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Background and Objective: The co-occurrence of oral-maxillofacial and brain injuries is common and 
present unique perioperative challenges. This narrative review aims to provide a comprehensive summary of 
the considerations and best practices related to balancing cerebral oxygen supply with demand, regulating 
ventilation, upholding hemodynamic stability, sustaining optimal fluid and electrolyte balance, and 
employing strategies for optimal patient outcomes.
Methods: A literature review using the PubMed and Google Scholar databases was employed to gather data 
from controlled trials, cohort studies, and meta-analyses on neurological injury and oral and maxillofacial 
surgery (OMFS). Relevant keywords included traumatic brain injury, facial trauma, airway management, pain 
management, prophylactic anticoagulation, and intracranial pressure. Titles and abstracts were screened for 
their relevance to the research question and included articles were assessed in full. Articles written in English 
were prioritized, and the data was categorized into pertinent themes. A narrative synthesis was conducted for 
each category to ensure a balanced and comprehensive overview of the current literature and guidelines from 
professional organizations.
Key Content and Findings: We identified key elements in secondary brain injury pathophysiology 
and discussed approaches to minimize delayed neurological injury. Trauma patients at risk for blunt 
cerebrovascular injuries are discussed and the diagnostic approaches and management options outlined. 
We have also focused on airway concerns, hemodynamic considerations, and optimization of coagulation 
and cellular homeostasis in this cohort. Perioperative goals and anesthetic options for neurological injury 
patients requiring OMFS are highlighted, emphasizing hemodynamic stability and cerebral perfusion. 
Comprehensive perioperative and postoperative care to improve cerebral perfusion and cellular homeostasis 
are crucial for optimal outcomes.
Conclusions: Patients with neurologic injuries requiring OMFS necessitate specialized perioperative 
care. Understanding the pathophysiology, potential complications, and best practices for management can 
optimize patient outcomes. This narrative review serves as a thorough guide for clinicians involved in the 
care of these patients.
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Introduction

The co-occurrence of oral-maxillofacial (OMF) and brain 
injuries is relatively common, typically stemming from 
high-impact incidents such as motor vehicle collisions 
(MVCs) and blunt traumas. Additionally, individuals who 
experience a stroke may sustain OMF injuries for a variety 
of reasons, including complications arising from falls or 
mishaps due to impaired mobility or balance. Perioperative 
management of these patients poses a risk of exacerbating 
the neurological injuries and introduces a complex array of 
physiological challenges (1). Accordingly, these cases call 
for highly specialized anesthesia considerations to optimize 
patient outcomes. 

A comprehensive grasp of the pathophysiology of 
neurological disorders and a careful approach to the 
physiological ramifications of anesthetic decisions can 
help optimize cellular homeostasis in the injured brain and 
minimize the progression of neurological injury. It is crucial 
to adeptly balance cerebral oxygen supply with demand, 
diligently regulate ventilation, uphold hemodynamic 
stability, sustain optimal fluid and electrolyte balance to 
curtail the risk of cerebral edema, and employ strategies 
for optimal pain management (2). The intricacy of these 
considerations amplifies when injuries prompt uncertainty 
in prioritization of management, as seen in trauma patients 
who endure concurrent brain and significant OMF injuries. 
This narrative review aims to provide a comprehensive 
understanding of the co-occurrence of OMF and 

brain injuries, emphasizing the specialized anesthesia 
considerations required for optimal patient outcomes. We 
present this article in accordance with the Narrative Review 
reporting checklist (available at https://joma.amegroups.
com/article/view/10.21037/joma-23-31/rc).

Methods

A comprehensive literature review was conducted in July 
18, 2023 using PubMed and Google Scholar to locate 
relevant articles (Table 1). The search strategy involved the 
use of several pertinent keywords and their combinations 
inc luding:  t raumat ic  bra in  in jury  (TBI) ,  venous 
thromboembolism (VTE), oral and maxillofacial surgery 
(OMFS), low molecular weight heparin (LMWH), inferior 
vena cava (IVC) filters, nonsteroidal anti-inflammatory drug 
(NSAID), tranexamic acid (TXA), and intracranial pressure 
(ICP). Titles and abstracts were screened followed by full-
text appraisal. The selection favored high-quality studies 
such as randomized controlled trials, prospective cohort 
studies, and meta-analyses, alongside key review articles. 
The inclusion criteria were articles written in English. 
Exclusion criteria included non-English publications that 
were not relevant to the research topic. Key information 
from each selected source was documented systematically. 
The information derived from the included sources was 
sorted into relevant themes corresponding to the research 
question. A narrative synthesis of these findings was 
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Table 1 The search strategy summary 

Items Specification

Date of search 7/18/2023

Databases and other 
sources searched

PubMed, Google Scholar

Search terms used ‘Pathophysiology’, ‘Secondary Brain Injury’, ‘Penetrating and Blunt Traumatic Brain Injury’, ‘Ischemic and 
Hemorrhagic Strokes’, ‘Hemodynamic monitoring’, ‘Fluid and Sodium Management’, ‘Hemostasis and Coagulation 
Management’, ‘Airway Management’, ‘Perioperative Anesthesia Considerations’, and ‘Postoperative Management’

Timeframe 1990–2023

Inclusion criteria Narrative review; article in English

Selection process Authors involved in writing the narrative review conducted the selection

https://joma.amegroups.com/article/view/10.21037/joma-23-31/rc
https://joma.amegroups.com/article/view/10.21037/joma-23-31/rc
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Figure 1 General considerations of patients with neurologic injury requiring OMFS. SBP, systolic blood pressure; CPP, cerebral perfusion 
pressure; TBI, traumatic brain injury; GCS, Glasgow coma scale; SIADH, syndrome of inappropriate secretion of antidiuretic hormone; 
CSWS, cerebral salt wasting syndrome; LMWH, low molecular weight heparin; VTE, venous thromboembolism; IVC, inferior vena cava;  
TXA, tranexamic acid; ENT, ear, nose, and throat; ICP, intracranial pressure; RSI, rapid sequence induction; OMFS, oral and maxillofacial surgery. 

• Both hypotension and hypertension can be harmful, with hypotension increasing the 
risk of secondary brain injury and hypertension exacerbating vasogenic edema and 
hematoma growth 

• Maintain systolic blood pressure (SBP) of ≥100 mmHg for ages 50–69 and ≥110 mmHg 
for ages 15–49 or over 70, CPP should be maintained at 60–70 mmHg

Hemodynamic Considerations01

• Heparin and LMWH can reduce VTE risk 
• Consider IVC use in patients with contraindications to chemoprophylaxis 
• Intermittent pneumatic compression is a low-risk and can be effective in VTE 

prophylaxis 

VTE Prophylaxis03

• Hypernatremia (serum sodium >150 mEq/L) in TBI patients should be managed 
conservatively with fluid replenishment, gradual correction, and close monitoring  
to prevent complications, such as cerebral edema 

• Hyponatremia (serum sodium <135 mEq/L) in TBI patients requires different  
approaches based on the underlying syndrome (SIADH or CSWS)

Fluid and Sodium Management02

• In traumatic brain injury (TBI) patients, trials like CRASH-3 and ULTRA found no 
significant difference in head-related in-hospital morbidity, but some benefits were 
observed for mild TBI patients (GCS 9–15)

• TXA is effective in reducing perioperative bleeding and complications across various 
surgeries, including major ENT procedures, Rhinoplasty, and can be administered 
judiciously for improved outcomes 

Hemostasis04

• Continuous monitoring and low thresholds for imaging are essential in patients  
with facial fractures to detect potential TBI or cervical spine injuries 

• Strategies to minimize increases in intracranial pressure (ICP) during intubation  
include the use of medications like lidocaine, fentanyl, or esmolol, as well as rapid 
sequence induction (RSI) with drugs like etomidate or propofol. Muscle relaxants  
like succinylcholine or rocuronium may be used for RSI

Airway Management05

performed to provide a comprehensive overview of each 
theme. A systematic approach to gathering and synthesizing 
information was adopted, with the goal of providing 
a balanced and comprehensive review of anesthetic 
considerations for OMFS in patients with neurological 
injuries.

Pathophysiological considerations in patients 
with brain injuries

TBI

A comprehensive understanding of the primary and 
secondary mechanisms TBIs is paramount for devising 
a safe and effective perioperative care plan (Figure 1). 
Primary injuries result from direct, shearing, or rotational 
forces, either penetrating or blunt, and can be categorized 
as focal or diffuse. Focal injuries, commonly associated 
with severe and moderate TBIs, tend to predominantly 

affect the frontal and temporal lobes. These injuries can 
result in notable impairments in executive functioning, 
memory, attention, and emotional regulation (3). These 
injuries can also result in reperfusion injury, focal ischemia, 
and hematomas causing brain compression (4). On the 
other hand, diffuse injuries involving widespread neuronal 
damage are often marked by microvascular changes and 
axonal disconnection (4). Notably, axons in white matter are 
particularly vulnerable to rotational forces, a fact that can 
be visualized using diffusion tensor imaging with magnetic 
resonance imaging (MRI) (5).

Secondary brain injury refers to the cascade of cellular, 
molecular, and biochemical events that occur in the hours, 
days, or weeks following the initial injury. The mechanisms 
involved in secondary brain injury include delayed 
ischemia, impaired blood-brain-barrier and cerebral edema, 
oxidative stress, excitotoxicity, inflammation, and apoptosis 
(Figure 2) (6). The resulting ATP depletion disrupts the 
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sodium-potassium pump, leading to intracellular sodium 
accumulation, water influx, cellular swelling, and cytotoxic 
edema. These processes can lead to neuronal cell death 
and impair the blood-brain barrier (BBB) (7). Vasogenic 
edema secondary to BBB breakdown typically peaks within 
6–24 hours and can lead to fluid accumulation within 
the interstitial space, increasing oncotic pressure and 
obstructing smaller vessels (8). This local hypoperfusion 
can further exacerbate ionic gradient disturbances 
worsening cytotoxic edema. Increased ICP can contribute 
to herniation, along with reductions in cerebral perfusion 
pressure (CPP) and cerebral blood flow (CBF), leading to 
hypoxia.

