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‘Two things fill the mind with ever new and increasing admiration and awe, the more often and steadily we reflect on them: the starry heavens above me and the moral law within me.’

Immanuel Kant, Critique of Practical Reason

‘We are such stuff as dreams are made on, and our little lives are rounded with a sleep.’

William Shakespeare, The Tempest






I worked as a neurosurgeon for over forty years. I lived in a world filled with fear and suffering, death and cancer. Like all doctors, I had to find a balance between compassion and detachment. This was sometimes very difficult. But rarely, if ever, did I think about what it would be like when what I witnessed at work every day happened to me. This book is the story of how I became a patient.

I came to medicine by a roundabout route, which had included studying, and abandoning, philosophy. I knew only the most basic science by the time that I became a doctor. Although I am deeply fascinated by science, I am not a scientist. Most neurosurgeons are not neuroscientists – to claim that they all are would be like saying that all plumbers are metallurgists. But as I approach the end of my life, I find myself besieged by philosophical and scientific questions that suddenly seem very important – questions which in the past I had either taken for granted or ignored. This book is also the story of my attempts to understand some of these questions, without necessarily finding answers.
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It seemed a bit of a joke at the time – that I should have my own brain scanned. I should have known better. I had always advised patients and friends to avoid having brain scans unless they had significant problems. You might not like what you see, I told them.

I had volunteered to take part in a study of brain scans in healthy people. I was curious to see my own brain, if only in the greyscale pixels of an MRI scan. I had spent much of my life looking at brain scans or living brains when operating, but the awe I felt as a medical student when seeing brain surgery for the first time had fallen away quite quickly once I started training as a neurosurgeon. Besides, when you are operating you do not want to distract yourself with philosophical thoughts about the profound mystery of how the physical matter of our brains generates thought and feeling, and the puzzle of how this is both conscious and unconscious. Nor do you want to be distracted by thinking about the family of the patient under your knife, waiting, desperate with anxiety, somewhere in the world outside the theatre. You need to separate yourself from these thoughts and feelings, although they are never far away. All that matters is the operating and the self-belief it requires. You live very intensely when you operate.

Perhaps I thought that seeing my own brain would confirm the fascination with neuroscience that had led me to become a neurosurgeon in the first place, and that it would fill me with a feeling of the sublime. But it was vanity. I had blithely assumed that the scan would show that I was one of the small number of older people whose brains show little sign of ageing. I can now see that although I had retired, I was still thinking like a doctor – that diseases only happened to patients, and not to doctors, that I was still quite clever and had a good memory with perfect balance and co-ordination. I ran many miles every week and lifted weights and did manly press-ups. But when I eventually looked at my brain scan, all this effort looked like King Canute trying to stop the rising tide of the sea.

Several months passed before I could bring myself to open the CD which had been sent to me after the scan. I had found plenty of excuses to put it off – downloading the data from the CD to my computer might be complicated, I had many lecture tours abroad, things to make in my workshop, days to spend with my grandchildren. In retrospect, I can see that I was apprehensive about what the scan might show, but I had managed to repress this fear, keeping it out of conscious thought.

It took only a few minutes to download the files. As I looked at the images on my computer’s monitor, one by one, just as I used to look at my patients’ scans, slice by slice, working up from the brain stem to the cerebral hemispheres, I was overwhelmed by a feeling of complete helplessness and despair. I thought of folk stories about people who had premonitions of attending their own funeral. I was looking at ageing in action, in black and white MRI pixels, death and dissolution foretold, and already partly achieved. My seventy-year-old brain was shrunken and withered, a worn and sad version of what it once must have been. There were also ominous white spots in the white matter, signs of ischaemic damage, small-vessel disease, known in the trade as white-matter hyperintensities – there are various names for them. They looked like some evil pox. Not to put too fine a point to it, my brain is starting to rot. I am starting to rot. It is the writing on the wall, a deadline.

I have always felt fear as well as awe when looking at the stars at night, although the poor eyesight that comes with age now makes them increasingly difficult to see. Their cold and perfect light, their incomprehensible number and remoteness, the near eternity of their lives are in such contrast to the brevity of mine. Looking at my brain scan brought the same feeling. The urge to avert my eyes was very great. I forced myself to work through the scan’s images, one by one, and have never looked at them again. It is just too frightening.

