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The times have been


That, when the brains were out, the man would die


And there an end; but now they rise again.


WILLIAM SHAKESPEARE, Macbeth

















Rebus–n., a puzzle that involves piecing together pictures, letters, and sounds to form a hidden word or phrase. For example,
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N.B.: I’ve included a rebus at the start of each chapter, to highlight that chapter’s theme and content. If you succeed in decoding all thirteen, drop me a message at http://samkean.com/contact-me, and brag a little. :) Or, if you get stuck, go ahead and e-mail me anyway, and I can give you a hint…



















PART I



GROSS ANATOMY


 


 


 


 


 
























Introduction
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I can’t fall asleep on my back—or rather, I don’t dare to. In that position I often slip into a fugue state where my mind wakes up from a dream, but my body remains immobile. In this limbo I can still sense things around me: sunlight trickling through the curtains, passersby on the street below, the blanket tented on my upturned feet. But when I tell my body to yawn and stretch and get on with the day, nothing happens. I’ll recite the command again—Move, you—and the message echoes back, unheeded. I fight, I struggle, I strain to twiddle a toe or flex a nostril, and it does no good. It’s what being reincarnated as a statue would feel like. It’s the opposite of sleepwalking—it’s sleep paralysis.


The worst part is the panic. Being awake, my mind expects my lungs to take full, hearty breaths—to feel my throat expanding and my sternum rising a good six inches. But my body—still asleep, physiologically—takes mere sips of air. I feel I’m suffocating, bit by bit, and panic begins to smolder in my chest. Even now, just writing this, I can feel my throat constrict.


As bad as that sounds, some sleep paralytics have it worse. My episodes don’t last that long: by concentrating all my energy, Zen-master-like, on twitching my right pinky, I can usually break the trance within a few minutes. Some people’s episodes drag on for hours, full nights of torture: one Korean War vet reported feeling more terror during a single episode of sleep paralysis than during his entire thirteen months of combat. Other people nod off narcoleptically and slip into this state during the day. One poor woman in England has been declared dead three times and once woke up in a morgue. Still other people have out-of-body experiences and feel their spirits careening around the room. The unluckiest ones perceive an evil “presence”—a witch, demon, or incubus—pressing down on their necks, smothering them. (The very “mare” in nightmare refers to a witch who delights in squatting on people’s chests.) Nowadays people sometimes weave this feeling of paralysis into alien abduction stories; presumably they’re strapped down for probing.


Sleep paralysis doesn’t actually open a portal into the supernatural, of course. And despite what I may have thought when young, sleep paralysis doesn’t offer proof of dualism, either: the mind cannot appear outside the body, independent of it. To the contrary, sleep paralysis is a natural by-product of how our brains work. In particular, it’s the by-product of faulty communication among the three major parts of the human brain.


The base of the brain, including the brainstem, controls breathing, heart rate, sleeping patterns, and other basic bodily functions; the brainstem also works closely with the nearby cerebellum, a wrinkly bulb on the brain’s derriere that helps coordinate movement. Together, the brainstem and cerebellum are sometimes called the reptile brain, since they function approximately like the brain of your average iguana.
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The second part, the so-called mammal brain, sits deep inside the skull, just north of the brainstem. The mammal brain relays sensory input around; it also contains the limbic system, which helps capture memories, regulate emotion, and distinguish between pleasant and rotten experiences. Unlike the instinct-driven reptile brain, the mammal brain can learn new things quite easily. To be sure, some neuroscientists deride the mammal/reptile division as too simplistic, but it’s still a useful way to think about the brain’s lower regions.
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Both of these nether regions control automatic processes, things we don’t think about, or want to. This autopilot frees up the outermost part of the brain, the primate brain, for advanced duties, especially in humans. We can further divide the wrinkly primate brain into four lobes: the frontal lobes (near the front of the brain), which initiate movement and help us plan, make decisions, and set goals; the occipital lobes (back of the brain), which process vision; the parietal lobes (atop the brain, the pate), which combine vision, hearing, touch, and other sensations into a “multimedia” worldview; and the temporal lobes (side of the brain, behind the temples), which help produce language, recognize objects, and link sensations with emotions.
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The reptile, mammal, and primate brains constantly exchange messages, usually via chemicals, and their various internal structures work together almost seamlessly. Almost.


Deep inside the reptile brain sits the pons, a hump in the brainstem an inch long. When we fall asleep, the pons initiates dreaming by sending signals through the mammal brain to the primate brain, where dreams stir to life. During dreams, the pons also dispatches a message to the spinal cord beneath it, which produces chemicals to make your muscles flaccid. This temporary paralysis prevents you from acting out nightmares by fleeing the bedroom or taking swings at werewolves.


While mostly protective, this immobility sometimes backfires. Sleeping on your back can collapse the airways in your throat and deprive the lungs of oxygen. This isn’t a huge deal during nonparalyzed, nondream sleep: the parts of the brain that monitor oxygen levels will rouse your body a little, halfway to waking, and you’ll snort, shift your head, or roll over. To get oxygen during dream sleep, though, the brain has to order the pons to stop paralyzing your muscles. And for whatever reason—a chemical imbalance, a frayed neural wire—the pons doesn’t always obey. So while the brain succeeds in rousing the mind a little, it can’t turn off the spigot for the paralysis chemicals, and the muscles remain limp.


Things go south from there. If this limbo persists, the mind wakes up fully and, sensing something amiss, trips a circuit that includes the amygdala, a structure in the mammal brain that amplifies fear. A fight-or-flight response wells up—which exacerbates the problem, since you can’t do either. This is when the panic starts. And again, some people have it much worse. At least with me, the actual dream I’m having stops as soon as my mind wakes up. Not so in some people: they never quite escape the dream state. They’re semialert to their surroundings, they’re paralyzed, and their brains keep conjuring up dream nonsense. Because the human mind is quite good at making spurious connections, they then link the characters in these hallucinations to their paralysis, as if one caused the other. It’s no wonder some people believe in demons and aliens: they actually see and feel them.


So, yeah, there’s a reason I don’t sleep on my back anymore. But even though I dreaded the experience, sleep paralysis did teach me something valuable about the brain: that everything is interconnected. Starting with nothing but chemicals way down deep in the reptile parts, I could nevertheless—if I followed the tumbling dominoes far enough and patiently worked my way up from chemicals to cells to circuits to lobes—gain insight into the most rarified realm of the human mind, a belief in the supernatural. One little brain malfunction could be parlayed into so much more.


In fact, the more I read about neuroscience and the interplay of different neural structures, the more I realized that this huge yield wasn’t unusual. Tiny flaws in the brain had strange but telling consequences all the time. Sometimes these flaws wipe out general systems like language or memory. Other times, something very specific dies. Destroy one small node of neurons, and people lose the ability to recognize fruits and vegetables but not other food. Destroy another node and they lose the ability to read—even though they can still write. Still other malfunctions tack a phantom third arm onto someone’s torso, or convince her that the very hand on the end of her arm belongs to someone else. Overall, these flaws reveal how the brain evolved and how it’s put together, and I realized that you could write a whole natural history of the brain from just such cases…
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Until the past few decades, neuroscientists had one way to plumb the human brain: wait for disaster to strike people and, if the victims pulled through, see how their minds worked differently afterward. These poor men and women endured strokes, seizures, saber gashes, botched surgeries, and accidents so horrific—like having a four-foot iron javelin driven through the skull—that their survivals seemed little short of miracles. To say these people “survived,” though, doesn’t quite capture the truth. Their bodies survived, but their minds didn’t quite; their minds were warped into something new. Some people lost all fear of death; others started lying incessantly; a few became pedophiles. But however startling, in one way these transformations proved predictable, since people with the same deficit tended to have damage in the same area of the brain—offering vital clues about what those areas did. There are a thousand and one such stories in neuroscience, and The Tale of the Dueling Neurosurgeons recounts the best of them, resurrecting the lives of the kings, cannibals, dwarfs, and explorers whose struggles made modern neuroscience possible.


Many of these people’s lives are inherently dramatic, because their ailments felled them within days, even minutes. And as far as possible, rather than just recite the details of doctors’ visits or provide a litany of one damn brain-scan study after another, this book enters into the minds of victims, to give you a sense of what it’s like actually living with crippling amnesia or the conviction that all your loved ones have been replaced by imposters. While some of the stories have familiar characters (it’s probably illegal to write about neuroscience nowadays without mentioning H.M. or Phineas Gage), many characters will be new. Even with some of the standbys, like Gage, much of what you “know” is probably wrong. Not all the stories are tragic, either. Some are plain enchanting, like those about people whose senses fuse together in trippy ways, so that odors make noises and textures produce flashes of color. Some are uplifting, like tales of blind people who learn to “see” their surroundings through batlike echoes. Even the stories about accidents are, in many cases, stories of triumph, stories about the brain’s resiliency and ability to rewire itself. And these tales remain relevant to neuroscience today: despite the (often overhyped) advances of fMRI and other brain-scanning technologies, injuries remain the best way to infer certain things about the brain.


In general, each chapter here recounts one narrative tale; that’s how the human brain remembers information best, in story form. But beneath these ripping yarns there are deeper threads, threads that run through all the chapters and bind them together. One thread concerns scale. The early chapters explore small physical structures like cells; think of these sections like individual red and green and yellow fibers to feed into a loom. With each successive chapter we’ll cover larger and larger territories, until we can see the full Persian carpet of the brain. Another thread concerns neural complexity. Every chapter adds a little more ornament to the rug, and the motifs and themes of the early chapters get repeated later on, allowing you to see the brain’s intricate, interlocking patterns more clearly the closer you look, with each passing page.


