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Abstract
Penetrating brain injury (PBI), though less prevalent than closed head trauma, carries a worse prognosis. The publication of
Guidelines for the Management of Penetrating Brain Injury in 2001, attempted to standardize the management of PBI. This paper
provides a precise and updated account of the medical and surgical management of these unique injuries which still present a
significant challenge to practicing neurosurgeons worldwide. The management algorithms presented in this document are based
on Guidelines for the Management of Penetrating Brain Injury and the recommendations are from literature published after 2001.
Optimum management of PBI requires adequate comprehension of mechanism and pathophysiology of injury. Based on current
evidence, we recommend computed tomography scanning as the neuroradiologic modality of choice for PBI patients. Cerebral
angiography is recommended in patients with PBI, where there is a high suspicion of vascular injury. It is still debatable whether
craniectomy or craniotomy is the best approach in PBI patients. The recent trend is toward a less aggressive debridement of deep-
seated bone and missile fragments and a more aggressive antibiotic prophylaxis in an effort to improve outcomes. Cerebrospinal
fluid (CSF) leaks are common in PBI patients and surgical correction is recommended for those which do not close spontaneously
or are refractory to CSF diversion through a ventricular or lumbar drain. The risk of post-traumatic epilepsy after PBI is high, and
therefore, the use of prophylactic anticonvulsants is recommended. Advanced age, suicide attempts, associated coagulopathy,
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Glasgow coma scale score of 3 with bilaterally fixed and dilated pupils, and high initial intracranial pressure have been correlated
with worse outcomes in PBI patients.

Keywords: Medical management, penetrating brain injury, surgical management

INTRODUCTION
Penetrating brain injury (PBI) includes all traumatic brain injuries which are not the result of a blunt mechanism.[1] Although less
prevalent than closed head trauma, PBI carries a worse prognosis.[2] In civilian populations, PBIs are mostly caused by high
velocity objects, which result in more complex injuries and high mortality.[3] PBI caused by non-missile, low-velocity objects
represents a rare pathology among civilians, with better outcome because of more localized primary injury,[2,4] and is usually
caused by violence, accidents, or even suicide attempts.[3–11]

Despite the efforts of law enforcement agencies, these injuries unfortunately continue to be frequently encountered in large trauma
centers as well as in metropolitan and large community emergency departments.[1] The formulation of standard medical and
surgical management algorithm for PBI patients is essential. In 1995, the American Association of Neurological Surgeons and the
Brain Trauma Foundation collaborated to formulate evidence-based Guidelines for the Management of Severe Head Injury[12]
which were periodically revised and last updated as third edition in 2007.[13] However, they did not address the management of
patients injured by penetrating objects such as gun shots and stab wounds. In the spring of 1998, the International Brain Injury
Association, the Brain Injury Association, USA, the American Association of Neurological Surgeons, and the Congress of
Neurological Surgeons began work on this task. Thus, Guidelines for the Management of Penetrating Brain Injury[14] was
published in 2001, which attempted to standardize both the medical and surgical management of penetrating craniocerebral
trauma. These guidelines were based on available literature at that time and have not been revised for almost a decade.

In this paper, we have reviewed the contemporary management guidelines of PBI. For this purpose, the current literature on
various parameters related to PBI available on PubMed and MEDLINE was reviewed. The Guidelines for the Management of
Penetrating Brain Injury was thoroughly evaluated and compared with literature published after 2001. The objective of this
document is to provide a precise and updated account of the medical and surgical management of these unique injuries which still
present a significant challenge to practicing neurosurgeons worldwide.

