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To Monica, Lula, and August, for whom my heart beats



















I counsel you not to cumber yourself with words unless you are speaking to the blind.… How in words can you describe this heart without filling a whole book?


—LEONARDO DA VINCI

















THE HUMAN HEART



Today, one in three adults in the world will die of a disease of the cardiovascular system: a stroke, a heart attack, or another disorder of the heart, blood, arteries, or veins. In children, the most common congenital diseases are those of the heart. In the coming years as the Western world ages and the rest of the world begins to better escape (one can only hope) pathogens and parasites, diseases of the heart will be even more common. Our hearts are our weakness. They are also our strength. This is their story.















Introduction



Heart diseases are so common that it was almost inevitable that someone I knew well would suffer from a problem heart while I was writing this book. I just didn’t think it would be my mother. On January 4, 2013, my mother, who lives in Wasilla, Alaska, went to her doctor. Her doctor took her blood pressure, ran an electrocardiogram, and then took immediate action. My mother’s heartbeat was irregular (arrhythmia) and her heart rate was extraordinarily high (tachycardia)—184, the sort of heart rate more often associated with a small bird than a human. Her blood pressure was up too. There was no telling how long she had lived with these conditions. Months? Years? Immediately, my mother was put on a cocktail of drugs to lower her heart rate and blood pressure and to sort out the wriggling arrhythmia. Both of the problems from which my mother was suffering at this point in the story are common. Arrhythmia affects as many as one out of three adults over sixty, tachycardia fewer, but still hundreds of thousands. This very commonness was, to a son many miles away, reassuring.


What was not reassuring was that the cocktail of drugs that were given to my mother did not seem to fix her problems, at least initially. Slowly, her heart rate began to come down. This seemed like progress, but her arrhythmia did not go away; it seemed to get worse. Inside her body, her heart flopped and then flopped again.


On January 15, my mother was scheduled for a more extreme intervention. Doctors were going to shock her heart. They would stop it in the way that lightning can, electrically. The hope was that, when her heart’s rhythm resumed, it would be normal. Such a procedure is the medical equivalent of kicking the TV when it flickers in the hopes that whatever is loose will reconnect itself. It works about half the time.


My mother was terrified. The doctors seemed to have been told by someone to avoid using the word shock in describing the treatment. My mother asked, “So you will shock me?” The doctors replied, “No, no, it is not a shock. Do not worry.” No one, however, told the technician about the party line, and so, in the moments before the procedure, he asked my mother, “Are they going to shock you? They shock people all day every day in here.” Lightning is lightning, whatever you call it. They shocked my mother’s heart. It stopped, restarted, and then resumed the fumbling beat it had had before the procedure, still arrhythmic.


My mother went home, her heart slowed but still skipping beats, sending blood irregularly through her body. She was worn out. Maybe she had been worn out for a while and had not realized it. She slept for twelve, and then more, hours a day. It could have been, it seemed, the effect of not getting enough blood through the body. It could have been other things. It was, it would turn out, other things.


On February 5, after about a month of feeling terrible (and probably a number of months before that of feeling poorly but not knowing why), my mother went to the doctor again. When she did, they took her blood pressure. They measured her heart rate. They ran an electrocardiogram, an EKG. Once again, the doctors, this time a different set, were alarmed. My mother was admitted to the ICU.


My mother had, unwittingly, been given too much of one of her drugs by her first heart doctor. The first doctor had prescribed a version of digitalis. Digitalis lowers heart rate, but its effects are highly dependent on its dosage. Too little, and it has no effect; a hair too much, and it can prove dangerous, deadly even. My mother had been given too much. The first symptom was yellowed vision (everything seen as if through amber-colored glasses). The second, although she didn’t know it was a symptom, was sleepiness, an intense sleepiness that made her sleep at first ten and then twelve and then ultimately sixteen or so hours a day. The third symptom was a lack of appetite; my mother, it turned out, was not eating much at all and had been losing weight quickly. Then there were cognitive problems that reached their peak on the day my father took her back to the doctor. She could barely form words and even when she could, she could not seem to put them in the right order. Digitalis, a drug that should have made her better, had become her poison.


In the ICU, doctors put my mother on four IVs. They watched her constantly. They did test after test. Nothing seemed to make her better. It took a while for them to realize that all of her symptoms, apart from the heart-rate problems, were due to the digitalis, and even some of the heart-rate problems seemed to be related to the digitalis. Whereas her heart had once beaten too fast, it now beat too slowly, far too slowly, akin to the rate of an elephant: thump, da, thump, da. And the original arrhythmia was still there, but now worse.


Before the symptoms of poisoning emerged, the doctors planned to treat my mother’s arrhythmia by ablation, a procedure in which the part of the heart responsible for the abnormal rhythm is destroyed. The hope is that this destruction of heart tissue will stop extraneous signals from causing the heart to misfire. Ablation is primitive medicine. It works, but we don’t understand it well. In this, it is like shocking the heart.


But the primitiveness of the ablation would not matter to my mother for the simple reason that, after the digitalis poisoning, the condition of her arrhythmia was viewed as too extreme—too tenuous, too erratic—to be fixed by a burn to the heart. She would, the doctors agreed, need a pacemaker if she got better. Suddenly, the doctors were talking about if she got better.


She did get better, slowly. As the digitalis was washed out of her system, my mother’s odds of getting a pacemaker went up and up. Her magnesium levels were getting closer and closer to normal (though they would stay high only if she continued to be on a drip). Her potassium went up too. Slowly. And maybe, it seemed, maybe her cognitive impairment was diminishing. Though maybe not. By February 10, five days after she entered the ICU, my mother was deemed well enough for a pacemaker.


Unfortunately, the cardiologists at her small hospital were not equipped to implant a pacemaker. She would have to move. But there weren’t any beds at the nearest large hospital, in Anchorage, where pacemakers were regularly implanted. She waited, we waited, for hours, then days. I contemplated flying to Alaska to drive her to… well, there was nowhere else.


After several days, thanks to a change in someone else’s story—an improvement, a death; who can say?—a bed opened up. She was driven to Anchorage. Once she was settled in, the doctors operated. Though it was hardly an operation. A small slit was made in the skin beneath her collarbone, and through it a catheter was inserted into her left subclavian vein. The catheter was threaded through the vein and into the right side of her heart, where it was followed by another piggybacking catheter, this one carrying an electrode that would be implanted directly on her heart, an electrode to which the pacemaker would send signals telling it to beat, beat, beat. Here, in the pacemaker, was unbelievable modernity. The tiny device contained a rhythm, a battery, an artificial piece of humanity to be inserted into her body without major surgery, without ever really opening her up. It was a device that would run her rhythm, if everything worked, for the rest of her days, with the only necessary tweak being the potential need for a new battery in five or ten years.


The pacemaker was implanted under the skin of my mom’s chest. Then, later that day, she, unceremoniously and half mended, was sent home to be with her cats, her dog, and my father. Everyone hoped she would continue to improve.


My mother’s story is simultaneously terrible, ridiculous, fraught, and modern. It is also, in many ways, typical. Tachycardia and arrhythmia are two of the dozens of heart problems common today; nearly all of us will encounter at least one of them at some point. Cardiovascular diseases, particularly strokes, are the most common cause of death in the United States and in most developed countries around the world. And even when there are ways to treat these deadly problems before they kill us, such as with my mother’s arrhythmia, they do not disappear entirely. They remain chronic weaknesses, the fragility just beneath the skin’s surface.


Here I tell the story of the heart. I confront the question of why our hearts—ones like my mother’s, but also yours—break so often, more than any other part of our bodies. Our heartbreak is an ancient story, one that begins hundreds of millions of years ago when our ancestors were just single cells, but the story of the science of the heart is more recent. It begins just six thousand years ago. As for the mending of our hearts, that does not begin until the end of the nineteenth century, when the very first nick to a living heart was made with the aim of repair, a nick that led to all the subsequent ones, a nick with a knife nearly identical to the one that cut into the skin of my mother. Then there are the mysteries of the heart, mysteries we have only begun to unravel, mysteries at the center of who and what we are.


