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A NOTE ON THE TEXT

The events in this book are based upon my experiences in clinical practice. Details of both patients and colleagues have been used with permission or altered, and some people about whom I write are presented as composites. The book is intended for the general reader and does not in any way constitute medical advice. 
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PROLOGUE

The hospital where I work sits proudly in the corner of a Georgian square in London, a Victorian carbuncle resplendent in showy red brick. Like many hospitals of its period it has a chapel, Anglican and reasonably high church, complete with shiny marble floor, altar cloth and stained-glass windows. This is an oasis of quiet tucked away at the centre of a busy hospital like the secret eye of a storm. If you poke your head in you will often find a nurse sitting quietly having just finished their shift, or a hospital porter leaning forward on a prayer mat. Sometimes when nobody is about I will sneak in for a few minutes to find my calm centre in the middle of a busy day.

This occasion was different. I was tucked into a row of chairs along with ten or so of my colleagues from the neurorehabilitation unit, sitting quietly as we were led through a short service. This is more remarkable than it sounds. The minister leading the prayers was at that time one of our inpatients.

A lean man in his mid-fifties, Thomas was a busy vicar working across two home county parishes. He was married with teenage children, had a quiet intensity in conversation and a doctorate in history. Seven long months previously he had collapsed in the middle of a service, with a spontaneous bleed into the base of his brain that rendered him unconscious. Thomas spent around two months on intensive care and awoke from his coma as the blood gradually cleared away, but in the process had suffered damage to several important structures at the bottom of his brain.

Only months before this service he had needed support for all his bodily functions: a tracheostomy tube in his neck for breathing, another tube in his stomach for feeding, and another in his bladder. Even now he had double vision, almost incomprehensible speech, poor balance and difficulty moving or feeling his right side. Until recently he had been unable to sit up in bed, much less stand.

After months in rehabilitation spent grinding through the nuts and bolts of basic life skills, Thomas had insisted on making his next goal something that was meaningful to him. So there we sat on our chairs, listening while he stood and read aloud from the Book of Common Prayer. Without an ounce of irony, he of all things gave thanks.

We were transfixed. As a congregation we were a motley group, all staff from the rehab unit who worked with Thomas. To my right sat our psychiatrist Himanshu, then our charge nurse Dennis, a junior doctor, a couple of other nurses and some uniformed therapists. Put this team in a room together and you would usually hear rustling patient lists and conversations flying in all directions. Today nobody moved as we watched Thomas take charge of the chapel, transformed from the patient in Bay 3 Bed 1 into the master of his realm.

As he stood in front of his wheelchair Thomas held tightly onto the frame before him. One therapist crouched to his left and supported his pelvis from the side, while another held the text out in front of him close enough to read. One eye was covered with a patch. The familiar sacred phrases burst out into the chapel like bullets from a Gatling gun, staccato, disjointed and difficult to resolve at first, but no less impassioned for their lack of smoothness.

Thomas fought his way determinedly through the text, sweat beading on his brow from the effort. As his words engulfed us everything else seemed to recede – the distant sounds of the hospital, the support needed for him to stand there, even his illness – leaving just one man and his willpower. You do not need religious belief, it turns out, for the hairs on your neck to stand up in a chapel.

How was Thomas able to do this? He had bled from an artery into his pons, a region that sits right in the middle of the brainstem, as the brain’s base is known. Mention of the brainstem will cause your typical student of anatomy to break out in a sweat. It is densely packed with scores of nerves and tracts, criss-crossing like an oddly symmetrical railway map. Some connect the brain to the eyes, ears, nose and tongue, while others control blood pressure and organs such as the heart. Being so full of vital anatomy, the brainstem is particularly sensitive to damage – tiger country to a neurosurgeon brave enough to venture into it – and damage there often causes severe and permanent disability.

Given the site and extent of Thomas’s brain injury, then, conventional thinking would rule out what we were witnessing in the chapel. Such a scene should be impossible or highly unlikely. Yet there he stood.

*

Over the past twenty years a quiet revolution in neuroscience has been changing our perspectives of the brain, how it responds to stroke and other injuries, and what this should mean for how we think about rehabilitation and recovery. Once, a patient like Thomas would have been written off as beyond help and destined for nursing home care. In this book, I will explain how new insights into what happens when the most complex organisational system in the known universe (the human brain, not the National Health Service) becomes damaged – and especially into the crucial role played by the subtle process known as neuroplasticity – have enabled us to get Thomas and others like him back to a semblance of their previous lives. This shift in thinking has profound implications for what we should believe is possible, and also perhaps for the treatment and care that we owe such patients. 

Our brains are organic super-computers: billions of nerve cells with trillions of connections between them, all in constant chattering electrical communication. Within the patterns and flickering traces of these connections dwells our entire conscious being: our innermost thoughts, profound and profane, our hopes, fears and memories. Here in this ghostly framework also live the skills we need to interact with the world, to stand and walk, to play the piano or type on a keyboard, to speak, to laugh. If a brain area is damaged then these traces and connections vanish. There is an immediate loss of function corresponding to the region involved.

