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Traumatic Brain Injury (TBI) remains a significant global health concernwith significant impact onmorbidity and
mortality. This narrative review explores adjunctive pharmacologic agents to be employed by emergency med-
icine clinicians during Advanced Trauma Life Support (ATLS) in patients presenting with a TBI. Pharmacologic
agents are commonly employed for the management of rapid sequence intubation and post-intubation
analgosedation, hemodynamics, intracranial pressure, coagulopathy, seizure prophylaxis, and infection. This nar-
rative review discusses current evidence and controversies to optimize adjunct pharmacotherapies during the
acute management of TBI within the emergency department.
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1. Introduction

Traumatic Brain Injury (TBI) remains a significant global health con-
cern with more than 200,000 related hospitalizations and approxi-
mately 70,000 deaths annually [1]. To mitigate further brain injury,
several adjunctive pharmacologic agents may be employed by emer-
gencymedicine clinicians during initial presentation. Current guidelines
for the management of severe TBI, published in 2016, give general rec-
ommendations on select pharmacotherapy adjuncts during Advanced
Trauma Life Support (ATLS)which offers a systemic approach to the im-
mediate management of the injured trauma patient [2]. This narrative
reviewwill explore current evidence and considerations for select phar-
macotherapy adjuncts during ATLS for patients presenting with TBI to
the Emergency Department (ED).

2. Rapid sequence intubation and post-intubation management

Patients presenting with moderate to severe TBI may require
rapid sequence intubation (RSI) for airway protection. Careful
consideration must be placed on safely securing the airway while
minimizing increases in intracranial pressure (ICP), preventing hy-
potension, and allowing for post-intubation neurological assess-
ments. The selection of pre-medication, induction, and paralytic
agents is essential to promote optimal intubation conditions while
minimizing adverse effects [3,4]. In general, agents should be se-
lected by balancing patient-specific factors and optimizing pharma-
cokinetic properties. Appropriate dosing based on body weight can
improve both the efficacy and safety of pharmacologic agents
employed [5].

Pre-medications including lidocaine, fentanyl, and remifentanil
have been explored to minimize increased sympathetic stimulation in-
herent to the process of intubation resulting in increased ICP. The ben-
efits of utilizing a premedication should be weighed against potential
adverse effects and time required to elicit benefit [6]. Evidence evalu-
ating lidocaine's ability to blunt the sympathetic stimulation associated
with RSI has been conflicting [7-9]. Given the potential lack of efficacy
in conjunction with risk of adverse effects including hypotension and
arrythmias and resultant delays in intubation, lidocaine is not rou-
tinely recommended as a pre-treatment for RSI [5,6]. In contrast, stud-
ies have consistently demonstrated that fentanyl and remifentanil
effectively attenuate increases in ICP. Based on the limited evidence
available in the setting of RSI, a 2–3 μg/kg intravenous (IV) dose of
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fentanyl can be considered in patients with concern for elevated ICP
[5,10-12].

The optimal induction agent for RSI should minimize hemody-
namic effects to mitigate a decline in mean arterial pressure (MAP)
and a subsequent decrease in cerebral perfusion pressure (CPP).
Etomidate has readily been employed as an induction agent due to
its minimal impact on hemodynamics and has demonstrated cerebral
protective properties ideal in the setting of TBI [13]. Ketamine is an-
other commonly utilized induction agent with many advantageous
properties including analgesic, dissociative and sympathomimetic ef-
fects [14]. The use of ketamine for RSI in TBI has been debated for
many years based on early studies in the 1970s reporting harm with
its use [15,16]. More contemporary data has demonstrated that keta-
mine does not increase adverse outcomes in patients with TBI and
the use of ketamine is no longer contraindicated for use in head
trauma [17,18]. Lastly, propofol is frequently considered as an induc-
tion agent due to its relatively rapid onset and offset of action, as
well as its common employment in post-intubation sedation. Although
not specific to TBI, retrospective data has demonstrated no difference
in the hemodynamic effects of etomidate, ketamine, or propofol in
trauma patients [19]. Future studies are needed to evaluate the true ef-
fect of induction agent selection on clinically significant outcomes sur-
rounding hemodynamics, cerebral perfusion, and neurologic recovery
in this patient population.