In the 1400s, it was often said that the story of each lived life was written on the inside walls of the heart by a scribbling and obsessive God. When the heart was finally opened and examined in detail later in the same century, no such notes were discovered. Still, each mended heart bears the mark of a different kind of narration. Each mended heart beats out a conclusion to the struggles of the scientists, artists, surgeons, and writers who, with heroism, hubris, and insight, have done battle with the heart’s mysteries for millennia. Each mended heart beats out a story of frailty but also of possibility.


As for the specific conclusion to my mother’s story, it is, like many others’, a patchwork and only partially resolved. It is a patchwork in that the mending of her heart depended on a mix of incredibly sophisticated tools as well as more ancient ones—the pacemaker and the stethoscope, 3-D scans and cauterization. But it is a patchwork that also reflects an approach in which the symptoms are tended to with very little attention to why things have gone wrong. Her story, in this way, is reflective of the broader story of the heart, a story in which every person’s heart is influenced by ancient problems that have to do with the heart and the heart’s evolution meeting up with modern circumstances.


My mother’s story is only partially resolved in that she continues to recover. When she left the hospital, she was still very sick, but her heart rate was suddenly just right, eighty beats per minute, beats set by a tiny pulse of electricity from the new pacemaker, her own personal lightning. She was still weak. Her words still failed her. She was still dizzy. Her potassium was still far too low, as was her magnesium. Slowly, though, things seemed to get better. After a week, she could converse normally, more or less. By two weeks, she felt as good as she had in a month. By three weeks, she felt better than she had before the whole ordeal started. Now, she says she feels better than she has in years. Her improvement is due to the understanding we have gained of our most central organ, an understanding that remains humble and yet has advanced enough that my mother is back up and walking around, advanced enough that many people with similar problems are up and walking around—impelled by the collective lightning of pacemakers, discovery, mechanical parts, and much, much more.


I could begin to tell the heart’s stories at any moment in the past, either four billion years ago or four seconds ago, but the odyssey of the heart pivots on a moment one hot day in 1893 when a man in a poor hospital in a rough part of Chicago decided, for what seemed to be the very first time in history, to cut into a heart in order to heal it. It took nearly six thousand years for scientists and practitioners to understand enough for him to lift that blade, cutting loose a bold era of discovery that continues on into this century, one that depends on an understanding of biology, evolution, art, plumbing, nuclear physics, and nearly everything else. In the end, more so than for any other part of the body, understanding the heart has required every tool that humanity has developed, and even so, the meat in the middle of you, pounding right now, is only partially understood.
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The Bar Fight That Precipitated the Dawn of Heart Surgery




Any surgeon who would attempt an operation of the heart should lose the respect of his colleagues.


—T. H. BILLROTH, GERMAN SURGEON




It was July of 1893, and the city of Chicago was melting. It was the summer of the World’s Fair, when inventions from around the world began to transform America. By fall, the first hamburger would arrive in Chicago, as would the first machinery for making chocolate commercially and the first tinny version of Alexander Graham Bell’s phone. It was also the summer in which Daniel Hale Williams (1856–1931), a young doctor from the rough side of town, would make the biggest decision of his life.1


Williams was born of African American–Scots–Irish–Shawnee parents, but he was viewed by the society in which he lived, the society of Hollidaysburg, Pennsylvania, as African American. Williams’s father died when he was young, leaving his mother to care for him alone. She was sufficiently overwhelmed that she sent Daniel to be an apprentice to a shoemaker in Baltimore when he was just eleven. That might have been the end of the story, except that young Williams decided to go to Wisconsin, where he began working in a barbershop. The store’s owner took an interest in helping Williams finish high school, where he excelled. Then the owner helped him apprentice in medicine, at which he also excelled. Finally, in 1880, the owner helped him apply to the Chicago Medical College at Northwestern University, where he was accepted and where he, once more, excelled. Williams was the first African American student in the program.


In 1883, the new Dr. Williams set up a small practice on Michigan Avenue in Chicago. He also taught anatomy at Northwestern University and worked as a doctor for the City Railway Company and, later, the Protestant Orphan Asylum. He was one of just four African American doctors in Chicago at the time and yet his abilities were so obvious that in 1889, just six years into his career, he was appointed to the Illinois Board of Health. Williams wanted more. He wanted to do something more for the city and himself. He was aware that African Americans in Chicago often received poor care from white physicians and nurses. He also watched as African American doctors and nurses struggled to get training and positions, due to racism in hospitals and universities. The challenges facing young African Americans were not waning. At just this moment, a man Williams knew and respected, the Reverend Louis H. Reynolds, came to Williams asking for his help. Emma Reynolds, the reverend’s sister, had recently applied to various Chicago hospitals to train as a nurse (she was the first African American to attempt to do so), but she was refused by every hospital because of her race. Her story moved Williams. After discussions with the Reverend Reynolds and other community members, Williams decided there was only one thing he could do: he would open a hospital.2 At that hospital, he would train African American nurses.


The hospital would come to be called the Provident Hospital and Training Association. It was a bold dream, one in which Williams persuaded other doctors, white and black, and even donors to believe in. Donations came from many sources, including both Frederick Douglass and the Armour meatpacking company (which would also supply the hospital with many patients due to injuries workers incurred on the job). In 1891, Williams signed the lease on a three-story, twelve-room redbrick house at the corner of Twenty-Ninth and Dearborn. Its living room was turned into a waiting room, and a small bedroom at the end of a hall would serve as a surgery ward. In its first year, this makeshift hospital trained seven nurses, one of whom was Emma Reynolds.3 It also treated hundreds of patients.


Nothing was ever easy at Provident Hospital, but the doctors and nurses made do with what they had. They had to improvise, because of a lack of supplies and the fact that, more than other Chicago hospitals, they dealt with a large number of trauma patients. Everything was difficult, but Williams and his team persevered. His was a story of a hardworking man who overcame and the hardworking nurses who helped him.


But elsewhere in the city, events were conspiring to change Williams’s story. James Cornish worked as an expressman, a person charged with the care of packages on trains. The job was a good one, but July 9, 1893, was a bad day. The heat left him soaked with sweat, from morning until six. Worse, the heat did not fade, not even when the sun set. It was the kind of heat that called for a whiskey, which is just what Cornish proceeded to order that night at his favorite saloon. While others in Chicago sampled the best of the world at the White City, as the World’s Fair had come to be called, Cornish settled in across town from the fair, among friends. He got his whiskey, took a sip, cracked a flirty joke to the waitress, and walked over to play poker with two friends who were already seated. He felt lucky. A song called “Daisy Bell” was playing loudly from the player piano. He bounced a little as he walked, eager to laugh, wager, needle his friends, and laugh some more. Then things changed irrevocably.4


The sounds around Cornish grew louder. Noise rose like dust. A fight had started. A chair was smashed over the bar. Punches began to land against sweat-damp bodies. Cornish stood on his toes to watch, and then suddenly he was in the scrum. A knife appeared. The man with the knife lunged toward Cornish and stabbed him in the chest. The man pulled the knife back out, someone screamed, the crowd dispersed, then sirens started and several women bent toward Cornish’s body, which now lay on the ground.


