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			—Daniel Bor, author of The Ravenous Brain: How the New Science of Consciousness Explains Our Insatiable Search for Meaning
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			—Tim Bayne, author of The Unity of Consciousness

			“An amazing book that challenges basic assumptions about what it means to be a person! What’s on display here is a curious branch of brain research that is both fascinating and, frankly, terrifying. . . . It should be required reading for anyone interested in the brain, and especially for all those who care for patients thought to be in a vegetative state.”

			—Katrina Firlik, author of Another Day in the Frontal Lobe: A Brain Surgeon Exposes Life on the Inside

			“Provides fascinating insight into cutting-edge neuroscience and the power of the human psyche. . . . Time and again, we are taken to the edge of our seats, reflecting on what it means to be alive and how hope can triumph in the most tragic of circumstances.”
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			“Simply unputdownable . . . Taking my evening bath while dipping into the opening pages of Into the Gray Zone, I finished three hours later, with the water cold. What kept me in the bathtub is Owen’s account of communicating with the most impaired neurological patients—those unfortunate individuals whose damaged bodies and brains often put them at a greater distance from us than an astronaut lost in space.”

			—Christof Koch, PhD, president and chief scientific officer, Allen Institute for Brain Science

			“What an amazing read! . . . The book is a real page-turner, both because it unpacks the complexities of modern neuroscience in an accessible way and because it directly confronts profound ethical questions.”

			—Melvyn Goodale, PhD, coauthor of Sight Unseen: An Exploration of Conscious and Unconscious Vision
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For Jackson

In case I’m not here to tell you the story myself


That you may see the meaning of within

It is being

It is being

—John Lennon and Paul McCartney



PROLOGUE

I’d been watching Amy for almost an hour when she finally moved. She had been sleeping when I arrived at her bedside in a small Canadian hospital a few miles from Niagara Falls. It seemed unnecessary, even a little rude, to wake her. I knew there was little point in trying to assess vegetative-state patients when they are half-asleep.

It wasn’t much of a movement. Amy’s eyes flicked open; her head came up off the pillow. She stayed that way, rigid and unblinking, her eyes roving around the ceiling. Her thick dark hair was cropped short, but perfectly styled, as though someone had been working on it only moments earlier. Was this sudden movement simply the result of automatic firing of the neural circuitry in her brain?

I peered into Amy’s eyes. All I saw was emptiness. That same deep well of emptiness that I had seen countless times before in people who, like Amy, were thought to be “awake but unaware.” Amy gave nothing back. She yawned. A big openmouthed yawn, followed by an almost mournful sigh as her head collapsed back onto the pillow.

Seven months after her accident, it was hard to imagine the person Amy must once have been—a smart college-varsity basketball player with everything to live for. She’d left a bar late one night with a group of friends. The boyfriend she’d walked out on earlier that evening was waiting. He shoved her and she toppled, slamming her head on a concrete curb. Another person might have walked away with a few stitches or a concussion, but Amy was not so lucky. Her brain hit the inside of her skull. It pulled from its moorings. Axons stretched and blood vessels tore as ripples of shock waves lacerated and bruised critical regions far from the point of impact. Now Amy had a feeding tube surgically inserted into her stomach that supplied her with essential fluids and nutrients. A catheter drained her urine. She had no control over her bowels, and she was in diapers.

Two male doctors breezed into the room. “What do you think?” said the more senior of the two, looking straight at me.

“I won’t know unless we do the scans,” I replied.

“Well, I’m not a betting man, but I’d say she’s in a vegetative state!” He was upbeat, almost jovial.

I didn’t respond.

The two doctors turned to Amy’s parents, Bill and Agnes, who’d been patiently sitting while I observed her. A good-looking couple in their late forties, they were clearly exhausted. Agnes gripped Bill’s hand as the doctors explained that Amy didn’t understand speech or have memories, thoughts, or feelings, and that she couldn’t feel pleasure or pain. They gently reminded Bill and Agnes that she would require round-the-clock care for as long as she lived. In the absence of an advanced directive stating otherwise, shouldn’t they consider taking Amy off life support and allowing her to die? After all, isn’t that what she would have wanted?

Amy’s parents weren’t ready to take that step and signed a consent form to allow me to put her in an fMRI scanner and search for signs that some part of the Amy they loved was still there. An ambulance shuttled Amy to Western University in London, Ontario, where I run a lab that specializes in the assessment of patients who have sustained acute brain injuries or suffer from the ravages of neurodegenerative diseases such as Alzheimer’s and Parkinson’s. Through incredible new scanning technology, we connect with these brains, visualizing their function and mapping their inner universe. In return, they reveal to us how we think and feel, the scaffolding of our consciousness, and the architecture of our sense of self—they illuminate the essence of what it means to be alive and human.

Five days later I walked back into Amy’s room, where I found Bill and Agnes by her bedside. They looked up at me expectantly. I paused for a moment, took a deep breath, and then gave them the news that they hadn’t allowed themselves to hope for:

“The scans have shown us that Amy is not in a vegetative state after all. In fact, she’s aware of everything.”

