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Rational design of secondary operation for penetrating head injury: A case report
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a b s t r a c t

Penetrating head injury is rare, and thus management of such injuries is non-standard. Early diagnosis
and intraoperative comprehensive exploration are necessary considering the complexity and severity of
the trauma. However, because of the lack of microsurgical techniques in local hospitals, the possible
retained foreign bodies and other postoperative complications such as cerebrospinal fluid (CSF) leak
usually require a rational design for a secondary operation to deal with. We present a case of a 15-year-
old boy who was stabbed with a bamboo stick in his left eye. The chopsticks passed through the orbit
roof and penetrated the skull base. In subsequent days, the patient sustained CSF leak and intracranial
infection after an unsatisfied primary treatment in the local hospital and had to request a secondary
operation in our department. Computed tomography including plain scan, three dimension recon-
struction and computed tomographic angiography are used to determine the course and extent of head
injury. A frontal craniotomy was performed. Three pieces of stick were found residual and removed with
the comminuted orbit bone fragments. A pedicled temporalis muscle fascia graft was applied to repair
the frontier skull base and a free temporalis muscle flap to seal the frontal sinus defect. Aggressive broad-
spectrum antibiotics of vancomycin and meropenem were administrated for persistent fever after
operation. CSF external drainage system continued for 12 days, and was removed 10 days after tem-
perature returned to normal. The Glasgow coma scale score was improved to 15 at postoperative day 7
and the patient was discharged at day 22 uneventfully. We believe that appropriate preoperative surgical
plan and thorough surgical exploration by microsurgery is essential for attaining a favorable outcome,
especially in secondary operation. Good postoperative recovery depends on successfully management
before and after operation for possible complications as well.
© 2020 Production and hosting by Elsevier B.V. on behalf of Chinese Medical Association. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Falling is a leading cause of severe traumatic brain injury (TBI).
When one, particularly children, falls onto hard objects, for
example a bamboo stick directed in an upward direction, which
may fracture the thin craniofacial bone and cause intracranial
injury, then penetrating head injury (PHI) happens. PHI is a kind of
relatively complicated severe TBI and usually needs an emergency
operation to deal with. It constitutes approximately 0.4% of all head
injuries and is a rare type of TBI.1 This injury usually occurs through
the orbit, nose, and other thin-walled skull regions and usually
results in intracranial infection due to penetration and defect of the
dura. The traumatic force to the frontal and facial bones results in
complex comminuted fractures. Therefore multilayered repair of
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large skull base defects including membranous and osseous
reconstruction are usually a must to prevent delayed brain sagging
and cerebrospinal fluid (CSF) leak.

However, there is still a lack of standard guidelines for the man-
agement of this PHIs.2Most neurosurgeons from local hospitals have
to deal with it rely on their own experience. This study presented a
typical case of PHI which received inappropriate treatment in the
local hospital andhad an unfavorable outcome.We aimed to provide
a neurosurgical perspective regarding diagnosis, treatment, and
follow-up for such patients.

Case report

History and clinical examination

A 15-year-old boy was riding a bicycle when he suddenly
slipped down to a stick and sustained an orbitofrontal penetrating
injury. The stick penetrated through his left eye and 2 h later the
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patient was admitted at a local hospital. Immediately, the boy was
taken to the operating room for tracheotomy, ophthalmectomy,
and a frontal craniectomy. Correspondingly, the stick was
completely removed, leaving him a frontal incision outside the
hairline (Fig. 1). About 2 weeks after the operation, the boy suf-
fered a forehead wound infection, refractory hyperpyrexia and CSF
leak from his left eye socket. Thereafter he was transferred to the
neurology department of West China Hospital.

Upon physical examination, the Glasgow coma scale (GCS)
score was 13/15 and the right pupil measured 2 mm and had
sensitive light reaction (enucleation surgery of the left eye has
been conducted in the local hospital). Intermittent CSF leak from
his left eye socket was observed. The vital signs remained stable
except for a high fever of 39 �C. His Kerning and Babinski signs
were negative.
Fig. 1. The unsatisfied primary operation leaves the patient a frontal incision outside
the hairline.
Neuroimaging and laboratory findings

The patient's neurological examinationwas intact. The brain and
orbital plain computed tomography (CT) scanning revealed a
dubious remain of the stick, which penetrated the orbital roof and
inserted into the frontier skull base after fracturing the frontal sinus
(Figs. 2 and 3). Focal necrosis, enormous brain edema, and pneu-
matosis were also found in the frontal lobe. A skull base CT angi-
ography with three-dimensional reconstructions showed no
vascular injury.

On admission, the patient's white blood cell count was elevated,
CSF examination revealed that CSF protein content was increased
significantly, and cells, mainly lymphocytes, increased to
1200 � 106, suggesting intracranial infection.
Fig. 2. The foreign body penetrated the orbital roof, damaged the frontier skull base
after fracturing the frontal sinus.
Operation

The patient was given intravenous vancomycin preoperatively
and continuous external drainage of CSF via a lumbar catheter.
Three days after admission when temperature returned to
normal, the patient was taken to the operation room. Under
general anesthesia he was prepped and draped aseptically. A
frontal craniotomy was performed through the original and
extension incision to expose the frontal lobe (Fig. 4). After
complete clearance of the abscess, the frontal lobe was retracted
to clearly expose the dura covering the orbit roof (Fig. 5).
Microscopically, the comminuted orbit bone fragments were
removed. After then, three pieces of stick residue were found and
removed through their trajectory (Figs. 6 and 7). A pedicled
temporalis muscle fascia graft was applied to repair the frontier
skull base and a free temporalis muscle flap to seal the frontal
sinus defect (Fig. 8).
Fig. 3. Enormous brain edema and pneumatosis were found in frontal lobe.
Postoperative course

The patient received aggressive broad-spectrum antibiotics of
vancomycin and meropenem according to the advocation by
infectionist, for his 10 days’ persistent fever after operation. The CSF
external drainage system continued for 12 days, andwas removed 2
days after temperature returned to normal. The GCS score
improved to 15 on the 7th postoperative day. The remainder of the
hospital stay was uneventful and the patient was discharged on the
22nd postoperative day. One and half months after operation, brain
CT scan (Fig. 9) revealed favorable findings without reoccurrence of
CSF leak. Neurological examination showed full functional recov-
ery, except for loss of vision of the left eye.



