

[image: Cover]






 


Understanding and Living Well With Post-Concussion Syndrome


Dr Priyanka Pradhan & 
Anna Leggett


[image: Sheldon Press]









Priynka:


To my husband and two amazing children, your love and support through this project have been unwavering, and I can’t thank you enough.


To my parents, who taught me the importance of caring and inspired me to follow my heart and career path.




Anna:


This book is dedicated to my husband, Alex, and my three children, Danny, Kezzy and Chloe. You are my rocks. Thank you for everything.


I also wish to dedicate this book to all those people who’ve suffered a ‘mild’ brain injury but have experienced this invisible injury as anything but and have struggled to be understood and find a path towards recovery. You are brave beyond belief.









Acknowledgements


Priyanka

I would like to thank all my patients and clients who have trusted me enough to listen to their experiences and stories. I will always be humbled by the fact you have allowed me to assist you on your recovery journey in a collaborative and authentic way.

To my colleagues who have inspired and supported me to speak out for what I believe in professionally and politically, as well as be the voice for those that are yet to be heard. You know who you are.

To Anna Leggett, thank you for all your amazing work, time and dedication on this project. Your insight, compassion and knowledge shine through in a way that can only happen when someone has a lived experience of this condition and the multifaceted challenges it brings.




Anna

I would like to thank the following people for the part they have played in my concussion recovery, in inspiring me and in me writing this book.

The publishing team at Sheldon Press, including Commissioning Editor Victoria Roddam, Meaghan Lim, Viv Church and Jenny Campbell for believing in this book and getting it published, encouraging and keeping me on track and providing your publishing expertise.

My dear husband, Alex, who has shown me much love and care and supported me in every possible way with my recovery. My three children, Danny, Kezzy and Chloe, who have shown love to me throughout and who have been so brave and resilient in the face of difficult times. The four of you are all my biggest cheerleaders and my main motivation for recovery.

My friends who stood by me and have been there for me, even though at times I haven’t been the easiest person to be around or to understand. With special thanks to Alison, Clare, Janet, Julie, Julie B, Justine, Helen and William, Kirstie, Leonie, Michelle, Lucy, Rhonda and Sharon. You have no idea how much your friendship and support have meant to me, especially during those very difficult early weeks, months and years.

All the people who rallied round me in the early weeks and months and helped me with cleaning, shopping, childcare, ironing, laundry, taxi services, looking after our rabbits and moral support.

Kesgrave Scout Group (especially Cub leader Lesley Creasey and her husband John and Scout leaders Alan and Celia Comber) who have given tremendous support to us as a family and who have provided a safe, fun environment for my children, especially when I was struggling to look after them.

The Co-op Juniors Theatre Company, who have provided so much joy and encouragement to my two daughters and who’ve been accepting and supportive of me and our family situation. I’m grateful to the staff, parents and children. Thank you for providing this fun, creative outlet to my girls when life hasn’t been the easiest for them.

All the many people who’ve experienced a concussion or more serious brain injuries who I’ve interacted with online in Facebook groups, on Instagram and Twitter. Thank you for sharing your tips, experiences, encouragement and support. I wish every one of you the best recovery possible. I’d especially like to thank David Bottomley of Post-Concussion Syndrome and mTBI Awareness Worldwide, GB Paraclimber Dave Bowes, Liz Meddings, founder of the UK Post-Concussion Syndrome Support Facebook group, Anne Johnston of Finding My Sparkle, Emma, Ellen, Esther and Karen.

Headway, the brain injury charity, my first source of information regarding concussion, and the members of staff on the helpline I spoke to.

The team at Headway Suffolk, including CEO Helen Fairweather, counsellor Julie Wilman, David Crane and Sophie Wellum-Mayes, and brainy dogs Bee and the late Hope. Thank you for your assistance and support and for the amazing six-week Understanding Brain Injury course that Alex and I attended and benefitted from.

My legal team who acted for me. I would not be where I am today without your help.

Dr Priyanka Pradhan, for your encouragement, expertise, support and wisdom and for the crucial role you played in my recovery. Thank you also for giving me the opportunity to co-author this book.

My GP, Dr John Lynch, who helped me to explore and access different healing options, including holistic ones.

Fiona Cole Goodwin, my kind friend and physiotherapist, who treated me at home when I couldn’t get out and when I was at my worst. Thank you for your expertise in acupuncture and physiotherapy, friendship, listening skills, prayers and wisdom.