After five days of intensive investigation we had found that Amy was more than just alive—she was entirely conscious. She had heard every conversation, recognized every visitor, and listened intently to every decision being made on her behalf. Yet she had been unable to move a muscle to tell the world, “I’m still here. I’m not dead yet!”
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Into the Gray Zone is the story of how we figured out how to make contact with people such as Amy, and the profound effects for science, medicine, philosophy, and law of what has become a new and rapidly evolving field of inquiry. Perhaps most important, we have discovered that 15 to 20 percent of people in the vegetative state who are assumed to have no more awareness than a head of broccoli are fully conscious, although they never respond to any form of external stimulation. They may open their eyes, grunt and groan, occasionally utter isolated words. Like zombies, they appear to live entirely in their own world, devoid of thoughts or feelings. Many really are as oblivious and incapable of thought as their doctors believe. But a sizable number are experiencing something quite different: intact minds adrift deep within damaged bodies and brains.

The vegetative state is one realm in the shadowlands of the gray zone. Coma is another. Comatose people do not open their eyes and look completely unaware. In the Disney version of Sleeping Beauty (which most parents know all too well), Aurora’s condition resembles coma, akin to a bewitched slumber. In real life, the picture is far less romantic: disfiguring head injuries, contorted limbs, broken bones, and wasting illnesses are the norm.

Some people in the gray zone can signal that they’re aware. Referred to as minimally conscious, they occasionally respond to requests to move a finger or track an object with their eyes. They seem to fade in and out of awareness, occasionally emerging from some deep pool of oblivion, breaking the surface and signaling their presence before sinking back into the murky depths.

Locked-in syndrome is not technically a gray-zone state, but it is close enough to give us insight into what life might be like for some of the people we scan. Locked-in people are fully conscious and can typically blink or move their eyes. Jean-Dominique Bauby, French editor of Elle magazine, was a famous example of someone locked in. A massive stroke left him permanently paralyzed except for the ability to blink his left eye. With the help of an assistant and a writing board, he composed The Diving Bell and the Butterfly, a memoir, which took two hundred thousand blinks to complete.

Bauby vividly recounted his experience: “My mind takes flight like a butterfly. There is so much to do. . . . You can visit the woman you love, slide down beside her and stroke her still-sleeping face. You can build castles in Spain, steal the Golden Fleece, discover Atlantis, realize your childhood dreams and adult ambitions.” Of course, this is Bauby’s “butterfly”: the mind unbound, unconstrained by physicality or responsibility, free to flit here and there. But Bauby was also locked inside the “diving bell,” an iron chamber from which there is no escape and which sinks ever deeper into the abyss.

Back at Amy’s bedside a few days after her fMRI scans, I again sat watching her closely, desperately wanting to know what she was thinking and feeling. All of those convulsive movements and spasmodic gurgles. Was her experience like Bauby’s? Had she entered Bauby’s imaginative realm of freedom and possibility? Or was her inner world an excruciating prison from which there was no escape?

Following our scans, Amy’s life changed beyond recognition. Agnes would barely leave her bedside, reading to her more or less constantly. Bill popped in each morning, delivering the daily papers and updating Amy on the latest family gossip. A constant stream of friends and relatives visited. Amy went home on weekends, and parties were held on her birthdays. She was taken to the movies. The care staff always introduced themselves to her, explaining that they were going to wash or change her before approaching her bedside. Every intervention, every drug, every change of routine, was carefully explained. After seven months in the gray zone, Amy became a person again.

I didn’t delve into this new field of science with anything resembling a clear idea in mind of what I wanted to do. The beginning felt like a fluke, an offhand coincidence. Yet as I look back, it’s clear that what set this story in motion points to the inner fabric that binds all of us together in ways that are monstrously complex and impossible to anticipate. My explorations into the gray zone emerged out of something dark and strange that happened in a leafy, genteel suburb of south London on a warm July day twenty years ago. . . .



CHAPTER ONE


THE GHOST THAT HAUNTS ME
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People don’t live or die, people just float

She went with the man in the long black coat

—Bob Dylan

The scientific process works in mysterious ways.

As a young neuropsychologist at the University of Cambridge, studying the relationship between behavior and the brain, I fell in love with Maureen, a Scottish woman who was also a neuropsychologist. We met in the fall of 1988 in Newcastle upon Tyne, an English city sixty miles from the Scottish border. I had been sent up to Newcastle University to solidify a collaborative relationship between my boss, Trevor Robbins, and Maureen’s boss, the improbably named Patrick Rabbitt, who was doing innovative work on how the brain ages. Maureen and I were thrust together. I was immediately charmed by her dry wit, amazing head of chestnut hair, and lovely eyes that would tightly close whenever she laughed, which she did all the time. I was soon returning to Newcastle upon Tyne for less academic reasons, driving six hours up and back through murderous weekend traffic in my ancient Ford Fiesta, a banged-up piece of junk that I’d picked up for £1,100 from my first paycheck.