An hour or so later, at Provident Hospital, Cornish was laid out on a stretcher. His clothes were soaked with blood. He was wheeled into an operating room, where the nurses and Daniel Hale Williams gathered around him. To Williams, Cornish’s wound, about an inch in diameter, looked as though it might be superficial. But its location, just to the left of the breastbone, was worrisome. Without x-rays (they were to be discovered two years later, in 1895),5 there was no way of knowing how deep the wound might be or whether it had reached the heart. The only diagnostics available to Williams were ancient ones. He could feel Cornish’s pulse. He could listen to his breathing. He could also put his head or, if he could afford one, a wooden stethoscope to Cornish’s naked chest and listen for its wild sounds.6


Initially, apart from the hole in his chest, Cornish seemed okay. His pulse was normal. His heart beat. He was cleaned up, sewn shut, and left to rest overnight. Cornish slept in a bedroom with a window that looked out across the city. He had not yet had a chance to inspect his surroundings. He was too weak and then too tired. Warm air blew through the curtains over him. Within hours, his condition, which had seemed stable, began to deteriorate. Dr. Williams was called back in. He ran to the room and up to Cornish’s side, where he put his ear to his chest. Cornish’s heartbeat was weak, and then, as Williams listened, it seemed to disappear entirely. The heart was still beating, but faintly. On July 10, Williams concluded that the knife must have penetrated more deeply than he had initially thought—all the way into the heart.


A knife to the heart can wreak havoc, though the precise sort of havoc depends on the details of where and how the knife enters. The heart has two sets of pumps. Together, the left atrium (LA in the figure) and left ventricle (LV) make up one; the right atrium (RA) and right ventricle (RV) the other. Each atrium (from Latin for “hall or court, a gathering place”) sits atop its corresponding ventricle. When the left atrium contracts, it gently squeezes blood into the left ventricle. The blood does not need much of a push, as it is moving from an area of high pressure into one of low. All it needs is a little nudge. The left ventricle then contracts much more forcefully, sending blood throughout the entire body, down the arteries, to the arterioles, and then through the six hundred million capillaries, each tube of which is just a single cell wide. The force of the left ventricle’s contraction would be sufficient to push water five feet up into the air or, as is the need in the body, to push blood through the more than sixty thousand miles of blood vessels in the human body.


[image: image]


The heart, with key parts of its geography indicated. (Courtesy of ilbusca/Getty Images)


At the same time that the left atrium and then left ventricle contract, something similar happens in the right atrium and then right ventricle, except with less force because the blood leaving the right ventricle does not need to go through the whole body. It needs only to find its way to the lungs, where capillaries rest on three hundred million air sacs,7 and hemoglobin, in red blood cells in the blood, releases carbon dioxide and gathers oxygen.


The sounds of the heart, at least the most conspicuous sounds, are those of the valves between the atria and ventricles (the mitral on the left; the tricuspid on the right) closing when the ventricles contract (and, in doing so, preventing blood from flowing back into the atria) and then, more loudly, the valves between the ventricles and the arteries (the aortic on the left, the pulmonary on the right) closing once the ventricles have finished contracting (which prevents blood from flowing back into the ventricles): lub-dup, lub-dup. The sound of the heart is the closing of these valves, day in, day out, billions of times in a fortunate human life.


So much depends upon the heart’s pumps. The blood that is pumped out of the left ventricle travels into the aorta, which serves as a superhighway from which blood is shunted off into branches to the arms and brain, to the internal organs (intestines, liver, kidneys), and to the legs and genitals. Meanwhile, the right atrium and ventricle receive the blood that has come back in a different form than it went out—now the blood is depleted of oxygen and full of carbon dioxide. This “used” blood is pumped to the lungs (via the pulmonary circulation; pulmo- comes from the Latin for “lung”), where blood cells, in effect, exhale carbon dioxide and inhale oxygen. The oxygenated blood then flows to the left atrium, where the process begins again.


All of this is happening in you right now. It happens in waves: contraction, relaxation. The contraction is referred to as systole (from the Greek for “to pull together”), the relaxation, diastole (from the Greek for “to separate”). Hold your hand to your neck, and you can feel, in the expansion and relaxation of your carotid arteries (which supply your brain with oxygenated blood), the consequence of your heart’s pumping.


That is what you hope for, anyway, but when Williams felt his patient’s neck, that is not what he found. The assault on Cornish’s internal machine had made the heart both weak and slow, and the pulse could barely be felt. A knife wound can provide a new hole through which blood pours into the body cavity instead of into arteries. It can also—and this is far worse—interrupt the ability of the heart to contract.


Just what was happening in Cornish’s body was hard to say. Today we would have many more clues than Williams had. We could look at an x-ray, a sonogram, a CT scan, or an MRI. A catheter might be threaded into a patient’s heart to release dye that would reveal, in the x-ray, the location of the damage. A machine would record the rhythm of the heart. What we would know today would not be perfect, but it would be useful. Williams had virtually nothing except the weakening of Cornish’s heartbeat and his obviously deteriorating condition.


The weakening of a patient’s heartbeat might be due to a problem in the heart itself, but it might also be due to loss of blood, to which, we now know, the body can partially respond. The arteries in our bodies are muscular. They contain a layer of smooth muscle. Smooth muscle is not under our conscious control, but it is under our bodies’ unconscious, autonomic control. The muscles in our arteries do not push blood along—that is the heart’s unique role—but they can widen or narrow the vessels to slow or speed up its passage. And one sort of artery, the arteriole, can actually stop the flow of blood. Arterioles are the narrowest arteries—they meet up with the capillaries, which then connect to venules, which in turn connect to the veins that carry the oxygen-depleted blood back to the heart—and arterioles are narrow enough that when they contract, they close. They do so to influence the flow of blood in the body. When your fingers are cold, blame the arterioles, but also thank them because they are, based on the condition of your body, helping to move blood where it is most needed.


If Cornish was losing blood, the arterioles would have begun to shut off the flow through nearly all of the capillaries in the body (except those in the three organs that never, except in the very worst circumstances, lose their blood flow: the brain, the heart, and the lungs). When this happens, the pulse weakens, the extremities grow cold, and the body struggles to preserve that which it cannot do without.


With his patient deteriorating, Williams had to make a decision. He knew Cornish’s heart was broken, but he was at a loss to say precisely how or why. No matter the cause, the most likely scenario seemed to be that Cornish, friend to many, son to one good mother, was about to die.


Knife wounds to the heart were remarkably common in 1893. They remain common today, though they are now rarely fatal. If you are stabbed in the heart, raced to the hospital, and operated on, you stand about an 80 percent chance of survival. A trauma to the heart can be operated on in any of a variety of ways, or not operated on at all, depending on the condition of the heart. The odds are now good for victims of stabbings, thanks to both technology and the learned skills of surgeons. But in 1893, the most likely consequence of a stab wound to the heart was death. Once the heart started to bleed, whether from a stab wound or some other assault, a patient depended purely on fate to survive, a kind of cardiac destiny. Sometimes the body was able to restrict blood to the core and heal the wound before too much blood was lost. More often, it couldn’t. Infections took over, or the heart lost its rhythm. Doctors sought medicines that might cure such wounds, but they sought in vain. And no doctor in the world was known to have successfully operated on a heart, wounded or otherwise. No one, as far as Williams knew, had even tried. It was the Mount Everest of the body, the great mountain not yet climbed. Yet, if Williams was anything, he was the kind of man who tried, the kind who might scale a mountain to save someone. He had tried working on shoes as a young man. He had tried working in a barbershop. He had even tried music and law. He had tried surgery and running a hospital. Now, on July 10, one day after Cornish was stabbed, he would try something even more novel.


Williams and the nurses looked down on Cornish. They all bent over him to closely inspect the damage. It seemed likely that his heart—that bloody engine—was torn, though even that was not entirely certain. If it was torn, Cornish would die from internal bleeding or, depending on the severity of his wound, heart failure. Williams could do what every other doctor in the same situation had done for the past ten thousand years, which was walk away. Or he could operate. Whatever he did, the heart was there, just inches from his face as he bent over his patient, just under the surface and yet for all of time so very far away.