As a student I was taught that the brain does not mend. Once an area becomes damaged, we were told, that is it. You might see a little improvement over the first few weeks as things settle down, but there is little to be done that will affect the outcome. As a result of this orthodoxy such patients received relatively little attention once the immediate medical issues had been taken care of. Traditionally, if you were brought in with a stroke the doctor would prescribe bed rest, nurses would take care of your bodily functions, and you would be shielded from stimulation or activity. As will become clear, every aspect of this approach is precisely the opposite of what we now know is needed.

It is perhaps easy to see how this nihilistic approach came about. At the level of a standard microscope, neurons – the brain’s nerve cells – do not regenerate once injured. Neurons in mammals are relatively unusual in that they do not reproduce at all once mature. A fully grown adult has pretty much all the brain cells they will ever have and, unlike skin or the liver, a damaged area will never grow back.

This may seem at first glance like an evolutionary misstep: in most vertebrates, such as fish or amphibians, a damaged nerve cell will simply regrow. In fact, this capacity has un-evolved in several independent branches of the evolutionary tree: the neurons of mammals and most birds are actively prevented from regenerating by the surrounding cells. So this change must presumably confer some advantage, and it is interesting to speculate as to what that may be. Some suggest that it reduces the brain’s vulnerability to the growth of tumours or the spread of infections. Others believe that this represents an evolutionary trade-off to maintain the stability of such a highly complex structure. The long-term memories that mammals and birds are able to maintain are held in fine balance for years within their brains’ structures: this feat would seem difficult if new neurons kept popping up across the network. Perhaps the price the brain has paid for such stability is an incapacity for regeneration.

With the circuits responsible for a particular function wiped out by a stroke or other injury, then, one might reasonably expect the loss of function to be permanent. If my MacBook’s graphics card packed up I would not expect it to mend itself spontaneously. This is a belief that has found its way into the general consciousness, and which still pervades among doctors and medical textbooks. But it turns out not to be the whole truth.

Other changes take place within the brain after injury, changes that are more subtle and extraordinary than simple regrowth. Surviving brain tissue undergoes extensive reorganisation, forging new connections and creating new networks over time. The term neuroplasticity describes a fundamental feature of the brain whereby it is shaped by its experience of the world around it. It has been described as a subtle but orchestrated dance between the brain and the environment, allowing us to learn new skills and to make ever truer internal models of the world we inhabit. If harnessed, this may allow functions to be restored that were thought to be lost. Because there is no obvious change at the structural level – little to see under a microscope – this process of reorganisation is hard to perceive and measure. Its results, however, may be dramatic and its implications for how we should manage recovery are profound.

This change of perspective has been gradual, for myself and for the wider neuroscience community. Having been told that brain injuries were irrevocable I began as a junior doctor to meet patients for whom this was clearly not the case. Something was changing in their brains that enabled a degree of recovery. Over the last twenty years there has been an explosion of investigation into neuroplasticity, using ever more sophisticated methods to shed new light on our brain’s response to change or injury.

Our brains’ neurons speak to each other via their synapses – the electrochemical connections between one neuron and its neighbours – and it is within these that the magic of neuroplasticity is found. Among the thick mesh of cells the synapses connecting adjacent neurons allow pathways to form, chains of neurons that are connected in sequence like an invisible route through a dense jungle. With an estimated hundred trillion synapses – each individually adjustable – the branching complexity of the brain’s circuits is almost unimaginable, and it is here that the capacity for reorganisation resides. Neuroscience has over recent years shed much light on how this works, revealing plenty that is startling and beautiful. Watching this story unfold has been like taking a microscope to the underside of a leaf only to find a hidden city.

Neuroplasticity is fundamental to how our brains learn. Information about the world around us leaves its trace in our neural pathways and is retained. With trillions of synapses being adjusted in real time our brains’ models of the world around us are constantly being moulded, our lived experience and personal history encoded in innumerable tiny synaptic clefts.

One of the ways that our brain makes sense of the world is by maintaining strict spatial relationships between its cellular circuits and the corresponding body parts they are controlling, or the aspects of the world they are encountering: adjacent circuits are laid out like maps of the body or outside world. The fluidity of these neural representations that synaptic plasticity enables is central to the story of this book and to the experiences of patients like Thomas. It allows reorganisation to take place in response to a change in circumstances in ways that we can now measure or see. Regions adjacent to the damage may be brought into play in a re-moulding of networks, with latent connections linking distant areas opened up for use. What is more, we seem for a while to enter a hyper-plastic state resembling that seen in a young developing brain.

The idea that synaptic plasticity drives recovery after an injury is no idle curiosity – it opens up all sorts of possibilities. We know from experimental work that we can influence neuroplasticity in a variety of ways, so can we do the same for patients? This question has given rise to a wide field of enquiry and has led neuroscientists to develop ever more outlandish ways of kick-starting recovery from stroke and brain injury: from medications, to electromagnets, to chips in the brain, to virtual dolphins (of which more later).

Most importantly though, this new field of research tells us increasingly clearly that intensive and high-dose therapy and training are what drive recovery. This allows potential gains such as the recovery of lost speech, improving memory or concentration, or new movement in a weak limb – these in turn may translate into invaluable improvements in independence and quality of life. I am privileged to witness this process every day.

