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INTRODUCTION




‘Man has no Body distinct from his Soul for that call’d Body is a portion of Soul discerned by the five Senses, the chief inlets of Soul in this age.’


William Blake, The Marriage of Heaven and Hell





‘And God said, “Let there be light”, and there was light.’ And there was the sound of running water, the feel of the breeze on Adam’s face, the smell of the flowers, and the taste of the apple in Eve’s mouth. Thus was the world born, and thus are we born into this world, from the moment our eyes open, dazzled by the light, our nostrils filled with the scent of our mother, the sweetness of milk on our tongue, the soothing sound of the maternal voice and the warm, comforting feel of skin on skin. The universe is brought into sharp reality as we begin to perceive our surroundings through our senses. And, indeed, we are reborn into this world with every waking moment, the transition between our dreams and the cold, hard world played out as we crack open our eyes, the morning sounds of the hum of traffic or birdsong drawing us down from our slumber, back to Earth with a bump.


Consider any instant in your life, from the mundanities of your daily grind to those special, treasured moments – the smell of the nape of a loved one’s neck, or that of a freshly brewed cup of coffee; the taste of a dish that takes you straight back to childhood – a fragmentary, comfortable memory of happy times; your favourite track suddenly playing on the radio; the familiar sight of a display board on the train platform, signalling the delay of your morning train; the feel of your child’s hand in your own.


These snapshots of our lives constitute the merging of our external and internal worlds, the coming together of our memories, emotions, histories and desires, and our environment. And it is upon our senses – vision, hearing, taste, smell and touch – that we rely to perceive the reality of our world beyond our own body. These senses are our windows on reality, the conduits between our internal and external lives. They are how we absorb the outside world. Without them, we are cut off, isolated, adrift. We cannot live anything other than a virtual life, within the realms of our own minds.





My earliest memory is orange. Not the fruit, but a lurid, acid-tinged colour peculiar to, and the quintessence of, the 1970s. I can see the sky above, but all around me, on every side, is orange.


For many years, I could never quite place this memory of orange. Its origins remained a mystery, its age unknown. It is some years later, perhaps in my teens, that I come across a photo in a family album; vintage tones and curled at the edges. My mother, her hair tightly curled, stands in the centre of a square in the small village in West Germany of my early childhood. Next to her, a pram; a small infant, me, inside it. The pram has the sheen of plastic, a vinyl that must have been the height of modernity in the mid-’70s. And the colour of the pram is orange, the precise shade in my mind’s eye. All of a sudden, I understand. The blurry vision of the past: me, sitting in the pram, looking up, the hood of orange fabric framing the square of clouds and sky.


But another explanation occurs to me. Perhaps I have seen this photo before, in the months or years after my family came to England, looking through the scanty souvenirs of our past life in another country. And perhaps I have seen this pram, this colour, many times before. Maybe this memory that I have – that I have always held to be the earliest conscious remnant of my life – is not real. Maybe it is a false memory that I have created, a fictional portrayal of my past, a betrayal by my mind.


We are all familiar with the concept of inaccurate or incomplete memory, aware that our recollection of events may fade or degrade with time. We may misremember or forget entirely. We may even create memories from nowhere. The shortcomings of our brains are readily apparent. But perhaps there is another possibility. It is not just the memories of our experiences that are vulnerable to the vagaries of the functioning of our brains. It is the experiences themselves.


The sights, sounds, smells, tastes and feel of the world around us are solid, crisp, distinct and real. We do not doubt them; ‘Seeing is believing.’ The act of sensing something for ourselves cements it in reality – no longer a story told or heard, experienced second-hand, but a fixed representation of the real world around us, as solid as the floor beneath our feet, and sharp as the knife blade that cuts our finger, as bright as the sun blinding us with its light. Our sensations are our portal into the physical world that envelops us, moulds and shapes us. Through the act of sensation, doubt is cast aside, our faith in what we see or hear more absolute than a devout person’s belief in God. In Aristotle’s view, the five senses are the basis of all knowledge, through which we observe the ‘essence’ of the world; through our senses, the material world interacts with our psyche. Our inner world, our mind, is like soft wax imprinted with our sensory experiences.


Yet perhaps we should be more agnostic, less fervent in our trust of our senses, more questioning of our eyes, ears, skin, tongue and nose. We imagine that these organs that convey our senses are reliable and precise witnesses of our external worlds, accurately reporting on the colour of the bunch of roses we gaze upon, or the pain of pricking our finger on one of the thorns. But we imagine wrongly. What we believe to be a precise representation of the world around us is nothing more than an illusion, layer upon layer of processing of sensory information, and the interpretation of that information according to our expectations. Like the shaded shape on a flat piece of paper that we see as a three-dimensional object, or the feel of an itch without any obvious cause. What we perceive to be the absolute truth of the world around us is a complex reconstruction, a virtual reality recreated by the machinations of our minds and our nervous systems. And, for the most part, we are totally unaware of these processes; we are shaken by the moments when the discordance between our perception and reality are revealed, such as gazing at a drawing by M. C. Escher or squabbling over whether a dress is white and gold or black and blue.


Our sensory end-organs – our eyes, ears, skin, tongue and nose – are merely the first step in these pathways of perception; what we then experience as, for example, vision or sound relates only loosely to the beams of light falling onto our retina or the sound waves vibrating tiny hair cells in the cochlea of the inner ear. Moving beyond the point at which our bodies physically interact with the world, the complexities of our nervous systems come into play, acting like supercomputers, fundamentally altering what it is we actually feel, taste, smell, see or hear. The translation of these basic inputs into experiences with conscious meaning – the pattern of light and dark on the retina transformed into the face of a loved one, or the feel of a cold, damp object in the hand and bubbles gently fizzing on the tongue experienced as a delicious glass of champagne – is a process of utmost abstraction, simplification and integration, invisible and undetected by us. The pathways, from physical environment to our experience of it, are convoluted and complex, vulnerable to the nature of the system, friable in the face of disease or dysfunction.


In the pages that follow, I will introduce you to a range of individuals whose senses have been altered or changed in some way, imbued with a diminishment or amplification of their perception of a particular aspect of their world; whose version of reality is shaped by their senses in unusual and often dramatic ways. For some, their condition has been present from birth; for others, it was acquired in later life. For many, their experience is deemed a ‘disease’ or ‘disorder’, but there are other persons who sit within the spectrum of normality for humanity, despite the almost implausible world they inhabit. For all of them, the nature of that difference has been transformative, in some cases making life as we know it unrecognisable. Some of these people are my patients; some are from other walks of life. They are all extraordinary, not only because of what they have experienced, but because they have been kind enough to share their stories. As ever in the world of neurology, it is through understanding the system when it goes wrong that we gain insight into normal function.


The stories relayed in this book starkly illustrate the limitations and idiosyncrasies of our senses, for every single one of us – their reliance on the structural and functional integrity of our nervous systems, and, importantly, how the perception of our world, for all of us, may be rather different from the reality. Their experiences raise questions about the very nature of reality, and what it is to be human.










1 THE STUFF OF SUPERHEROES





‘Of pain you could wish only one thing: that it should stop. Nothing in the world was so bad as physical pain.’


George Orwell, Nineteen Eighty-Four


‘An ordinary hand – just lonely for something to touch that touches back.’


Anne Sexton, ‘The Touch’





‘When one of my teeth fell out as a child, my dad made the mistake of telling me that, if I put it under my pillow, the tooth fairy would give me a pound,’ Paul, now thirty-four, tells me. ‘I immediately thought to myself, ‘Oh, great! Well, I’ve got many teeth in my head. That’s many pounds!’ he chuckles. ‘My dad caught me with a pair of pliers, trying to pull my teeth out.’ As I sit at the kitchen table with Paul while his father, Bob, and his mother, Christine, potter around behind us, the horrifying stories of Paul’s childhood pour out. Paul turns to his parents and says, ‘I remember once asking for snacks or crisps, and you said I couldn’t have them because dinner was coming soon. And I just stood there, breaking my own fingers because I couldn’t get what I wanted.’ He mimes bending back his own fingers, and, in my head, I can hear them cracking. ‘Yeah, I did stupid things. Things that, obviously, any normal child wouldn’t dream of.’ And it is obvious, when I listen to Paul and Bob talk, that Paul was anything but a normal child. Indeed, he is not a normal adult – because Paul feels no pain. None at all. He has never felt it. He has no concept of what pain is. He tells me, ‘I have a hard time showing empathy to someone who is in pain. It is hard understanding pain when you don’t feel it yourself.’


