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            Prologue
Molehills Out of Mountains

         
         
            Pleasure is oft a visitant; but pain clings cruelly to us.

            —John Keats, Endymion, 1818
            

         

         In the spring of 2021, I was riding an e-bike up a steep mountain road in western Montana. I was happy and high as a kite.

         
         About an hour earlier, I had taken a large dose of psilocybin, delivered by way of dried, psychedelic mushrooms supplied by
            friends. I’d taken mushrooms before, as a young person—a common dalliance at Grateful Dead shows or backyard parties in my
            teens and twenties. But in the thirty or so intervening years, my life had become one that did not really make room for tripping.
            I was (and remain) a professional journalist with a long reporting history, most of it at the New York Times. More recently I cofounded a digital science magazine, and this work has kept me busy and mostly garden-variety in my indulgences.
         

         
         Still, excitement over the potential therapeutic effects of psychedelics had been swirling for a while and, at the time of
            that journey up the mountain, I needed therapeutics. I was battling cluster headaches, and they are, in a word, awful.
         

         
         I cannot explain the pain of a cluster headache, and it would be ludicrous to even try. At the same time, the pain is so extraordinary
            that I sometimes want to try. It is something superlative, supernatural. A tourist would take pictures of it, as a towering monument or new world
            wonder. I want you to take in its bigness with me, to stand together in the shadow of its mass.
         

         
         But how? Writers and thinkers have spent hundreds of years trying to communicate pain, fumbling for clever or cutting words to describe its imprimatur on the psyche and the soul. St. Augustine1 called pain “the greatest evil.” Canadian sociologist2 Arthur Frank described pain as the “black hole into which language seems to disappear.” The endeavor is a literary cliché
            and the feedstock for countless moody meditations—sociological, journalistic, anthropological, poetic, medical, and pop-psychological
            parables steeped in metaphor and existential angst.
         

         
         
            Pain—has an Element of Blank—

            It cannot recollect

            When it begun—or if there were

            A time when it was not—

             

            It has no Future—but itself—

            Its Infinite contain

            Its Past—enlightened to perceive

            New Periods—of Pain.

         

         That’s pretty good—or is it? Does it bridge a gap, or speak only to those who already know? I think it’s the latter, and if
            Emily Dickinson3 could not nail it, what hope have I here? I might ask you to imagine the most physically painful thing you’ve known—a broken
            bone, a slipped disc, a wicked burn, a kidney stone—and then invite you to relocate that pain, stretched over time and firing
            at its peak, to the inside of your head. A childbirth in your skull. Can you feel that? If you’ve experienced a cluster headache,
            I know you can feel it. If you haven’t—and if you don’t have migraines, either, because those are their own dark valleys of
            head pain—how can I bring you there?
         

         
         Maybe I could tell you about the research. Some studies call my disorder4 “suicide headache,” while others suggest5 that it is among the worst pain disorders known to human beings. Further downstream,6 in the swirling soup of low-budget self-help websites, you can find clickbaity articles that sort humanity’s most painful
            conditions—shingles, sciatica, gout—into lists. You’ll very often7 see cluster headache at or near the top.
         

         
         It sometimes helps to describe the spastic, ancillary symptoms a single cluster attack delivers—the need to move, to moan, to rock and rub. I might point8 you to ghoulish online videos of cluster headache patients in the throes of an attack—an emerging genre, but hard to watch
            and, well, weird and probably distancing. And the same would be true, I suspect, if I told you about my own contortions: of
            writhing on the bathroom floor; of spittle and drool; of fingertips ground furiously into the scalp in a futile attempt to
            soothe whatever shrieking complex of anatomy is tearing at the right side of my head. It is white-hot, blinding but invisible,
            frantic but elephantine—all earthly things gathered up in a piercing nuclear bundle behind the eyeball. This also sounds weird,
            I know. All I can say is that in my shoes, you’d likely feel the same.
         

         
         Or would you?

         
         Pain is so hopelessly subjective, so personal, so inaccessible, that despite numerous attempts to develop an objective measure
            of pain, the best we still have in this third decade of the twenty-first century is the so-called visual analog scale, that
            spectrum of colored cartoon faces, ranked from grimace to grin and from 1 to 10, on the wall of your doctor’s office. A person’s
            moans or gesticulations can certainly indicate that they are in pain, but the rest of us can’t really measure that pain or know its contours. Might they be exaggerating? The question prosecutes
            silently from the ether.
         

         
         A swollen limb, a discolored spot, or an open wound can certainly help to speak for our pain. An MRI’d tumor, or the x-rayed
            shadow of a break, a tear, or a rupture—these can make a case for us, at the very least giving other people something to see and, with luck, relate to their own memories of painful things. They make our pain tangible. Those unlucky enough to have
            hidden physical pain, untraceable to an apparent injury and invisible to focused wavelengths of light and magnetism, have
            only their words—and the pain scale.
         

         
         I sense my cluster pain as a 10, but really, it’s an 11 or, truly, a 75. There is no cartoon face to describe it. But can
            I really know you’d feel the same? If I could unzip that pain vestment, that hairshirt, and allow you to slip it on, to feel
            it against your own skin, would your cartoon face be crimson and sad? Maybe I am weak and you’d wear that pain suit lightly,
            as an amber-hued 5. I can’t know.
         

         
         Scientists in the last ten or fifteen years have occasionally declared objective measures of pain at hand. They claim to have located the “fingerprint of pain”9 or the “signature of pain” using functional magnetic resonance imaging (fMRI) or some other flashlight peering into our skulls.
            But those studies, such that they are, have not led to anything clinically useful. More recently, researchers10 are turning to artificial intelligence and machine learning as potentially objective pain-measurement tools,11 mostly based on vast databases of facial expressions that the AI is trained to interpret. (What could possibly go wrong?)
            And for unconscious patients12 who can’t describe their own pain, clinicians have tools like the Critical Care Pain Observation Tool, which attempts to
            make a guess based on breathing, facial movements, and other observed behaviors.
         

         
         But it’s all just poetry in the end—like trying to describe the color of an atom, or the texture of gravity, or the shape
            of sadness. We can’t see it directly, and no meter can truly read it. There are no dials to calibrate, no blinking lights.
            We cannot dip a litmus strip under our tongues and watch the acidity of our pain—because pain is surely acidic—turn the paper
            red. We can only tell stories about our pain, and hope that somewhere in the fog that separates each of us from the other,
            a glimmer of insight will break through. Can I create that connection for you? Can anyone illuminate their pain for another
            person?
         

         
         Probably not. “Whatever pain achieves,13 it achieves in part through its unsharability, and it ensures this unsharability through its resistance to language,” wrote
            the Harvard essayist and author Elaine Scarry in her book The Body in Pain. She goes on to cite Virginia Woolf, the patron saint of every artist struggling to paint pictures of shadowy illness: “The
            merest schoolgirl,14 when she falls in love, has Shakespeare or Keats to speak her mind for her, but let a sufferer try to describe a pain in
            his head to a doctor and language at once runs dry,” Woolf wrote in her 1926 essay “On Being Ill.” “He is forced to coin words
            himself, and, taking his pain in one hand, and a lump of pure sound in the other . . . crush them together that a brand-new
            word in the end drops out.
         

