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Crash course in head trauma  
Part 1: pathophysiology  
and assessment
Traumatic brain injury (TBI) is a common presentation in the emergency clinic and 
can result from falls, crush injuries or road traffic accidents. TBI has two components; 
the primary injury which occurs at the time of impact as a result of direct mechanical 
damage and secondary brain injury which occurs minutes to days following the 
trauma. It is the secondary brain injury that treatment aims to reduce. The initial 
diagnosis is usually straight forward, relying on a combination of history and clinical 
signs. However, the neurological examination, when approached in a structured 
manner, gives information not only regarding the location and extent of the TBI, but 
offers clues as to the prognosis and effectiveness of treatment. This article reviews the 
basic pathophysiology surrounding TBI in veterinary patients and discusses the steps 
involved in performing an appropriate neurological assessment. 

Key words: dog, intracranial pressure, traumatic brain injury, neurology,  
Glasgow Coma Scale

Peer ReviewedVETcpd - Neurology

Introduction
Head trauma is commonly seen in emer-
gency veterinary clinics. Dogs and cats 
can sustain head trauma in any number of 
ways including road traffic accidents, kicks 
to the head, falling from heights, gunshot 
wounds and animal bites (Platt et al. 2001). 
Given the history of trauma it is important 
to ensure that concurrent injuries have not 
been sustained that may complicate man-
agement. Immediate medical management 
is critical to a successful outcome with 
careful monitoring of both the neurologi-
cal and systemic injuries. Strict guidelines 
on what constitutes the ‘correct care’ re-
main controversial and elusive. However, 
there are now several guidelines available 
for management of traumatic brain injury 
(TBI) in the veterinary patient (Platt et al. 
2001; Sande and West 2010).

Pathophysiology
Although the brain represents only 2% of 
the body weight, it receives 15% to 20% 
of the cardiac output with every cycle 
(Ghosh et al. 2015). Adequate blood flow 
is crucial and must be maintained in the 
face of TBI. Cerebral blood flow (CBF) 
is primarily driven by systemic arterial 
pressure, but is dependent on several 
factors (Armitage-Chan et al. 2007). 
Blood pressure, cerebral metabolic rates, 
and blood oxygen and carbon dioxide 
concentrations have a significant effect 
on CBF. The brain has an intrinsic ability 
to maintain CBF despite disturbances 
in systemic mean arterial blood pressure 

(MABP) and other factors. This is a 
process known as autoregulation. Clinical 
assessment of CBF is difficult and so the 
term cerebral perfusion pressure (CPP) is 
used and applied (Armitage-Chan et al. 
2007). CPP is a variable that is more easily 
ascertained and is a clinical correlate of 
CBF. It can be used to predict a patient’s 
risk of cerebral ischaemia:

CPP = Mean Arterial Blood Pressure (MABP) 
– Intracranial Pressure (ICP)

As ICP increases towards the MABP, 
cerebral perfusion becomes impaired. 
Systemic blood pressure must therefore 
increase to prevent a decrease in cerebral 
perfusion pressure and a resultant decrease 
in CBF. A constant CBF occurs between 
a MABP of 50 to 150 mmHg (Figure 1). 
Outside of this range, blood flow to the 
brain is dependent on systemic MABP. 
However, an intact blood brain barrier is 
required for autoregulation to function. 
Loss of autoregulation is therefore possible 
following head trauma and this means 
CPP passively follows MABP. Therefore 
mild decreases in MABP that may 
otherwise be considered safe in a healthy 
patient may result in markedly decreased 
CBF. Therapy should be aimed at 
maintaining MABP within an appropriate 
range (50 to 150 mmHg). The increased 
dependency between CBF and MABP 
has been suggested to be a reason for the 
poorer prognosis observed in patients with 
hypotension following TBI ( Armitage-
Chan et al. 2007).
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Figure 1: A graph to show the relationship between cerebral blood flow (CBF), arterial 
partial pressure of oxygen (PaO2), carbon dioxide (PaCO2), and mean arterial blood 
pressure (MABP). Note that a constant CBF occurs between a MABP of 50 to 150 mmHg