Fig. 6. Microscopically, the stick residue was found after removal of the comminuted
orbit bone fragments.

Fig. 4. Through the original and extension incision, a frontal craniotomy was per-
formed to expose the frontal lobe.
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Discussion

Anatomy

In this case, the foreign body penetrated intracranially through
the orbital roof route, the commonest route due to the fragility of
the superior orbital plate of the frontal bone in the anterior cranial
fossa floor. Hence there is a high probability of severe ocular injury,
frontal sinus fracture, intracranial injury in such traumas, and more
importantly, the incoming intracranial infection and CSF leak. This
commonly occurs when one falls onto hard objects, fracturing the
thin frontal bone and causing a frontal lobe injury. The severity of
the damage, however, depends on the size and shape of the sharp
object, penetrating trajectory, force, and entry point.
Diagnosis of penetrating injury

A complete physical examination, including full neurological
and ophthalmological examinations are important for any patient
diagnosed penetrating orbital trauma. CT scan remains the primary
Fig. 5. The frontal lobe was retracted to clearly expose the dura covering the orbit roof
(A: Frontier skull base; B: Optic N).
choice of imaging diagnosis in the emergency department. CT can
easily detect metallic foreign bodies, however, diagnosis of wooden
or bamboo objects based on plain CT examination is difficult.
Contrast-enhanced magnetic resonance imaging (MRI) is superior
to CT scan in detecting wooden or bamboo objects.3,4 Nevertheless,
intraoperative complete exploration of the possible retained
foreign bodies and bone/dural defects which may result in CSF leak
is essential, especially in the primary operation. In this case,
insufficient preoperative examination resulted in ignorance of CSF
leak and residual foreign objects in the primary operation, and
eventually the refractory high fever and intracranial infection.5e7
Preoperative surgical plan for a secondary operation

An elaborate preoperative surgical plan should be prepared for
both primary and secondary operation.8 In this case, a preopera-
tive discussion concluded that the possible package plan
including osseous and membranous reconstruction would be
necessary for the considerably damage to the frontier skull base to
prevent possible brain sagging and CSF leak. Considering the
frontal periosteal flap had been invalided in the primary operation
Fig. 7. Three pieces of stick fragments have been removed and the length of the
longest one is about 2.5 cm.



Fig. 9. Postoperative brain CT scan revealed favorable findings that his CSF leakage was
cured.

Fig. 8. A pedicled temporalis muscle fascia graft was applied to repair the frontier skull base (rectangle), and a free temporalis muscle flap was used to seal the frontal sinus defect
(circle).

Fig. 10. We preoperatively designed a pedicled temporalis muscle fascia flap (Region
A&C) and a parietal bone flap (Region B) which were crossing the parietal mid-line
(Line C) to repair the skull base, considering the frontal periosteal flap had been
invalided in the primary operation. (Line A: Original incision; Region B: Extend
incision).
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(Fig. 10), we designed a pedicled temporalis muscle fascia flap and
parietal bone flap crossing the parietal midline to repair the skull
base. However, intraoperative exploration suggests that the
frontier skull fossa is sturdy enough, thus only a muscle fascia
graft and a free muscle flap (without bone flap) were applied to
implement membranous repair ultimately.
External lumbar drainage

In this case, external lumbar drainage is safe and effective for
treatment of intracranial infection after PHI.9 It had played an
important role in decontamination of the CSF by continuously
draining out the infected fluid. Furthermore, lumbar drainage is
able to undermine the CSF impulse from punching the inner face of
the dura to promote the healing process after autologous fascia
reconstruction.
Follow-up

It is important to follow up patients for possible late complica-
tions. At least one postoperative CT scan should be performed to
rule out any retained fragments, brain abscess or delayed intra-
cranial hemorrhage such as, subarachnoid and subdural hematoma,
which can indicate the possibility of vascular injury.10,11
Conclusion

Orbitocranial penetrating injuries are less common and there-
fore, the management of such injuries are often complex and
nonstandardized.12 However, with advanced neuroimaging tech-
niques, including CT, MRI and angiography, early diagnosis is also
possible. The use of broad-spectrum antibiotics is more likely to
result in favorable patient outcome.13e15 More importantly,
comprehensive intraoperative exploration to the possible retained
foreign bodies and bone/dural defects should be done to minimize
postoperative complications.
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Beyond that, neurosurgeons from local hospitals may come to
realize that PHI usually needs microsurgical therapy considering
the complexity and severity of the trauma;16e18 if conditions
permit, patients should be transferred to a competent hospital
before their primary operations are carried out.

As for surgeons from superior hospital where the secondary
operation have to be carried out, an elaborate preoperative surgical
plan should be made to rationally confront problems such as odd
original incision and anatomical deformation. Meantime, surgeons
from superior hospital also need to tackle the postoperative com-
plications such as CSF leak to avoid a third operation, which is very
difficult in such irregular operation.
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