There is an extensive medical literature about the white-matter changes on my brain scan, the white matter being the billions of axons – electrical wires – that connect the grey matter, the actual nerve cells. If we reach eighty years old, most of us will have these changes. Their presence is associated with an increased risk of stroke although it is unclear whether they predict dementia or not. If we make it to eighty, we have a one in six risk of developing dementia, and the risk gets greater if we live longer. It is true that a so-called ‘healthy lifestyle’ reduces the risk of dementia to a certain extent (some researchers suggest 30 per cent) but however carefully we live, we cannot escape the effects of ageing. We can only delay them if we are lucky. Long life is not necessarily a good thing. Perhaps we should not seek it too desperately.

I have reached that age where you start to dislike seeing yourself in photographs – I look so much older than I feel myself to be, even though getting out of bed in the morning is getting more difficult each year and I become tired more quickly than in the past. My patients were no different – they would protest that they felt so young if I pointed out to them the signs of ageing on their scans. We accept that wrinkled skin comes with age but find it hard to accept that our inner selves, our brains, are subject to similar changes. These changes are called degenerative in the radiological reports, although all this alarming adjective means is just age-related. For most of us, as we age, our brains shrink steadily, and if we live long enough, they end up resembling shrivelled walnuts, floating in a sea of cerebro-spinal fluid, confined within our skull. And yet we usually still feel that we are our true selves, albeit diminished, slow and forgetful. The problem is that our true self, our brain, has changed, and as we have changed with our brains, we have no way of knowing that we have changed. It is the old philosophical problem – when I wake in the morning, how can I be certain I am the same person today that I was yesterday? And as for ten years ago?

I always downplayed the extent of these age-related changes seen on brain scans when talking to my patients, just as I never spelled it out that with some operations you must remove part of the brain. We are all so suggestible that doctors must choose their words very carefully. It is so easy for doctors to forget how patients cling to every word, every nuance, of what we say to them. You can unwittingly precipitate all manner of psychosomatic symptoms and anxieties. I usually told cheerful white lies. ‘Your brain looks very good for your age,’ I would say, to the patients’ delight, irrespective of what the scans showed, provided that they showed only age-related changes and nothing more sinister. The patients would leave the clinic room smiling happily and feeling much better. The eminent American cardiologist Bernard Lown has written of how important it can be to lie to patients – or at least to be much more optimistic than the facts perhaps justify. He tells stories of patients of his who were close to death from heart failure but who rallied and survived when he was overly positive.

Hope is one of the most precious drugs doctors have at their disposal. To tell somebody they have a 5 per cent hope of surviving is almost as good as telling them they have a 95 per cent chance, and a good doctor will emphasise the life-affirming 5 per cent without denying or hiding the corresponding 95 per cent probability of death. It is Pandora’s Box – however many horrors and ailments come out of the box, there is always hope. Only at the very end does hope finally flicker out. Hope is not a question of statistical probability or utility. Hope is a state of mind, and states of mind are physical states in our brains, and our brains are intimately connected to our bodies (and especially to our hearts). Indeed, the idea of a disembodied brain, promoted by the more extreme protagonists for artificial intelligence, might well be meaningless. This is not to say that being kind and hopeful will cure cancer or enable us to live for ever. The human mind is always trying to reduce all events to single causes, but most diseases are the product of many different influences, and the presence or absence of hope is only one among many.

I have a fine copy of an engraving by the sixteenth-century German artist Albrecht Dürer on the wall of my study, which I inherited from my mother. It shows St Jerome at his desk in his study, a beautiful medieval room with a coffered ceiling and a large window with deep reveals and small panes of crown glass, through which diagonal sunlight falls. There is a lion – the creature associated with the saint – sleeping on the floor in front of him. The story goes that he removed a thorn from its paw, and it became a sort of pet. Next to the lion is a dog, symbolising loyalty. St Jerome was one of the early fathers of the Christian Church. He is said to have had an enthusiastic following of wealthy widows in fifth-century Rome. One of their daughters came under his influence and his advocacy of leading an ascetic life. He was blamed for her death from what some say in retrospect sounds like anorexia nervosa. I suspect I would dislike St Jerome if I met him, and consider him to be a fanatic. And yet I love the Dürer etching, with its aura of wisdom and learning, and I once made a table modelled on the desk in the picture. There is a skull on a shelf beside St Jerome’s desk, an icon often found in images of medieval philosophers. Memento mori, a reminder of the death to come. My brain scan is no different. However hard I looked it at – and I looked very hard – it told me nothing that I did not know already: my brain is ageing, my memory is not as good as it was, I move and think more slowly, I will die.