Ischemic and hemorrhagic brain injury

Ischemic injuries associated with TBI can stem from various 
causes, including hypoxemia, impaired blood flow from large 
vessel occlusion, or atherosclerotic disease (9). In patients 
who have experienced cardiopulmonary arrest, accurately 
assessing the duration of circulatory and respiratory deficits 
is crucial in gauging the degree of neurological injury, with 
recovery prospect and length of perfusion deficit directly 
proportional to each other (9). Neuronal damage occurs 
within minutes of ischemia as ATP depletion disrupts 
the Na+/K+/ATPase pump (9,10). Concurrently, anoxic 

depolarization activates several metabolic and inflammatory 
cascades and enzymes that destroy neurons (9-11). In the 
acute phase, macrophage and neutrophil infiltration recruit 
inflammatory cells and directly damage neurons (11). 
This inflammation is further amplified by necrosed cells 
releasing damage-associated molecular patterns (DAMPs) 
into the extracellular space. Additionally, ongoing research 
has identified perfusion disturbances after restoration 
of spontaneous circulation, referred to as the no-reflow 
phenomenon, that may be associated with coagulation and 
intravascular fibrin formation (12).

Ischemic brain injuries, such as acute ischemic strokes 
(AIS), can lead to a myriad of perioperative neurological 
complications. Patients with recent AIS require a carefully 
designed surgical plan, with emphasis on the timing of 
procedures with respect to neurologic injury (Figure 3). 
The American Heart Association (AHA) recommends 
an interval of 6–9 months before scheduling an elective 
surgery in these patients (13). Those undergoing noncardiac 
procedures within 3 months after their initial stroke face 
a 68% increase in the risk of recurrent stroke (13). The 
AHA and American Stroke Association (ASA) also state that 
the risk of perioperative stroke plateaus at approximately  
9 months after AIS (13,14).

Hemorrhagic strokes are also associated with significant 
perioperative morbidity and mortality. The pathophysiology 
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Figure 2 Timeline of primary and secondary injury events. CBF, cerebral blood flow; BBB, blood-brain barrier. 
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Category Pathophysiology Important Considerations

Traumatic • Result of direct, shearing, or rotational forces 
• Either penetrating or blunt

• Additional concern of secondary injury
• Expanding hematomas
• Penetrating trauma warrants immediate assessment

- Heightened infection risk

Ischemic • Oxygen and/or nutrient deprivation in neuronal 
tissue halting ATPase function, driving Na+ influx 

• Na+ influx leads to anoxic depolarization, edema, 
Ca2+ influx, driving glutamate release and activating 
inflammatory pathways

• Wait 6-9 months for surgery if possible following stroke
• Maintain BP <185/110 mmHg prior to fibrinolytic treatment  

for stroke patients

Hemorrhagic • Increased blood volume in intracranial cavity
• Blood brain barrier (BBB) description
• Heightened oxidative stress and inflammation

• 30% of all hemorrhagic brain injury patients face hematoma 
expansion within 6 hours of ICH, furthering risk of secondary 
injury

• Vasoconstriction furthers risk of secondary injury

Figure 3 Comparison of pathophysiology and consideration of neurologic injuries. BBB, blood-brain barrier; BP, blood pressure; ICH, 
intracerebral hemorrhage. 

of hemorrhagic brain injuries is complex, involving 
damage from the bleeding itself, as well as the mass effect, 
BBB disruption, oxidative stress, and inflammation (15).  
Approximately 30% of patients with intracerebral 
hemorrhage (ICH) will face hematoma expansion (HE) 
within 6 hours of their bleeding (Figure 3) (15). Additionally, 
vasospasm can increase the incidence or severity of 
secondary brain injury (16), as does cerebrospinal fluid (CSF) 
flow disruption and hydrocephalus. Similar to ischemic 
injury, there is also a release of proinflammatory cytokines 
and DAMPs, which can further exacerbate inflammatory 
pathways and compromise the BBB.

Trauma: penetrating versus blunt

Patients suffering from blunt and penetrating injuries share 
common therapeutic objectives. Although only 0.1% of 
trauma patients experience blunt cerebrovascular injuries 
(BCVIs), clinicians must exercise heightened vigilance 
when treating these individuals because of the risk for 
severe associated complications (17). Indicators of BCVI 
include epistaxis, significant facial bleeding, a detectable 
bruit, or thrill, expanding hematomas, and/or focal or 
lateralizing neurological deficits. The presence of these 
indicators should prompt clinicians to swiftly pursue 
imaging studies with computed tomography angiography 
(CTA) or magnetic resonance angiography (MRA)  
(Figure 4). Diagnostic imaging should also be considered in 
patients with severe TBI and a Glasgow Coma Scale (GCS) 
<6, mandible fracture, displaced Le Fort II or III injuries, 
skull fractures, or cervical spine fractures or dislocation (18).  

Patients who experience arterial hemorrhage from midface 
fractures (Le Fort II or III) have also an elevated risk for 
BCVI (19). Due to the abundant vascular supply from 
the carotid artery branches, maxillofacial fractures can 
be associated with significant bleeding and hematoma 
development, potentially compromising the airway or 
impacting CBF (20). 

Anesthesiologists play a vital role in the management 
of patients with facial trauma who may also suffer vision-
threatening injuries (21). Complications such as swelling, 
blood loss, and certain treatments can increase the risk 
of vision loss in these patients. By applying the principles 
of Advanced Trauma Life Support (ATLS) to assess, 
stabilize, and effectively manage these complex cases, 
anesthesiologists can mitigate the risk without impeding 
ongoing resuscitation and treatment efforts (21). The 
primary goal of prompt initial evaluations, especially in 
less responsive patients, is to rule out immediate sight-
threatening injuries. Facial trauma can affect the orbit, 
leading to direct injury to the optic nerve or retinal 
detachment (22). Various treatment approaches, such 
as corticosteroid therapy and surgical decompression, 
are common, but there is a lack of consensus on the 
most effective treatment. The expertise and vigilance of 
anesthesiologists are therefore pivotal in managing facial 
trauma patients at risk of vision-threatening injuries. 

Providing care for patients with penetrating brain 
injuries (PBIs) necessitates an immediate focused evaluation 
of factors such as trajectory, depth, and the extent of tissue 
damage. Patients who experience PBI face an increased 
risk of infection (23). Foreign bodies, bone fragments, and 
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Figure 4 Initial diagnostic management of OMF trauma patients with intracranial injury. OMF, oral-maxillofacial; GCS, Glasgow Coma 
Scale; CTA, computed tomography angiography; MRA, magnetic resonance angiography. 

debris in the wound can lead to increased inflammation 
and tissue swelling, furthering the risk of elevated ICP. 
While Staphylococcus aureus is the most frequent causative 
organism, gram-negative bacteria can also lead to 
intracranial infections. The clinical benefits of prophylactic 
antibiotics have not been established in this population, yet 
clinicians are commonly advised to initiate a short course 
of broad-spectrum antibiotics, with an extended duration 
in those with gross contamination of the wound (24). 
Cephalosporins are an appropriate choice in most cases, 
with the addition of metronidazole if organic debris are 
present (24). Certain prognostic factors, including advanced 
age, close-range injuries, perforating injuries, hypotension, 
and elevated ICP are predictive of high mortality (25). The 
Surviving Penetrating Injury to the Brain (SPIN) score can 
be used to estimate survival following a PBI (26). 

High-velocity PBI is a severe form of TBI, resulting 
from high-energy events such as firearm or blast injuries, 
transmitted to the brain and surrounding tissues (27). 
The cavitation to a projectile can collapse and re-expand 
cyclically, leading to extensive neuronal injury, hematomas, 
and parenchymal contusions (27). When a projectile travels 
through brain tissue, it induces an asynchronous motion 
in the skull and the brain, which can cause diffuse axonal 
injury (28). Secondary injuries due to bleeding, increased 
edema, and ICP elevation can also occur.

Airway management

Patients with TBI and facial trauma present unique 
challenges for anesthesiologists as facial trauma can 
distort the normal anatomy, posing potential intubation 
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Significant facial bleeding

Detectable bruit or trill
Focal neurological deficit
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Mandible fracture

Displaced Lefort II or III factures 
C-spine fracture or dislocation

Craniofacial Trauma

OMF/Neurological Injury
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Figure 5 Airway obstruction risks associated with head and neck trauma patients.

challenges. Head injuries that cause loss of consciousness 
may also lead to functional airway obstruction (29). 
In patients with craniofacial trauma, GCS scores of 8 
or lower indicate a critical condition that may require 
immediate intervention to secure the airway (30). 
Hutchison et al. [1990] identified six specific scenarios 
linked to maxillofacial trauma that can be predictive 
for difficult airway management, listed in Figure 5 (31). 
Aspiration of blood or gastric content can complicate 
airway management (32). Every TBI patient in need of 
immediate intubation should be treated as full stomach, 
and their airway management should also take into 
consideration the potential for cervical spine injuries (33).

The presence of facial fractures in trauma patients 
can act as a clinical indicator of possible CNS injury, 
heightening awareness and the need for timely intervention 
(34-36). Continuous monitoring of neurologic function 
may be warranted, and cerebrovascular and spine imaging 
considered. In TBI patients with concurrent cervical spine 
injuries, maintaining cervical spine precautions during 
airway management is important to prevent any additional 
injury. The ATLS guidelines emphasize the importance of 
immobilizing the cervical spine during airway management 
in patients who have endured severe injuries (37). Cautious 
mask ventilation may be considered to avoid progressive 

hypoxemia (30) but pre-oxygenating and positive pressure 
mask ventilation may present unique challenges, as these 
patients may have experienced anatomical alterations of the 
face, oral cavity, and/or oropharynx (32). Pneumocephalus 
has also been reported, both after mask ventilation and 
ventilation using a laryngeal mask airway (38).

