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PRAISE FOR HEART


“Dr. Jauhar expertly weaves little-known tales from medical history into his own personal and professional experiences to create a richly detailed book about the human heart. Thoroughly engrossing and full of historical gems.”


Lindsey Fitzharris, author of The Butchering Art


“Cardiologist Jauhar moves beautifully between ‘dual tracks’ of ‘learning about the heart...but also what was in my heart,’... Covering enough physiology to make scientific details easily understood, Jauhar emphasizes how brave, desperate, and sometimes foolhardy experiments led to important developments, such as the heart-lung machine… Jauhar is thoughtful, self-reflective, and profoundly respectful of doctors and patients alike; readers will respond by opening their own hearts a little bit, to both grief and wonder.”


Publisher’s Weekly, starred review


“Sandeep Jauhar writes with the eye of a doctor and the heart of a poet. His latest book, Heart: A History, is a superb tribute to our most vital organ.”


Marilyn Yalom, Stanford University, author of The Amorous Heart


“In Heart: A History, Sandeep Jauhar, one of the most talented physician-writers of our era, takes us on an enlightening, uplifting journey through the major milestones and advances of heart disease—while at the same time anchoring his intimate, personal experiences.”


Eric Topol, Scripps Research Institute, author of The Patient Will See You Now
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For Pia, my heart




The animating spark of the body, nurse of its life, the creative principle and harmonizing bond of the senses; the central link in the human structure … mainstay of our nature, king, governor, creator.


—Bernard Silvester, twelfth-century poet and philosopher





Prologue: CT Scan



I’d been getting short of breath. When I walked up the scuffed steps to my fourth-floor office, I had to stop to rest. Sometimes, at night, I would start to wheeze as my airways congested with mucus, and I’d break into fits of cough. As a physician, I was privileged to have been a first responder on 9/11, but many of us who had been at Ground Zero were reporting respiratory problems. So I went to my friend Seth, a pulmonologist, for an evaluation. He ordered pulmonary function tests, in which I sat in a glass-walled booth and blew hard into a plastic tube. Airflow and lung volumes were normal. Seth diagnosed me with acid reflux, a common cause of chronic cough, and prescribed a daily antacid. But I persuaded him to order a CT scan of my chest. My symptoms seemed out of proportion to his benign diagnosis. I was worried that my lungs had been damaged by the smoke and dust I’d inhaled downtown.


As Seth predicted, the CT scan revealed normal lungs. However, an incidental finding caught my eye. “Coronary artery calcifications are noted,” the report offhandedly stated. Coronary calcium is a marker of atherosclerosis, hardening of the arteries. It had been reported as an incidental finding on countless CT scans of my older patients over the years, and I’d scarcely paid any attention. But now, at age forty-five, I wanted to know more. How much calcium was present, and where, exactly? A radiologist informed me that the scan I’d had did not have the resolution to answer these questions.


On my computer, I pulled up a Framingham calculator, a tool designed to estimate one’s risk of a heart attack within the next ten years. I put in my height and weight, blood pressure and cholesterol, and the fact that I am a nonsmoker and don’t have diabetes. The program spit out a ten-year risk of a heart attack of 2 percent and of any cardiovascular event (including angina and stroke) of about 7 percent. Reassuringly low. However, I also knew that for an Indian immigrant with a strong family history of heart disease, the calculation probably underestimated the true risk.


My brother, Rajiv, also a cardiologist, suggested a treadmill stress test, but I was playing tennis on weekends without any symptoms. A stress test would only detect coronary blockages greater than 70 percent, and I was pretty sure my disease was not that advanced. So I opted for a special, noninvasive CT angiogram to look into my coronaries. Every Father’s Day I received spam e-mail about this test. “Make sure Dad is not among the hundreds of thousands of men in America who appear healthy but are actually a ticking time bomb.” Strange to think that I might now be one of those men. I called Dr. Trost, the cardiac radiologist in our department, and scheduled the scan. She reassured me that I was at low risk for heart disease. “But for your peace of mind, you should probably have it,” she said.


So, early one morning in June, I went for the test. While I lay on the gantry outside the C-shaped scanner, a tech inserted an IV in the back of my hand. The scan would have to resolve millimeter-sized plaque in a grapefruit-sized organ moving at a velocity of 200 millimeters per second. I was given an intravenous beta-blocker to slow down my heart to reduce image blur. A nitroglycerin tablet was also placed under my tongue to dilate my chest arteries so the scan could visualize them better. After a couple of preliminary images, a nurse injected X-ray-opaque dye into my vein. “You’re going to feel warm all over,” she said as I blushed, thinking I had wet myself. The final run-through took less than a minute.