The book’s first section, “Gross Anatomy,” familiarizes you with the brain and skull, providing a map for future sections. It also shows the genesis of modern neuroscience from one of the most important cases in medical history.


“Cells, Senses, Circuits” delves into the microscopic phenomena that ultimately underlie our thoughts, things like neurotransmitters and electrical pulses.


“Body and Brain” builds upon those smaller structures to show how the brain controls the body and directs its movement. This section also shows how bodily signals like emotions bend back and influence the brain.


“Beliefs and Delusions” bridges the physical and mental, showing how certain defects can (à la sleep paralysis) give rise to tenacious, and pernicious, delusions.


Finally, all these sections build toward the last section, “Consciousness,” which explores memory and language and other higher powers. This includes our sense of self—the “inner you” we all carry around in our heads.


By book’s end you’ll have a good sense of how all the different parts of your brain work, and especially how they work together. Indeed, the most important theme in this book is that you can’t study any part of the brain in isolation, no more than you can hack the Bayeux Tapestry up and still grasp its intricacies. You’ll also be prepared to think critically about other neuroscience you read about and to understand future advances.


Above all, I wrote The Tale of the Dueling Neurosurgeons to answer a question, a question that has clawed at me ever since those first scary episodes of sleep paralysis: where does the brain stop and the mind start? Scientists have by no means answered this question. How a conscious mind emerges from a physical brain is still the central paradox of neuroscience. But we have some amazing leads now, thanks largely to those unwitting pioneers—those people who, usually through no fault of their own, suffered freak accidents or illnesses and essentially sacrificed a normal life for the greater good. In many cases what drew me to these stories was the very commonness of their heroes, the fact that these breakthroughs sprang not from the singular brain of a Broca or Darwin or Newton, but from the brains of everyday people—people like you, like me, like the thousands of strangers we pass on the street each week. Their stories expand our notions of what the brain is capable of, and show that when one part of the mind shuts down, something new and unpredictable and sometimes even beautiful roars to life.















CHAPTER ONE
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The Dueling Neurosurgeons




One of the landmark cases in medical history involved King Henri II of France, whose suffering foreshadowed almost every important theme in the next four centuries of neuroscience. His case also provides a convenient introduction to the brain’s layout and general makeup.
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The world would have looked stunningly, alarmingly bright to the king of France, then suddenly dark. During the charge, little light penetrated the cocoon of his helmet. Darkness was safety. But when the visor was wrenched open, the sunlight punched his eyes, a slap as sharp as a hostage would feel the moment the bag was torn off his head. In his last split second of normal life, Henri’s eyes might have registered a glimpse of the scene in front of him—the glint of sand kicked up by his horse’s hooves; the throbbing white ribbons wrapped around his lance; the glare off the armor of his charging opponent. As soon as he was clobbered, everything dimmed. Just a handful of doctors in the world in 1559 could have foreseen the damage already diffusing through his skull. But even these men had never worked on a case so important. And over the next eleven days, until King Henri was past danger, most of the great themes of the next four centuries of neuroscience would play themselves out in the microcosm of his brain.


The unlikely king, unlikely queen, and unlikely royal mistress were celebrating a supposed end to violence that day. Queen Catherine looked like royalty itself in a gown of silk interwoven with gold fibers, but she’d actually grown up an orphan. As a fourteen-year-old in 1533, she’d watched helplessly as her family, the Medici of Florence, negotiated her marriage to an unpromising prince of France. She’d then endured a decade of barrenness with Henri before saving her life by squeezing out two heirs. And throughout it all, she’d had to endure the rivalry of her cousin Diane. Diane de Poitiers had been married to a man forty years her senior until just before Catherine’s arrival in Paris. When he died, Diane donned black and white (French mourning colors) in perpetuity, a show of piety. Yet this thirty-five-year-old beauty lost no time in turning cougar on the fifteen-year-old Prince Henri, first enslaving him with sex, then parlaying this hold over him into real political power, much to the queen’s disgust.


Le Roi, Henri II, had never been groomed for the throne; he’d become heir apparent only when his handsomer and more charming older brother died after a game of tennis. Henri furthermore had a tough early reign. Paranoid about Protestant spies, he’d started chopping off the tongues of “Lutheran scum” and burning them at the stake, making himself hated throughout France. He’d also prolonged a series of stupefyingly complex wars with Spain over Italian territories, bankrupting the realm. By the late 1550s Henri owed forty-three million livres to creditors—over twice his yearly income—with some loans at 16 percent interest.


So in 1559 Henri abruptly brought peace to France. He signed a treaty with Spain, and although many (including Catherine) fumed over Henri’s giving away Italy, he stopped the ruinous military campaigns. Two important clauses in the treaty established alliances through marriages—an immediate wedding for Henri and Catherine’s fourteen-year-old daughter to the king of Spain, and a second for Henri’s spinster sister to an Italian duke. To celebrate the marriages, Henri organized a five-day jousting tournament. He had to borrow two million livres more, but workmen spent May and June ripping up cobblestones and packing down sand near Henri’s palace in Paris to make a jousting list. (Protestants awaiting punishment in nearby dungeons could hear the clamor in their cells.) A few weeks before the tournament, carpenters erected some rickety timber galleries for royal guests and draped them with standards and banners. On the day of, peasants climbed onto rooftops to point and holler.


On the third day of festivities, a Friday, June 30, Henri himself decided to joust. Despite the heat he wore fifty pounds of gold-plated armor adorned with Diane’s colors, mostly black-and-white swirls. Whatever his faults, Henri looked regal upon a horse, and he entered the list on a handsome, chestnut-colored steed. During his first run he unmanned (which is to say, unhorsed) his future brother-in-law with a blow from his lance; a short while later he unmanned a local duke, knocking him onto his arse as well. When young, Henri had had a reputation as a brooding sort, but he was in high spirits that day, and arranged for a third and final joust against a powerful young Scotsman, Gabriel Montgomery.


The king and Montgomery put perhaps a hundred yards between them, and when a trumpet sounded, they took off. They clashed—and Henri got his bell rung. Montgomery bludgeoned him just below the neck, and Henri lost a stirrup and nearly careened off his horse.


Embarrassed, the king wheeled around and announced that “we” would tilt with Montgomery again—a bad idea for any number of reasons. It violated the laws of chivalry, as he’d already jousted the maximum three times. It also spooked his court. Catherine had dreamed the night before of Henri lying facedown in blood, and two of her astrologers had already prophesied the king’s doom. (One of them, Nostradamus, had written a quatrain four years earlier that read, “The young lion overcomes the old / on the field of war in single combat. / He pierces his eyes in a cage of gold. / Two wounds one, then dies a cruel death.”) Unnerved, Catherine sent a messenger to warn Henri off.


Finally, Henri had been suffering from vertigo and headaches recently, and his attendants found him shaken after his latest joust. Cruelly, though, a blow to the head can cloud someone’s judgment when he needs it most, and like a linebacker or boxer of today, Henri insisted on jousting again. Montgomery demurred, and the crowd watched in embarrassment as Henri berated him and challenged him—on his allegiance, before God—to tilt again. At 5 p.m. they lined up. Some eyewitnesses later claimed that an attendant fastened the king’s visor improperly. Others said that Henri wiped his brow and, in his fog, forgot to refasten the visor. Still others insisted that he cocked it up, in spite. Regardless, this time Henri didn’t wait for the trumpet before charging.


During a joust, a low timber fence separated the combatants, and they charged each other left shoulder to left shoulder, shield hand to shield hand. They held their fourteen-foot wooden lances in their right arms and had to angle them across their bodies to strike. A proper blow therefore not only jolted but twisted the opponent, and the force often broke the lance. Sure enough, the king’s lance shattered when it met Montgomery, and Montgomery’s lance exploded into splinters when it struck the king just below the neck. Both men jerked, and the courtiers in hose and doublets, the women adorned with ostrich feathers, the peasants hanging on the eaves, all of them whooped at the teeth-rattling blow.


The action, though, was not over. Given the commotion, no one quite knows what happened next. Perhaps Montgomery’s broken shaft buckled upward like an uppercut, or perhaps a splinter of wood leapt up like shrapnel. But somewhere in the melee, something knocked open the king’s gold-plated visor.


Now, many contemporaries blamed Montgomery for what happened next, because the moment his lance splintered he should have flung it aside. But the brain can react only so quickly to stimulus—a few tenths of a second at best—and a brain fogged from jousting would have responded more slowly still. Besides, Montgomery had an awful momentum, and even as the crowd’s roar lingered, his horse took another gallop. An instant later the jagged lance butt in his hand struck the king dead between his eyebrows. It raked across his naked face, wrenching his skull sideways and digging into his right eye. He pierces his eyes in a cage of gold.


But Nostradamus spoke of two wounds, and a second, deeper wound, to Henri’s brain, proved worse. Compared to those of most mammals, the four lobes of the human brain are grotesquely swollen. And while our skulls provide some good protection, the very hardness of the cranial bones also poses a threat, especially since the skull is surprisingly jagged on the inside, full of edges and ridges. What’s more, the brain actually floats semifreely inside the skull; it’s attached to the body really only at the bottom, near the stalk of the brainstem. We do have cerebrospinal fluid between the skull and brain to buoy and cushion it, but the fluid can absorb only so much energy. During impact, then, the brain can actually slide counter to the skull’s motion and slam into its bones at high speed.


