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Craniocerebral injuries in war against terrorism —a
contemporary series from Pakistan

Muhammad Umair Bashir, Muhammad Zubair Tahir, Ensan Bari*, Sehreen Mumtaz

[ Abstract] Objective: Terrorism-related bomb at-
tackson civilian popul ation haveincreased dramatically over
thelast decade. Craniocerebral injuries secondary toimpro-
vised expl osive devices have not been widely reported in
the context of unarmored civilians. This seriesintendsto
report the spectrum of theseinjuries secondary to suicidal
and implanted bombs as encountered at the Aga Khan Uni-
versity Hospital, Pakistan (AKUH). Further, afew pertinent
management guidelines have also been discussed.

Methods: The hospital database and clinical coding
during a 5-year period were examined for head injuries se-
condary to terrorism-associated blasts. In addition to pa-
tient demographics, data analysis for our series included
initial Glasgow Coma Scale, presenting neurological
complaints, associated non-neurological injuries, manage-
ment (conservative or operative) to associated
complications, and discharge neurological status.

errorism-related bomb attacks on civilian popu-

lation have increased dramatically over the last

decade. Although bomb-related head injuries
have been historically associated with combat troops
and battlefield trauma, militant and terrorist outfits now
ruthlessly target urban civilian populations with a vari-
ety of improvised explosive devices (IEDs). The wide
varieties in IEDs, coupled with the advent of suicide
tactics, have given rise to a spectrum of craniocerebral
injuries. The brain injuries sustained by the victims of
these well-planned attacks are often associated with the
lethal effects of both penetrating trauma and blast injury.

Between 2007 and 2009, more than 5 500 people
have been killed in suicidal and other attacks on civilians
in Pakistan. In 2011 alone, there have been 334 terror-
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Results: A total of 16 patientswereincluded in this
series. Among them 9 werevictims of suicidal blastswhile 7
were exposed to implanted devices. The patients presented
with diverse patterns of injury secondary to a variety of
shrapnel. A follow-up record was available for 12 of the 16
patients (mean follow-up: 7.8 months), with most patients
having no active complaints.

Conclusion: Theresultsof this series show that civi-
lian victims of suicidal and improvised bombings present
with a wide range of neurological symptoms and injury
patterns, which often differ from the neurological injuries
incurred by military personnd in similar situations, and
thereby often requireindividualized care.

Key words. Brain injuries; Craniocerebral trauma;
Decompressive craniectomy
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ism-related bomb attacks in the country, with a dis-
tressing outcome of 659 deaths and 1 585 injuries.* Whilst
anumber of these attacks involved suicidal bombers with
explosive-laden vests or belts, many of the casualties
were also secondary to rudimentary road-side bombs.
Most of these improvised explosive vests or implanted
devices were found to be packed with ball bearings,
nails, bolts, screws and other objects that served as
shrapnel to maximize the injuries.? This resulted in
unique mechanisms of injury to the skull and brain that
have not been previously reported in literature in the
context of unarmored civilians.

We report here a series of penetrating and blast-
related craniocerebral injuries secondary to suicidal and
implanted bombs, followed by a discussion of the pat-
terns of injury, management, complications and follow-
up of this unigue subset of patients.

METHODS

Karachi is a major metropolitan city with a popula-
tion of 13 million. In spite of numerous terrorism-related
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attacks over the years, an organized mass casualty
service system does not exist in Pakistan. The distri-
bution of casualties therefore becomes a difficult task
in the absence of effective triage and communication
between the scene of the incident and the hospitals.®
In most instances, the distribution of the victims of an
attack is determined by the distance to one of the hospi-
tals designated by the government as a trauma center.*

Aga Khan University Hospital (AKUH) is a private
tertiary hospital, with a commitment to provide trauma
care. About 50% of trauma patients to AKUH are trans-
ferred from government hospitals and other rural health
care centers. Most of these patients have had some
kind of initial management and stabilization. The hos-
pital database and clinical coding for a 5-year period
were examined for head injuries secondary to terrorism-
associated blasts. In this study, we included patients
who were both transferred from other centers and di-
rectly through the hospital emergency services. A
multidisciplinary trauma team was involved in the ma-
nagement of these patients, but we only selected those
who had significant neurotrauma to warrant a neurosur-
gical review. A detailed review of charts and medical
records of these patients was performed using a stan-
dardized proforma. Those patients who suffered non-
terrorism-related head trauma or had incomplete/miss-
ing records were excluded from the series.