Felix Cory-Wright at Tollgate Healthcare, for your expertise in acupuncture and osteopathy, for teaching me the foundations of good health, and for helping me improve my mobility.

Lee Johnson, pain recovery coach, who helped me understand and manage chronic pain.

Peter Appel, embodiment and somatic expert, for your Movingness course and sharing your wisdom on all things equilibrium and movement.

Miriam Gauci Bongiovanni, coach and MindBody practitioner specializing in chronic pain and founder of Pain Outside the Box, for coaching me through a chronic pain flare up.

Justine Fawcett, neuro-occupational therapist, who helped me implement life strategies such as energy management, household organization and sleep hygiene.

The various health professionals I saw who advised, diagnosed, helped or treated me.

The inspiring people – health professionals, other professionals, concussion awareness campaigners, bloggers, writers and survivors of concussions and more serious brain injuries – who I’ve come across on my recovery journey, online or in person, who’ve helped countless people with their concussion and brain injury recoveries and who share their knowledge in this field with others. A mention here goes to Lynne Becker, founder of Power of Patients; trauma psychologist Dr James Zender; concussion survivor and functional neurologist Dr Titus Chiu; concussion survivor and founder of Faces of TBI Amy Zellmer; brain injury survivors and bloggers Michelle Munt, Brooke Trotter and Debbie Hampton; brain injury survivor, author and campaigner Cavin Balaster; brain injury survivor, author and founder of the Crash Support Network Dawne McKay; founder of Complete Concussion Management Dr Cameron Marshall; concussion survivor, author and course creator Ethan O’Brien; concussion survivor and personal trainer Brenda Shaughnessy; and brain injury survivor, author and motivational speaker Mark Kennedy. There are many more I haven’t mentioned.

I’d like to thank Ajit Nawalkha, founder of Evercoach, and Dr Neeta Bhushan for inspiring me to study life coaching. Thank you, also, to members of the Evercoach community for encouraging me during the first year of my coaching journey.









Disclaimers
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Anna: I’m not a medical expert and my section of the book isn’t a substitute for medical treatment and advice. Think of it as a guide to concussion recovery from someone who has walked the path before you. I share some of the different treatment options available as well as tools and strategies you can use straight away. This book is best used alongside the help you receive from your healthcare providers. Do discuss with them anything you have questions about or things that you think you might like to try. If you’re still searching for specialist healthcare or if you’re looking for some extra actions you can take between appointments, then this book will provide some pointers. There’s an extensive reading and resources list at the end of this book, which provides many next steps and different avenues to explore to help you with your recovery.
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Introduction




Priyanka


This book is drawn from my 20 years of clinical knowledge and experience of working in the field of neuropsychology. While the first part of my career was focused on neuropsychological diagnostics, increasingly over the years I have provided more psychological therapy and neurorehabilitation intervention to people and families living with long-term neurological conditions. In the last eight years, my work has been more focused on working with people who have ongoing symptoms following an injury to their head.


One of the people I have worked with is Anna, who has contributed significantly to this book by sharing her first-hand experience of what it’s like to have a head injury and live with post-concussion syndrome (PCS). She details how she navigated through the health system and what tips and tools she has found to be beneficial. This is a book to share knowledge and fundamentally help people who like Anna may find themselves lost in a system that is not fit for purpose when it comes to this type of injury.


The book is for the small but significant percentage of people that continue to experience symptoms after having an injury to their head and so may get diagnosed with PCS. It is also aimed at their loved ones, as well as their GPs (given it can be challenging to understand the symptoms), to be better equipped to provide a treatment pathway for people with ongoing difficulties.


The book raises discussion points about how we describe and classify this injury, as well as the name we give it. There is a range of views and levels of understanding in the medical field which can on occasion be conflicting. From my clinical experience this can mean that people are told different things by different doctors and allied professionals about their diagnosis and prognosis. Understandably this can be confusing, frustrating and disheartening for individuals. It is not the purpose of this book to discuss the debates that surround head injury in the medical and legal world; instead, this book is to assist people on a challenging journey. It is my view that this is a complex injury that has to be understood on a multi-factorial level.


In terms of how people choose to use this book, while it is written in a way that will take you on a journey from understanding the relevant neuroscience to looking at ways to help you deal with ongoing symptoms and where to seek help, it can also be used as a reference to dip in and out of as required.