The inability to feel pain is the stuff of superheroes, the deepest wish of those tortured by it. But Paul’s inability to sense pain is unfortunately not coupled with super-strength, unbreakable bones and super-healing. I ask Paul to estimate how many times he has broken a bone. ‘It’s got to be in the hundreds, from minor fractures to major breaks. Fingers, ankles, wrists, elbows, knees, thighs, skull – I don’t think there is a bone I haven’t actually broken.’ When I had first come into the house, Paul was already seated at the table. My first impression was of a young man with fair hair, bespectacled – ordinary. If I passed him in the street, I would not give him a second glance. As we chat, I can see that his hands are a little misshapen, but it is not until I go to leave, and he stands up, that I see how short he is. He is perhaps just over five feet tall. ‘The only reason I am as short as I am is because of the damage I did to my knees as a child. I broke the growth plates in my knees on multiple occasions, which stunted my growth significantly.’ And when he walks towards the door as I leave, I see his limping gait, his bowed legs, evidence of endless badly healed fractures.





Consider your five senses. Place them in order – at the top put the sense you could not survive without, at the bottom the one you would sacrifice first. A fantasy football league; a ranking of players you need to win the tournament. For me, vision would definitely be at the top. Losing my vision, unable to read, to see the faces of friends and family, to look at a beautiful landscape, would be too much to bear. Then hearing: not to be able to hear music or speech would be almost as intolerable. Both these senses allow us to detect the world at a distance, to know the environment beyond the immediacy of our bodies, to derive pleasure, detect warning, to engage in societal interaction and the exchange of ideas and concepts. At the bottom of my list, in line for relegation, would be smell and taste. Horrible to be without the rich world of food, or devoid of olfactory pleasure, but my life would go on. Touch – well, it wouldn’t really compete with vision or hearing, so it sits in position number three.


But take a step back for a moment. Consider a life without touch: the inability to feel the hug of our loved ones, the warmth of the sun on our face, the warning of heat as we approach a fire. However, touch is more than just these sensations. We rely on our touch to walk properly, to feel the undulations and irregularities of the floor under our feet, to know where our bodies are in space, how the position of one hand relates to the other while tying our shoelaces or eating with a knife and fork, to pull the right coin out of our pocket when paying a bus fare. Without touch, even these very simple acts would be impossible. While one imagines touch to be a lesser sense, perhaps the very opposite is true. Perhaps touch is so intrinsic to the act of being, so enmeshed in our existence and our consciousness, that it is almost impossible to imagine a life without this sense. Our language reflects this to a great extent. We describe people as ‘warm’ or ‘cold’, ‘soft’ or ‘hard’, ascribing character or feelings to physical sensations. We use phrases like ‘I am touched by your kindness’, ‘She’s a pain in the arse’, or ‘He can be hot-headed’. The language of life is based much more upon touch than on hearing or vision. But these are not just linguistic patterns. This translates to reality. Experiments have shown that, depending on whether you clutch a hot drink or a cold one in your hands while talking to someone, you will perceive your conversation partner as ‘warmer’ or ‘colder’, and that handling a block of hard wood or a soft piece of material while interviewing someone will influence your perception of them respectively. The warmth of resting on our mother’s chest, the association with a feeling of safety and comfort, pervades the rest of our lives – an intrinsic aspect of human nature and linguistics. Touch links us to those around us, the binding effects of a hug, a touch on the arm, a pat on the back, a caress. Our sense of touch goes far beyond simple electrical impulses triggered in our skin, but is entwined with our emotions, memories, sense of self and sense of others. And seeing the impact of disruption of this sense in many of my patients, I would now certainly not volunteer to lose touch above other senses.


As you will discover over the course of this book, the absence of sensation can be devastating. But an absence of pain – the loudest of our sensations – sounds like a blessing, not a curse. Pain screams its way into our consciousness, blotting out everything else. The blinding sear of stubbing one’s toe, cracking one’s head, or cutting your finger, elbows all other sensations and senses out of the way, demanding immediate attention and action – and, as Paul demonstrates, for good reason. Pain prevents us from injuring ourselves, or at least from making the same mistake twice. We need pain to help us learn to avoid sharp or hot objects, to teach us what in our environment is potentially harmful, and to detect injury or infection. If we do injure ourselves, pain focuses our attention on looking after that part of the body, protecting and immobilising it so that we can repair and heal before we start using it again.


These multiple functions of pain are reflected by its various qualities. One important aspect is knowing where the pain is coming from, localising the site of injury or damage. It is crucial to our survival to know that the agony we are feeling is due to having burned our finger on a hot pan, or from a thorn in our left big toe.


But pain also has an emotional component – that gut-wrenching unpleasantness, that fear – that is a potent driver of learning to avoid it. Without the emotional baggage that accompanies that sensation of hurt, we would be less inclined to learn from our mistakes, to develop strategies to prevent repeat incidents. The risks would be too great, our lives curtailed, the survival of our species jeopardised. In fact, our brains are evidence of the significance of the emotional aspects of pain to our evolution. The areas of the brain involved in this aspect of our experience of pain are in the oldest evolutionary parts of our brains, structures that developed millions of years ago in the evolutionary pathway of animals, preserved in perpetuity, the signature of the utility of pain.


Studies in animals and humans show that multiple areas of the brain are involved in the perception of pain. There is not one single spot, no single area of the brain, where pain is ‘felt’. In fact, the underlying brain mechanisms of pain perception are more like a network rather than a single pathway. This network reflects our understanding of the different aspects of pain: the ability to identify where in the body pain is, termed the ‘sensory-discriminative’ component, and the emotional load, often referred to as the ‘affective’ component. Separate but interrelated.


Information about where the pain is coming from is relayed to the area of the brain involved in all aspects of touch – the sensory cortex. This strip of brain tissue is the location of the homunculus, the brain’s sensory map of the body. When represented in a diagram or model, it shows a grossly distorted figure with overblown lips, tongue, hands and feet, where the density of our sensation receptors is highest and the requirement to discriminate the precise location of any touch is most pronounced. Simultaneously, this information about pain is relayed to even more evolutionarily ancient areas of the brain – those responsible for our emotions and drives; regions of the brain that encode our primitive needs – beneficial ones such as hunger, thirst and sexual desire – and those that are aversive – such as fear, danger and, importantly, pain. And it is here, in the limbic system, the emotional nexus of the brain that resides in the central depths, that the affective component of pain is processed.


One area of the limbic system in particular, the anterior cingulate cortex, is implicated in the unpleasantness and fear of pain, and is a potent driver of the need to avoid pain. Damage to this area of the brain results in a phenomenon termed ‘pain asymbolia’, which is the perception of the precise location, quality and intensity of pain without the emotional context, leaving individuals indifferent to pain and slower to withdraw from it, due to the lack of an emotional driver to avoid it again at all costs. Similarly, destruction of pathways leading to the area of the brain responsible for our body map can result in people experiencing the negative emotional impact of pain without knowing where it is coming from.





I remember my own children as toddlers – a slip down a few stairs or the sting of a fall an important reminder to watch their step. A smack from their sister: a lesson in how to respect their sibling’s toys. One of my own earliest memories is from the age of three or four. I remember a hot, sunny day, typical for summer in a small village on the fringes of the Black Forest, a few miles from the Rhine, defining the border with France. I had been playing with my friends, cycling around, having fun in the playground, the air filled with excited shrieks of joy. We were like a gang of street urchins, roaming the streets of the village, uninhibited by adult supervision. The heat of the sun was waning, and I recall being tired and hungry, the large, heavy glass door to our block of flats a hurdle between me and my dinner. As I heaved the door open, it struck a bee, which promptly flew at me and stung me on the arm. I can still see the pulsing sac of pain-inducing venom pumping into my skin. Those shrieks of joy were quickly replaced by my howls of agony – and I developed a newfound respect for all things flying and stinging.


