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For our family




I offer you the memory of a yellow rose seen at sunset, years before you were born.

I offer you explanations of yourself, theories about yourself, authentic and surprising news of yourself.

I can give you my loneliness, my darkness, the hunger of my heart; I am trying to bribe you with uncertainty, with danger, with defeat.

—JORGE LUIS BORGES, “Two English Poems”
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Prologue


After sound, light and heat,

memory, will and understanding.

—JAMES JOYCE, Finnegans Wake



In the art of weaving, warp threads are structural, and strong, and anchored at the origin—creating a frame for crossing fibers as the fabric is woven. Projecting across the advancing edge into free space, warp threads bridge the formed past, to the ragged present, to the yet-featureless future.

The tapestry of the human story has its own warp threads, rooted deep in the gorges of East Africa—connecting the shifting textures of human life over millions of years—spanning pictographs backdropped by crevassed ice, by angulated forestry, by stone and steel, and by glowing rare earths.

The inner workings of the mind give form to these threads—creating a framework within us, upon which the story of each individual can come into being. Personal grain and color arise from the cross-threads of our moments and experiences, the fine weft of life, embedding and obscuring the underlying scaffold with intricate and sometimes lovely detail.

Here are stories of this fabric fraying in those who are ill—in the minds of people for whom the warp is exposed, and raw, and revealing.

•

The bewildering intensity of emergency psychiatry provides a context for all of the stories in this volume. If such a setting is to illuminate the shared fabric of the human mind, disrupted inner states should be rendered onto the page as faithfully as possible. So here, symptom descriptions from patients are unaltered and real, to reflect the essential nature, the true timbre and soul, of these experiences—though to maintain privacy, many other details have been changed.

Likewise, the powerful neuroscience technologies described—which complement psychiatry by providing a distinct way of looking into the brain—are also entirely real, despite their sometimes science-fiction-like and decidedly unsettling qualities. As depicted here, these methods are drawn unchanged from peer-reviewed papers out of laboratories around the world, including my own.

But even medicine and science are inadequate alone to describe the human internal experience, and so some of these stories are told not from the point of view of a doctor or a scientist but from a patient’s perspective—sometimes in the first or third person, sometimes with altered states reflected by altered language. Where another person’s inner depths—their thoughts or feelings or memories—are depicted in this way, the text reflects neither science nor medicine, but only a reaching out of my own imagination, with care and respect and humility, to create a conversation with voices I have never heard, but only sensed in echoes. The challenge of trying to perceive, and experience, unconventional realities from the patient’s perspective is the heart of psychiatry, working through the distortions of both observer and observed. But inevitably the true innermost voices of the departed and the silenced, the suffering and the lost, remain private.

Imagination here is of uncertain value, and none is asserted, but experience has revealed the many limitations of modern neuroscience and psychiatry in isolation. Ideas from literature have long seemed to me just as important for understanding patients—at times providing a window into the brain more informative than any microscope objective. I still value literature as much as science in thinking about the mind, and whenever possible I return to a lifelong love of writing—though for years this love was only a banked ember, covered with science and medicine, like drifts of ash and snow.

Somehow three independent perspectives, psychiatry and imagination and technology, together can frame the conceptual space needed—perhaps because they have little in common.

Along the first dimension is the story of a psychiatrist, told through a progression of clinical experiences, each centered on one or two human beings. Just as when a fabric frays, its hidden structural threads can be revealed (or when a bit of DNA mutates, the original functions of the damaged gene can be inferred), the broken describe the unbroken—and so each story underscores how the hidden inner experiences of healthy human beings, and perhaps of a doctor as well, might be revealed by the even more cryptic and shadowed experiences of psychiatric patients.

Each story also imagines the emerging human inner experience of emotions, in moments of the world today and across millennia in steps along our journey, past obstacles in our path that may not have been traversed without compromise. This second progression begins with stories of simple and ancient circuits for just being alive—the cells for breathing, or for moving with muscles, or for creating the fundamental barrier between self and other. That earliest, most primal boundary, between each of us and the world—called ectoderm, a lonely fragile layer thin as a single cell—gives rise to skin as well as brain, and so it is with this same ancient borderline that contact between human beings is felt in all its forms, physical or psychological—across the spectrum, from healthy to disordered social states.