One can imagine the sort of person it takes to perform the first surgery ever on a heart. He or she would need to be self-confident but also eager to go beyond what had been done, both to save a patient and to advance humanity. Williams was such an individual. On July 10, 1893, the operation began. Williams was handed a scalpel and the other tools necessary to cut into Cornish. He was about to attempt a feat surgeons all over the world had advised was too dangerous and immoral. Success or failure, Williams was about to make history.


The human heart beats, on average, about a hundred thousand times a day, pumping 7,500 liters of blood through arteries and veins. But this was no average day. On this day, Williams’s heart would have rabbited along, pushing extra oxygen to his eager brain. Six other doctors had also gathered in the room. Williams swore he could hear their hearts too. This is the great irony of surgery and, more generally, medicine: that a doctor in one body bends to mend a patient in another body, the doctor relying on the same parts (her heart, her brain, her skin and flesh) she aims to fix in her patient. The room was more than a hundred degrees, and even before Williams began, everyone was sweating. Now, with anxiety and adrenaline, they were dripping so much that the floor was wet. Williams wiped his head and then, with the nurses at his side, inserted the blade into Cornish’s wound and cut a six-inch incision. He inserted his right hand through the incision and pulled one of the ribs away from the sternum to make a hole, a kind of window through which he could look at Cornish’s heart. He siphoned away the excess blood and, for the first time, had a clear view of the heart. In general terms, it was an ordinary heart, somewhat larger than a clenched fist, about five inches long, three and a half inches wide, and two inches thick. What was not ordinary was that it lay bare, as naked as a heart can be, suddenly at the mercy of insight, skill, and luck.


The atria and ventricles of the heart are surrounded by the pericardium (the word comes from peri-, Greek for “around,” and cardia, Greek for “heart”), a smooth, oily sac. As Williams looked at Cornish’s pericardium, he could see where the knife had gone in, through the pericardium and into the heart muscle. Williams had very little time to decide what to do. It was too late to turn back. As he looked at the heart muscle, it seemed as though the wound had sealed itself over, closed with the pressure of the contractions of the heart. Right or wrong, this observation, along with perhaps a hiccup of trepidation, led him to focus on the pericardium. He would not be the first to operate on the heart muscle, but he would be the first to sew the pericardium. He cleaned the wound as best as he could (antiseptics were new and one of the reasons Williams had a chance, albeit relatively slight, of preventing infection) and then began to sew with catgut thread. The needle sank through the pericardium and then, with a tug, came back out the other side. It sank again. As it did, the heart beat, though only weakly. Williams tried to time his efforts with the heartbeat. The hope was that the stitched-together pericardium, however flimsy the sewing, would stabilize the heart. When he was finished, Williams took a deep breath and stepped back to inspect his work. Without meaning to, he beamed a little. Time would tell if Cornish would live to beam back, but whether the patient lived or died, Williams had just changed the trajectory of medicine. He had taken the plunge into the heart. Others would follow. They would not be able to resist the temptation to raise their scalpels and, one heart after another, cut.


Williams worked a little over a hundred years ago, just yesterday in the context of the human story. The history of surgery is ancient. Stone Age needles were once used to suture cuts in pre-agricultural Africa. Army ants were used to close wounds in India and the Americas (the ant bit down on the wound and its jaws locked tight; one ant for small lacerations, two for big ones). As societies became larger and more sophisticated, the surgical repertoire expanded. With the birth of agriculture came civilization, writing, and systematic attempts to create new forms of medicine. In ancient Mesopotamia, China, and elsewhere surgeries were attempted on many different parts of the body, even the brain. As early as eight thousand years ago, medicine men chanted, burned herbs, and then drilled holes into people’s skulls to “relieve pressure” (at one site in France, dated to 6500 BC, one-third of skulls showed evidence of drilling). Many of these surgeries were successful, or at the very least not fatal. Amputations were also done, as were removals of stones from bladders. With time and a kind of mortal inevitability, more and more parts of the body came to be operated on, until, at the time of Cornish’s incident—roughly eight thousand years into the history of surgery—someone somewhere had either effectively or experimentally (or both) operated on nearly every single part of the body. The brain, eyes, arms, legs, and stomach had all been cut and sewn, but not the heart.


The heart was special. Before 1893, for the thousands of years during which humans practiced medicine, the heart was viewed as either functionally or philosophically untouchable. The standard medical text in Williams’s office (a converted bedroom closet) offered this: “Surgery of the heart has probably reached the limits set by Nature to all surgery; no new method, and no new discovery, can overcome the natural difficulties that attend a wound of the heart.” Any doctor who dared operate on the heart would be shunned and, many thought, should be. Theodor Billroth, a dominant force in European surgery at the time, argued that a surgeon who tried to suture a heart wound deserved to lose the esteem of his colleagues. Williams had crossed the last anatomical frontier.


Several factors contributed to the perception of the heart as inviolable. Many cultures had long viewed the heart as the source of emotion, the mind, and the soul. Such sentiments persisted in the late 1800s. The French surgeon Ambroise Paré gave them voice when he wrote, “The heart is the chief mansion of the soul, the organ of vital faculty, the beginning of life, and the fountain of the vital spirits… the first to live and the last to die.” The modern Valentine’s Day link between the heart and love relate to these ancient concepts echoed by poets across centuries in both their words and their deeds. Take the death of Percy Bysshe Shelley. Shelley was cremated, but, according to his friends, his heart did not burn, so powerful was its poetry. While doctors practicing in the late 1800s had a less mystical interpretation of the heart’s function than Shelley’s friends, they still imbued the heart with a kind of unknowable magic, the sort we now seem to reserve for the brain. Who could really say what lurked in its dark caves? If not Sirens and Fates, it held at the very least the essence of life.


The taboo associated with operating on the heart deterred many doctors. But if that were the only problem, some bold surgeon would have violated it long before Cornish ended up on the table. The field of surgery has long attracted and trained (albeit not exclusively) aggressive, overconfident individuals who do what seems impossible rather than what is allowed. The real challenges were technical problems in the art and science of surgery. The heart beats. It is the most lively part of the body, wild and hopping, so any operation would have to be done in time with the beating, as though in a sort of dance, a surgical waltz. Antibiotics had not yet been discovered, so the odds of infection were high. Nor did x-rays exist (much less angiograms and CT scans), so no one could see what was wrong with the heart until the chest was opened. Then there was the issue of breathing. No machines existed for keeping airways open during surgery. For all of these reasons and more, every time someone with a bullet or knife wound to the heart came into a hospital anywhere in the world, the only option was to keep an eye on the patient and watch as the body healed itself or, as was often the case, did not.


Thirteen days after his surgery, Cornish, who was still in the hospital, had his fate announced to the world. He had survived. In the newspaper articles that followed, Cornish was described as a fortunate soul, Williams as a hero. Williams was heralded as the first surgeon to have operated on the human heart, and successfully at that. Williams was not modest about the procedure. He would go on to do others and even brag when he did; as he would say of himself in a newspaper article, “Successes crowned [his] attempts in nearly every case.” Meanwhile, Cornish was still in the hospital, where, suddenly, on August 2, he got worse.


Williams rushed to Cornish’s bedside. Cornish’s blood pressure had dropped dramatically, but Williams was not sure what was going on. With his recent success at his back, he decided to open Cornish up again and conduct the second heart surgery in the world. He made a new incision, undid the original stitches, drained the space between the pericardium and the heart muscle, sewed the pericardium shut again, and then stepped back. It was, he thought, almost easy to work on the heart. Cornish left the hospital on August 30, 1893, alive.8


Cornish went home to his family and lived a long and largely happy life (one exception to that general happiness being a return to Provident Hospital with a head wound from another bar fight). He died in 1931, thirty-eight years after being stabbed in the heart. But the broader consequences lasted far longer than Cornish. Williams broke the barrier to the heart, the myocardial ceiling. Once surgery had been done on the heart, others began to operate too, and it would be Williams’s model, as well as broader changes in medicine, that built the first step that led to modern cardiology. We think of the medicine of hearts as well established, but the truth is that every medical treatment of the heart, as well as most of what we know about the organ, has come since 1893. In that year, one heart was operated on, twice. In 2010, more than half a million hearts were operated on in the United States alone.