In addition to patient demographics, data analysis
for our series included the mechanism of injury (suicidal
vs implanted device), initial Glasgow Coma Scale
(GCS), presenting neurological complaints, associated
non-neurological injuries, management to associated
complications, and discharge neurological status. The
baseline neuroimaging was also reviewed to assess
skull fractures, the site of the penetration, the presence
and location of shrapnel, inter- and extra-axial hemor-
rhage and associated findings. Follow-up data, if
available, were also analyzed, with emphasis on neu-
rologic sequelae.

RESULTS

Atotal of 16 patients (14 males and 2 females) were
included in this series with a mean age of 29 years,
ranging from 4-58 years. Among them 9 patients were
victims of suicidal blasts while 7 were exposed to im-
planted devices. The majority of the patients were trans-

ferred from other hospitals or trauma centers (n=8).
Most of the transferred patients were relatively stable
upon arrival since they had received some form of initial
stabilization at other centers.

The average GCS at presentation was 12 with the
lowest value of 6. Five patients underwent emergent
intubation upon presentation. Among them 4 were as-
sessed to have unstable vitals with a GCS of 8 or less
while one patient had extensive maxillofacial trauma
with a compromised airway. The clinical presentation
was variable, with drowsiness and headache being the
most common complaints. Other neurologic deficits in-
cluded hemiparesis, visual blurring, vertigo and seizures.

All patients underwent head CT scans for damage
assessment. Skull fractures were identified in 13 of the
16 patients, with suicidal blast victims being the clear
majority. Among the 13 patients, 3 were basilar
fractures, while the rest were the depressed type in-
volving different parts of the skull. Moreover, 6 fractures
of the skull were found to be comminuted, with bone frag-
ments driven into the dura/brain due to the force of the
impact. Alarge number of patients (n=13) had penetrating
injuries. CT scans and intraoperative assessment of
these patients revealed bone fragments and/or various
kinds of shrapnel lodged in different parts of the brain.
The brain parenchymal injury patterns ranged from sig-
nificant intracranial hemorrhages to small contusions, with
the latter being the most consistent finding on CT imaging.

Atotal of 11 patients underwent neurosurgical inter-
ventions while 5 patients were managed conservatively
after routine care of their scalp lacerations. Of the 11
patients who needed surgery, 2 required only superfi-
cial wound debridement, 7 had a craniotomy for evacu-
ation of hematomas or any accessible foreign bodies
and the rest underwent a decompressive craniectomy
(DC). The initial step in all penetrating injuries was
wound exploration followed by debridement. All the pa-
tients who needed a craniotomy were further managed
by a primary duraplasty with pericranial fascia. Two pa-
tients (S1 and M7) required a DC for massive brain
swelling and raised intracranial pressure (ICP). The
decision to perform a DC on S1 was taken intraopera-
tively after observing significant cerebral edemaduring the
craniotomy. However, M7 had indirect evidence of raised
ICP on his initial CT scans and hence an early preopera-
tive decision was made to proceed with a DC (Table 1).
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The average length of stay in the intensive care unit
was 2 days, followed by 3 days in the special care unit.
All patients managed operatively received pre- and post-
operative antibiotics. Four patients who were managed
conservatively also received prophylactic antibiotics.
Mannitol was used to lower ICP in 6 patients, including
one from the conservative group. Prophylactic
antiepileptic drugs (AEDs) were used in all patients for
a minimum of 1 week. Those patients who either pre-
sented with seizures or had seizure episodes during
their hospital stay were continued on AEDs after dis-
charge for at least 1 week.

Nine of the 16 patients had a discharge GOS of 5, 3
patients had a GOS of 4 and 4 patients had a GOS of
3. There were no mortalities. Generally, victims of sui-
cidal blasts had a lower GOS at discharge compared
to the other group. Two patients (S3 and M7) developed
superficial wound infections during their hospital stay.
A review of their record revealed significantly contami-
nated wounds on initial presentation. Also two patients
(S1 and M1) developed CSF leaks, and one of them
(M1) was managed conservatively while another (S1)
required an endonasal endoscopic repair for his post-
traumatic CSF leak. A follow-up record was available
for 12 of the 16 patients (mean follow-up: 7.8 months),
with most patients having no active complaints. However,
one patient (M7) developed a noncommunicating hy-
drocephalus after a DC. He was subsequently man-
aged by a ventriculoperitoneal (VP) shunt and
cranioplasty. A young patient (4 years old) was reported
to have developed headaches, episodes of fainting and
behavioral changes. Follow-up imaging for this patient
was found to be normal. He was subsequently referred
to a neurologist and a child psychiatrist.