I should have known that I might not like what my brain scan showed, just as I should have known that the symptoms of prostatism that were increasingly bothering me were just as likely to be caused by cancer as by the benign prostatic enlargement that happens in most men as they age. But I continued to think that illness happened to patients and not to doctors, even though I was now retired. Twenty months after I had my brain scanned, I was diagnosed with advanced prostate cancer. I had had typical symptoms for years, steadily getting worse, but it took me a long time before I could bring myself to ask for help. I thought I was being stoical when in reality I was being a coward. I simply couldn’t believe the diagnosis at first, so deeply ingrained was my denial.

For many years I had kept a human skull on a shelf in my study, in rather self-conscious imitation of the Dürer. I had found it discarded in a box, in a pile of rubbish, when the hospital I had worked in for many years was closed and relocated. An unknown predecessor must have been practising on it – there was a series of burr holes in the skull’s vault, with saw cuts between them, that had clearly been made with an old-fashioned surgical hand saw that fell out of use a long time ago. It was otherwise in unusually pristine condition, with intact stylomastoid processes, the little needles of bone behind the ear to which the stylomastoid muscles are attached. They often break off quickly with any handling of the skull. Once I had been diagnosed with advanced cancer, I no longer found the sight of the skull amusing. I gave it to one of my colleagues at the hospital where I used to work, so that he could use it for teaching.
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We are condemned to understand new phenomena by analogy with things with which we are already familiar. The history of our attempts to understand our brains, and in particular the relationship between its conscious and unconscious actions, is a history of metaphors.

When physicists started to explore the structure of the atom, they visualised it as a miniature planetary system with electrons orbiting the nucleus, although the nucleus was so small relative to the atom that it was compared to a fly in a cathedral. Electrons were thought to spin as they circled the nucleus, but as experiments revealed the increasingly bizarre behaviour of particles at a quantum level, this description – derived from the macroscopic world – failed. The spin of an electron has become simply the name for a mathematical property of electrons that explains experimental results with great accuracy. The trouble with neuroscience is that we have yet to find appropriate metaphors for our brains, let alone profound mathematical equations. Optimists assure us that one day we will have such equations, just as powerful as the equations of quantum mechanics, but I have my doubts. You can’t cut butter with a knife made of butter, as a neuroscientist friend of mine once told me.

Despite the vast amount of neuroscientific research that has been carried out since the seventeenth century, our understanding of our brains remains remarkably limited. We can describe, in great detail, the topography of the brain – which parts are involved in particular processes, be they thoughts, feelings or movements, and some of the underlying electrochemical physiology. I think of all the beautiful maps and diagrams of the brain that fascinated me when I was a medical student, and still do. We are like explorers discovering an ancient, abandoned city. We can describe the bricks with which the city is built, and how they are cemented together. We can draw precise maps of the city and its roads and buildings, but we have little, if any, understanding of the network of lives that were once lived there. But this is an analogy, and far from accurate.

The anatomists of old named some parts of the brain after fruit and nuts – such as the amygdala (almonds) in the basal ganglia and the olive in the brainstem. Although Hippocrates, in the fourth century BCE, had firmly placed the brain at the centre of human thought and feeling, most early medical authorities thought it was of no importance. Aristotle thought that the brain was a radiator for cooling the blood. The only important parts of the brain for Galen, 500 years later, were the fluid cavities – the ventricles – in its centre, and not the tissue of the brain itself. The early medical authorities understood the body and brain in terms of fluids – the four humours – of black and yellow bile, blood and phlegm. These fluid excretions were, after all, the only access doctors had to whatever might be going on inside their patients’ bodies. With the rise of the scientific method in the seventeenth century the brain started to be described in terms of the latest modern technology. Descartes explained the brain and nerves as a series of hydraulic mechanisms. Hydraulic technology was not new at that time – Archimedes and others had used it extensively in the ancient world – but what was new were the systematic investigations of hydraulics carried out by researchers such as Galileo, and the creation of complicated fountains in the fashionable palaces of the wealthy. In the nineteenth century the brain was explained in terms of steam engines and then telephone exchanges, though Freud’s psychoanalytic theory at the turn of the century was still couched largely in hydraulic terms, that made the id and ego sound like the components of a flushing toilet. And in the modern era, of course, the brain has been seen as a computer.