After Dr. Trost reviewed the images, she called me into the reading room. The gray-and-white pictures were up on a large monitor. White specks, radiographic grit, were in all three of my coronary vessels. The main artery feeding my heart had a 30 to 50 percent obstruction near the opening and a 50 percent blockage in the midportion. There was minor plaque in the other two arteries, too. Sitting numbly in that dark room, I felt as if I were getting a glimpse of how I was probably going to die.
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Fear Heart (Courtesy of Darian Barr)





Introduction:
The Engine of Life



There is nothing shameful about a heart attack.


—Susan Sontag, Illness as Metaphor (1978)


Perhaps the most consequential event in my life occurred fifteen years before I was born. On a sweltering July day in India in 1953, my paternal grandfather died suddenly. He was only fifty-seven. The circumstances were unusual, and like most family tragedies, ours has acquired a touch of myth. Everyone agrees that in the morning on the day he died, my grandfather was bitten by a snake coiled between sacks of grain in his little shop in Kanpur. He did not see the type of serpent, but snakebite is common in India, and by all accounts my grandfather was feeling fine when he came home for lunch. My father, who was almost fourteen, was going for an interview at Kanpur Agricultural College the following day, and my grandfather had planned to accompany him. They were sitting on the stone floor, inspecting my father’s high school diploma, delighting in all the academic honors he’d received, when, midway through the meal, neighbors brought in the corpse of the shiny black cobra they claimed had bitten my grandfather. (It had been killed by a snake charmer summoned to the shop.) My grandfather took one look at it and went pale. “How can I survive this?” he said, before slumping to the floor. The neighbors exhorted him to say “Ram, Ram,” a Hindu prayer, but his last words, lying on the floor, his eyes turning to glass, were “I wanted to take Prem to college.”


A government ambulance used to make rounds in the village regularly. Around 7:00 p.m., several hours after my grandfather’s collapse, it was flagged down on a routine drive. By then, rigor mortis had set in, traveling like a slow wave from my grandfather’s neck and jaw into his limbs. The paramedics immediately declared my grandfather had passed—he had no heartbeat—but the family, in denial, insisted they take him (and the snake) to a British-built hospital about five miles away. A doctor there pronounced my grandfather dead on arrival.


“It was a heart attack,” the doctor said, dispelling the family’s belief that a snake had killed their elder. My grandfather had succumbed to the most common cause of death throughout the world, sudden cardiac death after a myocardial infarction, or heart attack, perhaps triggered in his case by fright over the snakebite. With nothing to be done, and the summer heat threatening to spoil the body, my grandfather was brought back to the village and cremated the following day. Before a garlanded casket set on a pyre soaked in oil, people beat their heads in grief under a light blue sky.


Listening to family lore, I grew up with a fear of the heart as the executioner of men in the prime of their lives. Because of the heart, you could be healthy and still die; it seemed like such a cheat. The apprehension was fed by our grandmother, who came to live with us in California in the early 1980s (until she got homesick and returned to the tiny village in Kanpur where her beloved husband had died). Even thirty years after his death, she still wrapped herself in white gossamer shawls that smelled of mothballs, befitting a widow. Once, at the Los Angeles Zoo, she bowed respectfully to the snake they brought around, clasping her hands and muttering a prayer before insisting we take her home. She was a strong-willed woman who ably took over the reins of the household after her husband died. And yet, like Miss Havisham, she spent her life in mourning over one freakish, incomprehensible incident. In India, snakes symbolize infinity and timelessness, as well as misfortune and death. To the end, in her mind, it was a venomous snake that killed her husband. And in a way, in the suddenness with which a heart attack can fell a healthy and vibrant life without warning, it was.


My maternal grandfather also fell victim to sudden cardiac death, though many years later. He was an army doctor who set up a successful private practice at his home in New Delhi. On a September morning in 1997, just after his eighty-third birthday, he woke up complaining of abdominal pain, which he attributed to an excess of food and scotch the night before. After a few minutes, he bellowed a loud groan and went unconscious; just like that, he was gone. He almost certainly had had a massive heart attack, but that wasn’t what killed him. It was the ensuing arrhythmia—ventricular fibrillation, in which the heartbeat becomes chaotic—that prevented his heart from sustaining blood flow and life. When I talked to my mother about his death, she said she was sad that he died so suddenly. But she was thankful, too.


Thus, the human heart became an obsession for me, in no small part because of my family history. As a boy, I used to lie in bed and monitor the thudding in my own chest. I’d lie on my side, head in hand, and listen to the squirting pulse in my ears. I’d adjust the speed of the ceiling fan to synchronize with my heartbeat, in thrall to the two competing oscillators, so grateful that mine never took a rest.* I was fascinated by the heart’s dichotomous nature: muscular, constantly toiling, and yet so vulnerable at the same time. Years later, when I became a heart-failure specialist, I reproduced this preoccupation in my children. When my son, Mohan, was small, we used to watch a PBS special on heart disease, in which a man having a heart attack develops cardiac arrest. In the back of an ambulance, he is shocked back to life with defibrillator paddles, his body violently jerking with the electrical discharge. Mohan would stare at the scene spellbound, often rewinding the tape, until I’d insist we turn it off, fearful of the impact on his developing mind. We’d watch it again the next day.