Figure 2: A graph to show how 
changes in intracranial volume 
minimally impact on the intracranial 
pressure (ICP) during the 
compensatory phase. However, once 
the compensatory mechanisms have 
been exhausted, a small increase 
in intracranial volume will lead to 
an exponential increase in ICP (the 
decompensatory phase)

The cranial vault is a fixed space 
(closed box) that contains brain tissue, 
cerebrospinal fluid (CSF) and the 
cerebral blood volume (Armitage-
Chan et al. 2007). ICP is defined as the 
pressure exerted between the skull and 
the intracranial tissues (i.e. the brain tissue, 
cerebrospinal fluid and cerebral blood 
volume). Following head trauma, the 
body can compensate for small increases 
in ICP by forcing blood (e.g. increasing 
venous return) and CSF (e.g. increasing 
CSF absorption and displacement of the 
spinal subarachnoid space) out of the 
cranial cavity (Armitage-Chan et al. 2007). 
During this time clinical signs may not be 
apparent unless the trauma has injured the 
brain parenchyma. A critical threshold for 
ICP is reached in which the compensatory 
mechanisms can no longer cope and 
this is the time when clinical signs are 
observed (Figure 2). At this critical point, 
any further small increase in intracranial 
volume will produce a big increase in ICP 
which clinically will be accompanied by 
a rapid decline in a patient’s neurological 
status (Armitage-Chan et al. 2007). 
With continued increases in ICP, brain 
herniation may result. Therefore clinical 
signs are not a good monitoring tool for 
ICP as their appearance is at the end-stage 
of the process when therapy will be of 
limited benefit (Platt et al. 2001). The only 
way that ICP can be modified in volume 
is by reducing oedema (e.g. by using 
mannitol) and altering cerebral blood 
volume (CBV). CBV only represents a 
small component of the total intracranial 
volume but small increases in CBV 
will result in big increases in ICP when 
compensatory mechanisms to control ICP 
have been exhausted (Figure 2).

Primary and  
secondary brain injury
After trauma, the brain is susceptible 
to primary and secondary brain injury 
(Sande and West 2010):

Primary Injury – describes the injury to the 
brain tissue from direct trauma and the 
forces applied to the brain at impact. This 
is the result of the skull suffering a severe 
impact and exerting abnormal forces on 
the brain e.g. acceleration, deceleration, 
and rotational forces. Penetrating injuries 
resulting in skull fractures and intracranial 
haemorrhage also contribute to direct 
damage of the brain parenchyma 
following initial trauma.

Secondary Injury – describes injury that 
occurs to the brain following trauma. It 

The Cushing’s Reflex
Reduction of cerebral blood flow (CBF) due 
to elevation of intracranial pressure (ICP) can 
lead to brain ischemia. A series of physiologi-
cal responses are in place to try to prevent 
this when CBF declines. When ICP is very 
high it can trigger the Cushing’s reflex in 
which the patient’s blood pressure increases 
and the heart rate decreases (bradycardia). 
The Cushing’s reflex is life threatening so 
immediate identification and treatment 
is important. Affected patients should be 
monitored by continuous electrocardiogra-
phy and regular blood pressure monitoring. 
Therefore, concurrent systemic hypertension 
and bradycardia can indicate elevated ICP in 
head trauma patients.     

Brain-Heart Syndrome
Additionally, an elevation in ICP and the sub-
sequent reduction of CPP to a critical level 
stimulates a large release of catecholamines. 
This catecholamine surge results in myocar-
dial ischemia which can cause arrhythmias 
such as ventricular premature contractions.   

is secondary injuries to the brain that 
our management aims to reduce and 
prevent. This is a series of biochemical 
pathways which are triggered in response 
to decreased cerebral blood flow and 
ischemia. Therefore treatment should 
centre on reversing these secondary 
effects, namely hypoxaemia, hypercapnia, 
systemic hypotension and intracranial 
hypertension.

What do I do first? 
Instinctively it is easy to focus primarily 
on the most obvious presenting 
abnormalities e.g. open skin wounds, 
severe neurological signs, and a ruptured 
globe amongst others. However, more 
imminently life-threatening abnormalities 
may be present that require immediate 
management and hence the reason 
for a cardiovascular and respiratory 
examination. Another reason for not 
immediately focusing upon a patient’s 
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