As laryngoscopy and intubation can temporarily elevate 
ICP due to heightened sympathetic adrenergic activity, 
premedication with lidocaine, fentanyl, or esmolol should 
be considered (39). Rapid sequence induction (RSI) may 
be used to reduce the risk of aspiration. Etomidate and 
propofol are shown to decrease the cerebral metabolic rate 
for oxygen (CMRO2) and CBF, mitigating the rise in ICP 
during intubation. The previously reported association 
between ketamine and elevated ICP has been questioned 
in multiple recent reviews, which found no detrimental 
increase in CBF or ICP (40). For muscle relaxants, 
succinylcholine has been suggested to cause elevations 
in ICP, but studies have failed to prove clear detrimental 
outcomes (41). Rocuronium should be considered as 
the primary neuromuscular blocking agent to eliminate 
any potential risk for adverse ICP effects. Additional 
considerations to minimize ICP elevation include 
employing ventilation strategies to minimize hypoxia and 
hypercarbia, as well as careful titration of positive end-
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expiratory pressure (PEEP). The effects of PEEP on ICP 
remain controversial, but recent evidence suggests that in 
the absence of severe lung injury, PEEP can be applied 
safely in patients with TBI (42).

Severe facial trauma may lead to respiratory failure or 
acute airway obstruction, making airway management 
particularly difficult (43). Strategies for airway management 
should not only include endotracheal intubation but also 
surgical airway via tracheostomy or cricothyrotomy. Factors 
such as the patient’s anatomy, the extent of facial and/
or airway trauma, and the anesthesiologist or surgeon’s 
expertise should all be considered in managing the airways 
of these patients. In facial fracture patients who require 
early airway management, the presence of TBI does not 
affect the site of airway management (44). In the absence of 
contraindications, endotracheal intubation is the preferred 
method of airway access in patients with a suppressed state 
of arousal (43). Options may include direct laryngoscopy, 
video laryngoscopy, or fiberoptic intubation. In patients with 
cervical spine injuries, video laryngoscopy, and fiberoptic 
intubation are thought to minimize neck movement and the 
associated risk for worsening spinal cord injury (45,46). In 
a critical emergent scenario, the surgical airway becomes 
the preferred course of action when all other attempts 
to establish a patent airway prove unsuccessful. In such 
instances, surgical cricothyroidotomy emerges as a more 
expedient and straightforward option. Tracheostomy can be 
considered once the patient’s condition stabilizes, thereby 
reducing the risk of subglottic stenosis (20). 

Recognition of bilateral fractures of the anterior 
mandible is important because of the potential for 
the fractured symphysis and the tongue to displace 
posteriorly, resulting in oropharyngeal obstruction when 
the patient is in a supine position (32). It is also crucial to 
emphasize that in cases of limited mouth opening due to a 
temporomandibular joint injury, sedation will not ameliorate 
mouth opening and may exacerbate the situation (47). For 
patients with comminuted midface or nasal fractures where 
nasal intubation is contraindicated, submental orotracheal 
intubation can provide an alternative airway securing 
method. For this approach, an incision is made midway 
between the chin and the angle of the mandible. Following 
orotracheal intubation, a blunt dissection is performed 
through the oral floor, including the superficial fascia, 
platysma, and deep fascia (32). It is important to note that 
this type of intubation should not be employed in patients 
with comminuted mandibular fractures. Extubation of 
patients with TBI and facial trauma must also be carefully 

planned to avoid airway compromise due to laryngospasm, 
aspiration, or loss of airway patency (48). 

Hemodynamic considerations

Despite the rich vascular supply, transfusion of blood 
products is infrequently required in maxillofacial trauma 
patients in the absence of coagulopathy, systemic disease, 
or concomitant injuries (18). However, given that up 
to 5% of these patients can face severe life-threatening 
bleeding (49,50), it is imperative to reduce the likelihood 
of intraoperative blood loss (IOB). Strategic patient 
positioning, controlled hemodynamics, and the use of 
antifibrinolytic agents and topical vasoconstrictors can help 
reduce transfusion requirements (51). 

Any decision to employ controlled hypotension and 
establish a target blood pressure (BP) to control blood 
loss should be rigorously deliberated and jointly agreed 
upon in preoperative discussions. This approach is usually 
not recommended for patients with prior or current 
neurological injuries, including those with TBI, as they 
are at risk for significant neurological deterioration if 
their cerebral perfusion is compromised through induced 
hypotension. Avoiding fluctuations in BP should be a key 
focus in every patient with TBI, as both hypotensive and 
hypertensive episodes have been associated with unfavorable 
outcomes (52-55). Although the exact parameters for safe 
BP are not set, current guidelines recommend maintaining 
a systolic blood pressure (SBP) of ≥100 mmHg for TBI 
patients 50 to 69 years of age, and ≥110 mmHg for 
individuals 15 to 49 or over 70 years old (55). A CPP of 60 
to 70 mmHg is also recommended to improve survival and 
favorable neurological outcomes.

The underlying pathophysiological mechanisms 
of secondary brain injury include risk factors such as 
hypotension and decreased CPP. However, hypertension 
with a loss of autoregulatory response can also lead to 
worse outcomes (56). Catecholamine-induced hypertension 
can exacerbate vasogenic edema in brain regions with 
compromised blood-brain-barrier integrity (57,58). 
Cerebral edema is a leading cause of mortality after 
TBI and is associated with unfavorable neurological  
prognosis (8). Furthermore, systemic hypertension stands as 
a well-recognized risk factor for HE, prominently observed 
in patients experiencing acute ICH (59). Accordingly, 
a target SBP range of <140–160 mmHg is currently 
recommended in these patients (60). 

Similarly, in AIS patients with large vessel occlusion 
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undergoing mechanical  thrombectomy, the exact 
BP recommended for the best neurologic outcome 
remains undetermined. Lower BP after infarction has 
been associated with hypoperfusion of brain tissue and 
exacerbation of concomitant cardiac disease (61-63). 
Patients additionally have a higher risk for early recurrent 
stroke and fatal brain edema (63,64). Following an AIS, 
cerebral autoregulation can be impaired, increasing the 
effects of systemic pressures on cerebral perfusion. Current 
guidelines based on the INTERACT-2 and ATACH-2 
trials note that a goal SBP <140 (or 130–150) mmHg is 
safe and reasonable in ischemic stroke patients (65,66). It is 
important in this setting to remember that more intensive 
BP reduction can lead to an increased incidence of acute 
kidney injury (67). Current AHA/ASA guidelines also 
recommend a BP <185/110 mmHg prior to fibrinolytic 
treatment, with continued BP maintenance in the following 
24 hours after tissue plasminogen activator (tPA) or 
mechanical thrombectomy (68). Rapid BP reduction 
can worsen cerebral ischemia, so an initial reduction of 
BP by 15% is recommended for patients with cardiac 
comorbidities such as acute coronary syndrome or acute 
heart failure (69). For patients with acute hemorrhagic 
stroke, early BP lowering to 140 mmHg systolic is safe, 
although it does not demonstrate a significant reduction in 
the rate of death or disability (69). When bundled with strict 
blood glucose, temperature, and coagulation management, 
a SBP <140 mmHg was, nevertheless, associated with better 
neurological outcome (70).

Fluid and sodium management 

In patients with severe TBI, fluid and electrolyte 
management is important because of its significant impact 
on cellular homeostasis and ICP. This aspect of care 
becomes even more critical considering the high incidence 
of serum sodium dysregulation, which can affect up to 
68% of patients (71). These alterations may manifest 
as hypernatremia through diabetes insipidus (DI), or 
hyponatremia via syndrome of inappropriate secretion of 
antidiuretic hormone (SIADH) or cerebral salt wasting 
syndrome (CSWS) (72). These conditions can be induced 
by the primary brain injury or the subsequent events and 
management and can increase morbidity and mortality after 
TBI (73,74). 

Central DI-induced hypernatremia can arise from 
an insult to the hypothalamic-pituitary axis, resulting 
in decreased antidiuretic hormone (ADH) production, 

or from impairment of  osmoreceptors leading to 
hypotonic polyuria. Management should prioritize fluid 
replenishment (75). Regular observation and correction 
of electrolytes and fluid balance, as well as plasma and 
urine osmolalities, is prudent (76). Patients with DI and 
a urine output greater than 250 mL/h may be considered 
for hormone replacement therapy with desmopressin (77).  
Hypernatremia should be corrected gradually to prevent 
rapid shifts in serum osmolality, which can lead to 
cerebral edema, seizures, or cardiac arrhythmias (78). 
The recommended rate of correction is no more than 
0.5 to 1 mEq/L per hour and 10 to 12 mEq/L over  
24 hours. Frequent monitoring of serum sodium levels 
is crucial, and patients’ neurological status, fluid balance, 
urine output, and electrolyte levels should be closely 
monitored. As plasma sodium concentration increases, the 
extracellular shift of water can cause a rapid decrease in the 
brain volume with an associated risk of hemorrhage and 
neurological damage (79). Mortality of TBI patients with 
severe hypernatremia has been recorded as high as 76–86% 
(74,80). Hyperchloremia is also a predictor of mortality in 
these patients (81). 

Common causes of hyponatremia in patients with 
TBI include disruption of the BBB, SIADH, and  
CSWS (82). Although SIADH and CSWS can have 
overlapping signs, symptoms, and laboratory results, 
differentiation is important as each condition requires 
distinct treatment approaches for effective management. In 
SIADH, patients can be normovolemic or hypervolemic. 
Interventions should center on f luid balance and 
management of ADH secretion. Mild cases can be treated 
with fluid restriction as a first-line approach, or with 
hypertonic saline (HTS) or enteral salt tablets. In rare cases 
of prolonged SIADH, demeclocycline is effective and well-
tolerated (83). In CSWS, patients may be hypovolemic, 
and management will focus on replacement with sodium-
containing solutions. For mild to moderate cases, patients 
can be started on isotonic saline. More aggressive therapy 
with HTS or salt tablets and free water restriction may 
be required for severe hyponatremia. If sodium levels are 
resistant to correction, rescue with mineralocorticoids 
such as low-dose fludrocortisone may be considered 
(84,85). Caution should be taken with fludrocortisone, 
as it can contribute to hypokalemia and high BP (86). 
Hyponatremia may also occur due to reduced oral intake. 
Additionally, some medications, including antiepileptic 
drugs, can affect sodium and fluid balance and contribute to  
hyponatremia (87). When correcting hyponatremia, patients 
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Figure 6 Reduction in VTE and IOB through various management strategies. VTE, venous thromboembolism; IVC, inferior vena cava; 
TXA, tranexamic acid; IOB, intraoperative blood loss. 

should be closely monitored to prevent rapid shifts in serum 
osmolality (88). The recommended rate of correction is 
no more than 0.5 to 1 mEq/L per hour to 10 to 12 mEq/L 
over 24 hours. 

