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Abstract
Penetrating traumatic brain injury (pTBI) affects civilian and military populations resulting in significant morbidity,
mortality, and healthcare costs. No up-to-date and evidence-based guidelines exist to assist modern medical and
surgical management of these complex injuries. A preliminary literature search revealed a need for updated guide-
lines, supported by the Brain Trauma Foundation. Methodologists experienced in TBI guidelines were recruited to
support project development alongside two cochairs and a diverse steering committee. An expert multi-disciplinary
workgroup was established and vetted to inform key clinical questions, to perform an evidence review and the
development of recommendations relevant to pTBI. The methodological approach for the project was finalized.
The development of up-to-date evidence- and consensus-based clinical care guidelines and algorithms for pTBI
will provide critical guidance to care providers in the pre-hospital and emergent, medical, and surgical settings.

Keywords: blast injury; guidelines; head trauma; penetrating brain injury; traumatic brain injury

Introduction
Penetrating (pTBI) traumatic brain injury (TBI) is a
catastrophic primary wounding mechanism encoun-
tered in military and civilian settings and is character-
ized by the violation of the skull and brain by a foreign
body. For those who survive, the constellation of cere-
bral injuries in the setting of either pTBI or blast-
related pTBI creates complex management scenarios
for pre-hospital and in-hospital healthcare providers.
Recovery and rehabilitation are often protracted and
complicated for these patients.

Civilian pTBI accounts for an estimated 20,000 deaths
in the United States each year with mortality in up to
90% of victims.1,2 The high lethality of civilian pTBI
likely relates to the predominance of missile injury, in-
cluding gunshot wounds, the absence of protective
gear, and the violent circumstances that frequently sur-
round the injury (i.e., attempted suicide, homicide, and
other close-range mechanisms). From the military per-
spective, pTBI was prevalent in recent conflicts in Iraq
and Afghanistan and most often results from a blast
mechanism. pTBI outcomes in these modern conflicts
are better than in past reports,3–10 most likely because
of more aggressive clinical care.6 Before the conflicts in
Iraq and Afghanistan, management in those who sur-
vived to reach care included limited surgical debridement
and wound closure.11 In contrast, the new military model
includes early cranial decompression and prevention of
cerebrospinal fluid leak with skull base repair, causes of
secondary brain injury are aggressively sought and miti-
gated (i.e., cerebrovascular injury), and a multi-
disciplinary approach to cranial reconstruction is used.

pTBI clinical practice guidelines were first published
in 2001 by an independent group.12 Topics addressed
included antibiotic prophylaxis, antiseizure prophy-
laxis, management of cerebrospinal fluid leaks, surgical

management, vascular complications, intracranial pres-
sure monitoring, and prognosis. The 2001 guideline
has not, however, been updated to reflect modern mil-
itary experiences nor incorporate newer evidence- and
consensus-based practices. There are no known pub-
lished pTBI treatment algorithms informing patient
management, despite the tremendous popularity of
blunt TBI management algorithms13–15 and despite
important changes to medical and surgical care over
the past two decades. In response, the Brain Trauma
Foundation (BTF) in collaboration with military and
civilian TBI experts in the field, and with funding from
the American Department of Defense (US Army Medical
Research and Acquisition Command, BA200139: The
Development of Best Practice Penetrating TBI Guide-
lines for Military and Civilian Patients) will generate
an updated, evidence- and consensus-based pTBI clin-
ical practice guideline and new care algorithms. The
BTF has published numerous clinical practice guide-
lines for TBI care over the past quarter century16,17

and is undertaking this update with permission from
the original pTBI guideline authors.

Methods
Key definitions
For this work, pTBI will be defined as a head injury
with violation of, at minimum, the skull and likely
dura and brain by a foreign body (Table 1). Linear
non-displaced skull fractures alone, which result from
a relevant wounding mechanism, will not be included.
pTBI encompasses penetrating, tangential, and perfo-
rating injuries. pTBI has previously been subclassi-
fied as high-velocity missile, low-velocity missile, and
non-missile injuries. However, because of the practical
difficulty distinguishing high- and low-velocity missile
injuries clinically, we will instead subclassify pTBI
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mechanistically as: 1) missile injuries (e.g., gunshot
wounds); 2) blast fragment injuries (i.e., type II blast
injury—blast overpressure plus fragment injury); and
3) low-velocity injuries (e.g., knives). Our working
group ratified the latter classification scheme with a
blinded consensus vote.