Anna


In November 2016, a 4 × 4 vehicle crashed into the back of my car while I was stationary in traffic at a roundabout near my hometown in Suffolk, UK. I sustained a concussion and musculoskeletal injuries to my head, neck, shoulder and back from the force of the impact. I was later diagnosed with post-concussion syndrome. My 3-year-old daughter was also in the car and sustained a concussion. However, for simplicity, this book is only about my own experiences.


Due to my injuries, I experienced a wide range of symptoms, including headaches, dizziness, vertigo, brain fog, light and sound sensitivity, cognitive and memory problems, fatigue, word finding difficulties and chronic pain.


My experience turned my life upside down. I couldn’t drive and I frequently had to sleep for a couple of hours during the day and sometimes longer. It was difficult to walk, cook, organize myself, go out to busy places, read, write, look at a screen and use the computer. It was hard to be the mum and wife I wanted to be; my relationships with some family members and friends were affected; we ran into debt and I felt like I had aged 40 years overnight.


This was especially frustrating for me as some years before the accident I’d worked as an executive PA and a freelance copyeditor and I’d partially trained as a counsellor. At the time of the accident, I was a busy full-time mum to three children under nine years old. I’d previously been active, efficient and organized but now I was anything but.


There were many times when I thought I’d never get better. I often found myself thinking, ‘Is my brain damaged forever?’, ‘Is this as good as it gets?’, ‘Will I ever be able to have a quality of life that I can feel happy about?’


Unfortunately, there wasn’t a clear recovery pathway for me with the diagnosis of post-concussion syndrome. I experienced what many people with PCS go through: a long and challenging journey to understand my condition and find the right medical treatment for it.


I set about trying to figure out what I could do to improve and get better. I spent hundreds, if not thousands, of hours researching and trying to put together the pieces of the recovery jigsaw puzzle. It was a long and arduous journey of healing with many dead ends and frustrations. Thankfully, my very patient and long-suffering husband, my children and a number of caring friends provided much-appreciated encouragement, love and support during this time.


I trawled the internet and books for information on concussion recovery and pain relief. I struggled to read properly as the words would jump around in front of my eyes and I couldn’t tolerate being on a screen for very long. My attention span and my ability to retain information were abysmal. But I persisted. I was obsessive about my quest to recover and I became fascinated with the brain and the nervous system. I just had to get better: the idea of staying this way was just too awful to contemplate.


Thankfully, I was gradually able to find the help of good healthcare providers; gain the assistance of a great specialist personal injury legal firm with access to medical experts; find help via the website and helpline of Headway, the UK brain injury charity, and my local Headway group and some online concussion recovery groups. They all provided many answers, solutions and much needed support. At the same time, I experimented with various supplements, nutritional plans, exercises, treatments and therapies. I was able to build up my exercise, stamina, reading, writing and many everyday skills. I embraced a wide range of lifestyle changes, natural modalities and mindset shifts. I was desperate, determined and driven.


Over the last few years, I’ve made good progress in my recovery. I still have a few struggles: mainly fatigue, some challenges with cognition, emotional regulation and pain, and I still find large social gatherings quite overwhelming. I do have to pace myself and sometimes I experience setbacks and flare-ups of symptoms. But I’ve come a long way from where I was and my life is, for the most part, pretty normal. I continue to put into practice many of the recommendations in this book. I keep seeing improvements, and at the same time I hold out hope for further healing.


I told myself that if I ever made a good enough recovery, I’d share my knowledge with others in a similar position. I never wanted anyone else to go through what I experienced: being met with blank looks; being misdiagnosed and not knowing what to do to get better.


I’m delighted to have the opportunity to co-author this book with Dr Priyanka Pradhan who started working with me in her capacity as a neuropsychologist around a year after my injury and supported me as I got back on my feet and rebuilt my life after my injury. Writing this book is a dream come true for me. For a long time after my accident, the physical and cognitive demands of writing were great and I could never have imagined undertaking such a project. As it turns out, writing has been cathartic and it has been an important part of my therapy. I’ve worked up to this by journaling, writing regular guest blog posts on concussion recovery and posting regularly on the topic on social media. I’ve also spent a year training part-time as a life coach, which I’ve loved.










Part One





1

Injury, the brain and the nervous system

The term concussion comes with varied understanding of its meaning within the medical world and among the general public.

There are a number of definitions of concussion, but on the whole it is described as an injury to the head or body that impacts on the function of the brain. Some definitions describe it as the most common and least serious type of traumatic brain injury (TBI). In the past it was assumed that someone would have to lose consciousness for a diagnosis of concussion to be made, but this is no longer the case.