         
         “Probably,” Woolf added, “it will be something laughable.”

         
         I suspect that Woolf is right. Still, I will try.

         
         I took a megadose of psychedelic mushrooms that spring day because I was having cluster attacks and they wouldn’t stop. For me they came several times a day, and then again whenever I fell asleep at night: violent and swift crescendos of pain that only an injection of sumatriptan, which targets serotonin receptors in the head, could really stop. I was being ground down by the relentless injections, self-administered into an abdomen bruised and pockmarked by previous jabs, and overuse of the medication was likely driving an endless cycle of rebound attacks. Given this unappealing tableau, why not shrooms? It would be just one more in a menagerie of drugs I’ve explored over the decades. Over-the-counter medications like aspirin and ibuprofen couldn’t touch these things—an eyedropper for an inferno. The many prescriptions I’d been given had mostly negligible effects—possibly helpful sometimes, but just as often not—and virtually all were off-label concoctions with harsh side effects that were developed for other conditions. What, I frequently wondered, is behind this ferocious, recurrent pain in my head? And why the poverty of purpose-built treatments? Cluster headache is uncommon, I’ll grant you, but people living with migraine are legion. Can it really be that hard? 

         
         In this netherworld of sanctioned chemical exploration, I was quite willing to go to unsanctioned—and even illegal—ends if
            it had some promise and I thought I could get my hands on the stuff without jeopardizing my livelihood (or life). Pain makes
            us psychonauts.
         

         
         So, as my perceptions began to warble and warp, as they do on mushrooms, and as the edges of my vision started to undulate,
            I felt alive and hopeful that I was zipping up that dirt road, wind in my hair, toward a new salve. Another headache always
            loomed—unless this time . . . maybe not? I allowed myself to think it as I navigated an ill-advised, psychedelic, but wholly
            ecstatic path, where undulating fields of yellow balsam root flowers cascaded down the steep slope to my left, and armies
            climbed the grassy mountain wall to my right. Surely this multitude of golden florets, turning toward me like a crowd to a
            king, were here to celebrate my triumph? To cheer and pop champagne as I broke through the finish ribbon and crossed over
            from that old life of being haunted by this angry visitor, to a crisp new life of blue skies and rainbows and, well, surely
            other annoying problems—but not these fucking headaches.
         

         
         “I’d first like to thank my wife, Kath, who stood by me on this long journey—I couldn’t have done it without you, babe! [Crowd cheers.] And of course, my friends Eric and Heather, who nurtured this psychedelic prescription into being. Genius! Keep rockin’, dudes! [Laughter.] But really, I’m so just humbled by all of you here, and this is—sorry, I don’t usually cry—this is just a tremendous honor,
               so thank you, thank you!”

         
         A searing headache came the next day. Maybe I’d done it wrong? Taken too little mushroom? Taken too much? Taken it at the
            wrong time? Taken it during the harvest moon instead of the waning gibbous? Such are the vexing and deeply pharmaceutical
            questions of a person dealing with unexplained, recurring head pain. Everyone’s journey varies, of course, and this one is
            uniquely mine. But there are good odds, if you’re reading this book, that it’s something like your journey too. Or if not
            your journey, then it is surely that of someone you know. And yes, I will concede: In a world troubled by all manner of disease
            and unrest, it can seem absurd to bemoan headaches, of all things. Suck it up, right? There are worse fates.
         

         
         But this implication of malingering—one that we half believe ourselves—is what makes the headache odyssey, and really any
            passage with chronic or recurring pain, a frequently lonely one. In researching this book, I met swashbuckling and deeply
            competitive scientists pushing into uncharted parts of the nervous system in a hunt for headache’s headwaters and the downstream
            generation of pain. They are a small, odd, and sometimes belittled subset within neuroscience and neurology, and while there
            really ought to be more of them, I am humbled by their obsessions and fascinated by the previously hidden biological axioms
            they are starting to uncover. I can offer readers who need it this amulet of optimism: there has never been a better time
            to have a headache.
         

         
         Still, it’s the fellow headache sufferers I’ve spoken to who touched me the most. In them I witnessed some of the most dignified and relentless displays of perseverance and resolve, even amid bouts of intractable pain and the inevitable quagmires of depression and even self-harm that so often accompany debilitating forms of cephalalgia—the fancy term, derived from the Greek, for head pain. Many of these folks are far worse off than me, and they are sucking it up this very minute, right in front of us: smiling across the counter despite a sleepless night of wrenching pain; making that presentation through a half-medicated ache behind the eye; taking that final exam through the dopey haze of an off-label drug the doctor insisted would help, but really doesn’t; and probably doing their very best, day after day, year after year—sometimes for their entire lives—trying not to trouble you with it too much. It’s just a headache. 

         
         

         This is not a textbook. I am not a scientist nor an academic. What I offer you here is a sweeping and, I hope, accessible
            and (sometimes) entertaining look at the curious history and long-running scientific struggle to understand, diagnose, and
            treat headache disorders. For readers who live with them, I hope it is informative and affirming. If it’s someone you love
            who is unlucky, I hope the book opens new avenues of understanding. And if you know nothing of headaches, you’re in for a
            ride. The human body is a weird, wonderful thing, but arguably no more so than inside the dense garden of synapses we call
            a brain—that metabolic crucible where every photon, sonic wave, scent molecule, and tactile input gathered by your sensory
            antennae is collected and turned. Whether you’re asleep or awake, an endless stream of chemical and electrical communiqués,
            dispatched from organs, vessels, tissues, and glands at the far reaches of your inner anatomical kingdom are also received,
            recorded, and answered here. The seat of headache may well be somewhere near the center of this ancient neural hum—a critical
            breakdown in normal signal processing that can manifest as great pain. The hunt for headache’s origins, then, is not some
            narrow quest; it traverses the nervous system itself.
         

         
         On this front, we are in an age of great flowering, and scientists have shaken off decades of presumption to identify new
            molecular culprits of headache attacks. This means that the long history of relying on hand-me-down preventative drugs designed
            for other disorders appears to be ending, and pharmaceutical companies are churning out new treatments that go directly after
            those complicit molecules. Meanwhile, research labs are hunting for yet more consequential targets—perhaps even the Higgs
            boson of headache, the cephalalgial God particle behind the storms in our skulls.
         

         
         At the same time, public funding for basic headache research is minuscule in relation to its burden on society, and scientists are uncomfortably beholden to the whims of the pharmaceutical industry. It’s also surprising, despite punctuated moments of innovation, how little we still know about the nature of head pain, such that even top researchers disagree—sometimes bitterly—over what exactly is going on during a headache. They can’t even agree on what it is that’s hurting. 