Development of an expert workgroup
BTF leadership, alongside civilian and military clinicians
with topical expertise in pTBI, comprise the pTBI Expert
Workgroup. The workgroup and its efforts are led by
two cochairs with guidance and governance provided
by a core multi-disciplinary steering committee. Work-
group members were selected for diversity among disci-
plinary expertise relevant to the management of TBI,
scientific expertise, and demographic and geographical
representation. Represented medical disciplines include
neurosurgery, plastic surgery, neurology, general/trauma
surgery, orthopedic surgery, ENT (ear, nose, and throat)
surgery as well as emergency medicine, physical medi-
cine, pediatrics, pre-hospital care, and rehabilitation.
A military medic and a patient (service member recov-
ered from a pTBI) are included. Sex and ethnic diversity
was also specifically sought.

Systematic review
Topic identification and refinement. Workgroup
members were divided into three areas of clinical
focus: pre-hospital and emergent management; surgical
management; and medical management, led by A.L.B.,
B.A., and J.G., respectively. Each workgroup will up-
date the topics included in the 2001 guidelines and
will develop clinically relevant key questions as well

as inclusion and exclusion criteria using the Popula-
tion, Interventions, Comparators, Outcomes, Timing,
Setting and Study design (PICOTS) framework. The
present effort will endeavor to only inform aspects
of care in which pTBI care would be distinct from, or
otherwise insufficiently informed by, the ‘‘umbrella’’
recommendations found in the fourth edition of the
Severe Traumatic Brain Injury Guidelines, which
largely focus on blunt head injury.

Generated recommendations aim to be relevant to
all patients with pTBI. However, evidence supporting
distinct recommendations for key patient subgroups
will be reported and may include differentiation by
wounding mechanism (missile, blast fragment, or low-
velocity injuries), military versus civilian victims, and
adult versus pediatric victims.

Literature search. We will search Ovid MEDLINE,
EMBASE, and Cochrane CENTRAL without date limits.
The search strategy will be developed and executed by a
specialized medical research librarian with experience in
systematic reviews with peer review by a second librarian.

Study selection. Review of abstracts and full-text
articles will be informed by pre-specified PICOTS
and corresponding inclusion and exclusion criteria.
All abstracts identified by the literature search will be
assessed by one reviewer and excluded abstracts con-
firmed by a second reviewer. Independent, dual review
of the full text of any potentially relevant article identi-
fied at abstract level will be conducted. Disagreements
will be resolved by consensus or with the addition of
a third reviewer. Included and excluded articles, and
reasons for exclusion, at the full-text level will be pro-
vided to the Guideline Panel for review and will be
included as an appendix in the full Evidence report.

Studies meeting inclusion criteria will be in children,
adolescents, and/or adults with traumatic injuries that
violate the skull and that provide evidence for a key
question. Included outcomes of intervention studies
consist of mortality, morbidity, function, and selected
intermediate outcomes (Table 2). We will not exclude
studies based on sample size, location of study, or base-
line Glasgow Coma Scale score.

Data abstraction and risk of bias assessment. We will
abstract data from all studies that include population
characteristics (e.g., age, sex, wounding mechanism, and
military/civilian status), intervention and comparator
characteristics (e.g., methods of resuscitation, prophylac-
tic drug and dose, and type of surgery performed),

Table 1. Key Definitions

� Penetrating traumatic brain injury (pTBI): a head injury with
violation of, at minimum, the skull and likely dura and brain by a
foreign body. Linear non-displaced skull fractures alone will NOT be
included.

� pTBI encompasses penetrating, tangential, and perforating injuries as
follows:
B Penetrating: a foreign object penetrates skull and dura and

remains within the skull. This wounding mechanism lacks an exit
wound.

B Tangential: a foreign object glances off the skull, which often
drives skull fracture fragments into the brain.

B Perforating: a ‘‘through-and through’’ injury, characterized by entry
and exit wounds.
Of these three, perforating brain injuries are associated with a
worse outcome.

� pTBI will be subclassified as:
B Missile injuries (such as gunshot wounds)
B Blast fragment injuries (such as type II blast injury—blast

overpressure plus fragment injury)
B Low-velocity injuries (such as knives)
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numbers enrolled and analyzed, relevant outcomes (i.e.,
mortality, neurological function, selected morbidities,
and cost), and funding source.

