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Historical Note

For millennia man has suffered and treated head
injuries. The oldest known medical papyrus, the
Edwin Smith Papyrus, dates from the seven-
teenth century BCE and was written in black and
red hieratic, the Egyptian cursive form of
hieroglyphs [1]. It was named for an American
Egyptologist, Edwin Smith (1822-1906) who
was born in the year that Egyptian hieroglyphic
was deciphered. The authorship of the manu-
script is unknown but has been attributed to writ-
ings from an even earlier time, perhaps by a
priest and physician of the Old Kingdom,
Imhotep (3000-25008BcE). The treatise describes
48 cases, 15 of which are head injuries, 12 facial
wounds, and 7 vertebral fractures. Other cases
refer to injuries of the upper thorax and
shoulders. Diagnosis, management mainly by
finger exploration, resulted in several treatment
options that were classified as: (a) “An ailment
which I will treat” (a gaping wound in the head
penetrating to the bone); (b) “An ailment with
which T will contend” (A gaping wound
penetrating to the bone and splitting the skull);
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or (c) “An ailment not to be treated” (same as the
previous cases but with the addition of fever and
stiffness of the neck) [2]. Therapy for the most
part included immobilization for head and spinal
cord injuries. Surgical stitching of wounds of the
lip, throat, and shoulder was described. Dressings
included the application of fresh meat (to stop
bleeding) and honey (honey is still used, espe-
cially in war zones, as a type of occlusive and
antiseptic dressing).

Although trephination is not mentioned in the
Edwin Smith papyrus, surgical incisions of the
cranium were the most common treatment for
patients with head wounds, especially if they
were seizing. It may have been used to clean
wounds after trauma in battle [3]. Trephination
was a form of primitive emergency surgery after
head wounds [4] to remove shattered fragments
of bone from a fractured skull, and clean out
hematoma. Such injuries were typical for primi-
tive weaponry such as slingshot projectiles and
war clubs. Hippocrates, who also described the
systemic effects of head injury including cardio-
respiratory changes, recommended trephination
and diuresis for simple skull fractures and for
contusions of the brain without fractures, espe-
cially to prevent complications [4, 5].

By the nineteenth century, treatment of head
injuries may have taken a step backwards. Sir
Astley Cooper, consulting surgeon to Guy’s Hos-
pital in London, presented a series of lectures he
had given in the operating theater at St Thomas’
Hospital on the principle and practice of surgery.
He wrote “trephining in concussion is now so
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completely abandoned that in the last four years I
do not know that I have [performed it once whilst
35 years ago I would have performed it five or six
times a year]” [6]. He recommended frequent
bleeding, calomel purges, and leeches to be
applied to the temporal arteries. But then head
injuries in the United Kingdom may have decrea-
sed with the passing of the slingshot, the axe, and
good gun control (especially among the militia).

Hope was on the way. Neurosurgery became a
specialty with such luminaries as Sir William
Macewen in Scotland, Sir Victor Horsley in
London, Professor Fedor Krause in Germany,
and Dr. Harvey Cushing in the United States
[7]. Greater understanding of intracranial dynam-
ics developed. The Monro-Kellie doctrine, a syn-
thesis of the works of eighteenth century Scottish
anatomist (Alexander Monro) and nineteenth
century American physiologist (George Kellie),
stated that the cranial cavity is a closed rigid box,
and that the quantity of intracranial blood must
change through the displacement or replacement
of cerebrospinal fluid [8, 9]. Walter Cannon, an
American physiologist (who coined the phrase
“fight or flight”) described intracranial pressure
(ICP) monitoring in 1901, as an expansion of the
work of Claude Bernard on homeostasis [10].

Now into the twenty-first century, we have
taken from the past and refined our treatment
with a better understanding of pathophysiology.
While accurate diagnosis remains critical, addi-
tion of radiologic techniques has replaced man-
ual palpation. Craniotomy, now under sterile
conditions and with the benefit of anesthesia, is
an improvement on trephination. The importance
of controlling intracranial hypertension and car-
diorespiratory  perturbations, often for a
prolonged period after the traumatic event, is
underscored. Pharmacologic diuresis, rather
than hit or miss herbal therapy, has replaced
bloodletting to control intravascular volume and
cerebral edema. Antibiotics appear to exert better
results than honey in decreasing infection.

We do not have all the answers yet, in part
because we still do not have many of the
questions. But, slow as it is, given that the
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concern of head trauma is still with us, we have
made many advances.

Scope of the Problem

Traumatic head injuries remain a major cause of
death, and disability, despite the introduction of
many guidelines for care. Traumatic brain injury
(TBI) and head injury are often used interchange-
ably in the literature [11]. The classification is
broad and includes neuronal, vascular, and cra-
nial nerve injuries as well as intracranial
hemorrhages, subdural hygromas among others.
Further classification is made to open and close
head injuries. At least 1.7 million people sustain
a TBI in the United States annually and about
3 % are fatal [12, 13]. Of those individuals, about
52,000 die, 275,000 are hospitalized, and 1.365
million are treated and released from an emer-
gency department. The number of people with
TBI who are not seen in a hospital or emergency
department or who receive no care is currently
unknown. The current report from the CDC
presents data on emergency department visits,
hospitalizations, and deaths for the years
2002-2006 [12]. TBI is a contributing factor to
a third of all injury-related deaths in this country.
About 75 % of TBI’s are concussions or other
forms of mild TBI [12, 13].
The CDC has further documented TBI by age
[12]:
1. Children 0—4 years, older adolescents, and
adults >65 years are the most likely victims
2. 473,947 Emergency department visits for TBI
are made annually by children aged 0—14 years
3. Adults aged >75 years have the highest rates
of TBI-related hospitalizations and death
4. In all age groups, TBI rates are higher for
males than for females
5. Males aged 0—4 have the highest rates of TBI-
related emergency department visits
Direct medical costs and indirect costs such as
lost productivity totaled an estimated $76.5 bil-
lion in the United States in 2000, a number that
may be higher in 2013 dollars [14].


http://www.mondofacto.com/facts/dictionary?cranial+cavity
http://www.cdc.gov/TraumaticBrainInjury/index.html

8 Brain Injuries: Perianesthetic Management
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Types of Injury

Many causes are related to the wide variety of
injuries. Injuries in adults tend to be due to falls,
motor vehicle accidents, and assault. Falls and
being struck are the most common causes of head
injury in children. Assault, child, and adult abuse
are most common at the extremes of age. Major
cerebral dysfunction can occur with little or no
apparent external injury. Force applied to the
head may cause the brain to be directly injured or
shaken, impacting the inner wall of the skull. The
trauma can potentially cause bleeding in the
spaces surrounding the brain, contuse brain tissue,
or damage the nerve connections within the brain.

Skull Fractures

The cranium is made up of many fused bones that
form a solid box comprised of brain tissue (84 %),
cerebrospinal fluid (11 %), and blood (5 %). Any
increase in one component must be offset by a
decrease in another to avoid an increase in ICP.
Bony fractures may or may not damage the under-
lying brain, depending on their location. For the
most part, skull fractures are described based on
their location, the appearance of the fracture, and
whether the fragment is depressed. Not all bones of
the cranium have the same ability to withstand
trauma, with some being thinner and more fragile
than others. The temporal bone, which covers the

meningeal artery, is relatively thin and more easily
fractured than the occipital bone and can give rise
to an epidural hematoma. A fracture may be linear
or have a stellate-like pattern. Gunshot and stab
wounds or impaled objects cause penetrating
injury and usually imply damage to the brain sub-
stance. Depressed fractures, often in children, may
require surgery to elevate the fragment. Brain
injury may or may not be apparent. Open fractures,
when the skin above the fracture is broken, carry a
much higher rate of infection (Fig. 8.1).