Commonly employed neuromuscular blocking agents (NMBA) for
RSI include the depolarizing NMBA, succinylcholine, and non-
depolarizing NMBAs rocuronium and vecuronium. Succinylcholine's
short duration of 5–10 min is a desirable pharmacokinetic advantage
in patients requiring timely neurologic assessment to help guide further
care but has been weighed against a proposed risk of increasing ICP
[20,21]. Evidence evaluating the clinical significance of succinylcholine
on ICP has been of low quality and has shown mixed results
[20,22-26]. Alternative agents include rocuronium and vecuronium,
bothwith longer durations of action ranging from 20 to 80min depend-
ing on agent and dose [21]. The availability of sugammadex, a modified
γ-cyclodextrin that selectively and rapidly reverses rocuronium and
vecuronium, has been cited to address the primary disadvantage of
these NMBAs [27]. Sugammadex is typically dosed at 2–4 mg/kg based
on the level of paralysis assessed by twitches following train-of-four
stimulation. Unless promptly reversed, rocuronium and vecuronium re-
quire timely initiation of sedation to prevent awareness during paralysis
[28]. Given the lack of high-quality trials, there is currently insufficient
evidence to routinely recommend a preferred neuromuscular blocking
agent in the setting of TBI [3].

Following intubation, appropriate sedation should be initiated to
minimize any chance of the patient remaining paralyzed while con-
scious or self-extubating [29]. Propofol is a continuous infusion agent
that has long been employed as a first-line option for post-intubation
sedation due favorable properties including a short half-life allowing
for rapid titration and quick offset, ability to achieve deep sedation
when appropriate, and capacity to decrease ICP [30,31]. Midazolam
provides a longer duration of activity compared to propofol and also
has the ability to achieve amnesia and deep sedation at higher doses
[32]. Both agents demonstrate anti-epileptic properties and may be
useful in patients displaying post-traumatic seizure activity [30].
Dexmedetomidine possesses amnestic effects but does not provide
deep sedation or anti-epileptic properties. It is important to note
dexmedetomidine alone should not be utilized in patients who may
still be pharmacologically paralyzed [33].

In conjunctionwith adequate sedation, clinicians should provide ap-
propriate analgesia for patients experiencing TBI. IV push doses of opi-
oids such as hydromorphone, fentanyl, or morphine afford a rapid
onset for pain control over short periods. Fentanyl offers pharmacoki-
netic advantages of a quicker onset and shorter half-life compared to
hydromorphone and morphine to optimize neurological assessments
[34]. In patients requiring intubation, continuous opioid infusions
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should be strongly considered during the initial and optimization
stage of patient assessment for adequate analgosedation [29].

3. Hemodynamic management

Themanagement of blood pressure (BP) in patientswith TBI is a del-
icate balance between maintaining CPP and preventing hematoma ex-
pansion. Both extremes in BP complicate care for these patients.
Under normal circumstances, a drop in systolic blood pressure (SBP)
will result in autoregulation compensation leading to vasodilation to
maintain adequate cerebral perfusion, resulting in increased cerebral
blood volume, and increased ICP. In the injured brain, cerebral autoreg-
ulation may not remain intact. In these cases, cerebral perfusion is de-
pendent on SBP to prevent cerebral ischemia [35]. Hypotension in
severe TBI, commonly defined as a SBP <90mmHg, has been associated
with increased mortality and poor functional outcome [36,37]. The re-
sultant hypoperfusion caused by hypotension has also been associated
with coagulopathy secondary to tissue factor release [38]. Concomitant
polytrauma may also pose challenges to managing BP in TBI as damage
control resuscitation is typically employed in early trauma resuscitation.
However, given the significant impact that hypotension has on out-
comes in severe TBI, guidelines recommend maintaining SBP at or
above 100–110 mmHg depending on the age of the patient [2].