BALLISTIC PRINCIPLES AND PATHOPHYSIOLOGY OF PBI
Optimum management of PBI requires a good understanding of the mechanism of injury and its pathophysiology. As most of the
PBIs are caused by missiles or projectiles, an understanding of ballistics is imperative. Ballistics is the study of the dynamics of
projectiles; wound ballistics is the study of the projectile's action in tissue.[14]

The ability of bullets, shrapnel, and low-velocity objects such as knives and arrows to penetrate the brain is dependent on their
energy, shape, the angle of approach, and the characteristics of intervening tissues (skull, muscle, mucosa, etc.).[1,14] Primary
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injury to the brain is determined by the ballistic properties (kinetic energy, mass, velocity, shape, etc.) of the projectile and any
secondary projectiles, such as bone or metallic fragments.[14] The kinetic energy is defined by the relationship: E = 1/2mv ,
which implies that the velocity of the projectile has a greater influence than the mass of the projectile alone.[1]

As the projectile travels through the brain parenchyma, it is preceded by a transient sonic wave (2 μs) which appears to have
minimal influence on surrounding tissue.[15,16] The projectile itself, however, crushes the soft brain tissue in its path, creating a
permanent track of injury. This is in addition to the secondary missiles such as bone and metal fragments created from the impact
of projectile on the skull. Higher velocity projectiles will also impart an additional temporary cavitation effect in their wake,
which is a velocity-related phenomenon. This results from the transmission of the kinetic energy of the projectile to the
surrounding tissue, thus rapidly compressing it tangentially from the primary track. This temporary cavity then collapses upon
itself only to re-expand in progressively smaller undulating wave-like patterns. Every cycle of temporary expansion and collapse
creates significant surrounding tissue injury to the brain. This can result in shear-like injury of the neurons or can result in epidural
hematomas, subdural hematomas, or parenchymal contusions.[17]

An important principle to understand is the influence of air-resistance on the ballistics of a missile. A projectile loses its kinetic
energy rapidly as it travels through the air because of its resistance.[17] This loss of kinetic energy is related to the decrement in
its velocity which in turn is dependent on the shape of the projectile. The sharper the nose of a bullet, the less the velocity will be
decreased by air resistance. The rounder the nose of a bullet or more irregular the shape (as in shrapnel), the quicker the velocity
slows and kinetic energy decreases. Projectiles traveling at higher velocities carry more kinetic energy, and thus cause more
damage.[1] Additionally, a PBI is expected to be much more severe in case of a close range firearm injury as maximum amount of
initial kinetic energy is transferred to the brain tissue.

EMERGENCY MANAGEMENT OF PBI
Immediately after arrival of the patient in the emergency department, a primary survey and stabilization of the patient with regard
to the airway, breathing, cervical spine, and circulation including external hemorrhage should be achieved.[18] After resuscitation,
an inspection of the superficial wound should be done. The skin, especially the scalp, must be examined meticulously for wounds
as it may be covered by blood-matted hair.[18] An entrance wound should be identified and its location recorded as well as any
exit wounds when they exist. The superficial scalp should also be observed for powder burns, which would imply a close range
firearm injury.[1] Any CSF, bleeding, or brain parenchyma oozing from the wound should be noted; the size of the deficit should
also be documented.[1] To examine the head and neck thoroughly, the cervical collar should be removed, but strict spine
precautions must be employed. Hemotympanum suggests a skull base fracture. All orifices must be checked for retention of
foreign bodies, the missile, teeth, and bone.[18,19] After careful examination of the wound, a detailed neurological examination
should be performed, and the post-resuscitative glasgow coma scale (GCS) of the patients should be documented.[1] Clinical
features suggestive of raised intracranial pressure (ICP) must be documented carefully. Neurological examination, which should
be followed by a complete examination of other organ systems, is recommended as PBI patients may have multiple organ injuries.

2
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[18] A detailed medical history from family or friends and a chronology of the incidence from a witness is warranted. Initial
laboratory evaluation must include an arterial blood gas, electrolytes, complete blood count, coagulation profile, type and cross
match, and an alcohol and drug screen.[19] Once the initial evaluation is done, the patient should be transferred to radiology for a
neuroimaging study as described in the following sections.