Basilar fractures refer to fractures of the
bones at the base of the skull. Signs include
bruising around the eyes (raccoon eyes) and
behind the ears (Battle sign). If the fracture line
extends into the bones around the facial sinuses,
there is increased risk of intracranial infection.
Bacteria and other miscellaneous material
may also be pushed into the brain by an inappro-
priately placed endotracheal, nasogastric tube, or
temperature probe through the nose.

Diastases fractures occur in infants and young
children in whom the suture lines have not yet
fused and the fontanelles remain open, allowing
for widening of these suture lines.

Intracranial Bleeding

Intracranial bleeding refers to any bleeding within
the skull. Intracerebral bleeding describes bleed-
ing within the brain (Fig. 8.2). Descriptions are
based upon location. Intracranial bleeding may
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Fig. 8.2 Locations of commonly described intracerebral
hemorrhage

occur with an intact skull. Thus, a plain X-ray of
the skull may fail to realize the extent of injury.
Subdural hematoma is caused by rupture of
bridging veins within the subdural space as brain
parenchyma moves during violent head motion. It
may also occur due to arterial rupture. The clot
may form at the site of injury or on the opposite
side of the skull (contra coup injury) usually in a
deceleration injury. This injury is the most com-
mon type of TBI, occurring in about 2040 %
[15]. A lucid interval is less likely. Chronic sub-
dural hematoma may be the result of atrophy of
brain tissue as may occur in the elderly or in some
disease states. As the subdural space enlarges,
bridging veins are stretched and may break.
Often there are no symptoms or minimal behav-
ioral changes that may be misdiagnosed as the
extension of a dementia. Asymptomatic chronic
subdural hematomas often resolve spontaneously.
Epidural hematoma collect in a small area
outside the dura. As a clot forms, pressure can
increase rapidly, impinging on the brain and
causing significant injury. Incidence is about
1 % of all head trauma admissions, but it may

also develop as a progressive lesion in up to 9 %
of patients who have sustained a head injury [16].
As noted above, acute arterial epidural hema-
toma are most commonly caused by a blow to
the temporal bones with rupture of the underly-
ing middle meningeal artery (85 %). After a lucid
interval, consciousness is often lost quickly and
surgery to release the clot is urgent.

Subarachnoid hemorrhage refers to accumu-
lation of blood within the space beneath the inner
arachnoid layer of the meninges and is often
associated with an intracerebral bleed. Cerebral
spinal fluid (CSF) is also found in this space.
Blood in this area causes significant meningeal
irritation causing an almost immediate onset of
severe headache, nausea, vomiting, and a stiff
neck. Similar symptoms are displayed with
leaking or ruptured cerebral aneurysms or
arteriovenous malformation or meningitis. Treat-
ment usually requires neuroradiologic interven-
tion of surgery. However, days to weeks after
TBI, traumatic aneurysms can form. Treatment
then is more likely to be observational, especially
if the aneurysm remains intact.

Intracerebral hemorrhagelcerebral contusion
relate to bleeding within the brain caused by
direct damage and also by resultant edema.
Surgery is usually not a consideration unless the
ICP is dangerously high when decompressive
craniectomy may be the only choice [17].

Shear injury causes a diffuse axonal injury
which is often fatal. The injury disrupts neuronal
transmission. The patient is comatose with no
evidence of intracerebral bleeding. MRI studies
show a correlation between white matter lesions
and impairment of consciousness after injury.
The deeper the white matter lesions, the more
profound and persistent is unconsciousness [18].
Postmortem evidence shows that about 30—40 %
of individuals who die after TBI have diffuse
axonal injury and ischemia [19]. The pathology
is usually caused by deceleration-acceleration or
lateral rotational injuries rather than direct con-
tact. Treatment is mainly supportive.

Concussions are considered a milder form of
this type of injury, although serious consequences
may result in sports injuries (see below).
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8 Brain Injuries: Perianesthetic Management 149
Fig. 8.3 An illustration of H ia-ischemi
the hypoxic-ischemic ypoxia-ischemia
cascade (Modified from
Huang BY, Castillo M,
Hypoxic-Ischemic Brain
Injury: Imaging Findings Anaerobic glycolysis and lactate accumulation —
from Birth to Adulthood,
Radiographics, 28,
417-439, 2008)
Presynaptic membrane depolarization
Glutamate release and activation of
NMDA Ca?* channels
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Ca?* influx into Inhibition of
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Occasionally, concussion-type symptoms may be
missed. Patients may experience difficulty
concentrating, mood swings, lethargy or aggres-
sion, and altered sleep habits among other
symptoms.

Pathophysiology

Head injuries are classified as primary or second-
ary. Primary damage results from the initial blow
to the head. Histologic studies done immediately
after injury may show no changes, indicating that
the initial injury appears to be electrical transmis-
sion failure rather than mechanical injury. The

Severe Mild
Necrosis Apoptosis

common underlying physiologic processes that
result in neuronal cell death are diminished cere-
bral blood flow (ischemia) and reduced blood
oxygenation (hypoxemia) (Fig. 8.3). Global
hypoxic-ischemic insults do not affect all brain
structures uniformly. Rather, certain tissues in
the brain are more likely to be injured and are
injured earlier than others, a concept known as
selective vulnerability. The observed patterns of
injury reflect dysfunction of selected excitatory
neuronal circuits, which causes a complex cascade
of deleterious biochemical events and, ultimately,
selective neuronal death [20]. Brain ischemia
causes a change from oxidative phosphorylation
to anaerobic metabolism, a highly inefficient
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means to produce energy. Adenosine triphosphate
(ATP) is rapidly depleted and lactate accumulates
within cells. Normal cellular membrane function
is lost. As presynaptic neuronal cell membranes
depolarize, excitatory neurotransmitters—in par-
ticular, glutamate—are released. Glutamate binds
predominantly to N-methyl-p-aspartate (NMDA)
receptor-mediated  calcium (Ca®*) channels.
Activation of NMDA receptors results in an
influx of Ca®" into postsynaptic neurons, and a
corresponding extracellular increase in potassium.
Several cytotoxic processes are triggered, includ-
ing activation of membrane phospholipases and
production of the oxygen-free radicals (such as
nitric oxide) that damage cell membranes and
constituents, especially the mitochondria. As the
ATP-dependent glutamate reuptake pump fails,
energy depletion is intensified resulting in cell
death and/or apoptosis.

Cell death after TBI is the major cause of neu-
rologic deficits and mortality [21]. Understanding
the mechanisms of delayed posttraumatic cell loss
should lead to new therapies and improved out-
come. TBI induces changes in many cell types
and recent work has emphasized the diversity of
neuronal death phenotypes that have been defined
as morphological or molecular changes [22]. The
most effective neuroprotective strategies must,
therefore, target multiple pathways to reflect
regional and temporal changes underlying the dif-
ferent neuronal cell death phenotypes. Moreover,
traditionally it was thought that adult neurons are in
a permanent post-mitotic phase. Newer studies
indicate that cell cycle constituents critically affect
normal functions of the central nervous system ad
also contribute to the pathophysiology of acute
disorders. Cell cycle pathways are involved in
mediating not only neuronal cell death, but also
glial changes that play key roles in the pathophysi-
ologic mechanisms underlying acute
neurodegeneration. Thus, therapies that inhibit
cell cycle may prove neuroprotective after acute
insults by targeting multiple pathogenic
mechanisms [23].