Resuscitation of the hypotensive TBI patient, much like other trauma
patients, begins with fluid resuscitation. Fluid resuscitation in patients
presenting with a TBI involves restoration and/or maintenance of intra-
vascular volume to limit both hypo- and hypervolemia to improve cere-
bral blood flow (CBF), limit cerebral hypoxia and ischemia, and prevent
dangerous elevations in ICP [39]. Hypovolemia and associated hypoten-
sion are associated with increased mortality and poor outcomes for pa-
tients with TBI [36,40]. At present, there is controversy regarding the
optimal administration of IV fluid for patients with TBI.

In the pre-hospital and acute setting, hypotonic fluids such lactated
ringers (LR) are often less desirable due to a potential increase in cere-
bral edema. Several studies have compared the administration of 0.9 %
sodium chloride (NS), lactated ringer's (LR), and hypertonic solutions.
In one study comparing LR to 7.5 % sodium chloride (HTS), there was
no difference in 6-month mortality, survival to discharge, or favorable
neurological outcomes at 6 months [41]. Similar results were seen in
two studies conducted by Vassar et al. comparing 7.5 % HTS with LR
and HTS with NS, though the latter study was underpowered [42,43].
In an observational study evaluating the pre-hospital use of LR com-
pared to NS, investigators found LR was associated with increased
mortality compared with NS in patients with TBI, warranting the need
for prospective randomized trials in this patient population [44].
Additionally, a meta-analysis reviewing twelve pertinent studies of
pre-hospital fluid administration in patients with TBI did not find any
statistically significant difference in mortality between fluid types [45].

In terms of maintenance fluids and volume status in the post-
resuscitative phase of patients with brain injury, the Neurocritical
Care Society (NCS) and American Heart Association/American Stroke
Association recommend usual maintenance fluid (30 ml/kg/day) and
maintaining euvolemia, though the Brain Trauma Foundation (BTF)
has no concrete stance or explicit recommendations for this in TBI pa-
tients [39]. The lack of clear guidance on fluid management in the TBI
population highlights the complicated nature of brain pathophysiology
after injury. Changes in the blood-brain barrier (BBB), alterations in
neuroendocrine function, endothelial damage, and extracranial injuries
can all affect fluid status and CBF. Maintaining appropriate fluid status
and avoiding hypotension appears to be best practice to decrease mor-
tality and improve outcomes [2].

If fluid and/or blood product resuscitation does not attain hemody-
namic targets, vasoactive agents may be utilized to achieve these
goals. While there is no evidence to suggest a single agent is preferred,
a study evaluating the use of vasopressors in TBI demonstrated the
most utilized agents include norepinephrine, phenylephrine, and
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vasopressin [46]. Notably, in this study, the use of any vasopressor was
associated with an increased in-hospital mortality and the addition of
each additional vasoactive agent demonstrated a stepwise increase in
in hospital mortality. Patients who required vasopressors were at
baseline determined to have amore severe TBI and overall higher injury
burden.

In contrast, many patients with TBI may present hypertensive. The
safety and efficacy of acutely and rapidly reducing blood pressure in a
hypertensive patient with TBI is less established [47,48]. Hypertension
in TBI is caused by the activation of catecholamine release pathways
via regional brain injury, resulting in elevated ICP and activation of neu-
roendocrine pathways. The impact of hypertension is complex andmul-
tifactorial, involving blood pressure, cerebral edema, ICP, and cerebral
autoregulation [49]. In a study examining the correlationbetween initial
ED SBP and outcomes for patients with moderate to severe blunt TBI
found amortality rate of 21 % when SBP was <120mmHg, 9 % between
120 mmHg and 140 mmHg, and 19 % with SBP was ≥140 mmHg [50].
Other studies have also demonstrated a U-shaped correlation between
mortality and admission hypotension (SBP <90 mmHg) or hyperten-
sion (>140–160 mmHg depending on study definitions) [51-54].