All included studies will be assessed for risk of bias
using criteria specific for the type of study design.
Randomized trials will be assessed for risk of bias
based on the randomization process, method for alloca-
tion concealment, similarity of baseline characteristics,
blinding, missing data overall and differences between
groups, whether intent-to-treat analysis was used, and
possible reporting bias. Assessment of non-randomized
studies with a comparison group will include selection of
participants, whether differences in prognostic factors
between groups were present, missing data, pre-
specification of outcomes, whether ascertainment of
outcomes was unbiased, and adjustment for potential
confounding. Assessment of single-group trials will in-
clude selection of participants, pre-specification of out-
comes, whether ascertainment of outcomes was

unbiased, and assessment of missing data. Case series
and case reports are studies with high risk of bias and
will not be individually assessed. Study risk of bias will
be assessed by two independent reviewers.

Data synthesis and quality of the body of evidence. When
there is more than one study of an intervention, data will
be synthesized quantitatively if a meta-analysis is appro-
priate (i.e., when studies are clinically homogeneous
enough to provide meaningful combined estimates).
When statistical heterogeneity is present in a pooled
analysis, we will explore the reasons for this using
stratified analysis and sensitivity analysis, as appro-
priate. We will also consider the potential effects of
various participant subgroups (e.g., based on demo-
graphic characteristics, severity of injury, and injury
mechanism) on intervention effects. When data can-
not be pooled, we will provide a qualitative summary
and analysis of findings.

Table 2. Inclusion/Exclusion Criteria for Source Literature

PICOTS Inclusion Exclusion

Populations All ages
Penetrating brain injury including blast, tangential, and perforating injury

from missiles, blast fragments, or low velocity
� All baseline GCS levels
� Mixed types of brain injury with at least 85% penetrating if results not

reported individually

� Non-human studies
� Injury limited to linear, non-displaced

skull fracture or isolated face/neck injuries
� Mixed types of brain injury and results not

presented by injury type or <85%
penetrating injury

Interventions Pre-hospital, prolonged field care, transport, ED, and trauma center
evaluation:

� Initial resuscitation and prevention/mitigation of secondary injury
� On-scene wound management
� Cervical spine immobilization

Surgical management:
� Prevention and treatment of cerebrospinal fluid leaks
� Vascular injuries
� Foreign body removal and prerequisites
� Cranial decompression

Medical management:
� Intracranial pressure monitoring (if distinct from fourth edition)
� Intracranial pressure treatment (hyperosmolar therapy, lumbar drainage,

CPP management including BP thresholds, ventilation therapies)
� Seizure prophylaxis
� Antibiotic prophylaxis
� DVT prophylaxis
� Chemoprophylaxis for stroke prevention

Comparators Placebo, no intervention, active control, waitlist control, delayed treatment,
head-to-head studies

None

Outcomes � Mortality
� Neurological function
� Selected morbidity
� Cost

� Satisfaction
� Quality of life
� Sleep

Timing Outcomes up to 1 year post-injury Outcomes >1 year post-injury
Setting Pre-hospital, trauma center, medical, surgical setting in all countries.

Battlefield and mass causality as well as civilian
� Rehabilitation setting

Study designs � All experimental study designs, observational studies including case series
and case report

� Epidemiological studies for salvageability
� Current, well-conducted systematic reviews (may also use systematic

reviews to identify studies searches may have missed)

� Abstracts, comments letters
� Non-English language
� Narrative reviews
� Systematic reviews not meeting inclusion

criteria

BP, blood pressure; CPP, cerebral perfusion pressure; DVT, deep vein thrombosis; GCS, Glasgow Coma Scale.
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We will assess the quality of the body of evidence
by outcome using the GRADE (Grading of Recommenda-
tions Assessment, Development and Evaluation) approach
with the following criteria: risk of bias of included studies,
consistency of effect, precision of the estimate, directness
of the evidence, and potential publication bias.9 The qual-
ity of the body of evidence will be rated high, moderate,
low, and very low. As an example, the highest-quality ev-
idence (rated high) would come from multiple, well-
conducted randomized trials with consistent findings, a
precise pooled estimate of effect of the intervention on
an included outcome, and be absent other bias. The
lowest-quality evidence (rated very low) would come
from expert opinion in the absence of any study data.
We will generate a summary of findings table that includes
ratings for quality of the body of evidence.