As the butt of Montgomery’s lance struck home, Henri would have felt both a blow and a twist, like a mean hook to the jaw. The blow likely sent a small shock wave through his brain, a ripple of trauma. The rotational force was likely even worse, since torque stresses the brain unequally at different points, tearing at its soft seams and opening up thousands of microhemorrhages. Henri, an expert equestrian, nevertheless kept his saddle after the impact: the muscle-memory circuits in his brain kept him balanced and kept his thighs squeezing the horse. But on a deeper level, the twist and the blow tore open millions of neurons, allowing neurotransmitters to leak out and flood the brain. This would have caused untold numbers of other neurons to fire in panic, a surge of electrical activity reminiscent of a mini-seizure. Although few men of science believed in such things, at least one doctor in Paris knew that Henri had suffered a mammoth concussion.


After the clash Montgomery yanked his horse’s reins and whirled to see what he’d done. Henri had slumped down onto the neck of his Turkish steed, a horse forevermore known as Malheureux, unlucky. But however unlucky, Malheureux was disciplined, and when it felt its reins slacken upon Henri’s collapse, it kept galloping. The now-unconscious king bobbed on his horse’s back as if keeping time, his visor clanging down on the shards of wood protruding from his eye.
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The two greatest doctors in Europe would soon converge on the king, but before they could do so, courtiers and sycophants of all stripes poured out of the stands toward Henri, each one craning for a glimpse and calculating whether his fortunes would rise or fall if Le Roi died. To most observers the entire French monarchy now looked as rickety as the timber grandstands. The dauphin (the heir apparent) was a frail, milquetoast boy of fifteen; he fainted at the mere sight of Henri’s injury. The shaky truce between Catherine and Diane depended entirely on Henri’s living, as did the false peace between other political factions. The two royal weddings, not to mention the peace of Europe, threatened to unravel as well.


Eased down from his horse, Henri lay stunned. Montgomery pushed to the front of the crowd to beg, somewhat incongruously, that the king both forgive him and also cut off his head and hands. Upon surfacing to consciousness, the king instead absolved him, without beheading or behanding. Henri drifted in and out after that, and finally insisted on rising and walking (albeit with support) up the palace steps to his bedroom. His physicians set about removing a four-inch splinter from his eye, but had to leave many smaller ones in place.


Among those doctors attending the king was Ambroise Paré. A thin, prim man, Paré served as royal surgeon—a job less prestigious than it sounds. The son of a cabinetmaker, Paré hailed from a village in north France, where he’d trained as a “barber-surgeon.” In short, barber-surgeons cut things, which differentiated them from proper physicians. He might start his day at 6 a.m. shaving beards and trimming periwigs, then amputate a gangrenous leg after lunch. In the early 1200s, the Catholic church had declared that no proper Christians, including physicians, could shed blood; physicians therefore looked down upon surgeons as butchers. Early in his career Paré had stood below even most surgeons because he spoke no Latin. Nor could he afford his licensure fee, so he became a battlefield surgeon at twenty-six, joining the army as a ragtag follower with no rank or regular salary. Injured soldiers paid what they could, be it casks of wine, horses, a half crown, or (sometimes) diamonds.
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Dueling neurosurgeon Ambroise Paré. (National Library of Medicine)


Paré took to soldiering like a house afire, hobnobbing with generals by day and getting drunk with lower-ranked officers at night. Over the next thirty years he worked in seventeen campaigns across Europe. But he made his first important discovery while a tyro. Most doctors in the early 1500s considered gunpowder poisonous, and cauterized any bullet wound, however slight, by dousing it with boiling elderberry oil. To his mortification, Paré ran out of elderberry oil one night after a battle. Begging their forgiveness, he patched up his patients’ wounds with a paste of egg yolk, rose water, and turpentine instead. He expected every one of these “untreated” soldiers to die, but they were fine the next morning. In fact they were thriving compared to those treated with boiling oil, who writhed in pain. Paré realized he’d effectively run an experiment, with astounding results, since his trial group had fared much better than his controls.


That morning changed Paré’s entire outlook on medicine. He refused to use boiling oil ever again, and set about perfecting his egg/turpentine paste instead. (Over the years the recipe changed somewhat, and eventually included earthworms and dead puppies.) On a deeper level, that morning taught Paré to experiment and to observe results for himself, no matter what ancient authorities said. It was a symbolic conversion, really: by abandoning boiling oil—with all its medieval overtones—Paré effectively abandoned a medieval mentality that accepted medical advice on faith.


As is evident from his case reports, Paré lived in an era of near-cartoonish violence: one day might find him treating a twelve-year-old girl mauled by the king’s pet lion; the next might find him literally standing on a duke’s face, to get enough leverage to yank a broken spearhead out. But Paré handled it all with aplomb, and his willingness to experiment made him an innovative surgeon. He developed a new drill-and-saw contraption to “trepan” the skull—that is, open a hole in the bones and relieve pressure on the brain, whether from inflammation or fluid buildup. He also developed tests to distinguish—in particularly gory head wounds—between fat, which was harmless to scrape away, and oozing bits of fatty brain tissue, which weren’t. (In short, fat floats on water, brain sinks; fat liquefies in a frying pan, brain shrivels.) When describing a patient’s recovery, Paré usually pooh-poohed his own role: “I treated him, God healed him,” he famously said. But his many near resurrections earned Paré quite a reputation, and Henri eventually appointed him “surgeon to the king.”


Despite his expertise with head wounds, Paré still stood below the king’s physicians in the medical hierarchy, and he deferred to them in the busy hours after the jousting disaster. The physicians force-fed Henri a potion of rhubarb and charred Egyptian mummy (a treatment Paré rolled his eyes at in private), and they opened the king’s veins to bleed him, even as he bled spontaneously from his colon. The English ambassador noted the king had a “very evil rest” that first night, but most of the attending doctors remained optimistic that he’d suffered little damage beyond his right eye. And in fact, when the king surfaced into consciousness the next morning, he seemed to have his wits about him.


But Henri soon had to face the fact that Catherine had effectively seized control of France. He asked after Montgomery, and frowned to learn that the Scotsman, not trusting Catherine, had already fled. Henri called out for his mistress, but Catherine had stationed soldiers at the palace door to bar Diane’s entrance. Perhaps most startlingly, Henri learned that Catherine had ordered the decapitation of four criminals—then bade Henri’s doctors to experiment on their heads with Montgomery’s broken lance stump, to devise a strategy for treatment.


Meanwhile, a messenger on horseback was sprinting northeast through forest and field to Brussels, bound for the court of Philip II, the king of Spain. (Confusingly, Spanish kings lived in northern Europe, in conquered territory.) Although the recent peace treaty had secured Philip’s marriage to Henri’s daughter, Philip hadn’t deigned to attend his own wedding in Paris, explaining that “kings of Spain do not run after brides.” (Philip sent a proxy, a duke, to stand in at the ceremony instead. To legally “consummate” the marriage, the duke approached the princess’s bedchamber that night, removed his boot and hose, and slipped his foot beneath the bedcovers to caress the girl’s naked thigh. There was much ribald speculation in Paris about whether this satisfied her.*) Despite his haughtiness toward Henri’s family, Philip wanted Henri to live, and soon after the messenger arrived, Philip roused his best physician, the one man in Europe whose expertise with the brain rivaled Paré’s.


As a teenager in Flanders, Andreas Vesalius had dissected moles, mice, cats, dogs, and whatever other animals he could snare. But animal dismemberment couldn’t quite sate him, and before long he began pursuing his real passion, human dissection. He began robbing graves at midnight, sometimes fighting wild dogs over scraps. He also let himself get locked outside the city walls at night to rob skeletons from the gallows, clambering up thirty-foot gibbets to cut down swaying pickpockets and murderers, counting himself lucky if crows hadn’t refashioned their anatomies too much already. He smuggled the cadavers back into the city beneath his garments, then stored them in his bedroom for weeks, to linger over their dissections like a cannibal gourmand over a meal. He delighted in clutching every organ, too, even crushing them between his fingers to see what oozed out. However creepy, his obsession revolutionized science.
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Dueling neurosurgeon Andreas Vesalius. (National Library of Medicine)


Vesalius eventually enrolled in medical school, and like everyone else in the previous thirteen centuries, his medical training basically consisted of memorizing the works of Galen, a physician born in AD 129. Human dissection was taboo back then, but luckily for him, Galen served as a doctor for Roman gladiators, which was just about the best training possible for an anatomist: gladiator wounds could get pretty gnarly, and he probably saw more human innards than anyone alive then. He soon founded a school of anatomy, and his work was so innovative and all-encompassing that he stunted the field, since his small-minded followers couldn’t evolve past him. By the Renaissance, the birth pangs of a new science of anatomy had begun, but most “anatomists” still cut into the body as little as possible. Anatomy lectures were similarly a joke: they mostly consisted of an expert sitting on a throne and reciting Galen aloud while, beneath him, a lowly barber hacked open animals and held their greasy entrails up. Anatomy was theory, not practice.


Vesalius—a swarthy man with a virile black beard—adored Galen, but after immersing himself in human flesh, he began to notice discrepancies between the gospel of Galen and the evidence on the dissecting table. At first Vesalius refused to believe his own eyes, and told himself that he must have cut into some anomalous bodies. He even entertained the theory that the human body had changed since Galen’s time, possibly because men now wore tight trousers instead of togas. Eventually, though, Vesalius admitted he was grasping, and that, however unthinkable it seemed, Galen had erred. Around 1540 he compiled a list of two hundred howlers, and determined from them that Galen had supplemented his gladiatorial work by dissecting sheep, apes, oxen, and goats, and then extrapolated to humans. This bestiary left human beings with extra lobes on the liver, a two-chambered heart, and fleshy “horns” on the uterus, among other mutations. Galen’s shortcomings became glaringly obvious when Vesalius probed the brain. Galen had dissected mostly cow brains, cow brains being large and abundant in the butcher stalls of Rome. Unfortunately for Galen, humans have vastly more complex brains than cows, and for thirteen hundred years, physicians were left trying to explain how the brain worked based on a faulty notion of how it was put together.


