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ABSTRACT

Background: Pediatric penetrating brain injuries (PBIs) are rare but critical traumatic events, often involving
foreign objects. This report will emphasize the clinical presentation, diagnosis, and treatment strategies for
pediatric PBI cases.

Case Description: This report presents a case of a 7-year-old male patient with a PBI resulting from a nail that
penetrated the left mastoid region following a fall from a tree. On admission, the patient maintained consciousness,
displayed stable vital signs, and showed no neurological deficits. Crucial radiological examinations, including
skull X-rays and head computed tomography (CT) scans, revealed a 6.5 mm caliber nail penetrating 5.5 cm
into the brain, with intraventricular hemorrhage filling the bilateral posterior horns of the lateral ventricles.
In addition, the CT angiography (CTA) of the head provided a visual of the internal carotid arteries and the
vertebrobasilar artery system, obscured by metal artifacts but showing no evidence of thrombus, aneurysm,
or vascular malformation. The patient underwent an urgent mastoidectomy and retro sigmoid craniotomy to
remove a foreign object, involving a multidisciplinary team. Subsequent to the intervention, the patient sustained
full consciousness without neurological impairments and received intensive care.

Conclusion: Radiological tools, notably skull X-rays and head CT scans, are pivotal for the precise diagnosis of
pediatric PBI. The combined mastoidectomy and retro sigmoid craniotomy approach offers a safe and efficient
means of foreign body removal. Tailoring treatments to individual patient needs enhances outcomes.
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INTRODUCTION

Penetrating brain injury (PBI) in the pediatric population is a rare subset of traumatic brain
injury (TBI). PBI accounts for around 0.4% of total brain injuries; despite this low incidence,
it is associated with a significantly higher level of morbidity and mortality.""**! Immediate
management of PBI patients is paramount due to the high risks of morbidity and mortality
resulting from vascular damage, seizures, infection, and cerebrospinal fluid (CSF) leakage.”! The
management of PBI cases is highly challenging due to their location, the vascular structures and
surrounding tissues encasing the foreign object within the skull, intracranial bleeding, and the risk
of infection.®! A transmastoid nail PBI to the posterior fossa area is a life-threatening situation,
and to the best of our knowledge, cases of this nature have not been previously reported. This
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report will emphasize the clinical presentation, diagnosis,
and treatment strategies for pediatric PBI cases.

CASE DESCRIPTION

A 7-year-old boy was admitted to the emergency department
with a punctured nail in the left mastoid area after he fell
off from a tree [Figure 1]. The patient was fully conscious
with stable vital signs and no neurologic deficit. The patient
exhibited a Glasgow Coma Scale (GCS) score of 4-5-6,
demonstrating isocoric and reactive pupils with a diameter
of 3 mm/3 mm. There was no medical history indicating
fainting, vomiting, nausea, or seizure activity.

A head CT scan reveals a PBI by a foreign nail object in
the left mastoid region [Figure 2]. The lesion, +6.5 mm
caliber, and +7 cm length penetrates from the left
mastoid, traverses the left cerebellum, and terminates in
the right cerebellum [Figure 3]. The metal artifact caused
blurring in the visualization of critical structures such
as the pons, cerebellum, ventricle IV, cisternal systems,
and cerebellopontine angle. The lesion, with a depth of
approximately +5.5 cm, entered through the left temporal
bone’s mastoid part, traversing the left cerebellum and
terminating in the right cerebellum. Furthermore, there
was a hyperdense lesion filling the bilateral posterior
horns of the lateral ventricles. There was no apparent
soft-tissue swelling. The internal carotid arteries and the
vertebrobasilar arteries are challenging to assess due to
metal artifacts. The visualized CTA of the head appears
within normal limits, with no evidence of thrombus,
aneurysm, or vascular malformation. The patient received
an anti-tetanus and antibiotic.

A multidisciplinary team comprising neurosurgeons,
otolaryngologists, vascular surgeons, and anesthesiologists
performed immediate surgical procedures, including
mastoidectomy and retro sigmoid craniotomy. Surgical
neurotreatment through craniotomy remains considered the
safest approach. A crucial aspect of this procedure involved
achieving hemostasis to reduce active bleeding and securely
closing the dura to prevent CSF leakage.

During the surgical procedure, the patient was positioned in
the park bench position to enhance access to the surgical site.
The incision employed was a Lazy S-shaped postauricular
incision, precisely aligned with the entry point of the foreign
object. Initial management of the sizable wooden block
necessitated meticulous handling, with its gradual removal
in segments adhering to stringent sterilization protocols.
Preceding patient positioning, electrical sawing was
conducted to ensure sterility maintenance. Subsequent to the
incision, a layered approach was adopted for mastoidectomy,
systematically removing bone until visualization of the
foreign object was achieved. Following nail localization, dural
closure was effectuated utilizing primary closure techniques.