Treatment of severe hypertension in patients with TBI may be rea-
sonable on a case-by-case patient basis. No consensus exists regarding
the optimal pharmacologic strategy for treating hypertension in TBI.
However, similar to sICH, blood pressure variability in the setting of
TBI has been associated with poor outcomes [51,55]. Nicardipine ad-
ministered as a continuous infusion is an attractive option due to its
rapid onset and short duration of action allowing for easy titration. Al-
though not evaluated exclusively in the TBI patient population,
nicardipine has been shown to achieve quicker BP goal attainment,
less variability, and less need for rescue therapy compared to a bolus
regimen of labetalol or hydralazine [56-58]. Clevidipine is an alternative
continuous infusion agent with a shorter duration of action than
nicardipine, offering the advantage of amore rapid titration.Nicardipine
and clevidipine have demonstrated similar clinical outcomes including
time to blood pressure control, percentage of time in goal, and need
for additional antihypertensive agents although data is sparce within
the TBI patient population [59]. Lastly, the use of venous vasodilators
such as nitroprusside and nitroglycerin should be avoided due to unop-
posed vasodilation and the possibility of increasing ICP [60,61].

Currently, there are no guideline recommendations on the preven-
tion or treatment of arterial hypertension after severe TBI. Further stud-
ies are needed to determine an optimal target for hypertensive TBI
patients. In addition, a strategy focused on maintenance of CPP as an
endpoint may be a more important variable in early hemodynamic
management.

4. Hyperosmolar therapies

Traumatic brain injuries, both the initial insult after a TBI and the
subsequent secondary injury, can result in cerebral edema contributing
to elevations in ICP. The underlying etiology is currently thought to be
secondary to a complex interplay of multiple processes, including both
vasogenic and cytotoxic edema [62]. To combat this edema,
hyperosmolar therapies may be considered to mobilize this fluid out
of the skull cavity by optimizing intravascular osmolality, thereby gen-
erating an osmotic gradient within the systemic circulation [63].

Currently, the most utilized osmotic agents in clinical practice are
hypertonic (>0.9 %) saline (HTS) and mannitol solutions. The concept
behind the utilization of these two agents is founded on the premise
both sodium and mannitol molecules are relatively impermeable to a
physiologically intact BBB, thereby establishing an osmotic gradient fol-
lowing administration [64]. In the emergent setting, both agents, in-
cluding up to 23.4 % HTS, have demonstrated safety and efficacy when
administered as intermittent IV boluses via peripheral access to rapidly
establish an elevated osmotic gradient if central access is unavailable
[65,66]. HTS and mannitol are available in a variety of concentrations
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with the most common being 3 % and 23.4 % for HTS and 20 % for man-
nitol [67,68]. The dosing of these agents has varied in clinical studies
with 3 % HTS recommended to be administered at a dose of 2–5 ml/kg
over 5–20 min and 23.4 % is recommended to be administered as
0.5–0.6 ml/kg (maximum of 30 ml) over 10–20 min [66,69]. Mannitol
is recommended to be administered at a dose of 0.25–1 g/kg over
5–15min [66,69,70]. Both of these agents can be readministered as nec-
essary to achieve a targeted reduction in intracranial pressure. Although
multiple adverse effects of these agents have been reported with re-
peated administrations over time, acutely it is important to monitor
for IV extravasation, elevations in sodium and osmolality, and electro-
lyte imbalances. In the acute setting an upper limit of serum sodium
from 155 to 160 mEq/L and a serum chloride of 110–115 mEq/L have
been suggested as reasonable targets to reduce the incidence of side
effects [67].

While multiple guidelines endorse the use of hyperosmolar therapy
for the reduction of ICP, it is important to note the quality of evidence
remains low due to heterogenous patient populations, low sample
size, and inconsistent study designs. Although studies have reported a
safe and effective reduction in ICP, hyperosmolar therapy has not been
shown to improve clinical outcomes includingmortality and neurologic
function [66,69,70]. In addition, two meta-analyses have been con-
ducted evaluating the supporting literature behind HTS and mannitol
to assess if differences exist between the efficacy of these agents, with
neither identifying any differences in clinical outcomes. Guidelines for
the acute treatment of cerebral edema put forth by NCS recommend
the use of HTS over mannitol for the initial treatment of elevated ICP
or cerebral edema in patients with TBI [66]. The underpinnings of this
recommendation may lie in the potential advantages of HTS noted in
some trials of a faster onset of action and amore substantial and durable
reduction in ICP [71]. However, it is important to highlight that the eti-
ology of cerebral edema in this setting is due to a variety of mechanisms
involved in cell volume regulation, and it is a gross oversimplification to
view this as purely an osmolarity problem [72,73]. The NCS Guidelines
echo this concept by stating neither agent should be used with the an-
ticipation of improving neurological outcomes [66].