         
         Most of the research in this vein is devoted to migraine, and so too are many of the narrative threads I’ve assembled here.
            It is, by a wide margin, the most widely debilitating among what are known as primary headaches—meaning the head pain and
            accompanying battery of other neurological effects that constitute disorders unto themselves, rather than symptoms of some
            other underlying disease. As far as we know, they are headaches all the way down, and generally outside the reach—again, by
            a wide margin—of over-the-counter painkillers. Migraine is also radically different from my own affliction, cluster headache,
            in how it presents itself. Still, it seems certain15 that there are biological affinities between migraine and other forms of severe, idiopathic head pain, including mine. Such
            headache disorders fall into more than twenty different varieties, but many of them no doubt share common physiological characteristics.
            What we learn about migraine will inevitably shed some light on related afflictions.
         

         
         I should also note that this book, while sometimes about me, is frequently about others like me—and very often about women,
            who represent the majority of migraine patients. While every disorder can make a case for itself as being understudied and
            underfunded, there is little question that migraine’s cultural framing as a “woman’s disease” has played a role in slowing
            the advance of headache science writ large. It’s not everything, of course. Men get migraines and other headache disorders
            too—and they are overrepresented among cluster patients. Also, as with many things where the brain is involved, the underlying
            mechanics of head pain are simply hard to pin down, and researchers have sometimes labored under theories that turned out
            to be wrong. It happens.
         

         
         But when you consider the amount of time and productivity lost to a collection of disorders that render more than a billion people around the world wholly disabled for hours or days at a time, at a cost of tens of billions of dollars per year, it can be surprising that the community of researchers interested in exploring its biological mechanisms is so small. 

         
         In the end, it’s probably the word itself.

         
         Migraine, in its most salient sense, is a “headache.” Cluster too. Trigeminal autonomic cephalalgia, hemicrania continua,
            thunderclap, hypnic, nummular, and a forest of other disorders—they all have a rich array of neurobiological symptoms, but
            they are all headaches. Attach to a disease a word so diffuse and nonspecific, and you’ve likely established a permanent beachhead
            for social misunderstanding. It’s a peculiar thing, after all, to have a condition so painful and debilitating share a name
            with something so ho-hum and unremarkable that virtually everyone on Earth can say they’ve experienced it. The word slips
            easily into idiomatic veins that signal a mere annoyance, an inconvenience, a catalyst for excuse making. In the cultural
            kiln where popular wisdom and scientific curiosity are forged, this linguistic alchemy transforms a neurobiological disease
            into the sniffles.
         

         
         And yet, as anyone with these things can tell you, there are headaches, and then there are headaches. The pages ahead are about those distinctions too. They matter.
         

         
         For all these caveats and qualifications, though, this book is mostly another imperfect attempt to describe what words always
            fail to do; to paint what none of us will ever see; and to ascribe a logic to what science still cannot fully understand.
         

         
         This is, at its heart, a story about pain.

         
         
      
   
      
      
      
         
            Chapter 1
A Beautiful Disease

         
         
            I was disappointed when the doctor came back and told me that I didn’t have a brain tumor—that they’d checked the CAT scan
               and nothing was found. I can’t imagine anybody else other than cluster [headache] people being disappointed to be told that
               they don’t have a brain tumor, but I was completely lost. You know it’s not something simple. And it’s not something that’s
               going to kill me like a brain tumor. So, what the hell is it?
            

            —Bob Wold, cluster headache patient and founder of Clusterbusters, Chicago

         

         I stared at the ceiling as I lay prone on a gurney in eastern Denmark. As one of the oldest and most prominent headache research
            facilities in the world, the Dansk Hovedpinecenter, or Danish Headache Center—and particularly its Human Migraine Research
            Unit—specializes in the use of human test subjects. In late 2021, I volunteered to take part in one of the center’s many human
            provocation studies, which is to say: they were looking to give me a headache.
         

         
         Lanfranco Pellesi, a boyish postdoctoral researcher at the facility, tightened a compression strap around my right bicep to
            surface a suitable vein for the cannula, and we chatted as he worked. Growing up in Italy, Pellesi said, he’d been fascinated
            by American Indian culture—his explanation for the tattoo tracking down his inner right arm: a colorful indigenous motif evocative
            of the fletching at the nock-end of an arrow. I asked him why he was now here in Denmark, trying to give people head pain.
         

         
         I had often thought headache researchers must be burdened with head pain themselves, or at least someone dear to them was. I’ve found that to be true in some cases, but not so for Pellesi. He’d toyed with other specialties, he told me, making half-hearted gestures toward worthy areas like toxicology or pharmacology. But he wasn’t moved. “In Italy I completed my medical degree, and then I started—I wanted to do something in research. I wanted to find something . . . wonderful in the nervous system,” he told me. “So, I started to plan something with near-death experiences.” 

         
         This got my attention. Was there some mysterious, sensory link between that murky life-death boundary and headaches? It was a flight of fancy, of course, but captive there on the gurney, and perhaps a bit jet-lagged, it made an odd sense
            to me. There had been times in my life, particularly when the headaches first began in my early twenties and I had not yet
            been diagnosed, when I was sure that the excruciating pain was a sign of looming death—a tumor or a farewell seizure of some
            kind. Other times, when that siren of pain in my temple would reach what seemed an impossible pitch, I thought I might be
            approaching the edge of something, some border beyond which human pain could no longer become worse, and where some downy,
            comforting place of sweet release awaited.
         

         
         I’d also spent too many years reading discordant threads of subreddit poetry and Facebook prose from sad people attempting
            to articulate their head pain—and, I admit, very privately cultivating my own rhapsodic venerations for how they made me feel.
            This had me highly attuned to any new corollary that might offer an echo or insight into what was going on in my brain. If
            my experimental sherpa for the day had once considered devoting his life to that vaporous existential border, then I was well
            primed to believe that there were tendrils of fate leading him there—a cosmic synchronicity connecting life, death, and headache.
         

         
         Pellesi laughed as I half-heartedly plumbed this connection with him. It wasn’t quite so profound as all that, he told me. There was too little to grasp in the realm of near-death experiences, too little concrete science for a young researcher. He was eager for something challenging, a problem to crack, but one that had broad implications in the world. At some point, he alighted on the rich, mysterious, and surprisingly contentious subject of pain—and specifically, headaches. “It’s a very difficult topic, because it’s so difficult to understand what’s going on,” he told me. 

         
         Scientists look for problems to solve, and as a scientific problem, Pellesi said, headache disorders were “beautiful.”

         
         It was refreshing to hear such a thing. I had already learned by that time, through my many conversations with headache scientists,
            that serious headache disorders like migraine, for example, or cluster headache (my affliction) were largely considered a
            research backwater. Tens of millions of people in the United States have them, but for reasons both scientific and cultural,
            they are remarkably understudied. Even today, many researchers, medical students, and clinicians of all sorts will admit when
            pressed that a headache specialization is often viewed as a province for flunkies and underachievers in neuroscience circles—a
            redoubt for those without the chops to study more rare and life-threatening neurological diseases.
         

         
         It’s an unfair characterization. Migraines, clusters, and other primary headache disorders are as marvelously complex as they
            are widespread. The World Health Organization1 estimates that 40 percent of the global population—about 3.1 billion people—experiences some form of headache disorder. Most
            of these are the familiar tension-type headache that, while sometimes quite serious and debilitating, can often be managed
            with over-the-counter medications and perhaps some adjustments in lifestyle. (If you have tension-type headache, please read
            on, because the fortunes and failings of migraine science have implications for nearly all headache disorders.)
         