The character in this story who really started everything, that man who stabbed Cornish in the bar, is forgotten. He could not have anticipated the series of events that would transpire thanks to his knife. To paraphrase Dr. Harry M. Sherman, speaking at the annual meeting of the American Medical Association in 1902, the road to the heart is only two or three centimeters in a direct line, but it had taken surgery nearly ten thousand years and a bar fight to travel it. Meanwhile, time and perspective have modified our understanding of the events surrounding the surgery Williams performed. That such a major advance was made in a poor hospital by an African American doctor and African American nurses just thirty-one years after the Emancipation Proclamation is astonishing. We tend to regard technology as the source of many innovations, and yet Williams’s advance was something different, progress through some combination of hubris, intellect, and will. He and the doctors and nurses he gathered around him had the necessary mix of wherewithal and confidence to try, and the skills to carry through.


Time has also added more context to the question of whether Williams was really the very first to perform a heart surgery. He thought he was, but he had actually been preceded by two years. In Alabama in September of 1891, another doctor, Henry C. Dalton, had performed a remarkably similar surgery (again on the victim of a stabbing), though the news would not be published until two years after Williams operated on Cornish.9 Williams’s prominent surgery was the one that made doctors aware of what was possible with a knife, a sewing needle, and some catgut.


We might hope that what motivated surgeons such as Williams to do new procedures was their goodwill toward humanity. There was some of that, but there was also the same motivation that drew Mallory up Everest: Mallory climbed Everest “because it [was] there.” Like Everest, the heart was there. The next step up the mountain was to actually cut into the muscle of the heart.


On September 9, 1896, a gardener arrived in the Frankfurt am Main hospital with his clothes soaked in blood, but once cleaned up, he seemed to be stable—until suddenly he was not. With the patient’s health quickly worsening, the surgeon Ludwig Rehn was brought in. It seemed as though the gardener would die. There was nothing more to do, a situation that emboldened Rehn. Rehn decided to cut into the gardener. He opened the man’s ribs and saw the heart. It was beating beneath a sea of blood, pumping and spitting. Rehn pushed his finger into the heart and found a hole. The feeling was marvelous. The heart slipped beneath his finger as it beat. He was amazed to find that it was strong rather than weak, as he had assumed it would be. He held his finger in the hole as best he could and then, seizing the moment (and a needle and thread), began to sew, one stitch for each beat. Rehn, like Williams, was successful10 and hopeful. As he wrote of the day, “This proves the feasibility of cardiac suture repair without a doubt! I hope this will lead to more investigation regarding surgery of the heart. This may save many lives.”


It did. In 1907, Rehn reported that 120 surgeries on the heart had been performed around the world, about 40 percent of which had been successful. The results weren’t perfect—they still are not, even though current mortality from the same surgery is just 19 percent—but they sure beat the near certain death that had previously been the outcome of stab wounds to the heart.


Before 1893, the heart was simply not touched. Beginning in 1893, it was touched and, surgery by surgery, more effectively sewn back together when damaged. There was a sense of progress even when, in retrospect, progress seems to have been slow. In 1923, Dr. Walter Lilienthal of Cornell Medical School noted in Time magazine that there had been major successes in heart surgery, and he went on to list inventions that today seem modest—a phonograph to record the sounds coming from stethoscopes, a camera set up to take pictures of the moving heart, the realization that adrenaline could speed up the heart (it had recently been injected into the heart of a seemingly dead baby boy and had saved him).11 Yet at the time, this all seemed like immense advancement, advancement that would only accelerate. There are many stories to tell about the years that separate Williams and Rehn from modern medicine, stories of ambitious individuals who believed they could conquer our most tempestuous organ in new ways, and of patients, be they presidents or paupers, who lived or did not as a consequence. Technical progress was made, sometimes to the benefit of patients, sometimes at their expense. Hearts were stopped and started again. Hearts were even moved, beating, from one human to another until such surgeries were perfected and came to seem, if not quite ordinary, at least mechanical. But before we consider the story of the past hundred years, let us begin with the story of the prior thousand.
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The Prince of the Heart


It was an unbelievable moment. As spectators looked on, a man gutted a Barbary macaque in the middle of a city plaza. There, before the crowd, he challenged everyone to put it back together. The moment was madness, but the man was not mad. He was, almost inarguably, the most important medical scientist in history. His name was Galen, and this moment before the crowd was his coming-out as a performer and a scientist.


Galen, or Galenus of Pergamum, was born in AD 129 in Pergamum, near the Aegean coast of what is now Turkey. He was, at least by his own reports, a kind son and a dutiful student. Upon finishing school, and at the suggestion of his father, he traveled to Alexandria, the great city of learning. Galen’s father had seen in a dream that his son would be a great doctor. Galen would later speak often of this dream,1 emboldened by his father’s premonition to strive even more eagerly. Following his training and his father’s death, Galen looked to establish himself. He needed a livelihood. After the sort of wayward traveling that even today makes parents nervous, at the age of twenty-eight, he decided that he would like to begin his career as a medic to gladiators, once again in his hometown of Pergamum. There was a problem, though. He needed to be chosen from among many candidates. This was too important an opportunity to leave to chance.
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Galen, the father of modern medicine, whose influence has yet to fully wane. (Courtesy of the National Library of Medicine)


The potential gladiatorial doctors were asked to meet in a public area. Galen is said to have brought with him a very hairy and ill-fated ape (actually a Barbary macaque). While the other doctors looked on, Galen eviscerated the macaque. This was his moment. It was madness; it was horrible. But Galen had his reasons. Standing above the animal, he challenged the men around him to put it back together again. No one but Galen could. He got the job (or, in some tellings, at least secured the job that was already his). Galen might have been trying to say that in order to tend to gladiators, you needed to be able to put their guts back together. But the message the other doctors probably heard was something more like I’m so crazy, I’ll cut open a macaque; you don’t want to try to take this job from me. Either way, it worked. Galen had already acquired some of the brash skill that would bring him fame.


Galen took up his position with the gladiators. He traveled with them during the winter, spring, and fall training months; he worked alongside them. He was a fight doctor, and his was a world of sweat and blood and well-trained men, men whose bodies and, particularly, hearts worked slightly differently than the norm. We know now that in an endurance athlete, the heart’s left and right ventricles expand in order to pump larger volumes of blood to the body. The relaxation of the heart between beats also becomes more extreme. By contrast, in a strength athlete, such as a bodybuilder, the heart’s ventricles do not necessarily get bigger, but they get stronger, and the heart relaxes less, rather than more. In the movies, gladiators look like bodybuilders. In reality, they probably looked more like chubby, small-town strongmen. They ate a special vegetarian diet of barley and fava beans to become somewhat fat, the idea being that the fat might help protect them from wounds. Yet, despite the fat, gladiators did exercise, and it seems likely that their bodies were the result of a mix of strength and endurance. One expects that their hearts were a mix, too—strong and big and never terribly relaxed.


In the summer months, fights were staged, and Galen would wait for the injured. A coliseum rose above him, and in its stands Galen could hear twenty-five thousand fans cheering and booing. They loved the spectacle of the gladiators battling in the dry dirt. The fans felt as though they were fighting too. Galen heard them cursing. He heard them moving. He heard their bodies above him, around him, a great mass of hands and legs, flesh, and, buried in the bodies—hidden but so easily revealed—hearts, livers, kidneys, veins, and arteries, all of which he knew were there and yet could not explain. As he stood in the heat of a crowd, he dreamed of greatness, but not that of the gladiators. He dreamed of his own.