•


This book is about what the heart is, how it has been handled by medicine, and how we can most wisely live with—as well as by—our hearts in the future. The heart’s vital importance to our self-understanding is no accident. If the heart is the last major organ to stop working, it is also the first to develop—starting to beat approximately three weeks into fetal life, even before there is blood to pump. From birth until death, it beats nearly three billion times. The amount of work it performs is mind-boggling. Each heartbeat generates enough force to circulate blood through approximately 100,000 miles of vessels. The amount of blood that passes through an average adult heart in a week could fill a backyard swimming pool. But the life that it sustains can quickly be taken away. When the heart stops, death is instantaneous. If life is a continuous struggle against the inexorable march of entropy, then the heartbeat is at the core of that conflict. By purveying energy to our cells, it counteracts our tendency toward dissipation and disarray.


More than anything, the heart wants to beat; this purpose is built into its very structure. Heart cells grown in a petri dish start to contract spontaneously, seeking out other cells (through electrical connections called gap junctions) to synchronize in their rhythmic dance. In this sense, cardiac cells—and the organ they create—are social entities. The heart can continue to beat for days, even weeks, after an animal has died. In a laboratory, the French Nobel laureate Alexis Carrel showed that properly nourished chick heart tissue cultured on a medium of blood plasma and water will pulsate for months and can remain alive for more than twenty years, much longer than the normal life span of its host. This is a unique property of the heart. The brain and other vital organs cannot function without a beating heart, but a beating heart does not depend on a functioning brain, at least not in the short term. Moreover, the heart doesn’t just pump blood to other organs; it pumps blood to itself. We cannot see our own eyes. We must struggle to use our minds to change our way of thinking. But the heart is different. In a sense, and unlike any other organ, the heart is self-sustaining.


Of all the connections of the heart—to emotions, to thought—the link between the heartbeat and life is perhaps the strongest. We associate the heart with life because, like life itself, the heart is dynamic. From second to second, and on a macroscopic scale, the heart is the only organ that discernibly moves. Through its murmurings, it speaks to us; through its synchronized contractions, it broadcasts an electrical signal several thousand times more powerful than any other in the body. Over the centuries, disparate cultures have viewed the heart as the source of a life-giving force that was to be culled or harvested. In ancient Egypt, the heart was the only organ that was left in the body during mummification because it was believed to play a central role in the rebirth of an individual after death.* In a scene often depicted in Egyptian mythology, the heart of a deceased person is weighed on a scale balanced by a feather or statuette representing truth and divine law. If the heart balanced evenly, it was considered pure and returned to its owner. But if it proved laden with sin, it was devoured by a monstrous chimera, and the deceased was banished to the underworld. Three thousand years later, in elaborate hilltop ceremonies, the Aztecs opened the chests of slaves with flint knives and ripped out their still-beating hearts as offerings to their idols. In Western fairy tales, witches seeking immortality consumed the hearts of innocents. In Snow White, for example, the evil queen insists the hunter cut out the girl’s heart to ensure that she is really dead. Even today, when brain death has become a widely accepted sign of demise, people continue to associate a heartbeat with viability. Families come up to me in the intensive care unit and say, “His heart is beating. How could he be dead?”


The sanguine dance must eventually come to an end. Cardiovascular disease claims 18 million lives—nearly one-third of all deaths—across the globe each year. Since 1910, heart disease has been the number one killer in the United States. Today 62 million Americans (and more than 400 million worldwide, including 7 million in the UK) suffer from heart disease.


The second most common cause of death in America—and the most common in the UK, where heart disease is the second—is cancer, but heart disease and cancer could hardly be more different. In cancer, cells divide madly, migrate wildly, invade mercilessly, in a sort of hard-charging pollution of the body. Heart disease is different: cleaner, stricter, less ambiguous, more comprehensible. Cancer patients, Susan Sontag wrote, are stained and fragmented. Cardiac patients, she said, often stand tall, seemingly healthy, like my grandfather, until they die.


The numbers could be even worse. Cardiovascular deaths in America and Britain have declined significantly since the mid-1960s, by over 50 percent and almost 60 percent respectively. From 1970 to 2000, the average life span in the United States increased by six years. Two-thirds of this increase in longevity came from advances in cardiovascular treatments. (In recent years there has been decreasing life span in middle-aged whites for non-cardiovascular reasons.) Although more than 60 percent of Americans will develop some form of cardiovascular disease in their lifetime, less than a third will die of it, so we know our treatments are effective. The twentieth century will go down in history as one in which the great scourge of cardiovascular disease finally began to come under control.