The stories move among the universal feelings of loss and grief in human relationships, to deep fractures in the basic experience of external reality that come with mania and psychosis, and finally to disruptions encroaching even on the inner self: the lost ability to feel pleasure in our lives as can happen in depression, the lost motivation to nourish ourselves as in disorders of eating, and even the loss of the self itself—with dementia at life’s end. Along this second dimension, the emotions of the subjective inner world, we begin and end with imagination—whether in stories of prehistory (feelings leave no fossils; we cannot know what was felt in the past, and so we do not attempt to be evolutionary psychologists) or of the present (since even today we cannot directly observe another human being’s inner experience).

But where the measurable effects of feelings are consistent across individuals—as far as we can tell with carefully applied technology—experimental insight into the inner workings of the brain may develop. Along a third dimension, each story reveals this rapidly emerging scientific understanding, with clues from both healthy and disordered states, supported by experiments and driven by data. Brief references, for background on the science within each story, are included in Notes at the end of the book; some curious readers might wish to wander therein, along various trails of personal interest. Many additional important contributions are referenced from within each of these links (and so the links serve primarily as initial stepping-stones, to support further exploration)—but only citations in open-source format are listed in this volume, to ensure availability for all. This final dimension is thus a scientific axis—drawn to guide the public without scientific training, people who deserve to grasp, and own for themselves, every idea and concept here.

This text, then, is not only about the experiences of a psychiatrist, nor imagining the emergence of human emotions, nor even the latest neurotechnology. Each of these three perspectives acts only as a lens, each focused in a different way on the central mystery of feelings in the mind, each providing a different view of the same scene. It’s not simple to fuse these disparate perspectives together into a single image—but it is no more easy to be human, or to become humanity—and the volume can, in the end, achieve a sort of grainy resolution.

Profound respect and gratitude is expressed here to my patients, whose challenges have provided us with this perspective—and to all whose inner suffering, known or unknown, has been inextricably part of the long, dusky, desperate, uncertain, and occasionally lovely tapestry of our shared journey.

•

A word about myself, and my own path, may be helpful so that the distortions of the narrator can be better known; I am—as are we all—more subjective than objective, only a flawed bit of human optics. In early life there was no hint that the particular path I was traveling would lead to psychiatry—or that the journey would also wind through the even less congruent realm of engineering.

My childhood was set in an ever-shifting context, from small towns to big cities, from the East to the West to the middle of the North American continent and back again, following my restless family—my mother and father and two sisters, who like me all seemed to value reading above every other pursuit—as we moved every few years to a new home. I remember reading to my father for hours at a time, day after day, as we drove across the country from Maryland to California; my own free moments were occupied mostly by stories and poems—even while cycling to and from school, with the book of the moment held perilously on the handlebars. Though I read history and biology too, the imaginative uses of language seemed more compelling to me, until I collided with a different kind of idea that had been lying in wait along my path.

Creative writing was my first registered course in college, but that year I unexpectedly learned from talking with my fellow students, and then in classes, how a particular style of approaching life science—building understanding from single cells, even for inquiry into the most complex larger-scale systems—was helping to resolve some of the deepest mysteries in biology. These questions had long seemed to be nearly intractable: how a body could develop from a single cell, or how the intricate memories of immunity could be formed and preserved and awakened in scatterings of single cells drifting along blood vessels, or how the disparate causes of cancer—from genes to toxins to viruses—could be unified in a single cell-based concept, in a way that was useful, that mattered.

These diverse fields were all revolutionized by bringing small-scale elemental understanding to large-scale complex systems. The shared secret for biology, it seemed to me, was reaching down to the level of cells and their molecular principles, while retaining perspective on the whole system, the whole body. The inner feeling evoked in me by the prospect of extending this simple cellular idea to the mysteries of the mind—of awareness, of emotions, of the stirring of feeling by language—was a pure and pressured delight, like Toni Morrison’s “rogue anticipation with certainty,” that universal human state of restless joy upon suddenly seeing a path forward.

In talking with friends in our shared dormitory (fellow students who were all, inexplicably, theoretical physicists) over meals, I discovered this was a feeling shared by cosmologists probing phenomena playing out over astronomical scales of space and time. They too began by considering the smallest and most elemental forms of matter, together with the fundamental forces guiding interactions over tiny distances. The result was a process both celestial and personal. The feeling was of synthesis and analysis, together.