But for Paul, these life lessons are entirely alien concepts. As a child there was no clue for him not to do certain things. If anything, Paul sought reward through damaging his own body. ‘I used to do stupid things like jumping down a staircase, or jumping off the roof. There was no downside for me. I didn’t feel any pain. All I saw was everyone around me giving me loads of attention.’ He recalls spells in hospital, surrounded by doctors and nurses, feeling spoilt and fussed over. Perversely, for Paul, injuring himself was a positive experience. His father, Bob, recalls one episode when he found his son standing on the flat roof of the garage. ‘I panicked. And the next-door neighbour said, “You see, Bob, there’s your problem. You know that children play to the gallery. You should say to him, ‘If you want to jump, Paul, go ahead and break both your legs.’ It’s reverse psychology!” I said, “Let’s see. I think you’re right!” So I said, “Paul, if you want to jump and break both your legs, and spend the next two months in hospital, it’s completely up to you.” And straight away, he jumped off the roof and broke both his legs – and spent several weeks in hospital. He loved it.’


The reason for Paul’s complete inability to feel pain is an extremely rare genetic condition called congenital insensitivity to pain, or CIP. Since the moment of his birth, he has never experienced feeling physical hurt – no headache, toothache, or any other ache. Bob reports that Christine, Paul’s mother, was aware of something odd about Paul right from the start. He remembers her saying, ‘Don’t you think it strange that he never cries?’ Bob just assumed that Paul was a happy baby. But one day, when Paul was about ten months old, he was lying on the floor, surrounded by cuddly toys, when Bob came in from work. Bob recalls: ‘Suddenly Christine jumped, because I was standing on Paul’s arm! I hadn’t realised because of all the toys all over the floor.’ Despite an adult standing on him, Paul still didn’t cry. Not a peep.


By this time, Christine was convinced that Paul was very different from other babies. It wasn’t until some time after this incident, when Paul developed some sort of abscess and was taken into hospital, that his condition came to medical attention. The doctor asked if Paul had been crying in discomfort, and Bob told him, ‘My wife has got the crazy idea that he doesn’t feel pain.’ And so began the process of getting Paul diagnosed. Bob tells me, ‘We went to Great Ormond Street Hospital and they put these electrodes on him. They said, “We’ll go up 10 volts at a time. He will feel pain in some part of the body.” They got quite upset because the veins in his face and arms bulged, but they went up to 300 volts and couldn’t find any pain reaction in any part of his body. And I remember saying that it would be nice if he grows up to be a boxer, but of course I didn’t realise the implications of not feeling pain.’


I am curious as to whether Paul’s understanding of psychological pain is also affected; whether the absence of physical pain has somehow hindered the development of those parts of the nervous system that process emotional angst. Has he experienced the pain of heartbreak, the ache of loss? But as far as he can tell, this aspect of his life is the same as everyone else’s. ‘I’ve been told on many occasions, growing up, that emotion and [physical] pain are all linked,’ Paul tells me. ‘I feel touch, I feel emotion, I feel all the other senses. I feel them all except for pain.’ I ask him if he understands on a personal level, or a purely intellectual one, when people talk about the pain of a broken heart or the pain of sadness; whether the empathy he is unable to feel when he sees people in physical pain extends to emotional hurt. But Paul is very clear on this. He has lost several people in his life, family members who have died. The internal ache, the deep and gnawing sense of loss, is something that he is sadly very familiar with. And as we discuss life more broadly, it is obvious that he feels the pain of lost opportunities, unrequited love, unfulfilled dreams. In Paul, there is a disconnect between physical and emotional pain. At first glance, this seems somewhat unfortunate – if you are unable to feel physical pain, perhaps it would be better to lose pain altogether. But without the distress of loss or the fear of it, perhaps there is also no joy from love, no ache from wanting. Without this emotional depth, what would our lives be? Like that of a psychopath, unable to form relationships, incapable of empathising with other people’s lives.


The ability to feel this emotional pain implies that the central networks controlling this aspect of pain sensation are present in Paul, unaffected by his condition. His problem is more fundamental, simply concerning the perception of physical pain itself. Injury to his body and the normal triggers of tissue damage from burning, cutting or inflammation are just not making their way to the brain itself.


The conduction of impulses throughout the nervous system is dependent on a piece of very specific molecular machinery called the sodium channel. Sodium channels exist as molecular pores on the outer membrane of nerve cells – also known as neurones – like the holes of a fine sieve. In contrast to a sieve, however, for the most part these pores remain closed, and are triggered to open only under certain conditions. When triggered, the sodium channel opens, allowing sodium ions and their associated positive electrical charge to flood into the cell, like water exiting the bathtub when the plug is pulled. This small shift in electrical charge across the surface of the nerve cell does not itself result in the transmission of signals, but it is the nature of the trigger that opens the sodium channel that is key to this physiological process that is the keystone of life. The sodium channel has a very particular quality: it detects small changes in electrical charge, with even a small flow of ions in its vicinity causing it to open. And so, the opening of one sodium channel causes the ones next to it to open, thus generating a fall of dominoes and the rapid spread of this electrical impulse along the length of the nerve cell. A Mexican wave, each sodium channel like a spectator waiting for the fan next to them to stand up, conveying a message from one side of the football stadium to the other – or, in this case, from one end of a nerve cell to the other.


Sodium channels exist in a variety of forms, each with subtly different properties and each residing in different concentrations in various parts of the body. Some channels, rather than opening in response to changes in electrical state, are triggered by chemical transmitters, such as those responsible for muscle contraction. In this case, the electrical impulse travelling down the nerve cell causes the nerve endings to release a chemical called acetylcholine. Sodium channels in the muscle fibres sense the acetylcholine and open up, triggering a wholesale chemical response that results in movement. However, it is the sodium channels that are triggered by changes in electrical state that are primarily responsible for the sending of electrical impulses along our nerves.


Some types of sodium channel are more heavily implicated in the conduction of pain signals. Paul’s condition clearly tells us that one particular sodium channel is crucial for the conduction of pain. Paul’s problem is a change in a gene called SCN9A, the repository for the genetic information for a form of sodium channel called Nav1.7. These Nav1.7 channels are particularly concentrated in pain-transmitting pathways, and any change in their function seems to especially influence the processing of pain signals. Paul’s Nav1.7 channels are entirely inactivated. The genetic error in Paul doesn’t simply produce a Nav1.7 channel that’s difficult to trigger, for instance; the mutation Paul carries is so catastrophic that no functional channels are produced at all.


For Paul’s condition to manifest, however, it is not sufficient to have a single mutation. For almost all genes, we carry two copies, one inherited from our mother and the other from our father. So, if we inherit one copy of a gene that produces no channel at all, the second version of the gene should still deliver. While Bob and Christine are both carriers of Paul’s condition, they are completely unaffected because they each only carry one abnormal gene. They were entirely unaware of this, at least until they started a family. But Paul inherited this abnormal gene from both of them, leaving him with no functional Nav1.7 channels anywhere in his body. The machinery fundamental to the transmission of pain impulses is entirely absent in Paul, leaving him completely devoid of pain.


Paul’s very specific loss of molecular function results in a very specific physical dysfunction, while other molecular machinery is left untouched. I ask Paul if he can feel the heat of a spicy curry, or the cooling effects of menthol. While he can feel the heat of chilli, he says it is not unpleasant – there is no burn, no pain, no discomfort associated with it. He recalls being in a restaurant a few years ago with a friend. ‘They had really hot chillies in this restaurant, and I dared my friend to be able to eat one. So he took one bite, and he was sweating and his mouth was on fire. But I sat there and ate five. I felt the heat in my mouth, but by no means was it uncomfortable or painful.’ A rather unfair contest, I think to myself. While the temperature sensors in Paul’s skin, including the sensitive skin of the mouth, are working normally, the associated pain signals have simply vanished – an important illustration of how various aspects of sensation are conveyed almost entirely separately, like parallel train lines carrying different types of passengers to the same destination. And, even more curiously, Paul discovered late in life that he has no sense of smell. In addition to its role in producing pain, the sodium channel he is missing has an important function for smell – a very odd combination of such specific roles.


Through further terrible misfortune, Paul is not the only member of the family affected. He is one of three siblings and, despite miniscule odds of probability, all of them have been affected. If you consider the statistics, it seems almost impossible. Each child born to Bob and Christine has a one-in-four chance of inheriting both abnormal genes, making the probability of three affected siblings one in sixty-four. And the probability of two people who carry an abnormal gene then meeting and having a family is vanishingly small in itself, which is why this condition is as rare as it is, affecting at most a few handfuls of people in the entire world. But Christine knew in her heart, even before Paul’s younger sisters were born, that they too would have the condition.


