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Introduction There is a dramatic increase in the incidence and little is known about
outcome and recovery of penetrating brain injuries. Our study is based on analysis of
clinical-radiological profile and outcome of patients of penetrating brain injuries.
Method This is a retrospective analysis of patients with penetrating head injury
during the period from June 2004 to May 2013. Patients with penetrating head injury
were selected from our hospital record. Their operative findings were evaluated and
only those patients with documented penetration of the dura by a foreign material
were selected for data collection and analysis.

Results A total of 60 patients were recruited in the study. Their mean age was 27
years, and most patients were male. Most common clinical presentation was brain
matter and cerebrospinal fluid (CSF) leak in 48 (60%) patients followed by decreased
level of consciousness in 40 (66.67%) patients. Frontal lobe was most commonly
involved part in 24 (40%) patients followed by multiple lobe injury noted in 16
(26.66%) patients. Twelve patients expired during the hospital stay. Thirteen patients
were discharged in GOS-2, 15 in GOS-3, and 20 in GOS-4. Wound infection occurred in
11 (18.33%) patients, and seizure developed in 8 (13.33%) patients.

Conclusion Penetrating brain injuries are most common in 11- to 30-year-old age
group and occur more commonly in male. Most common presentations were brain
matter or CSF leak and most common mode of injury was firearm. Frontal lobe was the
most commonly injured part of the brain and mortality was 20%. Higher mortality was
observed among patients with seizure than in other patients with penetrating brain
injury.

A penetrating head injury is a wound in which a projectile
breaches the cranium but does not exit. In the past 20 years,
the world, including India, has witnessed a dramatic
increase in the incidence of penetrating injuries to the
brain due to increasing use of firearms and weapons.'-?
Whereas outcome and recovery following nonpenetrating
brain injury is a topic that has been researched extensively,
little is known about outcome and recovery of penetrating
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brain injuries, particularly, in nonmilitary, or civilian
populations. Most individuals sustaining a penetrating
traumatic brain injury (TBI) usually do not survive. Some
civilian studies report mortality rates as high as 93%, with
most deaths occurring at the accident scene, in transit, or
shortly after reaching an intensive care unit (ICU).>*
Patients who survive penetrating craniocerebral injuries
are at risk of experiencing multiple complications, including
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persistent neurologic deficits, infections, epilepsy, CSF leak,
cranial nerve deficits, pseudoaneurysms, arteriovenous
fistulas, and hydrocephalus.

Computed tomography (CT) is routinely used for
diagnosis and management of penetrating brain injuries. It
helps in localization and identification of intracranial
hematoma, contusion, foreign bodies, pneumocephalus,
depressed fracture, and cerebral edema.

Intraoperative ultrasound is an easy, safe, and
noninvasive technique, used for localization of hematoma,
injured area, wound tract, and also helps in removal of
foreign bodies from brain parenchyma. Recently, real-time
contrast-enhanced ultrasound (CEUS) has been used for
visualizing change in microcirculation and perfusion of
tissue, thus distinguishing necrotic tissue in injured area
from normal brain parenchyma.’

Aggressive ICU care management in combination with early
management with less aggressive, meticulous, neurosurgical
technique, when appropriate, already has significantly reduced
the mortality and morbidity associated with these injuries, but
they still remain unacceptably high.®

We at our institute attend to large number of patients
with head injury, many of whom suffer with penetrating
brain injury. On literature search, we could find only few
articles from India on this subject. Therefore, we planned to
report our experience about managing 60 patients with
penetrating brain injury in the past 10 years.

Materials and Methods

The current study was undertaken at Department of
Neurosurgery, King George’s Medical University, Lucknow,
UP, India, by retrospective analysis of patients with
penetrating head injury during the period June 2004 to
May 2013 (10 years). Records of all patients admitted with
diagnosis of penetrating head injury were taken out. Their
operative findings were evaluated and only the patients
with documented penetration of the dura by a foreign
material were selected for data collection and analysis. Thus
60 patients were enrolled for the study.