There is a downside to this success, of course. Patients who once might have died of heart disease now must live with it, though often in an enervated state, a fraction of their former selves. Every year more than half a million Americans develop congestive heart failure, in which the heart weakens or stiffens to the point that it cannot properly pump blood to meet the energy demands of the body. Heart failure is now the number one reason patients over sixty-five years old are hospitalized, and most patients still die within five years of diagnosis. Ironically, as we become more adept at treating heart disease, the set of people who are ill with it is growing.


The cardiovascular situation in America is likely going to get worse in the coming years. Adherence to a heart-healthy lifestyle has decreased. In aggregate, Americans have become more obese and sedentary, and smoking rates have hardly changed in the past two decades. An autopsy study in the Archives of Internal Medicine suggests that 80 percent of Americans sixteen to sixty-four years old have at least the beginnings of coronary artery disease. These findings indicate that the four-decade-long decline in heart disease may be coming to a screeching halt. We will need new ways to cope with this threat.


In the pages that follow, I will examine the emotional and scientific dimensions of an organ that has intrigued and eluded philosophers and physicians for centuries. No other organ—perhaps no other object in human life—is so imbued with metaphor and meaning. The history I will describe is not one of uninterrupted progress, but it is one that, in fits and starts, has solved major challenges, helping countless people survive a disease that was once considered terminal. It is a grand story—from the natural philosophers who dwelled on the heart’s metaphorical meanings, to William Harvey and the discovery of circulation, to large-scale endeavors like the Framingham Heart Study that explored the causes of heart disease, to modern surgical techniques and technologies that even a century ago, because of the heart’s exalted status in human culture, were considered taboo.


The twelfth-century Christian mystic Hildegard of Bingen once wrote, “The soul sits at the center of the heart, as though in a house.” In many ways, the heart does resemble a house. It is divided into multiple chambers, separated by doors. The walls have a characteristic texture. The house is old, designed over many millennia. Hidden from view are the wires and pipes that keep it functioning. And though the house has no intrinsic meaning, it carries meaning because of the meanings we attribute to it. The heart was once considered the center of human action and thought—the source of courage, desire, ambition, and love. Even if those connotations are outdated, they are still deeply relevant to how we think about this organ and how it shapes our lives.


*Nineteenth-century scientists used a rotating wheel driven by a motor and synchronized to the cardiac cycle to detect small variations in the heart’s rhythm.


*The kidneys were also left behind, probably because their location in the body made removal difficult. One can almost hear the words of the recently departed Egyptian, bowed in submission, written on the papyrus: “O my heart which I had upon earth, do not rise up against me as a witness … Do not speak against me concerning what I have done.” Through the Middle Ages, the hearts of kings and princes were still often buried separately, and as recently as 1989 the queen of Hungary chose to have her heart interred in a monastery in Switzerland where her husband’s heart also lay.





PART I


Metaphor
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Separation, Edvard Munch, 1896, oil on canvas, 96.5 × 127 cm (Munch Museum, Oslo [MM M 00024]; photograph © Munch Museum)
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A Small Heart


You can die of a broken heart—it’s scientific fact—and my heart has been breaking since that very first day we met. I can feel it now, aching deep behind my rib cage the way it does every time we’re together, beating a desperate rhythm: Love me. Love me. Love me.


—Abby McDonald, Getting Over Garrett Delaney (2012)


When I was fifteen, I had to do a research project for my high school biology class. I decided to measure the electrical signal from the heart of a live frog. To do the experiment, I was going to have to pith the animal—sever its spinal cord while it was still alive, thus paralyzing it—before cutting it open. I borrowed an oscilloscope to measure current, a voltage amplifier, and some red and black electrodes. My science teacher, Mr. Crandall, said it was an impressive project for a high school junior.


But first I had to collect some frogs. With a fishing net in one hand and my bicycle handlebars in the other, I set off for the woods near my house in Southern California. It was a late Friday afternoon in early spring, and birds were singing petulantly. The road was wet. My bicycle tires made gritty sounds in the gravelly mud.


My destination was a small pond, no bigger than a backyard swimming pool. The surface was blanketed with leaves, dragonflies, and interconnecting swaths of green muck. I plodded along the bank, my sneakers sinking ever so slightly into the mud. Then, through a parting in the algae, I beheld a wondrous world of darting tadpoles and surging tree frogs. I plunged my net, a white mesh at the end of a three-foot wooden pole, into the water and dragged it along the viscous bottom. When I pulled it out, a small yellow frog was caught in the netting. I dropped it (along with a few leaves) into a garbage bag. With a few more sweeps, I collected more frogs, about six in all. I poked tiny holes in the plastic bag with the tip of a pencil and tied off the top. Then, after stuffing the bag into my backpack, I rode home.


I dropped the bike at the side of the house and unlatched the wooden door leading to the backyard. Weeds peeked out of cracks in the cement path. Beside the covered patio was a small lemon tree. The fact that it was there always made me feel as if my backyard were a better, freer place than it really was. By then, darkness was approaching, replacing the jaundiced sky. From the kitchen, my mother called out to me to come in for dinner. I left the bag with the frogs on the patio. Inside, my mother asked me if I was going to feed the animals. I told her there was no point because they were going to be sacrificed anyway.