The gladiatorial battles alongside which Galen stood were the precursors of all sporting events that would follow—every one you have ever been to. It is not hard to see the fans of gladiator events in the faces and actions of soccer or football hooligans. And the gladiatorial arena would be the precursor to the stadium, but also to the surgical theater. To Galen, the gladiators were titillating as they ran at each other with their weapons raised. But more titillating was the subsequent struggle, his struggle, to save the men who had been wounded. Anyone could kill a man. Only Galen could so consistently bring a man fated for death back to life, at least according to him. He wanted and felt he deserved a crowd.


Galen’s predecessor had lost many gladiators to injury. The wounds were too deep, infection too overwhelming. Gladiators died one after the other. But not on Galen’s watch. In the entirety of his time tending to the gladiators, just five men died.2 Perhaps being able to stitch up a macaque actually was useful in stitching up gladiators, or perhaps Galen was ambitious enough to be both self-aggrandizing and great.


As Galen sewed the bodies of gladiators back together, he made scientific discoveries. The bodies of the gladiators were specimens in which the muscles, nerves, and veins were, if not exactly obvious, then at least more obvious than in the average man. The gladiators could be learned from. Seventeen hundred years before Leonardo da Vinci would carefully sketch out the body’s external details, Galen was gaining daily experience with its internal ones. The gladiators’ wounds were, as Galen would write, “windows into the body.” It was thrilling for him to look into wounds. Was it joy, a kind of love? Galen would later do experiments in which he would track the heartbeats of lovers when they were reunited (or pulled apart). Love made the heart pound, and Galen loved discovery; it made his own heart race beyond his control. Today we know that love, rage, and other strong emotions affect the amygdala, a group of neurons in the most ancient part of the brain. The amygdala triggers the release of hormones that affect many organs, including the heart; the hormones can cause the heart to speed up, which sends more oxygen to the brain. All Galen knew was that he could feel this effect. He could feel his heart running as he saw the living, working parts of bodies, parts very few other people had ever seen.


In Galen’s Roman Empire, most doctors would not have seen the heart even in a dead body. The Romans waffled on what was necessary in the afterlife and so prohibited all human dissections; better to be safe than sorry. The sliced-open bodies of the gladiators would have to suffice for Galen. Working on these bodies, Galen sometimes paused longer than he should have, to look. He may even have seen a beating heart. (He definitely saw one later in life, when asked to tend to a boy with a chest infection. Galen cut into the boy’s chest and saw his beating heart. He may even have cut into the boy’s pericardium, two thousand years before the next such cut, by Daniel Hale Williams in Chicago.) Certainly, Galen saw the roads of arteries and veins. He saw enough to begin to sketch, first in his mind, then on a papyrus, a semblance of the intimate geography inside all of us. He was the first real geographer of our untraveled reaches—Captain Cook of the high seas of blood—and though he would err in how some of the regions connected, mistake some peninsulas for islands and so forth, his would be the map that would allow all of those who followed to proceed, to hesitantly check the boundaries he had so carefully limned.


As Galen continued in his role with the gladiators, he learned and profited, but the former more than the latter. He wanted more—more money, fame, and understanding. Eventually, Galen retired from his gladiator job and began to work as a sort of traveling doctor and showman. Doctors already existed, but their treatments had very little to do with actual diagnoses; Galen was, arguably, the first doctor who aimed to understand what caused ailments and then to treat those causes based on the results of testing the treatments on multiple patients. He had learned about science from Alexandria. Now he was learning to treat illnesses (not just mending wounds, which was his focus with the gladiators) by empirical trial and error. His doctoring allowed him to see more kinds of afflictions. His performances, at which he would dissect an animal, treat a patient in public, or otherwise make a spectacle, allowed him to both garner support and, however informally, teach. His research, which often occurred during public dissections and displays of doctoring ability, allowed him, each time he looked, to understand more. It was the performance and the research that motivated him; he wanted to understand and then be able to display that understanding to the masses.


During these years (and, for that matter, in the fourteen hundred years to follow), Galen had no rivals. Across the entirety of the Roman Empire, stretching from modern Scotland to Egypt, Galen’s accomplishments were lauded. He became a legend in his own life, so much so that at the margins of the empire, the story of his life became exaggerated, imbuing him with the status of a sort of half-god. His reputation traveled by word of mouth—in response to his performances, for example—but also via his writings. Galen wrote volume after volume about both what he had discovered himself and what was already known but not well consolidated. These volumes were greedily consumed throughout the Roman Empire and beyond. Thanks to this fame and success, Galen eventually became the physician to the emperors. He tended to their royal bodies with tender effectiveness, just as he had once tended those of the gladiators, but the pay was much better. He also continued to write. Or maybe it is better to say he continued to speak. He wrote his books by talking. A dozen very busy scribes recorded his every word, words that eventually came to comment, in great and lasting detail, upon the biology of the heart.


When Galen recorded what he knew about the heart, he built on millennia of observations, some of them formal, others part of the sort of everyday understanding of the organ every hunter must have seen beat when he dissected the freshly killed body of his prey. All around the world, hearts had been seen. After an elephant was killed, its ponderous heart was thrown to the ground, a giant house of muscle to be entered through the blood vessels’ wide caves. The tiny hearts of birds were dried and worn like decoration on strings. Native Alaskans stood beside whale hearts and felt small. One ten-thousand-year-old cave painting in Pindal, near Altamira in Spain, shows a bright red heart inside the body of a mammoth. The hearts of animals were varied and yet recognizable as hearts. They beat the way human hearts would ultimately be seen—in war and accidents—to beat. Even before we knew what the heart did, we knew that it was the measure of a life, be it in a bird, a squirrel, or one’s kin. It sped up in fear, eagerness, or bravery, and when it stopped, the creature that housed it would die. The heart was and is the most deadly place to be stabbed, the most vulnerable lump of muscle, only marginally protected beneath the shallow cage of the ribs. The modern wounds from knife fights are still very often in the heart. Whatever it was, in whatever body it might be found, the heart was simultaneously weak and powerful.3


Just how the powers of the heart were understood varied from place to place. Yet those stories of the heart we know the most about, despite being separated by oceans and time, share many similarities. To the Aztecs, for example, the heart was infused with the sun’s borrowed fire, but that fire had to be returned. To return a bit of fire to the sun, the Aztecs cut the beating hearts of sacrifice victims out of their bodies. The priests who did this cutting (and, as if it weren’t already brutal enough, tearing) would have seen more living hearts than anyone else up to that point in history. They would have known the weight of a heart and many of its specific details. They gathered enormous clay jars full of human hearts that would, at the end of the season, be poured into water, whether cenote or sea, in gratitude for the sun-blessed crops. In the intervening months, the hearts would be placed where they could be observed and contemplated. The result of that contemplation was not recorded; the Aztecs left no comment about what they thought the heart did or why—only that they, like nearly every other culture, regarded it as important. The Aztecs decided to remove hearts, not livers, kidneys, or stomachs, from those who were sacrificed.


Two continents away, the Egyptians left the hearts alone in the bodies of mummies to be transported into the afterlife, when the heart’s fire remained necessary. Later, in Greece, Plato also linked the heart and flames. He wrote, “The swelling of the heart which makes it throb with suspense or anger was due to fire.”


In most cases, the specialness of the heart extended beyond mere biology. Across cultures, the heart is the most frequent seat of the soul, the spirit, or the breath of God or the gods. Among Christians, Jesus was said to live inside the chambers of the heart. In ancient Egypt, the heart was the home of both the soul and, by some reckonings, consciousness. There are exceptions, of course; one Australian tribe believed the soul to live in the fat around the kidneys,4 and the Mesopotamians found their souls in their livers, but these cases stand out for their very unusualness.