But we have never met our brains before, and perhaps we lack the metaphor with which to understand them. When I lie in bed in the morning, struggling to get up – a problem that has come with retirement and became much worse with hormone therapy and radiotherapy for cancer – I find it hard to escape a marine metaphor. My conscious self is like a small boat sailing on a deep ocean, or perhaps more like a submarine that comes to the surface when I awake. I then delude myself that I am steering the boat, when in fact its course is determined by the wind and the deep currents. But this is a false metaphor, of course, as my conscious and unconscious selves are part of the same phenomenon, in a way that we find impossible to describe. The submarine is part of the ocean, not separate from it. Most writers trying to describe the relationship between the conscious and unconscious sink into a muddled flood of analogies and metaphors – or perhaps I should more modestly say that I become muddled by what I read. My conscious and unconscious selves (for want of a better word) are made of the same material – the electrochemical activity of my 86 billion nerve cells. ‘I’ am both my conscious and unconscious – they are not separate entities.

Some psychologists and philosophers delight in telling us that our sense of self is an illusion. I briefly studied philosophy at Oxford University, but eventually fled to the more practical world of medicine. But at least I learned from studying philosophy for one year the importance of the phrase ‘It all depends on what you mean by’. The word ‘self’ is not easy to define, and the word illusion simply means that something is different from how it appears. I have no intention of going down the rabbit hole of what the word ‘self’ means, but I realise that I find it very hard to know what it is that I might be losing as my brain shrinks. How can I compare myself now with my past self?

As I lay in the scanner, I wasn’t worried about what the scan might show. I was more concerned about whether I would be able to keep still for an hour, with a plastic visor over my face, and headphones over my ears. In the event it was easy. I went into a trance, fascinated by the strange sounds of the machine at work.

MRI scanning is all about quantum mechanics. All I can understand about quantum mechanics is that you cannot understand it – at least not by reference to everyday life. You just have to accept that in the microscopic quantum world particles of matter behave in ways that are impossible in the everyday world we experience with our senses. They can be both waves and particles at once; they can tunnel and entangle, and be in two places at the same time, engaging in ‘spooky action at a distance’ as Einstein put it. How this crazy microscopic world is assembled into the macroscopic world where, unlike quantum particles, we cannot walk through walls or be in two places at the same time, is far from clear – but somehow, it is.

When you lie in an MRI scanner you are in an immensely strong magnetic field, which forces the protons in the hydrogen atoms of the water of your body to ‘spin’ in the same direction. The physicists tell us that this is not to be thought of as spinning like a planet or a child’s toy top, but as an abstract mathematical quality. Your straightened out, magnetised protons are then bombarded with a pulse of radiofrequency radiation, the same sort of radiation as visible light but of a different frequency. It is of low energy and described as non-ionising radiation – in contrast to high-energy ionising radiation, that knocks electrons off atoms and can break the chemical bonds that keep molecules glued together and causes damage. Ionising radiation is used, for instance, with radiotherapy for cancer. As I was soon to discover.

The radiofrequency pulse in an MRI scanner knocks magnetised protons out of alignment, adding to their energy. Once the radiation has stopped, the ‘excited’ protons then ‘relax’, releasing the extra energy by emitting radiation in turn, which is picked up by receivers which are used to generate the scan images. There were crackles, rumbles and staccato explosions like machine guns. There was thunder and then soft humming, all with entirely unpredictable rhythms. The ageing, living matter of my brain was being magnetised and irradiated, but I felt nothing.

It is notoriously difficult to visualise large numbers. The hunter-gatherer Pirahã tribe in the Amazon do not count beyond three – they only have the word ‘many’ for any numbers greater than three, and apparently have difficulty solving simple arithmetical problems. For which, one should add, they have no need. According to Daniel Everett, the Christian missionary turned anthropologist, who learned their unique language, and lost both his faith and family in the process, they do not worry much about the future. They are quite free from the mental illnesses of western life and have no need for numbers beyond three.

The invention of microscopes and telescopes in Europe in the sixteenth century revealed new worlds – worlds of vast numbers. The unaided human eye can see only a fraction of the stars above us at night and only a fraction of the electromagnetic spectrum. We are entirely unable to see the cells of which we are made (with the exception of the egg cells in a woman’s ovaries), or the bacteria and viruses that surround and inhabit us. Our increasing, but still very limited, understanding of our brains has been made possible by new technology – by the discovery of electricity, by microscopy, by brain scanning.

