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An uncommon cause of penetrating brain injury: two cases of nail gun injuries. lllustrative

cases
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BACKGROUND Low-velocity penetrating brain injury (PBI) is an uncommon variant of traumatic brain injury (TBI). Patients affected by PBI

can present with highly variable injury patterns, which, along with guideline-directed TBI care, may require the employment of unique operative
management strategies. There are no strict guidelines for the management of low-velocity penetrating injuries. Characterizing approaches and
outcomes for various injury patterns may be of use in guiding surgical decision-making. The authors report their experience with two cases of PBI by
mechanism of a nail gun with a retained intracranial foreign body requiring surgical removal.

OBSERVATIONS The two patients were managed using different operative approaches with directly visualized nail removal, and both cases were
managed with different empiric antibiotic regimens. Both patients were neurologically intact at follow-up and had no perioperative complications.

LESSONS These cases illustrate two methods of foreign body removal and the perioperative management protocol utilized at the authors’

institution.
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Traumatic brain injury (TBI) is a frequent diagnosis in the neurosur-
gical field, but penetrating brain injuries (PBIs) are far less common.
PBIs can be classified based on the velocity of the offending projec-
tile or object. A velocity threshold of 100 m/sec has been proposed to
differentiate between high- and low-velocity PBIs.! Low-velocity PBls
(e.g., nails, hammers, knives, and pencils) are a rarer presenting diag-
nosis, comprising only 0.4% of all head trauma.? The most common
reported causes of these injuries are accidents, violence, and suicide
attempts. Low-velocity PBIs typically require surgical intervention and
can have favorable patient outcomes.®

lllustrative Cases

Case 1

A 45-year-old male presented to the emergency department from
an outside facility for further evaluation of a TBI with a retained intra-
cranial foreign body. The patient was climbing down a ladder at a roof-
ing construction site, and a nail gun impacted his cranium, driving a
nail into the intracranial space. He reported light-headedness and diz-
ziness without loss of consciousness. On neurological examination, he

was awake, alert, and oriented to self and location. He exhibited a left
lower facial droop with no additional focal deficits.

A computed tomography (CT) scan of the head (Fig. 1) demon-
strated a 7.5 ¢cm nail with entry into the right parietal bone, approxi-
mately 1 cm posterior to the coronal suture and 5 cm to the right of
the midline. The nail traversed the superior frontal convexity anteriorly
and medially, terminating in the right temporal stem. It did not appear
to violate the sylvian fissure. There were small-volume acute blood
products surrounding the nail track without any large intraparenchymal
hematoma. CT angiography (CTA) of the head and neck demonstrated
no acute vascular injury. The patient was given a dose of intravenous
(IV) vancomycin, ceftriaxone, and metronidazole, as well as 1 g of IV
levetiracetam.

He was then taken to the operating room (OR) for removal of the
nail. Endotracheal general anesthesia was induced in a standard
fashion, and an arterial line was placed for continuous blood pressure
monitoring. The patient was placed supine with the head turned to
expose the right side. A small puncture wound was noted on the scalp.
The nail was not visible externally. A lazy S incision was planned,
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FIG. 1. Case 1. Coronal CT scan of the head without contrast demon-
strates the 7.5 cm nail with entry into the right parietal bone, approxi-
mately 1 cm posterior to the coronal suture and 5 cm to the right of
the midline, with scant hemorrhage along the nail track.