The effects of this disorder have been devastating for the entire family. For Christine and Bob, it has been awful beyond comprehension. Amanda, their youngest child, did not survive the absence of pain. At the age of thirteen months she succumbed to sepsis, unrecognised by doctors, in part due to the lack of warning signs one would expect to see from a child in pain. As if this weren’t enough, ensuring that their surviving children, Paul and his sister Vicky, remained alive was almost an impossible task. ‘As parents, we’ve been frightened every single day of our lives.’


As we sit at the dining table, I notice that in the corner of the room there is a stone-clad fireplace; it houses a gas fire behind a panel of glass that seals the flames from the room itself. Paul looks over to it and chuckles. ‘One of our games was to hold our hands up against the glass when the fire was on. We used to love to hear the sound of the sizzling of our skin.’ Bob shrugs: ‘They would be laughing in the living room, listening to their hands sizzling like bacon in the pan, blisters all over.’


Bob also recalls the two siblings playing a game in the back garden, hearing them playing on the swings, their laughter filtering through the patio doors. ‘Chris said to me, “Just check on them, will you?” And I said, “They’re okay, Chris, they’re just playing!” But when I went outside to look, Paul and Vicky were completely covered in blood. Vicky had knocked out all her teeth; Paul had knocked out his teeth.’ Both the children needed stitches to their heads, and had black eyes and broken noses. The next day, a family outing to a show resulted in unexpected consequences. The sight of two children, bandaged and bruised, caused quite a stir. By the time the family got home, the police were waiting for them. Bob, with some bitterness, remembers being taken into the dining room by one of the policemen. ‘He said, “Do you think it’s clever for a seventeen-stone man to beat up a child?” And I won’t tell you what he called me.’ Despite Bob’s protestations, he was threatened with arrest, until the police learned the medical background. An apology soon followed, as did a collection for the children from the local police station.


Over the years, Bob and Christine had various interactions with social services, and several threats to have the children removed. For them, the lack of understanding of their children’s condition has been almost as distressing as the lack of pain itself. But perhaps this is not surprising. For almost all of us, pain is intrinsic to the human experience. We are aware of it from our earliest consciousness, and the language of pain is interwoven with our lives, telling us what we can and cannot do, affecting our day-to-day existence. There are medical specialties entirely dedicated to its control and elimination. So while the absence of it is, intellectually, perhaps just about comprehensible, on an emotional level it is totally beyond our understanding. And its rarity means that even most healthcare professionals are entirely unfamiliar with it. Paul describes one episode, a few years ago, when he woke up in the middle of the night. As he sat up in bed, he felt a crunch in his leg, a vibration in his bone. ‘I went to lift my leg up, and as I did so the upper part of the leg came away without the bottom half. The lower leg stayed completely flat on the bed. I could see my skin stretching.’ Paul knew he would have to wait for his flatmate to come home before calling for an ambulance, as he would not be able to come to the door to let them in. When an ambulance crew finally arrived in the morning, Paul announced he had broken his leg. ‘I very much doubt you’ve broken your leg,’ the paramedic replied. ‘You’d be in a lot of pain right now.’ Despite Paul’s explanation, she refused to believe him. ‘I thought, I’m not going to argue with her, so I pulled back the covers and lifted up my leg. She could see the stretching of the skin, and turned pale: “Oh my God, you’ve broken your leg!” I said, “I told you!” ’


The lack of understanding of Paul and Vicky’s condition has been tempered by the generosity of strangers. Donations have come in from around the world by people captivated and horrified by the stories of children growing up without this most vital sensation; phone calls from mysterious donors in Saudi Arabia; local charities raising money – all to enable Bob and Christine to try to bring up their children as normally as possible.


Even when listening to Paul explain it to me, the impact of a world without pain is so alien that I still cannot quite understand it. Paul and his sister’s experience of life is so utterly different, fundamentally so, from most of humankind’s, that I am not surprised by Paul’s inability to empathise with people in pain. ‘Like trying to teach a blind man about colours,’ Bob says at one point. Given the rarity of their condition, for much of their lives the only people who truly understood the brother and sister’s world were each other. But with the advent of the internet, Paul has found someone else who understands him. Steven, based in Washington state in the north-west corner of the US, is Paul’s ‘brother from another mother’. Steven also has CIP, and Paul chats to him every week. Their lives are a mirror image of each other. ‘What I’ve experienced is what he’s experienced,’ Paul says: a shared perception of reality as a world without pain. Similar injuries, similar stories from childhood – and similar tragedy. Paul has lost one sister, and, as we chat, Vicky, his other sister, is recovering in hospital, having undergone an amputation of a leg so damaged, so mangled, by repeated injury that it was rendered useless. For Steven, it was the suicide of his older brother, also living with CIP. Repeated fractures of his vertebrae caused him to develop compression of the spinal cord, slowly robbing him of the use of his legs. The loss of a previously active outdoorsy lifestyle – his favourite activities were hunting and fishing – resulted in Steven’s brother taking his own life. For Paul and Steven, identical physical scars and psychological wounds are the signature of a life without pain.





A life without discomfort, ache or agony is beyond the comprehension of most. However, even for a person with an intact neurological system, moments of absence of pain, even in the context of massive injury, can exist. ‘There is a common belief that wounds are inevitably associated with pain, and, further, that the more extensive the wound, the worse the pain. Observation of freshly wounded men in the Combat Zone showed this generalization to be misleading,’ began Lieutenant Colonel Henry K. Beecher in the opening of his paper entitled ‘Pain in men wounded in battle’, in 1946. Beecher had been an anaesthetist in the US Army during the Second World War, working in the field in the Mediterranean Theater of Operations. In his paper he described his recent experiences of the care of soldiers returning from the Venafro and Cassino fronts in Italy and from the battlegrounds of France. Detailing soldiers’ descriptions of their pain from terrible and devastating injuries – penetrating injuries of the head, chest or abdomen, compound fractures of their limbs or extensive soft-tissue injury – he wrote about 215 patients. What he found was staggering: despite their bodies being shattered by bullets or ordnance, less than a quarter of soldiers reported severe pain, and three quarters of men did not ask for pain relief, even though they knew it was available. He wrote:




This is a puzzling thing and perhaps justifies a little speculation. It is to be remembered that these data were obtained entirely from wounded soldiers. A comparison with the results of civilian accidents would be of interest. While the family automobile in a crash can cause wounds that mimic many of the lesions of warfare it is not at all certain that the incidence of pain would be the same in the two groups. Pain is an experience subject to modification by many factors: wounds received during strenuous physical exercise, during the excitement of games, often go unnoticed. The same is true of wounds received during fighting, during anger. Strong emotion can block pain. That is a common experience. In this connection it is important to consider the position of the soldier: his wound suddenly releases him from an exceedingly dangerous environment, one filled with fatigue, discomfort, anxiety, fear and real danger of death, and gives him a ticket to the safety of hospital. His troubles are about over, or he thinks they are. He overcompensates and becomes euphoric… On the other hand, the civilian’s accident marks the beginning of disaster for him. It is impossible to say whether this produces an increased awareness of his pain, increased suffering; possibly it does.





As a curious footnote, he also comments:




A badly injured patient who says he is having no wound pain will protest as vigorously as a normal individual at an inept venipuncture [the act of drawing blood]. It seems unlikely that the freedom from pain of these men is to be explained on the basis of any general decrease in pain sensitivity.





Many of us will ourselves have experienced that the degree of pain is influenced not just by the nature of the injury, but by other factors too. The pain of an injury is less noticeable when we are distracted; an aching joint is more intrusive when we are tired or anxious; the limp only surfaces after coming off the playing field; the scrape to a knee or elbow eases with the rubbing of the skin around it. These are based on our previous experiences and memories of pain, our expectations of pain to come. Our state of mind influences our experience of pain. At face value, it’s an interesting phenomenon but not too noteworthy. Yet it tells us a huge amount about our perception of pain; in fact, not just pain, not even just sensation, but every one of our senses. It shows us that the act of sensing our environment is not simply the act of passively absorbing information, not just the flow of impulses from the external world into the internal. It illustrates that information also flows in the opposite direction, that the interior has an important influence on the transmission of data from the outside in. This crucial aspect of our nervous system is something we will return to several times over the course of the following pages.