         
         As much as 15 percent2 of humanity—or 1.2 billion people—experiences more wrenching and debilitating bouts of migraine—including anywhere from3 3 to 10 percent of children and teenagers. That amounts to roughly 50 million people in the United States alone. Most people experience migraines during their nominally productive years—from young adulthood through late middle age. Women experience migraine at far higher rates than men, at a ratio of about three to one, while men are more likely to experience cluster headache—a rarer condition affecting less than 1 percent of the population, but still roughly as common as more familiar diseases like multiple sclerosis. 

         
         While all of these numbers can be fuzzy, given variability in data collection and quality across the literature and across
            jurisdictions, it is quite safe to say that at least a billion people grapple with recurrent, severe headache disorders that
            can interfere with work, hinder learning, foreclose on ambition, exacerbate or even cause depression, and otherwise grind
            down the unlucky. With cluster headache, the primary symptom is mind-bending pain. It comes on fast and escalates quickly.
            In the case of migraines, the process is often more gradual. They can be preceded by subtle autonomic symptoms hours or even
            days before an attack: constipation, food cravings, frequent yawning, stiffness in the neck, or increased thirst and urination,
            among other signs that an inner storm is taking shape. As the attack draws nearer, some patients experience sensory or motor
            function disturbances, known as the aura, which is frequently followed or accompanied by acute sensitivity to light and sound,
            nausea, and severe head pain. Roughly a third of migraineurs experience the aura. For most others, the pain—commonly but not
            always one-sided, and more diffuse than the concentrated pain of cluster headache—is the first sign that something is going
            wrong. There are also rarer varieties, sometimes called silent migraine, that deliver the aura, nausea, dizziness, and light
            and sound sensitivity, but no pain. (Neurologists prefer the term “migraine aura without headache” over “silent migraine,”
            as a way of acknowledging that these nonpainful symptoms are not silent.) Some patients have been diagnosed with both cluster
            headache and migraine headache, or some other combination of head-pain disorders. Theirs is a cruel fate.
         

         
         There is endless speculation and scholarship on environmental insults or biological processes that seem to trigger these bouts—foods,
            alcohol, scents, stress, menstrual cycles. Some of these are more definitive and easier to avoid or plan for than others,
            if they have relevance for the patient at all. Clusters are marked by a certain rhythm, often arriving at specific times of
            year, and occurring at or near the same times of day or night—features that point to involvement of the hypothalamus, our
            internal clock. Emerging evidence4 suggests that migraine, too, may have important circadian aspects. This varies from patient to patient, of course, and as every headache sufferer knows, perfectly reliable patterns are elusive. Indeed, it’s the unpredictability that is often the most vexing aspect for many people. You may be on a walk or at a restaurant, at home watching a movie, or taking the kids to soccer. You may be delivering a speech before a large crowd, cooking dinner for a friend, or simply lazing alone on a hammock staring at the sky. You may even be sound asleep when it happens. At any moment it can appear, creeping in like a shadow in some cases, ambushing like a predator in others. 

         
         Once it has gained hold, it can thrash inside the head for hours or even days. Left untreated, the assailant grows tired or
            bored on its own, slipping off as mysteriously as it arrived. A person can usually carry on capably from there, but always
            with a mix of exhaustion and foreboding: the exact time and place will remain unknown, but another attack is dead certain.
         

         
         The toll of all this is significant. Global health researchers often attempt to compare the burden of different diseases using
            something called the DALY, or “disability adjusted life-years.” It was first conceptualized in 1990 as part of a World Bank–commissioned
            study of the world’s health problems, and has since become an institutionalized metric in the global health field. The DALY
            has its critics, but it is one way of placing the wide gamut of human affliction on a single impact-scale, so that the social
            and economic costs of different diseases and accidents can be measured and compared. DALYs are a time-based measure derived
            by combining a couple of other acronyms: years of life lost due to premature mortality, or YLLs, and years of healthy life
            lost due to disability, or YLDs. DALYs are calculated as the sum of these; one DALY represents the loss of one year of full
            health. (For disorders that don’t generally result in death, including migraine, the YLL figure would be zero.) It sounds
            very abstract and complicated, but as the World Health Organization puts it, “Using DALYs, the burden of diseases that cause
            premature death but little disability (such as drowning or measles), can be compared to that of diseases that do not cause
            death but do cause disability (such as cataracts causing blindness).”
         

         
         Think of it this way: If a disease, a disorder, or an injury is associated with a lot of DALYs around the world, it’s considered a bigger burden than one associated with fewer DALYs. 

         
         The DALY is enshrined in what is today a multinational endeavor called the Global Burden of Diseases, Injuries, and Risk Factors
            Study, described as “the single largest5 and most detailed scientific effort ever conducted to quantify levels and trends in health.” It is managed by the Institute
            for Health Metrics and Evaluation at the University of Washington, with support from the Bill & Melinda Gates Foundation.
            According to the 2020 Global Burden of Disease6 study, published in the journal The Lancet, headache disorders are associated with a significant number of DALYs among people aged twenty-five to forty-nine, ranking
            them at number five among 369 diseases or injuries across 204 countries and territories—a few notches below accidents, HIV/AIDS,
            and heart disease, and well above conditions like stroke, diabetes, and drug- and alcohol-use disorders. For the cohort aged
            ten to twenty-four, headache disorders rank second, just behind road accidents. “The prominent position of headache disorders
            in the DALY rankings in the 10–24-year and 25–49-year age groups,” the authors noted, “has received little attention in global
            health policy debates.”
         

         
         This struck me as an almost humorous understatement.

         
         A more recent report,7 published in The Lancet Neurology in March 2024, looked specifically at the global burden of disorders that affect the nervous system. The analysis ranked
            roughly three dozen such disorders, ranging from Down syndrome and multiple sclerosis to traumatic brain injury, Parkinson’s
            disease, epilepsy, and dementia. Globally, the neurological condition delivering the greatest burden was stroke, followed
            by neonatal encephalopathy—a broad term encapsulating a range of brain dysfunctions in newborns. Migraine was number three.
         

         
         The study also broke down disease burden by region. Virtually everywhere—rich region or poor region, global south and global north—stroke was still the highest-ranking disorder in terms of DALYs. Neonatal encephalopathy, however, was much further down the scale in many regions, mostly based on aggregate GDP. Migraine, meanwhile, remained a highly disabling disorder virtually everywhere. In Australasia, which roughly encompasses Australia, New Zealand, and neighboring islands of the Pacific, migraine was ranked number one, just ahead of stroke. So too in Western Europe. In regions of Latin America, it was either the second or third most cumulatively disabling disorder. In South Asia it was third, and in North Africa it was number two—the same as in high-income North America. 