DISCUSSION

Terrorist attacks directed against civilian populations
have emerged as a significant threat worldwide, espe-
cially in Pakistan where the health infrastructure and
emergency services are already overwhelmed. The situ-
ation becomes worse when terrorism involves suicidal
tactics, allowing the fanatic unchecked infiltration, close
approximation and maximum injury to unprepared
civilians.® The absence of body armor and helmets in
the civilian population worsens the morbidity and mor-
tality of this type of trauma.

Blast-associated head trauma and its neurologic
manifestations in civilians remain a complicated and a
relatively obscure aspect of neurotrauma.®’” The mecha-
nisms of injury include primary overpressure events,
initial penetrating shrapnel injuries followed by secondary
fragmentation wounds, tertiary blunt injuries and dece-
leration forces, all contributing to a diverse spectrum of
injuries.®®° In addition to the explosive content of the
device, the presence of augmenting objects such as
pellets, nuts, bolts, nails, ball bearings and other
shrapnels further complicates the picture (Figures 1 and 2).
The most interesting aspect of this type of trauma is
therefore the diversity of shrapnel leading to peculiar
brain parenchymal injury.

Injury patterns

Exposure to a bomb blast creates a range of injury
severities ranging from mild concussive effects to fatal
injuries.’® People in close vicinity of the blasts often
have overwhelming fatal injuries with a grim prognosis.
The victims who are fortunate enough to be farther of-
ten survive the initial blast. However, they later present
with a unique pattern of cranial injuries.

Traumatic brain injury (TBI) has classically been di-
vided into two types: penetrating and closed, with both
having a distinct pattern of parenchymal injury. Blast-
associated TBI, however, incorporates aspects from
both types of TBI.2 As the blast waves are transmitted
to the skull and its contents, brain motion and dece-
leration can lead to hemorrhages, cerebral contusions
and diffuse axonal injury with all associated with the
closed TBI.*2 Following the initial pressure changes and
acceleration-deceleration of the head, victims of terro-
rist blasts are further exposed to a variety of shrapnel,
fractured skull bone fragments, and secondary missiles
in form of body parts. The foreign bodies lead to de-
struction and disruption of neurons, glial cells and fiber
tracts, producing hemorrhage, infarcts, cerebral edema
and necrotic tissue along the path of travel.2° All of these
patterns of injury were observed in our series of patients,
ranging from mild injuries to prominent intra- and extra-
axial hemorrhage, contusions and cerebral edema.
Further, in addition to the classical closed TBI injury
patterns, we encountered a variety of shrapnel and bone
fragments in some of our patients, producing visually
impressive patterns (Figures 1 and 2).
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Figure 1. Axial CT scan of the brain after exposure to an implanted bomb blast, showing left parietal fracture, traumatic subarachnoid

hemorrhage and secondary intraparenchymal bone fragments (A). Another axial view of the same patient showing nut-bolt seated close
to lateral ventricle (B). Postoperative CT scans showing removal of superficial bone fragments, while deep seated fragments and
shrapnel left behind (C and D).

Figure 2. Preoperative CT scanograms showing ball bearings used in a suicidal bombing (A and B). Axial CT brain showing ball bearings
in left parietal region with brain edema and intraventricular hemorrhage (C). Postoperative pictures after removal of ball bearings (D, E and F).