Rapid triage and decision-making in the treat-
ment of TBI is challenging in “resource poor”
environments such as the battlefield and devel-
oping areas of the world. Tests to guide treatment
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of TBI are needed and are means to differentiate
between diffuse and focal brain injury and assess
the potential for determining outcome, ICP
management, and responses to therapy. Several
biomarkers have been identified and shown
promise as prognostic indicators.

CD40L or CD154 is a membrane glycoprotein
and differentiation antigen expressed on the sur-
face of T-cells. It is part of the tissue necrotizing
factor superfamily of molecules and binds T cells
and antigen-presenting cells. The CD40 ligand
stimulates B-cell proliferation and secretion of
all immunoglobulin isotopes in the presence of
cytokines CD40 ligand has been shown to induce
cytokine production and in peripheral blood
monocytes. It also co-stimulates proliferation of
activated T-cells and this is accompanied by the
production of interferon (IFN-gamma), tumor
necrosis factor (TNF-alpha), and interleukin
2 (IL). In fact, sCD40L represents a central
event of immune adaptive response as it acts on
so many cells. Johansson et al. studied 80 trauma
patients admitted to a Level I Trauma Center.
High circulating sCD40L was associated with
enhanced tissue and endothelial damage (injury
severity score, hcDNA, Annexin V, syndecan-1
and sTM), shock (pH, standard base excess),
sympathoadrenal activation (adrenaline) and
coagulopathy evidenced by reduced thrombin
generation (PF1.2), hyperfibrinolysis (D-dimer),
increased activated partial thromboplastin time
(APTT), and inflammation (IL-6) (all P < 0.05)
[23]. A higher ISS (P = 0.017), adrenaline
(P =0.049), and platelet count (P = 0.012)
and lower pH (P = 0.002) were associated with
higher sCD40L by multivariate linear regression
analysis. High circulating sCD40L (odds ratio
[OR] 1.84 [95 % CI 1.05-3.23], P = 0.034),
high age (P = 0.002), and low Glasgow Coma
Score (GCS) prehospital (P = 0.002) were inde-
pendent predictors of increased mortality.

Glial fibrillary acidic protein (GFAP) is an
intermediate filament protein found in the cyto-
skeleton of astroglia. Recent work has indicated
that GFAP may serve as a serum marker of TBI
that is released after central nervous system cell
damage [24]. In a study of 39 patients with TBI,
persistent elevation of GFAP on day 2 was
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predictive of increased mortality. Excellent spec-
ificity for CT-documented brain injury was found
using a cutoff point of 1 pg/mL.

A systematic review and meta analysis of
randomized controlled trials and observational
studies investigating the ability and accuracy of
the S-100b protein in predicting prognosis after
moderate or severe TBI yielded 9,228 citations,
2 randomized control trials, and 39 cohort studies
[25]. Serum S-100B protein concentrations were
significantly associated with poor prognosis in
short-, mid-, and long-term outcomes. However,
optimal thresholds for discrimination remained
unclear.

Other studies have suggested that posti-
schemic release patterns of GFAB and also
S-100B protein after acute stroke may allow
insight into the underlying pathophysiology and
could be used in clinical stroke treatment [26].

As noted above, cerebral contusion releases
leukocytes and chemokines such as the
interleukins (IL2, 6, 8), monocyte chemo attrac-
tant protein, and neuron-specific enolases. While
increasing levels may not be predictors of
expanding contusion, these inflammatory
mediators may be predictive of a poor outcome
in patients with TBI in which contusions are the
predominant abnormality. However, they do not
distinguish those patients who will deteriorate
because of contusion enlargement [27]. Another
animal study confirmed an early increase in IL-6
in brain, plasma, and cerebrospinal fluid protein
levels [28]. In addition, secondary posttraumatic
hypoxia led to prolonged elevations in plasma
IL-6. A clinical study quantified IL-6 plasma
levels in patients with closed head trauma and
hemorrhagic contusions during the first 6-12 h
after injury. A strong correlation between IL-6
levels, volume of traumatic hemorrhage, and
in-hospital course was identified [29].

Other researchers have examined the role of
mitochondrial damage. The mitochondrion is a
major target of TBI, as seen by increased mito-
chondrial activity in activated and proliferating
microglia (high energy requirements and/or
calcium overload) as well as increased reactive
oxygen species, changes in mitochondrial perme-
ability transition, release of cytochrome c,
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caspase activation, reduced ATP levels, and neu-
ronal death. Translocator protein (TSPO) is an
18-kDa outer mitochondrial membrane protein
that interacts with the mitochondria permeability
transition pore and binds to some drug ligands.
TSPO levels in the brain are generally low but
increase after brain injury. The use of TSPO
expression as a marker of brain injury and repair
has been suggested. TSPO drug ligands have
been shown to participate in the control of mito-
chondrial respiration and function, mitochondrial
steroid, and neurosteroid formation, as well as
apoptosis [30].

It would seem that identification of the vari-
ous biomarkers produced in the injured brain is a
developing and promising tool in the manage-
ment of the head-injured patients, not only for
prognosis but also in treatment. Yokobori et al.
have recently summarized the present status of
plasma biomarkers in TBI. At present, there is
insufficient evidence to support a role for diag-
nostic biomarkers in exactly distinguishing focal
and diffuse injury or for accurate determination
of raised ICP. Presently, neurofilament (NF),
S1008, GFAP, and ubiquitin carboxyl terminal
hydrolase-L1 (UCH-L1) seem to have the best
potential as  diagnostic  biomarkers for
distinguishing focal and diffuse injury, whereas
C-tau, neuron-specific enolase (NSE), S100p,
GFAP, and spectrin breakdown products
(SBDPs) appear to be candidates for ICP reflec-
tive biomarkers. With the combinations of differ-
ent pathophysiology related to each biomarker, a
multibiomarker analysis seems to be indicated
and would likely increase diagnostic accuracy.
To date little research has focused on the differ-
ential diagnostic properties of biomarkers in
TBI [31].

Secondary insult develops minutes to hours
later due to hypotension, hypoxia, acidosis,
edema, or other factors, probably accelerated
by the production of free radicals. About 38 %
of victims who die after head injury talked at
some time following the initial insult [32]. In a
review of 116 patients known to have talked at
some point before dying, one or more avoid-
able factors were identified in 74 % and in
54 % an avoidable factor was judged certainly
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Table 8.1 Several insults contributing to poor outcome
after head injury

Secondary intracranial

insults Secondary systemic insults
Hemorrhage Hypoxia

Ischemia Hypercapnia

Intracranial Hyperglycemia
hypertension

Vasospasm Hypotension

Infection Hypocapnia

Seizures Hyperpyrexia
Hydrocephalus Anemia

Delay in diagnosis Hyponatremia

to have contributed to death. These secondary
insults have been confirmed in many more
recent studies [33] (Table 8.1). Most of the
patients without identifiable factors died after
rapid deterioration of an expanding intracranial
bleed.