centered over the nail entry point. After sterile preparation and drap-
ing, the skin was incised sharply, and scalp dissection was performed
with Bovie cautery. Self-retaining retractors were placed, and the nail
head was visualized embedded within the parietal bone. A 5-cm x
5-cm circular craniotomy was performed with the nail head at the cen-
ter to allow enough exposure to access and control in the event of
bleeding during nail removal. A smaller circular craniectomy, 1.5 cm
in diameter, centered over the embedded nail head was performed to
isolate the nail from the larger craniotomy (Fig. 2). This was done to
allow controlled removal of the surrounding bone flap without disturb-
ing the nail. Once the craniotomy bone flap was removed, the field was
inspected. There was congealed epidural hematoma that was evacu-
ated with irrigation and aspiration. A cruciate durotomy was made for
exposure and inspection of the underlying cerebral cortex. There were
focal subarachnoid blood products adjacent to the entry of the nail,
without any active hemorrhage appreciated. The nail was found to be
highly mobile. The penetrating site at the cerebral cortex was gently
retracted with a Penfield dissector, and irrigation was applied down
the track to decrease the frictional forces of the nail shank on adja-
cent parenchyma upon removal. Gentle traction with forceps was then
applied to the nail head along the longitudinal axis to remove the nail.
We then inspected and irrigated the penetrating track with no signs of
active hemorrhage. We waited for 5 minutes with no interval cerebral
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swelling or herniation of the exposed brain matter through the crani-
ectomy defect. We then inspected the penetrating track again using
gentle retraction with Penfield dissectors, and still no active hemor-
rhage was noted. The field was irrigated thoroughly, and devitalized
bone fragments were removed to decrease infection risk. At this point,
closure was performed in a standard fashion. The OR was left sterile,
and the patient remained intubated. The patient was transported for
a CT scan immediately, which revealed small track site blood prod-
ucts without underlying hematoma. The patient was then transported
to the intensive care unit (ICU) for postoperative care. The patient
was extubated the following day. He was awake, alert, and fully ori-
ented, with stable left lower facial droop and no new focal deficits.
The patient received a 7-day course of IV vancomycin, ceftriaxone,
and metronidazole, followed by a 2-week course of oral clindamy-
cin. Levetiracetam was continued. He worked with physical therapy
throughout his hospital stay and was discharged home on postopera-
tive day 8. At follow-up on postoperative day 16, his facial droop had
resolved.

Case 2

A 27-year-old male with a history of bipolar disorder and congenital
hydrocephalus presented to the emergency department after sustain-
ing a nail gun injury to the head. The patient reported that he was
working on a house using a nail gun when he tripped over the cord
and the nail gun went off multiple times, causing three nails to strike
him in the head. He denied loss of consciousness. On neurological
examination, the patient demonstrated no focal deficits. His only sub-
jective complaint was of headache. Despite a history of prior suicide
attempts, the patient denied any current suicidal ideation.

A CT scan of the head was obtained (Fig. 3), which revealed three
nails: one penetrating through the right parietal bone into the brain
parenchyma and another penetrating the left frontal bone into the
brain parenchyma. There was associated right parietal and left fron-
tal subarachnoid hemorrhage with no large hematoma. The third nail
penetrated the midline of the frontal bone, approximately 3 cm anterior
to the coronal suture, but did not breach the inner cortex. CTA of the
head and neck did not demonstrate any acute vascular injury. The
patient was started on IV antibiotic coverage with vancomycin, cef-
triaxone, and metronidazole. The course was maintained for 7 days.
He was also given Keppra 1 g IV twice daily for seizure prophylaxis.

The patient was taken to the OR for removal of the nails. He was
placed under general anesthesia, and an arterial line was placed for
continuous blood pressure monitoring. He was placed supine, and the
entire head was shaved with an electric razor. Three separate inci-
sions were planned, and the patient was prepped and draped in a
sterile fashion. A linear incision was created to incorporate the entry
point of the midline frontal nail. The skin was opened sharply and dis-
sected with electrocautery. A rongeur was used to remove the midline
frontal nail from the skull. The nail appeared intact on removal. The
wound was copiously irrigated with chlorhexidine-containing irrigation
and vancomycin-containing saline solution. Next, curvilinear incisions
were made over the entry points of the left frontal nail and right parietal
nail. Temporalis fascia and muscle were divided, and the nail heads
were identified protruding from the outer table. Self-retaining retractors
were placed, and burr holes were created approximately 2 cm next to
the protruding nails, and small 1.5- to 2-cm craniectomies were turned
around each of the nails. The nails were then gently removed together
with the bone in which they were anchored. Of note, during manipula-
tion of the right nail, bradycardia with a heart rate down to around
30 bpm with no hypotension was noted. This resolved spontaneously