Maureen introduced me to music. Not the bland early-eighties glam rockers in eyeliner, hair spray, and jumpsuits such as Adam and the Ants, Culture Club, and Simple Minds that I’d been infatuated with through my adolescence, but the music that I still carry with me. Passionate music that told stories about land and history mixed with relationships and burning desire. The driving, soulful Celtic-based music of the Waterboys, Christy Moore, and Dick Gaughan. Maureen’s brother Phil, who lived in St. Albans, about forty-five miles from Cambridge, quickly persuaded me that a future without a guitar in hand was no future at all and took me to buy my first axe—a Yamaha that I still own and always will.

After some months of commuting between Cambridge and Newcastle upon Tyne, I moved sixty miles south to London because that’s where the patients I was studying were being treated. I continued to work as a neuropsychologist, paid by my boss in Cambridge, and signed on for a PhD at the Institute of Psychiatry at the University of London, driving between the two cities several times a week to fulfill the obligations of both posts. It was a grueling schedule, but I loved the work. Maureen gave up her job in Newcastle, took a position in London, and we soon bought our own place—a small third-floor one-bedroom apartment that was a short walk from the Maudsley Hospital and the Institute of Psychiatry in South London, where we both were based.

As a building, or set of buildings, the institute is extremely disappointing—a sprawling jumble that lacks a physical presence to match its formidable academic reputation. My office was in a prefabricated building, or portacabin, as we call them in the UK. Freezing in winter, sweltering in summer, it shook each time the main door slammed. We were promised more permanent digs every year: the portacabins would be razed. But I would return decades later and discover, to my surprise and amusement, that there they were, probably still housing aspiring PhDs.

The initial flush of excitement and romance that Maureen and I felt about moving in together was soon replaced with the more humdrum business of driving to see patients all over southern England, sitting in endless lines of stationary London traffic, searching in vain for vacant parking spots within walking distance of our home, and jump-starting my Fiesta when it decided not to start in the morning—which was all the time.

Working at the institute and the Maudsley, it was impossible not to be moved by the patients: legions of depressives, schizophrenics, epileptics, and demented souls pacing the drafty corridors. Maureen, an empathic, caring person, was deeply affected by them. She soon decided to train as a psychiatric nurse. Despite the doubtless nobility of this calling, her decision struck me as an abnegation of what could have been a glittering academic career. She began spending long evenings out with her new colleagues while I stayed home, writing and rewriting my first scientific papers, describing the shifts in behavior of patients who had had pieces of their brains removed to alleviate epilepsy or eradicate aggressive tumors.

The histories and stories of what had happened to these patients once their brains had been tampered with fascinated me. One patient I worked with had minimal frontal-lobe damage but became wildly disinhibited as a result. Before his injury he was described as a “shy and intelligent young man.” Postinjury he abused strangers in the street and carried a canister of paint with him to deface any public or private surface he could get his hands on. His speech was littered with expletives. His wild behavior escalated: he persuaded a friend to hold his ankles while he hung from the window of a speeding train, a lunatic activity by any measure. His skull and most of the front part of his cortex were crushed when he crashed headlong into a bridge. By some circular twist of fate, his minor frontal-lobe injury led directly to major damage to the same part of his brain.

Perhaps the most bizarre case I encountered concerned a young man with “automatisms”—brief unconscious behaviors during which you are unaware of your actions. Automatisms are typically caused by epileptic seizures that start in the temporal or frontal lobes and then quickly spread—an escalating cascade of neuronal firing that engulfs the entire brain. During these episodes, patients hang in a kind of gray zone. Their eyes remain open, and they are strangely animate and seemingly purposeful in their actions. These usually include routine activities: cooking, showering, or driving a familiar route. Following the episode, the patient regains consciousness and often feels disoriented but has no memory of the event.

My patient was a lanky youth with wild hair whom I tested for memory impairments following surgery that he had received to combat seizures. He was also the defendant in a murder trial. The victim was his own mother, strangled while she was securely locked in the house with her son. Just the two of them. The case turned on his being a martial arts expert with a history of epileptic automatisms, and he could (although the evidence remained entirely circumstantial) have killed her through a series of routine martial arts maneuvers and remained entirely unaware of this dreadful act.

When I assessed his memory using what were then our state-of-the-art computerized tests, I sat near the door—a strategy I had seen in numerous TV crime dramas. I didn’t feel safe. I needed a weapon. All this now seems ludicrous, but there I was, sitting in a closed office with a man who was accused of killing his own mother with his bare hands without even knowing that he’d done it! If he had done it, could he be judged responsible? I wasn’t sure. The thinking then and now was that automatisms, rather than expressing subconscious impulses, are automatic programs firing in the brain, completely outside our control. If he had been a carpenter, he would have been sawing a piece of wood rather than karate-chopping his mom.