Crucially for what came later, at around the same time I was exposed to neural networks, a rapidly growing branch of computer science in which actual memory storage needing no guidance or supervision is achieved by simple collections of units, each cell-like and elemental—things existing in code, with only simple abstract properties—but connected to one another virtually, by operation of the program.1 Neural networks, as the name suggests, were inspired by neurobiology, but these ideas were so powerful that this computational field would later spawn a revolution in machine intelligence called deep learning, which today uses large collections of cell-like elements to reshape virtually every area of human inquiry and information—including, returning the original favor, neurobiology.

Large groups of connected small things, it seems, can achieve almost anything—if connected in the right way.

I began to consider the possibility of understanding something as mysterious as emotion, at the level of cells. What causes powerful feelings in the well or ill person, feelings adaptive or maladaptive? Or more directly, what in fact are those feelings, in a physical sense, down to the level of cells and their connections? This struck me as perhaps the most profound mystery in the universe—rivaled only by the question of the universe’s origin, its reason for being.

Clearly, the human brain would be important in approaching this challenge, because only human beings can adequately describe their emotions. Neurosurgeons (I thought) had the most physical and privileged access to the human brain; therefore, the logical path for me, the one that provided the most direct approach to helping, healing, and studying the human brain, seemed to be neurosurgery. So throughout graduate school and into my medical training, I steered myself in this direction.

However, toward the final year of medical school, like all medical students, I was required to complete a brief rotation in psychiatry, without which I could not graduate.

Until that point, I had never felt any particular affinity for psychiatry; in fact I had experienced the field as unsettling. Perhaps it was the seeming subjectivity of the diagnostic tools available, or perhaps there was within me some unknown, even deeper issue I had not addressed. Whatever the reason, psychiatry was the last specialty I would have selected. On the other hand, my early experiences with neurosurgery had been invigorating: I loved the operating room, the life-or-death drama juxtaposed with meticulous precision and attention to detail, the focus and intensity and rhythm of suturing set against the high charge of arousal. And so it was stunning to my friends and family, and to myself, when I chose psychiatry instead.

I had been trained to see brains as biological objects—as they indeed are—organs built from cells and fed by blood. But in psychiatric illness, the organ itself is not damaged in a way we can see, as we can visualize a fractured leg or a weakly pumping heart. It is not the brain’s blood supply but rather its hidden communication process, its internal voice, that struggles. There is nothing we can measure, except with words—the patient’s communications, and our own.

Psychiatry was organized around the deepest mystery in biology, perhaps in the universe, and I could only use words, my first and greatest passion, to crack open a gate leading to the mystery. This conjunction, once realized, reset my path entirely. And it all began, as life-changing disruptions so often do, with a singular experience.

•

On the first day of my psychiatry rotation, I was sitting in the nurses’ station flipping through a neuroscience journal when, after a brief commotion outside, a patient—a man in his forties, tall and thin, with a sparse, bedraggled beard—burst in through a door that should have been locked. In arm’s reach, standing above me, he fixed his gaze to mine—his eyes wide in fear and rage. My gut clenched as he began to shout at me.

Like any city dweller, I was no stranger to people saying strange things. But this was no street encounter. The patient appeared completely alert, not shrouded in a fog; his experience was stable and crystalline, the hurt was bright in his eyes, the terror was real. In a shaking voice that seemed to be all he had left, with profound bravery, he was meeting the threat.

And his speech—it was creative in its agony, full of phrases used not for traditional meaning but seemingly for their own sake, as communicative effects, with their own grammar and aesthetic, self-contained. He was directly confronting me—though we had not met before, he had an idea that I had violated him—but was doing so with sounds as feelings, with their relationships beyond syntax or idiom. He spoke a novel word that sounded like one in a phrase of Joyce’s I had read long ago: it was telmetale; this was Finnegans Wake on the locked unit, as he told what was deeper than skin or skull, than stem or stone. I sat agape, my brain rewiring as he spoke. He evoked in me science and art together, not in parallel but as the same idea, fused: with both the steady inevitability and the uncontrolled blaze of a sunrise. It was shocking, it was unitary, it mattered, and it brought my intellectual life fully together for the first time.

I later learned that he was suffering from something called schizoaffective disorder, a destructive storm of emotion and broken reality that combines the major symptoms of depression, mania, and psychosis. I also learned that this definition mattered not at all, since the categorization had little impact on treatment beyond simply identifying and treating the symptoms themselves, and there was no underlying explanation. Nobody could give answers to the simplest questions regarding what this disease really was in a physical sense, or why this person was the one suffering, or how such a strange and terrible state had come to be part of the human experience.