The injury

While concussions usually occur when there has been a blow to the head, they can also be caused by the head being shaken or via an injury that causes a force to be transmitted through the body and brain (such as what happens to soldiers when they are near an explosion – this is called a blast injury).

There are many ways that injuries to the head can occur, and I have listed a few examples below:


	road traffic accidents involving all type of vehicles


	any sport, but especially those where there is a high risk of bangs to the head (e.g. boxing, rugby, football, ice hockey)


	falls, slips


	items falling on your head


	whiplash – the head is subjected to acceleration and deceleration forces without there being a direct knock or a bang to the head


	blast injuries.




When the head is knocked or subjected to forces that cause a jolt, the function of the brain can be impacted, as the brain is subject to a type of movement called ‘acceleration and deceleration’ (moving forwards and backwards at speed). It may also be affected by rotational forces, where the head and brain within the head are moved rapidly along other planes of direction (i.e. not just forwards or backwards).

As the brain is made of soft tissue suspended in cerebrospinal fluid within the skull, if the head is knocked or subjected to rapid external forces, the brain within the skull moves with a slight time delay. Movements in this time delay can cause a stretch of the nerves and blood vessels of the brain. This damage can then cause chemical and metabolic changes within the brain cells as well as bruising (indicating loss of blood), which affects how the brain cells function and communicate with each other.

Furthermore, a force to the head can cause a type of injury called a ‘coup contrecoup’ which affects not only the side of the brain where the skull was hit but also the opposite side of the brain. This happens as the brain is shifted by the forces on one side to the other. I have seen cases where someone has banged the back of their head but an injury occurred to the front of the brain, or cases where they had an impact on the left side of their head and suffered an injury on that side as well as the right side.

Any knock to the head can cause the brain’s function to be temporarily halted or disrupted, which can result in a range of symptoms. If you have ever had a concussion, your vision may have been disturbed, you may have felt dizzy and become sensitive to noise and/or light, and you may have vomited, experienced a headache and felt confused. You may have also had emotional reactions like shock, anger, embarrassment or even shame.


Box 1. A brief summary of what happened when Anna suffered her injury

It was around 5 p.m. on a winter’s evening in 2016. Anna was on her way home from dropping off her older children at her parents’ home. Her youngest daughter, who was three at the time, was in her child safety seat in the back of the car. She was in rush hour traffic and recalls waiting for about 10–15 minutes in stationary traffic near a roundabout on an A road. Anna had the handbrake on and was listening to a CD. She describes experiencing a ‘violent jolt out of the blue’. She did not realize what had happened and even thought it could have been an explosion. Anna felt her head jolt forwards and then backwards, hitting the headrest. This was clear in her mind as it happened so quickly. Anna describes feeling a sensation in her head and right eye socket as her head was thrust forward and also felt a jolt in her torso. She had her seat belt on. Anna then realized that her car must have been hit and rang 999. The phone operator asked if anyone had been hurt and because Anna said no, they informed her that the police would not be dispatched. Anna saw a lay-by to the left, so she pulled over and got out of her car. She recalls it being pitch black, and also feeling embarrassed. As she walked to the back of her car she recalls the driver of the other car, a man, walking over and apologizing. Her memory from this point onwards gets somewhat patchy.

Anna does recall experiencing some confusion over swapping details: she remembers walking off before she had given the man her details, and he had to call her back. She feels that she was not really ‘with it’ and had an urge to get home. The other driver took photos of the damage to the cars on his phone.

Anna’s memory got more vague and patchy. She does not recall the route she took to get home nor getting out of the car when she arrived home. She also does not recall what she did that night, though she knows that her husband cooked their evening meal. She recalls becoming cold and shivery later on in the evening. Anna also describes a sense of ‘zoning out’, feeling very tired and incapable of doing anything.






The brain

Before I go any further, I think it would be useful to give you an overview of the brain and the nervous system.


[image: Elements of central nervous system.]
Cross-section diagram showing elements of the central nervous system, including the brain.



The brain is encased in a strong outer shell of bone – our skull. Like many bones in the body, it is there to protect delicate inner organs and tissues and provide a frame or structure. The brain is made of soft tissue that is cushioned by spinal fluid within the skull.

