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CSF
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List of Abbreviations

Advanced traumatic life support
Adenosine triphosphate
Blood brain barrier
Calcium

Complete blood count
Cerebral blood flow
Closed head injury

Carbon dioxide

Cerebral perfusion pressure
Cerebrospinal fluid
Computed tobography
Central venous pressurs
Cerebrovascular resistance
Deep tendon reflex
Emergency department
Glascow coma scale

Intra cranial pressure
Intensive care unit
Potassium

Loss of conscious

Mean arterial perfusion pressure
Myelin basic protein

Neuron specific enolase



PHI
P02

TAI
TBI
TNF

Oxygen
Penetrating head injury

Partial oxygen tension
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Traumatic axonal injury
Traumatic brain injury

Tumor necrosis factor
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Introduction and Aim of The Work,

Introduction

Pediatric traumatic brain injury (TBI) is the leading
cause of death in children over one year of age. Significant
disability is frequent, and TBI often adversely impacts
functional long-term outcome in children, even when the

initial injury is mild (Vavilala et al., 2009).

Pediatric TBI is classified into: primary (immediate) and
secondary. Immediate or primary brain injury results from the

initial disruptive traumatic forces.

Secondary brain injury is due to hypoxemia,
hypotension, and electrolyte abnormalities etc. involve an
endogenous cascade of cellular and biochemical events in the
brain that occurs within minutes and continues for months
after the primary brain injury that lead to ongoing or
“secondary” traumatic axonal injury (TAI) and neuronal cell
damage (delayed brain injury) and ultimately, neuronal cell
death (Kochanek et al., 2008).

The primary goal in the initial resuscitation and life
support protocols management for pediatric patients following
acute trauma, is to prevent or ameliorate factors that promote

secondary brain injury (Kissoon et al., 1990).

Misdiagnosis and delayed recognition of TBI can

frequently delay care and worsen outcome especially in TBI,
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in which the history is often missing or inaccurate. Many
recent biomarkers had been identified and they are primarily
used as a prognostic rather than diagnostic tool such as:
interleukin (IL)-6, intracellular adhesion molecule, IL-12,

neuronal-specific enolase (NSE) (Rainey et al., 2009).
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Pathophysiology of Pediatric Traumatic

Brain Injuries TBI

The adequate management of pediatric traumatic brain
injury (TBI) victim requires the clinician to consider and
understand the unique pathophysiological changes that take
place during trauma. The pathophysiology and location of
pediatric injuries in trauma may significantly differ from those
that commonly occur in the adult cases. In this chapter
pathophysiological considerations during brain injury will be
discussed (Giza et al., 2006).

1. Basic principles of cerebral blood flow and brain

metabolism:

1- Cerebral hemodynamics :
(a) Anatomical and physiological considerations :

Cerebral blood flow is regulated by a number of factors,
as arterial blood pressure, ICP, venous outflow, blood
viscosity and PaCO, and PaO,. Each carotid artery contributes
40 % of the total cerebral perfusion, remaining 20 % coming
from two vertebral arteries, which fuse to form basilar artery.
The major fraction of venous blood draining from brain is
collected in transverse sinuses which, together with the inferior

petrosal sinuses, form the internal jugular veins. The
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distribution of capillaries is functionally organized throughout.
The central nervous system. The capillary density is an
anatomical indicator of oxidative metabolism. Brain areas with
high basal levels of glucose metabolism contain a high density
of capillaries (Zaunerand Paul, 1997).

(b) Cerebral perfusion pressure and cerebrovascular

resistance:

The net driving force for the cerebral circulation is
defined as the cerebral perfusion pressure (CPP), which is the
mean arterial blood pressure (MABP) minus the cerebral
venous pressure. If the pressure within the thin-walled cortical
veins is equal to or less than the external (CSF) pressure, the
veins may collapse. Under most circumstances, however, the
pressure in these veins is slightly above extravascular, (that is
intracranial pressure), in order to permit continuous flow.
Because of the close relationship between cerebral venous
pressure and ICP, CPP is generally defined as the difference
between mean arterial pressure and ICP. In a normal brain,
changes in CPP between 50 and 130 mmHg produce only
minimal changes in CBF.A constant flow in this range of CPP
is maintained by an increase or decrease in vascular resistance.
Normal value of CPP (80 mmHg) is maintained by an increase
or decrease in vascular resistance. Outside this range, cerebral
vasodilatation or vasoconstriction cannot maintain a normal
cerebral blood flow (CBF). Since CPP = MABP-ICP and the

4
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flow in general equals pressure / resistance ; so CBF = CPP /
CVR where CVR is cerebrovascular resistance (Zauner and
Paul, 1997).

Since vascular resistance is inversely proportional to the
fourth power of vessel diameter, change in cerebral vessel
diameter will produce marked change in resistance (Zauner
and Paul, 1997).

(¢) Effects of hematocrit on CBF:

Blood viscosity is determined by factors, as erythrocyte
size and concentration, shear rate, temperature, pH, plasma
protein level and plasma lipid concentration. Clinical studies
show an inverse relationship between CBF and hematocrit.
(Giller et al., 1993).

2-Regulation of Cerebral blood flow:.
(a) Arterial gas tension and cerebral vasoreactivity:

Hypercapnia relaxes cerebrovascular smooth muscles,
whereas hypocapnia produces vasoconstriction. An arterial
PaCO, of 20-25 mmHg may reduce the CBF by 40-50%, and
conversely an increase in PCO, over 50 mmHg increases CBF
by more than 50%. Also, an increase in PaO, may lead to
cerebral vasoconstriction and free radical formation. Changes
in CBF are due to alterations in CO, occur almost immediately

in healthy brain, but the response may be altered after head

5
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injury. Carbon dioxide induces changes in the hydrogen ion
concentration (modulating extracellular pH). Experimental
studies have shown that HCO3 solutions decrease CBF
whereas low HCO3 solutions increase CBF (Giller et al.,
1993).

Certain pharmacological agents and therapeutic
techniques influence cerebrovascular reactivity via changes in
gas tension. The carbonic anhydrase inhibitor acetazolamide
decreases extracellular brain pH at a constant arterial PCO,,
and increases normocapnic CBF. However this effect lasts
only for a short time. Barbiturates depress cerebrovascular
reactivity but the mechanisms involved are not well
understood. Barbiturates lower both cerebral metabolism and
CBF and may reduce CO, reactivity. In clinical studies,
diminished CO, reactivity 1s associated with a worse
prognosis. If vasoreactivity is preserved, patients with high
ICP may respond to barbiturate therapy with further reduction
in energy consumption and reduced CBF and volume. In these
patients with preserved reactivity, prolonged hyperventilation

may diminish brain oxygen delivery (Giller et al., 1993).
(b) Autoregulation and Cerebral blood flow:

The normal CBF remains constant despite changes in
the systemic blood pressure and CPP. This is called

autoregulation. The limits of autoregulation are not fixed and