Diagnosis

As noted above, symptoms range from none to
coma. Common findings are headache, vomiting,
seizures, and visual disturbances. The American
Academy of Neurology has devised a grading
scale to categorize the degree of consciousness
(Table 8.2).

The Glasgow Coma Scale was designed as a
prognostic indicator of outcome after head
injury, but is widely used as assessment of prog-
ress or deterioration (Table 8.3) [34]. Scores
range from 3 to 15. Scores <8 are considered
severe injury. Confounding factors include
patients who are intubated or who have eye
injuries. The scale is not as readily applicable to
children who have greater cerebral plasticity.

Use of the GCS makes it possible for first
responders and other less trained health care
workers to quickly and reliably assess injured
patients. It is part of the initial evaluation, but
does not indicate the diagnosis as to the cause of
coma. Since it “scores” the level of coma, the
GCS can be used as a standard method for any
healthcare practitioner to assess change in patient
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Table 8.2 American Academy of Neurology Concussion
Grading Scale

Grade 1 Grade 2 Grade 3
Transient Transient
confusion confusion
No loss of No loss of Brief or

consciousness consciousness prolonged loss

of consciousness
Concussion
symptoms or
mental status
change resolves in
more than 15 min

Concussion
symptoms or
mental status
change resolves in
15 min or less

Table 8.3 Glasgow Coma Scale

Eye opening
Spontaneous
To loud voice
To pain

None

—_ N WA

Verbal response
Oriented

Confused, disoriented
Inappropriate words
Incomprehensible words
None

—_ N W AW

Motor response

Obeys commands
Localizes pain

Withdraws from pain
Abnormal flexion posturing
Extensor posturing

_— N WA N

None

status. It is a component of the Acute Physiology
and Chronic Health Evaluation (APACHE) II
score, the (Revised) Trauma Score, the Trauma
and Injury Severity Score (TRISS) and the Cir-
culation, Respiration, Abdomen, Motor, Speech
(CRAMS) Scale, demonstrating the widespread
adoption of the scale. The Glasgow outcome
score considers the end result and is scored 1-5
(Table 8.4)

Other descriptive terms include “decorticate”
which refers to the cortex of the brain, which
deals with movement, sensation, and thinking.
A flexion response may be seen on stimulation.”
Decerebrate” indicates that the cortex and the
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Table 8.4 Glasgow Outcome Score

Score Rating Definition

5 Good Resumption of normal life despite
recovery minor deficits

4 Moderate Disabled but independent. Can
disability work in sheltered setting

3 Severe Conscious but disabled. Dependent
disability for daily support

2 Persistent Minimal responsiveness
vegetative

1 Death Non survival

brain stem that unconsciously control basic
functions like breathing and heart beat may not
be functioning.

Risk Factors

Several risk factors have been associated with
TBI (Table 8.5).

Extremes of age—Advancing age: Several
factors point to an increasing concern regarding
head trauma in the elderly. As of now, 13 % of
the population is >65years, a percentage that is
projected to exceed 21 % by 2050 [35]. Acciden-
tal trauma at present is the fifth most common
cause of death and geriatric trauma will make up
395 of trauma by 2015. In older patients, GCS
< 9 is associated with a mortality rate of 80 %.
Poor outcome increases 40 %/decade of life.
Elderly people are more likely to sustain low
energy falls and high cervical fractures are com-
mon. Traffic accidents are related to poor vision,
impaired hearing, and slower response times.
Thermal injuries are related to decreased smell,
vision, mobility, and reaction times. Abuse and
neglect are also more common in older people.
Also, younger patients are more likely to receive
more and better care [35]. Deceased cardiac
function; by as much as 50 % means that the
aging myocardium is less responsive to the cate-
cholamine surge that is one of the first responses
after TBI. Elderly patients are often maintained
on beta blockers, anticoagulants, or have diabe-
tes. Renal function may be impaired so they are
less able to deal with a fluid load during resusci-
tation. Respiratory function, including vital
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Table 8.5 Several risk factors identified in head injury
victims

Advancing age/very young Delay in transfer
Child abuse
Shock

Tatrogenic

Cardiothoracic injury
Alcohol abuse/male gender
Coagulation disorders

Related to injury Delay in operation,

technical errors

Incidental medication Management errors,

hypoxia, hypercarbia

capacity, the ability to cough, and oxygen satura-
tion are decreased. Rib fractures may compound
the picture. The tissue response to thyroxin is
decreased. Hypotension, defined as systolic
blood pressure (SBP) less than 90 mmHg, is
recognized as a sign of hemorrhagic shock and
is a validated prognostic indicator. The definition
of hypotension, particularly in the elderly popu-
lation, deserves attention. Elderly patients are
more likely to present to the emergency room
hypotensive and hypothermic. A recent reevalu-
ation of what constitutes hypotension in older
people has been offered. The authors considered
24,438 trauma patients to identify the model that
most accurately defined hypotension for three
age groups. For patients 20—49, the optimal defi-
nition of hypotension was systolic pressure of
100 mmHg. Between the ages of 50 and 69,
hypotension was defined if the SBP was
<120 mmHg. By 70 years, the number rose to
140 mmHg. Studies indicate that 42 % of elderly
victims have increased lactate and base deficit
levels with vital signs that have been considered
“normal” [35, 36]. Lactate levels >4 mmol/L
and/or base deficit >6 are associated with a mor-
tality rate of 40 %. In younger individuals,
mortality rates at the same values approximate
12 % [36].

Recent studies have only confirmed what was
published 20 years ago: the mortality rate for
blunt hade trauma in elderly patients exceeds
30 % and is six times the average in the general
population. Early intensive monitoring may help
uncover resuscitative or anesthetic effects that
may improve outcome [37]. A review of 18,856
patients who sustained motor vehicle accidents
showed a mortality rate of 2.4 % with the first
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Table 8.6 General principles to follow in the manage-
ment of the geriatric trauma patient

Geriatric head trauma: General guidelines

Monitor and maintain Hb near pre-injury levels
Goal-directed fluid resuscitation: pulse pressure variation
as a guide, avoid excessive fluids, minimal central line
catheterization

Reduce dosages of all anesthetic agents

Design a geriatric trauma care team. Manage aggressively
Be aware of under triaging

24 h [38]. Head injury, multiple trauma, and
advancing age (P = 0.0001) were significant
risk factors. General guidelines for care of the
geriatric head trauma victim are summarized in
Table 8.6.

Pediatric trauma: At the other extreme of age,
babies are also victims of head trauma but often
due to different causes. TBI is the leading cause
of death in children. Hypotension, hypoxia,
hyperglycemia, and fever are particularly
associated with poor outcomes. Carbon dioxide
reactivity and autoregulation are altered and can
result in devastating cerebral ischemia or hyper-
emia [39]. The mechanisms for these changes are
not well elucidated. Understanding the effects of
TBI on a child’s cerebral circulation is essential
to develop protocols to improve outcome. Chil-
dren who are reported to have fallen less than 4 ft
are more likely to be victims of child abuse [40].
“Shaken baby” syndrome occurs mostly in chil-
dren <1 year. The damage is caused by repetitive
oscillations with rotational acceleration of the
head. Injuries sustained include encephalopathy,
retinal hemorrhages, and subdural hematomas.
Fourteen to 38 % die and at least 30 % sustain
neurologic sequelae [41].