NEUROIMAGING IN THE MANAGEMENT OF PBI
The utility of various neuroimaging methods used in patients with PBI lies on the potential management and prognostic
implications of these modalities.[20,21] Important findings include: entry and exit sites; intracranial fragments; missile track and
its relationship to both blood vessels and air-containing skull-base structures; intracranial air; transventricular injury; basal ganglia
and brain stem injury; missile track crossing the midline; multi-lobar injury; basal cisterns effacement; brain parenchymal
herniation and associated mass effect.[20,21] Neuroimaging is vital for surgical decision making, the type of surgery, the size and
site of craniotomy, the route for extraction of foreign body, etc. as well as the decision to choose non-surgical management, which
is also not uncommon in PBI.

Plain films

Plain radiographs of the skull can be of considerable value in identifying the cranial wound(s), the location of missile and bone
fragments, and the presence of intracranial air [Figure 1].[20] However, evaluating the projectile trajectory with plain radiographs
alone can be misleading in the presence of intracranial ricocheting or fragmentation.[20] Besides, the availability of computed
tomography (CT) scanning largely precludes the use of plain radiography, and it is not routinely recommended.

Figure 1
The skull X - ray (antero - posterior view) is of a neurologically intact, young male
patient who presented after a bomb exploded near a political rally. The patient was
asymptomatic except for a small puncture wound on scalp, causing minimal bleeding. ...

COMPUTED TOMOGRAPHY
Computed tomography (CT) scanning of the head is now the primary modality used in the neuroradiologic evaluation of patients
with PBI.[20] This is because CT scanning is quick and provides improved identification of in-driven bone and missile fragments,
characterization of the missile trajectory, evaluation of the extent of brain injury, and detection of intracranial hematomas and
mass effects [Figure 2].[20,22–26] All patients with craniocerebral gunshot injury should be imaged emergently with unenhanced

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3162712/figure/F1/
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CT regardless of whether or not there is evidence of penetration on clinical examination.[21] In addition to the standard axial
views with bone and soft tissue windows, coronal and sagittal sections are also helpful for patients with skull base involvement or
high convexity injuries.[20] Postoperatively, CT scan can be helpful in evaluating the development of intracranial hematomas, the
presence of residual foreign body, and the extent of cerebral edema.[20,25,26]

Figure 2
The computed tomography (CT) scan of brain showing left frontal penetrating injury
causing multiple fractures and pneumocranium. Multiple bone fragments are displaced
within brain parenchyma resulting in contusion and edema. This male patient, a blast ...

MAGNETIC RESONANCE IMAGING
Magnetic resonance imaging (MRI) is generally not recommended for use in the acute management of PBI, as it is time
consuming and can be potentially dangerous when there are retained ferromagnetic objects because of possible movement of the
object in response to the magnetic torque.[1,3] However, MRI can be a useful neuroradiologic modality, if the PBI is caused by a
wooden object.[20,27]

CEREBRAL ANGIOGRAPHY
Cerebral angiography (either CT or catheter) is recommended in patients with PBI where there is an increased risk of vascular
injury. This would include those cases where the wound's trajectory is through or near the Sylvian fissure (location of M1 and M2
segments of the middle cerebral artery), the supraclinoid carotid artery, the vertebrobasilar vessels, the cavernous sinus region or
the major dural venous sinuses.[20,21] Peripheral branches of the middle cerebral artery followed by the anterior cerebral artery
are more vulnerable in craniocerebral penetrating injury than the internal carotid artery.[21,28] The development of otherwise
unexplained subarachnoid hemorrhage (SAH) or delayed hematoma could also suggest the presence of a vascular injury, and thus
warrant angiography.[20,29]

INTRACRANIAL PRESSURE MONITORING
The concept and management of Intracranial pressure (ICP) is based on Monro–Kellie doctrine.[30] According to this doctrine,
since the total skull volume is a constant entity, ICP is dependent on the volume of cranial contents. Under physiological
conditions, these contents are brain tissue, cerebrospinal fluid (CSF), and vasculature (blood volume).[31] Even small increments
in volume can lead to larger increases in ICP because of the rigidity of the skull. Following trauma, there may be mass lesions that
need to be incorporated into this equation. Brain volume may increase because of edema (predominantly cytotoxic after trauma).
[31] Vascular volume can increase if venous outflow is blocked or if there is an increased cerebral blood flow (CBF) because of

