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ABSTRACT

Surgical techniques for non-missile penetrating brain injuries (PBI) are challenging because
they require good preoperative planning. Generally, extraction is performed ipsilaterally at

the entry site. In certain cases, the extraction can be performed contralaterally through the
inner end of the foreign body; however, this requires special consideration. We present a case
report of a patient who had a stab wound on the head via a screwdriver and underwent surgery,
during which extraction was performed contralaterally through the inner end of the screwdriver
without inducing any neurological deficit. Careful preoperative planning and surgical technique
modification are required to minimize morbidity and mortality in patients with PBIs.

Keywords: Craniocerebral injuries; Head trauma; Neurosurgery; Open head injury

INTRODUCTION

Penetrating brain injury (PBI) is a part of brain injury that has a worse prognosis compared
to blunt brain injury.>® Surgical techniques in PBI are generally challenging to perform
because they require good preoperative planning.'"'*!) In addition, there are many variations
and modifications of surgical techniques used to facilitate the extraction of foreign bodies.
Mostly, the extraction technique of the foreign body is carried out ipsilaterally through

the entry wound."”) However, special consideration may be added to extract from the
contralateral side through the inner end of the foreign body requires, as it may produce new
brain damage with new morbidity and mortality.

In this case, we reported a patient who had a stab wound by a screwdriver on the orbital
region through the brain and underwent surgery without developing any neurological deficit.
Extraction is carried out contralaterally through the inner end of the screwdriver. Here we will
discuss in detail regarding the surgical techniques performed and the discussion according
to the literature that has been published previously.

356

ssaadyuljwix §=§ Aq pejeseuen


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-9934-9859
https://orcid.org/0000-0001-9934-9859
https://orcid.org/0000-0003-4941-1436
https://orcid.org/0000-0003-4941-1436
https://orcid.org/0000-0001-6394-0030
https://orcid.org/0000-0001-6394-0030
https://orcid.org/0000-0001-9830-0228
https://orcid.org/0000-0001-9830-0228
http://crossmark.crossref.org/dialog/?doi=10.13004/kjnt.2023.19.e35&domain=pdf&date_stamp=2023-08-02
https://orcid.org/0000-0001-9934-9859
https://orcid.org/0000-0003-4941-1436
https://orcid.org/0000-0001-6394-0030
https://orcid.org/0000-0001-9830-0228
https://orcid.org/0000-0003-4736-5958
https://orcid.org/0000-0003-2389-3481

Surgical Technique for Craniocerebral Injury I(J N I
I

Tiffany Tiffany
https://orcid.org/0000-0003-4736-5958
Sri Maliawan
https://orcid.org/0000-0003-2389-3481

Conflict of Interest
The authors have no financial conflicts of
interest.

Previous presentations of the manuscript
No previous presentations of the manuscript
in any form.

https://kjnt.org

CASE REPORT

A 22-year-old man was brought to the emergency room after suffering a PBI. This situation
occurred when the patient was riding a motorcycle, a screwdriver in the middle of the road was
run over by a car, and immediately caused the screwdriver to shoot right through the patient’s
head. The patient came conscious without any signs of increased intracranial pressure or
other complaints. On physical examination, there was an entry wound on the right eyeball
which caused damage and permanent blindness in the right eye (FIGURE 1). No exit wounds
were found. We then performed an imaging evaluation using a skull X-ray and head computed
tomography (CT) scan that revealed a screwdriver structure that runs obliquely from the

right eye to the left temporal area (FIGURE 2). This structure can be seen passing through

the ethmoidal sinus and entering the brain, where there are many neurovascular structures
around that region. The patient immediately underwent surgery to remove the foreign object,
debridement, followed by reconstruction of the right eye with a prosthesis. The patient
provided written informed consent.

Operative technique

The operation was performed within 6 hours after the onset of the event. This patient was
positioned in the three-quarter prone position. We perform the “Bullseye” technique by
positioning the screwdriver perpendicular to the surgeon’s view with c-arm guidance. The
patient’s head was then fixated using a Sugita head frame (FIGURE 3A & B). The craniotomy
procedure is carried out until the cortical layer is identified (FIGURE 3C). The corticotomy
site is adjusted to the location of the screwdriver tip using C-arm guidance. After confirming
that the screwdriver is perpendicular to the surgeon’s view, a corticotomy is performed

at that point (FIGURE 3D). Coagulation is done in the area around the screwdriver to
minimize bleeding. After the screwdriver tip is properly identified, with the help of a small
bone rongeur, the screwdriver is clamped and removed vertically and slowly to minimize
manipulation during lifting. The screwdriver was successfully removed, which resulted in a
length of 20 cm and a width of 0.7 cm (FIGURE 3E). Debridement was performed to remove
the necrotic and devitalized tissue around the wound track. No active bleeding was found.
The craniotomy procedure was completed and continued with surgery by an ophthalmologist
to perform enucleation and installation of a prosthesis on the right eye (FIGURE 4).

During the observation period, there were no seizures or neurological deficits (FIGURE 4).
The patient was given phenytoin and ceftriaxone intravenously for 7 days. This patient was
followed up periodically for up to 6 months, during which no signs of infection, seizures, or
neurological deficits were found. He can carry out daily activities without any disability.