*

Clinical practice has in many cases struggled to keep up with the science. An outdated view pervades which sees neurorehabilitation as a field lacking real treatments, a dowdy poor relative of sexier branches of medicine in which new molecular or cellular treatments are revolutionising outcomes. Within the fields of stroke and brain injury, resources tend to be concentrated at the more acute end of the pipeline with less consideration given to the journey to recovery that follows. But it is this journey and how it is managed that largely determines where that person will end up: passively dependent on the care of others or capable of self-determination. Sequestered from society or actively engaged with those around them.

Too often those with stroke leave hospital without adequate provision for rehab, denying them the chance of a meaningful recovery. The situation for head injury is even worse. Almost universally patients are sent home once they can walk and talk, with little regard for the major changes in thinking skills that often occur. Failure to address this invisible disability sets up patients for years of struggling to regain their lives, and often also leads them into trouble.

It does not have to be this way. If you were to consider rehabilitation as a medication, with a dose you can vary and an effect you can measure, we would all be buying shares in the company that made it. The extent of its effect on quality of life puts to shame most drug trials that make it to national press. It is now clear that the previous conservative approach has condemned generations of people with brain injuries to accept poor outcomes. This needs to change. We would not accept poor availability of antibiotics for chest infections, nor of aspirin for heart attacks – why are we OK with poor access to rehabilitation after brain injury?

My relationship with the human brain has altered dramatically since as a child I first wondered how it worked. It continues to evolve now as a neurologist, as each week I am astonished by some new capability. I have been taught lessons in neuroplasticity by long nights trawling the wards as a junior doctor, by working with brain-injured people, by practising the piano and by observing my children. My eyes have been opened to how much a good team can achieve in transforming somebody’s prospects, and to the gap between what is often accepted and what is possible. The journeys of these patients also take us at times to the edge of the human experience and back again, as a person’s being is reconstructed one circuit at a time.

In the stories of those struggling to fight their way back to a semblance of their previous self we catch a glimpse of the human determination to continue to exist in the face of catastrophe. This book is therefore a testament not only to the brain’s extraordinary capacities but also to the indomitable force that resides within people and their families – a force that allows them to get back up again after being struck down by neurological injury.

Far from lying dormant, as previously assumed, the injured brain is constantly finding new pathways and forging new connections like the restless roots and tendrils of an apparently peaceful garden. New shoots will emerge, but they need tending and nurturing if they are to take. Our challenge is to work with this force and harness it to its full potential – to begin putting the pieces back together.



   

CHAPTER ONE

THE MAN WHO LOST HIS LEFT SIDE

We had a new patient on our ward. Christian was a gentle and softly spoken man of nearly seventy. With a sparkle in his eye and a raffish shock of black hair he brought to mind a Filipino Marlon Brando. Before his recent stroke he had worked as a ‘mixologist’ in the bar of an expensive London hotel.

Before going to meet him, I spoke to his wife Julie. I found her standing by the nurses’ station asking about visiting times, so I introduced myself. As we talked a call bell was going off in the next patient bay, a nurse was in conversation with the ward pharmacist, and wheelchairs were approaching from either direction. Builders had just started work on what was to be a quick refurb of Bay 4 and one of them had a radio on. I suggested that we escape the ward’s bustle, so we moved up to the day room – high ceilings, sunlight streaming in through tall Victorian windows – and found a table in the corner.

Julie was petite with quick bird-like movements and short black hair tucked behind her ears. The strain of recent weeks showed in the crinkles around her tired eyes. She sank back into a red padded chair, and as she absorbed the relative calm of the day room she uncoiled slightly. I asked her about the events that had led to this point, but she brushed aside my medical questions and told me about Christian the man.

‘Doctor, have you been to smart cocktail bars before?’

I admitted that I might have done, once or twice.

‘Making cocktails is usually a young person’s game, not for old people like Christian and me. But he is funny and charming – everybody loves him at the hotel. Christian is the kindest person I ever met, always ready to help somebody if they need it.’

She leaned in and gripped my hand.

‘He is everything to me. I need him back, and I am relying on you.’

When I met him, Christian was lying diagonally across a bed, unable to right himself. A hospital gown was caught awkwardly round his shoulder and gaped a little below. His left arm and leg were like dead weights, ignored and jammed up against the side of the bed. It was apparent from where I stood that he could not see or feel anything on the left side, as if the canvas of his world had been torn vertically down the middle and one half discarded. Lying beached on the bed, he seemed as comfortable as a fish on a riverbank.

As I looked at Christian I tried to imagine how I must seem from his perspective: half a person perhaps, peering down at him from a distorted world. I moved over to his better right side, perching on the hospital bed. I asked him how he was feeling today. Could he tell me why he was in hospital? He made no answer but grabbed tightly onto my wrist with his right hand. He fixed me with a desperate look from which I gathered that he could not understand a word I was saying.

I tried leaning in and speaking louder (traditionally the preserve of the Englishman abroad). Corrugated blue paper curtains were drawn around his bed in a farcical token of privacy. I tried again.

‘When did you get here, Christian?’

Ron in the next bed piped up, his rasping East London tones cutting through the flimsy curtain.

‘’E’s been ’ere since yesterday, doc. Can’t ’ear a thing.’

I kept going, struggling now to maintain the pretence of separate cubicles.

‘Are you in any pain?’

Ron again.

‘Honest doc, ’e’s deaf as a post. Doesn’t seem in pain though.’

Our charge nurse Dennis was next to me, a kind and gentle presence in his dark blue uniform. He tried asking the same questions again in Christian’s native Tagalog. But Christian just held onto my wrist and looked back and forth between Dennis and myself, as if appealing for something we could not give him.