Exclusion criteria included (1) injury without penetration
of dura, (2) compound or comminuted fractures with dural
tear and brain matter leak, (3) dural tear by penetration of
bone piece or bony spur, and (4) patients operated
elsewhere for penetrating brain injury and latter admitted
with us for management of complications.

According to protocol in our hospital, patients were
admitted and their primary management included
stabilization of hemodynamics and upper airway.
Antibiotics, antiepileptic, cerebral dehydrants, IV fluids,
and supportive care were given according to requirement.
Patients were subjected to noncontrast preoperative CT scan
of the head. Antiepileptics were given for 6 month in all
patients and continued according to requirements. All
patients were evaluated at the time of discharge using
Glasgow Outcome Scale (GCS). Patients’ GCS and Glasgow
Outcome Scale were noted at 1 and 6 months from follow-up
records.
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Results

Age and sex We recruited 60 persons sustaining a penetrating
TBI regardless of the cause (i.e., unintentional, self-inflicted, acts
of violence) of their injury in which surgical intervention had
been done. The age of the included patients ranged from 2 to
60 years, mean age was 27 years, and median was 25 years.
Maximum patients were aged between 11 and 30 years and
the incidence of such injuries was less in fifth decade onward.
There were 60 patients out of whom 47 (78.30%) patients were
male and 13 (21.70%) were female.

Clinical presentation In our study, most common clinical
presentation at the time of admission was brain matter and
cerebrospinal fluid (CSF) leak in 48 (60%) patients, followed
by decreased level of consciousness in 40 (66.67%) patients,
weakness of extremities in 13 (21.67%) patients. Black eye or
orbital injuries were found in 7 (11.67%) patients, and
headache and vomiting in 17 (28.33%) patients. Ear or nose
bleeding was found in 25 (41.67%) patients and other
associated injuries on body were present in 4 (6.67%).
Admission GCS was between 3 and 8 in 18 (30%) patients, 9
and 12 in 15 (25%), and 13 and 15 in 27 (45%).

Mode of injury In our study 35(58.3%) patients sustained
injury due to fire arm. Majority of them 33/35 (94.4%) had
injury as a result of assault whereas 2/35 (5.64%) had accidental
injury. Other causes of penetrating head injury were assault by
sharp weapon and accidental/machine injury in 10 (16.67%)
patients each, whereas plastic pipe (=Fig. 1), fire crackers,
sports (cycle), suicidal cases, and hit by animal were
responsible for injury in one patient each, respectively.

Site of injury Frontal lobe was most commonly involved
part in 24 (40%) patients, followed by multiple lobe injury
was noted in 16 (26.66%) patients. Parietal lobe was injured
in 9 (15%) patients. Four (6.66%) patients had orbitofacial
injury whereas 3 (5%) patients had temporal lobe injury. In
four patients dural tear was seen, but no injury to brain
parenchyma was noted.

Radiological findings On the computed tomographic (CT)
scan, contusion was the most common 43(71.66%) finding,
followed by presence of foreign bodies (=~Fig. 2) in brain
parenchyma in 24 (40%) patients, external protrusion of brain
matter in 20 (33.33%), and bony fragments in the brain
parenchyma in 6 (10%). Extradural hematomas were noted in
three (5%) patients whereas subdural hematoma was noted in
two (3.33%). Pneumocephalus was found in two (3.33%)
patients and intracranial hematoma was noted in one (1.67%).

Surgical management In our study, 18 (30%) patients
were operated within 24 hours of trauma and 34 (56.67%)
were operated between 24 and 72 hours. Eight (13.33%)
patients were operated after 72 hours. The delay in surgery
was mainly due to delayed arrival to the hospital following
injury. Debridement craniectomy and duraplasty were done
in 36 (60%) patients and additional contusion removal in 16
(26.67%). Eight (13.33%) patients had brain bulge at
operation, and therefore, they required decompressive
craniectomy with augmentation duraplasty.

