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Praise for The Masters of Medicine

“This book is magnificent! Dr. Andrew Lam guides us through the audacious history of medical innovation in all its genius, serendipity, hubris, and even psychopathy with the warm-hearted and clear-eyed touch of a true writer. I enjoyed every twist through time of this beguiling reminder of how far we’ve come in medicine—and how far we still have to go.”

—Susannah Cahalan, #1 New York Times bestselling author of Brain on Fire

“This is a book filled with extraordinary tales of extraordinary personalities who made history—a history that has created the world we live in. It’s accurate, clear sighted, well written, and where necessary it cuts through myth to get to what really happened. In truth, no myths are necessary—the reality is fascinating enough.”

—John Barry, #1 New York Times bestselling author of The Great Influenza

“Andrew Lam’s The Masters of Medicine is a fascinating book that describes some of medicine’s greatest discoveries. Lam himself is a master surgeon, storyteller, and writer, and this combination produces a book that is both a pleasure to read and rich with information. The Masters of Medicine is a must-read, and Lam is a stellar guide to the breakthroughs that have defined and continue to shape modern medicine.”

—Adam Alter, Ph.D., professor of marketing and psychology, New York University Stern School of Business, and New York Times bestselling author of Drunk Tank Pink and Irresistible

“The Masters of Medicine is a skillful and engaging portrayal of the journeys through some of the pivotal accomplishments in medicine. Lam vividly describes the very human exploits, failures, and tenacity of clinicians who found solutions to some of nature’s most perplexing problems. Andrew Lam has furnished a major contribution to the history of medicine.”

—Thomas Helling, M.D., professor of surgery, University of Mississippi School of Medicine, and author of The Great War and the Birth of Modern Medicine

“This wonderfully absorbing book describes the efforts of individuals that led to key medical advances, facilitated by their skill, knowledge, determination, courage and, quite often, sheer self-confidence coupled to luck. All of which only goes to show, if we ever doubted it, that scientists and clinicians are human. The reader feels as though he is in the same room as these diligent trailblazers. You are almost looking over Dwight Harken’s shoulder as he plugs shrapnel-damaged hearts with his finger while stitching up the holes. It’s a thoroughly ripping yarn that should be told to all. Remember: the next patient could be you.”

—Robin Hesketh, Ph.D., Department of Biochemistry, University of Cambridge, and author of Betrayed by Nature: The War on Cancer and Understanding Cancer

“An assemblage of many great triumphs in the human effort to achieve better health, including stunning narratives of pain, disappointment, luck, and—above all—the hard work that it took to succeed.”

—Robert Bazell, Ph.D., past chief science and health correspondent for NBC News, and author of Her-2: The Making of Herceptin, a Revolutionary Treatment for Breast Cancer

“A fascinating book! Andrew Lam’s narrative will pull you in. The Masters of Medicine is a character-driven book that takes you inside the minds of some of the most innovative thinkers on the planet, and along the way you learn a great deal more about your own body and how it functions!”

—Michael Tougias, New York Times bestselling coauthor of The Finest Hours and author of Extreme Survival

“Dr. Andrew Lam skillfully dissects some of the most seminal discoveries in the fight to combat humanity’s deadliest diseases. I highly recommend this fascinating book to anyone interested in the history of medicine.”

—Sandeep Jauhar, M.D., Ph.D., New York Times bestselling author of Intern, Heart: A History, and My Father’s Brain: Life in the Shadow of Alzheimer’s

“This is a gripping and fascinating book by someone who knows what they are writing about, and writes with flair. Dr. Lam takes you through the strokes of genius—and strokes of absolute luck—that brought us some of the world’s most important lifesaving treatments. A delight.”

—Charles Kenny, author of The Plague Cycle: The Unending War Between Humanity and Infectious Disease

“The Masters of Medicine recounts the struggles, successes, disasters, and staggering nonlinear path of medical discovery. With an engaging narrative style, Andrew Lam presents unforgettable tales of life-changing medical breakthroughs and the courageous physicians who devoted their lives to saving mankind from disease. Readers will find The Masters of Medicine riveting, and it will likely excite young people to consider a medical research career just as Paul de Kruif’s Microbe Hunters did decades ago.”

—Charlotte Jacobs, M.D., professor of medicine (emerita), Stanford University, and author of Jonas Salk: A Life

“A comprehensive and fun overview of key discoveries that have improved public health. Andrew Lam conveys the personalities of the key players, both famous and overlooked, who contributed to the medical breakthroughs that benefit us all. Rather than placing famous scientists on a pedestal, Dr. Lam shows that not all these characters were necessarily likable and that some had foibles that both helped and hindered their work.”

—Michael Kinch, Ph.D., author of The End of the Beginning: Cancer, Immunity, and the Future of a Cure

“Andrew Lam is the perfect combination of physician, historian, and storyteller. The Masters of Medicine vividly captures the mix of well-planned experiments, serendipitous findings, and eureka moments leading to some of the most important breakthroughs of modern medicine.”