FIG. 2. Case 1. A: Intraoperative photograph demonstrating the retained nail and
surrounding bone left after turning a small and a larger surrounding craniotomy to
allow for adequate exposure and visualization prior to nail removal in the event of
significant hemorrhage. Upon nail removal, no significant hemorrhage was
encountered, but this method showcases how excellent exposure can be obtained
prior to nail removal in the event that parenchymal exposure and exploration are
warranted. B: Postoperative photograph of the removed nail, with the bone island

still attached.

within a few seconds after nail removal was completed. The nail
tracks and field were copiously irrigated, and titanium plates and
screws were used to cover the small craniectomy defects. The scalp
was sharply debrided at the nail entry points until healthy bleeding
tissue was encountered. The patient was extubated postprocedure,
and a postoperative CT of the head demonstrated complete removal
of the nails with minimal blood products along the nail tracks. The
patient was monitored in the ICU overnight and maintained a nonfocal

Pre-op

examination. He was discharged home after a 5-day course of triple-
antibiotic coverage and completed 7 days of 1 g twice daily Keppra for
seizure prophylaxis. He returned to the clinic 2 weeks later for follow-
up and was doing well at that time, with no complaints, and his inci-
sions were healing well.

Informed Consent
The necessary informed consent was obtained in this study.

FIG. 3. Case 2. Preoperative CT scout view (A) without contrast demonstrating biparietal nails violating the
calvaria and the midline frontal nail suspended in the scalp but without violating bone. Preoperative CT
images (B) compared to postoperative CT images (C) show scant residual hemorrhage within the nail tracks.
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Discussion

Given the low incidence and wide variability based on injury loca-
tion of low-velocity PBIs, there are no strict guidelines for workup and
management. There is a general consensus that the initial workup
should include a CT scan of the head to assess for intraparenchy-
mal hematoma and vascular imaging, such as CTA, to assess for
vascular injury.*® Antibiotics and anticonvulsants are generally used
for initial management.* Antibiotic prophylaxis typically includes a
broad-spectrum regimen, but the exact regimen and duration of use
vary.' Most neurosurgeons include the use of a cephalosporin and
an average duration of up to 10 days,* though some extend the anti-
biotic duration further. For our first case, we employed an aggressive
IV broad-spectrum multidrug antibiotic regimen while the patient was
an inpatient, followed by broad-spectrum single-agent therapy for 2
weeks thereafter. For our second case, the patient was managed with
5 days of an aggressive IV broad-spectrum regimen with no outpa-
tient or prolonged course of antibiotics. The cases were performed by
different surgeons, showcasing the regimen variability, even within a
single institution.

The indications for surgical intervention in cases of PBI have been
described as a retained foreign object, presence of dural defects, dis-
placed bone fractures, intracranial hematoma, and evidence of direct
vascular injury.® Both of our patients met operative criteria by the first
two indications.

The neurological outcome for PBI appears to be more related to
the extent of the initial injury, with surgical intervention indicated to
prevent secondary complications.! Complete skull violation with intra-
cranial penetration of a nail has been associated with lower survival
rates than incomplete penetration.® While one goal of surgery is to
remove the foreign object, some nail trajectories involve vital struc-
tures and removal can pose a risk of further injury. Luo et al. describe
a case with intracranial penetration by a nail traversing the left internal
capsule into the temporal lobe adjacent to the brainstem in which sur-
gical debridement, irrigation, and closure were performed with the nail
left in place.® This patient had no signs of infection or epilepsy at the
2-year follow-up. Thus, leaving a nail in place can be considered if it is
thought that removal poses significant risk.