         
         By these measures, migraine—and one must assume other, less common headache disorders—are a wildly underappreciated scourge,
            quietly stripping billions of people of days, weeks, and even years when they might otherwise have been productive, nurturing,
            and creative participants in the hum of humanity. If that sounds overstated, consider this: by these same DALY metrics,8 the World Health Organization has historically described a day lived with severe, continuous migraine to be as disabling
            as a day lived with dementia, quadriplegia, or acute psychosis—and more disabling than paraplegia, angina, rheumatoid arthritis,
            and even blindness.
         

         
         Perhaps your eyes are rolling now. Mine did too when I first encountered these data. It seems a grotesque attempt to steal
            sympathy, to acquire a bit of unearned capital—pinching coins from a blind man’s cup. But if I let it turn for a bit, sit
            with the idea, think about the people I’ve known who’ve had a terrible bout of migraine, consider my own head pain, I start
            to concede that there may be a useful nugget of truth buried in the actuarial arithmetic. The analogies broker something real.
            Cluster headache is too rare to be singled out in studies like this one, but during a typical attack, a person is entirely
            handicapped. “I’ve actually had patients who’ve had an attack during the consultation. You can’t continue talking to them,”
            said Paul Rolan, an Australian clinical pharmacologist at the University of Adelaide. “They’re totally disabled.”
         

         
         Could I add up the hours that I’d spent incapacitated in this way, over thirty or so years? Might I include the in-betweens, the periods of low-level dread that come with knowing another attack is always near? What would be the sum? How many DALYs have I lost? I would never bother to find out—and in most moments, I hate thinking about it this way. It still feels hyperbolic. Setting aside those cursed with a chronic form of headache, in which the pain never remits, even the worst headache tends to end, either by way of medication or, for reasons we can’t explain, spontaneously on its own. It might have laid you low for a spell, sure, but it’s gone now, right? Yes, of course, it will come back again, but there will be a respite, an interlude. It returns. It departs. It has a mind of its own. It decides when to visit and shriek, and when to leave with a quiet promise. We’ll brush it off each time, heed the cues, avoid making a fuss. It’s just a headache. 

         
         I kept my head pain mostly to myself for the last thirty years, but once I’d decided to write publicly about it, the keystone
            questions I aimed to explore were infused with a mix of genuine curiosity and withering disbelief: What have scientists been
            doing to understand and address these disorders? We’ve had some luck in identifying chemical compounds that can sometimes
            curb migraine and cluster pain when it arrives, but they have a lot of side effects, don’t work at all for many people, and
            until very recently, these were invariably off-label medications developed for other disorders. Even if you could find a medication
            that quelled an individual bout of grinding head pain, the next bout remained a near certainty. The bigger questions for me
            were these: What sets these pain bouts in motion in the first place, and why are they so hard to prevent?
         

         
         These would strike a neuroscientist as facile concerns. The brain is a wildly complex organ, after all, to say nothing of
            the latticework of nerves, blood vessels, and other anatomy that work together to connect the brain to the rest of the body.
            But from the perspective of a person with a headache disorder, the problem can seem exceedingly simple: I experience violent
            pain inside my head and it keeps coming back. Why?
         

         
         Sure, we haven’t been able to cure the common cold either, but we know quite a lot about rhinoviruses, which cause that familiar
            inflammation in the membranes lining your upper respiratory system—principally the nose and throat. And we’ve developed some
            nifty medications that can help to alleviate symptoms. We can even articulate why the problem of the common cold is so hard
            to crack: there are some 160 different strains9 of rhinovirus circulating, for example, making a cure-all a mathematical conundrum. A lot of science has gone into colds.
         

         
         The era of Covid-19—which has been closely linked10 to a variety of headache symptoms—has also demonstrated that humanity can snap quickly in response to an emerging pathogen and begin producing, within the space of a year, an evolving suite of effective vaccines. No, they aren’t perfect, and no, they aren’t very good at preventing infection, but they have, without question, dampened the virus’s ability to fully overcome most people’s immune systems. It’s hard to parse exact numbers, but it’s certain that millions of people were spared the grave in a feat of science that was, yes, messy and poorly communicated, but also remarkable. (For those of you inclined to wonder whether scientists had an inadvertent hand in creating the pandemic in the first place, I share your yen for definitive answers. Science, as these pages will attest, is nothing if not a fallible human enterprise.) 

         
         Human brains are arguably more difficult to study closely than external pathogens. But the basic mechanics of migraine and
            cluster attacks still struck me as something that should be at least as describable as a rhinovirus giving me a cold. It’s
            pain, right? Something inside your head must be getting twisted, pinched, pulled, pressed, or poked in the wrong way. You stub
            your toe, you smash your elbow, you break a bone, and you feel pain. Even internally, if you develop an ulcer, or a tumor,
            or even just a cramp, there are errant, injured tissues setting off that familiar brain-body signal loop that we call pain—tissues
            we can identify and locate and address. Depending on the severity of the injury or stimulus, that signal might simply nudge
            us—Hey, did you feel that? That burner is still warm, so be careful—or it might scream: Your leg is not supposed to bend like that! Get help immediately!

         
         But you don’t need to go very far into the headache literature to realize that while the field is accelerating quickly, the
            precise cause and choreography of these attacks remain mysterious. We’re not even quite sure, after centuries of investigation,
            where the pain is coming from.
         

         
         

         As the eighteenth century was ending, Erasmus Darwin, grandfather to the naturalist and evolutionary theorist Charles, began
            publishing the fruits of a twenty-year project on the human mind and body. Among other things, he was perplexed by headaches,
            and he wondered whether strapping a patient to a grindstone and setting it awhirl just might cure them.
         

         
         Darwin called his work Zoonomia; or the Laws of Organic Life, and over its more than one thousand pages, published originally in two volumes between 1794 and 1796, and occasionally updated
            in newer editions until his death in 1802, the British philosopher, Enlightenment poet, and experimentally zesty physician
            sorted the vast menagerie of planetary life into “classes, orders, genera, and species.” By comparing all of these, he hoped
            to “unravel the theory of diseases”—including a vague constellation of symptoms assembled under the Latin term “hemicrania.”
         

         
         The word was distilled originally from the Greek hēmikrania, which translates as “half” (hēmi) and “skull” (kranion). If you have migraines, you may already know—or can at least quickly recognize—the lexical pedigree here: the condition
            frequently delivers pain to just one side of the head.
         

         
         Etymologies suggest11 that over time, the Greek and Latin terms were absorbed into recipient languages like French, and later English, such that
            hēmikrania lost its leading hē and emerged, simply, as “migraine.” Darwin used a further English vulgarization, “megrim,” which was common at the time,
            and whose meaning was somewhat more varied—analogous in some instances with migraine, but also incorporating notions of vertigo,
            low spirits, and even flights of fancy and caprice. But what’s important is that these terms sought to capture a recurring,
            typically one-sided, unexplained aching of the head—one that has plagued the human animal for most of recorded history.
         

         
         Medical explanations for these mysterious disorders have a long and colorful lineage, but Darwin’s primary fascination was
            with what he called “fibrous motions,” which included the swishing and sloshing of the blood. All disease, he reckoned, could
            be traced to “the disordered motions of the fibers of the body.” The plight of megrim was no exception, and while he noted
            a variety of potential causes and cures (a rotten tooth was very often responsible; fatigue in others; and one should never
            underestimate the power of leeches, or even electric shock, to set things right), Darwin also suggested that the underlying
            mechanics might well be vascular: too much blood, or perhaps too little, was flowing into the head.
         