The brain gets more complex in function from the bottom to the top and back to front. The brain stem, at the bottom, which is the link to your spinal cord, is responsible for basic but fundamental bodily functions such as breathing regulation, heart rate and temperature. These are also known as ‘autonomic functions’. This is the first part of the nervous system to develop in the embryo. Moving up, we have the cerebellum, which is responsible for abilities such as balance and coordination. Then we have the cerebrum, the largest part of the brain, divided into two halves called hemispheres, which are then further divided into four sections called lobes. Each lobe is associated with different cognitive, emotional and behavioural functions, which are detailed below:


[image: Major sections and functions of the human brain.]
The four lobes of the cortex (brain).



The red is the front and top part of the brain, and the orange part is the back and bottom. The two hemispheres mirror each other, so each side (left and right) has a frontal, parietal, temporal and occipital lobe.

The left side of the brain is associated with memory for verbal material (e.g. stories, names, words) and language skills. The right side of the brain is associated with memory for non-verbal material (faces, pictures, diagrams) and visual perceptual skills. In the field of neurology, we refer to the left side of the brain as the ‘dominant hemisphere’ because this is where language is located in humans during normal development. It is important to note that the brain connects to the body in a contralateral way: the left side of the brain controls the right side of the body, and the right side of the brain affects the left side of the body.

When someone has what we call a ‘focal injury’ on one side of their brain, such as a stroke, it can affect the function of the opposite side of their body. For example, if the stroke occurs on the left side of the brain, the person’s ability to speak or understand the speech of others is usually affected, and they have weakness or paralysis in parts of the right side of their body. Those that have strokes that occur on the right side of the brain tend to have more visual-perceptual issues which can involve not being able to pay attention to the left side of their visual field (called visual neglect) and have loss of sensation and/or power in the left side of their body.




	Left hemisphere
	Right hemisphere





	Receives sensory input from the right side of the body
	Receives sensory input from the left side of the body



	Controls the muscles on the right side of the body
	Controls the muscles on the left side of the body



	Memory for verbal information, i.e. words, letters, numbers
	Memory for visual information, i.e. faces, places, objects



	Language functions, i.e. verbal output and understanding others’ speech
	Visual, spatial and perceptual skills



	Mathematical and analytical skills
	Rhythm and music



	Logic and linear thinking
	Holistic thinking



	Time and sequencing
	Intuition and imagination





As well as the brain being divided into four lobes (frontal, parietal, temporal and occipital), the main part of the brain (also known as the cerebrum) is divided into ‘grey’ (cortex or neocortex) and ‘white’ (subcortex) regions.

The cortex is the outer layer of the brain. It is about 3mm thick but highly folded, creating a massive surface area that contains billions of neurons. Only mammals have a cortex and for humans, the cortex is where many of the higher-level cognitive functions take place (e.g. rational decision making, planning, calculation and language).

The subcortex, which means ‘beneath the cortex’, is where we process more primitive functions (e.g. emotional reactions). However, cortical and subcortical areas are continually interacting (e.g. deciding when to suppress anger).

A brief outline of the key subcortical structures and their functions is detailed below:

Corpus callosum: relays information between the two hemispheres

Hypothalamus: regulates the endocrine system, the immune system and the autonomic nervous system (which is why all these three systems are connected)

Amygdala: emotional centre

Pituitary: the master gland

Thalamus: relays information between the cortex and the subcortex

Hippocampus: learning and memory

Fornix: cognition and episodic memory recall

Cerebellum: movement

Brain stem: relays information from the body, governs vital functions.

The limbic system comprises a few of these subcortical structures and its main function is to facilitate memory storage and retrieval, establish emotional states and provide a link between the functions of the cortex (grey matter) with the unconscious, autonomic functions of the brain stem. While the sensory cortex, motor cortex and associated areas allow you to perform tasks, the limbic system helps motivate you to do those tasks.

While the brain is divided into sections and there is what we call ‘localization and lateralization of function’, the brain works in sync and sends messages within the different lobes and regions in order to process information and execute responses. A major structure of importance in helping the two hemispheres integrate information is the corpus callosum, a white matter structure consisting of several nerve tracts that connect the two halves of the hemispheres. This allows the hemispheres to process motor, sensory and cognitive signals in unison and communicate back and forth, which harmonizes the intricate functions of the brain.

The corpus callosum also plays a crucial role in eye movement and vision by connecting both halves of the hemispheres of the visual field. This white matter nerve bundle allows us to see and then identify objects by connecting the visual cortex in brain language centres (i.e. our vision helps us see it, but our language and memory help us name/identify it). Also, the corpus callosum processes tactile information in the parietal lobes and transmits between the brain hemispheres to help us identify touch and space. It helps to maintain the balance of attention and awareness and so plays a vital overall role in cognition.