Could his brain make him kill again? That was the uppermost question in my mind. What could I use to defend myself? The office around me was stacked high with papers, books, and the paraphernalia of scientific investigation—not exactly an armory. Beside the desk I spied a squash racquet. I clutched it, mulling over some vague plan to parry the young man’s blows. Fortunately for both of us the session passed without incident. I have often thought what an odd sight it would have been: the patient attacking me like a ninja while I tried to swat him about the head with a squash racquet.

The work was enthralling, but all the while I was losing touch with Maureen. Within a year of buying our apartment, the relationship fell apart. We were going in different directions: me into a career in science and her into a job in psychiatric care. Something had changed between us. I couldn’t understand why she’d lost the sense of shared wonder about the brain and how it is affected by damage and disease. I couldn’t understand the appeal of what felt like simply caring for a problem rather than trying to solve it. I’d made the decision, some years earlier, not to pursue a traditional medical career. I’d never wanted to be a physician, listening to people’s ailments and dishing out medication according to standard protocols. I wanted to try to understand the mysteries of the way our minds work and perhaps discover new approaches to treatment and cures. That’s what neuroscientists do. I thought that I had my eye on the bigger picture, but I was probably just insufferably self-righteous, driven by the ambition and idealism of a young scientist. I thought we might be able to understand and then cure Parkinson’s and Alzheimer’s diseases.

I was also dazzled by what then impressed me in my naïveté as the glamour that a high-flying career in neuroscience might offer. My boss was sending me to exotic locales to give talks in his stead. At an academic conference in Phoenix, Arizona, I found myself in a hot tub in the desert with two other English neuroscientists. Can you imagine? The day before we had all been plodding through the perpetual precipitation and dreariness of England, and then there we were, luxuriating among the cacti.

I must have been a bit smug when I came home from these trips. Maureen and I had a running argument about the rights and wrongs of psychiatric care, science for science’s sake, and the innate tensions between scientific discovery and medical care.

“It’s all very well studying these people,” I remember Maureen saying. “But helping them deal with their problems is a much better use of resources.”

“If we don’t do the science, these problems will persist!” I countered.

“Science might help someone down the line, years from now. But it mostly comes to nothing. And it doesn’t help patients who donate their time to your research projects, naively assuming that you are going to make their lives better.”

“I do tell them that my research is not going to help them personally.”

“Wow. Aren’t you nice?”

Our running argument had undertones of England versus Scotland. Since the beginning of time, the Scots have felt exploited by the English, whom they see as cold, bloodless mercenaries while they are passionate, earthly, and honest. In retrospect, our care-versus-pure-science positions echoed this age-old conflict.

Eventually, I met someone else and I left Maureen, moving out in 1990 just as the UK economy and housing market collapsed. Our £60,000 apartment was suddenly worth £30,000. We had an enormous negative equity. The interest rate on our mortgage doubled, which was barely manageable while Maureen lived in the apartment. Things rapidly deteriorated when she also moved in with someone else. To make the mortgage payments we were forced to rent the apartment to Brazilian friends, but Maureen wanted nothing more to do with it. I collected rent, paid the mortgage, and took care of taxes and repairs. Maureen and I were no longer on speaking terms—just sending angry letters back and forth. I ended up sleeping on the floor of a friend’s apartment in North London, a whole hour’s drive through rush-hour traffic to see my patients at the Maudsley Hospital. The previous owners had taken their cats but left the fleas. It was a miserable time.

That same year, as I went from patient to patient in South London documenting their brain injuries and their stories, strange things started to happen to my own mother’s health. She began experiencing blinding headaches and behaved in odd ways. One afternoon she disappeared for several hours and upon her return explained that she had been to see a film at the local theater. She hadn’t been to the movies in years and certainly not on her own in the middle of the day. She had just turned fifty, and our family doctor concluded that her menopause was to blame, both for her headaches and curious, unusual excursions. He couldn’t have been more wrong. One evening at home as she watched TV with my father, it became more clear that something was seriously amiss.

“What do you think of the woman’s dress?” my father asked, referring to a woman on the far left side of the screen.

“What woman?” My mother couldn’t see the woman. In fact, she couldn’t see anything in her left visual field at all.

Whatever was causing her headaches and odd behavior was now also affecting her vision. Simple tasks, such as crossing the street, became too dangerous for her to tackle alone. Imagine that you are no longer able to see anything in one part of your visual field (what you see from left to right as you look straight ahead). The problem is that our brains are remarkably good at adapting to change, and in situations such as this, they can literally reconfigure our worldview to what can be seen, completely ignoring what can’t. The missing part does not appear as empty space or as blackness, as one might imagine—it ceases to appear at all. Crossing the road with no awareness of anything on her left side was no longer something that we were going to let my mother attempt alone.