Animal circulation, I’d learned from Mr. Crandall, evolved over millions of years. Mollusks and worms have a low-pressure, open circulation to ferry nutrients and waste. Larger animals developed tube-shaped vessels and pumps of growing complexity to circulate blood at higher pressure, thus enabling oxygen and nutrient delivery over longer distances. Fish hearts have two chambers; frog hearts have three. Human hearts are more intricate, with four chambers: two atria (the collecting compartments) and two ventricles (the pumps). Frogs require less oxygen than humans because they do not try to maintain a constant internal temperature. Unlike the humans who dissect them, frogs are cold-blooded. 


The next day, a Saturday, I took the garbage bag, my electrical apparatus, a scalpel, and a dissection tray and sat down on a plastic stool under our rusting swing set. In 1856, 127 years earlier, the anatomists Rudolf von Kölliker and Heinrich Müller measured the electric current of a frog’s heartbeat by passing the current down electrodes connected to a magnet, which produced a force that deflected a needle. With some modern technology, this was essentially the experiment I was going to try to replicate. I hooked up the electrodes to the voltage source to test the circuit, getting a clean 60-hertz signal on the oscilloscope. Because the electrode tips were fat and blunt, I wasn’t sure they’d make proper contact if the frog’s heart was too small, but that weekend was the best time for me to get the experiment done, so I decided to proceed anyway.


I retrieved a frog from the depths of the bag. Grasping it firmly with my hand, I gently applied the scalpel to the beige skin on its back. It kicked its legs wildly, struggling to get free. When I inadvertently relaxed my grip, it got away, hopping around in the dry grass until I scooped it up. Squeezing its hip and hind legs securely until it stopped resisting, I tried again. By this point my own heart was popping against my breastbone, trying to break free. I pushed the tip of the scalpel a few millimeters through the soft foramen magnum and into the base of the skull. The frog struggled, so I pushed harder, feeling the cartilaginous carapace reluctantly give way. I must have been holding my breath—or perhaps hyperventilating—because tiny grains of black began to mottle my vision. I rattled the tip violently back and forth, nearly decapitating the animal. When I placed it in the dissection tray, it tried to drag itself to the edge. It gave one more weak jump before it went limp.


I made a linear incision along the chest, which bled clear, viscous liquid. The heart was still beating, as far as I could tell—though it was hard to be sure, shrouded as it was by other thoracic structures. To clear the field, I tore out these organs with my fingers. By then my tears were flowing fast. The electrode tips were way too big, nearly the size of the heart itself. Nevertheless, in a panic, I directed them at the pea-sized organ, forgetting that they were still hooked up to the battery. When they made contact, an electrical spark crackled, singeing the chest. It smelled awful, even worse than the formaldehyde-soaked specimens in Mr. Crandall’s storage locker. By the time my mother came outside, I was bawling. I had tortured the poor creature, and moreover had nothing to show for it. My mother surveyed the scene carefully. Then, with her usual scolding sympathy, she said, “You should do a different experiment, son. Your heart is too small for this.”


The next day, I steeled myself to try again, but when I went to retrieve another frog, the bag was empty; the frogs had disappeared. I still don’t know how they escaped (and neither did my mother). With no original data, I filled my paper with figures from textbooks. I got a B. Disappointed, I asked Mr. Crandall why. He said it was because I had learned nothing new.


•


If the heart bestows life and death, it also instigates metaphor: it is a vessel that fills with meaning. The fact that my mother associated my lack of courage with a small heart is no surprise; the heart has always been linked to bravery. During the Renaissance, the heart on a coat of arms was a symbol of faithfulness and courage. Even the word “courage” derives from the Latin cor, which means “heart.” A person with a small heart is easily frightened. Discouragement or fear is expressed as a loss of heart.


This metaphor exists across cultures. After my grandfather died, my father, only fourteen, enrolled at Kanpur Agricultural College, the first in his family to pursue higher education. Every morning he would walk six kilometers to the academy because the family could not afford a bicycle. On the way home, lugging his bag of borrowed books, he would meet my grandmother at an appointed spot on the dusty road. When he would complain of feeling tired or overwhelmed, she would admonish her grieving boy to show strength. “Dil himmauth kar,” she’d say. Take heart.


Shakespeare explored this motif in his tragedies. In Antony and Cleopatra, Dercetas describes the warrior Antony’s suicide by the hand that “with the courage which the heart did lend it, splitted the heart.” Antony was distraught over what he believed to be Cleopatra’s treachery, and in describing Antony’s heartbreak, Shakespeare refers to another conception of the heart: as the locus of romantic love. “I made these wars for Egypt and the Queen,” Antony declares, “whose heart I thought I had, for she had mine.” As the critic Joan Lord Hall writes, Antony is conflicted over two very different conceptions of the metaphorical heart. In the end, his craving for battlefield glory overwhelms his desire for passionate fulfillment and leads to his self-destruction.