Complications Thirty-nine (65%) patients developed
complications in the perioperative period. Wound infection
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Fig. 1 A 6-year-old boy with accidental injury by wooden stick. (A) The patient’s photograph with injury through the left eye. (B) Noncontrast
CT of the head showing foreign body crossing the midline and going to the right temporal lobe.

occurred in 11 (18.33%) patients, which was managed by
local debridement of wound and antibiotic according to
culture sensitivity report. Hydrocephalus occurred in three
(5%) patients requiring ventriculoperitoneal shunting. CSF
leak was observed in 3 (5%) patients, which was managed by
lumbar drain. One patient each developed meningitis and
brain abscess. The patient with brain abscess underwent
burr hole aspiration; both, brain abscess and meningitis
patients, required prolonged antibiotics. Eight (13.33%)
patients developed seizure in perioperative period. None of
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these patients had seizure before sustaining their trauma.
Four patients out of these eight patients who developed
seizure expired due to consequence of head injury and
respiratory tract infection. Seizure was more common in
lower GCS group patients than higher GCS group. In
between GCS 3 and 8, there were 18 patients, out of
whom 3 patients (16.66%) developed seizure and 2 (66.66%)
expired. Patients with GCS 9 to 12 included 15 patients, out
of whom only 1 (6.66%) patient developed seizure and
expired. In between GCS 13 and 15, there were 27 patients
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Fig. 2 A 10-year-old boy with accidental injury by plastic pipe. (A) The patient’s photograph with plastic pipe inside brain. (B) Noncontrast CT

scan head with foreign body in situ.

out of whom 4 (14.8%) patients developed seizure and 1
(25%) expired. All these patients developed seizure in spite
of phenytoin loading given for prophylaxis and after ruling
out of other risk factor for seizure such as serum electrolyte
derangements, blood sugar derangements, and hypoxia.
Twelve (20%) patients expired during the hospital stay due
to low GCS at admission (4 patients), respiratory tract
infection (3 patients), multiple factors—seizures,
dyselectrolytemia, septicemia—(5 patients).

Follow-up In our study, duration of hospital stay ranged
between 1 and 47 days. Mean duration was 10.6 days and
median 10 days. Out of total 60 patients included in the study,
12 (20%) patients expired during the hospital stay. Out of the 48
(80%) survivors, 38 (63.33%) patients were in regular follow-up.
The follow-up period ranged from 3 months to 10 years with a
mean of 17.1 months and median of 6 months. Ten patients
(16.66%) were lost to follow-up.

Outcome Twelve patients expired during the hospital stay
(GOS-1). Thirteen patients were discharged in GOS-2, 15 in
GOS-3, and 20 in GOS-4, but no patient could achieve GOS-5
till discharge. However, during the follow-up period, 30
(50%) patients had reached GOS of 5 and 5 (8.33%) had GOS
of 4. Three patients expired during the follow-up. Cause of
death in these patients could not be exactly ascertained.

Discussion

The mortality and morbidity associated with penetrating
head injury has decreased with modern neurosurgical care.
However, most persons with severe penetrating head injury
still die before, during, or shortly after emergency treatment.

Similar to other studies,”™ in our study too most of the
patients sustaining penetrating injuries were young male
and most common modes of such brain injuries were assault
by sharp weapon/firearm and accidental/machine injury/
road traffic accident (RTA).

Considering the poor outcome of patients with a GCS of 5
or less, some have questioned early aggressive treatment of
these patients. There is a controversy concerning aggressive
surgical management for patients with a GCS score of 3 to 5.

Clark et al reported that there were no survivors among
patients treated conservatively with GCS scores of 3, as well
as among patients who underwent surgery with a
preoperative score of 4 to 5.'° Grahm et al recommended
that patients with a GCS score of 3 to 5 should not be treated
with surgery unless there is an operable hematoma.!" Levy
et al reported that patients with a GCS score of 3 to 5 might
have a better survival with surgery, but outcomes are
generally poor'? (~Table 1).