Neurological presentation and imaging

The neurological presentation after craniocerebral
trauma includes mild concussive symptoms as well as
specific neurologic deficits based on the extent of injury.®
A majority of the patients in our series had received
some forms of initial stabilization and resuscitation at

other centers and hence their GCS at presentation was
not an accurate reflection of the severity of the initial
injury. Despite the presence of penetrating brain inju-
ries in many of the patients, most of them presented
with non-specific headaches, drowsiness and vertigo.
However, a few patients presented with specific neuro-
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logical complaints of visual blurring and seizures. Such
variable presentation is consistent with the concussive
signs and symptoms secondary to bomb blasts de-
scribed in the literature.5%! However, blast-associated
TBI can be deceptively benign early and specific
neuroimaging is necessary to discover the precise ex-
tent of injuries and institute appropriate operative
intervention.*

Imaging for head trauma is often based on the re-
source availability in many primary health care centers
in Pakistan. Hence, some of the patients were just
assessed with plain skull X-rays prior to coming to
AKUH. However, axial CT scan is generally agreed to
be the most useful primary imaging investigation. In
addition to the assessment of entry site, fragmentation,
and missile tracts, CT imaging provides an indication
of intracranial pressure.® All of our patients underwent
immediate CT imaging to assess damage. Thirteen
patients were identified with skull fractures. The CT scans
were also able to identify the presence of penetrating
bodies and associated parenchymal injury in all of the
patients. Moreover, the effacement of the ventricles and
the patency of basal cisterns gave us an indirect esti-
mate of the ICP, allowing us to decide on an early inter-
vention plan.®

In addition to routine CT imaging, four vessel angio-
graphy is important in the detection of vascular injuries
and pseudoaneurysms in penetrating brain trauma.87:18
However, none of our patients were assessed with an
angiogram for vascular trauma due to cost restraints.
However, there was no delayed presentation with SAH
or ICH in any of our patients.

Clinical management

The guidelines for management of blast-associated
TBI originate from protocols determined initially by mili-
tary trauma experts and have been tailored for use
mostly in combat scenarios.®*92° These guidelines
emphasize prehospital care, initial stabilization and
resuscitation followed by GCS assessment and then
appropriate triage for further care.®® This is followed by
hospital protocols to ensure early injury assessment,
adequate cerebral perfusion and oxygenation with an
attempt to prevent posttrauma seizures and infection.
However, Pakistan lacks such a coordinated infrastruc-

ture for prehospital management and even protocol-
based hospital management in many government
centers.® Most of the patients in this series did not have
any definitive neurotrauma care priorto coming to AKUH.

Important issues to attend to after initial assess-
ment and stabilization include maintaining adequate
oxygenation, controlling ICP and ensuring proper cere-
bral perfusion.® Intracranial hypertension iscommon after
blast-induced TBI.2 Ideally, this dictates the use of ICP
monitors to adequately monitor and control ICP in de-
veloped countries. However, such monitors are an ex-
pensive entity in our setting, with most of our ICP as-
sessment relying on CT imaging and clinical
examinations. In this context, our management of raised
ICP in TBI patients involves standard medical therapy
with osmotic agents, followed by intubation and brief
period of hyperventilation, if indicated, with a low thresh-
old of progressing to a DC if the patient worsens medi-
cal management. In this series of patients, an early DC
(within 6 hours of admission) was performed in two
patients. In one of these patients (M7), the indication
for a DC was based upon indirect findings of increased
ICP (midline shift, obliteration of ventricles and cisterns).
In another patient (S1), the decision for a DC was made
intraoperatively after observing significant brain swell-
ing (Figure 3). Anumber of recent studies confirm that
a DC performed early in patients with severe traumatic
brain injury yields a better outcome compared to de-
layed surgical intervention or to medical therapy.>

Debridement and antibiotics

Infection control in blast-induced TBI encompasses
two aspects of management: wound debridement in
case of penetrating trauma and antibiotic prophylaxis.
All the patients with significant penetrating injuries in
our series underwent wound exploration, debridement
and removal of any accessible foreign bodies. The de-
cision with regards to removal of shrapnel, debris, or
bone fragments and the extent of resection of the injury
tract has evolved over the decades, with most recent
recommendations suggesting that aggressive removal
of all fragments is unnecessary, but removal of gross
contamination with debridement of large injury tracts is
beneficial.?"? In conformance with these suggestions, we
removed any accessible fragments, but those that were
deep seated and otherwise inaccessible were leftin place.
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Figure 3. A 3D reconstructed CT of skull showing ball bearing in right temporal region (A). Another 3D reconstructed CT skull showing
blast of pallets involving the head and face (B). Skull X-rays in anteroposterior (C) and lateral (D) views showing an intracranial nail used

in an explosive device by a suicide bomber.