It is these neural pathways that also underlie the placebo response – the improvement of pain with a sugar pill. When it comes to analgesia, approximately one third of the population will experience a significant effect on pain from a placebo drug. But the placebo response is not simply ‘mind over matter’, a psychological effect. If you take people who have had a response to a placebo and, without their knowledge, give them naloxone, a drug that reverses the effects of opioids like heroin and morphine, they will no longer have any benefit from the placebo. This clearly demonstrates that somehow the placebo is having a chemical effect, mediated by the body’s own naturally produced opioids – chemicals similar to morphine – secreted within the nervous system. Block the effects of those opioids and you block the effects of the placebo. Indeed, neuroscientists can even take brain images of the placebo response. Scans can directly visualise the activation of specific receptors for opioids in particular parts of the brain – in that network of areas known to be involved in a wide array of functions such as cognition, emotion, motivation and, crucially, pain, and termed by some as ‘the pain matrix’.


So, the expectation that pain will be relieved by a magic pill actually does lessen the experience of pain. But the inverse is equally true; the expectation of pain enhances it. I think of the countless times I have prepared someone for a lumbar puncture, the procedure through which a couple of tablespoons of spinal fluid are extracted. The patient lies on their side, facing away from me, curled up in a ball to open the spaces between the vertebrae of the lower spine. After a little local anaesthetic, I insert a long but fine spinal needle, finding the fluid bathing the nerve roots within the spinal canal. But for the more anxious or needle-phobic patients, the pain starts even before the local anaesthetic has been injected. The expectation of a needle can sometimes result in them jolting with pain or letting out a cry as I place the cold iodine swab on their lower back to sterilise the skin before any sharp object goes anywhere near them. This can be lessened by long conversations about the procedure itself, explaining as I go along, relaxing the person and lowering their anticipation of the intensity of pain – but this doesn’t always work. Essentially, this is, in contrast to a placebo, a nocebo response.


The nocebo response, too, has been studied in a scientific context. In one study, sixty healthy individuals were subjected to pain by applying a tourniquet around their arm and asking them to exercise the arm starved of blood. This process causes a build-up of lactate in the muscles, inducing severe muscle pain that normally becomes totally unbearable after 13–14 minutes. The volunteers were divided into groups, receiving nothing at all, ketorolac – a non-steroidal painkiller similar to, but more potent than, ibuprofen – or normal saline, or a combination of both. But the groups were told different things regarding the normal saline. Some were told it was ketorolac, inducing the expectation of a pain-reducing effect, while others were told it was a substance that increased pain. The subjects given nothing at all tolerated the pain test for some 13–14 minutes, as expected. When participants were given ketorolac, they managed to endure it for significantly longer, on average 22–25 minutes. But the expectation of what they were being given also clearly had an influence. Told that the normal saline they were getting was a painkiller, subjects managed 16–18 minutes, longer than normal. But those told that the saline was a drug that heightened pain managed, in some cases, as little as nine minutes. And further studies have demonstrated changes in activity in the areas of the brain implicated in the ‘pain matrix’ induced by the nocebo response, as they have for the placebo response.


It is obvious, therefore, that when it comes to pain, the positive or negative expectation of pain influences pain itself. But it is also clear that this is not purely a ‘psychological’ phenomenon and that our anticipation of discomfort directly influences brain activity and chemistry. Yet how do these changes in the brain itself alter our perception? Is it purely that the brain has altered its own activity, so that the areas of the brain that ‘feel’ pain are inhibited or excited by these other factors? Is it just the effects of endogenous opioids – those produced by the body – or other chemicals like cannabinoids (other endogenous chemicals similar to the active components of cannabis) dulling brain activity? In recent years, we have learned that these soothing effects are not happening just at the top of the nervous system, but that actually the pain-modulating effects are also exerted, at least in part, much lower down in our bodies. A series of regions deep in the brainstem, far away from the brain’s outer mantle, the sensory cortex – where we ‘feel’ pain – are perhaps responsible for many of the effects of morphine, and the opioid chemicals produced within the brain itself. One region in particular, the periaqueductal grey (PAG), located roughly halfway between the cerebral cortex and the spinal cord, is of fundamental importance to this process. Injecting morphine into this area, or stimulating it electrically, causes a powerful painkilling effect. But evidence also points to the underlying effects on pain being brought about within the spinal cord itself. From the PAG and associated regions, nerve fibres project down the spinal cord, modulating pain signals at the point of their entry into the spinal cord, much lower down. These projections directly influence the flow of ‘nociceptive’ (pain sensation) impulses into the central nervous system, essentially being able to dial up or dial down pain far away from the brain. Damage these projections and this ability is lost, with electrical stimulation of the PAG, or morphine trickled into it, rendered useless.


These circuits are fundamental to the human experience of pain and the response to pain-numbing salves. But it may also be that these mechanisms of control, from the brain to the spinal cord, are responsible for many of the chronic pain syndromes that we see in clinical practice – conditions like irritable bowel syndrome; pain resulting from a previous injury, long ago healed; pain – severe, unrelenting, life-changing – persisting long after its original cause has disappeared, or was never there in the first place; pain caused by plasticity, changes in the nervous system and its organisation, causing the amplification of pain or even the interpretation of non-painful sensory stimuli as pain, much like the patient awaiting their lumbar puncture, who flinches at the first touch of the iodine swab.


We have known for many years that certain circuitry in the spinal cord influences the perception of pain. I recall, as early as my first year of medical school, being taught of the physiological basis of rubbing a painful knee or scratching around a cut to relieve pain; learning that, when stimulated, fibres conducting non-painful sensations dampen down those bundles of nerve fibres conducting pain. This is the so-called gate-control theory; essentially, stimuli of light-touch, scratch or temperature shut the gate on the flow of pain impulses, limiting the number of those signals reaching our brain. But what we know now is that the brain also directly influences this gate, opening or closing it depending on expectation, memory, anxiety and a range of other factors.


And what of Beecher’s mangled soldiers, surprisingly untouched by the severe pain normally caused by such horrific injuries? Experimental studies have shown, in animals at least, that acute intense stress has an analgesic effect. But this effect is nullified by both damage to the descending fibres, radiating from the brainstem down to the spinal cord, and the injection of the opioid-blocking drug naloxone. So, it seems that the painkilling effect of stress is mediated by opioids and those descending fibres. (In truth, it is likely that other systems are also involved, such as endogenous cannabinoids.) It is these mechanisms that likely underlie Beecher’s reports of his soldiers and their lack of pain, their euphoria even – as well as accounts of people continuing to play in a sporting match despite a broken bone or twisted ankle, the pain only becoming apparent when the excitement has passed. From an evolutionary perspective, these are life-saving processes within the nervous system that enable us to run away or fight even when injured, but also enable us to experience pain when the peril has gone.


I ask Paul what he would do if offered a cure, a way to feel pain. His response surprises me. ‘A lot of people have said to me, in the past, that it must be brilliant not to feel pain, not to worry about injuring yourself because you’re not going to feel the pain of it. And my answer is always that if I could turn back the clock and be normal – feel pain – I would. But if I was given a cure now, I wouldn’t necessarily take it, because, for me, the damage is done. I don’t think I could cope with the damage I have already sustained.’ With every joint and bone in his body riddled with damage, Paul is already crippled by limitations to his movements and his walking, but at least the absence of pain makes it more bearable.


If there is any chink of light in the darkness of the family’s world without pain, it is the success story in our understanding of how a genetic change results in this condition; how a tiny change in a gene can switch pain off, how fundamental the role is of this sodium channel, Nav1.7, in the transmission of pain impulses. This knowledge opens the door to new therapies for those individuals who feel excessive pain. It is a measure of Paul when he says, ‘From my point of view, if I can use what I have to help people that feel too much pain, I’m all for it. That is one good thing that can come out of the very negative thing I’ve grown up with.’


As the end of my visit approaches, Christine sits down at the table. Throughout our conversation, I have felt her reluctance to talk, to open up, and have interpreted it as suspicion. But while she sits there next to me, I can see her emotion, an overwhelming sadness, as she listens to Paul and Bob. And at one point, after we have been chatting for an hour, in a soft voice so quiet that I almost miss it, she whispers, ‘I just feel so guilty. I feel so terribly guilty. That I passed this on to my three children. That it’s my fault.’





While pain is the bully boy of touch, undeniable and unignorable, this sense has other modalities, too. A gentle breeze shifting the hairs on the back or your neck, the feel of a cold glass of beer in your hand, the vibration of your mobile phone in your pocket – less demanding of your attention than the searing agony of a broken bone or the soreness of a paper cut, but nevertheless clear perceptions of sensations on your skin. Yet there are some ‘sensations’ that do not even enter our awareness, that float through our bodies constantly but are never recognised – at least, not until they are gone, when they are only notable through their absence. And when these sensations are lost, the consequences are life-changing.