Development of recommendations. The develop-
ment of recommendations is the next step after the
evidence has been identified and synthesized and
rated for risk of bias. Evidence-based recommenda-
tions are based on the quality of the body of evidence,
applicability, and generalizability. For topics where
there is little or no research, recommendations may be
developed using rigorous Delphi consensus methodology.

Recommendations will be assigned a level based on
the quality of the body of evidence. We will recognize
five levels of recommendation based on the quality of
the body of evidence:

� Level I recommendations are based on high qual-
ity of the body of evidence.

� Level II recommendations are based on moderate
quality of the body of evidence.
� Level III recommendations are based on low qual-

ity of the body of evidence.
� Level IV recommendations are based on very low

quality of the body of evidence.
� Level C: recommendations based on consensus

in the absence of research evidence.

Delphi process for consensus
Blinded consensus voting will be conducted to establish
consensus for key aspects of the project. This will be
particularly important for consensus-based algorithm
development. A vote of 80% will be required to declare
consensus as having been achieved where at least 80%
of the panel participates in the vote. This is the same
threshold used for consensus in the recent Seattle Inter-
national Severe Traumatic Brain Injury Consensus Con-
ference (SIBICC) effort.14,18 A week-long in-person
meeting will be held 18 months into the 2-year project
to finalize the recommendations and algorithm. A private
company will facilitate electronic, blinded voting at this
meeting to enable the Delphi methodology.

Discussion
Benefit from guideline and treatment algorithms
Clinical practice guidelines evaluate and consolidate
available literature into evidence-based recommenda-
tions designed to inform best care. Guidelines for the
management of TBI created by the BTF were the first sur-
gical clinical practice guidelines published,16 and their
implementation has been credited with an *50% reduc-
tion in mortality.19,20 Because of their demonstrated ben-
efit, compliance with the BTF guidelines is mandated
for U.S. trauma centers to maintain trauma accreditation.

Because of the success of the BTF guidelines and their
demonstrated benefit, multiple editions of the BTF adult
guidelines have been published,15,16,21,22 and TBI guide-
lines have been developed for numerous additional topics,
including pediatrics,23 combat, pre-hospital care,24 and
prognosis.25 The BTF’s infrastructure has been key for
disseminating and updating these important documents,
with the most recent fourth edition TBI guidelines largely
addressing closed head injury published in 2017.22

Algorithms for care bridge published evidence and
its gaps with the realities of practice. Such care path-
ways were included with the first and second editions
of the BTF adult guidelines, and they were the most
popular aspect of these documents. These algorithms
are inherently and necessarily consensus based, and

Table 3. Proposed Topics for pTBI Evidence-
Based Guidelines

� Overview: definitions, scope, and methodology

Pre-hospital
� Pre-hospital/emergent and prolonged field care, transport, and

initial evaluation
� Prognosis and outcome predictiona

� Antibiotic prophylaxis: indications and agents
� Invasive and non-invasive neuroimaging: role, timing, and

techniques

Surgical
� Indications, timing, and techniques for surgical management
� Vascular injuries: screening and managementa

� Prerequisites for foreign body removala

� Cerebrospinal fluid leaks: prevention, diagnosis, and management

Critical care
� Delayed vascular complications: screening and management

including chemoprophylaxis for stroke preventiona

� Seizure prophylaxis: indications and agents
� Intracranial pressure monitoring

aDenotes a new topic NOT previously included in published guidelines.12

pTBI, penetrating traumatic brain injury.

Hawryluk et al.; Neurotrauma Reports 2022, 3.1
http://online.liebertpub.com/doi/10.1089/neur.2022.0008

244



their construction requires methodologies distinct
from those for developing evidence-based clinical prac-
tice guidelines. To address the gap between evidence-
based recommendations and patient care for severe
blunt TBI patients, the SIBICC was recently convened,
which led to two well-received and high-impact publi-
cations.13–16,26 In contrast, no such algorithms for
the management of penetrating and blast-penetrating
TBI have ever been published.

Penetrating traumatic brain injury guidelines
Guidelines for the management of pTBI were last pub-
lished in the Journal of Trauma more than two decades
ago12,27–33 and, of course, do not reflect important sub-
sequent advances in the literature and clinical stan-
dards of care (see Literature Search below).34 The
combination of outdated pTBI guidelines and non-
existent treatment algorithms may negatively impact
morbidity and mortality because of the lack of consol-
idated clinician guidance on best practices for the med-
ical and surgical care of pTBI. Because BTF did not lead
the 2001 guideline, the organization sought permission
to update the pTBI guidelines from the leadership of
the original effort and this was granted.