A CT scan revealed that my mother had an oligoastrocytoma growing inside her brain—a cancerous tumor that was pushing its way into the folds of her cortex, interfering with her behavior, affecting her moods, changing how she saw the world, and altering her whole sense of being. We were all devastated. Suddenly, my family’s life and my chosen career were colliding in the most diabolical way imaginable. If she’d been sent for surgery and lost part of her brain as a result, my mother could easily have ended up as a patient in one of my research studies. It was a nightmarish thought.

I was now on the other side of the fence. No longer the detached young scientist but a distraught family member—a situation I’d seen many times among the patients and families that I had been visiting in and around South London. Unfortunately, unlike the tumors in many of those patients, my mother’s was deemed inoperable, and she began round after round of chemotherapy, radiotherapy, and steroid treatment. Swelling around a brain tumor puts pressure on surrounding tissue—that’s what causes the headaches. Steroids reduce the swelling and relieve those symptoms. My mother’s hair fell out and she became bloated (a frequent side effect of steroids).

Fortunately for my family, my sister had qualified as a nurse in 1990 and had been working at the Royal Marsden Hospital, a famous London institution that is dedicated to cancer diagnosis, treatment, research, and education. She gave up work in July of 1992 to care for my mother at our family home. That same month I submitted my PhD thesis, which told the stories of patients with brain disorders, including tumors similar to the one my mother was battling. Before I could formally graduate, I had to defend my thesis, and that would take some months to arrange. By then it was clear that my mother would soon die. I desperately wanted her to see me graduate with a PhD. I called the main administrative office at the University of London and explained the circumstances. Without hesitation they agreed to let me “graduate” despite my not yet having competed the full requirements of the PhD—that would come later. We never told my mother. She was at my graduation, although she may not have been aware of what was going on. I vividly remember my father and I hauling her out of her wheelchair into one of the seats in the auditorium, me dressed in my flowing graduation gown, her in the best clothes we could find that still fit her. We lost our grip and she fell helplessly into the aisle. These are the consequences of progressive brain damage that no one tells you about. In between what you once were and what you eventually become is a grueling adaptation to the deterioration of your day-to-day abilities as tasks become increasingly difficult and finally impossible.

Soon after graduation day, my mother slipped into her own gray zone, not quite there, but not quite gone. Still living at home, now bedridden in the ground-floor dining room since she could no longer climb stairs, she slipped in and out of consciousness from the massive doses of painkillers and sedatives administered by our family doctor. Sometimes she recognized us, sometimes she didn’t. Sometimes she was lucid, sometimes she made no sense at all. My brother flew home from the States, where he was in the throes of his own postdoctoral studies at NASA’s Goddard Space Flight Center in Maryland, and we spent the last few days together as a family. She died in the early hours of the morning on November 15, 1992. We were all at her bedside when she finally stopped breathing.

Many dark days followed, but in a strange way something good came of my mother’s death. After four years of meeting those affected by brain damage and documenting their lives, I got to be on the other side and experience what it is like to watch someone you love get slowly drawn into the abyss. Whether that experience made me even more determined to pursue a career in brain research I do not know, but it certainly prepared me for the many encounters I would have with brain-injured patients and their families in the years to come. I knew firsthand what they were going through, and I felt for them. I wanted to help in any way I could.

Shortly before my mother’s death, I had been offered a postdoctoral position in Montreal, Canada, and now I jumped at the chance to move abroad. I was more than ready to walk away from the ruinous apartment and failed relationship with Maureen and my mother’s death from a brain tumor at fifty. I was through with England and took a three-year position at the Montreal Neurological Institute.
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Arriving at “the Neuro” at the end of 1992 to work with Michael Petrides, then the head of the Department of Cognitive Neuroscience, was a significant slice of good fortune. Michael was passionate about brain anatomy and always keen to embrace any new approach or method that might help illuminate how the brain does mental activities such as memory, attention, and planning. Over the next three years, we spent many hours poring over his drawings of the frontal lobes, scribbling little notes about what each area of the brain probably did and designing new tests that would show us how different parts of the brain contributed to memory. I would go away and program them on my IBM 386—state-of-the-art then but woefully underpowered by today’s standards.

This was the year that what were called positron-emission tomography (PET) “activation studies” took off, driven, in part, by developments in the computing industry that allowed us to capture large data sets and digital images of the brain in action. From the launch of the Hubble Space Telescope and the Human Genome Project, computers were revolutionizing every aspect of science. And we were part of that revolution.

Volunteers for PET activation studies would lie in the scanner and be injected with small amounts of a radioactive tracer, and then we’d ask them to perform a task: remembering an unfamiliar face we flashed in front of them, for example. The principle was delightfully simple: those parts of the brain that were working hardest required more oxygen, which was delivered in the blood. Blood flow increased to areas involved in a task. We could literally map the movement of blood around the brain with our PET scanner.

It was a neuropsychologist’s dream come true. No longer would we have to wait for a special patient to come through the door with damage to one specific part of the brain in order to deduce what that brain area did. Now we could simply put healthy people in the scanner and ask them to perform our cognitive tests while we watched their brains spring to life and reach the very same conclusions.