Whenever Rahel comes into my clinic, her size is a barometer, an indication of the weather outside. On the warmest summer day, she wears a couple of thick, brightly coloured jumpers. In winter, she is enveloped by several layers of woolly clothes, a thick overcoat and huge, oversized mittens. Her almost black eyes peer out of the space between her purple ski hat and her high collar. But beneath the voluminous fabric, she is skin and bone, her cheeks sunken, a fragile sparrow in a rainbow palette of coverings. It is only when I first see her at home, some six years after we’ve first met, that I appreciate quite how little of her there is. She takes up almost no space in the room, and looks like she would snap in a gentle breeze. In all these years, it is the first time I’ve seen her bare head, normally hidden under a turban or a woolly hat; braids of grey tightly follow the contours of her head. But as I sit in her living room, I spot evidence of the woman she was before I met her: a picture of a young woman in a white wedding dress, gazing directly into the camera, brimming with happiness; a photo of her with her husband, another of him in military uniform, a certificate of military service from a Middle Eastern royal; an Arabic coffee urn, a spider embedded in plastic, bigger than my hand – the stuff of nightmares. Documentation of a life well-travelled, journeys to exotic lands.


‘I came to England when I was thirteen’, she tells me. ‘My mother was from Eritrea, my father from Ethiopia. They came here for my education, but two years later the Trouble started and we couldn’t go back.’ In 1974, the Emperor of Ethiopia, Haile Selassie, was overthrown in a coup by the Marxist-Leninist Derg military junta, and return was impossible. ‘I met Roger at the age of eighteen, and we got married when I was nineteen. We have been married for forty-one years,’ she laughs ruefully, a reminder of the passage of time. Her marriage took her back abroad over the years, her husband’s service in the British Army moving them all over the world. Roger walks quietly in and out of the living room, trying not to disturb us, but even in his few steps I see a regimental bearing, and there is a clear imprint of a life in the military in his voice.


I recall that when I first met Rahel six years ago, I knew her by a different name. ‘When I first started coming to the hospital, they called me Rachel,’ she explains. This error has only been corrected in the past year, and I have noted the change on her medical records. She has finally reclaimed her own name, in the last few months of her life. I tell her that my grandparents and my mother were also renamed by bureaucratic clerks, my grandparents dying with names almost entirely unrelated to those that they were born to – testament to lives disrupted by conflict, war and relocation. Rahel makes a wry upturn of the mouth in recognition.


Even when I first met Rachel/Rahel, she and I knew she was dying. Then in her mid-fifties, she had been diagnosed with lung cancer, a type known as small-cell – malignant and malevolent, a tumour known to spread quickly, to bone and brain. She has been through chemotherapy and has been offered radiotherapy to the brain and spinal cord – a toxic blast of radiation to the nervous system – in the hope of killing any invisible cells that might have already sought refuge there. The cancer has not fully responded to the poisonous drugs infused into her veins, and she has declined radiation, feeling weak and exhausted from the gruelling treatment she has received already and not eager to put herself through it just as a preventative measure. Her oncologist has discharged her to palliative care, for the monitoring and treatment of symptoms as and when they arise. ‘They told me I would likely live a couple of years,’ she recounts now. ‘And that was eighteen months ago.’ Like a Buddhist monk, she smiles as she says this, as if she has totally accepted her fate.


But the reason that she first arrives in my clinic is somewhat different. She is unable to walk. Her balance has gone and each tentative step is a journey into the unknown, uncertain if she will find her footing or end up in a heap on the floor. I now no longer recall whether she was in a wheelchair at that first appointment or using a walking frame, as over the intervening years I have seen her enter my clinic room in a variety of ways – with one stick, or two, a rolling frame or, occasionally, under her own steam, unassisted by any walking aids at all.


As I read through her notes and hear her story, a number of explanations race through my mind. We tend to consider the act of walking a simple one, an unconscious act that can be done while talking, listening, thinking, eating. But this automatic behaviour belies years of learning, of development of our nervous systems and musculature. We do not stand on our first day of life and stride across the room. Our first, tentative steps only happen some twelve months after birth, and our first few years of life are marred by bumps and scrapes as we toddle and fall. And the systems required to steady ourselves, to walk with a confident gait, are countless. We obviously need strong legs and core muscles, with functioning joints and straight limbs. But it is the control of these legs that is key. The nervous system needs to be able to regulate the delivery of power to these muscles in a highly coordinated way. Those systems running from the brain’s motor cortex all the way to the muscles need to be intact, from the brain itself down the spinal cord and to the motor neurones – the peripheral nerve fibres delivering signals to the muscles themselves. We also need to be able to coordinate the leg movements. Clearly a baby has the strength to be able to hold a leg extended to support its own bodyweight, but without the ability to move both legs at the same time, walking across the room may as well be walking on the Moon. The brain’s ability to process gravity is also key. If you don’t know which way is up and where you are in space, walking in a straight line is a hopeless task. We will all have had experience as children of spinning furiously around on a merry-go-round in the playground, then suddenly stopping to get off; the sensation of the world spinning, despite your feet being firmly planted on the ground, results in much hilarity as you are flung to the floor or weave your way over to the swings. Reasonable vision also helps; being able to see where you are walking – undulations in the ground, the nature of the surface – all allow for a firm foothold.


As we continue to talk about her symptoms, Rahel tells me that since this first started, she has also felt some numbness in her hands and feet. Not a total loss of sensation, more a wooliness of touch. When she holds objects – a cup, a door handle – the certainty of her grip is not quite there. And when I begin to examine her, there are more clues as to what might be causing her walking difficulties. I start by looking for indications of problems with her balance or coordination. For Rahel, there are multiple possibilities why these might be damaged. Most pressingly, the possible spread of her cancer to the brainstem may be causing the signals from her inner ears to be disrupted, confusing her brain as to whether she is still or spinning. A metastasis in the cerebellum – the ‘little brain’ above the nape of the neck, responsible for coordinating our movements – may also cause this. And her chemotherapy for lung cancer may also have damaged the cerebellum. This part of the brain is often vulnerable to the effects of chemicals. Think of a Friday night in any city centre, full of stumbling, slurring pub-goers, alcohol directly preventing the cerebellum’s normal function.


But, assessing Rahel, I find no features of increased pressure in her head – a warning of cancer inside her skull – nor are there clear signs of problems with her cerebellum. However, as the examination continues, a potential explanation is forthcoming. I ask her to hold her hands out in front of her, fingers outstretched. Almost rock-steady, the fingers remain firmly still. But then I ask her to close her eyes, and as she does so her fingers, previously still, begin to wriggle uncontrollably and her arms begin to drift up and down. When I ask her to stand in the middle of the room, with me carefully placing myself behind her, she rocks back and forth a little but remains upright. Once again I ask her to close her eyes, and immediately she veers back and forth with violence before collapsing into my arms. When I examine her limbs, apart from some very mild loss of light-touch, there is little to find – until I assess her ability to detect movement, that is. With Rahel lying on the couch, eyes closed, I grip the tips of her fingers and toes, moving them up and down. But when I ask her to tell me which direction I have moved her digits, she has absolutely no clue. And as I work my way up, testing her ankles, wrists, knees and elbows, there is nothing, no ability to detect movement. Even at the shoulders and hips, she can only perceive very large movements. This aspect of her sensation, known as proprioception, has almost entirely vanished. And it is this absence that is as telling as what is present, like Sherlock Holmes’ ‘curious incident of the dog in the night-time’.


Without sensation, it is difficult to move. We think of such functions of our bodies as entirely separate, independent of each other, but in reality they are intimately linked. Consider the act of picking up a glass. The muscles of our shoulder, arm, wrist and hand act in unison to move our limb into the correct position as we curl our fingers around the glass and lift it to our lips. But how do we avoid breaking the glass by exerting too much pressure, or letting it slip from our hand by not grasping it tightly enough? We of course feel the pressure-sensation on the pulps of our fingertips and the palms of our hands, and years of practice make us less clumsy, knowing precisely how hard to hold things. But it is not only this aspect of sensation that is of vital importance for our movement. If you hold that glass and close your eyes, you can still lift it to your lips and take a drink; your body knows where your limbs are in relation to each other and in relation to your external world, regardless of whether you can see your body parts. Otherwise, how could you scratch an itch behind your ear, walk in the dark or touch-type without looking?