The junior doctor fetched a whiteboard and I wrote the same questions out. Christian peered closely and it seemed he could now understand them, but when he took hold of the pen and scrawled out four words they read ‘I love my wife’. After this he was overcome by the effort and sank hopelessly back onto the bed.

This was not going to be an easy conversation for him.

A stroke is a sudden loss of function in part of the brain resulting from an interrupted blood supply. It is the single largest cause of disability in adults worldwide, and in the UK alone racks up billions each year in the costs of healthcare, long-term dependency and loss of economic activity. Around ten years ago the annual cost of stroke in the US was estimated at $34 billion and it is expected to triple over coming decades. Stroke also ruins lives.

The brain plays host to our thoughts, our skills and our entire lived experience through its three-dimensional gossamer-like network, a near infinity of connections held for years in delicate balance. A stroke cuts a terrible swathe through our conscious being, eradicating skills and knowledge like a fire sweeping through an ancient library. The story of neuroplasticity and its potential benefits starts for me with stroke: being the most common form of brain injury its effect on our lives is the greatest, and the challenge it sets for those seeking to promote recovery the steepest.

*

It had been the weekend, and Christian was out shopping with his wife. They had got up early and made the journey to one of the Essex suburbs to use the shops there. They were planning a trip to visit family in the Philippines and were after some presents to take with them.

At around noon he was pushing a trolley along the aisle of a discount shop when he became aware of a dizzy feeling. He ignored it at first, but after a few seconds his vision seemed to blur and his left leg began to give way. He called out to Julie but she did not hear, and his outstretched arm brought a cascade of chocolate boxes down upon him as he sank to the floor. At this point the shopkeeper noticed and they rallied round, but it was clear that something was seriously wrong. Christian lay prone but, try as they might, they could not sit him up. They asked him what was happening but he just groaned in response.

Julie had some nursing experience. She knew that it was important to get him to a hospital, and fast. Paramedics were called: as he could not move one side they suspected a stroke, so he was whisked under cover of blue light to the nearest stroke centre. As the streets flashed by, Christian was silent and clung tightly to Julie with his right arm, while his left hung uselessly at his side. She felt numb. After a lifetime’s adventure together, and a journey that had taken them across the world, she was terrified that he was dying.

When a patient arrives in the emergency department of a stroke centre there is a whirl of activity that may appear chaotic but is in fact pretty organised. Since 2010 the immediate treatment of stroke in and around London (described scarily as ‘hyperacute’) has been concentrated into a handful of stroke centres. The aim is to start specialist treatment as soon as possible after symptom onset, and this centralised approach has since been shown to have saved many lives.

Hyperacute stroke treatment has been described, not entirely fairly, as glorified plumbing. A major stroke typically occurs when one of the brain’s larger arteries becomes blocked, and the region that has lost its blood supply simply stops working. The symptoms that herald the stroke depend upon the part of the brain involved, but often include weakness on one side of the body.

The aim of hyperacute treatment is to unblock the artery, restore blood flow, and so save as much brain tissue as possible. A series of large studies have shown consistently that the quicker you do this the better the outcome: time is brain, and the first minutes and hours are crucial.

A sudden blockage in a large artery is often caused by a blood clot, which either may form at a tight narrowing or travel in the bloodstream from another part of the body altogether, becoming wedged as the arteries enter the brain and become narrower. The quickest way to remove a clot is to dissolve it using medication given via a drip. This practice, known as thrombolysis, came into widespread use in the late 1990s and transformed immediate stroke treatment. The drug is a synthetic version of a natural enzyme, which switches on another enzyme called plasmin: this in turn acts as a molecular pair of scissors and chops up the fibrin which holds the clot together.

In a best-case scenario the blocked artery opens up right away, the blood flows back into the stricken region, and the patient will magically transform before your eyes: moving the affected side, or becoming more alert and beginning to speak. It is hard not to experience a bit of a God complex when this happens and the patient sits up Lazarus-like before your eyes, though in reality the effect is rarely that dramatic.

As Christian’s ambulance swooshed him into the hospital’s emergency department the stroke team were waiting for him. He lay immobile on a trolley in the resuscitation room, surrounded by monitors and oxygen cylinders. Under the harsh lights the doctors in scrubs checked him over. He was in some distress and found it hard to comply fully with being examined.

‘Christian, lift up your arms.’ No response. They lifted both arms for him and demonstrated keeping them in the air. The right remained in position but the left flopped down again. It was the same story with his legs, and they noted that he was not moving the left side of his body at all. His head and eyes were turned firmly over towards his right side. He seemed unable to see anything coming towards him from the left, or to feel a pinch given to his arm or leg on that side.

The clinical diagnosis was clear-cut: stroke.