Here are two views of the brain. The first is the cross-section from a side-on view, while the second shows the brain if looking at it from the front.

[image: Side view of the corpus callosum within the brain.]

[image: Front view of the corpus callosum within the brain.]

When the integrity of the corpus callosum is damaged, it affects cognitive functioning. For example, while language comprehension occurs mainly in the left temporal lobe, in order to make a response verbally, we need to engage the left frontal part of the brain where verbal production is located.

Lastly, let’s look at the cells of the brain, which are called neurons. Most neurons can be likened to trees. They have a cell body that is similar to a trunk of a tree, which then has fibres that extend out of it, similar to roots (axons) and branches (dendrites). The job, in fact the compulsion, of these axons and dendrites is to seek out such structures in other neurons in order to connect and communicate. They communicate by sending and receiving signals, which is fundamental for the brain and body to function. These connections are minimal at birth but increase as we grow via all the things we see, do and learn. All our experiences create a bigger network of connections in the brain, which leads to brain development.

Neurons communicate via a synapse, a tiny gap between the axon of one neuron and the dendrite of another, which serves as a contact point for messages to be transmitted between neurons. When neurons send or receive messages, they transmit electrical impulses along their axons, which results in a release of neurochemicals between the neurons. Most axons, which can vary in length, are covered in a myelin sheath that accelerates the transmission of electrical signals along the axon.

Neurons are a unique form of cell. For a long time, it was thought that they do not get replaced if they are damaged, but due to contemporary evidence around ‘neuroplasticity’, we know that existing neurons can change, grow and reorganize by making new connections between existing neurons. As such, we have learnt that the brain can change and adapt for our entire lives.

You may have also heard the brain referred to as being made up of ‘grey and white matter’. The ‘grey matter’ is the area of the brain where the actual processing is done, referred to as grey because of the colour of the nuclei contained in the cells that make it up. The ‘white matter’ refers to those parts of the brain and spinal cord that are responsible for communication between the various grey matter regions and between the grey matter and the rest of the body. The white matter is so called because it contains many nerve fibres or neurons that are sheathed in the white fatty insulating protein called myelin. So, grey matter is the cortex and white matter is the subcortex. In essence, the grey matter is where the processing is undertaken and the white matter is the channel of communication.


The nervous system

The nervous system is a vast array of terminals that meander through the whole body and each part of the system plays a vital role in how information is experienced, communicated and responded to by the body and brain. It is divided into two main systems:


	The central nervous system (CNS) (brain and spinal cord)


	The peripheral nervous system (all nerves that travel to the body from the brain and vice versa).




Let’s focus on the peripheral nervous system, which contains all the nerves that lie outside the central nervous system. The primary role of the peripheral nervous system is to connect and send information from the central nervous system to the organs, limbs and skin and vice versa so that we can respond to sensory information coming from our external and internal environment. These nerves extend from the central nervous system to the outermost areas of the body.

The peripheral nervous system functions are to:


	connect the central nervous system to the organs, limbs and skin


	carry sensory and motor information to and from the central nervous system


	allow the brain and spinal cord to receive and send information to other areas of the body


	regulate involuntary body functions like heartbeat and breathing.




The peripheral nervous system itself is divided into two parts: the somatic nervous system and the autonomic nervous system. Each of these components plays a critical role in how the peripheral nervous system operates.

The somatic system is the part of the peripheral nervous system responsible for carrying sensory and motor information to and from the central nervous system. The somatic nervous system derives its name from the Greek word ‘soma’, which means ‘body’. It is also responsible for voluntary movement (picking up a cup, kicking a ball, stirring a spoon). This system contains two major types of neurons:

Motor neurons: Also called ‘efferent’ neurons, motor neurons carry information from the brain and spinal cord to muscle fibres throughout the body. These motor neurons allow us to take physical action in response to stimuli in the environment.

Sensory neurons: Also called ‘afferent’ neurons, sensory neurons carry information from the nerves to the central nervous system. It is these sensory neurons that allow us to take in sensory information and send it to the brain and spinal cord.

The autonomic nervous system (ANS) is the part of the peripheral nervous system that is responsible for regulating involuntary body functions, such as blood flow, heartbeat, digestion and breathing. These functions occur below our conscious awareness and essentially carry on in the background. We do not have to think about breathing, or making sure our heart is beating, or digesting our lunch. In other words, it is the autonomic system that controls aspects of the body that are usually not under voluntary control.