This sensory information is so important that without it we are rendered almost useless. Entire tracts of nerve fibres, in our peripheral nerves and spinal cords, are dedicated to it – sensors all devoted to the perception of tiny movements or changes in position. Receptors in the joints or in the skin overlying the joints provide important information about how flexed or extended each joint is. But perhaps most important is a small structure known as the muscle spindle receptor, twisted around specialised muscle fibres. This tiny structure is exquisitely sensitive to minute changes in muscle length, and provides the all-important feedback caused by active or passive lengthening or stretching of muscles depending on body position. In fact, the muscle spindle receptor is responsible for the most iconic test that we neurologists routinely do.


If there is one thing that patients expect of me, whether it is necessary or not, it is the wielding of a tendon hammer and the knee-tapping to check their reflexes. As they walk into clinic, they see that round, chrome-and-rubber head and long, white, plastic handle on my desk, and I sometimes get the feeling that people feel short-changed if I do not attack their knees with it during their visit. What we are actually doing with it is stimulating the muscle spindle receptors. By tapping a tendon, we very briefly and rapidly stretch the muscle, stimulating the feeling that the limb is being passively moved. As a reflex response, the muscles instantly contract a little to maintain body position, which results in a jerk. In this way, we test the circuitry underlying this reflex – the sensory signals conducting muscle-stretch information to the spinal cord, and the motor signals back down to the muscle. But there are other tricks that can be played. The spindle receptor is also powerfully stimulated by vibration. Apply vibration to a muscle and this will result in the perception that the muscle is being stretched. As with the tendon hammer, application of vibration results in the illusion that your limb is being moved.


The simple act of movement needs constant adjustment, with ongoing corrections, depending on the reality of the current status of our body. Take the lifting of that glass of water to your lips. If you do it over and over, with the glass and your body in the same position, in theory your muscles will learn to exert the precise series of forces on your arm to achieve this successfully. But then put on a watch or fill the glass a few millilitres more, and those same forces may not achieve the same result in the presence of tiny differences in mass. In the absence of knowledge of where your arm is in space, small changes in your world would result in wildly different outcomes, like splashing the water in your eyes rather than taking a sip.


I have seen cases like Rahel’s before. I recall a few years ago seeing a young man, in his mid-twenties, working in the media. Rob (not his real name) was a man about town, enjoying the rich social life that London has to offer; confident, cheeky and surprisingly blasé about the fact that over the preceding week he had gone from partying throughout the whole weekend to being unable to walk in a straight line. Examining him, I found the same features as seen in Rahel, a complete inability to know where his limbs were in space, to such an extent that he could barely stand without support. He was otherwise entirely fit and well, without any obvious cause for his condition. I interrogated him about any recreational drug use and he denied taking any. When I asked him if he had been inhaling laughing gas (nitrous oxide), he looked slightly astonished. After a brief pause, he slightly sheepishly told me, ‘Yes, I’ve used it a bit.’ Irritated by his obtuse response, I pursued this line of questioning and asked him what ‘a bit’ meant. ‘Well, about thirty balloons on Saturday, and forty on Sunday.’ And as the story unravelled, he admitted to regular and heavy use of nitrous oxide.


As I cycle back home from the hospital, I pass through the Vauxhall area of London. This neighbourhood is rather unusual, even for London. At one end, at 85 Albert Embankment, is the hulking MI6 building, scowling over the Thames. Its architect was inspired by Aztec and Mayan temples, as well as 1930s industrial modernist styles, and there is also something reminiscent of Nazi-era buildings about it. With its roof covered in satellite dishes and antennae, it casts a somewhat dark shadow. At the other end is the new US embassy, another behemoth, a block-like fortress surrounded by a pseudo-moat. When Donald Trump heard of the plan to move the US embassy from the genteel environment of Grosvenor Square, in the heart of Mayfair, to this less salubrious part of London, he was disgusted. It was going from the most expensive area on the Monopoly board to one that does not even figure on it. Trump criticised the move, calling it a ‘Bush–Obama special’ and describing the location as ‘lousy’ and ‘horrible’ – for, sandwiched between the embassy and the MI5 building is Vauxhall Cross, the site of a large train station. On one corner sits the Vauxhall Tavern, a landmark in London’s gay scene, famed for its drag shows since the 1970s. From about 7 p.m. onwards, a queue of people in drag and other audience members snakes around the pub, waiting to enter. In the arches under the tracks are located a series of clubs, bars and saunas, and from the hours of dusk, sometimes until nine or ten in the morning, the streets are awash with inebriated and chemically altered partygoers and pleasure-seekers. I suspect they are as fond of Trump as he is of them.


Passing through early in the morning, the road under my bicycle tyres often tinkles as I cycle; scattered across the ground, like the remnants of a glitter party or a sprinkling of silver snow, are countless small silver canisters, an inch or two in length, flattened by the passing traffic. These canisters will each have contained eight grams of nitrous oxide; they are made for catering companies, where they are used to make whipped cream. But for the partygoers of Vauxhall their purpose is somewhat different. It is used to inflate party balloons, which are then sold and inhaled for a few seconds of a high. Inhalation of nitrous oxide induces a brief period of euphoria, and occasionally mild hallucinations. It is also known as ‘hippy crack’ or, in the US, ‘Whip-Its’.


But the regular use of nitrous oxide can have some unintended consequences. In addition to its desired effects on the brain, nitrous oxide has some chemical effects elsewhere. It essentially deactivates vitamin B12, a nutrient fundamental to the health of our nervous system and the generation of red blood cells. Essentially, regular and heavy nitrous oxide usage makes people profoundly vitamin B12-deficient.


There are other causes of B12 deficiency, most notably pernicious anaemia, a diagnosis that sounds straight out of the pages of a Dickens novel. Pernicious anaemia is different from normal anaemia, and is not due to iron deficiency; rather, it is caused by one’s own immune system attacking the lining of the stomach, preventing the production of a chemical vital for the absorption of B12. No matter how much vitamin B12 you consume, it simply does not enter into the bloodstream, leading to a deficiency of usable B12 – ‘starvation in the midst of plenty’. This results in severe anaemia unless recognised and treated while still in its early stages. Pernicious – meaning harmful, in a gradual or subtle way – refers to the slow, unnoticeable progression of the condition, until the anaemia is so severe that you are left weak and exhausted, with a racing heart and shortness of breath. But in this context, pernicious also means deadly, an inevitable endpoint in the era before effective treatment.


And it’s not just anaemia that results from the lack of vitamin B12. There are neurological complications too. Patients will experience tingling in the hands and feet, as the nerves transmitting sensory information begin to malfunction. As the damage progresses, sufferers will gradually develop weak legs and increasing numbness. But the nature of that numbness is unusual. While pain and temperature-sensation are usually preserved, it is light-touch, the sensation of vibration and, in particular, a sense of joint-position, that are affected. There seems to be a disconnect between the various sensory modalities, with some sensations entirely unaffected and others obliterated. The reason for this is not immediately clear – that is, until you look closer. Historical specimens of people dying with this condition exhibit the hallmark of vitamin B12 deficiency. While the nerves are indeed affected, the spinal cord is as well. Looking at sections of the spinal cord under the microscope reveals changes there, but it is the location of these changes that explains this dissociated sensory loss. Various areas of the spinal cord show swelling, degeneration and gradual scarring, particularly in the part of the spinal cord known as the dorsal columns, the aspect of the spinal cord closest to the skin of the back, and comprising thick bundles of fibres transmitting impulses encoding vibration sense and joint-position sense from the periphery to the brain.


In the modern age of medicine, rather than just waiting for people to die of pernicious anaemia, we can scan them. MRI scans show a similar abnormality to historical examples, with changes visible in the dorsal columns – parallel tramlines of different sensory modalities existing in the spinal cord. Indeed sometimes a scan is how the diagnosis of B12 deficiency is made. So while the dorsal columns transmit certain sensations, others, like temperature and pain, are conveyed elsewhere, in the spinothalamic tracts, which are in the part of the spinal cord that sits much closer to our front than our back.