Much of the early work was confirmatory, but that just added to the excitement. For instance, we’d known for some years that the fusiform gyrus, an area on the undersurface of the brain, is involved in face recognition; patients with damage to that area have problems recognizing people they know, a condition known as prosopagnosia, or “face blindness.” But to see the ultimate confirmation of this, when this area lit up in a group of healthy participants as they looked at a series of familiar faces presented on the computer screen, was astounding.
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We naively thought we were going to be able to quickly unlock all the secrets of the brain, PET scan by PET scan; but we soon ran into the limitations of what we had at first thought was limitless technology. First among them was the so-called radiation burden. For each scan we gave participants a safe but significant dose of radioactivity. This limited the number of scans we could give any one person, which seriously restricted how many scientific questions we could ask in any one study.

The second problem with PET was that the changes in blood flow that we detected were so small that it was virtually impossible to identify them with a single scan. We had to repeat scans to build a clear picture of what was happening in the brain. We inevitably hit the radiation burden, sometimes before we’d answered a single scientific question to our satisfaction. The answer was to average the data from multiple participants. Indeed, the signals from the brain were so small that this is what we had to do most of the time.

That posed a third problem—our scientific conclusions were not about individuals but groups. Rarely could we say what a particular part of the brain was doing in any one person. Rather, our conclusions would typically take the form of “On average, across the group . . .”

A fourth limitation of PET was timing. A single scan took between sixty and ninety seconds, and what you saw at the end was the sum total of everything that happened during that period. Individual “events” slipped under the radar. Imagine a task where we asked participants to view and remember a series of faces during a ninety-second scan. It was hard to know whether the brain activity that we’d see after the analysis was complete was caused simply by the seeing of the faces, by the remembering of those faces, by some of the faces and not others . . . the list of unknowns went on and on. In spite of all of these limitations, those of us who studied the brain thought all our Christmases had come at once. From the minute I set foot in the door and began designing PET activation studies I was hooked.

One of my early successes showed that one area of the frontal lobes was crucial for organizing our memories. It wasn’t the place where memories were stored or the part of the brain that committed information to memory. Rather it dictated “how” memory should be organized. Visualize trying to remember where you parked your car this morning in a lot you use each day. How do you remember today’s parking spot and not confuse it with the place where you parked yesterday, or the day before, or last week? You could use a landmark, such as a tree or a nearby building, but you’ve probably used all those landmarks before and you are bound to get confused by them. You have to make a special kind of memory decision—you have to decide that, of all the parking spaces that you have in your memory from days gone by, this is the space that you are going to remember today. You have to label this particular space as special and especially relevant for today. This process is an example of what we call working memory, which is a special kind of memory that we only need to retain for a limited period, until the information is used, in this case until you successfully retrieve your car at the end of the day. Then the whole process starts again the next day.

Your working memory chips in whether it’s a telephone number remembered just long enough to punch it into your phone, the face of the stranger in the crowded room remembered just long enough to return the pen she lent you, or the parking space that you picked this morning for your car. No one knows what happens to these ephemeral memories. Do they just vanish into thin air? Evidence suggests that they seem to be “overwritten” by subsequent working memories. We seem to have a limited capacity for this type of brain function, which, when exceeded, leads to the inevitable removal of one memory in favor of another.

These types of studies dovetailed neatly into other areas. We started to scan patients with Parkinson’s disease to try to understand why it is that they, in particular, have problems with working memory. Unlike Alzheimer’s patients, if you show patients with Parkinson’s disease a picture that they have never before seen, they will have little trouble recognizing it later. But show them a whole series of pictures and ask them to remember one or two in particular, and the task becomes much harder. Why? It’s similar to the parking-space problem. Their problem is not with laying down memories, but with organizing them in such a way that retrieval is possible in the face of fierce competition.
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During my three years in Montreal I kept the London flat afloat. Maureen and I hardly communicated. Our occasional conversations were terse, clipped, and filled with frustration on both sides. Then, in 1995, my former Cambridge boss, Trevor Robbins, called. A new brain-imaging facility—the Wolfson Brain Imaging Centre—was being set up at Cambridge’s Addenbrooke’s Hospital, and they needed someone with my expertise. As a research fellow in the Department of Psychiatry, I would run the first brain-activation studies at Cambridge, supervise students, and start to put together a lab of my own. They had a PET scanner, and Trevor convinced me that if I got my foot in the door, it could lead to a more permanent position at Cambridge. No permanent positions were on the horizon in Montreal.

So I went home to the UK in 1996. Much had changed in England since I had left; in particular, brain scanning had taken over. If you weren’t scanning brains, you were nothing, and the UK was leading the pack. What hadn’t changed was my strained relationship with Maureen. We both found it too painful to see each other and avoided meeting up at all costs. It had been four years since our breakup, and whenever I thought of our apartment and failed relationship, I felt frustrated and confused. How could we have ever been so in love and wanted to build a life together? And how had all that changed? What could possibly have been going on in her head? It made no sense. She was an absolute enigma.