The richness and breadth of human emotions are perhaps what distinguish us most from other animals, and throughout history and across many cultures, the heart has been thought of as the place where those emotions reside. The word “emotion” derives from the French verb émouvoir, meaning “to stir up,” and perhaps it is only logical that emotions would be linked to an organ characterized by its agitated movement. The idea that the heart is the locus of emotions has a history spanning from the ancient world. But this symbolism has endured.


If we ask people which image they most associate with love, there is no doubt that the valentine heart would top the list. The [image: Image] shape, called a cardioid, is common in nature. It appears in the leaves, flowers, and seeds of many plants, including silphium, which was used for birth control in the early Middle Ages and may be the reason why the heart became associated with sex and romantic love (though the heart’s resemblance to the vulva probably also has something to do with it). Whatever the reason, hearts began to appear in paintings of lovers in the thirteenth century. (These depictions at first were restricted to aristocrats and members of the court—hence the term “courtship.”) Over time the pictures came to be colored red, the color of blood, a symbol of passion. Later, heartshaped ivy, reputed for its longevity and grown on tombstones, became an emblem of eternal love. In the Roman Catholic Church, the [image: Image] shape became known as the Sacred Heart of Jesus; adorned with thorns and emitting ethereal light, it was an insignia of monastic love. Devotion to the Sacred Heart reached peak intensity in Europe in the Middle Ages. In the early fourteenth century, for instance, Heinrich Seuse, a Dominican monk, in a fit of pious fervor (and gruesome selfmutilation), took a stylus to his own chest to engrave the name of Jesus onto his heart. “Almighty God,” Seuse wrote, “give me strength this day to carry out my desire, for thou must be chiseled into the core of my heart.” The bliss of having a visible pledge of oneness with his true love, he added, made the very pain seem like a “sweet delight.” When his wounds healed in the spongy tissue, the sacred name was written in letters “the width of a cornstalk and the length of the joint of [a] little finger.” This association between the heart and different types of love has withstood modernity. When Barney Clark, a retired dentist with end-stage heart failure, received the first permanent artificial heart in Salt Lake City, Utah, on December 1, 1982, his wife of thirty-nine years asked the doctors, “Will he still be able to love me?”


Today we know that emotions do not reside in the heart per se, but we nevertheless continue to subscribe to the heart’s symbolic connotations. Heart metaphors abound in everyday life and language. To “take heart” is to have courage. To “speak from the heart” conveys sincerity. We say we “learned by heart” what we have understood thoroughly or committed to memory. To “take something to heart” reflects worry or sadness. If your “heart goes out to someone,” you sympathize with his or her problems. Reconciliation or repentance requires a “change of heart.”


Like the biological heart, the metaphorical heart has both size and shape. A bighearted person is generous; a small-hearted person is selfish (though when my mother said I had a small heart, I believe she meant I had a surfeit of compassion). The metaphorical heart is also a material entity. It can be made of gold, stone, even liquid (for example, being poured when we confess something). The metaphorical heart also possesses temperature—warm, cold, hot—as well as a characteristic geography. The center of a place is its heart. Your “heart of heart,” as Hamlet tells Horatio, is the place of your most sacred feelings. To “get to the heart” of something is to find out what is truly important, and just as the statue or monument at the heart of a city often has something to do with love, bravery, or courage, so too it is with the human heart.


•


Over the years, I have learned that the proper care of my patients depends on trying to understand (or at least recognize) their emotional states, stresses, worries, and fears. There is no other way to practice heart medicine. For even if the heart is not the seat of the emotions, it is highly responsive to them. In this sense, a record of our emotional life is written on our hearts. Fear and grief, for example, can cause profound myocardial injury. The nerves that control unconscious processes, such as the heartbeat, can sense distress and trigger a maladaptive fight-or-flight response that signals blood vessels to constrict, the heart to gallop, and blood pressure to rise, resulting in damage.


In other words, it is increasingly clear that the biological heart is extraordinarily sensitive to our emotional system—to the metaphorical heart, if you will.


In the early part of the twentieth century, Karl Pearson, a biostatistician studying cemetery headstones, noticed that husbands and wives tend to die within a year of each other. This finding supports what we now know to be true: heartbreak can cause heart attacks; loveless marriages can lead to chronic and acute heart disease. A 2004 study of nearly thirty thousand patients in fifty-two countries found that psychosocial factors, including depression and stress, were as strong risk factors for heart attacks as high blood pressure and nearly as important as diabetes. The heart might be a pump, but it is certainly not a simple one, and it is most definitely an emotional one.