Vesalius vowed to reform the science of anatomy. He began calling out, even exposing, prominent “anatomists” who never bothered dissecting bodies themselves. (About one, Vesalius sneered that he’d never seen the man with knife in hand, except when carving mutton at dinner.) More important, Vesalius reached a wider audience by composing one of the cherished works of Western civilization, De Humani Corporis Fabrica (On the Fabric of the Human Body).
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Drawings from Andreas Vesalius’s On the Fabric of the Human Body, one of the most beautiful scientific books ever published. (National Library of Medicine)


Beyond the few crude diagrams in other books, this was the first anatomy text to include realistic drawings of the human form. And what drawings these were. Vesalius sought out the best local artist to illustrate his magnum opus, and since he was working in Padua then, this happened to be Titian, whose school of artists soon brought Vesalius’s vision of the human form to life. Unlike in modern textbooks, the bodies in Fabrica don’t lie flat and lifeless on a table. They rise and strut and pose like classical statues. Some do a veritable striptease with their flesh, peeling back layer after layer to reveal their inner organs and organic essence. In darker scenes, bodies sway from ropes or clasp their hands together in agonized prayer. One skeleton digs his own grave; another contemplates a skull, alas-poor-Yorick-like. Titian’s apprentices labored over even the backgrounds of the pictures, planting the cavorting cadavers in the lovely, rolling landscapes near Padua. As in that era’s painting and sculpture, the realism was unsurpassed, making Fabrica one of the greatest marriages of art and science* ever produced. Pictures in the book’s seventh and crowning volume, on the brain and related structures, distinguished scores of important details for the first time. Other anatomists had passed their eyes over the brain, but in a literal sense Vesalius, like a great artist, was the first person to really see it.


Ever obsessive, Vesalius agonized over every detail of Fabrica, including what paper and font to use, and he crossed the Alps from Italy to Switzerland to oversee its printing. For the first bound copy, he found another artist to hand-paint the drawings and, after cladding the book in purple silk velvet, carried it farther north and presented it to the Holy Roman Emperor, Charles V. It was June 1543, and in a remarkable coincidence, Nicolaus Copernicus had published On the Revolutions of the Heavenly Spheres a week before. But whereas On the Revolutions, written by a seventy-year-old astronomer, demoted human beings from the center of the cosmos, Fabrica, written by a twenty-eight-year-old anatomist, elevated us, celebrating us as architectural marvels. This near-pagan glorification of the body didn’t please everyone, not even some anatomists, who vilified Vesalius and demanded that he retract every criticism of Galen. (Vesalius’s former mentor smeared him as Vesanus, Latin for “madman,” with a pithy anatomical pun attached to its posterior.) Being ignorant of medical matters, Charles V adored Fabrica and promoted Vesalius to court physician.


By 1559, though, Charles had died, and Vesalius found himself serving in the court of Charles’s son, the cold and remote Philip. He spent most days treating nobles for gout and VD and bowel obstructions, with little time for original work. So when word of Henri’s disastrous joust arrived, Vesalius jumped, dashing down to Paris on a relay of mail carriages, covering two hundred miles in forty-eight hours.


He soon met Paré, and modern neuroscientists sometimes bite their knuckles at the thought of this encounter—two titans, meeting at last! They’d actually almost met before, in 1544, near Saint-Dizier, when the army Vesalius was serving with laid siege to Paré’s army. This time around, any “combat” would be mano a mano, and these two proud and ambitious men likely circled each other, sizing the other up. But they had little time to waste in posturing.


If contemporary sketches are accurate, the king’s bedchamber had deteriorated into a zoo. Dogs ran about, apothecaries chopped up herbs and mummy bits at the foot of the bed, and courtiers circled like vultures, interrupting Henri’s rest. Henri lay on a four-poster bed with sumptuous blankets and a nude bust perched above the headboard. Case notes report that his face had swelled grotesquely, and his neck had stiffened like old French bread. His left eye could still see, but the lance had blinded the right and exposed the bone around the socket; the pus-stained bandage there surely clashed with the silk pillows. Given modern knowledge of brain trauma, we can surmise that Henri had a metallic taste in his mouth. Worst of all he could no doubt feel some dim black thundercloud, a massive headache, throbbing in the back of his skull. In his lucid moments, Henri gamely conducted state business, dispatching letters, arranging for his sister’s marriage to proceed, even condemning some Lutheran scum. But as his brain swelled and the headache spread, he grew confused, and his vision came and went. He slept fitfully, and asked repeatedly for soothing music, which was never denied him, and for Diane, who was.


Miraculously, Paré and Vesalius found no fractures on Henri’s skull, not even a hairline crack. (Since ancient times, doctors had a few ways of searching for cracks. They might dab ink on the top of the head and watch whether it seeped through, or they might thwack the skull with a stick and listen, since cracked and intact skulls sound different, much like cracked and intact bells do.) Many court physicians rejoiced at this news and proclaimed that Henri would therefore live: like most doctors then, they believed that the brain could not suffer any serious damage in the absence of a skull fracture, much like an egg yolk can’t be damaged without the shell being cracked. (Some jurisdictions didn’t even recognize a blow to the head as murder unless it broke the skull.) And admittedly, skull fractures did look bloody awful, much more sickening than nonfractures, so the reasoning made some sense.


Vesalius and Paré reasoned differently. Upon meeting the king, Vesalius produced a white cloth and asked Henri to bite down on it. Rather irreverently, he then ripped it from the royal mandible. Henri’s body convulsed, his hands shot to his head, he howled in pain. You can imagine the sound of a dozen swords being unsheathed at this affront, but the stunt convinced Vesalius that Henri would die. The author of Fabrica knew better than anyone how delicate the brain is—you can scoop it with a spoon, like ripe avocado—and long experience told him that people with pain so intense usually didn’t survive.


For his part Paré drew on battlefield experience. Not infrequently a soldier beaned by a shell or cannonball would betray no external symptoms—he might not even bleed. But his mind would wax and wane, and his brain would soon shut down. To probe this mystery, Paré would perform a quick autopsy. Autopsies were rare and usually illegal back then, but such laws were relaxed on the battlefield. And when Paré did his furtive autopsies, he often found swollen and bruised and sometimes even dead tissue inside these brains—signs of a controversial new diagnosis called a concussion. Paré had also seen cases where the head took a blow on one side but the brain damage was concentrated on the opposite side—a so-called contrecoup injury. These were in fact often the deadliest injuries. So in a prediction to outdo even Nostradamus, Paré suggested that Henri’s brain had suffered a mortal contrecoup concussion, with damage localized in the back. Each man drew on different expertise in judging the king a goner, but they both disregarded the ancient imperative about gory head injuries necessarily being the worst. Instead of focusing on fractures and blood loss, they focused on the brain alone.


As for actual treatments, they discussed trepanning the king’s skull to remove any excess fluids and “corrupted” blood, but the risks outweighed the benefits, and they gave the idea up. In the meantime they examined the heads of the decapitated criminals. History doesn’t record the exact methodology here—whether someone fixed each head inside a vise to provide a stable target, or perhaps strung the noggins up like piñatas to swing at—but Montgomery’s lance stump got quite a workout battering their mugs. It was a macabre mix of medieval brutality and modern experimental savvy, and Paré and Vesalius eagerly examined the targets for clues. Alas, the heads offered little inspiration for treatment.


The two men could have learned a lot more by simply observing the king, whose suffering foreshadowed many great discoveries over the next four centuries of neuroscience. Henri continued to drift in and out of coherence, limning the borders of the unconscious. He suffered from seizures and temporary paralysis, two then-mysterious afflictions. Strangely, the paralysis or seizures would derange only half of his body at any one time, a clear hint (in retrospect) that the brain controls the body’s halves independently. Henri’s vision also went in and out, a clue that the back of the brain (where Paré expected to find the contrecoup damage) controls our sense of sight. Worst of all, Henri’s headache kept widening, which told Paré that his brain was swelling and that blood vessels inside the skull had ruptured. As we know today, inflammation and fluid pressure can crush brain cells, destroying the switches and circuits that run the body and mind. This explains why brain injuries can be lethal even if the skull suffers no fracture. Skull fractures can in fact save people’s lives, by giving the swollen brain or pools of blood room to expand into. The history of neuroscience has proved the brain amazingly resilient, but one thing it cannot stand is pressure, and the secondary effects of trauma, like swelling, often prove more deadly than the initial blow.


King Henri II of France finally succumbed to an intracranial hemorrhage at 1 p.m. on July 10. Queen Catherine ordered every church to say six requiem masses daily and ordered all church bells—which had been bleating for the king—silenced. Amidst this sudden, sinister quiet, Vesalius and Paré began their famous autopsy.


To cut open a king—to even suggest such a thing—was bold. In that era, anatomists might open someone up for one of two reasons, a public lecture or an autopsy. Both activities had a stink of the disreputable about them. By the mid-1500s a few cities, especially in Italy, had relaxed the old prohibition on dissections for teaching purposes, but only barely: authorities might allow one per year (usually in winter, to prevent spoilage), and then only of criminals, since an official sentence of “death and dissection” would wring a little more posthumous punishment out of the rogue. Most kingdoms limited autopsies to suspected cases of poisoning, infanticide, or other heinous acts. And in some cases an “autopsy” did not require actually cutting open the body. Why Catherine gave in to Paré and Vesalius and permitted a full, invasive autopsy of Henri isn’t clear, since everyone knew who had killed him and how, but history remains grateful she did.