The autonomic system is further divided into two branches:

Sympathetic nervous system: By regulating the fight or flight response, the sympathetic system prepares the body to expend energy when necessary.

This branch evolved in relation to threat, predominantly in the environment of our ancestors. If information came through their senses of potential danger to their safety (hearing a rustling in the bush, smelling fire, seeing a dangerous animal in the distance), an alarm system went off in the brain. A cascade of nerve and hormone signals then released, triggering a response that prepares the body to either stay and fight or run as fast as possible to get away from immediate danger. This process has not really changed as we have evolved over millions of years, despite the significant reduction in many environmental threats.

When action is needed, the sympathetic system triggers the release of hormones including adrenaline and cortisol. Adrenaline increases the heart and breathing rates, boosts energy supplies and blood flow to muscles, dilates pupils and activates sweat secretion. Cortisol (also known as the stress hormone) increases sugars (glucose) in the bloodstream, enhances the brain’s use of glucose and increases the availability of substances that repair tissues (in case we get hurt in battle). Cortisol also helps to curb functions that would be non-essential or even harmful in a fight or flight situation. As such, it plays a role in suppressing immune, digestive, reproduction and growth systems, as it sees this as a waste of energy during this time where survival is its main focus. Our cognitive functions also go into problem solving for survival purposes, becoming highly focused on the task in hand, while any thoughts relating to imagination, creativity or connective social interactions are put aside.

Parasympathetic nervous system: After a period of necessary sympathetic activation, the body and brain’s stress response systems and hormone levels need to be able to return to ‘normal’, given that all the time a person is in sympathetic activation, bodily functions that are necessary for health, well-being and growth (immunity, digestion, reproduction and growth) are put on hold to conserve energy for survival. This is why sometimes this branch is referred to as the ‘rest, digest and restore’ system.

The parasympathetic system helps maintain normal body functions and conserve physical resources. Once a threat has passed, this system will slow the heart rate, slow breathing, reduce blood flow to muscles and constrict the pupils. This allows us to return our bodies to a normal resting state. This is also the place where we can be open to making social connections, allow ourselves to think creatively and engage in playful endeavours. As we emerge from the zone of threat and danger, we can restore depleted resources used when in sympathetic activation.




	Sympathetic branch of ANS
	Parasympathetic branch of ANS





	Pupils are dilated
	Pupils are constricted



	Saliva production is inhibited (dry mouth)
	Saliva production is stimulated



	Bronchi in the lungs are relaxed and heart rate is increased
	Bronchi in the lungs are constricted and heart rate is decreased



	Digestion is inhibited
	Digestion is stimulated



	Glucose release in the liver is stimulated
	Gallbladder is stimulated



	Adrenaline release is stimulated
	Adrenaline production is inhibted



	Bladder is relaxed
	Bladder is contracted



	Sexual climax, rectum is contracted
	Rectum is relaxed





To understand the relationship between the SNS and the PSNS, we often use the analogy of a car and the different functions of the pedals. The SNS is analogous to the accelerator, dominant when we need to rouse the body systems (e.g. increase heart rate, direct more blood to the muscles) often, but not always in response to stress or danger – like the car speeding up to get us where we need to be. However, just as the car needs refuelling in order to keep going, the body needs to recoup and restore. In this way the PSNS acts as a brake pedal, helping to slow down the car and giving us time to rebuild resources. Also, if the car was always going at maximum speed, it would be more susceptible to damage, along with wear and tear. Equally, long-term activation of the SNS results in hyperarousal, which is fatiguing to the body and brain, and lowers immune system functioning, making the individual more susceptible to illness.

A healthy autonomic system has the two branches working in tandem, with the PSNS (rest, digest and restore) being the default and the SNS (fight, flight, freeze) ramping up and dampening its activity as and when required. However, when there has been significant trauma, the brain is on high alert for any other threats to existence. This threat can be physical, emotional or social, actual or perceived. As such, our understanding of the role of the autonomic nervous system and physiological state not only plays out in the health of our brain and body, but also in our social behaviour.

The Polyvagal Theory (PVT), which has come out of the pioneering work of Dr Stephen Porges, is fundamentally an updated theory about the ways in which the autonomic nervous system functions for human beings. It has shone a light on the importance of the vagus nerve. The vagus nerve, which is also known as the ‘wandering nerve’, has a left and a right branch that runs from the brain via the throat to the lungs, the heart, the stomach and then the intestines, and is the longest nerve of the ANS. The vagus nerve also communicates with an individual’s immune system.

