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	Bridges linking the past and future

	old friends passing though with us still.

	 

	– Brendan Kennelly, Begin
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Introduction

	Looking back, throughout my childhood and life, I’ve known countless relatives, neighbours and friends who have suffered an acquired brain injury. At the time, I didn’t realise the depth of the struggles and battles they faced on a daily basis. Nobody else seemed to notice either. We all collectively turned a blind eye and looked the other way. We blamed any challenges they had on their idiosyncrasies and disregarded the fact that they had a brain injury. 

	Acquired brain injury (ABI) is a condition that is far more common in the community than is often realised. Over a million people in the United Kingdom struggle with the long-term consequences of a brain injury. Most of us know individuals who have sustained head injuries or had a brain haemorrhage. Despite this, knowledge about the consequences of the condition is limited among the general public. Even in medical school, I recall little training about ABI. I recall even less in post-graduate training in psychiatry and neurology. In many respects, this is because ABI is, for the most part, a hidden disability and one that doesn’t impose upon our consciousness or daily cares. We tend to think erroneously that an individual with a brain injury is somehow fully recovered and back to their old selves when they are discharged from hospital. The day-to-day consequences of acquired brain injury are by and large hidden disabilities, hidden frustrations and hidden sorrows only recognised and experienced by the survivor themselves and their close loved ones. 

	My own training in relation to the devastating consequences of ABI only really began when I started working as a consultant at both the Merseycare Brain Injury Rehabilitation Unit and at the Walton Centre for Neurology and Neurosurgery in 2011. In both roles, I got the opportunity to learn the complexities of brain injury from my patients and their families.

	As a consultant neuropsychiatrist within the Cheshire and Merseyside Rehabilitation Pathway, I have gotten the opportunity to see the journey that an individual and their family makes from the time of the car crash, assault or bleed to their progression within hospital, rehabilitation unit and the community. One of the reasons for writing this book is that the information out there on the internet and in other sources is highly variable; some is frankly incorrect; some is overly optimistic; and some is overly pessimistic. 

	I hope that this book will give family members and the survivor of ABI a good overview about the condition. I will describe the effects of a brain injury on the brain and body and ultimately how it affects the individual in terms of their memory and cognitive abilities, their mood and their behaviour. I hope this book will also give family members and friends of individuals with a brain injury advice on how to cope with and manage potential challenges in the immediate and longer term.

	The first chapters will aim to provide a concise and easy-to-understand overview about the human brain and the various types and severity of brain injuries. Later chapters will look at inpatient care both within the hospital, and rehabilitation units and community care. The physical and mental health consequences of ABI are discussed later in the book, along with specific advice for family members on how to manage such challenges. Throughout the book I’ll use illustrative case histories to describe real-world examples of the kind of challenges encountered. 

	My hope is that survivors and their loved ones can dip in and out of the book and develop a better understanding of the difficulties after a brain injury, and get advice on the potential solutions. 

	


Chapter One 

	Welcome to the Brain

	In the fourth century B.C., Hippocrates of Cos, the father of medicine, described the brain as the site from which “arise our pleasures, joy, laughter and jests, as well as our sorrows, pains, griefs and tears”. The human brain is the organ that has led us to walking on the moon and exploring the darkest regions of the universe. The complexity of the brain is awe-inspiring and difficult to contemplate or, for that matter, attempt to summarise in a short chapter. To describe the brain as a computer is to do it a disservice and minimise the complexity of its functions. 

	The Neuron in a Nutshell

	[image: Image]

	Figure 1: The Neuron

	 

	The human brain is essentially a collection of microscopic cells called neurons, with blood vessels and other cells to support them. A neuron is unimaginably small and consists of a headquarters, the nerve cell body and a far smaller cable-like axon that connects it to other nerves and other parts of the body. The nerve cell body can vary in size from 0.004 mm to 0.1 mm – meaning you could fit between one and twenty-five neuron cell bodies side by side across the width of a single human hair. The axon which emerges from the neuron can vary greatly in length, the longest being over three feet long. The diameter of an axon is even smaller at just 0.001 mm or one hundredth the diameter of a human hair. In a similar way that electrical cable is insulated, some axons are covered by a fatty layer called myelin. Myelin functions to speed up the transmission of information through the axon.

	Just like people, a neuron is interested in information. The brain can most easily be imagined as being like a very crowded room of people at a party or social gathering. In the case of the brain there are 100 billion neurons and a further ten times that number of cells supporting the individual nerve cells. The supporting cells are called glial cells, and a bit like waiters at a party they support the neurons with nutrients and protection. 