[image: Image]


Takotsubo cardiomyopathy (from International Journal of Cardiology 209 [2016]: 196–205)


There is a heart disorder first recognized about two decades ago called takotsubo cardiomyopathy, or the broken-heart syndrome, in which the heart acutely weakens in response to extreme stress or grief, such as after a romantic breakup or the death of a spouse. Patients (almost always women, for unclear reasons) develop symptoms that mimic those of a heart attack. They may develop chest pain and shortness of breath, even heart failure. On an echocardiogram, the heart muscle appears stunned, frequently ballooning into the shape of a takotsubo, a Japanese octopus-trapping pot with a wide bottom and a narrow neck.


Though we don’t know exactly why this happens, the abnormal shape seems to reflect the distribution of adrenaline receptors in the normal heart. High adrenaline damages heart cells. Areas with higher receptor density (such as the apex, or bottom, of the heart) are more affected and therefore suffer the most damage. Though takotsubo cardiomyopathy often resolves within a few weeks, in the acute period it can cause heart failure, life-threatening arrhythmias, even death. The first studies of this disorder were in the early 1980s on victims of emotional or physical trauma (robbery, attempted murder) who seemed to die not from their injuries but from cardiac causes. Autopsies showed telltale signs of heart injury and cell death.


Takotsubo cardiomyopathy is the archetype of a disease that is controlled by interactions between the emotions and the physical body. In no other condition do the biological and metaphorical hearts intersect so closely. The disorder can even occur when patients are not conscious of their grief. The husband of an elderly patient of mine had died. She was sad, of course, but accepting, maybe even a bit relieved: it had been a long illness; he had had dementia. But a week after the funeral, she looked at his picture and became tearful, and then she got chest pain, and with it came shortness of breath, distended neck veins, sweaty brow, a noticeable panting while she was quietly sitting in a chair: signs of congestive heart failure. On an ultrasound, her heart had weakened to less than half its normal function. But nothing on other tests was amiss—no sign of clogged arteries anywhere. Two weeks later, her emotional state had returned to normal and so, an ultrasound confirmed, had her heart.


Takotsubo cardiomyopathy has been reported in many stressful situations, including public speaking, gambling losses, domestic disputes, even a surprise birthday party. “Outbreaks” of it have even been associated with widespread social upheaval, such as after a natural disaster. For example, on October 23, 2004, a major earthquake registering 6.8 on the Richter scale devastated Niigata Prefecture on Honshu, the largest island in Japan. Thirty-nine people were killed, and more than three thousand were injured. Landslides forced the closure of two national highways, disrupting telephone service and power and water supplies. On the heels of this catastrophe, researchers found that there was a twenty-four-fold increase in the number of takotsubo cardiomyopathy cases in the Niigata district one month after the earthquake, compared with a similar period the year before. The residences of those affected were closely correlated with the intensity of the tremor. In almost every case, patients lived near a fault.


Using a nationwide database, scientists at the University of Arkansas identified almost 22,000 patients diagnosed with takotsubo cardiomyopathy in the United States in 2011. The highest rate of cases, nearly triple the national average, was in Vermont, where a tropical storm wreaked more damage that year than in nearly a century. The second-highest rate was in Missouri, where a massive tornado ripped through the town of Joplin, killing at least 158 people. Though these geographic areas were not the only ones hit by natural disasters that year, the scientists noted that their populations were perhaps less prepared because of a lack of experience with disasters and thus more vulnerable to the ensuing distress.


By now, these findings should not surprise. Heart problems, including sudden cardiac death, have long been reported in individuals experiencing intense emotional disturbance—turmoil in their metaphorical hearts. The most unusual disturbances may have especially dramatic effects. In his book The Lost Art of Healing, the cardiologist Bernard Lown describes a case from an Indian medical journal in which a prisoner is condemned to death by hanging. A physician persuades the prisoner to allow authorities to bleed him rather than hang him because death by exsanguination is relatively painless. The man is strapped to a cot and blindfolded. Then his arms and legs are scratched, leading him to believe that he is bleeding. Lown writes:


Vessels filled with water were hung at each of the four bedposts and set up to drip in a basin on the floor. The water began to drip into the containers, initially fast, then progressively slowing [mimicking bleeding]. By degrees the prisoner grew weaker, a condition reinforced by the physician’s intoning in a lower and lower voice. Finally the silence was absolute as the dripping of water ceased. Although the prisoner was a healthy young man, at the completion of the experiment, when the water flow stopped, he appeared to have fainted. On examination, however, he was found to be dead, despite not having lost a single drop of blood.


These types of “emotional” deaths have been observed for at least a century. In 1942, the Harvard physiologist Walter B. Cannon published a paper called “ ‘Voodoo’ Death” in which he described cases of death from fright in primitive people who believed they had been cursed, such as by a bone-pointing witch doctor or as a consequence of eating “taboo” fruit. In his book The Australian Aboriginal, published in 1925, the anthropologist Herbert Basedow wrote:


The man who discovers that he is being boned by an enemy is, indeed, a pitiable sight. He stands aghast with his eyes staring at the treacherous pointer, and with his hands lifted to ward off the lethal medium, which he imagines is pouring into his body. His cheeks blanch, and his eyes become glassy, and the expression of his face becomes horribly distorted. He attempts to shriek but usually the sound chokes in his throat, and all that one might see is froth at his mouth. His body begins to tremble and his muscles twitch involuntarily. He sways backward and falls to the ground, and after a short time appears to be in a swoon. He finally composes himself, goes to his hut and there frets to death.