The absence of damage to adjacent intracranial tissues
underscores the success of this surgical approach. The
patient received broad-spectrum anti-tetanus and antibiotic
treatment for three months. Following the operation, the
patient’s recovery progressed positively, with full restoration
of consciousness and no apparent neurological issues.

DISCUSSION

PBI in children poses significant clinical challenges. This
condition occurs when an object penetrates through the

o\ &‘“‘x“ﬂhm N

Figure 1: Clinical image capturing the entry point and trajectory of a foreign nail object in the left
mastoid area of a 7-year-old patient. The photograph serves to highlight the specific characteristics

and location of the penetrating object.
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Figure 2: Head CT scan reveals a penetrating brain injury by a
foreign nail object in the left mastoid region.

Figure 3: Head CT scan reveals the lesion, £6.5 mm caliber and
+7 cm length, penetrating from the left mastoid, traversing the left
cerebellum, and terminating in the right cerebellum.

skin and skull, causing damage to the brain tissue and
intracranial blood vessels.”! Pediatric patients exhibit a
diverse range of skull development and thickness, as well as
thinner layers of surrounding soft tissue. This combination
of factors implies that skull penetration might occur at
lower velocities than required in adult cases.”! The factors
influencing the outcomes of penetrating head injuries are
diverse, including the type of object causing the injury,
the trajectory of the object, the identification of vascular
injuries, and the initial management of the patient.l! A
low GCS score, especially below five, often serves as a poor
predictor of patient outcomes.'” Therefore, the initial

evaluation of GCS is crucial in determining the next course
of action.

Neuroimaging plays an important role in managing penetrating
head injuries, helping to define an appropriate surgical strategy.
Cranial computed tomography (CT) scans are the primary
choice for neuroradiological evaluations in patients with
penetrating head injuries.” This preference is mainly due to
the speed and efficiency of CT scans, which provide essential
information about the projectile trajectories, the extent of
cerebral impairments, the ability to detect even tiny bone
fragments in the cranial cavity, and identifying intracranial
hematomas and associated problems."”'? Skull X-rays play
a crucial role in detecting metallic foreign objects inside the
skull cavity.™ In contrast, magnetic resonance imaging is
limited in diagnosing intracranial nail injuries due to prolonged
scanning times and susceptibility to interference from metal
components."*"*! Cerebral angiography is highly recommended
when the trajectory or location of the injury is near critical
cerebral areas, such as the Sylvian fissure, supra clinoid carotid
artery, vertebrobasilar vessels, cavernous sinus, or major dural
venous sinuses.'” In our particular case, angiographic results
indicated no vascular contact with the foreign object.

The management of PBI necessitates a comprehensive
assessment, encompassing critical factors such as the precise
site of injury, the intricate vascular architecture, the adjacent
tissue relationship with the foreign body, and the inherent
risks of infection and intracranial bleeding."! The movement
of foreign objects can lead to additional injuries. After the
initial resuscitation, the treatment aims to remove the foreign
object to prevent further injury, cleanse the brain tissue
from bone fragments and foreign objects, and achieve other
goals such as evacuating hematomas, achieving hemostasis,
removing necrotic brain tissue, tightly closing the dura, and
making precise incision sutures.

In cases where foreign objects penetrate a child’s brain,
potential complications can include damage to blood vessels
from the object or its removal, unintentional harm to brain
tissue, and the risk of ¢ CSE!" In addition, due to the distinctive
nature of PBI, patients may be at risk of specific complications
such as meningitis (inflammation of the brain’s membranes)
and vascular injuries."!! The use of nonspecifically specified
broad-spectrum antibiotics is recommended as a prophylactic
measure to prevent such infections.'” The decision to
administer prophylactic antibiotics to TBI patients is
largely based on previous guidelines and the preferences of
neurosurgeons.”! In a study conducted by Marut et al.,/* it
was found that 24 out of 33 patients received prophylactic
antibiotics, and none of these 33 patients experienced central
nervous system infections.

Although PBI has a high mortality rate, this patient
had a good recovery and outcome. The collaborative,

Surgical Neurology International « 2024 « 15(85) | 3



Nazwar, et al: Pediatric transmastoid brain injury

interdisciplinary approach employed throughout this case
proved instrumental in optimizing the patient’s overall
care journey. Drawing on various medical specialists’
expertise, this approach ensured that the patient received a
comprehensive continuum of care, ultimately enhancing the
prospects for a successful recovery and sustained clinical
improvement.

CONCLUSION

Radiological tools, notably skull X-rays and head CT scans,
are pivotal for the precise diagnosis of pediatric PBI. The
combined mastoidectomy and retro sigmoid craniotomy
approach offers a safe and efficient means of foreign body
removal. Tailoring treatments to individual patient needs
enhances outcomes.
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