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3162712/figure/F2/
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seizures, pyrexia, or loss of autoregulation.[31] CSF volume may increase because of blockade of outflow tracts or hindrance with
reabsorption.[31]

ICP monitoring has been well documented to be an important predictor of prognosis in severe nonpenetrating traumatic brain
injury (TBI) as intracranial hypertension (ICH) is clearly associated with worse recovery and optimum control of elevated ICP
leads to a better outcome.[12,13] However, very little clinical data are available on the indications and applications of ICP
monitoring in PBI patients.[1] The only published studies on the role of ICP monitoring in PBI are from military settings, and
there is a lack of literature from centers attending civilian PBI patients. Nonetheless, the available data suggest a higher frequency
of raised ICP in PBI patients,[1,25,32–34] and when present, raised ICP is documented to be a predictor of worse prognosis.
[26,35] Nagib et al. reported in their series of 13 patients with PBI that outcome was superior in those who never manifested ICH.
[26] Crockard recorded ICP in 20 patients very early after PBI and found a very high mortality associated with elevated ICP, and a
much better outcome in those in whom ICH never manifested.[32]

Unfortunately, in comparison with the Guidelines for the Management of Traumatic Brain Injury, there is little clinical evidence to
evaluate the beneficial effect of management of ICP on outcomes of patients with PBI.[1,36] However, because of this short
coming, general guidelines for ICP management in nonpenetrating TBI have been applied to PBI patients as well. In cases, where
ICP is monitored and ICH is present, treatment measures are the same, which are used in nonpenetrating TBI, i.e.
hyperventilation, mannitol, CSF drainage, high-dose barbiturates, and more recently, decompressive craniectomy.[1,36]

SURGICAL MANAGEMENT OF PBI
Treatment of small entrance bullet wounds to the head with local wound care and closure in patients whose scalp is not devitalized
and have no significant intracranial pathologic findings is recommended in the Guidelines for the Management of Penetrating
Brain Injury.[37] More extensive wounds with nonviable scalp, bone, or dura should be debrided more extensively before primary
closure or grafting to secure a watertight wound [Figure 3a – c].[37] When there is significant mass effect, necrotic brain tissue
should be debrided and safely accessible bone fragments should be removed.[38] Intracranial hematomas with significant mass
effect should be evacuated. Routine surgical removal of bone or missile fragments lodged distant from the entry site especially in
the eloquent areas of the brain is not recommended. Although removal of these foreign bodies from eloquent cortex may decrease
the risk of posttraumatic epilepsy,[39] it has been documented to correlate with worse outcomes and higher morbidity,[1,23,37,40]
A conservative approach toward cerebral debridement in general has, thus, been recommended.

Figure 3
(a) Axial computed tomography (CT) scan of the brain showing compound expansile
skull fracture with multiple bone fragments along the trajectory and global cerebral
edema. Basal cisterns are totally effaced. This 35 - year old patient came to us within ...

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3162712/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3162712/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3162712/figure/F3/
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Surgical treatment should be performed within 12 h of the injury to decrease the risk of infectious complications.[24,38] Surgical
incision should be done in such a fashion so as to incorporate (if possible) the area that needs debridement and vascular supply of
the flap. When the trajectory of the missile violates an open air sinus, a water tight closure of the dura should be done as the
literature suggests that it may decrease the risk of abscess formation and CSF fistulas.[1,37,41,42]

It is still debatable that which technique, craniotomy, or craniectomy, is best to achieve the most optimal results. No statistically
significant advantage of one technique over the other has been described in reports of morbidity and mortality rates associated
with the two procedures.[3,43] A recent large study of military patients suffering from severe PBI reported optimum outcomes
with early decompressive craniectomy.[44] In military settings, there has been a recent paradigm shift toward an aggressive
approach comprising of rapid, far forward cranial decompression with water-tight dural closure followed by rapid evacuation to a
major trauma center. This approach, accompanied by subsequent aggressive critical care, has led to better outcomes in wartime
PBI patients.[44] However, the wartime injuries differ considerably from the civilian PBI, and the application of military data to
civilian population must be done cautiously.