ShockIMultiple trauma: The addition of
major visceral or extremity injuries that cause
shock significantly increases the risk of death
(12-62 %), the need for rehabilitation
(39-60 %), and the cost of disability [42]. These
early findings have been shown again, especially
concerning the number of rib fractures. Patients
who had six or more rib fractures were three times
more likely to die within 4 h of admission com-
pared with patients with only one rib fracture [38].
However, especially when there is concomitant
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head injury, the value of SBP, heart rate (HR),
and respiratory rate (RR) have been shown to be
poor predictors of outcome. The shock index (SI)
is a simple calculation of the relationship between
HR and SBP (HR/SBP). Normal values are
around 0.6 and as the number approaches 1 or
higher, there is an increased risk of shock.
Some newer markers including SI x age (SIA),
SBP/age (BPA1l), maximum HR (220-age)-HR
(minpulse, MP), and HR/maximum HR (pulse
max index, PMI) have been shown to be better
predictors of 48 h mortality when compared with
traditional vital signs [43]. The likelihood of death
was 8.4 times higher if SIA was greater than 55.
Alcohol: Several studies have looked at the
severity of injuries and outcome in intoxicated
patients [44, 45]. In one study of motorcycle
crashes, half of the victims died before reaching
hospital and alcohol was a significant factor [45].
Another study of 106 males indicated that alcohol
abuse was associated with a significantly higher
incidence of injuries and increased postoperative
morbidity and mortality [44]. Another review of
246 patients found that alcohol intoxication com-
bined with age >60 was associated with a higher
incidence of cerebral contusions that required sur-
gery and had a poorer prognosis [46]. However,
ethanol is a systemic immunomodulator and TBI
initiates a neuroinflammatory response. Goodman
et al. gavaged rats with ethanol or water prior to
TBI [47]. Alcohol treatment prior to TBI
decreased the local neuroinflammatory response
to injury. Rats given alcohol all exhibited a faster
posttraumantic righting response and neurologic
recovery time. Pre-injury alcohol treatment was
associated with reduced levels of proinflammatory
cytokines, IL-6, MCP-1 among others. Transfer of
this evidence to the human setting is still debated.
Gender/Male: Complicating the issue of alco-
hol abuse and multiple trauma from motor cycle
accidents is the question of gender as there is a
higher incidence alcohol abuse and bikers among
males. A recent report from the US CDC showed
that death from TBI was 3.4-times more common
for males versus females [48]. Males were 2.3-
times more likely to have sustained injury by
motor vehicle crash, 2.5-times more likely to
have a TBI secondary to falls and 6.0-times
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more likely to be injured via firearms. However,
for the most part TBI research is not only from
male subjects, but data has been lacking that
separates gender in analyses. Thus, there remain
gaps in understanding prevention, neuropro-
tection, secondary injury, rehabilitation timing
and therapeutics, and specific outcome remain
large [49].

Delay in transfer: Debate between “stay and
play” or “swoop and scoop” has been ongoing in
trauma transfer. Several studies over the past 30
years indicate that prompt transfer to an appro-
priate facility after the initial assessment and
triage yields the best results. A short scene time
is possible and strong medical control and excel-
lent support systems are essential [50]. A review
of 2,067 trauma victims admissions in Finland
showed that 38 % were treated at a University
hospital, 26 % in large non-teaching ICUs, 20 %
in mid-size ICUs, and 15 % in small ICUs. Hos-
pital mortality was 5.6 %, broken down as 4.7 %
in university ICU and 6.6 % in mid-size ICU
[51]. In two subgroup analyses of severely ill
trauma patients with APACHE II points >25 or
SOFA score >8 points, respectively, hospital
mortality was significantly lower in university
ICUs. A similar study of 2,875 trauma patients
in Denmark found that around 50 % of all trauma
deaths occurred at the scene [52]. Increased sur-
vival of severely injured patients may be
achieved by early transfer to highly specialized
care. Despite these analyses and the triage and
transfer guidelines that are in place in most states
in the United States, compliance is far from
complete.

Guidelines published by the American Col-
lege of Surgeons Committee on Trauma outline
criteria for the immediate transfer of moderately
to severely injured patients to Level I/Il Trauma
Centers. Acquisition of pretransfer computed
tomography (CT) scans is not required. A retro-
spective review of 7,713 severely injured
patients who met the criteria for transfer to a
level one center found that 57 % had a pretransfer
CT scan. Penetrating wounds, physiologic com-
promise, and Injury Severity scores >34 were
associated with fewer pretransfer CT scans,
while older age and female gender were
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associated with more. Pretransfer CT scans
were not associated with in-hospital death or
worsened secondary outcomes, but increased
charges by $3,761,389 ($488/person transferred
with severe injuries) [53]. The authors concluded
that national guidelines for the transfer of
severely injured patients are followed less than
half the time and pretransfer CT scans do not
improve outcomes yet increase costs. The poten-
tial for further delay in appropriate care arises.
Other prehospital guidelines established by
the International Brain Trauma foundation are
also not followed. These guidelines state that
prehospital intubation is required for all patients
with TBI and GCS < 8. A Dutch study of 127
patients who met these criteria found that only
56 % were intubated and in 27 cases, no emer-
gency medical services were involved [54].

Management of Traumatic Brain
Injury

Because only about 20 % of patients with TBI
require operative intervention, most of the man-
agement revolved around resuscitation and inten-
sive care.

Initial resuscitation: Immediate care of the
head-injured patient is shown in Table 8.7.

The airway: Poor airway management is con-
sistently identified as a cause of avoidable mor-
bidity and mortality [55]. The idea of the “golden
hour” when emergent care could improve sur-
vival was developed some 40 years ago. That
intubation within 1 h could decrease mortality
in head-injured patients from 38 to 22 % as was
described by Goldenberg and Makela in 1981
(personal communication). Following head
trauma the airway may be compromised by the
central lesion of shock (loss of consciousness),
by direct injury causing edema, hematoma, or
maxilla-facial damage or can be drug-induced
(self or otherwise). If two or more of the factors
listed in Table 8.8 are present, urgent intubation
is indicated. Immediately following TBI there is
a period of apnea. Thus, patients frequently pres-
ent hypoxic and/or hypercarbic.
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Table 8.7 Guidelines for immediate care of the head-
injured patient

Establish and maintain an airway; auscultation to rule out
pneumothorax

Normalize the cardiovascular system

Control intracranial hypertension

Appropriate fluid management; review coagulation
parameters

Pain management

Temperature control

Neurologic testing; CT scans; chest X-ray, total body
assessment for other injuries and bleeding

Table 8.8 Criteria for urgent intubation and ventilatory
support”

Unconscious: GCS < 9

Respiratory rate >40/min; <10/min

Respiratory pattern irregular

Vital capacity <15 mL/kg

Maximal inspiratory force less than —20 cmH,

VD/VT >0.5

PaCO, >45 mmHg; <25 mmHg

PaO, <70 mmHg on room air

% Pulmonary shunt >15 %

Mean systemic arterial pressure <80 mmHg
Maxillo-facial injuries; head and neck burns

“If two or more of these criteria are met, the patient is

probably best managed by prompt intubation and support
of respiration

The airway may be secured without any
increase in ICP if intubation is performed after
small doses of sedative agents. Appropriate
agents include propofol (50-75 mg usually
suffices), or etomidate or ketamine if the patient
is hypotensive. The addition of succinylcholine
(30—40 mg) is also often helpful. Initial respira-
tory care calls for supplemental oxygen, neutral
head and neck position, clearing the mouth,
inserting an airway, and reversing any narcotic
depression. If pulse oximetry indicates saturation
close to 95 %, controlled ventilation is not
indicated and may promote aspiration. Also, it
is important to auscultate the chest prior to appli-
cation of positive pressure ventilation in an
attempt to identify a pneumothorax which could
develop a tension situation. The use of cricoid
pressure is also controversial as it may obscure
the view, requiring more neck extension and
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often does not occlude the esophagus, which
often does not line up exactly behind the trachea.
While application of cricoid pressure continues
to be advocated, several studies conclude that
although it may have a theoretical advantage
during induction, there is little evidence of any
benefit at this time [56, 57].