The premise of the theory (or some would say a working model of the autonomic nervous system) is that humans need safety – our biology is fiercely devoted to this – but this is in tandem with the biological drive for survival. PVT has three core principles which are co-regulation, neuroception and hierarchy.

Co-regulation refers to the ANS sending out and searching for cues of safety or danger. How do we balance between the drive to survive and the longing to connect, given that human beings are social creatures? While these two primary experiences can coexist, sometimes they work together, and other times they work in opposition to each other. Depending on our experiences in life, how we unconsciously interpret cues from other people will be affected. As such, while our nervous system is shaped and regulated by our interactions with others, it can also be triggered to be activated by others. For example, imagine you are invited to a party and you do not know who else will be going. As you enter the room, it is loud and crowded and you see a group of strangers huddled together, laughing. In this situation, you may unconsciously pick up cues of rejection and/or social threat. In a micro moment, your sympathetic nervous system leaps into action, signalling you to turn around and leave the party (flight), or perhaps head straight to the buffet and fill a plate to keep you occupied. Just then, you notice one of the guests breaking away from the crowd and walking towards you. She smiles and has an open, welcoming posture. Almost instantly, your breathing slows, your heart rate goes down and your body relaxes into the experience of ‘Ah, I’m safe now’. Your ANS has just guided you from a sympathetic state to a ventral vagal one, permitting what Porges calls your social engagement system to come fully online. You are now calm, ready to connect – and maybe able to initiate a new conversation.

These cues for safety and danger operate beneath our awareness. The three main elements of our autonomic nervous system – sympathetic, dorsal and ventral – act as our largely subconscious surveillance system, working in the background to read subtle signals of safety or threat. Dr Porges coined the term ‘neuroception’ to describe the way our ANS scans the environment and our internal world for cues of safety and danger without any assistance from our thinking brain. Rather, it is a visceral feeling that lets us know if we are safe or not in any given situation.

Safety comes when we feel connected within ourselves and with others. Here is a very brief and simplistic description of the two main pathways of the parasympathetic branch:


	Ventral vagal: responds to cues of safety and supports a sense of centredness and readiness for social engagement.


	Dorsal vagal: responds to cues of life-threat, causing shutdown, numbness and disconnect from others. Someone who dissociates has found refuge in the dorsal vagal state.




In terms of the hierarchy, the earliest evolutionary circuit was the dorsal vagal, where shutdown was the only option, then came the sympathetic response where we were mobilized to survive (i.e. flight or fight). The latest to develop was the ventral vagal circuit, which allows us to connect to the self, others and the world. It also allows us to be able to acknowledge our and others’ distress without getting overwhelmed. It helps us be resourceful and to reach out for support when we can identify we need it but also recognize when others need support and offer it to them.




	Ventral vagal
	Social engagement system
	
Communication and connection – engagement with ourselves, others and the world.

‘I feel connected and content’.

Helps us rest/digest.

Location where vagus nerve is stimulated most: face, throat, chest.





	Sympathetic
	Fight/flight
	
Mobilization – first line of defence.

Utilisation of a body’s resources to deal with a stessor/threat.

‘I’m in danger. I need to fight or run away.’

Increase of heart rate and muscle tension.

Location where vagus nerve stimulated most: spinal cord.





	Dorsal vagal
	Shut down/collapse/freeze
	
Immobilization – second line of defence when fight/flight is not possible.

‘I can’t cope. I need to shut down/cut off.’

Bodily functions ‘freeze’ to preserve life.

Location where vagus nerve stimulated most: diaphragm, gut, viscera.







When we have an autonomic nervous system that is regulated – that is, can respond to threat or danger when we need it to, but can rebalance to a state where our resources can be replenished and restored – it provides a platform for us to be able to interact with ourselves, others and the world in adaptative, connective and nourishing ways. This allows us to be in a healthy state rather than in a state of long-term survival mode, which can have a detrimental impact on physical, psychological and spiritual well-being.

So, what has all this got to do with having an injury to the head? Everything you have read here about the brain and nervous system is provided to help you understand a large proportion of your ongoing symptoms (or the symptoms of loved ones) and provides a foundation to learning about living well with post-concussion syndrome. In the next chapter, we will explore what exactly a concussion is, and what post-concussion syndrome is and how it is related to brain injury. I will also briefly touch upon and discuss the terminology and labels that are in use in the medical field.
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