VASCULAR COMPLICATIONS OF PBI
Vascular complications after PBI range from under 5%–40% in various reports.[3,45,46] Features associated with a higher risk of
vascular injuries development in missile wounds include orbitofacial or pterional PBI, presence of intracranial hematoma and
injuries with fragments crossing two or more dural compartments.[3,7,20,47] All such missile injuries in which large vessel
damage is suspected should be explored with cerebral angiography. A four-vessel angiogram is not needed in all cases; only the
pertinent ones need to be explored or a CT angiogram may be done. Angiography is also strongly recommended in the case of
delayed and/or unexplained SAH or intracranial hematoma development.[3,28,46,48] The importance of angiography in the
diagnosis of vascular complications lies in the bad outcome associated with this pathology when it is not aggressively treated.
Sometimes vascular injuries are delayed in onset, appearing even weeks or months after the trauma, and an initial negative
angiography is not conclusive. When suspicion is maintained, repeating the test 2–3 weeks after the trauma is recommended.
[3,7,28,46]

The common vascular complications after PBI include traumatic intracranial aneurysms (TICAs) or arteriovenous fistulas (AVFs),
SAH, and vasospasm.[47] These complications are discussed individually in the following text.

Traumatic intracranial aneurysm

Traumatic intracranial aneurysm formation is the most commonly described vascular injury after PBI.[3,7,28,46,48]
Approximately 20% of traumatic aneurysms after TBI are caused by PBI.[47] Damage to an arterial wall by PBI causes a TICA.
Although rare cases of partial damage to the arterial wall have been described (true TICA), traumatic intracranial aneurysms
caused by PBI are mainly false aneurysms.[49–51] Cerebral angiography (CT or conventional) remains the most optimum
modality to detect intracranial aneurysms.[28] Once identified, surgical or endovascular repair are the treatment options.[51]
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Subarachnoid hemorrhage

The frequency of SAH in PBI patients ranges from 31% to 78%.[1,28,52,53] The presence of SAH after PBI has been
documented to correlate significantly with mortality.[52] Additionally, SAH near large vascular territories and intraventricular
hemorrhage may lead to poor outcomes.[54]

Vasospasm

A dreaded complication of SAH is the development of vasospasm which is caused by reactive smooth muscle contraction in the
walls of the vasculature.[1,54] The subsequent decreased CBF, if severe, can lead to cerebral ischemia and infarction. However, in
a study, no significant difference in outcome (3-month Glasgow outcome scale) was noted when PBI patients with/without
vasospasm were compared.[55] Vasospasm may be detected by increased velocities on Doppler ultrasound. Treatment may
include medical management and/or endovascular angioplasty. Medical management includes hypertension, hypervolemia, and
hemodilution, i.e., the conventional HHH therapy.[56]

MANAGEMENT OF CEREBROSPINAL FLUID LEAK
Cerebrospinal fluid leakage is a common complication of PBI. Arendall and Meirowsky reported a 28% instance of CSF leaks.
[57] Cerebrospinal fluid leaks after PBI have been documented to be highly predictive of infectious complications.[58]
Meirowsky et al. reported in Vietnam Head Injury Study the incidence of infection as 49.5% versus 4.6% in 1032 casualties with
and without CSF leaks, respectively.[59] Gonul et al. in a military series of 148 PBI patients have reported that the variable most
highly correlated with intracranial infection was the presence of an acute or delayed CSF leak, which had a 63% infection rate.
[41]