Then, one July morning in 1996, a colleague called. Maureen had been found unconscious, lying beside her bike on a steep hill near the Maudsley Hospital. It was initially assumed that she’d crashed into a tree and knocked herself out cold. But it turned out to be worse—much worse. Tests revealed that she had suffered a subarachnoid hemorrhage, a ruptured brain aneurysm; a weak area in the wall of an artery had released blood into her skull. Aneurysms can be caused by a multitude of factors: family history, gender (they’re more common in women), high blood pressure, and smoking.

Yet again my personal life and my professional life collided in the most abysmal way imaginable. I had assessed many patients who were recovering from the effects of a subarachnoid hemorrhage just like Maureen’s. Many of them had problems with memory, concentration, and planning—the hemorrhage and the surgery that was necessary to treat it affected their lives forever, disrupting their thoughts, impacting their memories, and altering their personalities unpredictably. Just like my mother, Maureen could have ended up in one of my own research studies! Unfortunately, Maureen’s aneurysm wreaked even more havoc than was usual for most of my patients, and she was quickly diagnosed as being in a vegetative state—I was told that she would not likely survive. Although it was probably not the first time I had heard the expression vegetative state, it was certainly the first time it registered.

Imagine my shock. What had happened to Maureen? What did being in a vegetative state mean? Was she dead or alive? Did she know where or who she was? She was gone, but she wasn’t. How could she still be living and breathing, waking and sleeping, and yet be somehow so completely absent? This was made far more confusing by my feelings for her. How does it feel when someone you have been so close to, and then so far away from, is suddenly rendered vegetative? It feels very strange indeed.

With proper care, vegetative patients can live a long time. Several months after her brain injury Maureen was flown back to Scotland to be closer to her parents. She was kept alive, seemingly oblivious, by the people and the machines that helped feed and hydrate her. To prevent bedsores, she was regularly turned by the nursing staff. They bathed her with warm sponges, washed her hair and clipped her nails. They changed her bedding and her clothes. They talked to her, bright and chipper in the morning. (“And how are we today, Maureen?”) On weekends, they dressed her and she was moved by wheelchair to her parents’ house, where members of her loving family would often visit her.

It did not consciously occur to me that perhaps some form of consciousness could still reside in the brain activity of people such as Maureen, who were outwardly completely nonresponsive. Yet maybe that seed of an idea, outlandish as it seemed at the time, was planted. Perhaps it was a trigger. A calling to do something more useful with the experience I had acquired in using these incredible new technologies to lay bare the workings of the brain—something that Maureen would have endorsed. She had been so passionate that science should not be “science for science’s sake”: it should actually help people. Perhaps this was a chance for me to do just that.



CHAPTER TWO


FIRST CONTACT
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I can listen no longer in silence. I must speak to you by such means as are within my reach.

—Jane Austen

Enter Kate. Age: twenty-six. Occupation: nursery-school teacher. Place of residence: Cambridge, England. Living in a small house with her boyfriend and cat. Our paths were about to cross.

I had rented a cheap one-bedroom apartment just north of Cambridge city center, a perpetually damp and often sodden and chilling three-mile cycle to and from work. My windowless office was deep in the bowels of the University of Cambridge’s Addenbrooke’s Hospital. I was a research fellow in the Department of Psychiatry with no teaching or administrative duties. My job was to do pure research, and most of that took place in the newly established Wolfson Brain Imaging Centre, part of Addenbrooke’s and a five-minute walk through a maze of corridors.

The Wolfson, as we all called it, was unique: its PET scanner was located right next door to the neurointensive care unit. Patients could be wheeled in their beds through two sets of swinging doors straight into the scanner. Indeed, the Wolfson’s mantra in those early days was “Sick patients cannot go to the scanner, the scanner must come to the patient!” Neurointensive-care patients had usually suffered horrendous road accidents, massive strokes, or prolonged oxygen deprivation following a cardiac arrest or a so-called near-drowning incident. The easy proximity of the PET to the ward created a whole host of new opportunities for scanning bedridden patients with serious brain injuries.

It was a very different set of circumstances from Montreal and the Neuro, although both places had pros and cons. In Cambridge, the focus of my research was on brain injury. I wasn’t treating patients like my colleagues, who were mostly MDs. Their day-to-day business was saving lives, administering treatments, and shepherding patients back to good health. In contrast, I was scanning them, trying to work out how their brain damage had affected their behavior and why. It was research of a very clinical kind. In Montreal, my research had been more about basic science, trying to understand how the healthy brain works and developing new techniques to investigate it. In an odd way, my experience at the Neuro had prepared me well for putting theory into practice in the intensely clinical environment of the Wolfson.