         
         The rough contours12 of this idea predated Darwin by at least a century, though it was often mixed up with the pre-Enlightenment notion that all human disease derived from an imbalance in the four bodily “humors”—black bile, yellow bile, phlegm, and, of course, blood. But Darwin was much more concerned with the kinetics of our internal anatomy, and this extended to his discussions with his contemporary and friend, the British canal engineer James Brindley. In the third edition13 of Zoonomia, published in 1801, Darwin described a visit the engineer had made to a local millwright who’d alighted on what seemed to
            be a peculiar remedy for insomnia. Brindley had “more than once seen the experiment of a man extending himself across the
            large stone of a corn-mill,” Darwin wrote, “and that by gradually letting the stone whirl, the man fell asleep before the
            stone had gained full velocity.”
         

         
         From the orbit of a gristmill to the gravitational push-and-pull of the sun and moon, the influence of motion both on and
            within the body and its potential role in human disease intrigued Darwin repeatedly throughout Zoonomia—enough so that he wondered whether a purpose-built contraption, designed to “compress the brain” by mechanically spinning
            a patient around a horizontal axis, could be used to treat other conditions. “This might be done by suspending a bed, so as
            to whirl the patient around with his head most distant from the center of rotation, as if he lay across a mill-stone,” he
            wrote. “. . . For this purpose, a perpendicular shaft armed with iron gudgeons might have one end pass into the floor, and
            the other into a beam in the ceiling, with a horizontal arm, to which a small bed may be readily suspended. By thus whirling
            the patient with increasing velocity, speed might be produced, and probably the violence of the actions of the heart and arteries
            might be diminished in inflammatory fevers.”
         

         
         While Darwin never14 saw his human centrifuge come to life, his friend, the mechanical engineer and power-unit eponym James Watt, did produce
            drawings of a “rotative couch” informed by Darwin’s ideas. Patients could be seated or stretched out prone during the ordeal.
         

         
         From a twenty-first-century vantage, this can all seem absurd. But Darwin, like many of his contemporaries, did grasp that the abiding and harmonious rhythm of our internal anatomy was central to human health, and that disturbances in that intersystemic rhythm might be linked to disease, which is not altogether untrue. It also made some sense, in that light, for Darwin to wonder whether disturbances in our rhythmic blood-tides could be involved in the mysterious disease he called hemicrania. Darwin noted that other doctors of the time claimed that by compressing certain arteries serving the neck, they could produce a kind of “apoplectic state” in a patient, similar to one produced by aggressively whirling a patient around. “By the compression of the two subclavian arteries, a greater quantity of blood will be circulated through the head,” Darwin noted, “whence the patient soon complains of drowsiness and vertigo: and that hence different species of headaches are soon removed.” 

         
         Darwin couldn’t help but think that his spinning contraption might achieve the same effect. “Would such a circulating bed,”15 he wondered, “remove any kind of headache?”
         

         
         Inspired by Darwin’s musings16 on the subject, a trio of American military doctors would take up that question roughly 150 years later, in a research paper
            published in 1948 in the Archives of Neurology & Psychiatry. Working at the joint Aero Medical Laboratory in Dayton, Ohio, the researchers recruited eleven subjects, nine men and two
            women, some of whom suffered from headache already, and others who had their head pain artificially induced by exposure to
            histamine—a neurotransmitter long known to trigger migraines in some people. (Still others were subjected to nonheadache pain
            while spinning, principally in the form of radiant heat applied to the arm.)
         

         
         Each subject eventually took a turn in an enormous centrifuge, which rotated them at speeds that would have felt, as the rotation
            pressed against them, something like two to four times that of conventional earthbound gravity. Did those experiencing pain
            at the outset see it quieted by the spin? Quite often, the investigators suggested, they did—though the small sample size
            should strain anyone’s faith in the results.
         

         
         Nonetheless, “the human centrifuge,” the study declared, “is a useful tool in the analysis of vascular mechanisms in headache.”

         
         

         At various points in researching what I thought would be simple questions about headache disorders, from quirky historical episodes to modern pharmaceutical innovations, I turned to Andrew Charles, the Meyer and Renee Luskin Chair in Migraine and Headache Studies at UCLA, director of the UCLA Goldberg Migraine Program, and former president of the American Headache Society. Charles is a modest and cautious thinker with a shy smile and a mop of sandy brown hair that belies his thirty-year career in neurology. When I asked him what exactly is going on inside the head during a migraine or cluster attack, his response was characteristically cautious: “I mean, I like to really stay grounded in what we know, which isn’t a lot. But we do know some.” 

         
         Unlike other diseases, laboratory animals that might provide a reasonable proxy for studying human headaches have been hard
            to develop, and most of what we know comes from limited but creative human studies. It’s been a slow and methodical process,
            usually involving necessarily small groups of volunteers, some with migraines or clusters, some without, and a targeted research
            question. Many of our current insights come from what we’ve been able to observe through carefully timed imaging of these
            volunteers while attacks are in progress, Charles explained, or from what we’ve been able to detect by extracting blood and
            tracing the ebb and flow of certain chemicals as the pain and related symptomology of a migraine unfolds.
         

         
         These probative approaches are challenging, as they rely on a narrow population of people who represent the experimental trifecta:
            A primary headache condition, time on their hands, and a twisted willingness to undergo analysis, including, in some cases,
            while experiencing a spontaneous headache, or one that has been chemically induced. Given that my experiment in Pellesi’s
            lab only sought to learn if a headache could be generated, I knew that I would only need to signal that it was happening before
            being given an injection of sumatriptan to shut it down. I am aware17 that some cluster patients have, in fact, submitted to brain scans during an actual attack—often induced but, in rare instances,
            organic18—though the number is quite small. This is toughness.
         

         
         Given all this, I suppose I shouldn’t be surprised that scientific advance on primary headache disorders has seemed slow. As one 2023 study spearheaded by the University of Southern California’s Keck School of Medicine in Los Angeles put it: “Imaging patients19 during migraine presents with several practical and ethical challenges, one of which is the exacerbation of participant suffering
            from migraine due to visual and auditory stimuli during MRI.” As a result, the study added, imaging data from patients in
            the throes of a migraine is limited.
         

         
         That’s not to say it doesn’t exist, however, and researchers have inarguably learned a great deal in the last three decades.
            What they have discerned, according to Charles, is that headache disorders like migraines and cluster involve a complex interplay
            of cranial anatomy. “What we know in humans, through functional imaging studies, is that certain regions of the brain light
            up during migraine attacks or cluster attacks. And so, we know that there is activation and inhibition of different brain
            regions that correlate with the symptoms of migraine or cluster. Something turns those regions on,” Charles told me during
            a visit to the UCLA Goldberg Migraine Program, a research lab that he oversees. “We don’t know what it is, but fundamentally,
            we do know that the experience of pain in these circumstances—and other symptoms—is correlated with the abnormal activation
            of brain regions.”
         