There is a critical phase of cerebral edema when osmotic 
therapy is employed to control increased ICP in TBI 
patients. In these cases, patients present with neurological 
deterioration due to compromised brain perfusion. Acute 
hyponatremia can worsen brain swelling and metabolic 
encephalopathy with overall mortality up to 34% (89). 
Two primary osmotic agents utilized for serum sodium 
correction are HTS and mannitol, with mannitol found to 
be slightly more effective in reducing ICP (90). However, 
HTS may have a more sustained effect than mannitol on 
the ICP (90). Both treatment options should be carefully 
titrated to minimize the risk of rapid cerebral edema 
reversal. Current guidelines suggest that there is insufficient 
evidence to support the use of a particular hyperosmolar 
agent in patients with severe TBI (55).

Hemostasis, coagulation management,  
and VTE prophylaxis

In the setting of trauma, a combination of factors, 
including hemorrhagic shock, consumption coagulopathy, 
hypothermia, or hypoperfusion-induced metabolic acidosis 
can lead to disruptions in hemostasis (91,92). In TBI 
patients, acute coagulopathy has been associated with 
worse outcomes (93,94). Perioperative management is 

multifactorial, focusing on bleeding control and timely 
administration of hemostatic therapy. Conventional 
coagulation testing includes platelet number, fibrinogen 
level, prothrombin time (PT), and partial thromboplastin 
time (PTT), but a viscoelastic hemostatic assay can 
yield quicker results (95). In cases of major hemorrhage, 
physicians may be reluctant to initiate VTE prophylaxis. 
However, patients may transition from a hemorrhagic state 
to a prothrombotic state due to the hypercoagulability 
associated with resuscitation and the acute phase  
response (96). While VTEs are high mortality events, 
prophylactic anticoagulation is a double-edged sword that 
carries a heightened risk-benefit ratio for patients receiving 
head and neck surgeries (Figure 6). 

In patients who experience no complications during 
the first 48 hours after TBI, consideration may be given 
to initiating thrombosis prophylaxis using LMWH (97). 
However, patients with compromised renal function and 
those facing significant risk for bleeding may be better 
candidates for unfractionated heparin (97). In patients 
with moderate risk of bleeding complications, a stability 
head CT should be obtained prior to the initiation of 
prophylactic anticoagulation; high-risk TBI patients may 
be better candidates for mechanical devices (98). Patients 
with active brain hemorrhage, recent intracranial surgery, 
and coagulation disorders may not be candidates for 
chemoprophylaxis. Internal mechanical devices, such as 
IVC filters, may offer protection in reducing pulmonary 
embolisms in some trauma patients (99). External devices 
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such as intermittent pneumatic compression (IPC) have also 
been shown to decrease deep vein thrombosis (DVT) by 
60–75% with minimal complications in patients receiving 
head and neck procedures (99-102). The American College 
of Chest Physicians and American Society of Clinical 
Oncology both maintain that LMWH administered along 
with mechanical measures is the gold standard in reducing 
VTE risk (102,103).

The CRASH-3 and ULTRA trials found that TXA, an 
antifibrinolytic agent, had no significant effect on survival 
for patients with severe TBI or subarachnoid hemorrhage 
(104,105). However, a significant reduction in morbidity and 
complications was noted among CRASH-3 patients with 
mild TBI (GCS 3–8) when TXA was given within 3 hours 
of initial injury. The PATCH-Trauma trial demonstrated 
that severe TBI patients given prophylactic prehospital 
TXA had lower early hospital mortality but similar 
functional outcomes 6 months after injury compared to a 
placebo (106). Thus, the most important factors to consider 
when using TXA in TBI patients are severity of injury and 
time from injury (107). In OMFS, TXA may significantly 
reduce IOB, help maintain a higher hemoglobin level, 
and potentially decrease operating time by an average of 
15 minutes (108,109). Patients taking continuous vitamin 
K antagonists (VKAs) undergoing minor oral surgery 
experienced significant reductions in postoperative bleeding 
after receiving TXA (110). Perioperative management of 
patients on long-term oral anticoagulation or antiplatelet 
therapy may include “bridging” their home treatment with 
short-acting anticoagulants such as heparin for 24–72 hours 
postoperatively before resuming systemic anticoagulation 
(111,112). 

Perioperative considerations

When managing OMF trauma patients with intracranial 
injury, it is important to consider the entire continuum of 
care from preoperative to intraoperative to postoperative 
stages (Figure 7). Intraoperative hypotension is common in 
patients with isolated TBI undergoing craniotomy. Factors 
contributing to an increased risk of hypotension include 
the presence of a subdural hematoma, higher heart rate, 
and longer duration of anesthesia (113,114). Similarly, up 
to 60% of patients undergoing orthopedic surgeries are 
reported to experience intraoperative hypotension (115). 
The exact mechanism of this perioperative instability varies 
between cases, but in patients with severe brain injuries 
the associated sympathetic surge may cause myocardial 

or pulmonary dysfunction, which can be exacerbated by 
anesthetic agents that impact cerebral and cardiovascular 
physiology (116-118). If the patient has suffered a facial 
fracture or traumatic injury to the skull, a TBI must be 
assumed to be present until proven otherwise and special 
precautions must be taken (Figure 8). The timing of 
operative care is influenced by factors including the severity 
of the TBI, the extent of additional injuries, and the 
patient’s comorbidities. Anesthesiologists should perform 
a thorough preoperative assessment prior to induction of 
anesthesia, though the acuity of the patient’s condition and 
altered neurological status secondary to TBI may limit 
examination. 

Given the increased risk for secondary brain injury, 
consider invasive BP monitoring via arterial catheterization. 
Monitoring of ICP can also be helpful as subtle changes 
in hemodynamics, fluid status, patient position, and other 
factors can lead to rapid shifts in ICP. Since noninvasive 
methods of ICP monitoring has not been validated, patients 
with severe TBI should be managed under the presumption 
of elevated ICP until evidence suggests otherwise (119). 
Intraoperative neuromonitoring with EEG can assess the 
presence and location of seizure or other abnormal electrical 
activity secondary to neuronal injury (120). Other methods 
of intraoperative neuromonitoring, such as invasive brain 
tissue oxygenation measurement, jugular venous oximetry, 
and cerebral microdialysis are available but less commonly 
utilized (120,121). Furthermore, it is essential to establish 
venous access with at least two large-bore intravenous lines, 
ensuring readiness for fluid management and potential 
emergencies. A central venous line is valuable and allows 
for rapid, safe infusion of fluids, blood products, and 
anesthetics. However, the utility of these tools must be 
balanced with the need to correct emergent intracranial 
processes. 

Key factors that must be considered regardless of the 
agent selected for TBI patients include maintenance 
of hemodynamic stability and cerebral perfusion, and 
prevention of ICP increase. Curtailing the progression 
and formation of additional injuries that will either 
damage the central nervous system or worsen the patient’s 
prognosis is paramount (122). Agents with anticonvulsant 
and anxiolytic properties, such as benzodiazepines and 
barbiturates, may reduce cerebral metabolic demand and 
mitigate the adverse physiological effects of intubation and 
mechanical ventilation. However, these medications may 
also reduce the ability to accurately assess neurological 
status, as well as increase the risk of respiratory depression 
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Figure 7 Management and considerations of OMF trauma patients with intracranial injury from preoperative to intraoperative to 
postoperative care. OMF, oral-maxillofacial; ICP, intracranial pressure; TBI, traumatic brain injury; PONV, postoperative nausea and 
vomiting.
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Figure 8 Five priorities of neurological injury management. CPP, cerebral perfusion pressure; ICP, intracranial pressure. 

and aspiration in TBI patients (123). When emergent 
operative intervention is required, patients with suspected 
TBI should be assumed to have a full stomach, and 
standard RSI practices should be followed keeping in mind 
the patient’s facial injuries. Studies have been inconsistent 
regarding succinylcholine’s effect on transient ICP 
elevation (124,125). Commonly used agents appropriate 
for use in TBI include fentanyl, propofol, and etomidate. 
The use of ketamine as an induction agent has gained 
considerable interest in recent years due to its possible 
neuroprotective effects. When administered with propofol, 
ketamine was found to result in lower rates of hypotension 
and vasopressor requirements (126).

The ideal protocol for anesthesia maintenance in the 
setting of TBI and facial trauma is also debated. Inhaled 
anesthetics, such as sevoflurane, may be used as long 
as its effects on ICP, systemic pressures, and CPP are  
considered (127). Some studies suggest that total intravenous 
anesthesia (TIVA) results in better outcomes with reduced 
CBF and CMRO2 (128). Other research has failed to show 
a significant difference between volatile anesthetics and 
propofol (127). A large recent study, on the other hand, 
found reduced rates of postoperative ischemic stroke with 
increasing doses of volatile anesthetics, suggesting superior 
perioperative neuroprotection with these agents (129). 
Dexmedetomidine may be a reasonable adjunct as this agent 
can reduce ICP and the need for sedatives and analgesics, 
and improve survival (130-132). Corticosteroids were once 
widely used to reduce cerebral edema and ICP. However, 
further studies have demonstrated significantly higher rates 
of mortality and worse outcomes in patients given high-

dose corticosteroids (133). 