What these deaths had in common was the victims’ absolute belief that there was an external force that could cause their demise and against which they were powerless to fight. This perceived lack of control, Cannon postulated, resulted in an unmitigated physiological response in which blood vessels constricted to such a degree that blood volume acutely dropped, blood pressure plummeted, the heart acutely weakened, and massive organ damage resulted from a lack of transported oxygen. Cannon believed that voodoo deaths were limited to primitive people “so superstitious, so ignorant, that they feel themselves bewildered strangers in a hostile world.” But over the years these types of sudden deaths have been shown to affect all manner of modern people, too. A host of sudden-death syndromes have been identified today, including sudden death in middle-aged men (usually after myocardial infarction), sudden infant death syndrome, sudden unexpected nocturnal death syndrome, sudden death during natural catastrophe, sudden death associated with recreational drug abuse, sudden death in wild and domestic animals, sudden death during alcohol withdrawal, sudden death after a major loss, sudden death during panic attacks, and sudden death during war. Almost all occur because of a sudden stoppage of the heart.


This is what happened to my grandfather. His sudden death was likely caused by the intense fright he experienced when he saw the snake that bit him. But stress can have both acute and chronic effects, and so I believe the emotional conditions for his cardiac death were laid much earlier, during the tumultuous partition of India in the summer of 1947. My grandfather lived in a district in the Punjab province of what is today Pakistan, where he owned a land management business, hiring laborers to tend to large estates. With the end of British rule in August 1947, the long-standing animosity between Hindus and Muslims in Punjab, as in the rest of the Indian subcontinent, exploded. That year, six years before my grandfather died, the country was partitioned into India and West and East Pakistan (now called Bangladesh), along largely sectarian lines. The result was the largest mass migration in recorded history. Millions of Hindus trekked into India (my grandfather’s family among them). Millions of Muslims went in the opposite direction. The violence on both sides was unimaginable, with massacres, rapes, abductions, and forced religious conversions. One victim was my grandfather’s family’s priest, whose throat was cut by a Muslim gang when he refused to say “Allahu akbar?” “We had Oms,” my father explains, pointing to a gray tattoo on his hand. “No question they would have killed us, too.”


My grandfather and his family escaped to the border in bullock-driven carts along rutted roads, taking whatever they could bear. There was terrible bloodshed along the way. Villages were in flames; families left behind small children because they could not carry them. The Indian government had issued special armed escorts for teenage girls. Even so, some killed their own daughters to keep them from being raped.


That year, as the country was torn apart, more than one million people died, and fifty million Hindus, Muslims, and Sikhs were uprooted. The epicenter of the violence was in Punjab, but the shock waves resounded across the subcontinent. My grandfather and his family survived, but months of squalor in border camps, where cholera and dysentery were rampant, would claim the lives of my grandfather’s mother and his one-year-old son.


The struggle and upheaval during the summer and fall of 1947 no doubt contributed to my grandfather’s premature demise six years later. Reeling from the loss of his business, the family eventually settled into a one-bedroom flat in rural Kanpur. They had no furniture, electricity, or running water. My father did his homework under streetlamps; my grandmother prepared meals on a wood-and-dung-burning stove. My grandfather eventually scraped together enough money to open a small convenience shop that sold rice and other foodstuffs, where he worked virtually every waking hour. He was at that shop on the day he died.


•


The heart’s physiological responses to emotions such as fright, fear, or joy are controlled by the autonomic nervous system, which regulates unconscious movements such as heartbeat and breathing. The autonomic nervous system has two divisions: the “sympathetic” system, which mediates the fight-or-flight reaction, using adrenaline to speed up the heart and increase blood pressure; and the “parasympathetic” system, which has the opposite effect, slowing respirations and heartbeat, lowering blood pressure, and promoting digestion. Both sympathetic and parasympathetic nerves travel along blood vessels and terminate in nerve cells within the heart to help regulate the heart’s emotional reactions.


However, there is still a lot we do not understand about the effects of the autonomic nervous system on the heart. For instance, in 1957, Curt Richter, a scientist at Johns Hopkins, described experiments on wild rats in which the animals were dunked in a glass jar filled with water and sprayed by a narrow jet that precluded the animals from floating—in essence, waterboarding them. Wild rats are fierce, suspicious animals that react very negatively to any form of restraint. Not surprisingly, most rats rapidly drowned within minutes (though a few amazingly were able to swim for eighty or more hours before drowning).
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