We start life as a single cell but end up as creatures of some 30 trillion cells, within an even greater number of bacteria, upon whom we depend, in our intestines and on our skin. Our hearts will beat, on average, about 4 billion times (and it is roughly the same for most animals – a mouse’s heart beats at 500 times a minute, the long-lived Galapagos turtles at four times a minute). The earth is 4.5 billion years old, the universe is about 14 billion years old. There are almost 8 billion humans alive on Planet Earth.

I find it very hard to comprehend that ‘I’ am the 86 billion nerve cells of my brain. There are at least 500,000 kilometres of wiring connecting the nerve cells together at junctions called synapses – greater than the distance from the earth to the moon. A cubic millimetre of cerebral cortex (the surface layer of the brain) contains up to 100,000 nerve cells and a billion synapses. It has been estimated that there are about 125 trillion synapses in the adult human brain.

A standard building brick is sixty five millimetres thick. 125 trillion bricks (the number of synapses in our brains) stacked on top of each other would reach way beyond Pluto and the solar system. I find these figures so improbable and incomprehensible that I have to keep on checking the very simple arithmetic involved, worrying that my ageing brain can no longer deal with the decimal points and exponentials that in the past would not have troubled me. But it is also because we simply cannot envisage such colossal numbers and exponentials and can only understand them in the form of mathematical formulae. The bricks are just a metaphor. All sorts of metaphors have been used to try to help us visualise large numbers. But they are all hopeless – faced by these unimaginable numbers, we are as helpless as the Pirahã tribe, struggling with simple arithmetic. As helpless as I felt when looking at my brain, and what the scan told me.

A nerve cell (neuron) can be described as an input/output device. Nerve cells can vary greatly in their structure, but what they all have in common is an axon, a cell body and dendrites. The dendrites are the input devices and form a forest of branches that grow out closely from the cell body and are studded with synapses. The axon – the output device – is a single cable-like structure that projects from the cell body and is connected to the dendrites of other nerve cells at the synapses, and to muscles and organs in the body outside the brain. The axons can vary in length between metres for the nerves controlling the muscles of the legs, to millionths of a metre in the brain itself. Each of the 86 billion nerve cells can be connected to tens of thousands of other nerve cells at synapses. Electrical impulses travel down axons and connect to nerve cells via the dendrites. These impulses can either encourage or discourage the nerve cells to fire an impulse down their own axons onto other nerve cells. Whether the nerve cells fire or not will depend on the net effect of the thousands of messages their dendrites are receiving from other nerve cells.

86 billion nerve cells, 125 trillion synapses. But it gets even more complicated. Nerve cells are not simple on/off switches, but vary the rate at which they fire, and can send long or short trains of impulses down their axons. It is tempting to assume that the pattern of the nerve cells’ firing is a code – in principle no different from Morse code – but in reality we have no idea whether this is the case or not. At the moment it’s a question of faith, not evidence, that the brain computes. This probably explains why arguments about whether brains are like computers or not can become so heated.

Recent research also suggests that the 125 trillion synapses are not simple switches that are entirely controlled by the electrical impulses they receive, and that they have a degree of independence. Nor is the connection of the axons to the dendrites a direct electrical junction (although they also exist in the brain). The axonal part of a synapse releases chemicals – neurotransmitters – that act on the dendritic part and alter the receiving cell’s electrical state and so pass on the nerve impulse. When I was a medical student in the 1970s, only two neurotransmitters were known – noradrenaline and acetylcholine. Now at least a hundred have been identified.

And then there are at least a further 85 billion glial cells, packed around the nerve cells. These were once seen as little more than polystyrene packaging, just as much of the DNA in our chromosomes was once dismissed as unimportant ‘junk’. Both assumptions have proved to be wrong.

And out of this extraordinary, unimaginably complex and circular dance of nerve cells stimulating and inhibiting each other, reacting to the outside world and to the body of which the brain is part, thought and feeling, colour and sound, pain and pleasure, all arise. And my feeling of being me, and my dismay at seeing my brain scan. And we have no explanation whatsoever as to how all these different experiences arise from the same physical processes.

My brain
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