At the Neuro I had been able to touch a living human brain. It was normal practice for the resident neurosurgeons in Montreal to invite us mere scientists into the operating rooms to witness a person’s life being held in their hands as they peeled back the skin, sawed away at the bone, and pulled back the meninges to reveal the trophy within—moving, pulsating, and alive, as vulnerable a sight as you are ever likely to see.

I ended up watching my first neurosurgical procedure up close in Montreal simply because I sat down next to one of the junior neurosurgeons in the canteen one day.

“You mean, you’ve never seen real brain surgery?” he said, perplexed that a young neuroscientist who spent his days peering at brain scans had never laid eyes on the real thing. “Come on down tomorrow, and I’ll show you.”

In crucial ways, my experiences in the operating room in Montreal taught me more than all my years of peering at brain scans. The most important lesson I learned is that your brain is who you are. It’s every plan you’ve ever made, every person you’ve fallen in love with, and every regret you’ve ever had. Your brain is all there is. It’s the pulsating essence of you as a person. Without a brain, our sense of “self” is reduced to nothing.

Without a heart we can live on with the help of machines. A patient with an artificial heart is still the same person. Without a liver or kidneys we can survive, personality unchanged, until the death of another soul provides us with a transplanted organ with which we can resume our lives, pretty much as we did before. We can lose arms, legs, eyes, and more and remain the same people, altered but nevertheless still us. Yet without our brains we are nothing more than a memory to others. We are not even a shadow of our former selves. We are gone. In the operating rooms of Montreal, I had learned the most important lesson in neuroscience—we are our brains.

I was never invited into the operating room in Cambridge, but something else was happening. In Montreal, the problems we tackled had been pure, basic science: “This is the equipment we have, this is what we know, let’s put it all together and ask the next most important question about how the brain does its thing.” We created the template, the hypotheses, and designed scans to fit. In Cambridge there was uncertainty. We were all over the place. We couldn’t construct experiments beforehand. We had patients with types of damage to their brains that had never been scanned. There was no well-trodden path, no instruction manual or scientific map. There was opportunity. That was precisely the case with Kate.
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One June day in 1997 my colleague and friend Dr. David Menon—a gangly Indian neurointensivist with impeccable manners and infectious charm—told me about Kate. A bad cold had turned into a much more serious viral condition known as acute disseminated encephalomyelitis. Susceptible patients start to get neurological symptoms that may include confusion, drowsiness, and even coma. Kate was one of those patients.

The disease involves widespread inflammation of the brain and spinal-cord tissue and destroys what is known as white matter—not nearly as famous as gray matter but equally important. Gray matter refers to the outermost layer of the cerebral cortex. That’s where all the action happens—where your memories are logged and your thoughts, plans, and actions germinate. Gray matter consists of countless neurons—specialized cells that relay nerve impulses.

White matter is the communication network between disparate gray-matter regions. White matter is mainly made of axons—dense tracts of highly insulated fibers, a kind of complex, supersophisticated cabling. White matter is white because of all its fat, or myelin, as it is more formally known. Fat is great electrical insulation. White matter enables areas of gray matter to communicate. These messages between neurons go much faster if the axons are insulated. Without insulation, the electrical signals literally leak out and the message is lost.

Kate’s compromised white matter impacted her brain’s communication network. She lapsed into a coma and was admitted to Addenbrooke’s neurointensive care unit. Within a few weeks, she had improved. She had sleep-wake cycles, her eyes opened and closed, and she appeared to look fleetingly around the hospital room. But she showed no signs of inner life. No responses to prompting by her family or doctors. The infection was assumed to have left her completely unaware of who and where she was and what had happened to her. Doctors declared her vegetative.

I don’t know why David and I thought of scanning Kate while she was in this vegetative state, but I can’t help thinking that Maureen might have had something to do with it. It had been less than a year since her vegetative-state diagnosis and I was still very much coming to terms with her accident. Some part of me kept wondering what, if anything, might be going on in Maureen’s brain. They said that she was vegetative, just like Kate, but what did being “vegetative” even mean? Perhaps Kate could help me find out.

David and I discussed what we might do with Kate. We came up with the idea of showing her pictures of her friends and family while she lay in the PET scanner. I knew a lot about which parts of the brain respond to familiar faces from my Montreal PET activation studies. We contacted Kate’s wonderfully warm parents and asked them for ten photos of her family and friends. We told them we were going to try a new type of scan in an attempt to uncover what was going on in Kate’s brain.

Kate’s parents provided ten photos of people, all strangers to me. I ran them through a flatbed scanner, uploaded the images to my computer, cycled back to my damp flat, and spent the evening writing a simple program in Microsoft QuickBASIC that would present each image for ten seconds on a computer screen, one after the other. I also needed “control” images—photos that were as visually stimulating as the original photos but contained no discernible faces. I took each image, copied it, and defocused the copy using one of the early image editors of the day. Not a scientifically perfect experiment by any means, but fit for my purpose (fuzzy photos of human faces don’t pass muster as an adequate control for real photos of faces). I was running out of time, and I didn’t have the technical equipment to do anything more sophisticated.
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