Hyperosmolar therapies are not without specific risk
Hyperosmolar therapy has been associated with the development of
acute kidney injury. Guidelines suggest avoiding HTS in patients with
concomitant hypernatremia and hyperchloremia. Mannitol clearance
can be reduced in patientswith pre-existing renal disease and serumos-
molality or osmolar gap should be monitored to minimize adverse kid-
ney effects. Lastly, in patients with extracranial traumatic injuries and a
risk of hemorrhage, there is a theoretical concern that mannitol may
worsen hypovolemia due to its diuretic effect. Further studies are
needed to further establish whether this has clinically significant
consequences.

5. Management of coagulopathy

Trauma induced coagulopathy is a complex process involvingmulti-
ple factors preventing hemostasis [74]. One of the proposed mecha-
nisms aiding in the management of the bleeding trauma patient is
addressing fibrinolysis. Tranexamic acid (TXA) is an antifibrinolytic
agent inhibiting the breakdown of fibrin clots and has been evaluated
for its role in themanagement of trauma induced coagulopathy. Studies
conducted in both civilian and military trauma patients have demon-
strated a mortality benefit with administration of TXA within 3 h of in-
jury [75,76]. Based on the results of these trials, TXA has been widely
accepted as a part of routine care in trauma, but limited data is available
to assess the applicability of this therapy to patients with isolated head
trauma. It is proposed that increased concentrations of fibrinogen deg-
radation products in the setting of TBI serve as a predictor of worsening
hematoma expansion [77]. In a meta-analysis evaluating the use of TXA
in TBI, there was a mortality benefit demonstrated but limited informa-
tion on adverse events or impact on disability prompted the need for
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further studies [78]. In the largest clinical trial to date, CRASH 3 investi-
gators conducted an international, multi-center, randomized placebo-
controlled trial examining the effects of TXA on death and disability in
patients with TBI with 3 h of injury [79]. Similar to CRASH 2, TXA was
administered as 1 g over 10min followed by 1 g over 8 h. Overall, inves-
tigators found no difference in the primary study outcome of head in-
jury death within 28 days. However, there was a reduction in head
injury-related death in patients with a mild-to-moderate head injury
(GCS 9–15) who received TXA. No difference was seen in thromboem-
bolic or other adverse events. In a subsequent study published evaluat-
ing the use of pre-hospital TXA in patients with moderate to severe TBI
(GCS 3–12), no difference was seen in 6-month neurologic outcome.
Based on the available data, there is insufficient evidence to support
the routine administration of TXA in isolated TBI [80].

Another important aspect of bleeding that can be addressed is the
recent use of an anticoagulant. Patients presenting with concern for
TBI in the setting of recent anticoagulant use warrant an immediate
evaluation to determine if reversal is appropriate. Reversal of an anti-
coagulant involves careful consideration between the risks of bleeding
in the setting of coagulopathy from anticoagulation, thrombosis due to
the underlying condition requiring anticoagulation, and thrombosis
due to the reversal agent itself. Current guidelines recommend it is
best practice to reverse anticoagulants in patients with clinically sig-
nificant bleeds defined as causing hemodynamic instability, a decrease
in hemoglobin >2 g/dL, requirement of ≥2 units of red blood cells, or
occurring in a critical site such as the brain [81-83]. Additionally, re-
versal should be considered when urgent or emergent surgery is re-
quired. Clinicians must take into consideration the anticoagulant's
time of ingestion, half-life, metabolism, and, when available, the
patient's degree of coagulopathy via agent-specific laboratory
monitoring [81].

