallic toxic ions from metallic substances
acting on local brain tissue and causing abnormal local elec-
trical activity.

There are no clear protocols on how to effectively prevent
PTE. But there is clinical practice recommend the administra-
tion of drugs such as phenytoin sodium and carbamazepine
to control epilepsy within 1 week after injury'. Although
there is evidence that the use of these prophylactic antiepilep-
tic drugs may reduce early seizures, there is no evidence of
benefit for late epilepsy”. For those with severe seizures, anti-
epileptic drug therapy is preferred, but the surgery can be tried
after evaluation of the condition for those with well-localized

. . . 18
and limited seizure foci™.

foreign body. In late epilepsy patients with intracranial retention of for-
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F|g. 4. EEG topography. (A-E) are respectlvely EEG topography at 1 month, 1 year after the first operation, 1 day before reoperation, 1 day after
reoperation for seizures, and 2 months after reoperation. EEG : electroencephalography. In these figures, there has been abnormal electrical activity in

the right cerebral hemisphere, which may be the location of the seizure foci.
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eign bodies, it has not been investigated whether removal of
the foreign body can improve epileptic symptoms. In this
case, the patient applied sodium valproate for seizure preven-
tion during the first hospitalization and did not experience
seizures, which supports the effectiveness of early antiepileptic
drug application. However, the patient had several seizures
during the follow-up period, and after adjusting the medica-
tion prescription, seizures continued and was more serious
than before. Therefor we decided to have a surgery for the pa-
tient again, and the intracranial foreign body was successfully
removed. The patient underwent seizures at the fourteenth
day after the reoperation, which may be related to the trauma
of the reoperation. But we did not find typical seizure waves
after monitoring the EEG. However, based on EEG topo-
graphic (Fig. 4) changes since the patient’s injury, we hypothe-
sized that the patient may have a confined epileptic lesion in
the right frontal lobe of the brain, but this epileptic lesion did
not correspond to the location where the foreign body was lo-
cated after its displacement. However, after removal of the in-
tracranial foreign body, the patient’s seizures were significant-
ly relieved compared with before (continued follow-up for 8
months without seizures). Therefore, we conjecture that the
removal of the intracranial metallic foreign body may contrib-
ute to the control of PTE by reducing the release of toxins
from the metallic foreign body.

In addition, the reduction of psychological stress after the
intracranial foreign body was removed from the patient in this
case may have contributed to the control of PTE also. As some
studies have concluded that psychological stress is an impor-
tant trigger and sometimes the cause of seizures”. However,
the relationship between changes in psychological factors and
the progression of PTE still needs to be confirmed by further

clinical studies.

CONCLUSION

PHI caused by airgun pellets often forms intracranial for-
eign bodies, and such intracranial foreign bodies can shift in
position during early surgery because of their mass, shape and
surface smoothness. Therefore, if a foreign body is difficult to
be found during the surgery, it may be displaced, and it is par-
ticularly important to accurate its location at this time. If it is

hard to locate the foreign bodies during the operation, the
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surgery should be stopped and have the CT scan to certain the
location. If the foreign body is confirmed to be displaced,
symptomatic treatment, such as anti-infection, can be admin-
istered firstly. The surgery can be considered for the patient to
remove the foreign body after it has been fixed by the around
brain tissue. If an intracranial foreign body is present in the
patient, especially a metallic foreign body, complicated with
PTE, it may be facilitated to control the PTE by removing the
metallic foreign body. Those may due to reduce the release of
toxins from the metallic foreign body and reduce the patient’s

psychological stress.
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