GCS at admission is an important factor affecting outcome
of patients; lower GCS is associated with poor outcome. Five
patients out of 18 with GCS group 3 to 8 expired (~Table 2).
Four patients out of 15 expired in GCS group 9 to 12 and 3
patients out of 27 expired from group having GCS 13 to 15.
Therefore the patient considered as having severe head
injury and having GCS 3 to 8 should be given a chance of
surgery explaining the higher risk of morbidity and
mortality associated with it. Overall mortality in our series
during perioperative period was 20% (12 patients).

Other prognostic factors are hemodynamic and
respiratory status at admission, pupil diameter and its
reactivity, and the presence of coagulation abnormalities.
Many other radiologic factors including bilateral
hemispheric injury, multilobe injury, transventricular
trajectory, brainstem injury, intracerebral hematoma or
cerebral contusion with an associated mass effect, and

Table 1 Mortality among patients presenting with Glasgow
Coma Scale score of 3-8

Series Mortality | No. of GCS score
(%) patients | 3-8 (%)

Liebenberg et al, 2005' | 69 125 69

Kaufman et al, 1986'* | 66 141 76

Mancuso et al, 1988"> | 40 40 48

Grahm et al, 1990 59 100 64

Current study, 2013 28 60 30

Abbreviation: GCS, Glasgow Coma Scale.
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Table 2 GCS on admission and GOS at follow-up

Malav et al.

GCS on admission
(No. of patients)
(n = 60)

GOS at discharge (No. of patients)
(n = 60)

GOS at follow-up? (No. of patients)
(n = 38)°

Patients lost
to follow-up
(n = 10)

GOS-1 | GOS-2 | GOS-3 | GOS-4 | GOS-

5 GOS-1 GOS-5

3-8(18) (6) 7) ) (3) (=)

9-12 (15) (4) (5) (3) 3) (=)

3 ) ) ) (3) (4)
5 =) () =) (=) (6)

13-15 (27) ) (1 (10) | (14) | (=)

2 M ) ) ) (20)

Abbreviations: GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale.

Follow-up period was 3 months to 10 years and median follow-up period was 6 months.

bTwelve patients expired during the hospital stay, 10 lost to follow-up.

missile and bony fragmentation away from the bullet’s
path usually indicate an unfavorable outcome and high
mortality.

The intracranial bone and metallic fragments that are not
removed might be associated with an increasing infection rate.
Experimental studies by Pitlyk et al revealed only 4 to 8%
incidence of infection with bone fragments when hair or scalp
was not accompanied along within the brain matter.'® The
bony fragments have a much greater chance of causing late
infection than do metallic fragments. Aarabi et al reported that
retained bone fragments led to a greater number of infections,
but their correlation was not statistically significant.'”
Brandvold et al reported an infection rate of 11% after a less
aggressive approach.18 There was no correlation between the
presence of retained fragments and subsequent development of
infection or epilepsy.

Posttraumatic epilepsy is another complication, which
reflects the extent of brain damage and is positively
correlated with the level of GCS. From combined series, the
risk of epilepsy ranges from 1.3 to 24%."° In our series, seizure
occurred in 8 (13.33%) patients during hospital stay. One
patient with GCS 4 developed seizure on 7 postoperative days
and could not be controlled by phenytoin, levetiracetam, and
lorazepam, and eventually he was given general anesthesia.
Other patient with GCS 4, 8, 12, 14 also developed seizure on
third, first, fifth, and fourth day, respectively. Seizure was
more common in lower GCS group patients than higher GCS
group. In between GCS 3 and 8, out of 18 patients 3 (16.66%)
patients developed seizure and two (66.66%) expired. Patients
in GCS 9 to 12 included 15 patients and of them only 1
(6.66%) patient developed seizure and expired. In between
GCS 13 and 15, there were 27 patients out of whom 4 (14.8%)
developed seizure and one (25%) expired.

Conclusion

Penetrating brain injuries we observed mostly between
11- and 30-year-old age group and more common in male
than female. Most common mode of these injuries was by
firearm and most common presentations were brain
matter or CSF leak. Frontal lobe was the most commonly
injured part of the brain. In our series mortality occurred
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in 20%. Lower GCS is the most important factor for poor
outcome. Higher mortality is seen among patients with
seizures compared with other patients with penetrating
brain injury.
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