Cerebrospinal fluid leak develops because of the dural tear by the missile along with a failure to adequately seal the defect by
normal tissue healing processes. CSF leaks can present through the entry or exit sites of the projectile as well as through the ear or
nose when the mastoid air cells and the open-air sinuses have been violated, respectively.[1] The Guidelines for the Management
of Penetrating Brain Injury recommended the surgical correction for CSF leaks which do not close spontaneously or are refractory
to CSF diversion through a ventricular or lumbar drain.[58] The injury wounds associated with CSF leaks need to be extensively
explored in order to allow watertight closure, either by direct closure of dural defects or by using grafting materials. Synthetic
grafts can, however, by virtue of being a foreign body, become a potential source of infection, and they must be used cautiously
especially in grossly contaminated wounds.[60] The management of CSF leaks remote from the point of entry or exit may involve
CSF diversion. However, the risk of herniation syndromes because of mass effect and/or midline shift must be carefully evaluated
before placing a lumbar drain.[1] In refractory leaks, the possibility of hydrocephalus should be explored and permanent CSF
diversion considered.

ANTIBIOTIC PROPHYLAXIS FOR PBI
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Infectious complications are not uncommon after PBI, and they are also associated with higher morbidity and mortality rates.[61]
The risk of local wound infections, meningitis, ventriculitis, or cerebral abscess are particularly high among PBI patients because
of the presence of contaminated foreign objects, skin, hair, and bone fragments driven into the brain tissue along the projectile
track.[1,62] Infectious complications are more frequent when cerebrospinal fluid leaks, air sinus wounds, transventricular injuries
or those ones crossing the midline occur.[3,61] A higher incidence of intracranial infections after PBI is documented in studies on
military PBI (4%–11%) as compared to series on civilian PBI (1%–5%).[61]

Staphylococcus aureus is the most frequently associated organism. However, gram negative bacteria also frequently cause
intracranial infection after PBI.[61] The administration of broad spectrum antibiotic therapy is deemed necessary in all patients
with PBI based on empirical evidence from military series where the rate of infectious complications was as high as 58.8% in the
preantibiotic era.[62] In a large retrospective review of civilian PBI data, the rate of infection was documented to be 1%–5% with
the use of broad spectrum antibiotics.[63] Based on available literature, it is recommended that broad spectrum antibiotics should
be instituted in all PBI cases, and must be started as soon as possible.

There is a considerable variation in the preference for antibiotic regimen for prophylaxis in PBI patients. Cephalosporins,
however, are the most preferred antibiotics.[1,3,62,64] Esposito and Walker have recommended the use of intravenous
ceftriaxone, metronidazole, and vancomycin for a minimum of 6 weeks for PBI patients.[1]

The “Infection in Neurosurgery” Working Party of British Society for Antimicrobial Therapy recommended the following regimen
for PBI: intravenous co-amoxiclav 1.2g q 8h, or intravenous cefuroxime 1.5g, then 750mg q 8 h with intravenous metronidazole
500mg q 8 h (or 1g q 12h per rectum or 400mg q 8h by mouth).[65] It is recommended that this regimen should be started as soon
as possible after injury and continued for 5 days postoperatively. Based on the available literature, we recommend that antibiotic
prophylaxis must be maintained for at least 7–14 days.

ANTISEIZURE PROPHYLAXIS FOR PBI
The risk of posttraumatic epilepsy after PBI is high probably due to direct traumatic injury to the cerebral cortex with subsequent
cerebral scarring. It is reported that the more severe the injury to the brain according to the Glasgow outcome scale (GOS) grade,
the higher the risk for the development of posttraumatic epilepsy.[1,66,67] About 30%–50% of patients suffering a PBI will
develop seizures.[67] It is estimated that up to 10% of them will appear early (first 7 days after the trauma), and 80% during the
first 2 years, but about 18% may not have their first seizure until 5 or more years after injury.[39,68] Although the initial studies
did not confirm the beneficial effect of the prophylactic anticonvulsants administration, more recent ones recommend the
prophylactic anticonvulsants use (e.g., phenytoin, carbamazepine, valproate, or phenobarbital) in the first week after an
injury[66,67] . It is acceptable not to use prophylactic anticonvulsants at all in case of smaller, less serious trauma. Besides, the
use of anticonvulsants beyond the first 7 days of injury is generally not recommended.[66,67]