Vesalius had laid out the proper steps for opening the skull in Fabrica. This usually involved lopping the head off to make examining the brain easier, but out of deference to the king, he merely elevated the chin in this case, by placing a wooden block beneath the royal nape. Someone grabbed a fistful of the king’s graying hair to steady the skull, while someone else (presumably Vesalius, the expert dissector) began sawing an inch above the eyebrows. After circling the head and removing the skull vault, he encountered the thin membranes (the meninges) surrounding the brain. In Fabrica Vesalius suggested that students nick the meninges with their thumbnails and unwrap them. He then encouraged students to plunge their fingers in and squeeze and fondle every fold: dissection was as much a tactile as a visual pleasure for him. But with Henri, Vesalius restrained himself once again—probably in part because Henri’s brain didn’t look all that appetizing. The front and sides looked normal, but in the rear—antipodal to the blow*—Vesalius and Paré found pools of blackened fluids beneath the meninges, like blisters about to burst. The brain itself had also yellowed and putrefied back there, a puslike mass that measured one thumb’s width across by two thumbs’ widths high. Equally important, they found that the wooden shards from Montgomery’s lance had never penetrated the brain.


It’s not always clear what Vesalius and Paré understood, in modern terms, of how brain damage kills. In their reports they often lapsed into talk of imbalanced humors and “animal spirits” escaping Henri’s body. They knew nothing of neurons or localization. And the shards from Montgomery’s lance probably led to an infection that weakened Henri and hastened his death—a complication they couldn’t have grasped. But the duo understood well enough that the “commotion” and “corruption” in the back of Henri’s brain, along with the resultant pooling of blood, had ultimately killed him. Trauma to the brain alone, they determined, could be deadly, even without a skull fracture. And in proving this, they vastly outdid the mutterings of that old phony, Nostradamus. Nostradamus had bloviated about lions and cages of gold. Vesalius and Paré had predicted what sort of damage they’d find inside Henri’s brain and exactly where they’d find it—and find it they did. They proved science the superior clairvoyant.
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The fallout from Henri’s death poisoned most everything he loved. After him, French kings were forbidden from jousting, for their own protection. Diane de Poitiers had to surrender the jewels and estates and place at court she’d earned as Henri’s mistress. The new French king, the frail François II, died just seventeen months later, after contracting an earache while hunting. The next king in line, Charles IX, was ten years old, so Catherine assumed power as regent—putting an Italian, a Medici, in charge of France.


Henri’s death had actually crushed Catherine: despite his shabby treatment of her, she loved him. (She even swapped her original royal symbol, a rainbow, for a broken lance.) But her policies over the next few years betrayed his hopes for peace and precipitated decades of civil war between Catholic Royalists and Protestants. These wars reached their nadir with the St. Bartholomew’s Day Massacre in August 1572, which Catherine likely engineered. Although intended as a surgical strike against key Protestant leaders, the killing fed on itself, and mobs spread across the countryside, butchering thousands; historians call it less a day of massacre than a season. One Protestant targeted was none other than Gabriel Montgomery, who, while in exile after manslaughtering Henri, had renounced Catholicism. After the St. Bart’s massacre Montgomery fled to England, but he returned the next year to battle the royalists, capturing Normandy and threatening to conquer all of northern France. A lengthy pursuit ended with royalist troops capturing him in 1574, and Catherine had the pleasure of seeing the man she still blamed for her husband’s death quartered and then beheaded.


As for the scientists, Paré had treated François II on his deathbed in 1560. The boy’s earache had led to a buildup of fluid on the brain, but once again Paré declined to trepan a king of France. No one quite knows why he refused, and nasty rumors have always circulated that Paré (à la Hamlet) slipped poison into the young king’s ear, probably at Catherine’s request, so she could reign as regent. But there’s another reason Paré did not perform emergency neurosurgery. The risks involved with trepanning were high, and he knew he would likely incur the blame for any mishap. That was doubly true since Paré had converted to Protestantism by this time, and therefore—far from being someone that Catherine would entrust with a murder—actually held a precarious position in Her Majesty’s government. Indeed, Paré barely survived the St. Bartholomew’s Day Massacre a dozen years later.


Nevertheless, during the intervals of peace in Paris, Paré thrived. He wrote a handbook for military surgeons and an anatomy textbook that plagiarized Vesalius. (Paré didn’t see this as a big deal, calling his appropriation “as harmless as the lighting of one candle from the flame of another.”) He also campaigned against mummies and unicorn horns and other bogus cures. Most important, Henri’s autopsy inspired Paré to write a book about head wounds. It called attention to the danger of contrecoup injuries and pooling fluids, and it continued the vital work of pairing specific brain injuries with specific symptoms—the modus operandi of neuroscience for the next four centuries. The world’s finest surgeon spent his twilight in Paris, having served four kings, and he died in his bed in one of his five houses.


Vesalius met a nastier end. Within a month of Henri’s autopsy, King Philip quit cold Brussels for sunny Spain. Vesalius followed, and soon wished he hadn’t. There are two competing stories about what finally drove Vesalius from Spain. The less likely story says that Vesalius got a little too anxious to start the autopsy of a noblewoman one night—and found her heart still beating when he cut her open. Her family supposedly called in the Inquisition, and Vesalius saved his neck only by agreeing to make a pilgrimage to Jerusalem.


The second story, while probably more truthful, is even stranger. The Spanish heir apparent, Don Carlos, called the Infante, was a weak and febrile boy. No one had much sympathy for him, however, since he was also a psychopath. Born with teeth, he delighted in gnashing his nursemaids’ nipples until they bled and became infected, and he spent much of his childhood roasting animals alive. By his teenage years he’d moved on to deflowering young girls. One night in 1562 the Infante tore down the stairs to snatch a maiden he’d spied, but karma tripped him. He somersaulted and smashed his noggin at the bottom of the staircase, lying there bleeding for some time. Spanish doctors failed to cure the prince, so Philip sent Vesalius. Vesalius found a tiny but deep red wound at the base of the prince’s skull, and he suggested trepanation to alleviate pressure. The Spanish doctors, spiteful at a foreigner’s interference, refused. Instead, they allowed the local townsfolk to dig up the desiccated, century-old corpse of Friar Diego, a cook at a local monastery and a reputed miracle-worker. The townsfolk then entered the Infante’s bedchamber to slip Diego beneath the boy’s sheets—and the boy, who was more or less out of his wits by then, snuggled up to and began dreaming of visits from the friar. A few days later he’d improved little, and Vesalius finally prevailed upon the other doctors to puncture the skull near the eye socket and drain some pus. The Infante recovered within a week after this, but the doctors and townsfolk universally credited Diego, who was later canonized for Vesalius’s miracle.


The whole farce disgusted Vesalius and convinced him to quit Spain. So he arranged a holy pilgrimage to escape. He first visited Padua, where he’d produced Fabrica, and arranged to get his old job as professor back. Nevertheless, perhaps feeling guilty about using a pilgrimage as a ruse, Vesalius continued to the Holy Land, landing at Jaffa in the summer of 1564. He visited Jerusalem and the plains of Jericho, and sailed back satisfied, but he never reached Padua. He’d booked passage on a cut-rate tourist ship with inadequate supplies, and when storms ravaged the vessel on the return voyage, passengers began expiring from a lack of victuals and fresh water. Like something out of Géricault’s The Raft of the Medusa, corpses were being heaved overboard, and for once in his life the sight of dead bodies spooked Andreas Vesalius. He went half mad, and scrambled ashore as soon as the ship staggered to Zakynthos, an island in what’s now western Greece. According to different accounts, he either died at the gates of Zante, a port city, or crawled to a filthy inn where the locals, wary of the plague, let him die alone. Either way, it was an anticlimactic death. There was no autopsy to determine what had killed him.


In the end, about the only person, place, or thing to gain from Henri’s death was the incipient field of neuroscience. On a basic level, Henri’s autopsy confirmed beyond a doubt that contrecoup injuries existed, and that the brain could suffer trauma even if the skull remained undamaged. It’s a lesson, sadly, we’re still relearning today. Rope-a-dope boxers and quarterbacks and hockey enforcers continue to shake off concussions on the theory of no blood, no harm. But each concussion effectively softens up the brain and ups the chances of more concussions. After multiple blows, neurons start to die and spongy holes open up; people’s personalities then disintegrate, leaving them depressed, diminished, suicidal. Four centuries have passed, but macho modern athletes* might as well trade pads for armor and go joust with Henri.


On a deeper level, Henri’s death helped inaugurate a new approach to neuroscience. You can’t call Vesalius and Paré modern: each revered Galen along with Hippocrates and the rest of the Greek medical chorus. But each of them also evolved past the ancients, by emphasizing experiments and observation. Vesalius bequeathed a new map of the brain, Paré new diagnoses and surgical techniques; and while Henri’s was not the first autopsy, in terms of prestige—prestige of both the patient and the practitioners—it was the summa of early medical science. The treatment of royals often defined what became standard care for everyone else, and after Henri’s death, autopsies started to spread throughout Europe. This expansion made it easier to correlate specific brain damage with altered behavior, and with every new autopsy, neuroscientists learned to pinpoint people’s symptoms more precisely.


Soon scientists even moved beyond the brain’s gross anatomy, into a realm that Paré and Vesalius never dreamed of, the microscopic. Like physicists drilling down into the fundamental particles of the universe, neuroscientists began to drill down, down, down into the fundamental matter of the brain, parsing it into tissues and cells and axons and synapses before finally arriving at the brain’s basic currency, its neurotransmitters.





