All the patients in our series who had a head injury
secondary to bomb blast requiring surgical debridement
received preoperative antibiotics (cephazolin 2 g), which
were continued postoperatively for 1 week. However,
those patients with air sinus wounds and/or CSF leaks
received an additional regimen for anaerobic
(metronidazole) and gram-negative coverage
(gentamycin). The use of prophylactic antibiotics in blast-
associated penetrating brain injury is consistent with the
recommendations of several military-based studies that
report a significantly lower incidence of meningitis and
brain abscesses after routine prophylactic antibiotics.?*3?
Although the results of our series are only subject to
minimal interpretation due to the study design and lim-
ited follow-up, no brain abscesses or other central ner-
vous system infections have been reported so far in 12
of the 16 patients who had a follow-up, in spite of perma-
nently lodged cortical foreign bodies in some of them.

Seizure prophylaxis

Severe TBI has been associated with seizures that
often complicate acute trauma management and sub-
sequent rehabilitation. Although still controversial, most
centers incorporate early prophylactic treatment with
phenytoin, beginning with an IV loading dose, to de-
crease the risk of posttraumatic seizures occurring
within the first seven days.®® Prophylactic AEDs were
used in all patients for 1 week. Patients who presented
with seizures or had seizure episodes during the hos-
pital admission were continued on AEDs after discharge.
However, one patient (S1) was reported to have deve-
loped delayed seizures two months after the incident
in spite of seizure prophylaxis therapy. A review of this
patient’s initial imaging revealed extensive temporo-
parietal contusions with associated depressed skull

fractures. Perhaps, for such patients with severe TBI,
anti-epileptic drugs should be used for alonger duration.
However, further studies are needed to look at the appro-
priate dosage and duration for seizure prevention.

Morbidity

In addition to the more discernible complications
such as CSF leaks, posttraumatic seizures and wound
infections, blast-related TBI has significant neuropsy-
chological and psychiatric morbidity.2**% This coupled
with the possibility of permanent neurological disability,
has a devastating socioeconomic backlash with a last-
ing impact on the patients, their families and the society.
Military victims of blast-associated TBI are considered
a casualty of war and governments continue to provide
them economic support and rehabilitation. However,
most civilian victims of terrorist bomb blasts are left to
deal with their injuries on their own.

Most of the patients in our series recovered ade-
guately after acute management of their trauma.
However, only 12 of the 16 patients had a follow-up visit
with a mean of 7.8 months. One patient developed late
onset posttraumatic seizures and associated CSF
rhinorrhea, while another patient was reported to have
developed headaches, episodes of fainting and beha-
vioral changes. One patient who required a DC deve-
loped communicating hydrocephalus. He was ma-
naged with a VP shunt and cranioplasty (Figure 4). None
of our patients underwent neuropsychological testing
at the time of acute management or thereafter to deter-
mine psychiatric morbidity. Therefore, a spectrum of
disorders including acute stress disorders, PTSD, de-
pression and other post-concussive syndromes reported
in literature could not be assessed.
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Figure 4. Axial CT of brain showing a left temporal contusion, a traumatic SAH, effacement of basal cisterns and bone pieces in a victim
of an implanted explosive device (A). Postoperative CT scanogram of the same patient after wound debridement and a decompressive
craniectomy (B). Brain CT 4 weeks after surgery showing a communicating hydrocephalus (C). Brain CT after insertion of VP shunt and

cranioplasty (D).

This series is by no means a true reflection of the
morbidity and mortality due to terrorist bomb attacks in
Pakistan. Most of our patients were referred for spe-
cialized neurological care after they were assessed to
be salvageable at primary trauma centers. However,
there are many others brought in government-designated
trauma centers that are only considered for palliative
care due to limited resources and lack of expertise
(personal communication). Future neurotrauma proto-
cols and interventions need to target such patients in
order to make a significant contribution to humanity.

In conclusion, blast-induced TBI is historically a
casualty of war, which now sadly becomes a civilian
disease with diverse problems. Pakistan, like other re-
source-deprived countries, lacks the resources and in-
frastructure to effectively deal with these patients. Vic-
tims of suicidal and improvised bombings present with
a wide range of neurological symptoms and often re-
quire individualized care. Future prospective studies are
warranted in this group of patients to improve our un-
derstanding and thereby influence clinical outcome.
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