Postoperative management 

In the post-surgical care of TBI patients with accompanying 
facial injuries, clinicians must ensure that monitoring 
equipment is accurately calibrated and fully operational 
(Figure 7). It is important to identify any unusual increases in 
the ICP to minimize the risk of hypoperfusion, herniation, 
and delayed neurological injury. After major intracranial 
surgery, especially skull base and spine procedures, many 
patients typically experience pain for the initial 48 hours, 
which can elevate ICP (134). Proper pain management 
with a multimodal regimen may aid in achieving better 
neurological evaluations, prevent significant variations in 
BP, and promote faster recovery. 

In patients with refractory intracranial hypertension, 
neuromuscular blocking agents may be considered to 
prevent coughing and ventilator dyssynchrony (115). 
Patient positioning is also important to ensure no 
hindrance to cerebral venous drainage and to avoid 
excessive neck flexion or rotation. Whereas short periods of 
hyperventilation may be considered for acute ICP control, 
its prolonged application should be avoided given concern 
for cerebral ischemia. Ventilation should also be optimized 
to maintain a PaO2 above 60 mmHg (135). Both mannitol 
and HTS can be used to treat intracranial hypertension, 
with some guidelines recommending the use of HTS as 
the initial agent with symptom-based dosing instead of a 
target serum concentration (136). An external ventricular 
drain (EVD) facilitates continuous ICP monitoring while 
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allowing cerebrospinal fluid drainage to manage ICP 
fluctuations. While cooling the brain might theoretically 
mitigate secondary brain injuries by reducing inflammation 
and intracranial hypertension, the Eurotherm3235 
Trial demonstrated that patients with an ICP over  
20 mmHg post-TBI did not benefit more from therapeutic 
hypothermia combined with standard care (137).

About  50% of  craniotomy pat ients  experience 
postoperative nausea and vomiting (PONV) after TBI (134). 
Vomiting can increase the risk of gastric content aspiration 
as well as elevate ICP due to systemic hypertension and 
increased abdominal and chest pressures (137). To counteract 
PONV, medications such as ondansetron, dexamethasone, 
antihistamines, phenothiazines, and even scopolamine 
patches can be considered (134). Hyperglycemia is associated 
with aggravated secondary brain injury and worse outcomes 
following TBI (138). Given the current evidence, a target 
glucose range of 80–140 mg/dL in the perioperative period 
appears reasonable (115). 

Proper care of facial wounds to prevent infection 
and promote healing is essential in the postoperative 
management of facial trauma patients with TBI. Goh 
et al. [2021] found infections to be the most reported 
postoperative complication in this cohort (139). Fracture 
stabilization should be prioritized as immobilization can 
reduce the risk of infection (140). Typically, in patients 
with penetrating TBI and those with foreign materials, 
such as intracranial electrodes for deep brain stimulation 
or epilepsy management, prophylactic antibiotics are 
recommended. They may also be considered during 
invasive ICP monitoring, in situations with contaminated 
wounds, or when there is a heightened risk of infection, 
as seen with a CSF leak. Due to the potential for bacterial 
contamination in maxillofacial fractures, antibiotic 
prophylaxis is frequently employed (140). It is worth 
mentioning that prolonged antibiotic prophylaxis has 
not been shown to be beneficial for surgically treated 
facial fractures (141). Oral hygiene is also important 
as bacterial invasion from the fracture, loose or absent 
teeth, and disruptions in natural cleaning mechanisms 
heighten infection risks. Saline, peroxide, or chlorhexidine 
g luconate  may be  used for  ora l  care .  While  the 
effectiveness of chlorhexidine in preventing ventilator-
associated pneumonia has been a topic of debate, a recent 
meta-analysis has reaffirmed its efficacy in promoting 
wound healing after oral surgery (142).

After TBI and surgery, enteral feeding should begin 
orally, through a nasogastric tube, or via a transgastric tube 

as soon as possible. It is important to note that extensive 
facial trauma with associated skull base and sphenoid sinus 
fractures or bone defects may allow inadvertent intracranial 
penetration of a nasogastric tube (143). Recommendations 
suggest reaching nutritional targets within 5 to 7 days 
post-injury (144). Post-extubation management can be 
challenging in the presence of facial injuries and altered 
anatomy. Important factors to consider include the extent of 
the brain injury, the patient’s state of arousal and ability to 
protect their airway, the application of maxillomandibular 
fixation, and other concurrent health conditions and 
injuries. Careful planning for extubation over an airway 
exchange catheter through the oro-/nasotracheal route may 
be considered (145). 

Limitations

This narrative review has several limitations that warrant 
consideration. We predominantly relied on articles written 
in English, potentially omitting valuable insights from non-
English publications. Our selection criteria also favored 
high-quality studies, such as randomized controlled trials 
and meta-analyses, which might have led to the exclusion 
of smaller scale or less rigorous studies that could offer 
additional insights into the management of neurologically 
injured patients undergoing OMFS. Additionally, the 
review’s scope was confined to the thematic areas identified 
through our search strategy, possibly overlooking other 
pertinent aspects not encapsulated by the selected keywords. 
Moreover, the narrative synthesis approach, aiming to 
provide a balanced overview of the current literature and 
guidelines, might have introduced subjective interpretations 
by the authors. This could affect the objectivity of the 
findings presented.

Conclusions

Traumatic, ischemic, and hemorrhagic brain injuries 
in OMFS patients present significant challenges due to 
their intricate management and long-term implications. 
Recognizing both primary and secondary neurological 
injuries is crucial, emphasizing the role of anesthesiologists 
in  prevent ing  fur ther  damage  dur ing  surger ies . 
Managing facial and brain injuries demands attention to 
hemodynamics, fluid balance, hemostasis, and coagulation. 
Anesthesiologists can encounter significant challenges 
in managing the airway, and during perioperative and 
postoperative care, particularly in cases with altered 
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anatomy and potential for cervical spine instability. 
For achieving optimal patient outcomes, continuous 

neurological monitoring is essential, along with a judicious 
selection of anesthetic agents and techniques. Furthermore, 
comprehensive intra- and postoperative care, which 
includes effective pain management, glycemic control, and 
maintaining cellular homeostasis, are critical components of 
the overall treatment strategy.

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the 
Narrative Review reporting checklist. Available at https://
joma.amegroups.com/article/view/10.21037/joma-23-31/rc

Peer Review File: Available at https://joma.amegroups.com/
article/view/10.21037/joma-23-31/prf

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://joma.
amegroups.com/article/view/10.21037/joma-23-31/coif). 
A.N. serves as an unpaid editorial board member of Journal 
of Oral and Maxillofacial Anesthesia from April 2023 to 
March 2025. A.N. also received grants from U-19 Grant — 
Framingham Heart Study (NIH) and served as a consultant 
for Third Pole Therapeutics and Takeda Pharmaceutical 
Company. The other authors have no conflicts of interest to 
declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article 
with the strict proviso that no changes or edits are made 
and the original work is properly cited (including links 
to both the formal publication through the relevant 
DOI and the license). See: https://creativecommons.org/
licenses/by-nc-nd/4.0/.

References

1. Cheng TH, Mendelsohn M, Patel R, et al. Perioperative 
Management of Patients with Craniomaxillofacial Trauma. 
Otolaryngol Clin North Am 2023;56:1069-78.

2. Kinoshita K. Traumatic brain injury: pathophysiology for 
neurocritical care. J Intensive Care 2016;4:29.

3. Eapen BC, Cifu DX. Rehabilitation After Traumatic Brain 
Injury. St. Louis, MO, USA: Elsevier Inc.; 2018.

4. McGinn MJ, Povlishock JT. Pathophysiology of Traumatic 
Brain Injury. Neurosurg Clin N Am 2016;27:397-407.

5. Capizzi A, Woo J, Verduzco-Gutierrez M. Traumatic Brain 
Injury: An Overview of Epidemiology, Pathophysiology, 
and Medical Management. Med Clin North Am 
2020;104:213-38.

6. Galgano M, Toshkezi G, Qiu X, et al. Traumatic Brain 
Injury: Current Treatment Strategies and Future 
Endeavors. Cell Transplant 2017;26:1118-30.

7. Lok J, Leung W, Murphy S, et al. Intracranial hemorrhage: 
mechanisms of secondary brain injury. Acta Neurochir 
Suppl 2011;111:63-9.

8. Jha RM, Kochanek PM, Simard JM. Pathophysiology and 
treatment of cerebral edema in traumatic brain injury. 
Neuropharmacology 2019;145:230-46.

9. Busl KM, Greer DM. Hypoxic-ischemic brain injury: 
pathophysiology, neuropathology and mechanisms. 
NeuroRehabilitation 2010;26:5-13.

10. Kumagawa T, Moro N, Maeda T, et al. Anti-inflammatory 
effect of P2Y1 receptor blocker MRS2179 in a rat model 
of traumatic brain injury. Brain Res Bull 2022;181:46-54.

11. Sakai S, Shichita T. Inflammation and neural repair after 
ischemic brain injury. Neurochem Int 2019;130:104316.

12. Fugate JE. Anoxic-Ischemic Brain Injury. Neurol Clin 
2017;35:601-11.

13. Jørgensen ME, Torp-Pedersen C, Gislason GH, et al. 
Time elapsed after ischemic stroke and risk of adverse 
cardiovascular events and mortality following elective 
noncardiac surgery. JAMA 2014;312:269-77.

14. Benesch C, Glance LG, Derdeyn CP, et al. Perioperative 
Neurological Evaluation and Management to Lower the 
Risk of Acute Stroke in Patients Undergoing Noncardiac, 
Nonneurological Surgery: A Scientific Statement From the 
American Heart Association/American Stroke Association. 
Circulation 2021;143:e923-46.