	Just like party guests, a neuron gets information from many sources – some of which are close in proximity and others which come from further afield such from the foot, hands, eyes, ears, or other sense organs. Whilst each individual guest at a party might have a relatively limited selection of people with whom they communicate, the average neuron has 7,000 connections, also called synapses. And just like a tittle-tattler, the neuron processes such information and sends it to another neuron, or neurons, within microseconds. These other neurons can be located in the brain or the spinal cord. Some people are quite positive and cause other people to laugh or get excited whilst other individuals are negative and depress others – similarly neurons may either be inhibitory and stop other neurons from firing or they can be excitatory and make them fire. 

	At its most basic, nerve cells communicate with each other through electrical signals. As such, the brain is like an electrical appliance with the electricity flowing along cables – the axons. 

	The neuron has a different concentration of chemical elements, such as sodium, potassium, and calcium, inside than outside. Just like the ends of a battery, these chemicals all have an electrical charge – either positive or negative. This means that the electrical charge inside the nerve cell is different to that outside. The difference in charge is partly due to pumps within the wall of the neuron that actively pump some chemicals in and others out. Those pumps are switched on or off in response to minute quantities of substances called neurotransmitters which are produced at the end of the axon. The neurotransmitter is secreted into the gap between the neurons and binds to targets on the other neuron causing the pumps in the other neuron to either pump or not pump. The action of the pumps causes the concentration of chemicals and electrical charge within the neuron to suddenly change. Just like a row of dominos falling one by one, the change in the electrical charge moves like a wave down the neuron to the end of the axon, where it stimulates the release of neurotransmitters that cross the gap between neurons and affect the next neuron. 

	In the same way that at a party, different groups of people will be discussing different things in different parts of the room, different parts of the brain are similarly interested in different functions. Those various parts are linked to each other by the cables of axons that run deep within the brain.
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	Figure Two: Side View of the Brain

	The Brain

	The human brain consists of the cerebrum, cerebellum and brain stem. It weighs about 1.5 kg or just over 3 pounds. The cerebrum is the largest part of the brain and is located on the top and in front of the much smaller cerebellum and brain stem. Despite appearing quite solid in photographs or when shown on television documentaries, the cerebrum has the consistency of cold porridge or tofu. It looks a little like a cauliflower with lots of grooves called sulci and elongated bumps called gyri. Scientists and doctors use these grooves and bumps as landmarks when looking at brain scans, completing surgery or when testing how the brain is functioning.

	 The cerebrum is divided into two halves or hemispheres – one on the left and one on the right. Both hemispheres are connected through a band of tissue called the corpus callosum that lies deep within the brain. Whilst at first glance both hemispheres are mirror images of each other, there are subtle differences particularly in terms of specialised functions. The parts of the brain that have a role in understanding speech and speaking are located on the left in most people. The right side of the brain has an important role in the use of non-verbal information and appears to have a role in taking note of the bigger picture and looking for patterns.

	At the back of the brain lies a knob of brain tissue that looks like a miniature brain or a floret of cauliflower glued on. That miniature brain is called the cerebellum and has important roles in controlling movement.

	The brain stem is located between the spinal cord and the cerebrum. This part of the brain is vital for the life-supporting systems of the body that control breathing and other essential functions. Damage to this part of the brain is often devastating and causes death. 
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	Figure Three: The Spinal Cord

	The Cerebrum

	As we just introduced, the cerebrum is the main bulk of the brain and sits on top of the brain stem. Each hemisphere is divided into four different lobes which are named after the parts of the skull that cover it: the parietal lobe, the temporal lobe, the occipital lobe and the frontal lobe. Each lobe is associated with performing different functions, and damage to each lobe is associated with differing problems. 
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	Figure Four: Lobes of the Brain

	The temporal lobe is located approximately at the level of the temples and just in front of the ear. It has a number of functions including processing sound information. It also has a role in memory formation. Damage to the temporal lobes can, in some cases, be associated with certain forms of epilepsy. 

	The parietal lobe sits just above the temporal lobe. This part of the brain receives information from the various sensory organs that are located throughout the body. As a result, this part of the brain processes and integrates information pertaining to touch, pain, temperature of objects and position of parts of the body in space. This information can be used by other regions of the brain, such as the movement centres in the frontal lobe telling a limb to move away from a source of pain. 

	The parietal lobe also has a role in spatial awareness. Damage of it can lead to sensory neglect meaning that the brain ignores information coming from one part of the body and the individual can end up repeatedly bumping that side of their body. 

	The occipital lobe is located at the back of the skull. This area receives information from the retina of the eyes and uses the visual information to process and recognise what is in front of the individual. Damage to this part of the brain is associated with different types of blindness. 

	The Frontal Lobes

	The frontal lobes are found at the front of the brain and are especially large in humans, accounting for over 35% of the volume of the whole brain. In comparison, animals have smaller frontal lobes. For example, in dogs the frontal lobe only comprises 7% of the total volume of the brain. 