PART II


CELLS, SENSES, CIRCUITS


 


 


 


 


 
























CHAPTER TWO
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The Assassin’s Soup


Now that we’ve gotten an overview of the brain, we’ll investigate it piece by piece in upcoming chapters, starting with its smallest bits—the neurotransmitters that relay signals between cells.
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God’s ways are not man’s ways, God’s reasons not man’s reasons, so when God told Charles Guiteau to shoot the president, Charles Guiteau agreed. And if doing so simultaneously saved his beloved Republican Party, so much the better.


God and Guiteau (pronounced Git-OH) went way back. During Guiteau’s childhood, his mother used to shave her head and lock herself into her bedroom to chant Bible passages. His father obsessed over the millenarian sermons of one John Noyes, and after failing a college entrance exam, Charles himself joined Noyes’s sex-crazed utopian cult in Oneida, New York. Guiteau whiled away the Civil War there, but even the polyamorous, free-lovin’ ladies at Oneida froze him out, repelled by his bulging eyes, lopsided smile, and monomania. They mocked him as “Charles Get-out.”


After he got out, in 1865, he began evangelizing—first founding a newspaper, The Daily Theocrat, which flopped, then trying his hand at preaching, charming crowds with talks like “Why Two-Thirds of the Human Race Are Going Down to Perdition.” He also self-published a book, The Truth, about Christ’s second coming. Much of the book was mad—he called Stanley and Livingstone signs of the apocalypse—and what wasn’t mad he plagiarized from Noyes. Along the way Guiteau passed the bar exam (depending on the year, it contained three or four questions; he needed to get only two right), but lost his first case after frightening the jury with a fist-shaking, spit-flecked rant. He started a debt-collection service but mostly pocketed his clients’ cash, and after running out of boardinghouses to get blacklisted at, he moved to Chicago to mooch off his sister, Frances, and her husband, a lawyer named George Scoville. That cozy arrangement ended when he swung an axe at Frances. He drifted back to New York, where he married a YMCA librarian whom he punched and kicked and locked into closets for sassing back. She divorced him, but only after nursing him back to health after he caught syphilis from a hooker. The disease eventually infected his brain.


Naturally, Guiteau thought himself fit for politics. A stalwart Republican, he wrote a clichéd stump speech in 1880 supporting Ulysses S. Grant’s bid for a third term as president. When James Garfield got the Republican nomination instead, Guiteau simply swapped in Garfield’s name. He then begged Garfield’s campaign crew in New York—including Chester Arthur, nominee for vice president—for chances to deliver it. The party finally sent him to a rally for black laborers. Struck with stage fright, Guiteau muttered a few paragraphs and quit. He nonetheless convinced himself that he’d delivered New York for Garfield. So after Garfield won the election, Guiteau spent some of his last dollars on a train to Washington, D.C., to claim a job in the new administration.


Him and about a million others. This was the peak of the spoils system, which transformed the first months of any presidency into a job fair. Despite not speaking a foreign language or ever having traveled abroad, Guiteau decided to seek a post in Europe. After waiting in line for hours, he finally met Garfield and handed him the speech that “clinched” New York, with “Paris consulship” scrawled across the top. By this point Guiteau was down to his last shirt; he wore rubber rain covers for shoes and owned no socks. But he smiled his best zigzag smile at Garfield and withdrew, letting the president puzzle over what the hell had just happened.


In those days common citizens could visit the White House unannounced, and in late March, Guiteau began nagging Garfield’s secretaries and even Cabinet members for news about his Paris post. The secretary of state finally screamed at Guiteau to shut up already, and when Guiteau got caught nicking White House stationery, he was banned. Guiteau nevertheless—the man was a true, true optimist—kept scanning the newspapers for word of his appointment.


It never came. And other notices in the papers disturbed him even more. Garfield—despite previous success as a college president, Civil War officer, and congressman from Ohio—soon found his administration floundering. A few broken promises had caused a rift among Republicans, and both Republican senators from New York resigned in a snit. With every damning headline, Guiteau’s buggy eyes bulged even more: the GOP was disintegrating. Someone had to save it.


Kill Garfield. God first whispered this to Guiteau in May of 1881. Although stunned that, as he put it, “Jesus Christ & Co.” had selected him for the deed, the more Guiteau pondered it, the more logical it seemed. Kill Garfield. Yes, with Garfield gone, his New York chum Chester Arthur would assume power and calm the Republican waters. Arthur would then of course pardon Guiteau once Guiteau explained about God’s instructions. Heck, he might see Paris yet.


Guiteau borrowed ten dollars and bought a “British Bulldog” revolver at a gun shop one block from the White House—paying extra for an ivory handle, since it would look handsomer in a museum someday. Guiteau had never fired a handgun, so he marched to the Potomac Tidal Basin for practice. The gun’s recoil almost somersaulted him into the mud, and he hit his target just once—blowing a hole in a sapling. Ever confident, though, he began stalking the president that very week. He also began revising The Truth, sure to become a bestseller soon.


Guiteau decided to assassinate Garfield in church, and tailed him there one Sunday to do some recon. Despite the need to be inconspicuous, a revved-up Guiteau stood up at one point and shouted at the preacher, “What think ye of Christ?” (In his diary, Garfield recalled “a dull young man, with a loud voice.”) Guiteau changed his mind later that week, and decided to shoot Garfield at the train station instead. But he backed down, all mushy, when he saw Mrs. Garfield walking arm in arm with her man.


Weeks later Guiteau called off a third assassination attempt because the weather got too hot, then a fourth because he didn’t want to interrupt an important-looking conversation between Garfield and the secretary of state. At last the newspapers announced that Garfield would leave D.C. for the summer on July 2, and Guiteau steeled himself to act. On the big day he arose at 4 a.m., took some practice shots by the Potomac, got his boots polished, and rode a cab to the train depot, where he unwrapped his gun in the bathroom and waited.


Garfield woke up buoyant that morning, eager to abandon the stinking swamp of Washington and all its partisan spats and grubby job-seekers. He burst into the bedroom of his young boys, Abram and Irvin, and clowned around like a teenager—doing handstands, singing Gilbert and Sullivan, vaulting over the bed to prove the old man still had it. He arrived at the depot around 9:20 a.m., and walked with an advisor toward his train.


Kill Garfield. Slinking out, Guiteau closed to within two yards. The first shot grazed Garfield’s arm, stunning him. Guiteau fired again and plugged Garfield in the lower back. This second shot brought pandemonium on the platform—screams, hollers, chaos. Guiteau speed-walked away, but a policeman nabbed him at the depot exit.


Meanwhile Garfield’s legs crumpled and he sank down, a circle of red blooming on his back. Two doctors arrived moments later—as did Garfield’s advisors, including Robert Todd Lincoln, who sixteen years before had seen his father borne out of Ford’s Theatre. “Mr. President, are you badly hurt?” one doctor asked. According to one account, Garfield breathed, “I’m a dead man.”


So began the national James Garfield deathwatch. With the recent expansion of telegraph lines across the world, Garfield’s suffering became practically a live event, and Garfield’s physician, one Dr. Doctor Bliss (sic the first name, and last), took full advantage of the new medium. Newspapers coast to coast reprinted his daily bulletins, and many cities plastered updates onto huge billboards in their public squares.


Unfortunately, Dr. Doctor provided more bliss with his public relations than with his medical care. Garfield suffered from three main problems over the next few months: isolation, hunger, and pain. Isolation, because Bliss confined him to a bed and forbade even family members from seeing him at first. Hunger, because Bliss, fearing an intestinal infection, began feeding the president rectally, with a slurry of beef broth, egg yolks, milk, whiskey, and opium. (The empty-bellied president spent many an hour that summer fantasizing about hearty recipes from his frontier boyhood such as squirrel soup.) Pain, because Guiteau’s second shot had lodged itself inside Garfield’s torso: he described the discomfort as a “tiger claw” raking his legs and genitals. Bliss tried excavating the bullet, but no matter how many times he worked his fingers into the wound and rooted around in Garfield’s groin, the slug eluded him. Other doctors tried their hands, too, and Bliss even recruited Alexander Graham Bell to rig up a crude metal detector of batteries and wire. No trace. A few doctors begged Bliss to check near Garfield’s spinal cord instead, since the collapse of the president’s legs at the depot and the subsequent shooting pain both sounded like neurological trouble. Bliss blew them off and kept digging. Meanwhile, he kept releasing what one historian called “fraudulently optimistic” bulletins about Garfield’s progress and sure recovery. Other doctors leaked more negative assessments, causing a rift within the president’s medical team.


Bliss eventually granted Garfield’s wish to escape D.C., and they relocated to the president’s cabin in coastal New Jersey. Ironworkers laid 3,200 extra feet of track right to the cabin door, then pushed Garfield’s railroad car the last quarter mile when it got stuck on a hill. The change of scenery and seaside air buoyed the president at first, but he soon faded, as he still couldn’t eat. Overall, Garfield lost eighty pounds in eighty wretched days, and when Bliss’s fingers finally infected Garfield’s wound, turning it into a slimy pocket of pus, Garfield had no fight left. He died on September 19, 1881. The autopsy found the bullet nestled near his spine.


The public, both North and South, howled in anguish. Garfield had been the American ideal, a genuine rag-to-riches president, and the mourning for him—not to mention the loathing for Guiteau—united the country for probably the first time since before the Civil War. In fact, Guiteau almost didn’t make it to trial later that year, as two Jack Ruby wannabes tried to exact revenge. One (Guiteau’s jailer) missed from five feet, and one put a bullet through his coat but missed everything vital.