15. Nobleza COS. Intracerebral Hemorrhage. Continuum 
(Minneap Minn) 2021;27:1246-77.

16. Griswold DP, Fernandez L, Rubiano AM. Traumatic 
Subarachnoid Hemorrhage: A Scoping Review. J 

https://joma.amegroups.com/article/view/10.21037/joma-23-31/rc
https://joma.amegroups.com/article/view/10.21037/joma-23-31/rc
https://joma.amegroups.com/article/view/10.21037/joma-23-31/prf
https://joma.amegroups.com/article/view/10.21037/joma-23-31/prf
https://joma.amegroups.com/article/view/10.21037/joma-23-31/coif
https://joma.amegroups.com/article/view/10.21037/joma-23-31/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


Journal of Oral and Maxillofacial Anesthesia, 2023Page 16 of 20

© AME Publishing Company. J Oral Maxillofac Anesth 2023;2:31 | https://dx.doi.org/10.21037/joma-23-31

Neurotrauma 2022;39:35-48.
17. Bromberg WJ, Collier BC, Diebel LN, et al. Blunt 

cerebrovascular injury practice management guidelines: 
the Eastern Association for the Surgery of Trauma. J 
Trauma 2010;68:471-7.

18. Aliabadi E, Malekpour B, Tavanafar S, et al. Intraoperative 
Blood Loss in Maxillofacial Trauma Surgery. Ann 
Maxillofac Surg 2020;10:164-7.

19. Kelts G, Maturo S, Couch ME, et al. Blunt cerebrovascular 
injury following craniomaxillofacial fractures: A systematic 
review. Laryngoscope 2017;127:79-86.

20. Jose A, Nagori SA, Agarwal B, et al. Management of 
maxillofacial trauma in emergency: An update of challenges 
and controversies. J Emerg Trauma Shock 2016;9:73-80.

21. Perry M, Moutray T. Advanced Trauma Life Support 
(ATLS) and facial trauma: can one size fit all? Part 4: ‘can 
the patient see?’ Timely diagnosis, dilemmas and pitfalls 
in the multiply injured, poorly responsive/unresponsive 
patient. Int J Oral Maxillofac Surg 2008;37:505-14.

22. Bossert RP, Girotto JA. Blindness following facial fracture: 
treatment modalities and outcomes. Craniomaxillofac 
Trauma Reconstr 2009;2:117-24.

23. Esposito DP, Walker, JB. Contemporary Management 
of Penetrating Brain Injury. Neurosurgery Quarterly 
2009;19:249-54.

24. Ganga A, Leary OP, Sastry RA, et al. Antibiotic 
prophylaxis in penetrating traumatic brain injury: analysis 
of a single-center series and systematic review of the 
literature. Acta Neurochir (Wien) 2023;165:303-13.

25. Kazim SF, Shamim MS, Tahir MZ, et al. Management 
of penetrating brain injury. J Emerg Trauma Shock 
2011;4:395-402.

26. Muehlschlegel S, Ayturk D, Ahlawat A, et al. Predicting 
survival after acute civilian penetrating brain injuries: The 
SPIN score. Neurology 2016;87:2244-53.

27. Alvis-Miranda HR, Adie Villafañe R, Rojas A, et al. 
Management of Craniocerebral Gunshot Injuries: A 
Review. Korean J Neurotrauma 2015;11:35-43.

28. Young L, Rule GT, Bocchieri RT, et al. When physics meets 
biology: low and high-velocity penetration, blunt impact, 
and blast injuries to the brain. Front Neurol 2015;6:89.

29. Maurya I, Maurya VP, Mishra R, et al. Airway 
Management of Suspected Traumatic Brain Injury Patients 
in the Emergency Room. Indian J Neurotrauma 2023. doi: 
10.1055/s-0042-1760416.

30. Galvagno SM Jr, Nahmias JT, Young DA. Advanced 
Trauma Life Support(®) Update 2019: Management 
and Applications for Adults and Special Populations. 

Anesthesiol Clin 2019;37:13-32.
31. Hutchison I, Lawlor M, Skinner D. ABC of major trauma. 

Major maxillofacial injuries. BMJ 1990;301:595-9. Erratum 
in: BMJ 1990;301:804.

32. Barak M, Bahouth H, Leiser Y, et al. Airway Management 
of the Patient with Maxillofacial Trauma: Review of the 
Literature and Suggested Clinical Approach. Biomed Res 
Int 2015;2015:724032.

33. Sharma D, Vavilala MS. Perioperative management 
of adult traumatic brain injury. Anesthesiol Clin 
2012;30:333-46.

34. McCarty JC, Kiwanuka E, Gadkaree S, et al. Traumatic 
Brain Injury in Trauma Patients With Isolated Facial 
Fractures. J Craniofac Surg 2020;31:1182-5.

35. Puolakkainen T, Vähäsilta L, Bensch F, et al. Blunt 
cerebrovascular injuries in the craniofacial fracture 
population-Are we screening the right patients? Int J Oral 
Maxillofac Surg 2021;50:463-70.

36. Puolakkainen T, Thorén H, Vähäsilta L, et al. Cervical 
spine injuries in facial fracture patients — injury 
mechanism and fracture type matter. J Craniomaxillofac 
Surg 2021;49:387-93.

37. Stuke LE, Pons PT, Guy JS, et al. Prehospital spine 
immobilization for penetrating trauma—review and 
recommendations from the Prehospital Trauma Life 
Support Executive Committee. J Trauma 2011;71:763-70.

38. Gurajala I, Azharuddin M, Gopinath R. General 
anaesthesia with laryngeal mask airway may cause 
recurrence of pneumocephalus in a patient with head 
injury. Br J Anaesth 2013;111:675-6.

39. Singh S, Laing EF, Owiredu WK, et al. Comparison of 
esmolol and lidocaine for attenuation of cardiovascular 
stress response to laryngoscopy and endotracheal 
intubation in a Ghanaian population. Anesth Essays Res 
2013;7:83-8.

40. Haut ER. Eastern Association for the Surgery of Trauma 
(EAST) practice management guidelines and the 
perpetual quest for excellence. J Trauma Acute Care Surg 
2020;89:1-10.

41. Sanfilippo F, Santonocito C, Veenith T, et al. The role of 
neuromuscular blockade in patients with traumatic brain 
injury: a systematic review. Neurocrit Care 2015;22:325-34.

42. Boone MD, Jinadasa SP, Mueller A, et al. The Effect 
of Positive End-Expiratory Pressure on Intracranial 
Pressure and Cerebral Hemodynamics. Neurocrit Care 
2017;26:174-81.

43. Le TT, Oleck NC, Khan W, et al. Implications of Facial 
Fracture in Airway Management of the Adult Population: 



Journal of Oral and Maxillofacial Anesthesia, 2023 Page 17 of 20

© AME Publishing Company. J Oral Maxillofac Anesth 2023;2:31 | https://dx.doi.org/10.21037/joma-23-31

What Is the Most Effective Management Strategy? Ann 
Plast Surg 2019;82:S179-84.

44. Puolakkainen T, Toivari M, Puolakka T, et al. “A” stands 
for airway — Which factors guide the need for on-scene 
airway management in facial fracture patients? BMC 
Emerg Med 2022;22:110.

45. Robitaille A, Williams SR, Tremblay MH, et al. Cervical 
spine motion during tracheal intubation with manual in-
line stabilization: direct laryngoscopy versus GlideScope 
videolaryngoscopy. Anesth Analg 2008;106:935-41, table 
of contents.

46. Bhardwaj N, Jain K, Rao M, et al. Assessment of cervical 
spine movement during laryngoscopy with Macintosh and 
Truview laryngoscopes. J Anaesthesiol Clin Pharmacol 
2013;29:308-12.

47. Akasapu KR, Wuduru S, Padhy N, et al. Unanticipated 
cannot intubate situation due to difficult mouth opening. J 
Anaesthesiol Clin Pharmacol 2015;31:123-4.

48. Saini S, Singhal S, Prakash S. Airway management in 
maxillofacial trauma. J Anaesthesiol Clin Pharmacol 
2021;37:319-27.

49. Mesgarzadeh AH, Shahamfar M, Azar SF, et al. Analysis 
of the pattern of maxillofacial fractures in north western 
of Iran: A retrospective study. J Emerg Trauma Shock 
2011;4:48-52.

50. Ardekian L, Samet N, Shoshani Y, et al. Life-threatening 
bleeding following maxillofacial trauma. J Craniomaxillofac 
Surg 1993;21:336-8.

51. Bonanthaya K, Panneerselvam E, Manuel S, et. al. Oral and 
Maxillofacial Surgery for the Clinician. Springer; 2021.

52. Krishnamoorthy V, Rowhani-Rahbar A, Chaikittisilpa 
N, et al. Association of Early Hemodynamic Profile and 
the Development of Systolic Dysfunction Following 
Traumatic Brain Injury. Neurocrit Care 2017;26:379-87.

53. Spaite DW, Hu C, Bobrow BJ, et al. Mortality and 
Prehospital Blood Pressure in Patients With Major 
Traumatic Brain Injury: Implications for the Hypotension 
Threshold. JAMA Surg 2017;152:360-8.

54. Barmparas G, Liou DZ, Lamb AW, et al. Prehospital 
hypertension is predictive of traumatic brain injury and 
is associated with higher mortality. J Trauma Acute Care 
Surg 2014;77:592-8.

55. Carney N, Totten AM, O’Reilly C, et al. Guidelines for 
the Management of Severe Traumatic Brain Injury, Fourth 
Edition. Neurosurgery 2017;80:6-15.

56. Krishnamoorthy V, Chaikittisilpa N, Kiatchai T, et al. 
Hypertension After Severe Traumatic Brain Injury: Friend 
or Foe? J Neurosurg Anesthesiol 2017;29:382-7.

57. Naredi S, Edén E, Zäll S, et al. A standardized 
neurosurgical neurointensive therapy directed toward 
vasogenic edema after severe traumatic brain injury: 
clinical results. Intensive Care Med 1998;24:446-51.

58. Samuels MA. The brain-heart connection. Circulation 
2007;116:77-84.

59. Ohwaki K, Yano E, Nagashima H, et al. Blood pressure 
management in acute intracerebral hemorrhage: 
relationship between elevated blood pressure and 
hematoma enlargement. Stroke 2004;35:1364-7.