ATt ot

FIGURE 1. Clinical appearance of the right eye. No significant external injury around the eyelid (left). Severe
damage to the right eye which causes permanent blindness (right).
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FIGURE 2. The supportive examination shows an object traverse obliquely inside the intracranial cavity. (A, B) The
skull X-ray in (A) anteroposterior and (B) lateral view. (C, D) The 3D reconstruction shows (C) an object inside the
orbital cavity (white arrow) and (D) traversed intracranially.

DISCUSSION

Based on the penetration speed, PBI can be divided into 2 categories, namely high-velocity
penetration and low-velocity penetration.” This case is included in the category of low-
velocity penetration. Preoperative planning is important to determine the location of the
foreign body and the extension of injury to the surrounding area.'>!3!) Angiographic
examination is one of the supporting examinations in patients with PBI, especially in cases
that pass through the skull base area, where many vascular structures pass there, and in
cases with high suspicion of vascular injury.>® If done within 48 hours after the incident,
findings such as a traumatic intracranial aneurysm, can be identified properly and make it
easier for the operating surgeon to plan a surgical plan for the patient.” In this patient, skull
X-ray and CT-Scan were quite helpful during preoperative planning so that the best operative
technique can be determined. The limitation is we can’t perform preoperative angiography
examinations due to limited supporting tools at our CT scan facility and policies at our
institution that do not allow this procedure to be carried out immediately.
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FIGURE 3. Intraoperative finding. (A, B) The object was positioned perpendicular using a C-arm in (A)
anteroposterior and (B) lateral view. (C, D) Exposing the (C) cerebral cortex and (D) after the corticotomy,
showing the tip of the object (white arrow). (E) A screwdriver was obtained after the removal process.

In general, the surgical technique used in cases of stab wounds is extraction ipsilaterally
through the entry site and rarely done contralaterally through the inner end of the foreign
body, either by creating a new wound or through an existing exit route."”) In contrast to our
case, where it was decided to extract contralaterally through the inner end of the screwdriver
with several considerations. First, the patient’s right eye experienced obliteration and
swelling, making it difficult to identify the entrance wound. Second, if extraction is still
carried out through the entry site, a wide opening is needed on the orbital area, where this
action may cause further damage to the intraorbital structures including the orbital muscles
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FIGURE 4. Installation of the prosthesis to the right eye (left) and no post-operative neurological deficit such as
motoric weakness in this patient (right).

which are needed later to fix the eye prosthesis and maintain eyeball movement. Lastly, the
tip of the screwdriver is close enough to the cortical surface on the superior temporal gyrus,
so that corticotomy may hustle the procedure with minimal injury to the brain tissue.

We use the “Bullseye” technique, with the help of the C-arm, the screwdriver is positioned
perpendicular to the surgeon’s view. It helps us in positioning the patient's head, bearing

in mind that the screwdriver runs obliquely in the intracranial cavity so that the extraction
can be easily carried out perpendicularly. The craniotomy procedure is based on the location
of the tip of the foreign body and pre-operative workup. It was decided to do a temporal
craniotomy based on the position of the screwdriver tip, and with the help of the C-arm, the
corticotomy point could be determined precisely. It should be remembered, however, that
craniotomy and screwdriver extraction are performed on the dominant hemisphere, so care
must be taken to secure the eloquent area. We performed a corticotomy on the lower part
of the superior temporal gyrus. According to its function, the area functions as a secondary
auditory area. However, there were no abnormalities were found on the postoperative hearing
examination during the follow-up period.

Surgery is recommended to be carried out within 12 hours, due to the lower risk of
infection.” In this case, surgery was performed within 6 hours of the onset of the event.
Considering that the screwdriver path is deep and quite long, we just need to debride it in a
more superficial area to prevent neurovascular damage that may occur if we insist to explore
deeper. During the follow-up process, there were no signs of infection.

In many cases, patients often exhibit symptoms due to injuries or complications from direct
impact or surgery, depending on which area is involved.>*" Several factors such as the
depth of the puncture >50 mm, vascular injury, and the involvement of the eloquent area
can give a poor outcome, where a study conducted by Harrington obtained a mortality of
10%.% Vascular injury is one of the complications of PBI, which ranges from 4%-50% of
reported cases.®" Injury to the dural venous sinus can also occur and increases mortality
by 20%—41%.' In addition, cerebrospinal fluid (CSF) leaks are common and surgical repair
is recommended if the defect does not close spontaneously.™'¥ Impaired brain function
can occur because of direct injury to the penetrating brain area or as an indirect result of
vasospasm or multi-trauma injury from other locations.>>*» The disturbances that occur
can vary, for example in this case, the trajectory of the screwdriver penetrates through the
white matter tract in the dominant frontal and temporal hemisphere areas, which can cause
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neurobehavioral disorders such as frontal lobe syndrome, cognitive impairment, sensory
aphasia, hearing loss, and even hemiparesis. In our case, the patient did not experience any
symptoms other than damage to the right eye. Likewise, the patient’s neurological function
remains good after surgery. There was no sign of CSF leakage during the follow-up.

CONCLUSION

Considerations such as careful preoperative planning and modification of surgical techniques
according to the cases are needed to minimize morbidity and mortality in PBI patients.
Although extraction of stab wounds is generally performed ipsilaterally through the entry
route, in certain cases, contralateral extraction through the inner end of the foreign body may
be considered the mainstay of the surgical technique.
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