Guiteau finally stood trial in November, with George Scoville, his poor brother-in-law, handling the defense. Overwhelmed—he normally handled land deeds—Scoville submitted an insanity plea. Guiteau scoffed, thinking himself perfectly sane—would God have chosen him otherwise? But he unwittingly made Scoville’s case for him by repeatedly interrupting the trial: at various points, in his whiny, scratchy voice, he chanted epic verse, sang “John Brown’s Body,” called the jurors jackasses, and announced his own candidacy for president in 1884. He ranted, too, that the murder charge was unfair: he’d merely shot Garfield; doctors had killed him. (Here, he was probably right.) Nor were Guiteau’s antics limited to courtroom hours. Newspapers caught him selling autographed glamour shots from his cell—nine dollars per dozen.


Amazingly, the insanity defense went nowhere, even after Guiteau compared himself to Napoleon, St. Paul, Martin Luther, and Cicero. The public’s appetite for revenge had grown too keen, and the prosecution whetted it further by passing around Garfield’s shattered vertebrae. Besides, psychiatrist after psychiatrist testified that Guiteau understood right and wrong, and was therefore sane. Of 140 witnesses, in fact, only one man maintained, unshakably, without qualification, that Guiteau had lost his mind.


Though just twenty-nine, Edward Charles Spitzka had already earned renown in certain circles as a brain pathologist. Guiteau’s case made Spitzka famous, period, in part because he testified despite receiving death threats from citizens angry that he might get Guiteau off. Besides all the psychological signs of insanity, like the god delusion, Spitzka pointed out signs of neurological trouble in Guiteau as well. In particular, Guiteau’s lopsided smile, lazy left eye, and lolling tongue implied that he couldn’t control both sides of his face equally well. In all, Spitzka would later call Guiteau the most “consistent record of insane manner, insane behavior, and insane language… in the history of forensic psychology.”


The jury disagreed and found Guiteau guilty in January 1882. Remanded to his cell, Guiteau waited months for a pardon from Arthur. When it didn’t come, he shrugged, eager to taste the fruits of paradise. On the scaffold, near the Anacostia River, he even recited a poem he’d written for the occasion: “I’m Going to the Lordy.” (The city denied his request for orchestral accompaniment.) As the hangman hooded him, blotting out his crooked smile for the last time, Guiteau let the verses waft from his hands. A moment later he fell earthward himself.


The autopsy took place ninety minutes later, at 2:30 p.m. Overall Guiteau’s body looked sound, aside from the rope burns on his neck; Guiteau had even (like most hanging victims) gotten an erection and ejaculated before dying. The bigger question was whether Guiteau’s brain looked sound. Most scientists at the time believed that insanity, true insanity, always betrayed itself by clear brain damage—lesions, hemorrhages, putrid tissue, something. Inside Guiteau’s skull, though, nothing seemed amiss at first. His brain weighed fifty ounces on a grocer’s scale, a tad more than average, and beyond some small anomalies (extra creases here and there, a slightly flattened right hemisphere) his brain looked normal, chillingly normal.
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Assassin Charles Guiteau (left) and his brain (right). The caption on the jar reads: “What is left of the brain if [sic] Guiteau.” (National Library of Medicine)


Since the days of Vesalius and Paré, though, autopsies had become much more of a microscopic art. And under a microscope, Guiteau’s brain looked awful. The outer rind on the surface, the “gray matter” that controls higher thinking, had thinned to almost nothing in spots. Neurons had perished in droves, leaving tiny holes, as if someone had carbonated the tissue. Yellow-brown gunk, a remnant of dying blood vessels, was smeared everywhere as well. Overall the pathologists found “decided chronic disease… pervad[ing] all portions of the brain.” As Spitzka had testified, Guiteau was surely insane.


Still, because the stigmata of insanity—the physical signs of brain damage—appeared only on the microscopic level, most neuroscientists continued to dispute the evidence, because most neuroscientists at the time didn’t appreciate the importance of microanatomy. Only over the next two decades, in fact, would neuroscientists take the first real steps toward explaining how brain cells work. This understanding would emerge just in time for the next assassination of a U.S. president and the next national dispute over criminal insanity.
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By the later 1800s most biologists believed in “cell theory”—the idea that living creatures are composed entirely of tiny, squishy bricks called cells. Neuroscientists weren’t so sure. Discrete cells might exist in the rest of the body, yes. But under the microscope, neurons seemed to have no breaks or gaps between them; instead, they seemed fused together into one large, lacy net. Moreover, neuroscientists believed that—unlike other, more autonomous cells—neurons acted in unison as well, pulsing and thinking as one. They called this big net of neurons the neural reticulum.


The undoing of the neural reticulum theory started with an accident one night in 1873. According to legend, Camillo Golgi was working by candlelight in the kitchen of an old Italian insane asylum when he elbowed over a beaker of silver solution onto some slices of owl brain. Merda. The silver solution was used to stain tissues, and Golgi assumed that his clumsiness had ruined his samples. Still, he examined them under his microscope a few weeks later—and found, to his delight, that the silver had stained the brain cells in a peculiar, and most useful, way. Few cells absorbed the silver overall; but those that had absorbed it stood out dramatically—black silhouettes on a sherbet-yellow background, with their finest fibers and tendrils suddenly visible. Fascinated, Golgi set about refining this staining technique, which he called la reazione nera, the black reaction.*


Scientists at the time already knew that the nervous system contained two main types of cells, neurons and glia. (Neurons process thoughts and sensations in the brain, and also make up the bodies of nerves. Glia, meaning “glue,” hold neurons in place and provide nutrients, among other jobs.) Golgi, however, became the first person to see these cells in anything like full detail. The rounded glia with their wispy tentacles astounded him, like black jellyfish frozen in amber. The neurons looked equally exotic, being composed of three distinct parts. Each neuron had a circular central body; an intricate bush of “dendrite” branches sprouting from the body; and a glorious “axon,” an arm that spooled out incredibly far from the body, twisting and turning for microscopic miles before erupting into its own tiny branches at the far tip. Golgi deduced that neurons must communicate via their axons, since the branches at the far tip were often entangled with other neurons. In fact, the axons were so closely entangled that Golgi could see no space between neurons, and he came out as a strong supporter of reticulum theory.


Other neuroscientists, including Santiago Ramón y Cajal, found la reazione nera every bit as enchanting as Golgi did. “[It] renders anatomical analysis both a joy and a pleasure,” Cajal gushed, and he compared the stains to “fine India ink drawings on transparent Japanese vellum.” That’s awfully specific, but Cajal would know: he’d aspired to be an artist while growing up in Spain. That dream ended at age ten, however, when a local landscape painter declared Cajal talentless, prompting the boy’s father to seize his brushes and easels and enroll him in a Jesuit school. Bored and angry, Cajal began lashing out, and at age eleven was jailed for building a cannon from an oil drum and blowing down a neighbor’s gate. Cajal’s father tolerated this, but when the boy’s grades started slipping, he yanked him from school and apprenticed him to a barber. Suddenly appreciative of his education, Cajal reenrolled in school and began studying various topics in medicine, including hypnosis. He settled on neuroscience, and Golgi’s reaction opened his eyes to the beauty of the field, allowing him to fuse neuroscience with art.


However much he adored Golgi’s artistry, though, Cajal disagreed with Golgi’s conclusions, especially about the brain’s gray matter. Anatomically, the brain contains two distinct substances, gray matter and white matter. Gray matter has a high percentage of neurons, and most gray matter resides on the brain’s surface, in a wrinkly rind called the cortex. (Or at least most gray matter resides near the surface: two-thirds of the cortex is actually invisible from the outside, being corrugated and folded up just beneath the surface. If unfolded and smoothed out, the cortex would be the rough size of a pillowcase, but would be only one-tenth of an inch thick.) After inspecting hundreds of stains with his microscope, Cajal saw that the gray matter didn’t look at all like what Golgi claimed, with all the neurons fused together. Cajal saw discrete neurons. Moreover, when Cajal strangled a few neurons as an experiment and let them wither, the decay always stopped at the border of the next neuron instead of killing it, too, as you’d expect if both were really fused together.


Cajal also rejected Golgi’s metaphor for the macro organization of brain cells: rather than a horizontally spread neural hairnet, Cajal saw neurons arranged into tiny vertical “columns” of around one hundred neurons each—little stacks that covered the surface of the brain like stubble. Axons from one column did sometimes reach horizontally into neighboring columns, Cajal admitted, but vertical organization* was the general rule.


Finally, while Golgi believed that neurons communicated exclusively via their axons, Cajal ruled otherwise. Near the eyes, for instance, Cajal saw dendrites turned toward the retina, poised to absorb information. And within long chains, neurons usually lined themselves up axon to dendrite, one after the other. Indeed, the axons of one neuron “fit” into the dendrites of the next neuron like a hundred-fingered hand sliding into a hundred-fingered glove. All this could mean only one thing: neurons might speak with axons, but they listened with dendrites. Both were essential for communication.


These findings led Cajal to propose the “neuron doctrine,” one of the most important discoveries ever in neuroscience. In brief, Cajal’s neurons were not continuous, but had tiny gaps between them. And they transmitted information in one direction only: from dendrite to cell body to axon. That is, no matter the signal (food! tiger! hubba-hubba!), it always entered a neuron through its dendrites; passed through the cell body for processing; and only then shunted down the axon. (I think of this progression, reverse-alphabetically, as d → cb → a.) When the signal reached the axon tip, the neuron then tickled the dendrites of the next neuron in line, and the process started over. Golgi might have seen the true shape of neurons first, but Cajal first determined how those silhouettes worked.
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Gorgeously intricate neurons drawn by Santiago Ramón y Cajal, a neuroscientist and sometime artist.
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Cajal himself.