One potential surgical complication after removal of an intracra-
nial nail is intraparenchymal hematoma. Adequate surgical exposure
should be performed to provide quick access to explore and control
bleeding; nail removal under direct visualization as opposed to blind
removal yields an improved mortality rate, which is already favorable
among nail gun PBIs versus ballistic injuries, which are much more
prevalent.” The use of intraoperative endoscopy or ultrasound can
be considered as ancillary tools to inspect for underlying hematomas
not directly visualized at the level of the cortex. We also favor immedi-
ate postoperative CT imaging for early screening of operative compli-
cations that may warrant a return to the OR.

These cases did not involve vascular injury; however, vascular inju-
ries occur in 3%—20% of all cases of craniocervical trauma.® Traumatic
vascular injuries in the head include dissection, intramural hematoma
formation, pseudoaneurysm formation, arteriovenous fistula forma-
tion, occlusion, and extravasation. The most worrisome vascular com-
plication from penetrating head trauma is pseudoaneurysm formation,
which is also the most common; the incidence of pseudoaneurysm
formation after penetrating head trauma has been reported to be as
high as 20%-50%.%"

These lesions can present in a delayed fashion, and rupture
risk is highest for untreated traumatic pseudoaneurysms in the first
1-3 weeks after injury, with mortality rates reaching up to 50% with
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rupture; hence, serial vascular imaging should be performed if there
is an underlying suspicion for this despite negative initial imaging.'®2
Pseudoaneurysm formation can occur within 2 hours after injury and
most frequently occurs in the anterior circulation on distal middle cere-
bral artery branches." Posterior circulation pseudoaneurysm forma-
tion after penetrating trauma is rarely described in the literature, most
likely because trauma to this location in the head is deadly.™

Patients who present with a PBI should be initially screened for
vascular injury with CTA or magnetic resonance angiography (MRA)
of the head to rule out vascular injury.® If intracranial metal fragments
are present, MRA is contraindicated. Cerebral angiography is recom-
mended for patients with a concern for vascular injury or those at high
risk for vascular injury, including those with a trajectory near the syl-
vian fissure, supraclinoid carotid artery, vertebrobasilar vessels, cav-
ernous sinus region, or major dural venous sinuses.™

Both open surgical and endovascular methods can be used to treat
traumatic vascular injuries in penetrating head trauma. Deconstructive
or reconstructive techniques can be used to treat vascular injury.
Ultimately, the surgeon must decide on the best form of treatment for
the patient.

Observations

We present two cases of low-velocity PBI caused by nail gun
injuries. Both patients underwent successful surgical removal of the
foreign bodies and were also managed with empiric broad-spectrum
antibiotics and antiepileptics. Notably, both patients demonstrated few
deficits at presentation and were neurologically afocal at follow-up,
underscoring the potential for favorable outcomes in similar cases
when timely and appropriate operative intervention is performed.
This is consistent with prior reports and a comprehensive review of
available case reports and case series, which found that patients
with nail gun PBIs who underwent surgical removal of nails under
direct visualization had favorable outcomes.”'>'® Despite this, further
reporting is needed to guide specific management strategies and bet-
ter define long-term neurological outcomes and prognosis in these
patients.

Lessons

These cases highlight the importance of tailored management for
nail gun PBI, including the consideration of the risks and benefits of
foreign body removal with respect to the foreign body’s characteristics,
location, and involved structures. As discussed, there are instances
where it can be safer to leave a foreign object embedded, particularly
when removal poses significant risks or could result in high morbid-
ity for the patient. Preoperative planning is key, and anticipation of
complications, including track hemorrhage and hematoma, should be
accounted for with adequate exposure before removing foreign bod-
ies violating the brain parenchyma. This is especially true for patients
with the involvement of vascular structures and deep or eloquent
structures. Our cases contribute to the growing body of literature sup-
porting the nuanced approach to treating PBls, emphasizing the need
for careful assessment of each unique situation to optimize patient
outcomes with respect to the mechanism of injury and the feasibility of
safe foreign body removal. Further research and case documentation
will be needed to better determine management strategies for nail gun
injuries and other forms of penetrating trauma.
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