Association of neck fractures with head injury
occurs in only about 7 % of patients [58]. Cervi-
cal injury is often not identified until hours or
even weeks after injury. Nevertheless, trauma
protocols often require that patients be
transported with neck collars in place, which
may do little more than engender pain in the
anesthesiologist called to secure the airway. Sev-
eral studies have emphasized that the need to
secure the airway must take precedence. And
indeed, subsequent neurologic damage related
to the intubation is extremely rare [59].
Nasotracheal intubation and passage of nasogas-
tric tubes are not recommended if there is a skull
fracture, especially involving the base of the
skull. Tin line stabilization from the feet to the
top of the head will maintain neutral position of
the head and neck. Also, use of a video laryngo-
scope allows for intubation with little or no
neck motion. Cinefluroscopic studies of fresh
cadaveric spine movement showed that cervical
displacement during mask ventilation was at
least twice as much as during oral or nasal intu-
bation [60].

Cardiovascular sequelae: The importance of
examining the cardiovascular system in TBI has
long been recognized. Pulse examination was
used as a prognostic indicator after head injury
over 4,000 years ago in China [61]. As described
in the Edwin Smith papyrus, the finding of a
weak pulse “when the heart is too weary to
speak” and a pale countenance had a poor prog-
nosis but could still be treated, whereas a
clammy appearance was “an ailment, not to be
treated” [62].

The initial cardiovascular response to cerebral
trauma is hypertension, tachycardia, and
increased cardiac output, related to a catechol-
amine surge. As noted above, older patients
maintained on cardiac medications who may
also have decreased myocardial function may
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have a blunted response. Cervical spinal cord
injury may also present with hypotension and
bradycardia. Only in small children is the cra-
nium relatively large enough to contain a hema-
toma that could result in hypotension based on
the injury alone. Otherwise hypotension as the
presenting feature in adults is related to systemic
injuries with significant blood loss or cata-
strophic brain damage. SBP < 90 mmHg at the
time of admission is associated with significantly
increased morbidity and mortality [63]. Cushing
described a combination of hypertension and
bradycardia with raised ICP [64]. By the time
this clinical picture presents, ICP equals diastolic
pressure and the patient is usually brain dead.

Several dysrhythmic patterns have been
observed. A correlation between outcome and
QTc prolongation was noted. An interval of
0.44-0.49 corresponds to a mortality rate double
that of patients with normal intervals and at
intervals >0.5 the rate triples [65]. Myocardial
damage may occur as shown by elevated creati-
nine phosphokinase (CPK) and myocardium
brain (MB) levels. However, there does not
appear to be any correlation between CPK and
MB activity and electrocardiographic (EKG)
changes and outcome.

Therapy is aimed at adrenergic blockade. As
autoregulation is often impaired either globally
or regionally, hypertension increases cerebral
blood flow and thus ICP resulting in cerebral
edema. Blood pressure elevations >30 % should
be treated during monitoring of ICP. Mainte-
nance of adequate cerebral perfusion pressure is
essential. Beta adrenergic blockade with pro-
pranolol, esmolol, or labetalol, in increments or
infusion, is indicated to reduce systemic blood
pressure to <160 mmHg and diastolic pressure to
<90 mmHg. Vasodilating agents such as sodium
nitroprusside or nitroglycerine are not indicated.
Hydralazine, 5-15 mg intravenously has also
been used successfully.

Control of ICP: Uncontrolled rise in ICP is
probably the most common cause of death in
TBI. ICP may be increased after TBI due to
brain edema, hyperemia (increased cerebral
blood flow), a hematoma, or intracerebral bleed.
Optimization of ICP within 24 h of injury has
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been shown to be the single best intervention to
decrease mortality [66]. Even apparently trivial
increases in ICP may result in cerebral ischemia,
herniation, and pulmonary edema [67].

ICP may be measured by several means
(Table 8.9). A CT scan will give a one-time
estimation of brain edema.

Diffusion-weighted imaging has been used to
study cerebral edema formation, but is difficult to
use acutely. Radiological attenuation correlates
linearly with estimated specific gravity in human
tissue and thus the volume, weight, and specific
gravity of any tissue can be measured by
computed tomography. Lescot et al. have devel-
oped a software package (BrainView®™) for
Windows workstations, providing semi-automatic
tools for brain analysis from DICOM images
obtained from cerebral CT, The researchers
found that the weight of the brain increased by
an average of 82 g and the specific gravity of the
contused brain also increased. They concluded
that cytotoxic edema must contribute to brain
edema rather than simply a breakdown in the
blood brain barrier [68].

Therapy for intracranial hypertension inclu-
des diuretics (mannitol 0.25-1 g/kg), furose-
mide (0.25-0.5 mg/kg), head up position,
improvement in oxygenation, drainage of CSF,
release of intracranial hematomas, reduction of
systemic hypertension, and sedation and paraly-
sis if that is required to allow adequate ventila-
tion. Hypertonic saline has also been shown to
be as efficacious as mannitol in reducing ICP
[69]. Cerebral perfusion is increased better than
with normal saline and intravascular volume is
stabilized more efficiently. 1-Arginine, a pre-
cursor of nitric oxide, may be added as a vaso-
dilator. For many years hyperventilation was
added. However, reduction of pCO, causes
vasoconstriction which puts cerebral tissue at
risk of ischemia. Soukup et al. studied the
effects of hyperventilation on regional cerebral
blood flow (rCBF) [70]. A decrease in paCO, of
20 % (that is 40-32 mmHG) resulted in a
decrease in rCBF from 30 to 25 mL/100 g/min
(P = 0.001). The partial pressure of oxygen
within the brain tissue decreased from 20 to
15 mmHg (P = 0.001). These changes occurred
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Table 8.9 Several means of measuring ICP

Type of monitor Advantages
Subdural and epidural catheters

Easy to place

Low risk of infection

No recalibration

Intraventricular catheter Most accurate

Drains CSF, collects for analyses
Give meds intracranially

Cost-effective

Least invasive patients
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Disadvantages
No CSF drainage
Least accurate
Risk of bleeding

Invasive

High risk of infection

Difficult if brain swollen or edematous
Catheter easily blocked

Not useful for immediate monitoring
Bleeding risk

Intraparenchymal Accurate Invasive

(fiber optic transducer-tipped Not blocked by debris or clots Cannot drain CSF

catheter) Easy transportation of patient Cannot be recalibrated over time, accuracy
diminishes

Use if ventricles narrowed Expensive

Bleeding risk
Fragile fiber-optic cables

Subarachnoid Low risk of infection Not very accurate

(bolt in subarachnoid space)

Does not invade brain tissue

CSF cerebrospinal fluid

without any changes in other vital signs. Thus,
hyperventilation should be reserved only for
those cases in which herniation is imminent.
Modest positive end expiratory pressure may
be added to improve oxygenation [71].