60. Greenberg SM, Ziai WC, Cordonnier C, et al. 2022 
Guideline for the Management of Patients With 
Spontaneous Intracerebral Hemorrhage: A Guideline 
From the American Heart Association/American Stroke 
Association. Stroke 2022;53:e282-361.

61. Xu C, Lin G, Zhang Z, et al. Prolonged Duration of Blood 
Pressure Drops During General Anesthesia Is Associated 
With Worse Outcomes After Mechanical Thrombectomy. 
Front Neurol 2021;12:640841.

62. Jeong HG, Kim BJ, Kim H, et al. Blood Pressure Drop 
and Penumbral Tissue Loss in Nonrecanalized Emergent 
Large Vessel Occlusion. Stroke 2019;50:2677-84.

63. Stead LG, Gilmore RM, Decker WW, et al. Initial 
emergency department blood pressure as predictor 
of survival after acute ischemic stroke. Neurology 
2005;65:1179-83.

64. Okumura K, Ohya Y, Maehara A, et al. Effects of blood 
pressure levels on case fatality after acute stroke. J 
Hypertens 2005;23:1217-23.

65. Hill MD, Muir KW. INTERACT-2: should blood 
pressure be aggressively lowered acutely after intracerebral 
hemorrhage? Stroke 2013;44:2951-2.

66. Qureshi AI, Palesch YY, Barsan WG, et al. Intensive 
Blood-Pressure Lowering in Patients with Acute Cerebral 
Hemorrhage. N Engl J Med 2016;375:1033-43.

67. Rocco MV, Sink KM, Lovato LC, et al. Effects of 
Intensive Blood Pressure Treatment on Acute Kidney 
Injury Events in the Systolic Blood Pressure Intervention 
Trial (SPRINT). Am J Kidney Dis 2018;71:352-61.

68. Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines 
for the Early Management of Patients With Acute 
Ischemic Stroke: 2019 Update to the 2018 Guidelines 
for the Early Management of Acute Ischemic Stroke: A 
Guideline for Healthcare Professionals From the American 
Heart Association/American Stroke Association. Stroke 
2019;50:e344-418. Erratum in: Stroke 2019;50:e440-1.

69. Anderson CS, Heeley E, Huang Y, et al. Rapid blood-
pressure lowering in patients with acute intracerebral 



Journal of Oral and Maxillofacial Anesthesia, 2023Page 18 of 20

© AME Publishing Company. J Oral Maxillofac Anesth 2023;2:31 | https://dx.doi.org/10.21037/joma-23-31

hemorrhage. N Engl J Med 2013;368:2355-65.
70. Ma L, Hu X, Song L, et al. The third Intensive Care 

Bundle with Blood Pressure Reduction in Acute Cerebral 
Haemorrhage Trial (INTERACT3): an international, 
stepped wedge cluster  andomized controlled trial. Lancet 
2023;402:27-40. Erratum in: Lancet 2023;402:184.

71. Deveduthras N, Balakrishna Y, Muckart D, et al. The 
prevalence of sodium abnormalities in moderate to severe 
traumatic brain injury patients in a level 1 Trauma unit in 
Durban. S Afr J Surg 2019;57:62.

72. Paiva WS, Bezerra DA, Amorim RL, et al. Serum sodium 
disorders in patients with traumatic brain injury. Ther Clin 
Risk Manag 2011;7:345-9.

73. Chendrasekhar A, Chow PT, Cohen D, et al. Cerebral 
Salt Wasting in Traumatic Brain Injury Is Associated with 
Increased Morbidity and Mortality. Neuropsychiatr Dis 
Treat 2020;16:801-6.

74. Wu H, Bai M, Li X, et al. Diagnosis and treatment of 
brain injury complicated by hypernatremia. Front Neurol 
2022;13:1026540.

75. Capatina C, Paluzzi A, Mitchell R, et al. Diabetes Insipidus 
after Traumatic Brain Injury. J Clin Med 2015;4:1448-62.

76. Wright WL. Sodium and fluid management in acute brain 
injury. Curr Neurol Neurosci Rep 2012;12:466-73.

77. Priya G, Kalra S, Dasgupta A, et al. Diabetes Insipidus: 
A Pragmatic Approach to Management. Cureus 
2021;13:e12498.

78. Adrogué HJ, Madias NE. Hypernatremia. N Engl J Med 
2000;342:1493-9.

79. Sterns RH. Disorders of plasma sodium—causes, 
consequences, and correction. N Engl J Med 
2015;372:55-65.

80. Pin-On P, Saringkarinkul A, Punjasawadwong Y, et al. 
Serum electrolyte imbalance and prognostic factors 
of postoperative death in adult traumatic brain injury 
patients: A prospective cohort study. Medicine (Baltimore) 
2018;97:e13081.

81. Ditch KL, Flahive JM, West AM, et al. Hyperchloremia, 
not Concomitant Hypernatremia, Independently 
Predicts Early Mortality in Critically Ill Moderate-
Severe Traumatic Brain Injury Patients. Neurocrit Care 
2020;33:533-41.

82. Lohani S, Devkota UP. Hyponatremia in patients with 
traumatic brain injury: etiology, incidence, and severity 
correlation. World Neurosurg 2011;76:355-60.

83. Dick M, Catford SR, Kumareswaran K, et al. Persistent 
syndrome of inappropriate antidiuretic hormone secretion 
following traumatic brain injury. Endocrinol Diabetes 

Metab Case Rep 2015;2015:150070.
84. Daghmouri MA, Ouesleti M, Touati MA, et al. Cerebral 

Salt Wasting Syndrome Caused by Severe Traumatic Brain 
Injury in a Pediatric Patient and Review of the Literature. 
Case Rep Crit Care 2021;2021:6679279.

85. Taplin CE, Cowell CT, Silink M, et al. Fludrocortisone 
therapy in cerebral salt wasting. Pediatrics 
2006;118:e1904-8.

86. Choi MJ, Oh YS, Park SJ, et al. Cerebral salt wasting 
treated with fludrocortisone in a 17-year-old boy. Yonsei 
Med J 2012;53:859-62.

87. Lu X, Wang X. Hyponatremia induced by antiepileptic 
drugs in patients with epilepsy. Expert Opin Drug Saf 
2017;16:77-87.

88. George JC, Zafar W, Bucaloiu ID, et al. Risk Factors and 
Outcomes of Rapid Correction of Severe Hyponatremia. 
Clin J Am Soc Nephrol 2018;13:984-92.

89. Ayus JC, Achinger SG, Arieff A. Brain cell volume 
regulation in hyponatremia: role of sex, age, vasopressin, 
and hypoxia. Am J Physiol Renal Physiol 2008;295:F619-24.

90. Shi J, Tan L, Ye J, et al. Hypertonic saline and mannitol 
in patients with traumatic brain injury: A systematic and 
meta-analysis. Medicine (Baltimore) 2020;99:e21655.

91. Wafaisade A, Wutzler S, Lefering R, et al. Drivers of acute 
coagulopathy after severe trauma: a multivariate analysis of 
1987 patients. Emerg Med J 2010;27:934-9.

92. Mitra B, Cameron PA, Mori A, et al. Early prediction 
of acute traumatic coagulopathy. Resuscitation 
2011;82:1208-13.

93. Franschman G, Boer C, Andriessen TM, et al. Multicenter 
evaluation of the course of coagulopathy in patients with 
isolated traumatic brain injury: relation to CT characteristics 
and outcome. J Neurotrauma 2012;29:128-36.

94. Talving P, Benfield R, Hadjizacharia P, et al. Coagulopathy 
in severe traumatic brain injury: a prospective study. J 
Trauma 2009;66:55-61; discussion 61-2.

95. Kim H. Anesthetic management of the traumatic brain 
injury patients undergoing non-neurosurgery. Anesth Pain 
Med (Seoul) 2023;18:104-13.

96. Levy JH, Dutton RP, Hemphill JC 3rd, et al. 
Multidisciplinary approach to the challenge of hemostasis. 
Anesth Analg 2010;110:354-64.

97. Polania Gutierrez JJ, Rocuts KR. Perioperative 
Anticoagulation Management. Treasure Island, FL, USA: 
StatPearls Publishing; 2023.

98. Phelan HA. Pharmacologic venous thromboembolism 
prophylaxis after traumatic brain injury: a critical literature 
review. J Neurotrauma 2012;29:1821-8.



Journal of Oral and Maxillofacial Anesthesia, 2023 Page 19 of 20

© AME Publishing Company. J Oral Maxillofac Anesth 2023;2:31 | https://dx.doi.org/10.21037/joma-23-31

99. Haut ER, Garcia LJ, Shihab HM, et al. The effectiveness 
of prophylactic inferior vena cava filters in trauma patients: 
a systematic review and meta-analysis. JAMA Surg 
2014;149:194-202.

100. Abraham M, Badhey A, Hu S, et al. Thromboprophylaxis 
in Head and Neck Microvascular Reconstruction. 
Craniomaxillofac Trauma Reconstr 2018;11:85-95.

101. Moreano EH, Hutchison JL, McCulloch TM, et al. 
Incidence of deep venous thrombosis and pulmonary 
embolism in otolaryngology-head and neck surgery. 
Otolaryngol Head Neck Surg 1998;118:777-84.

102. Clagett GP, Anderson FA Jr, Levine MN, et al. Prevention 
of venous thromboembolism. Chest 1992;102:391S-407S.

103. Gould MK, Garcia DA, Wren SM, et al. Prevention of 
VTE in nonorthopedic surgical patients: Antithrombotic 
Therapy and Prevention of Thrombosis, 9th ed: American 
College of Chest Physicians Evidence-Based Clinical 
Practice Guidelines. Chest 2012;141:e227S-77S.

104. CRASH-3 trial collaborators. Effects of tranexamic acid 
on death, disability, vascular occlusive events and other 
morbidities in patients with acute traumatic brain injury 
(CRASH-3): a  andomized, placebo-controlled trial. Lancet 
2019;394:1713-23. Erratum in: Lancet 2019;394:1712.