Explanation of just what the human heart was awaited the origin of scientific societies. Long before Galen, the first detailed account of the heart’s biology is found in the Ebers Papyrus, an Egyptian medical encyclopedia recorded on a sixty-foot-long scroll written by the scholar Imhotep in roughly 2600 BC. The oldest remaining copy is a relatively recent one from 1700 BC. If one takes the time to carefully unroll and read it, several ancient stories of the heart are revealed. One can be found in a section entitled “The Beginning of the Physician’s Secret: Knowledge of the Heart’s Movement and Knowledge of the Heart.” There, Imhotep wrote that there are vessels “to [the heart] from every limb… When any physician… applies the hands or fingers to the head, to the back of the head, to the hands, to the place of the stomach, to the arms or to the feet, then he examines the heart, because all his limbs possess its vessels, that is: it speaks out of the vessels of every limb.” In the Ebers Papyrus, the heart is considered to include the vessels leading to and away from it; the heart is the whole cardiovascular system, the muscle itself but also the rivers coursing from head to toe and, though it was not yet known, back to the heart.


The heart spoke to the Egyptians in terms of both its physical form and its metaphysical possibilities.5 Yet the Egyptians, for all their knowledge, seem to have understood very little about what the heart had to say. Its movement conveyed meaning that could be felt anywhere in the body. It beat out a story, but what was the heart carrying on about? The Egyptians could not yet offer a compelling translation of the heart’s rivers and backwaters, their murmuring synonymous with being alive.


Finally, in Alexandria, Egypt, twenty-three hundred years after Imhotep, the science of the body began to advance anew, as did nearly all other intellectual endeavors. In 330 BC, Alexander the Great had founded Alexandria. It was to be an ideal city, ruled by Ptolemy I. In Alexandria, life on earth mattered and affluence abounded, so philosopher-scientists had both the mandate and the funds to begin to explore the material world—and that included the body. The science of Alexandria began in a new and grand museum called, simply, the Museum, or the Alexandrian Museum, a sort of university dedicated to the intellectual muses. Down the street, the Library at Alexandria stored as complete a record of the history of the world as had ever existed.


Walking through Alexandria, one could bump into Euclid absentmindedly pondering his new math or Eratosthenes trying to measure the diameter of Earth (and coming within fifty miles of getting it exactly right). Then there was Hipparchus cataloging the stars. Hero was at work designing a steam engine. Archimedes came to visit and learn.


The anatomists of Alexandria worked in the museum and read in the library, but their place of real discovery was the medical school. In that school, the earliest of its kind, dissections and vivisections were permitted for the first time in thousands of years or maybe, at least for scientific ends, ever. Criminals were examined while still alive. Some of what we know about our own bodies today is thanks to their horrible fates. Their vivisection allowed philosophers clear views of living human bodies, clearer than would be seen again for two thousand years. Philosophers could hypothesize as to what the body did and then test those ideas, one life at a time.


As they looked into bodies, the philosopher-anatomists of Alexandria built on the ancient knowledge of Imhotep. They had also benefited from recent discoveries. In roughly 500 BC, Alcmaeon of Croton noticed that when he was looking at dissections of animals, the arteries and veins (though he didn’t know what they did at the time) seemed “different” from each other, though precisely how or why was beyond what he was prepared to say. Presumably others had noticed these differences too, but Alcmaeon recorded what he saw and got the credit. Aristotle (384–322 BC), adviser to Alexander the Great, built upon Alcmaeon’s observations and made a few new ones. Aristotle looked carefully enough at the heart to name its parts. He thought he saw in the heart three chambers, the left ventricle and atrium and the right “chamber,” which we now regard as being composed of two parts, the right ventricle and atrium. Aristotle reaffirmed too the importance of the heart, bestowing it with the soul (as others had), but also with thought itself. To Aristotle, the brain was filled with nothing more than mucus;6 the heart, however, was a thinking man’s organ. Today we describe ourselves as thinking with our brains, and it is hard to imagine any other repository of our thought, and yet for much of history, the location of the human mind drifted in the body, subject to new theories.


In Alexandria, Herophilus (335–280 BC) built upon this knowledge and was the first to notice that one type of vessel (what we know today as arteries) was thicker than the other (veins), and muscular. For that he was lauded.7 Even in Alexandria, progress was painfully slow when measured against the extent of the ignorance of the time; the ancient boats of discovery were still bumping clumsily along the body’s uncharted shores. Herophilus (who is sometimes called Chalcedon in reference to his place of birth) also made another discovery. He thought that he had discovered that both arteries and veins contained blood. Until then, the arteries and veins, as well as the heart itself, were thought to be filled with air (the word artery is even from the Latin word meaning “air ducts”). This misconception arose because in death, without the pressure of a beating heart, blood quickly drains out of the body’s arteries (and, to a lesser extent, veins). In the dead, the arteries are air ducts, the heart itself a vessel. So persistent was the idea that the heart was filled with air that Herophilus’s friends and his clever colleagues thought he was wrong. Erasistratus (304–250 BC), Herophilus’s slightly more youthful contemporary, was among those who insisted that air alone inhabited the heart’s muscle, as well as the arteries and veins. (Erasistratus was no dummy; he was the first of the body’s explorers to correctly suggest that the heart was a sort of pump.) Herophilus and Erasistratus agreed on one thing: whatever the substance traveling from the heart out through the blood vessels, it invigorated the body with life. It was on the basis of the knowledge of these men that Galen began to build his empire of observations, a kingdom of facts that would stand the test of centuries.


Galen probably knew the history of his intellectual forebears better than we do today, since the great Library of Alexandria burned down in the years after Galen, and we are left with just footnotes of the knowledge that had accumulated by Galen’s time. Galen himself went to Alexandria for some of his training. Then and afterward, he was especially interested in the heart and what we now call the cardiovascular system. Galen thought of this system as being mechanical (he seemed to have already banished both the gods and the soul from the body, to his own satisfaction), and in order to test the makings of its mechanism, he needed and wanted to do experiments. But he had a problem: Now that he was no longer mending gladiators, he was rarely able to see inside human bodies. Vivisections had become a thing of the past. They were off-limits to him, as were dissections of humans in general. He could not even do simple experiments on humans, experiments of the sort now permitted—albeit only after approvals are obtained—in Western medicine. He wondered what would happen if you clipped a vein shut. Would the blood pool above it or below it? No one had ever thought to ask the question before. In the absence of human subjects, how could he find out?


Galen’s progress came to rely on the law of similarity, namely, that the bodies of different animals are sufficiently similar to one another that if you study one, it will tell you (imperfectly and yet still usefully) about others. Two thousand years before Darwin, Galen recognized and relied upon the kinship of humans to other animals, and we still rely upon it. When new products or treatments need to be tested, they are first tried out on guinea pigs, rats, dogs, cats, or monkeys. They are tested on those animals because the animals are similar enough to us to be useful measures of how our own bodies operate. Then, if everything works in the nonhuman animals, the same products and treatments are tested on humans (college students, fairly often). As Galen put it, “The bodies of different animals are the same so you can study one animal and learn about the other; you can study dogs and learn about humans.” Researchers do animal testing because Galen popularized the approach; his legacy lives on in the millions of rats, mice, and guinea pigs used in labs as proxies of human bodies.