Opioids may release histamine and cause an
increase in ICP without evidence of edema due to
a direct vasodilatatory effect [72]. In cases where
apparently adequate doses of diuretics have been
given and ICP remains elevated, opiate infusions
of boluses should be withheld.

In children especially altered autoregulation
may result in hyperemia and in those
circumstances a slight degree of hyperventilation
might be indicated. Jugular venous bulb oxygen
saturation may be used to assess whether ICP is
raised due to hyperemia or edema according to
the formula:

A — VDO, = CMRO, /CBF

where >10 indicates cerebral edema and therapy
is with diuretics.

Blocked by swelling brain
Needs frequent recalibration
Risk of bleeding

(A—V DO; is the difference in oxygen con-
tent between the radial artery and jugular bulb.
CMRO, = cerebral metabolic rate of oxygen
consumption.)

Fluid management: The aims of fluid resusci-
tation for the head-injured patient are to main-
tain cardiovascular stability, ensure adequate
cerebral perfusion pressure, allow good tissue
oxygenation, promote satisfactory operating
conditions and, hopefully, provide brain protec-
tion. A major problem in initial resuscitation in
the emergency room may be an overzealous team
that cannulates several veins with large bore
catheters and then infuses several liters of
crystalloids. Certainly, administration of fluids
before operative control of an injury may be
ineffective, causing more bleeding by volume
expansion.

The question of which fluids to give in TBI
has been much debated. Crystalloids have gen-
erally been used as the first line because of ready
availability and less expense. Dose-related side
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effects include the risk of over volume expan-
sion and cerebral edema. Colloidal expanders
include albumin and hydroxyethylstarches
(HES including Hespan®, Hextend®, Voluven®,
and Volvulyte™). Albumin, 5 or 25 % supplied
in 100 mL aliquots, is derived from pooled
human venous plasma, heated to 60° for 10 h
to inactivate hepatitis viruses. It contains no
isoagglutinins and thus the risk of adverse
reactions is very low. Preparation charges
make it significantly more expensive. HES in
0.9 % sodium chloride is a synthetic polymer
derived from a waxy starch composed of
amylopetin. It is supplied in 500 mL bags.
Dose-related side effects include coagulopathy,
renal failure, and tissue storage. The newer HES
130/0.4 (Voluven®) is said to have a lower risk
of side effects [73], although these claims may
not have been sufficiently validated [74]. Sev-
eral reports including the SAFE (saline versus
albumin fluid evaluation) study compared the
use of albumin alone and saline resuscitation
in head-injured patients and found a tendency
to increased 24 month mortality in severely
injured patients who received only albumin (up
to 2 L on the first day) [75]. Less severely
compromised patients tended to do better with
albumin. The same authors found that albumin
resuscitation produced better survival rates in
sepsis patients over saline [76]. The efficacy of
colloids is being currently evaluated by
Myburgh et al. in a 7,000 patient multicenter
randomized controlled trial that compares the
effects of 6 % hydroxyethyl starch (130/0.4) to
normal saline for fluid resuscitation in intensive
care patients (CHEST) [77]. Two Cochrane
database reviews were unable to determine that
albumin reduced mortality when compared to
saline in the resuscitation of patients with
trauma or postoperatively [78, 79]. In a review
of 3,456 patients with sepsis, administration of
hydroxyethyl starch increased the need for renal
replacement therapy and blood transfusion [80].
Given that colloid is significantly more expen-
sive than crystalloid, its wuse has been
questioned. But in all these investigations,
colloid alone in significantly higher doses was
compared to crystalloids. Also, the study
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substance in many instances was albumin. The
American Society of Anesthesiologists has
advocated the combination of colloids and
reduced crystalloids in the prevention of post-
operative visual loss [81]. An animal study
showed that isotonic crystalloids increased
brain edema more than colloids at 3 and 24 h
post-TBI, while blood volume was maintained
by colloids but not by crystalloids [82, 83].
Oncotic pressure was reduced by crystalloids.
The place of colloids may be as an adjuvant to
crystalloid administration whereby the amounts
infused of both may be reduced. But it is still not
clear as to whether administration of colloids or
a reduced volume of crystalloids results in
improved patient outcome in all situations or
only in certain subsets, or if the newer colloids
are indeed harmful. The PRECISE RCT, now
underway, may provide light on these issues
[84].

The injured brain needs oxygen for survival
and thus transfusion if frequently used, with
residents often erring on the side of over transfu-
sion. There is mounting evidence that blood trans-
fusion carries many risks, not only of transmission
of infection but also of antigen/antibody reactions
among other consequences. Overall, adverse
events from transfusions in the US account for
about $17 billion adding more to the cost of each
transfusion than acquisition and procedure costs
combined [85]. While some complication risks
depend on patient status or specific transfusion
quantity involved, a baseline risk of complications
simply increases in direct proportion to the fre-
quency and volume of transfusion.

Perioperative hemoglobin determinations are
far from reliable as an indicator of need to trans-
fuse. Guidelines from the American Society of
Anesthesiologists that note that transfusion is
rarely needed if the Hb level is 7 g do not take
the patient’s age, cardiovascular state, or other
comorbidities into account or even the rate of
blood loss. (Practice Guidelines for Periopera-
tive Blood Transfusion and Adjuvant Therapies.
Last amended October 25, 2005).

Hypertonic-hyperoncotic solutions restore
plasma volumes rapidly, attenuate capillary
endothelial swelling, increase cardiac output,
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Table 8.10 Suggested fluid replacement in TBI

Transfuse to keep Hct around 30 %

Hypertonic saline: 1-2 L to keep vital signs stable
Colloid (Volvulen®, Volvulyte® 1-2 L)
Plasmalyte (avoid 1/3 replacement for blood loss)
Normal saline

Plasma to correct coagulopathies

Avoid sugar containing solutions

restore peripheral blood flow, and release
eiconosides (vasodilators) and certainly have a
place in care of the patient with TBIL

Although the ideally fluid replacement has not
been identified, administration of sugar
containing solutions must be avoided. An injured
brain cannot metabolize sugar through the usual
aerobic pathways, but rather by anaerobic means
which causes increase in the size of ischemic
areas, especially in children [86].

A scheme for fluid management is shown in
Table 8.10.

Coagulopathies: Coagulopathies are common
soon after head injury and demonstration of
worsening clotting studies indicates the need for
repeat CT scanning [87]. Severe tissue damage
coupled with systemic hypoperfusion results
in a hemostatic disruption of coagulation,
anticoagulation, fibrinolysis, platelets, and endo-
thelium [88]. Routine tests for coagulation may
be inadequate and viscoelastic modalities such as
TEG and ROTEM may be required. Genet et al.
compared patients with TBI and those with other
severe injuries and measured biomarkers for
sympathoadrenal activation, coagulation, fibri-
nolysis, endothelial/cell/glycocalyx damage,
and vasculogenesis [89]. They found that acute
coagulopathy of shock (ACS) related more to the
severity rather than the localization of injury.
However, the brain is a rich source of thrombo-
plastin which is released immediately during
ischemia causing an early disseminated coagula-
tion and fibrinolysis syndrome. Coagulation pro-
file should be obtained early and repeated and, if
necessary, fresh frozen plasma should be given.

