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Case Report
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INTRODUCTION

Low-velocity penetrating injuries to the brain are a rare neurosurgical emergency. e most 
common causes include work-related accidents and suicide attempts. Reports on penetrating 
brain injuries as a result of assault are very scarce. ese injuries demand immediate 
management to control potential hemorrhage and gross contamination. e literature suggests 
that neurosurgical removal under direct vision remains the safest treatment strategy.[6,12]

CASE DESCRIPTION

We here describe the microneurosurgical removal of a penetrating industrial drill bit from 
the skull base with the help of a frontotemporal craniotomy. A  28-year-old man presented to 
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the emergency department following an assault resulting 
in an orbital injury and loss of consciousness for 20  min. 
He had orbital apex syndrome with left-sided amaurosis, 
ophthalmoplegia, ptosis, and trigeminal hypoesthesia of 
branches V1 and V2. His Glasgow coma score was 15 with no 
motor deficits. Cranial CT with bone reconstruction revealed 
an industrial drill bit of 10 cm penetrating the orbit, breaking 
through its posterior wall and reaching the middle fossa 
floor. e drill bit was in close proximity of the cavernous 
and petrous segments of the internal carotid artery. However, 
preoperative CT angiography showed no sign of vascular 
injury [Figure 1].

Surgical approach

We first exposed the carotid bifurcation to allow for distal 
control at the cervical level in case of an arterial injury during 
removal of the drill bit. e carotid artery was visualized 
through a 5  cm incision from the anterior edge of the 
sternocleidomastoid muscle to the angle of the mandible. 
Bleeding was controlled using monopolar electrocoagulation. 
e external carotid artery is identified through its first 
branch, the superior thyroid artery whereas the internal 
carotid artery has no cervical branches [Figure 2].

We performed a Dandy type incision involving the temporal 
and the entire frontal region. We then carefully dissected the 
superficial temporal artery to be used for an extracranial-
to-intracranial bypass in case of an intraoperative vascular 
injury. e temporal muscle was dissected using the Oikawa 
technique to preserve the muscular vasculature and prevent 
temporal muscle atrophy. e interfascial dissection of the 
temporal muscle from the root of zygoma to the outer edge of 
the orbital crest further avoided injury to the frontotemporal 
branch of the facial nerve.

We used an orbitozygomatic craniotomy following four burr 
holes in the McCarthy keyhole, the root of zygoma, posterior 
to the superior temporal line, and in the anterior parasagittal 

Figure  1: e patient presented with a left-sided traumatic 
hemorrhagic chemosis (a), areflectic pupils, and palpebral edema 
with a 3 mm wide wound caused by a penetrating metallic object. 
Sagittal skull X-ray (b) showed a radiopaque foreign body of 
10  cm length entering the orbital apex reaching the middle fossa 
floor. ree-dimensional reconstructions of the patient’s CT scans 
(c and  d) revealed a drill bit crossing the orbital cone, passing by 
the left paraclinoid and parasellar regions reaching the petrous 
apex. Left internal carotid artery angiography (e and f) showed no 
evidence of vascular injury.
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Figure 2: e cervical segment of the internal carotid artery (a) was 
dissected in case a distal control was needed during the surgery. 
It can be appreciated in front of the metal clamp. e carotid 
bifurcation is seen distal to the internal carotid artery. e superficial 
temporal artery (b) was dissected to be used as a graft vessel in case 
an extracranial-to-intracranial bypass was needed. e drill bit was 
identified inside the intraconal space of the orbit (c). e drill bit 
was extracted through its transpalpebral penetration site (d).
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region of the frontal bone. An orbital osteotomy involving the 
lateral wall and the orbital roof was performed. A  periorbital 
dissection along the conal fat exposed the object which was 
then followed to the orbital apex where it penetrated through 
the posterior wall of the orbit. e dura mater was opened in 
a C-shaped fashion to locate the basal cisterns of the skull base, 
the optic nerve, the supraclinoid carotid, and the ipsilateral third 
nerve. e lateral wall of the cavernous sinus and the drill bit was 
visualized. e drill bit was then slowly and gradually removed 
under microscopic supervision using a strong clamp. e dura 
mater was then closed and the bone flap was placed back.

Outcome

e patient was hospitalized for 5  days for antibiotic 
medication with ceftriaxone and was discharged at 
postoperative day 6. His palpebral edema progressively 
reduced whereas his visual impairment persisted. His 
postoperative CT and MRI scans showed no evidence of 
purulent collections or damage of the cerebral parenchyma 
[Figure 3].

DISCUSSION

Extent of injury depends mainly on the kinetic energy 
generated by the penetrating object. Low-velocity penetrating 
brain injuries are much less common than injuries suffered 
from high-velocity projectiles. ey typically confer better 

outcomes due to the lower kinetic energy and hence little 
anatomical disruption.[5,10] Death is rarely encountered if 
brain stem and cerebral vasculature are spared from the 
injury. Nonetheless, frequent focal neurological deficits 
such as altered mental status, hemiparesis, paresthesia, 
ophthalmoplegia, and cranial nerve deficits were reported in 
cases of nail gun injuries.[1,9]

Decision-making and safe surgical removal warrants a 
range of neuroimaging modalities. e cranial CT can rule 
out intracranial bone fragments and hematomas. It further 
allows for a 3D reconstruction to visualize the drill bit 
trajectory. Neuronavigation can further help localize the 
object intraoperatively.[12] Neurosurgical removal remains 
the primary treatment modality.[5,8] Yet, it carries risk of 
intracranial hemorrhages. We, therefore, propagate the use 
of microsurgical techniques for removal of the foreign object 
under direct vision and to avoid any significant lacerations to 
the parenchyma.

Follow-up angiograms are highly recommended to 
detect secondary pseudoaneurysms and intracranial 
hemorrhage.[4,7,10,11] Rupture of such aneurysms typically 
occurs 2–3  weeks following the initial trauma. erefore, 
pseudoaneurysms should be eliminated through an open 
vascular or endovascular approach on detection.

Penetrating brain injuries pose a high risk of local 
wound infections, meningitis, encephalitis, or cerebral 
abscess. Besides careful washing of the surgical field 
to remove contaminated bone and tissue fragments, 
antibiotic medication should be started. Most common 
pathogens include staphylococcus aureus and Gram-
negative organisms.[5] Broad spectrum antibiotics are thus 
recommended to prevent complications.[2,3] We chose 
postoperative broad spectrum beta-lactam antibiotic 
ceftriaxone. Other groups reported the use of preoperative 
piperacillin/tazobactam and postoperative vancomycin 
combined with meropenem.[12] Further, a comprehensive 
psychiatric assessment should be considered in case of 
posttraumatic acute stress disorder or adaptive disorder.

CONCLUSION

Despite being an extremely rare emergency, low-energy 
penetrating injuries to the brain can be surgically treated 
with good outcomes. Timely access to adequate imaging 
diagnostics and a microneurosurgical facility are crucial for 
safe removal.
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Figure  3: A  postoperative 3D reconstruction (a) shows the left-
sided frontotemporal bone flap. Postoperative T2-weighted axial 
MRI (b) showed no sign of ischemic or structural damage to the 
brain parenchyma. Postoperative MRI angiography (c) showed 
intact intracranial vasculature.
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