•

Being human, we try to find explanations, even when that quest seems hopeless. And for me, after that moment, there was no turning back—and the more I learned, no turning away. I formally chose psychiatry as my clinical specialty later that year. After completion of four more years of training and board certification in psychiatry, I launched a lab in a new bioengineering department—at the same university, in the heart of Silicon Valley, where I had been a medical student. I planned to treat patients while also building tools for studying the brain. Perhaps new questions, at least, could be asked.

As complicated as the human brain seems to be, it is only a clump of cells like every other part of the human body. These are beautiful cells, to be sure, including more than eighty billion neurons specialized for conducting electricity, each shaped like a richly branched bare tree in winter—and each forming tens of thousands of chemical connections called synapses with other cells. Tiny blips of electrical activity continually course through these cells, pulsing along fat-insulated electrical-conduction fibers called axons that together form the white matter of the brain, each pulse lasting only a millisecond and measurable in picoamps of current. This intersection of electricity and chemistry somehow gives rise to everything that the human mind can do, remember, think, and feel—and it is all done with cells, which can be studied and understood and changed.

As was required for the modern ascendance of other fields of biology (like development and immunology and cancer), new methods first had to be enabled for neuroscience that would allow deeper cellular understanding within the intact brain. Before 2005, we had no way of causing precise electrical activity to happen in specific cells within brains. To that point cellular-level electrophysiological neuroscience had been largely limited to observation—listening with electrodes to cells as they fired away during behavior. This was an immensely valuable perspective in its own right, but we could not provide or take away those firing events within specific cells to see how cellular activity patterns might matter for the elements of brain function and behavior: sensation, cognition, and action. One of the earliest technologies developed in my laboratory beginning in 2004 (called optogenetics) began to address this limitation: the challenge of causing or suppressing precise activity in specific cells.

Optogenetics begins by transporting foreign cargo—a special kind of gene—as far as imaginable in biology: from the cells of one major kingdom of life all the way to the cells of another. The gene is just a piece of DNA that directs its cell to produce a protein (a small biomolecule designed for certain jobs in the cell). In optogenetics we borrow genes from diverse microbes such as bacteria and single-cell algae, and deliver this alien cargo to specific brain cells of our fellow vertebrates like mice and fish.2 It’s a strange thing to do—but with a certain logic, for the particular genes we borrow (called microbial opsins), upon delivery to a neuron, immediately direct the creation of remarkable proteins that can turn light into electrical current.

Normally these proteins are used by their original microbial hosts to convert sunlight into electrical information or electrical energy—by guiding movement of the free-swimming algal cell to the optimal level of light for survival, or (in certain ancient forms of bacteria) by setting up conditions for harvesting energy from the light. In contrast, most animal neurons normally do not respond to light—there would be no reason to, as it is quite dark inside the skull. With our optogenetic approach (using genetic tricks to produce these exotic microbial proteins only in specific subsets of neurons in the brain, but not others), those brain cells newly endowed with microbial proteins become much different from their neighbors. At this point the modified neurons are the only cells in the brain able to respond to a pulse of light delivered by a scientist—and the result is called optogenetics.

Because electricity is a fundamental currency of information in the nervous system, when we send in laser light (delivered through thin fiberoptics, or with holographic displays that project spots of light into the brain) and thereby change the electrical signals flowing through these modified cells, remarkably specific effects on animal behavior result. Discovered in this way are the targeted cells’ capabilities for giving rise to mysteries of brain function, like perception and memory. These optogenetic experiments have proved so useful in neuroscience because they allow us to link the local activity of individual cells to the global perspective of the brain. Tests of cause and effect now play out in the right context; only cells within intact brains can give rise to the complex functions (and dysfunctions) underlying behavior—just as individual words only matter for communication within the context of their sentence.

We do this mostly in mice, rats, and fish: animals with many nervous system structures in common with us (structures that are just quite a bit scaled up in our lineage). Like us, these fellow vertebrates sense, and decide, and remember, and act—and in so doing, if observed in the right way, they reveal the inner workings of brain structures that we share. And so a new approach to investigating the brain has emerged, with methods that recruit tiny and ancient achievements of evolution to work for us—borrowed from forms of life that diverged from our own lineage almost at the very beginning, at the earliest and deepest anchor of the warp of life itself.