         
         The second thing we know, Charles suggested—and this is only in the last few decades—is that there are elevations of certain
            brain chemicals during an attack, and that those chemical levels return to some baseline level, either through spontaneous
            remission or through treatment with a drug. Remarkably, Charles20 is also quick to note that despite ongoing debate, and despite Darwin and whole centuries of correlated scientific assumption,
            there is still no good evidence21 that blood vessel dilation—in the head or anywhere else—is a necessary or even sufficient condition for the experience of
            primary headache pain.
         

         
         This struck me as both odd and marvelous. I think most of us imagine throbbing blood vessels as the salient characteristic
            of a headache, no matter the variety—a subjective experience typically attributed to sensory nerves in the head detecting
            the distention of cranial arteries during systole, or the contraction phase of your beating heart. And yet, studies attempting22 to match the timing of each perceived throb during a headache with each contraction of the heart in volunteers have mostly failed to establish a conclusive relationship. Indeed, while the caveats and nuances to all this would run to hundreds of thousands of peer-reviewed pages, if one were to boil down existing knowledge of primary headache mechanics, these three statements would more or less cover it: (1) key parts of the brain seem to be involved; (2) certain neurochemicals seem to be important; and (3) we still aren’t entirely sure about the role of blood vessels in the whole matter. 

         
         As to what sets a headache in motion, which components matter more or less than others in generating various symptoms, including
            the lacerating pain, and whether removing any particular domino, or combination of dominos, in the cascade of an attack might
            provide a universal solution—well, all of that also remains unknown. “Everybody has the hardware to have a headache,” is how
            Emmanuelle Schindler put it to me. She’s an assistant professor at Yale School of Medicine and medical director for the Headache
            Center of Excellence there. She does a lot of cutting-edge research into psilocybin and other psychedelic compounds as potential
            headache treatments—fertile terrain that speaks to the conviction that certain neurotransmitters and receptors play key roles
            in the dance of head pain. I met her at her home on a tree-shrouded cul-de-sac in southern Connecticut. A cuckoo clock on
            the wall called out as we spoke. “If you hit anyone on the head, or if people get a hangover, they’ll have a headache, because
            everyone has the hardware,” she said. “But everyone’s software is a little bit different.”
         

         
         When any person’s software—which might be thought of as running to billions of lines of code—is prone to glitching on its
            own, absent that thunk on the head or that dehydrating binge the night before, debugging things has proven to be a formidable challenge. Indeed,
            for much of medical history, headache disorders have often carried suggestions of user error.
         

         
         In past eras, and even more modern ones, migraines were frequently attributed, for example, to certain personality types—high achievers among the men, or overworriers among the women. The historical literature on cluster headache, meanwhile—and even some scholarship that might be reasonably called contemporary—is replete with what were supposed to be clinically meaningful descriptions of patients’ physical attributes. The trope of lionlike features has always been, for me, among the most laughable: “Individuals who suffer23 from cluster headaches are often described as ‘leonine’ in appearance,” wrote Marilyn J. Connors, an osteopath in the Department
            of Family Practice at the Scripps Clinic Medical Group in La Mesa, California, in 1995. Such patients were also described
            as having “particularly masculine body habitus, including tall stature, thick skin folds, coarse facial skin with telangiectasias,
            broad chin, and well-chiseled lower lip.” (“Telangiectasis” is a fancy way to say “spider veins.”)
         

         
         While the disease is still thought to skew statistically toward men, these sorts of observational assumptions almost certainly
            kept women with cluster headache disorders from being properly identified for decades. And for those with migraine, the cultural
            distillations24 could be withering. Physicians often25 linked headache in female patients with percolating strains of “hysteria” in the Victorian era and beyond. And as recently
            as 2016,26 the New York Times felt the need to run a health feature making the case that “Women’s Emotions Do Not Cause Their Migraines.” While clinical
            reliance on such presumptions is much harder to find today, our lingering inability to fully crack the algorithm of primary
            headache disorders—that mysterious, conditional, if-then loop that governs when and why they happen at all—guarantees that
            such pat explanations linger.
         

         
         “I told Dr. Clay27 that I was diagnosed [with cluster headache] by a neurologist in Atlanta 15 years ago,” wrote Karen Mann, a Virginia pastor,
            farmer, and former athlete, in Please See Me, an online journal devoted to health care narratives. It was published in 2020, and the encounter had unfolded about a decade
            prior, she told me in an interview. She knew what she had. She had battled cluster headache for years. With its distinct set
            of symptoms and characteristics, which are unusually uniform across the patient base, clusters are incredibly easy to spot
            and diagnose. Mann had gone through the standard litany of medications, with middling success, and had recently enjoyed a
            few years of remission—also not uncommon—before the headaches resurfaced at forty. She’d moved since her previous bout, and
            “Dr. Clay” (a pseudonym) was her new primary care doctor.
         

         
         “I gave him a list of which medications worked and which did not, highlighting the need to start these meds soon if there was a chance of them working,” Mann wrote. Her goal, she later told me, was to project calm, and to manage this new doctor’s possible assumptions about her, or about people whose primary trouble is pain. She did not want him to see her cry. “Narcotics are not at all effective for cluster headaches,” she wrote, knowing that the doctor might well suspect a drug seeker, “and I did not ask for them.” 

         
         Dr. Clay listened, Mann told me—or more accurately, he sat opposite her while she spoke. And when she was finished, he dismissed
            her. “I don’t think cluster headache is what is going on here. Perhaps you are just stressed,” he said. “Have you tried taking
            some aspirin?”
         

         
         Mann’s outrage was palpable even upon the second telling. What you have, Dr. Clay seemed to say, is just a headache.
         

         
         This is not to suggest that there haven’t always been compassionate doctors committed to discovering and understanding and
            treating their headache patients. There were and are. But in ways that can seem unique to headache disorders, physician encounters
            can still be typified by hurried, dated, and frequently ill-informed recommendations—even as promising scientific and pharmaceutical
            advances are made outside the exam room.
         

         
         

         About thirty-five years ago, drugs known as the triptans hit the market and sparked a revolution. For a significant percentage
            of patients, they can quell the grinding pain of a migraine in a couple of hours—and even faster for cluster patients, if
            taken by injection rather than in pill form. In keeping with the notion that migraine and similar headache disorders were
            a disorder of the vasculature, scientists have long presumed these drugs worked because they trigger the constriction of engorged
            blood vessels in certain pain-sensitive tissues between the skull and brain, known as the meninges. For many clinicians, the
            idea that dilated meningeal blood vessels are somehow irritating or activating surrounding pain-sensitive tissue remains the
            default explanation for why headaches hurt—and for why the triptans, which selectively target and constrict those engorged
            blood vessels, are so good at shutting down the pain. Others question that and regard vasoconstriction and vasodilation as
            mere epiphenomena—extras milling about in the background of headache’s key dramatis personae.
         