*

For as long as I can remember I have been aware that the brain is the seat of who we are. I spent a lot of time as a child reading comics. My favourite strip was The Numskulls in The Beezer, which illustrated this idea in graphic form: teams of little people lived behind the eyelids of ‘Our Man’ and controlled his body. Brainy (bald with glasses) lived at the top and made most decisions. Blinky pulled levers behind Our Man’s eyelids and Luggy was in the Ear Department. Snitch hung around the nostrils, a large clothes-peg clamped to his own nose. They would all scurry about, exchanging telegrams with other Numskulls further down the body. Our Man lived with his aunt and did not seem to get up to much, but he was good at getting into scrapes. Sometimes Numskulls from other creatures would climb in through his ears, and he would start running about like a dog or flapping his arms like a pigeon. The Usborne Book of Knowledge – a wonderful and much-thumbed colourful compendium – went a stage further. Scores of tiny people occupied a range of departments inside the head and throughout the body, all performing different functions. There was even a library in the brain, with bookshelves labelled ‘previous experiences’.

This was an attractive idea for a young me, and I am sure played a role in what I do now. Conversely the idea of damage to this precious centre always held a particular horror in my mind. Family legend was rife with examples. ‘Mad Jack’ Benett, one of my grandfather’s predecessors, had returned altered from a series of distant wars. He kept thumbscrews on his desk as macabre souvenirs – of what exactly, nobody would ask. Prone to rages, he was pacified with the same copy of The Times, freshly ironed for him each morning before breakfast. As they put it in those days, it was generally understood that he was ‘not quite right’.

There was also my mother’s cousin, who was very dear to everyone and a fixture at family gatherings. A largely silent presence in the corner of the room, she would sit impassively for hours with a mask-like face, listing over to one side and chain-smoking. She seldom spoke, but when she did it was with a loud and slow drawling monotone that would cut like a chainsaw through the general chatter. Out of the blue she would pose the questions that others might be pondering but would never ask. A cousin’s new girlfriend would all of a sudden be fixed with a gimlet eye and asked ‘Have you had sex yet?’ or ‘Do you have a lot of money?’ while I sat wide-eyed, wondering what she would say next. Her conversational grenades made Christmas a lot more interesting.

Before my grandfather’s funeral in my teens I had been warned that one of the cousins I would meet there was ‘a little unusual’. After the service we all stood packed into the kitchen of a Wiltshire cottage, clutching glasses of the wine that my grandfather had picked out in advance for the occasion. When I finally met the cousin in question he seemed bright as a button to me. He chatted away cheerily with an infectious smile – refreshing in the circumstances – and I could not understand what the fuss was about. Then he said breezily and without the slightest hint of malice, ‘It was so nice to meet your stepmother. I would very much like to have her stuffed.’ I forget my reply.

It was clear that there was something different in how these relatives’ brains were working. The thoughts and information they were processing did not somehow seem to be coming out in the usual way. I could imagine their Numskulls running about in disarray, dropping their telegrams and tripping over their laces.

Later in my teens, one of my mother’s closest friends, Jenny, had a large stroke in her forties. With one half of her body heavy like a lump of concrete she was unable to stand and was slow to speak: hard to reconcile with the exuberant person we had all known growing up. Jenny was the matriarch of a loud and endlessly entertaining family, with five children and an exciting house that we would escape to from London at weekends. To a child in drab late seventies England her household seemed dizzyingly glamorous, an oasis of anarchic fun where anything seemed possible. We played Murder in the Dark and watched videos. They had American cereals, and even a waffle machine. Suddenly, and at a young age, Jenny was dependent on others, and after an initial spell in hospital she went to live in a care home.

When my mother first went to visit Jenny she took as a present a large ornamental brassica plant, signifying her new status as a cabbage. This pretty sick joke reflected the sledgehammer wit that these two old friends shared, but also the prevailing view of the time: stroke was irrecoverable.

My perspective on the apparently unmendable brain would change but not as a result of anything I learned at medical school, where the old dogma still held sway. Even an esteemed neurologist at the National Hospital at around that time scoffed at the very idea of neurorehabilitation as a discipline, asking how many ways there were to give someone a walking stick. The shift in my thinking would take years of learning from patients and colleagues.

Jenny had the last laugh. With relish, she reminded me of the ghoulish present at my mother’s funeral.

*

We are wired up back-to-front, with each half of the brain controlling the opposite side of the body. From Christian’s immobile left side the doctors assessing him could therefore be confident that the stroke would be on the right, most likely due to a blockage of one of the brain’s four main arteries. His new irregular heartbeat, picked up on that first examination, meant that the likely cause was a blood clot moving up from his heart to his brain.

Even though the likely diagnosis was pretty clear, you cannot in this situation just give the thrombolysis medication without first doing a brain scan, for one crucial reason. In about 15 per cent of cases a stroke is caused not by a blockage but by a bleed from an artery into the brain’s substance, a so-called haemorrhagic stroke. Thrombolysis in such a situation would massively worsen the bleed, potentially with dire consequences, and it is essential first to rule this out. The ‘door-to-needle’ time is audited nationally, and the crucial medication is often started while the patient is still in the scanner in order to chivvy things along.

Christian was wheeled on his trolley into the CT scanner, the manic bustle of the emergency department replaced by an eerie sterile calm as he lay on the table inside the large doughnut-shaped machine. Behind the scanner’s window the stroke doctor peered at the images of Christian’s brain as one by one they appeared on the screen.

There was no sign of bleeding. There was subtle patchy darkening of the brain substance within the right hemisphere, suggesting the early effects of a cut-off blood supply. A special scanning sequence was then done to map out the blood flow in the arteries themselves. This confirmed a complete blockage of one of the main arteries on the right.