A subsequent technology my team developed, also inspired by this principle of cellular resolution in intact brains, is called hydrogel-tissue chemistry (which we first described in 2013, in a form called CLARITY; many variations on this theme have emerged since). In this approach, tricks from chemistry are used to build transparent hydrogels—soft water-based polymers—within cells and tissues.3 This physical transformation helps turn an intact structure like the brain (normally dense and opaque) into a state that allows light to pass freely, which in turn allows high-resolution visualization of component cells and their embedded biomolecules. All the interesting parts remain locked in place, still within 3-D tissue, evoking images of childhood treats—clear gelatin desserts with embedded bits of fruit that can be seen deep within.4

A theme common to both optogenetics and hydrogel-tissue chemistry is that we can now observe the brain intact, and study the components that give rise to function, without disassembling the system itself, whether in health or in disease. Detailed analysis, always an essential part of the scientific process, can be carried out within systems that remain whole. The excitement resulting from these technologies (and diverse complementary methods) has spread beyond the scientific community—and helped give rise to national and global initiatives to understand brain circuitry.5

By taking this approach—and integrating technological advances from other laboratories as well, in microscopy, genetics, and protein engineering—the scientific community has now obtained many thousands of insights into how cells give rise to brain function and behavior.6 For example, researchers identified specific axonal connections projecting across the brain (like warp threads embedded in a tapestry, entwined with countless other crossing fibers) through which cells in the frontal parts of the brain reach deep into regions that govern powerful emotions like fear and reward seeking, and help restrain behaviors that would otherwise turn these emotions and drives into impulsive action. These findings were made possible because specific connections defined by their origin and trajectory through the brain could now be precisely controlled—in real time, at the speed of thought and feeling, during the complex behaviors of animal life.7

These deeply embedded axons help define brain states and guide expression of emotions. By grounding our understanding of inner states at the level of precisely defined physical structures in this way, we also obtain a concrete perspective on the past, on our evolution. This insight emerges since these physical structures were formed during our early development and infancy by the operation of our genes, and genes are what evolution has worked with in shaping human brains over the millennia. So our inner threads, in some sense, project across the time we have inhabited as well as across the space within us—a legacy anchored in humanity’s prehistory, needed by our forebears to survive.

This connection to the past is not magical—this is nothing like “collective unconscious” communication, in the way that Carl Jung invoked mystical connections with distant ancestors across time—but arises from brain-cell structure, a physical heritage from our predecessors. Beings that by chance created the first early forms of these connections we possess (and study) today—with some variation from individual to individual—were likely to have survived and reproduced more effectively, and as a result, they passed the genes governing that brain-structure predisposition down to us, and to other mammals in the modern world. So we do feel what our ancestors likely also felt—not just incidentally, but at times and in ways that mattered greatly to them.

These inner states were bequeathed to us through the relentless will (and sometimes good fortune) of their survival—giving rise to humanity, with our feelings and our failings.

•

The promise of modern neuroscience even extends to the prospect of addressing human frailty and easing human suffering: from guiding therapeutic brain-stimulation methods with our newfound knowledge of causation (what actually makes things happen, with cellular precision) in brain circuits, to discovering the roles in brain circuitry of genes that are linked to psychiatric disorders, to simply stirring hope in long-suffering and long-stigmatized patients. So scientific progress has deeply informed clinical thinking—this is the value of basic research, nothing new though wonderful still—but my perspective is also inverted, in that clinical work has just as powerfully guided my scientific thinking. Psychiatry has helped drive neuroscience in return—and this is enthralling to consider: the experiences of suffering human beings, and thoughts about mouse and fish brains, are informing each other. Neuroscience and psychiatry are pulling together, bootstrapping, connected at a deep level.

In light of these developments over the past fifteen years, it is interesting to reflect on my initial self-perceived lack of personal connection with psychiatry. So profound was the impact of my first unexpected encounter on the psychiatry ward—the shouting, the fear, the vulnerability of experiencing a terrifying reality through another’s eyes—that I sometimes wonder if I was by chance unwittingly prepared, already tuned, to be positively affected in a particular way by that moment, which for many people would have been, understandably, nothing more than a disturbing encounter. Personal inspiration (like scientific discovery) can come from unexpected directions, and so I now think of my course correction in that moment as a kind of parable about the perils of prejudgment, and the need for direct personal exposure to find true understanding of almost anything human.