When reversal of anticoagulation is deemed appropriate, clinicians
should utilize an evidence-based approach when selecting both the re-
versal agent and dose. Emergent reversal of vitamin K-dependent oral
anticoagulants (e.g., warfarin) with an International Normalized Ratio
(INR) ≥1.4 should be completed with prothrombin complex concen-
trate (PCC), preferably four-factor PCC if available, in conjunction
with IV phytonadione [81-86]. Although the FDA approved dosing of
PCC for warfarin reversal is based on both INR and weight, lower qual-
ity of evidence has demonstrated lower fixed doses may be as effec-
tive, more timely, and less costly [87-90]. If PCC is unavailable, fresh
frozen plasma (FFP) dosed at 10–15 ml/kg can be utilized but is less
effective at reversing warfarin and may exacerbate pre-existing cere-
bral edema [83]. In all cases, an INR should be repeated 30 min
after completion of product administration to guide further dosing
[89,90].

In patients presenting with a clinically significant bleed on direct
oral anticoagulants (DOAC), apixaban or rivaroxaban, andexanet alfa is
recommended by current guidelines for reversal [81,82,91]. If
andexanet alfa is not available or if a patient was receiving edoxaban,
PCC should be utilized. Although guidelines recommend a weight-
based dose of PCC for intracranial hemorrhages, lower quality of evi-
dence also supports lower fixed dosing for DOAC reversal [92,93]. At
present, there are no prospective, randomized controlled trials directly
comparing the efficacy and safety of andexanet alfa against the previous
standard of care, PCC [94-96]. Recently, a RCT demonstrated that
andexanet alfa demonstrated better control of hematoma expansion
than usual care which included patients receiving PCC with no differ-
ence in mortality or neurologic outcomes and an increased rate of
thrombotic events [97]. It is important to note anti-Xa activity calibrated
to low molecular weight heparin (LMWH) cannot be utilized to deter-
mine the degree of coagulopathy caused by a DOAC and should only
be utilized as a qualitative method to determine systematic presence.
In addition, anti-Xa calibrated to LMWH cannot be reliably utilized
to monitor for effectiveness of reversal with andexanet alfa or PCC
[81,82].
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Patients receiving therapeutic doses of LMWHwithin 12 h or IV hep-
arin within the proceeding 2–3 h should be reversed using protamine
[81-83]. Lastly, idarucizumab has demonstrated complete and immedi-
ate reversal of dabigabtran [98]. Of note, a subsequent dose of
idarucizumab may be considered if bleeding continues or before an
emergent invasive procedure if there is laboratory evidence of persis-
tent dabigatran effect. If idarucizumab is unavailable, FFP may be
utilized [81-83].

6. Seizure prophylaxis

The rate of post-traumatic seizures (PTS) has been reported as high
as 12 % and with subclinical seizures found on electroencephalogram in
as many as 25 % of patients [70]. Several anti-seizure medications
(ASMs) have been explored to reduce the incidence of early PTS in
patients with TBI. Guidelines from both the NCS and the BTF suggest
antiseizure medication may be used in hospitalized patients with
moderate-severe TBI to prevent early PTS for up to 7 days [69,99].
Selection of alternative ASMs should be based on current available
level of evidence, patient-specific factors, and clinical setting.

Phenytoin historically has the largest body of evidence for PTS pro-
phylaxis with several studies demonstrating its effectiveness at reduc-
ing early PTS [100,101]. Current guidelines from the BTF recommend
phenytoin to decrease the incidence of early PTS when the overall ben-
efit outweighs possible complications associated with such ASM treat-
ment [70]. Disadvantages of phenytoin include potential adverse-
effects (e.g. hypotension, cardiac arrhythmias), medication interactions,
and drug level monitoring [102]. Levetiracetam has been increasingly
employed over phenytoin in recent years for the prevention of early
PTS due to its minimal drug interactions, side effects, and lack of re-
quired therapeutic monitoring [103]. Given the increased feasibility of
levetiracetam, the more recent NCS guidelines suggest levetiracetam
over phenytoin [99].