Even with a standard blocked artery stroke there is a small chance that giving thrombolysis medication might provoke a bleed into the affected area. This can happen anyway, as the newly damaged brain tissue is fragile, but thrombolysis makes this rather more likely. The longer you wait the more susceptible the brain becomes to bleeding, and the lower the chance of reopening the artery. So there is a strict time window for thrombolysis, currently four and a half hours since symptom onset, and a scary balancing act of risks versus benefits. Even with this risk, though, the chance of the medication reopening the artery means that overall, the odds are in your favour. In other words, as long as it does not cause a potentially fatal bleed, then it will probably help.

After the doctors spoke to a stunned and frightened Julie about potential risks, Christian received the thrombolysis medication. He did not deteriorate, but he did not improve either. He remained inert on the left and turned towards the right: thrombolysis had not reopened the artery.

Anybody who has called Dyno-Rod for a blocked drain knows that if pouring chemicals down the loo has not worked then it is time to start poking things around the U-bend. We have witnessed over recent years a further revolution in acute stroke care: the introduction of ‘mechanical thrombectomy’, or clot retrieval.

Another frightening conversation about potential risks – this time of stripping off the artery’s lining and causing another stroke – and another trip on his trolley to the radiology department. The noise of the emergency department fell away once again as Christian was brought into the angiography suite, dimly lit and populated by masked figures in large lead aprons. He was brought alongside a table and slid across onto it, where the mask-wearer-in-chief began to clean an area of skin on the right side of his groin. He asked Christian to lie as still as he could, and to try to ignore what he was doing.

The radiologist numbed the skin at the top of one leg with local anaesthetic and then fed a long wire into Christian’s femoral artery, peering through his glasses at a monitor suspended from the ceiling. He pushed a button and around Christian an enormous machine sprang to life: two X-ray units each the shape and heft of a cartoon anvil, joined by an eight-foot semi-circular hoop with his head at its centre. This apparatus whirred as it spun back and forth, the metal slab passing inches from Christian’s nose as it worked to get the best possible view of his arteries.

Guided by this machine the radiologist fed the wire upwards into Christian’s heart and out the other side, heading north up the internal carotid artery in the neck and toward the base of his brain: the site of the blockage. A tiny clot retrieval device was then deployed, fed all the way up the guide wire and used to scoop out the two obstructing clots. A fiddly version of the wire loop buzzer game, with supercharged consequences. The radiologist chatted away idly as he worked, the reassuring small talk belying the fact that he was rootling around with the blood supply to a live brain. Christian gave no response to the chat and lay apparently frozen with his eyes fixed on the ceiling.

The aim with all acute stroke treatments that seek to unblock the artery is to save brain tissue which is compromised but not yet irretrievably damaged. It is only worth attempting thrombectomy in some cases of stroke. The clot must be obstructing one of the larger arteries in order to be retrievable, and there must still be some salvageable brain in the affected territory. This tissue under threat is often described as the ‘penumbra’, like the edge of a shadow. The ideal candidate for such treatments would have a small infarct (meaning established stroke) at the core of the artery’s territory, like a peach stone, and a large salvageable penumbra around the outside, like the flesh of the peach.

In the early to mid-2010s a series of large trials showed unequivocal benefit of thrombectomy in patients who were eligible. Almost double had a good outcome versus thrombolysis alone, with no difference in complications.

For Christian the procedure went ahead without incident, and the blood flow in the arteries as they appeared on the screens seemed to be improved, but there was again no discernible improvement in his clinical state. As he was wheeled out of the angio suite he remained as impaired as he had been before the procedure.

Julie followed along the corridors behind Christian’s trolley as he was moved up to the hospital’s acute stroke unit, a ward on one of the upper floors. As they climbed slowly in the lift he gripped her wrist with his strong right hand as if his life depended on it.

Arriving on his new ward, Christian was set up in the corner of a six-bedded bay. To Julie this looked like any other ward, but here appearances were deceptive: this was a stroke unit, a dedicated ward where early post-stroke care is highly protocolled. The staff nurse on his bay spent a good half hour checking him over and working her way systematically through a stroke care plan. He was hydrated via a drip. His blood pressure was kept in the right range with medication. His blood sugar was monitored. He was turned regularly to prevent pressure sores. She assessed his ability to swallow and found that he could not do this safely, so she inserted a feeding tube via his nose into his stomach.

Within an hour of landing on the ward Christian was seen by a physiotherapist and an occupational therapist, or OT. The physio worked on the physical aspects of his stroke such as his position in the bed. The OT, trained to dissect what makes a task difficult and fix it, looked at his basic self-care. They tried to get him moving, avoiding as much as possible the secondary complications of immobility. His neurological status was monitored for any deterioration that might suggest a change in the stroke. He was comforted and reassured by nurses who are used to looking after patients in this state.

The rolling-out of stroke units was underway around the time that I was doing my medical training in the 1990s and was really the first major revolution in stroke care. Previously, a patient like Christian would be put in a general medical ward, next to patients being treated for pneumonia, asthma or bleeding stomach ulcers. The rough rule of thumb was that after stroke around a third of patients would not survive, a third would live with disability, and a third would recover well. This has changed, and the improvement relates largely to stroke units. Patients in the weeks following a stroke are sitting ducks for infection, pressure sores and blood clots. Without specialist nursing, regular therapy input and stroke protocols they would fester and develop any number of complications. Swallow checks would be missed and they would succumb to pneumonia, a common killer after stroke, as food goes down the wrong pipe into the lungs. Simply by organising the care of stroke patients into dedicated units, stroke mortality in the UK was reduced by over a quarter.