There is another allegorical aspect as well, in which the story of optogenetics provides a lesson for the broader sociopolitical world on the value of pure science. Historical work on algae and bacteria dating back more than a century was essential for us to create optogenetics and gain insight into emotion and mental illness—but this path could not have been predicted at the outset. The story of optogenetics demonstrates, as transformations of other scientific fields have before and will again, that the practice of science should not become too translational, or even too biased toward disease-related questions. The more we try to direct research (for example, by concentrating public funding too focally in large projects targeted to specific possible treatments), the more likely we are to instead slow progress, and the undiscovered realms where ideas that will truly change the course of science, of human understanding, and of human health, will remain in shadow. Ideas and influences from unexpected directions are not only important but essential—for medicine, for science, and for all of us, in finding and following our trajectories through the world.

These days, I sometimes imagine seeking out that schizoaffective disorder patient, with whom I shared that heart-pounding first awakening, to sit down together for a quiet moment of communion—though it has been a long time. A receptivity to the improbable comes very close to the essence of illness on the schizophrenia spectrum, and so he might not be at all surprised to learn that his crossing of the threshold of the nurses’ station that day could have helped in its own way to advance psychiatry and neuroscience. In a real sense, our conversation now could confirm for him, and for me, that despite the depth of his suffering, from some angle, some perspective, his warp aligns with all of ours, and blends completely into the shared tapestry of the human experience, within which he is no more ill than humanity itself.
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CHAPTER 1

Storehouse of Tears


The lines are straight and swift between the stars.

The night is not the cradle that they cry,

The criers, undulating the deep-oceaned phrase.

The lines are much too dark and much too sharp.

The mind herein attains simplicity.

There is no moon, on single, silvered leaf.

The body is no body to be seen

But is an eye that studies its black lid.

—From WALLACE STEVENS, “Stars at Tallapoosa”



The story Mateo told could only be held in my mind if abstracted, if I flattened the mental image like a collapsible gurney and slotted it in among all the others I had seen. It helped me to not acknowledge how long he had been suspended by his seatbelt in the flipped car, to not consider the feeling of helplessness as his family died around him, considering instead only an instant of time, a still.

Or instead, simplifying Mateo himself, I could reduce his dimensionality, the space he occupied—in my own mind compressing flat his human texture into a simple plane. Then I could bind his story together with others like it I had heard or seen—together they became like a stack of old newspapers, all borne together without individual features, fused in a rain of tears. In this way suffering could be summarized as a tractable single object of ten or ten thousand lives. I don’t know why I can’t cry, he began, and when it was all told and bundled, it was not more, or less, than any other ending of a human world.

There is no formal protocol in medical training to protect a doctor’s exposed heart in these particularly devastating moments. Physicians and nurses, warfighters, crisis workers—they all come to learn defenses on their own, in order to live among the extremes of human suffering. It is not just the magnitude of the pain but also its incessance—the unrelenting descent into the abyss, day after day, year after year—that without some safeguard would be unsustainable.

Our natural impulse is to connect deeply and broadly with someone in a state of personal loss, to try sensing inside our own minds a full and complex representation of the other, to fully understand what the tragedy means. But in the extreme context of horrific suffering, it can be helpful to instead narrow our perspective to preserve empathy, finding a point to experience within the broader tapestry of the patient’s life, focusing on one spot of interlocking threads creating local shape and color.

It is important to know that the full perspective is available, but feeling fully does not make sense of tragedy—and depths of emotion do not seem to help us with precision tasks in the agonal moment, whether performing an artful lumbar puncture of the spinal column or a difficult psychiatric interview to elicit inarticulable feelings. Our perspective widens when it can, sometimes without warning—on the drive home, or among our children with a sudden sob. Until then, out of view but always accessible are the trajectories of the patient’s threads with all the scope of life and its dreams, from their anchors and origins, through the journeys and relationships that came together in that instant of catastrophe and strife.

Each tragedy is still felt intensely, and each suffering human being is held in the heart carefully no matter how many more come over the years—every stunned and bereft father after a car accident, every mother struggling to form words as she hears her child’s brain cancer diagnosis. And care is needed; when the cases accumulated are still few, early in the life or training of a doctor (and sometimes still later), a single experience can storm and overwhelm the inner self, in the part of us that sees and feels representations of human beings, textured images of valued others, positioned carefully like tapestries in the innermost fire-lit halls, the hidden spaces of the self. In the keep, if we were castles.