	The frontal lobe is divided into the motor cortex, which controls movement, and the pre-frontal cortex, which has important roles in personality, motivation and cognition. 

	The motor cortex is located towards the back of the frontal lobe and borders the parietal lobe. It makes sense that it is close to the parietal lobe given that movement requires a lot of sensory information. Even though at the level of the naked eye, the strip-like motor cortex all looks the same, its neurons are arranged according to the part of the body they control. Areas of the body that require a lot of precise and delicate movements such as the fingers require far greater control and so have more neurons in the cortex. The areas of the motor cortex that control movement of the mouth and lips is also large given the role the mouth has in communication. The right side of the body is controlled from the left motor cortex and left side is controlled from the right motor cortex. People who write with their right hand are said to have a dominant left hemisphere. Damage to parts of the left motor cortex can profoundly affect speech and the individual’s ability to speak. In contrast, damage to the right motor cortex is typically associated with more subtle language changes such as intonation of voice.

	The pre-frontal cortex lies in front of the motor cortex. It is the front driving seat of the brain. This part of the brain has very important roles in personality, motivation, social function and cognition. Damage to it can be associated with dramatic changes of personality. This part of the frontal lobe is highly connected with the rest of the brain. As a result, it functions as a supervisor and has an important role in management and organisation. Damage to the frontal lobe is therefore associated with an individual becoming much more disorganised and chaotic – both in terms of their behaviour and also in terms of their ability to memorise things. Through connections with the brainstem, it has an important role in wakefulness. An individual with severe damage to their frontal lobe can present as extremely apathetic and unmotivated. 

	The frontal lobe is the last part of the brain to develop and fully mature and doesn’t stop until the early twenties. Young adults, teenagers and children therefore go around with an immature frontal lobe. This can be readily seen in a school playground or classroom. Younger children can be impulsive in their actions and often take risks without thoughts of the potential consequences. Similarly, they can be blunt in what they say and lack the diplomacy and tact that is supposed to be associated with adulthood. They may also be a little less empathic and sensitive to the needs, desires and feelings of others. Their ability to control their temper can also be less strong than is expected in adults. Similarly, their ability to control their emotions is less robust than in adults – younger children can readily laugh or cry and experience a roller coaster of emotions on a daily basis. All of this is due to the fact that the frontal lobes act as a brake to stop socially inappropriate behaviour. When someone’s frontal lobe is damaged, that braking mechanism is affected with quite often significant consequences for how the individual behaves. 

	The Spinal Cord

	The spinal cord descends out of the brain like a long tail. The cord is the thickness of a finger and it starts at the bottom of the skull and is protected by the individual bones of the back which encircle it. The back itself consists of over 24 bones or vertebrae, divided into cervical, thoracic, lumbar, sacral and coccygeal vertebrae. Between the junction of each of the vertebrae, individual string-like nerves emerge out of the spinal cord and break up to supply muscles with information from the brain and carry information back to the brain from sense organs – for example from nerve endings in the skin or joints. 

	If a telephone cable is cut the message doesn’t get through. In a similar way, if the spinal cord is cut, damaged or is starved of blood at any of those various levels information coming from the brain to muscles or to the brain from skin etc. is lost and the person presents with symptoms of paralysis. Complete damage to the spinal cord in the neck is associated with paralysis of all four limbs, also called quadriparesis or tetraparesis. Damage to the spinal cord below the neck is associated with paralysis of the legs. 

	Blood Supply and the Brain 

	The brain receives a huge proportion of the blood supply pumped from the heart. Despite the fact that it weighs less than 2% of the total bodyweight, it receives 15% of the blood being pumped from the heart in every beat. Every minute the brain receives the equivalent of 750 mls of blood – that’s two and a half soda cans of blood in a minute and 136 cans’ worth in an hour. The reason why the blood supply is so high is because the nerve cells within the brain need a lot of oxygen and sugar to keep functioning. Whilst other parts of the body can cope with temporary reductions in blood supply, the brain copes badly with scarcity. Individual nerve cells and parts of the brain are irreparably damaged if there is a loss of blood supply for more than three minutes. One of the parts of the brain which is most sensitive to a lack of oxygen is the hippocampus – the part concerned with taking in information and encoding it to form short-term memory. This is found deep in the temporal lobe. Even quite short periods of loss of blood supply, such as that seen in a cardiac arrest, is enough to irreparably damage this part of the brain causing severe memory problems. The affected individual may be physically quite well after their cardiac arrest and be able to walk and talk but have no ability to recall what is going on in their lives. 

	As a result of its high requirements for food and oxygen, the brain has a very extensive supply of blood vessels to deliver nutrients and oxygen-rich blood from the heart. The network of blood vessels is more complicated than many other organs of the body and the actual anatomy can vary quite a lot from individual to individual. 
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