Anesthetic management: As noted previously
only about 20 % of TBI patients require surgery.
However, when it is indicated it is usually
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Table 8.11 Summary of anesthetic intraoperative man-
agement shows wide variability, according to the status of
the patient

Need to maintain cardiovascular stability: Balance
vasopressor with anesthetic agents

Invasive monitoring rarely indicated: unstable and place
arterial cannula

Balance fluids with crystalloids, blood, and colloids;
avoid overload

Balance low-dose inhalation agents in air and oxygen with
narcotics

Lidocaine to reduce airway reactivity; adequate Dilantin
levels; Appropriate antibiotics

Avoid nitrous oxide

emergent and due to expanding hematoma. An
acute arterial epidural hematoma is the most
serious and raped release often results in an
almost miraculous and swift recovery. Anes-
thetic care mat start with sedation and intubation
in the emergency room. Most patients require CT
or other radiologic procedures that also call for
sedation. While it may be difficult for an anes-
thetic department to also provide coverage in
these off site areas, it is essential that trained
healthcare providers are in attendance to allow
for adequate monitoring, appropriate sedation,
and resuscitation if required. A summary of anes-
thetic management is shown in Table 8.11. Wide
variation may be indicated according to the level
of consciousness and stability of the patient.
Nevertheless, some degree of sedation is neces-
sary to avoid increases in ICP prior to the open-
ing of the skull.

Not infrequently, patients can be safely
extubated at the end of the case. Nevertheless,
even in the best situation, careful postanesthetic
observation is indicated.

Intensive care: Many patients require continued
intubation and ventilation in an intensive care
setting. Monitoring often includes cerebral oxime-
try as well as ICP and cardiorespiratory monitor-
ing. Fluids and electrolytes must be balances,
especially sodium. Cerebral salt-wasting syn-
drome (CSWS) is a rare condition manifested by
hyponatremia and dehydration in response to
trauma. It is due to excessive renal sodium excre-
tion resulting from a centrally mediated process. It
should be differentiated from the syndrome of
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inappropriate antidiuretic hormone (SIADH),
which develops under similar circumstances and
also presents with hyponatremia. The main clinical
difference is that of total fluid status of the patient:
CSWS leads to a relative or overt hypovolemia,
whereas SIADH is consistent with a normal to
hypervolemic range. Random wurine sodium
concentrations tend to be lower than 100 mEq/L
in CSWS and greater in SIADH. If blood-sodium
levels increase when fluids are restricted, SIADH
is more likely. Posttraumatic hypopituitarism
(PTHP) causing diabetes insipidus has been
recognized for many years and is a rare occur-
rence. Changes in pituitary hormone secretion
may be observed during the acute phase post-
TBI, representing part of the acute adaptive
response to the injury [90]. Moreover, diminished
pituitary hormone secretion, caused by damage to
the pituitary and/or hypothalamus, may occur at
any time after TBI. Symptoms include extreme
diuresis, which must be distinguished from the
effects of overhydration or diuretic administration.
It usually responds to desmopressin administra-
tion. However, diabetes insipidus related to TBI
is frequently transient and can spontaneously dis-
appear within a few days.

It is important to decrease invasive monitor-
ing (central lines, urinary catheters, etc.) to
decrease the risk of sepsis and multiple organ
failure as quickly as possible. Excessive fluid
administration may contribute to ventilator-
associated pneumonia. All attempts should be
made to discontinue supported respiration as
soon as possible.

Directions for brain survival: Over the years
many attempts have been made to improve sur-
vival after TBI. Barbiturate coma, while should
theoretically be advantageous (it decreased ICP,
decreases metabolism, and may be beneficial in
regional ischemia), has not been shown to
improve survival. Nevertheless, it is still used
as a desperate measure. It suppresses neuronal
activity but anaerobic metabolism continues as
CSF levels of hypoxanthine and lactate remain
elevated [91]. Barbiturate coma is associated
with severe hypokalemia and abrupt discontinu-
ation may cause hyperkalemia. It may also mask
brain death. Target concentrations have not been
established [92].
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Hypothermia has also been used and also
proved disappointing, both in adults and in chil-
dren [93, 94]. However, its value may lie in the
prevention of hyperthermia [93].

Decompressive craniectomy has recently
been revived as a means to treat intractable intra-
cranial hypertension [17]. Several studies in chil-
dren have found fair survivals at 6 months and it
appears to be a reasonable option for children
with uncontrollable ICP [95]. Cranial bones are
replaced at a later date with computer-designed
flaps. While survival may be enhanced, older
patients are still seven times more likely to
have a poor functional outcome, resulting in an
increased number of survivors with an unfavor-
able outcome [17].

Measurement of the serum biomarkers
outlined earlier may help in guiding therapy
such as control of cardiorespiratory parameter,
fluid and electrolyte balance, and ICP.

Other recent studies have looked at on-going
anticoagulant therapy in trauma victims. Unin-
tentional discontinuation of statins may increase
mortality after TBI [96]. An increasing body of
evidence suggests that continuing aspirin and
other antiplatelet therapy may significantly
decrease the risk developing transfusion related
lung dysfunction and multiple organ failure in
severely injured patients [97]. Prospective clini-
cal studies in giving trauma patients aspirin and
antiplatelet therapy are now under consideration.

Guidelines

Several guidelines have been developed for the
management of severe TBI by several organi-
zations including the Brain Trauma Foundation
(BTF), American Association of Neurological
Surgeons, and the Congress of Neurological
Surgeons [98-101]. Copies of the 3rd edn of
these guidelines are available from Brain Trauma
Foundation, 798 3rd Avenue, Suite 1810, New
York, NY (btfinfo@braintrauma.org).

The most recent guidelines are from the Scan-
dinavian Society and provide an evidence- and
consensus-based algorithm to assist physicians in
determining which patients are at higher risk for
intracranial pathology, neuroimaging, and hospital
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admission [102]. Attention has also recently been
drawn to sports-related head injuries [103, 104]. It
is estimated that up to 3.8 million concussions are
related to sports injuries annually in the US and
some 50 % go unreported. Given that there can be
serious long-term sequelae, prevention, recogni-
tion, and treatment must be reviewed, emphasizing
a more individual approach with the realization
that there may be no set timeline for return to play.

Conclusion

Much of the recent literature on TBI confirms
what was determined years ago. There is no
magic bullet yet to save the brain and basic
principles must be applied. Although many
guidelines have been formulated, adherence is
low. Prompt and successful airway management
and appropriate ventilation remain essential to
good outcome after head injury. Rapid sequence
induction/intubation is frequently indicated and
some sedation is indicated. Normalization of car-
diovascular dynamics and ICP is of equal impor-
tance. Application of cricoid pressure is probably
not useful. Auscultation and chest X-ray help in
the diagnosis of tension pneumothoraces, espe-
cially before positive pressure ventilation is
provided. Small pneumothoraces can be man-
aged conservatively. Identification of significant
hemorrhage can be difficult in the head-injured
patient when a catecholamine surge may give a
falsely high blood pressure. While hypotension
limits bleeding, it could worsen brain injury. The
ideal initial resuscitation fluid remains controver-
sial. Hypothermia can exacerbate bleeding and
the benefit in TBI is uncertain.
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