•

I should have been better prepared, but there had been no warning that the keep was vulnerable. Until meeting Mateo (in my role as the on-call senior psychiatry resident who was summoned to the emergency room to evaluate him), I had not been hurt badly by my own empathy for years, not since I had been a raw and young medical student. But all had been different back then—my feelings were mostly only feelings in medical school, not feelings about feelings, a safer form they achieved later. And as a medical student I had been more vulnerable: coming of age in the halls of medicine, not yet able to give orders nor to prescribe, and still learning the language of the field though raising a child of my own as a single father in the world beyond.

On that night that hurt me first and deepest, years before meeting Mateo, I was the medical student on pediatrics at our children’s hospital, on a call night that had not been too busy. My first task for the evening—a brief prelude for what was to come later that night—had been admitting and taking the history from a cystic fibrosis family. The patients were three-year-old twins brought in together for respiratory distress. It was hard for the children to breathe.

The family was well known to the service, as we say. There had been many past admissions to the hospital, and the parents were pros at the process—so much so that they answered my questions as soon as I began to ask them, so much so that they were in the process of divorce.

They had found, with the birth of the twins, what seemed to be a hidden flaw in their union. In most cystic fibrosis families, parents have no symptoms themselves, but each carries one copy of a mutant gene. Mammals have two copies of almost every gene, so often if a single gene is damaged, no ill effects are seen; the other copy can allow a healthy life.

Mother and father are healthy carriers in cystic fibrosis, with the load carried not usually known until their child is born with a far heavier burden—both damaged copies of the gene. The math is simple, and I learned that night that the parents, in their own relative youth, had arrived together at a seemingly simple and practical decision to split and remarry, each to seek a noncarrier and the promise of greater health in the family. But in the meantime, before this defiance of the blind forces of population genetics could play out, I had to work through the mucousy tumult of the sick and screaming twins, patiently building my inventory of facts, collecting their medical history above the din, and completing the admission.

By midnight, quiet had finally been restored when we got wind of a late emergency transfer arriving from an outside hospital: a four-year old girl, Andi, with a brainstem finding.

I would carry this one, and what came next, with me for years: a deep gouge, perhaps deeper than I know still. Perhaps it went all the way through. I helped admit Andi to our inpatient service—she was charming and moony in a high ponytail, kneeling on her hospital bed, arranging her dolls around her, eyes just a little crossed up, one turned a bit inward. It had been almost beneath notice as she played catch with her family earlier in the evening, a detail almost lost in the special thrill of staying outside later than usual—just a little double vision in the twilight, and then just a twinge of worry.

I found myself in deep very quickly, even though I was the least important part of a small collection of people brought together by the case, all crammed together in the team workroom of the inpatient unit. I had started the meeting leaning against a wall, and it immediately became impossible to consider sitting down, or even to shift weight from one cramped leg to the other, as the emotional impact of the scene manifested before me. I was frozen in place until we were most of the way to dawn.

A lone gray rectangle of film, the brainstem scan, had been brought by the parents—clutched and hated, their ticket to ride from the outside hospital deep in the valley. They had borne the scan through the evening to the windowless team room, and it was now jammed up on the lightbox, a backlit gray requiem. Andi’s parents, eyes red with latent tears, were across from me—seemingly transposed into a separate space, somehow alone in the crowded room. The doctor of record—the pediatric neuro-oncology attending—was positioned immediately to my left, sitting down and leaning forward. He had been paged and brought in, as late as it was, not to perform a procedure, nor to make a clinical decision—there was nothing to do that night—but to explain the conclusions from our physical exam, and from the reading of the film, to the family.

Words were the only tool for the neurologist that night. He leaned forward for hours, not relaxing back once, without a glance at me or anyone on the team, his words only for two in the crowded room, for mother and father, for two alone, all through the night.

The double vision was not a mystery to us. There was a finding on the scan. A shadow had fallen across her pons.

At the stem of the brain, at the base of the skull, there is a bulge of cells and fibers called the pons—dense and vital, connecting all that makes us human in the brain above to the spinal cord and nerves that leave the skull below. If within the pons—Latin for bridge—a disruption has appeared in the path of fibers passing through, physicians can see this happening without a CT scan or an MRI: no medical imaging, just human imaging, just looking into the eyes of the human being.

Andi’s eyes were crossed, but with only one turned inward, toward her midline—because a tiny muscle on the side of her left eye globe (called the lateral rectus, for its task of turning gaze out laterally, tracking a baseball thrown wide) had failed. The fine shred of muscle was no longer receiving instructions from the brain; its dedicated channel of communication, its nerve, had fallen silent.