Several other ASMs have failed to demonstrate a routine place in
therapy for the prevention of early PTS. Valproate therapy has been as-
sociated with no benefit for prevention of early PTS when compared to
phenytoin and failed to prevent late PTS. In addition, a nonsignificant
trend toward higher mortality rate was found in the valproate group
[104]. These findings suggest against the use of valproate for early or
late PTS prophylaxis. Carbamazepine has been demonstrated to reduce
the rates of early and late PTS compared to placebo [105]. However, its
use has been limited due to the potential for adverse effects, medication
interactions, lack IV formulations, and drug level monitoring [102].
Lastly, phenobarbital has been evaluated in two studies involving pa-
tientswith TBIwithwide confidence intervals for early PTS andnoeffect
in reduction late PTS when compared to placebo [106-108]. Due to lack
of evidence, adverse-effects, medication interactions, and drug level
monitoring, phenobarbital should not be recommended for PTSprophy-
laxis after TBI [102,109].

7. Antibiotic prophylaxis

Patients presenting to the EDwith a TBImay often have an accompa-
nying skull fracture. Open skull fractures, such as the case in a penetrat-
ing traumatic head injury, exposes the cranial vault to the outside
environment. Other traumatic skull fractures, like non-penetrating bas-
ilar skull fractures, can expose the central nervous system (CNS) to bac-
teria from the paranasal sinuses, nasopharynx or middle ear if the dura
mater is torn adjacent to the fracture site [110]. Non-penetrating basilar
skull fractures account for up to 15.8 % of all skull fractures, with up to
20.8 % those associated with a cerebrospinal fluid (CSF) leak placing pa-
tients at increased risk for nosocomial meningitis.

Current guidelines recommend patients with head trauma at in-
creased risk of developing infection are recommended to receive vanco-
mycin plus an anti-pseudomonal beta-lactam able to achieve high CSF
penetration (i.e. cefepime, ceftazidime, or meropenem). In patients
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having experienced anaphylaxis to beta-lactams and meropenem is
contraindicated, guidelines recommend aztreonam or ciprofloxacin as
alternative agents. These agents are recommended due to their ability
to cover common causative organisms such as Staphylococcus,
Streptococcus, Enterococcus, and gram-negative nosocomial organisms
like Pseudomonas [111].

Despite current guideline recommendations, the efficacy of antimi-
crobial prophylaxis to prevent post-traumatic meningitis remains con-
troversial due to low quality clinical data. Historical data shows the
incidence of CNS infections from penetrating traumatic brain injuries
ranged from 8 to 23 % in the civilian population [112]. A multicenter
trial evaluating the modern rates of CNS infections in penetrating TBI
patients concluded the modern rate of infection was 7 % in those who
received appropriate prophylactic antibiotics compared to 6 % for the
control group who did not receive prophylactic antibiotics. As a result,
therewas no statistically significant difference in CNS infection rates be-
tween those who did and did not receive prophylactic antibiotic post
penetrating TBI [113]. Subsequently, a Cochranemeta-analysis was con-
ducted comparing antibiotics verses placebo or no intervention for bas-
ilar skull fractures. Authors found there were no significant differences
between antibiotic prophylaxis groups and control groups with respect
to decreases in the frequency of meningitis, all-causemortality, or men-
ingitis relatedmortality [5]. Lastly, a meta-analysis evaluating antibiotic
prophylaxis after basilar skull fractures concluded there is no
supporting evidence to recommend prophylactic antibiotics to decrease
the risk of meningitis in this patient population [114].

However, patients with evidence of CSF leak (i.e. CSF otorrhea or
rhinorrhea, bilateral periorbital ecchymosis, Battle's sign, peripheral fa-
cial nerve palsy, hemotympanum or tympanic membrane perforation
with blood in the external auditory canal, hearing loss, evidence of ves-
tibular dysfunction and anosmia) are at an increased risk formeningitis.
Clinical data suggests patients who present with a CSF leak may benefit
from antibiotic prophylaxis. In a study conducted by Yellinek et al. pub-
lished in 2015, 107 patients with traumatic basilar skull fractures were
evaluated with only four patients developing meningitis. All four of
these patients had a CSF leak with CSF rhinorrhea [115].

8. Conclusion

Various pharmacologic adjuncts may be employed during ATLS in
order to improve patient outcomes.While ATLS provides a standardized
framework for optimization of care of the TBI patient to help guide the
use of these agents, it is important for clinicians to recognize when
these agents should be utilized in addition to their risks and benefits.
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