Before long the medical team rolled into Christian’s bay. In front came a clean-shaven man with an earnest smile, checked shirt sleeves rolled up and smart loafers. He introduced himself to Julie as Dr Aston and told her that he was the stroke consultant, though to her he seemed improbably young. Behind him trailed a woman who seemed even younger and who Julie presumed was the junior doctor. She appeared to be physically attached to a computer on a trolley, and as she pushed this along she thumbed distractedly through a patient list with one hand.

Dr Aston spent a few minutes asking questions, examining Christian as best he could and flicking through scans on the computer. As he concluded he turned to Julie and let a pause settle over her before he spoke.

‘Your husband has had a significant stroke, I’m afraid. As you know we’ve tried to open up the artery but we haven’t seen a great deal of change. We’ll see how things go over the next few hours, and we’ll repeat a CT scan either this afternoon or tomorrow.’

‘Thank you, doctor. But what is the treatment now?’ Julie’s voice was small and she could feel her stomach shrinking.

‘We need to do some further tests to find out what caused the stroke, and we’ll start him on some new medications.’

As the ward round moved on out of the bay Julie sat numbly on the chair by Christian’s bed. She held his hand and stared into space. A slightly acrid smell of fish rolled down the ward towards them as staff started to serve lunch to the first bay. Julie felt helpless and horrified. Was that it?

There is often a moment in such situations when the patient and their family realise that no further surgical or other specific treatments are planned. After the quick-fire pace of early events – fear of immediate loss, rapid decisions about treatment options and desperate waits for the outcome – there is suddenly no rush at all, for it seems that there is nothing more to be offered. For the patient’s family, having been sustained on adrenaline and fear there is a lull in activity, and the frightening realisation dawns that this damaged state is in fact the new status quo.

Christian could not safely sit up and needed all of his bodily functions seeing to. The prospect of ever getting him home seemed remote indeed.

So it was that around five weeks after his stroke Christian was transferred to our neurorehabilitation unit to embark on the next phase of his journey. Our job was to make sense of the neurological damage, to optimise conditions for recovery and to use intensive therapy to drive the process. The aim was to reassemble the pieces of someone who until only recently had been Christian, and to enable him to live with a degree of independence and autonomy that would be tolerable.

The scale of the task was daunting. He had not sat in a chair for over a month, and when our physiotherapist Katie came to see him it was clear why. With another colleague she tried to sit Christian up on the edge of the bed. They propped him between them but he lurched immediately over to the left, his overactive right leg pushing down hard into the floor. He clasped onto Katie with his right hand but just could not find his upright, so they laid him carefully down again. He was going to need equipment to sit out.

Katie fetched an adapted chair which tilts back, with supports on either side and a head rest, and she brought it alongside. They worked a large sling underneath him, connected it to a hook mounted on the ceiling and hoisted him upwards. As Christian dangled over the bed and the electric motor whirred he called out, ‘Julie, Julie!’ His wife was not there, and he seemed to be in pain from his left side, but as Katie lowered him into the tilting chair he settled down.

They positioned him as best they could, and although he was only half upright he was at least straight and in no obvious pain. Christian looked about him and flashed Katie a twinkly smile.

‘Thank you,’ he said. ‘Now I can see what mischief you are getting up to!’

And, as staff and patients came and went past his bay, he could now give them a nod and say hello.

We took a look at his immobile left arm. It was held semi-flexed at the elbow, wrist and knuckles. Christian winced when we touched it, even a light brush of the skin seeming painful. The arm was stiff. I gently stretched it out, having to pull against resistance which increased if I moved too quickly. Slowly, Katie and I were able to bring Christian’s arm into a straight position. To prevent the muscles and tendons from shortening with lack of movement he would need regular stretching, medication for the hypersensitivity and the stiffness, and custom-made splints for the elbow and wrist.

We brought Christian’s bedside table in front of him, cluttered with the remnants of breakfast, grapes from his wife and untouched magazines. He was turned slightly towards his preferred right and seemed not to notice anything on the left side of the table. Katie asked him if he would like a cup of tea – we had found that if you almost shouted into his right ear he could just about make you out – and he nodded enthusiastically. This was fetched but because of his dodgy swallow the nurse in his bay had to add thickener to it, a powder that renders a hot drink into a sludge rather like wallpaper paste.

Christian was clearly happy to be upright and able to see what was going on around him, but gradually the imbalance in his limbs began to twist him leftwards in the chair. He showed a slowly mounting restlessness, fidgeting and shuffling about. He waved his arm at the nurse in the bay, and when she came over said, ‘Toilet, please!’ He could clearly feel it coming but could not stop it, and soon it was too late. He was hoisted painstakingly back into his bed for a pad change, but by then he appeared too wiped out to focus on what Katie was trying to do. Defeated, he sank back on the bed and lay across it at a jaunty angle, his ignored left arm caught in the cot sides.

This was the start of a long slog. Seeing Christian lying across the bed, dependent and stranded, it was hard to know where to start. The sense of loss of his pre-stroke self, as the gentle barman with a sparkle, main earner and family man, was almost complete.