105. Post R, Germans MR, Tjerkstra MA, et al. Ultra-early 
tranexamic acid after subarachnoid haemorrhage (ULTRA): 
a  andomized controlled trial. Lancet 2021;397:112-8.

106. PATCH-Trauma Investigators and the ANZICS Clinical 
Trials Group, Gruen RL, Mitra B, et al. Prehospital 
Tranexamic Acid for Severe Trauma. N Engl J Med 
2023;389:127-36.

107. Jakowenko ND, Kopp BJ, Erstad BL. Appraising the 
use of tranexamic acid in traumatic and non-traumatic 
intracranial hemorrhage: A narrative review. J Am Coll 
Emerg Physicians Open 2022;3:e12777.

108. Erratum. J Oral Maxillofac Surg 2017;75:2027-30.
109. Khiabani K, Ahmadfar M, Labafchi A, et al. Is Preoperative 

Administration of Tranexamic Acid Effective on Blood 
Loss Reduction in Mandibular Fracture Surgeries? A 
Triple-Blind Randomized Clinical Trial. J Oral Maxillofac 
Surg 2021;79:429.e1-429.e7.

110. Ockerman A, Vanassche T, Garip M, et al. Tranexamic acid 
for the prevention and treatment of bleeding in surgery, 
trauma and bleeding disorders: a narrative review. Thromb 
J 2021;19:54.

111. Douketis JD, Spyropoulos AC, Murad MH, et al. 
Perioperative Management of Antithrombotic Therapy: 
An American College of Chest Physicians Clinical Practice 
Guideline. Chest 2022;162:e207-43. Erratum in: Chest 

2023;164:267.
112. Douketis JD, Spyropoulos AC, Murad MH, et al. 

Executive Summary: Perioperative Management of 
Antithrombotic Therapy: An American College of 
Chest Physicians Clinical Practice Guideline. Chest 
2022;162:1127-39.

113. Sharma D, Brown MJ, Curry P, et al. Prevalence and risk 
factors for intraoperative hypotension during craniotomy 
for traumatic brain injury. J Neurosurg Anesthesiol 
2012;24:178-84.

114. Saengrung S, Kaewborisutsakul A, Tunthanathip T, et 
al. Risk Factors for Intraoperative Hypotension During 
Decompressive Craniectomy in traumatic Brain Injury 
Patients. World Neurosurg 2022;162:e652-8.

115. Algarra NN, Lele AV, Prathep S, et al. Intraoperative 
Secondary Insults During Orthopedic Surgery in 
Traumatic Brain Injury. J Neurosurg Anesthesiol 
2017;29:228-35.

116. Grunsfeld A, Fletcher JJ, Nathan BR. Cardiopulmonary 
complications of brain injury. Curr Neurol Neurosci Rep 
2005;5:488-93.

117. Kaisti KK, Långsjö JW, Aalto S, et al. Effects of 
sevoflurane, propofol, and adjunct nitrous oxide on 
regional cerebral blood flow, oxygen consumption, and 
blood volume in humans. Anesthesiology 2003;99:603-13.

118. Kawano Y, Kawaguchi M, Inoue S, et al. Jugular bulb 
oxygen saturation under propofol or sevoflurane/nitrous 
oxide anesthesia during deliberate mild hypothermia 
in neurosurgical patients. J Neurosurg Anesthesiol 
2004;16:6-10.

119. Gerber LM, Chiu YL, Carney N, et al. Marked reduction 
in mortality in patients with severe traumatic brain injury. 
J Neurosurg 2013;119:1583-90.

120. Martini RP, Deem S, Yanez ND, et al. Management 
guided by brain tissue oxygen monitoring and outcome 
following severe traumatic brain injury. J Neurosurg 
2009;111:644-9.

121. Lee H, Mizrahi MA, Hartings JA, et al. Continuous 
Electroencephalography After Moderate to Severe 
Traumatic Brain Injury. Crit Care Med 2019;47:574-82.

122. Petersen KD, Landsfeldt U, Cold GE, et al. Intracranial 
pressure and cerebral hemodynamic in patients with 
cerebral tumors: a randomized prospective study of 
patients subjected to craniotomy in propofol-fentanyl, 
isoflurane-fentanyl, or sevoflurane-fentanyl anesthesia. 
Anesthesiology 2003;98:329-36.

123. Majdan M, Mauritz W, Wilbacher I, et al. Barbiturates use 
and its effects in patients with severe traumatic brain injury 



Journal of Oral and Maxillofacial Anesthesia, 2023Page 20 of 20

© AME Publishing Company. J Oral Maxillofac Anesth 2023;2:31 | https://dx.doi.org/10.21037/joma-23-31

doi: 10.21037/joma-23-31
Cite this article as: Jenkins K, Binda DD, Baker MB, Hsieh 
A, Aronow B, Merriel M, Nozari A. Anesthetic considerations 
for oral maxillofacial surgery in neurologically injured patients: 
a comprehensive narrative review. J Oral Maxillofac Anesth 
2023;2:31.

in five European countries. J Neurotrauma 2013;30:23-9.
124. Lanier WL, Iaizzo PA, Milde JH, et al. The cerebral and 

systemic effects of movement in response to a noxious 
stimulus in lightly anesthetized dogs. Possible modulation 
of cerebral function by muscle afferents. Anesthesiology 
1994;80:392-401.

125. Brown MM, Parr MJ, Manara AR. The effect of 
suxamethonium on intracranial pressure and cerebral 
perfusion pressure in patients with severe head injuries 
following blunt trauma. Eur J Anaesthesiol  
1996;13:474-7.

126. Maheswari N, Panda NB, Mahajan S, et al. Ketofol as an 
Anesthetic Agent in Patients With Isolated Moderate to 
Severe Traumatic Brain Injury: A Prospective, Randomized 
Double-blind Controlled Trial. J Neurosurg Anesthesiol 
2023;35:49-55.

127. Chauhan R, Panda N, Bhagat H, et al. Comparison of 
Propofol and Sevoflurane on Cerebral Oxygenation Using 
Juglar Venous Oximetery (SjVo(2)) in Patients Undergoing 
Surgery for Traumatic Brain Injury. Asian J Neurosurg 
2020;15:614-9.

128. Bilotta F, Gelb AW, Stazi E, et al. Pharmacological 
perioperative brain neuroprotection: a qualitative review 
of randomized clinical trials. Br J Anaesth 2013;110 
Suppl 1:i113-20.

129. Raub D, Platzbecker K, Grabitz SD, et al. Effects of 
Volatile Anesthetics on Postoperative Ischemic Stroke 
Incidence. J Am Heart Assoc 2021;10:e018952.

130. Humble SS, Wilson LD, McKenna JW, et al. 
Tracheostomy risk factors and outcomes after severe 
traumatic brain injury. Brain Inj 2016;30:1642-7.

131. Khallaf M, Thabet AM, Ali M, et al. The effect of 
dexmedetomidine versus propofol in traumatic brain 
injury: evaluation of some hemodynamic and intracranial 
pressure changes. Egypt J Neurosurg 2019;34:17. 

132. Xu J, Wang B, Wang M, et al. The value of multiparameter 
combinations for predicting difficult airways by ultrasound. 
BMC Anesthesiol 2022;22:311.

133. Edwards P, Arango M, Balica L, et al. Final results of 
MRC CRASH, a  andomized placebo-controlled trial 
of intravenous corticosteroid in adults with head injury-
outcomes at 6 months. Lancet 2005;365:1957-9.

134. Panda NB, Mahajan S, Chauhan R. Management of 
Postoperative Neurosurgical Patients. J Neuroanaesth Crit 
Care 2019;6:080-6.

135. Cook AM, Morgan Jones G, Hawryluk GWJ, et 
al. Guidelines for the Acute Treatment of Cerebral 
Edema in Neurocritical Care Patients. Neurocrit Care 

2020;32:647-66.
136. Andrews PJ, Sinclair HL, Rodriguez A, et al. Hypothermia 

for Intracranial Hypertension after Traumatic Brain Injury. 
N Engl J Med 2015;373:2403-12.

137. Jahromi HE, Gholami M, Rezaei F. A randomized double-
blinded placebo controlled study of four interventions 
for the prevention of postoperative nausea and vomiting 
in maxillofacial trauma surgery. J Craniofac Surg 
2013;24:e623-7.

138. Curry P, Viernes D, Sharma D. Perioperative 
management of traumatic brain injury. Int J Crit Illn Inj 
Sci 2011;1:27-35.

139. Goh EZ, Beech N, Johnson NR. Traumatic maxillofacial 
and brain injuries: a systematic review. Int J Oral 
Maxillofac Surg 2021;50:1027-33.

140. Luciana L, Oggy BAR, Wiargitha IK, et al. Management 
of Maxillofacial Fracture: Experience of Emergency and 
Trauma Acute Care Surgery Department of Sanglah 
General Hospital Denpasar Bali. Open Access Maced J 
Med Sci 2019;7:3245-8.

141. Goormans F, Coropciuc R, Vercruysse M, et al. Systemic 
Antibiotic Prophylaxis in Maxillofacial Trauma: A 
Scoping Review and Critical Appraisal. Antibiotics (Basel) 
2022;11:483.

142. Romero-Olid MN, Bucataru E, Ramos-García P, et al. 
Efficacy of Chlorhexidine after Oral Surgery Procedures 
on Wound Healing: Systematic Review and Meta-Analysis. 
Antibiotics (Basel) 2023;12:1552.

143. Marlow TJ, Goltra DD Jr, Schabel SI. Intracranial 
placement of a nasotracheal tube after facial fracture: a rare 
complication. J Emerg Med 1997;15:187-91.

144. Acosta-Escribano J, Fernández-Vivas M, Grau Carmona 
T, et al. Gastric versus transpyloric feeding in severe 
traumatic brain injury: a prospective, randomized trial. 
Intensive Care Med 2010;36:1532-9.

145. Difficult Airway Society Extubation Guidelines Group; 
Popat M, Mitchell V, et al. Difficult Airway Society 
Guidelines for the management of tracheal extubation. 
Anaesthesia 2012;67:318-40.