         
         Whatever their salient mechanism, the triptans have always been imperfect remedies. For starters, the efficacy rate of the triptans in relieving migraine pain varies widely, from as low as 30 percent28 in some analyses to as high as 70 percent in others.29 The truth is likely somewhere in between, but it’s clear that they don’t work for everyone. Further, the vascular action
            of the triptans can make them unsuitable for patients with heart-related comorbidities like hypertension—a sizable population.
            They are also what’s known as an abortive medication—specifically designed to stop an individual headache that’s already underway,
            rather than preventing the process that results in head pain from unfolding at all. In most cases, the triptans should be
            taken sparingly, lest they start to cause terrible headaches. And yet, because migraines and clusters are often typified by repeated attacks, sometimes occurring day
            after day in the former, and even multiple times per day in the latter, many patients overuse the triptans out of desperation,
            and become ensnared in a vicious cycle.
         

         
         The elusive thing, the Holy Grail for patients, doctors, and scientists invested in this space, has always been a safe and
            effective preventive drug—something that would, for a high percentage of patients, stop whatever it is that’s causing these
            cyclic storms from starting in the first place. For most of human history, that’s proven elusive—and from one angle, it’s
            not surprising. If scientists can’t be sure what bits of anatomy are drivers and which are supporting players, which activated
            neurons are pointing toward the root of the disease, and which are merely downstream participants in an attack already underway,
            it can be very difficult to develop effective drugs. What part of the anatomy, after all, should be targeted?
         

         
         A promising and recent candidate is called calcitonin gene-related peptide, or CGRP—a neuropeptide first described in the 1980s. Among other things, it is a key chemical messenger in the nervous system’s pain communication pathway. It took three decades for that discovery to wend its way through animal testing, preclinical human experiments, and pharmaceutical company drug development and trials. But in September 2018, an injectable solution designed to prevent CGRP from binding to its neural receptors—a monoclonal antibody called erenumab and sold under the brand name Aimovig—was first approved by the FDA. It had been nearly sixty years since a drug had been purpose-built to prevent migraines—the last being methysergide, an effective but ultimately noxious migraine drug first marketed in the late 1950s
            under the brand names Deseril and Sansert. Because long-term use30 was linked to a litany of risky side effects, including hallucinations, vision problems, and, most serious, scarring of kidney,
            heart, and other tissues, methysergide was ultimately discontinued31 in many countries, including the United States.
         

         
         By June 2019, the FDA had approved the drug company Eli Lilly’s CGRP inhibitor—which binds to CGRP itself to prevent uptake—for
            the prevention of cluster headache too. Mere months later, after weeks of imperfectly managing excruciating headache pain
            with lousy drugs and haggling with insurance carriers, I stood in my kitchen—then in Western Massachusetts—hiked down my trousers,
            and administered three separate injections of the CGRP inhibitor, as prescribed, into my right butt cheek. Alongside a slight
            burning sensation, I felt a rush of hope and a measure of gratitude that some two hundred years after Erasmus Darwin dreamed
            of spinning people like me on a millstone, things were finally getting a bit more sophisticated.
         

         
         Can I say that the CGRP therapy worked for me that first go around? I think so. My attacks abated shortly after—though it’s
            characteristic of cluster headache to go into periods of remission anyway. In 2020, my wife and I relocated to Montana, and
            during the 2021 bout that had me tripping on mushrooms and desperately pedaling up a mountainside, the injections seemed to
            have no effect—perhaps, I reasoned at the time, because I’d taken them too late in the cycle. In 2023, however, I’m quite
            sure I stopped an oncoming period of clusters before it ever got off the ground by relying on aging CGRP syringes that I have
            kept in my refrigerator long past their expiry date. Indisputably applying brakes on a bout has never happened for me in thirty
            years of battling these attacks, and given early tussles with a new doctor in nearby Missoula, who didn’t want to prescribe
            the expensive remedy, I have hoarded the syringes whenever I can. Headache people hoard meds.
         

         
         Three years after32 the CGRP inhibitors hit pharmacy shelves, the most coveted prize in neuroscience, the $1.5 million Brain Prize, went to four
            scientists33 who, often working independently of one another, helped to usher in this new class of CGRP medications. The innovation has helped to nudge a more nuanced understanding of migraines and clusters as true neurobiological disorders—by-products of a still uncertain signaling malfunction in the brain and/or surrounding anatomy. “I’m humbled34 by the emails that we get from patients whose lives have been changed by these medicines,” one of those researchers, Peter
            Goadsby, told The Guardian at the time.
         

         
         All of this said, these are not miracle cures. While there’s every indication so far that the new treatments are safe, the
            long-term side-effects of repeated, prolonged CGRP inhibition are still unknown. More pointedly, some patients have begun
            to note that, as with so many other drugs that have come before, the effectiveness of the CGRP cocktails can wane over time
            as patients’ bodies and brains adapt and realize some spirited will to pain. And even while the CGRP blockers continue to
            prove effective for large numbers of people, for others they have simply been another in a long line of pharmaceutical heartbreaks.
            Perhaps these disorders are so complex, so multifactorial, and so idiosyncratic that no perfect remedy will ever be found.
            Perhaps advanced genomic studies will help doctors better identify which patients will respond to which medications so that
            therapies can be more tailored to our individuated anatomies. Or maybe there is some more fundamental, more universally effective
            molecular target still hiding in the darkness of our skulls.
         

         
         This was what Pellesi and his fellow researchers in Denmark were after. This was not an imaging study, but one designed to
            see if a certain cellular mechanism, triggered by the infusion of a chemical known to activate that mechanism, was somehow
            intrinsic to the formation of a headache. So, with the cannula in place and an infusion pump attached, Pellesi administered
            into my bloodstream a carefully measured dose of . . . well, something. By trial design, I could not know what at the time.
            Even Pellesi was blinded. But the study hinged on a chemical compound called levcromakalim.
         

         
         As the active isomer of the chemical cromakalim, levcromakalim—pronounced lev-kro-MACK-uh-lim—was originally studied for a variety of ailments, including the treatment of gastric ulcers and preventing cardiomyopathy. Development of the drug35 was eventually abandoned in the United States, however, because monkeys developed heart lesions under prolonged use—though
            it has more recently been resurrected for use as an investigational drug in the study of head-pain pathogenesis.
         

         
         I lay down for the trial on two separate days, one week apart. On the first day, I would receive an infusion of either levcromakalim
            or a saline solution—the precise cocktail selected at random elsewhere in the facility and delivered to Pellesi without labeling.
            On the second day, I would receive whatever I had not on the first day.
         

         
         This investigation, which was focused specifically on patients with cluster headache, followed an earlier experiment36 that, while exceedingly small in sample size, had delivered some interesting results. For that study, published in the journal
            Brain in 2019, researchers at the Danish Headache Center, working under the direction of Danish-Azerbaijani neurologist and neuroscientist
            Messoud Ashina, had recruited sixteen patients aged eighteen to forty-nine who suffered between one and five migraine attacks
            a month. The subjects were randomly allocated either 0.05 milligrams of levcromakalim or a placebo on two separate days, between
            late May and late November of 2017. The goal, again, was to see whether levcromakalim might
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