PROGNOSTIC FACTORS IN PBI
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Age

Increasing age is correlated with a worse prognosis in PBI.[1,2] Age greater than 50 is documented to be associated with an
increased mortality in PBI patients.[2]

Suicide attempt

Suicide attempt is correlated with a higher mortality in PBI when compared to other causes.[2] Suicide is an important cause of
PBI in civilian population whereas military PBI is commonly associated with shell and shrapnel wounds. Suicide carries a worse
prognosis probably because of close range injury.

Mode of injury

PBIs are differentiated into the following types based on mode of injury: penetrating (a foreign object penetrates skull and dura
and remains lodged within the intracranial cavity); tangential (a foreign object glances off the skull, often driving bone fragments
into the brain); and perforating (a ‘through-and through’ injury, characterized by entry and exit wounds).[2] Out of these three,
perforating brain injuries are associated with a worse outcome.

Hypotension

Hypotension (systolic blood pressure less than 90 mmHg) is correlated with high mortality in PBI patients.[53] Hypotension
comprises an important complication of traumatic brain injury. The incidence of hypotension in PBI patients varies from 10% to
50%.[2]

Coagulopathy

Coagulopathy in PBI patients is associated with high mortality, however, the evidence is not sufficient.[69] Coagulation studies
available include prothrombin time, thrombin time, partial thromboplastin time, fibrinogen level, fibrin degradation products, and
platelet count.[2]

Respiratory distress

Respiratory distress in PBI patients is associated with worse prognosis.[70] Although a consistent definition is lacking, respiratory
distress in PBI patients is defined as a respiratory rate of less than 10, apnea, or respiratory depression.[2]

Glasgow coma scale

Low GCS is associated with an unfavorable outcome in both civilian and military PBI.[2] In nonpenetrating TBI, patients with a
GCS score <8 are described as having severe injuries, and patients with GCS scores of 9–12 are classified as moderate. In PBI
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patients, large proportions of civilian patients are admitted with a GCS score of 3–5. However, in military series, patients have a
better GCS score, ranging from 13 to 15.[2]

Pupillary size and light reflex

Bilaterally fixed and dilated pupils are highly predictive of mortality in PBI patients.[69] An abnormal pupillary light reflex may
be an indirect indicator of cerebral herniation or possible brain stem injury. Measurement of pupillary reactivity includes
measurement of the light reflex and size of the pupils.[2]

Intracranial pressure

Raised ICP is predictive of high mortality.[26,35] Brain trauma, whether closed or penetrating, leads to increased ICP. The limited
literature available on ICP monitoring in PBI patients suggests that a raised ICP during initial 72 h of injury carries worse
prognosis.[2]

CT scan findings

Several CT scan findings have been documented to be associated with worse outcome. These include bihemispheric lesions,
multilobar injuries, intraventricular hemorrhage, uncal herniation, and subarachnoid hemorrhage.[1,2]

CONCLUDING REMARKS
The management of PBI differs considerably from nonpenetrating brain injury because of the unique mechanism of injury and
pathophysiology involved in this type of trauma. The introduction of Guidelines for the Management of Penetrating Brain Injury
has revolutionized the medical and surgical management of PBI during the last decade. There has been a paradigm shift toward a
less aggressive debridement of deep seated fragments and a more aggressive antibiotic prophylaxis in an effort to improve
outcomes. However, there is still a need for large scale multicenter randomized controlled trials to evaluate the current guidelines.
Research in this area is highly warranted as PBI patients still present a significant challenge to practicing neurosurgeons
worldwide.
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