Still, Cajal found the neuron doctrine a tough sell. He actually had to launch his own journal to propagate his ideas, and even this didn’t help, since few medical scientists bothered reading Spanish journals. So in 1889 he staked his career on traveling to a conference in Germany, the world’s greatest scientific center, even paying his own way when his university refused. Luckily for him, his gorgeous freehand drawings of neurons won him some converts. And over the next decade the neuron doctrine gained a foothold in scientific circles—albeit grudgingly. Many scientists still refused to believe Cajal, and by 1900, two armies of neuroscientists had drawn up lines, with Golgi’s “reticulists” and Cajal’s “neuronists” despising each other more and more each year.


History loves a good gag, though, so it was inevitable that Golgi and Cajal would share a Nobel Prize in 1906. Cajal groaned about this, lamenting the “cruel irony of fate, to pair, like Siamese twins united at the shoulders, scientific adversaries of such contrasting character.” In their acceptance speeches both men, especially Golgi, kept bashing each other’s “odious errors” and “deliberate omissions.” The Peace Prize this wasn’t.


Ultimately, the neuron doctrine triumphed because it explained so much more. Even the unraveling of Charles Guiteau’s mind began to make sense. Guiteau’s autopsy found extensive damage to his glia, which support and nourish neurons. Minus that support, neurons languished and died—especially in his gray matter, which was reduced to a combover in spots. And even where neurons had survived, they often had fewer axon and dendrite branches than normal, further reducing their ability to communicate and process thoughts. In retrospect, Guiteau’s brain offered ugly but definitive proof of how neurons work, or fail to.


Like all great discoveries, though, Cajal’s neuron doctrine opened up as many new questions as it answered. Most important: if neurons were separate, how exactly did a signal cross the gap between them? There seemed just two possibilities, electric currents or chemical pulses. Once again, each side in this battle had its partisans and stalwarts, with the “sparks” championing electricity and the “soups” championing a mélange of biochemicals. And once again, the dispute between them would bleed beyond the realm of neuroscience and color the debate over the sanity of an enigmatic assassin.
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Smile pump nudge. Smile pump nudge. Smile pump wink laugh smile pump nudge—on September 6, 1901, William McKinley was on. Throughout his five years as president, McKinley had adored mingling with crowds: flirting with housewives, tipping his hat to bankers, pinching the cheeks of beribboned girls. But to keep the lines of well-wishers from clotting, he’d developed the “McKinley handshake.” He’d smile broadly and intercept the person’s fingers above his palm, so he could disengage at will. He’d then cradle their elbows with his left hand and gently nudge them off balance, moving them aside and clearing room for the next mark. Smile pump nudge—fifty handshakes per minute. But while visiting Buffalo on September 6, a mustachioed foreigner outmaneuvered McKinley. He clasped the presidential palm and, even as one of McKinley’s guards lurched forward, held the shake suspiciously long.


The Pan-American Exposition in Buffalo had been wowing crowds for months, with bullfighting and mock Japanese villages and fountains fit for Versailles. The Trip to the Moon exhibit featured midgets dressed like aliens and serving green cheese, and the 389-foot Electric Tower—a spire illuminated with thousands of “electric candles” (i.e., lightbulbs)—shone so beautifully at night that people wept. McKinley’s four-day visit crowned the expo as the national event of the year, and McKinley responded by giving, on the afternoon of September 5, the finest speech of his presidency, about the boundless prosperity of the United States.


Amid the cheering crowd of fifty thousand, though, one man—a laborer with a slight build, a thin mustache, and little hope of sharing in that prosperity—seethed. Leon Czolgosz had started working full-time at age ten, in 1883, and by 1893 was making four dollars a day spinning wire near Cleveland. But his mill cut wages during the 1893 financial panic and fired him when he joined a strike. A committed Republican before this, Czolgosz (chol-gawsh—think z = h) declared himself a socialist. The burgeoning socialist movement had clashed repeatedly with factory owners that decade, and the conflict had split the country ideologically. The brutal conditions in factories appalled most people, but Americans felt equally scared of the unruly mobs marching in the streets, rioting and spouting off about revolution.


Czolgosz eventually got his job back under a false name. But his working career ended when he had a mysterious mental breakdown in 1898. He retreated to the family farm, where he loafed away most afternoons, occasionally doing mechanic jobs but mostly hunting rabbits and leafing through socialist tracts. He also became withdrawn, taking meals of raw milk and crackers alone in his room in the attic—possibly because he feared his stepmom, Catrina, wanted to poison him. (Shades of paranoia.) His one happy memory from these years came in July 1900, when he read in the newspaper that an Italian American silk weaver, Gaetano Bresci, had assassinated King Umberto I of Italy. Bresci’s bravery riveted Czolgosz, who clipped and kept the story.


In May 1901, Czolgosz heard the anarchist leader Emma Goldman speak in Cleveland. Goldman sometimes glorified assassinations, and as Czolgosz later told his jailers, when he heard Goldman, “My head nearly split… She set me on fire.” He converted from socialism to anarchism on the spot. He then tailed Goldman to Chicago, where he badgered local anarchist leaders, calling them “comrade” and asking in conspiratorial tones to attend their “secret meetings.” Overall, most anarchists found Czolgosz pathetic. Others considered him either ignorant (he didn’t seem to grasp the contradictions between socialism and anarchism, for one thing) or outright dangerous: the editor of an anarchist newspaper denounced him, in print, as a police narc.


To prove himself, and “to do something heroic for the cause,” as he said, Czolgosz took a room above a saloon in Buffalo on August 31, telling people he planned to sell souvenirs at the expo. The proprietor remembered liking Czolgosz, since he paid his two dollars rent up front and drank good whiskey, not the nickel-per-shot turpentine that most patrons did. Sometime that week Czolgosz bought the same make of revolver that Bresci had used to kill King Umberto, a $4.50 silver-plated “Saturday Night Special.” A good hunter, Czolgosz needed no target practice, but he did spend hours alone at night (shades of Travis Bickle) yanking the gun from his pocket and quick-wrapping it in a white handkerchief to conceal its glint.


Czolgosz met McKinley’s train when it arrived in Buffalo on September 3. Before he could shoot, though, a fusillade of cannons—there to welcome the president—fired instead. The concussion shattered windows on the train and put McKinley’s security detail on edge, so Czolgosz slunk off. For the next three days he stalked “the ruler” (his words) around the expo, shadowing him near the Pylon of Liberty and Streets of Mexico bullfighting ring and other exhibits. But Czolgosz never could get a clean shot.


On September 6, the president’s last day in Buffalo, McKinley toured Niagara Falls, which powered the electric dynamos that lit the expo. Reporters recorded a hairy moment that morning, when McKinley’s coach drew near a chalk line marking the international boundary with Canada. No sitting president had ever left the country before, and McKinley warned his coachman to give the line a wide berth. That crisis averted, McKinley enjoyed a buffet lunch at a hotel. He then said goodbye for the day to his wife, who was tired and flushed with heat. With only the menfolk left, they broke out the cigars and shot the bull. One local bigwig remarked that McKinley sure seemed to enjoy Buffalo. McKinley teased, “I don’t know if I’ll ever get away.”


By midafternoon McKinley had one event left, a ten-minute meet-and-greet at the rococo Temple of Music, a 22,000-square-foot terra-cotta dome with garish pastel trim. People had started lining up hours before, dabbing their faces with handkerchiefs in the eighty-two-degree heat. Near the front of the queue, to pass the time, a six-foot-four-inch black waiter named James Parker tried to chat up a freshly shaven young man. Leon Czolgosz snubbed him.


At 4 p.m. McKinley’s guards wrenched open the temple’s immense doors and channeled the crowd into an aisle of chairs draped with bunting. Off to one side an organist played Bach on one of the largest pipe organs in the country. Czolgosz could just make out McKinley at the head of the line: “the ruler” stood amid a jungle of potted trees, beneath two gigantic U.S. flags. Smile pump nudge, smile pump nudge. McKinley paused only once, to give away the lucky red carnation in his buttonhole to a young lass.


Around 4:07, one of McKinley’s guards noticed a swarthy, mustachioed Italian man who seemed a little too eager to meet the president. The guard considered intercepting him, but hesitated. At that moment the Italian grabbed McKinley’s palm and pulled the president close. The guard’s gut clenched, and he jumped forward. He broke up the tête-à-tête, then swiveled to watch the suspect depart.


Meanwhile, a man with his right hand bandaged in a handkerchief stepped forward. Czolgosz was so close that his first shot left powder burns on McKinley’s vest. The puny bullet struck a button, however, and caromed off McKinley’s sternum; doctors later found the bullet wrapped inside his clothes. The second shot struck home, tearing a hole in McKinley’s stomach and pancreas. The handkerchief, still wrapped around the gun, caught fire.


Czolgosz had wanted, like Bresci, to squeeze off five rounds, but big James Parker, the waiter behind him in line, clobbered Czolgosz’s fist, then smashed him in the face. Another guard swooped in, then ten more, and Czolgosz fell to the floor in a blur of boots and rifle butts.* A few feet away guards led McKinley to a chair, blood overflowing his waistband. After a few breaths McKinley noticed the scrum around Czolgosz and called out, “Go easy on him, boys.” (This probably saved Czolgosz’s life.) Moments later McKinley’s entourage of advisors converged on him—including Robert Todd Lincoln, that Hope Diamond of nineteenth-century Republican presidents.
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“Entertaining....Kean proves an able guide, connecting each story with the science behind it,
always with an air of enthusiastic curiosity.” -BOSTON GLOBE
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