Galen did not believe absolutely in the law of similarity. He knew that dogs and macaques were not humans. He knew that similar bodies did not mean identical bodies (this would later be forgotten by his disciples), and yet he thought that if he dissected and experimented on dogs, he might begin to understand the human body. While human dissections were prohibited in ancient Rome, those of other animals were not. Galen could dissect as many dogs as he wanted, so he did. He also dissected pigs, goats, sheep, horses, asses, mules, cows, lynxes, stags, bears, weasels, mice, snakes, fish, birds, and an elephant—along with whatever else he could catch or import.8


Galen confirmed that the heart was filled with blood and that the veins and arteries were different from each other, and he observed for the first time that the blood in the veins and arteries was also different. The blood in the arteries was red; that in the veins was purple. One dissection at a time, he was beginning to make the observations on which a modern understanding of the heart and cardiovascular system could be built.


Galen, having mapped the heart’s general features, decided the next task was to understand the heart’s function. From Galen’s classical perspective, each organ had a function and a kind of internal autonomy. He believed that many organs produced vital substances; this was his modest retooling of a more ancient cosmology of the body handed down to him from the early philosopher Hippocrates (born around 460 BC) and his disciples in the form of a series of books called the Hippocratic Corpus. The lungs produced phlegm, the gallbladder bile, the spleen melancholic black bile, and the liver blood. For a human to be healthy, these substances needed to be balanced. In the writings of Hippocrates, the heart, though, was different; it pulled substances to it, and it was possessed of a gravity of the kind that would much later be attributed to the sun. The heart, in essence, demanded from the other organs, and they obliged. In light of these perceived functions, Galen began to craft a more detailed vision of what he thought the cardiovascular system did.


Galen was burdened by the old ideas about organs as he looked at bodies; they colored what he saw. Through the cultural lens of ancient science he came to believe veins originated in the liver. There, he theorized, digested food from the stomach mixed into thick purple blood and traveled through the veins to the rest of the body, where the blood was depleted by the body’s demands before traveling to the heart. Once in the heart, the blood traveled two places. Some of it (the vital blood) traveled to the lungs, he (rightly) imagined. But much of the blood traveled directly from the right to the left ventricle, through tiny pores, he thought (incorrectly). The blood from the lungs, he believed (again rightly), traveled back to the left side of the heart, from whence it would distribute the “spirit” it had gathered in the lungs to the body via the arteries. Galen somehow also understood that in some parts of the body, the arteries and veins met.9


In the most charitable reading of Galen’s understanding of the heart, one could say he essentially discovered the circulation of the blood. He was wrong about the role of the liver (although only partially; the sugar in the blood is released from the liver, so part of what’s in the blood does come from the liver). He was wrong, too, about the holes in the heart through which blood flows right to left. But even this error is far from absolute. If we conjecture that some of the bodies that Galen was studying were fetuses, his ideas are even more right than they seem to be. In a mammalian fetus, blood actually passes directly through a hole, called the foramen ovale, that’s between the right and left atria (not the ventricles). This hole seals up during development, but it is open for a while. The main problems in Galen’s model were his insistence on the ancient belief that blood was produced in the liver and consumed by organs and, of course, his theory of what blood was and did. But he was getting close.


Had Galen been able to conduct vivisections, I suspect he would have figured it out. He was clever, but his cleverness was constrained by the tools and concepts at hand. He was like a geologist who has to infer the history of Earth from the evidence of past events—tectonics and sedimentation. It is possible, but difficult. Even the geologists have advantages over Galen. They can look at a volcano and imagine a historic volcano. They can feel an earthquake and imagine ancient earthquakes. They can watch the settling of sediment on the river bottom and imagine millennia of sediment. Galen could not do anything similar. He could not watch the beating heart or even a pump that might inspire his reasoning. Science often proceeds by analogy or metaphor, and there was no physical device yet constructed that worked like a heart.


It has become popular to look on Galen as having gotten things wrong. He did get some things wrong, but every scientist does; our mark is not where we err but instead where we improve upon previous errors. Galen made far more advances than retreats, and even those who criticize Galen for what he missed live in his influence. Galen’s discoveries are everywhere. He was the first Western scholar to take the pulse of patients and use it as a measure of their health. He was the first to urge other doctors to cool down patients with fevers and, conversely, warm up patients with chills (or colds). The idea that physically weak people could be made stronger through exercise came from Galen. Then there were true innovations so radical they would not be practiced again for nearly two thousand years. Galen used a needle to remove cataracts; similar surgeries would not be done again for another eighteen hundred years. He appears to have even conducted brain surgeries in which he removed tumors through holes he drilled in the skull, the precursor to modern versions of tumor excisions.10 Galen has a strong grip on modern life, just as Roman cities and architecture have a strong grip on modern cities and their design. Galen knew that he didn’t comprehend everything, so he kept exploring, trying to understand the body. The quest to prod the body a little more each generation to reveal new truths is his legacy too.


Unfortunately, Rome began its decline just after Galen’s death and descended fully into chaos in its Western realms with the death of Romulus Augustus around AD 476. The fire of learning that had been passed, culture to culture, to the Romans from the earlier Greeks, to whom it had been passed by the Egyptians, to whom it had been passed by the Mesopotamians, was extinguished. The light went out. The colonizing hordes were interested only in God or their own satisfaction, depending on the horde under discussion. The papyrus scrolls in the library in Alexandria (including the original Ebers Papyrus) were burned, and with them, the quest to understand the human body turned to ash, demons, and deities.


So began a time that used to be called the Dark Ages, a time during which religion would be valued over all else. Terrible things would happen. Small states would come to war, feudally, against each other. Writing itself disappeared in some places. The medical texts of the Greeks and Romans that survived the fires were neglected. Had all of this happened over the course of one generation, someone might have remembered the old ways. But it was not one generation; the ignorance persisted for hundreds of years, during which knowledge continued to be lost until the point when all of Europe seemed to be inhabited by men and women who knew no more about their own bodies than had hunter-gatherers at the dawn of humanity. They lived in a world of spirits and ignorance where the heart, once again, beat not with blood but with magic. They looked up at the bright moon and saw God. They looked at the sun and saw God. They looked at each animal and plant and saw God, and when they looked at people dying, they figured they saw God too, working the strings of their bodies, snapping what could be snapped, pulling what could be pulled, all beyond explanation or need for corporeal concern. A dark fatalism killed nearly all that had been learned.


Perhaps this is too harsh a depiction. Among historians, it has become unpopular to describe the period after the fall of Rome to around the year 1000 as the Dark Ages. Historians will point out that here and there, pockets of learning continued. Documents were preserved and cherished. Individual small flames were passed, hand to hand, generation to generation—treasured bits of knowledge. This, of course, is what one hopes: that despite all that was being lost on the large scale of Europe, there were individuals who still cherished knowledge. How could there not be someone who wanted to know more? Yet, when it comes to the heart, the opaqueness of the Dark Ages was nearly complete. In the years between 400 and 1400, little new understanding was gained about the workings of the heart, arteries, veins, and blood. Knowledge during this time deteriorated rather than improved. Realistically, less was known about the heart from 1000 to 1400 than was known in AD 400; less was known then, for that matter, than was known at the end of Galen’s career, two hundred years after the birth of Christ.


Initially, Galen’s work seemed to have been lost to science altogether. In Western Europe, not a single copy of one of his scrolls seems to have survived. But in the eastern part of the Roman Empire, his writings had, it would turn out, continued to be copied and translated, from Latin to Arabic and then from one Arabic copy to the next. Muslim scientists prevented ancient knowledge from being lost in its entirety, not just that of Galen but also more generally. Not all of Galen’s millions of words were translated, and meaning and context could be lost in translation, but his flame was passed. When scholars in Western Europe, particularly in Italy, rediscovered these translations, they cherished them—too much. Galen’s words seemed so advanced, relative to the knowledge of the time in Europe, that they were treated as literal scripture, wisdom handed down from an ancient that was to be revealed, not built upon. The sciences of anatomy and human biology came to circle Galen, Galen the great, Galen the perfect, Galen the prince.
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