New penetrating traumatic brain injury literature
To estimate the volume of new studies to be screened and
assist resource planning, a preliminary literature search
was conducted (on April 8, 2020), using PubMed
(https://www.ncbi.nlm.nih.gov/pubmed) and the basic
search term ‘‘penetrating brain injury.’’ A total of 968
references were identified when limiting the search cri-
teria to publication dates between January 1, 1933 and
December 31, 2001. This search time frame includes the
references that formed the foundation of the existing and
outdated pTBI guidelines referenced above and specifi-
cally includes all periods of armed conflict from World
War II to 2001. When using the same search term and
limiting publication dates from January 1, 2002 to the
present, 2413 candidate references were identified.
This suggests that the overwhelming majority of the
existing information on pTBI has been published after
the last guidelines were generated in 2001 and, in large
part, reflect the experiences and care provided during
the conflicts in Iraq and Afghanistan. This affirms the
strong need for updated pTBI guidelines.

Contrasting civilian and military experiences
Although pTBI is problematic in both civilian and mil-
itary populations, military neurosurgeons garner more

experience managing these patients than most civilian
neurosurgeons. Consequently, the military experience
has led to important paradigm shifts in pTBI manage-
ment over time. Such an important early advance for
pTBI came from the Vietnam War. In the early days
of the Vietnam War, neurosurgeons performed aggres-
sive debridement of intracranial foreign bodies in an
effort to prevent infection.35–38 A paradigm shift ema-
nated from this conflict because it was judged that the
neurological damage resulting from this aggressive
debridement did more harm than good. As a result, to
this day neurosurgeons typically leave inaccessible frag-
ments behind at the time of an initial craniotomy,
retrieving them later only if they should become infected.

The most recent conflicts in the Middle East have
seen the longest period of sustained conflict in Ameri-
ca’s history. A return to more aggressive surgical and
clinical approaches have seen outcomes in service mem-
bers improve, beyond those typical of civilians despite
more severe wounding mechanisms.39 The modern
military paradigm involves early cranial decompres-
sion, prevention of cerebrospinal fluid leak with skull
base repair, and aggressive efforts to mitigate secondary
insults. One important study supporting this new
approach involved wounded American soldiers from
2003 to 2008.4 Of the 408 head injuries studied, 228
were penetrating, with >80% resulting from primary
and secondary blast injury. Of those who survived
their initial trauma, field resuscitation, and transport
to Walter Reed National Military Medical Center for
definitive care, 154 received emergent decompressive cra-
niectomy. A remarkably high proportion of these per-
sons survived with good clinical outcomes.4 Increased
attention to neurovascular injuries and vasospasms rela-
ted to blast exposure has also been central to this new
paradigm.39–41 These advances in military pTBI care
are the central impetus for updating the pTBI guidelines.

Blast as a factor complicating penetrating
brain injury
The recent conflicts in Iraq and Afghanistan have cre-
ated renewed interest in blast as a mechanism of TBI.
The Centers for Disease Control and Prevention
(CDC) has defined blast injuries as ‘‘.characterized
by the anatomic or physiologic changes from the direct
or reflective over-pressurization force impacting the
body’s surface.’’42 Blast injuries are subdivided into
four submechanisms: impact of body surfaces with
the overpressure wave (primary blast injury); penetrat-
ing injury resulting from fragments propelled by blast
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(secondary blast injury); results of persons propelled or
thrown by the blast wind (tertiary blast injury); and all
explosion-related injuries (e.g., burns, crush injury, and
quaternary blast injury). Given the importance of blast
injury accompanying pTBI in the military, we have
decided to include an analysis of such patients in this
project. Given the risk of vasospasm inherent to
blast-related pTBI, this patient subgroup mandates
consideration of distinct management.35

Conclusion
A methodologically rigorous BTF effort, funded by the
U.S. Department of Defense, is underway to update
2001 recommendations for the clinical care of pTBI.
The vetted, multi-disciplinary workgroup will also
develop the first treatment algorithms for pTBI to
bridge gaps in published evidence with the practical-
ities of patient care.17 Future work will strategize and
examine dissemination and implementation of the
finalized guideline and algorithm to assess impact.
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