The sixth cranial nerve (of the twelve that emerge from the skull) is called the abducens, and is beloved by confused medical students for its unusually straightforward trajectory (compared with the other winding and branching and crossing cranial nerves). Abducens, the simple sixth, is one nerve serving one muscle, the lateral rectus muscle with its one job—abducting the eye. The abducens lies entirely on one side of the brainstem, its threads coursing deep through the heart of the pons, carrying out their singular duty.

But now, tonight, abducens was playing another role, reporting back on something unnatural in the brainstem, telling a tale of a thing gone wrong—and on the film, confirming the diagnosis, we could see that a form, a darkness, lay across the bridge. The neuronal threads on one side of the bridge were disrupted, and so the eyes no longer turned together, were no longer aligned toward their common goal.

This coordination between eyes is a lovely thing when it works, when they join to face the world together in primates like us. Both receive the same instruction from the brain, to follow the ball thrown from Dad in the darkening chill. But the two eyes, each with slightly different shapes and angles, are not connected to each other. Much has to be perfectly tuned for the two to move together, to not create double vision with offset views of the same scene.

This challenge is especially pleasing to bioengineers, as a paradigm of the need for design. Such synchrony and symmetry in biology, when achieved, imply trust, and truth, and health. Two sensors, two eyes, are balanced together on the finest edge of time. There are always failures of communication in biological systems—noise, variance, chaos, there is even sometimes profit in deception—so every system needs feedback to check and to calibrate. Early in life, before we become aware, double vision serves as that error signal sent back—and then our brains mend the error, adjusting the instructions transmitted down cranial nerves to the eye muscles, aligning and tuning with care, until the offset disappears, and we see the world as one.

The world becomes whole, until a falsity returns in some—it was here tonight in this little girl, and here it could never be trued. When a member of this pair slips infinitesimally, an intruder is revealed, and a sickness known; the nerve fibers through the pons become more and more disrupted, as the shadow spreads. Here it could have been no other cranial nerve, it was abducens, sixth nerve of twelve; in this brainstem cancer, it is always the sixth: alert and direct, a border division reporting without fail the first faint hoofbeats of invasion.

The attending was careful to give no firm prognosis that night, though I had paid enough attention in class and on rounds to know that a death march had begun. This was DIPG, a diffuse intrinsic pontine glioma, and she would have six to nine months of life. Her parents were sensing this but not knowing, not getting numbers but feeling the unraveling as a new reality took hold, as a fibrous invader insinuated itself throughout their inner worlds, entangling their every thought and sensation down to the feeling of breath, of life itself. Their words were dry, and strangled, and dragged thick from their throats.

I knew what was far worse, what they could not suspect then. I knew what kind of death would come. Within a few months Andi would be unable to speak, unable to move—paralyzed with her eyes wide open, still as bright and alert and perceptive as she was that night. Locked-in—a state of straight nightmare—as the bridge fell, as all her pons gave way.

So quickly, all had turned. Just a visit to a local doctor, for double vision in their little girl, on a weekday night. My own first child was nearly the same age, almost four, though it was hard to consider that fact in my mind for more than a moment. That night, every time that thought came forward it was shut down fearfully by some other process inside, with the feel of a heavy gate slamming shut. A crude and immature defense, as I recognized even then—don’t look, don’t connect—but temporarily effective.

In the days that followed, a new kind of grief made itself known to me. As I learned to hold open that gate just a crack, just enough to let a little light pass through, just enough to see Andi’s connection to my son—and to glimpse in this way, so far beyond what I could fully imagine, the grief of her parents—as I did, angry tears would come as I felt a nonsensical anger at the disease entity, a rage that DIPG was part of our world. There had to be hope to defeat this malevolence; there had to be hope for Andi.

At my lowest, an unexpected thought appeared in my mind, seeded by this child, nurtured by this anger—that some could live this way, but I could not. I could not last in medicine, not for a lifetime of this. I would retreat instead, to havens dumb—to the lab, I told myself—the harbor of science I knew so well, a place where no girls die.

Yet with time this storm, of grief and anger and false hope and retreat, spent its energies. New experiences surged to the fore of thought and feeling. I healed—but still immaturely, walling off the hurt gradually, as an abscess forms to seal off an infection. With time I just stopped hoping; all I could think was that the world needed more than hope from me.

There was nothing to do for Andi. With DIPG there was no surgery that could find its way safely in and around the fibers of life and breath and motion in the pons, and no chemical or
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