In fact, this organisational detail of our nervous system can generate some surprising results, and ones that are useful to neurologists, giving us important clues as to where the problem lies. For instance, most people will be familiar with the idea that the left side of our brain is responsible for movement and sensation on the right side of our body; the right brain corresponding to our left side – that somewhere within our nervous systems there is a crossing-over of signalling from one side to another. But for different parts of the nervous system the site of the cross-over varies. When it comes to sensation, the tracts that conduct the sense of vibration and of joint-position switch sides at the top of the spinal cord, as it enters the brain. In contrast, the pathways conducting pain and temperature cross over at the point at which they enter the spinal cord, much lower down.


You would be forgiven for thinking these are irrelevant details, but they are important if you damage your spinal cord. If one side of the spinal cord is injured – by inflammation, compression or a foreign body like a bullet or a knife wound – you may end up with a very strange set of symptoms. Bizarrely, you may experience the loss of pain- and temperature-sensation in one leg, while in the other leg you lose sensation of vibration and joint-position – dissociated sensory loss, affecting both legs but in different ways. Imagine a knife stabbed through your back, cutting through the whole of the left side of your spinal cord at the level of your chest. At the level of the cut, the dorsal columns are carrying information about light-touch and joint-position from your left leg that is yet to cross over to the other side. But the spinothalamic tracts have crossed over below the level of the cut and are conveying signals of pain and temperature from the right leg. This condition, known as Brown-Séquard syndrome, is beloved by medical students due to its striking nature and equally cherished by those of us trying to educate those medical students. It provides a very concrete example of the highly organised nature of the nervous system and an important aide-memoire to neuroanatomy.



[image: Image]

Figure 1. Sensory pathways to the brain. These pathways differ, depending on the sensory modality. Pain and temperature sensation is conducted by the spinothalamic pathways (dashed line) and crosses over to the opposite side of the body as soon as these impulses enter the spinal cord. In contrast, vibration and joint-position sense/proprioception (dotted line) remain on the same side of the body in the dorsal columns, until they pass into the brainstem. Ultimately, all sensory data passes to the primary somatosensory cortex on the opposite side, but due to these two pathways damage to one side of the spinal cord can result in differential impairment to the different types of sensation, as in Brown-Séquard syndrome.





In Rob’s case, however, there was no evidence of any impact to his temperature- or pain sensation. His inability to walk was almost entirely down to a lack of positional information; a scan showed the characteristic appearances of vitamin B12 deficiency, known as subacute combined degeneration of the cord. In fact, even before the scan and the results of blood tests confirming the lack of B12, I had given him daily vitamin B12 injections, and over the next few weeks his walking normalised. I discharged him a few days later, with strict instructions to use nitrous oxide only for whipping cream. Whether or not he took my advice, I will never know. After turning up in my clinic a couple of times, he subsequently disappeared into the sprawling mass of the city, nonchalant and seemingly without embarrassment, never attending any further appointments.


Rahel, of course, is entirely unfamiliar with the little silver canisters of laughing gas scattering the streets of Vauxhall. But it is clear that something similar is going on within her nervous system. The ability to detect movements in her limbs, to sense, either consciously or unconsciously, the relationship between the positions of her toes, feet, knees and hips – so crucial to the act of standing or walking – has been cryptically and critically impaired. She is left barely able to stand without assistance, and taking a couple of steps is almost beyond her abilities. But ultimately, the dark shadow, some 2cm in diameter, in the apex of her left lung, of small-cell cancer, looms over her, and over my diagnostic thinking.


Over the next couple of weeks, I subject Rahel to a battery of tests – blood examinations, scans, a lumbar puncture to examine her spinal fluid, electrical tests of her nerves. These nerve conduction studies show that there is an absence of sensory transmission through the nerves of her arms, and to some degree her legs too. The MRI scan shows no obvious spread of the cancer to her brain or spinal cord. But, like Rob and his nitrous-oxide-induced imbalance, when I look at the black-and-white images on my computer screen, there are changes apparent in the spinal cord, from the top of the neck to the middle of her chest level, tracking along the dorsal columns – the tracts mediating vibration and joint-position sense. Something has damaged her spinal cord as well as her nerves. But for Rahel, vitamin B12 is not the culprit – all her blood tests are normal and there is no evidence of inflammation or infection in her spinal fluid.


A few days after the tests have been completed, I see Rahel again in my clinic. She is pushed into the room on a wheelchair by a supportive friend. She smiles in greeting but she looks fragile and weak, still swathed in layers of wool and cotton – cardigan over jumper over sweatshirt over shirt. I have already spoken to her oncologist to learn what her prognosis is. She is for palliative care only. She has perhaps a few months, a year, maybe even two at a stretch.


As we chat, it is obvious that if anything she has got worse, now unable to stand at all. We discuss her results, and while I think I know what might be happening, I have no definitive evidence. So, to delay the moment when I need to admit I am not sure, I go through the results one by one. I list the normal results, and to each pronouncement she nods silently. I then go on to describe the electrical study report, and the findings from the scans. I tell her there is no evidence of spread of the cancer, to which she briefly smiles. I pause for a moment, before going on, as I know that what I say next is somewhat speculative, based on the overall clinical picture rather than any specific results.


Despite no evidence of the cancer progressing, I tell Rahel that I think the cancer is indeed to blame, albeit in a somewhat unexpected way. Cancer causes damage not just through invasion, through infiltration of normal tissue, through disrupting function; in some cases, cancer is the orchestrator of other modes of attack. Certain types of cancer, and particularly small-cell lung cancer, can trick the body into damaging itself. While cancerous cells come from our own body, and are therefore difficult for our immune systems to recognise as foreign invaders, sometimes the immune system does identify the abnormal cells as such, and this generates an immune response, an effort to rid the body of the disease creeping through our tissues and bloodstream. But certain aspects of the cancerous cells can look very similar to other cells in our body, causing the immune response to also target these bystanders in the battle between the cancer and our own mechanisms of protection. This results in damage triggered by the cancer but carried out by our own body – a sort of cellular suicide.


And as I tell Rahel all this, her eyes are fixed on my face, listening intently. Despite the failure to identify a specific antibody in her that is associated with this type of syndrome, I say that, nonetheless, this is what I think she has: an immune attack on her spinal cord and peripheral nerves, triggered by her cancer, causing this failure to conduct impulses for joint-position sense – proprioception – from her limbs to her brain. In normal circumstances, the treatment would be to rid the body of the cancer, but this has been tried to no avail. The only other option is to suppress her immune system, to dampen down the damage her own body is doing to itself. Theoretically, however, her immune system may actually be helping keep her cancer in check, and slowing it down may risk accelerating the growth of her tumour. I must have painted a rather bleak picture, and I recall proposing this treatment option couched in somewhat pessimistic terms. At one point, a few years later, she tells me, ‘I remember that when you suggested trying something, I said, “We’ve got nothing else to lose. Please, anything that I can have to help me would be very nice.” ’


We agree to try a specific treatment called immunoglobulin. In this treatment, a preparation of antibodies collected from thousands of normal individuals is infused directly into a vein every few weeks. The precise mechanism of this action is uncertain, but flooding the system with normal antibodies seems to dilute the unwanted immune response driving this condition. And so, with low expectations, on my part at least, we agree to go down this road.


I see Rahel four weeks after the infusion, and I am somewhat taken aback to see her walk into the clinic room unassisted, a look of pride on her face as she clutches a walking stick in one hand. She is effervescent, glowing with a sense of achievement. She tells me that she has gone from being virtually unable to stand, to walking for thirty minutes at a time, even braving a walk to the local shops. Her garden, neglected for the past few months, has now regained its order through her recovery. She tells me some time later, ‘I don’t know if you believed me. I thought, He thinks I’m telling fibs. I don’t know whether he believes this is working on me!’ But as I examine her, it is obvious that her coordination, the jerkiness of her hands and her ability to stand with eyes closed all are better, if not totally normal. My pessimism was clearly misplaced.


Over the next few months, we settle into a pattern. As the infusion wears off, her walking and co-ordination deteriorate, a signal that another is required. Every eight weeks, she comes into hospital for a repeat infusion, and within a week or so is back on form. Each time I am due to see her in my clinic and I see her name on the list for the day, there is trepidation that she will not appear, the treatment having accelerated her cancer. But each time, as I go into the waiting room, I am greeted with ‘Hello, Dr Leschziner!’, though she struggles to pronounce my name – a feature of my name rather than her disease. And the months slowly turn into years, with our familiar dance of chat, assessment and approval of the next few sessions of treatment. Six years after we first meet, she is still walking into my clinic, still functioning, still independent.
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