*

Faced with such overwhelming disability, we start by trying to break down and understand the impairments and how these relate to the anatomy of the injury. We listed Christian’s impairments and, decoded from medical jargon, they were as follows. Left-sided weakness, with overactivity of the strong right side (so-called pusher syndrome). Some spasticity (muscle overactivity) in the left arm. Altered sensation throughout the left side. Loss of vision in the left visual fields of both eyes. Hemispatial neglect of the left side of space (more of this later). Impaired hearing. A cognitive communication disorder. Reduced attention with distractibility. Pain in the left shoulder and left knee. Intermittent agitation and distress.

One issue at least was solved early on: his apparent difficulty understanding speech. I got rather carried away, and tentatively diagnosed central deafness due to stroke in the temporal auditory processing regions: this is pretty rare, and usually only occurs when both sides are affected. In fact this problem largely resolved when we had him fitted with a new hearing aid. So I had to row back from ‘unilateral cortical deafness’ to common-or-garden deafness. I lost my fancy diagnosis but we could at least now hold some sort of conversation.

All of Christian’s impairments could be related to the site of his stroke, a moderately-sized area of by now established damage within the right frontal, parietal and temporal lobes. Surprisingly, these affected areas all sit within the territory of one large artery.

Four arteries running up the neck provide all of the brain’s blood supply: the carotids at the front and the vertebrals at the back (left and right for both). You can feel the carotids pulsing away if you put your fingers just to one side of your Adam’s apple and press gently. This is the artery that detectives check in films when they find a body on the floor, before saying ‘he’s gone’. It takes freshly oxygenated blood up from the heart towards the brain, snaking its way through the base of the skull and emerging about two inches behind the eye.

The vertebral arteries at the back cannot be felt in the neck, as they are encased in the bones of the spinal column. Once they pass through the topmost vertebra (called Atlas after the Greek demi-god: like him it carries the weight of a large globe on its shoulders) they loop through the bottom of the skull and pop out at the base of the brain at the back, where they join into one chunky basilar artery in the middle.

With two internal carotids at the front and one large basilar at the back, evolution could reasonably have patted itself on the back and left it at that. Instead, it does something rather clever: all these arteries join up via small communicating branches, so that a circular loop is formed. This is the circle of Willis, and it resembles a small necklace sitting just underneath the brain’s base. Heading upwards from this circle are the three large cerebral arteries on either side – anterior, middle and posterior – that feed the brain’s hemispheres.

This arrangement allows for a degree of redundancy: if one of the four large neck arteries gradually narrows there is still scope for blood to flow through the circle of Willis and continue upwards. If a cerebral artery becomes blocked, however, there is no alternative supply, and then you have a problem. When Christian collapsed in the discount shop it was because this had happened to the middle cerebral artery (the MCA) on his right side.

The brain itself consists of a smallish brainstem at the bottom, sitting above the spinal cord near the back of the skull, on top of which sits a plum-sized structure on either side called the thalamus, and on top of that the enormous domes of the two cerebral hemispheres. To give an idea of size, the brainstem is about three inches long whereas the hemispheres span the length and breadth of the skull’s top half and make up almost 90 per cent of the brain’s weight. Each gyrus, or fold, is half an inch or so across, and it is these which give the hemispheres their walnut-like appearance. Sitting just behind the brainstem and tucked beneath the cerebral hemispheres at the back is a smallish structure called the cerebellum (little brain), which is important in the accurate control of movement and in some aspects of learning.

The brainstem is tightly packed with circuitry vital to the smooth running of our bodily functions and to getting information in and out of our brains. The large cerebral hemispheres on top are where most of this information is processed, and they do almost everything else. For convenience they are separated anatomically into lobes: frontal, temporal, parietal and occipital. From these hemispheres originates almost all of the brain’s ultimate output – movement and language. They also process all input – sensation from the body, smell, sound and vision.

The cerebral hemispheres provide the mystical link between input and output and determine how one gives rise to the other according to its many internal processes – memory, reason, personality and abstract thought – all of which lurk within the brain’s estimated hundred trillion or so connections.

I have always enjoyed the thought that every animal is in essence an elaborate input-output system, turning the information we receive about the world around us into a behavioural response. The ultimate aim is the same: to get food in one end of our digestive tract (and presumably out of the other). With expanding nervous systems evolution has simply found increasingly sophisticated ways of doing this, from the nerves controlling the wriggling motion of a worm as it filters its way through the soil to the brains devising leveraged derivatives to squeeze more out of the financial markets. We humans pride ourselves on our capacity for reason – although a quick glance at the news is usually enough to cure me of this fallacy – and this is reflected anatomically in our massively outsized frontal lobes compared to other animals.

Unluckily for Christian, of the brain’s three cerebral arteries the MCA supplies the greatest part of the hemispheres, about two thirds. Relatively modest areas at the front and back are supplied by the anterior and posterior cerebral arteries, and the crucial brainstem is fed from small branches that come directly off the vertebral and basilar arteries below.

When the MCA becomes blocked, the proportion of its territory that is affected depends upon how far along the artery the obstruction forms. In a worst-case scenario, with a clot at its origin, the entire MCA territory may be lost. If a smaller clot finds its way further along the artery then it may obstruct one of the smaller branches, taking out only
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