—Gregg Semenza, M.D., Ph.D., professor of genetic medicine, Johns Hopkins University School of Medicine, and winner of the Nobel Prize in Physiology or Medicine
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INTRODUCTION

To Wrest from Nature


To wrest from nature the secrets which have perplexed philosophers of all ages, to track to their sources the causes of disease, to correlate the vast stores of knowledge, that they may be quickly available for the prevention and cure of disease—these are our ambitions.

—William Osler, M.D.



By the end of this century we will have found a cure for cancer. We will use stem cells to regrow nervous tissue and repair damaged spinal cords. Our knowledge of each individual’s genetic makeup will allow us to diagnose, and preemptively treat, many diseases before they become manifest. The average life span will exceed ninety years, and reaching centenarian status will be commonplace.

Most, if not all of us, believe that attainment of these ambitious goals is not only possible, but probable. We should be forgiven our hubris, for we have been conditioned to believe in mankind’s almost limitless potential. Just think of what we have had the good fortune to witness in our lifetimes—an extraordinary, exponential increase in scientific knowledge that dwarfed the modest achievements of prior centuries. Consider the life of just one person, my great-grandfather who was born in 1893 and died in 1977. In his youth, horses remained a primary mode of transportation. The airplane had not been invented. No one in his family had ever used a telephone or seen an electric light bulb. But by the time he died, man had landed on the moon. Since then, our world has continued to evolve in innumerable ways, benefiting from such varied advances as the Internet and the deciphering of the human genome. We have also beheld a quantum leap in medical knowledge and treatment that would be unfathomable to our ancestors.

At the turn of the twentieth century, hundreds of thousands died annually from infectious diseases like smallpox, tuberculosis, and cholera. The germ theory of disease was just beginning to gain widespread acceptance over prevailing nineteenth-century theories that blamed “bad air” or “miasmas.” Legitimate medical doctors believed harmful treatments like radium water could cure a plethora of ailments including arthritis, impotence, and anemia. Others used mercury to treat syphilis. Quackery and snake oil salesmen abounded. The average life expectancy, worldwide, was only thirty-three years (forty-seven in developed countries).

Then several changes occurred. Medical education became standardized. Improvements in sanitation, the introduction of vaccines and antibiotics, and advances in surgery and anesthesia had dramatic, beneficial effects. To a physician of the late nineteenth century, the idea that man might one day tame fatal infectious diseases, use a patient’s own immune system to cure cancer, and operate on the human heart would be just as unbelievable as the idea of landing on the moon. If life expectancy can double, so that today average worldwide longevity has reached 73.4 years (77.8 in the United States), is it so far-fetched to envision a future in which ordinary people will live to 100? Or even 110?

Historian and philosopher Yuval Noah Harari, author of the international bestselling books Sapiens and Homo Deus, goes even further, contemplating a day when mankind may even conquer death due to disease entirely. Pointing to advances in genetic engineering, regenerative medicine, and nanotechnology, he notes that some futurists anticipate the achievement of a form of human “immortality” by 2100 or 2200, wherein diseases have been conquered and aging tissues will be regenerated, upgraded, or transplanted. This view of the future sees no limit to science’s ability to prolong life and postpone death from physiological causes; in such a world, death might only occur due to war, accidents, and homicide.

The future is always uncertain, but it is clear that we are living in the midst of a remarkable continuum of technological progress. It’s a journey in which our recent past informs our view of a potentially limitless future. And yet, despite our penchant for optimism, a close study of history yields this crucial lesson: progress is not inevitable, nor inexorable.

In 1961, my father was a teenager who watched the first American, Alan Shepard, launched into space on a trip that lasted only fifteen minutes and twenty-eight seconds. Eight short years later, Neil Armstrong and Buzz Aldrin were walking on the lunar surface. If you asked my father in 1969 what he thought the future held for space exploration, these astonishingly rapid scientific advances might have prompted him and many others to enthusiastically predict manned flights to Mars within a couple more decades, perhaps by the year 2000 at the latest.

What we assume or expect to happen will not always come to pass. What seems assured or even everlasting is not. Nothing is certain. The Western Roman Empire encompassed five centuries of remarkable technological progress in Europe, yet receded from world history and was followed by the Dark Ages—a greater number of centuries marked by regression and ignorance.

Perpetual medical progress is no more assured than any other aspect of human history. Our greatest medical accomplishments—the discoveries that saved millions of lives and alleviated untold suffering—were not preordained, nor inevitable. Far from it. More often than not, these crucial advances depended on just one, or a handful, of individuals—fallible people who, through perseverance, skill, and sometimes dumb luck, took risks or made key observations that no one else had previously been willing or able to. Such physicians and scientists were often ridiculed and even ostracized by their peers, especially if their newfangled ideas threatened medical elites of their day. They dared to confront problems others assumed were unsolvable, and sought answers to questions no one else in history had thought to ask.

And yet, none of these innovators were martyrs or saints. Their brilliance was often marred by jealousy, pettiness, and astounding arrogance. Their remarkable stories illustrate that medical progress is not linear. It advances in fits and starts, and sometimes even moves backward. An examination of medical history reveals that the most crucial discoveries—ones that have proved more consequential than any atomic bomb or world war—hinged upon fleeting moments of breathtaking risk, mundane observation, or serendipitous error.

This is a book about those moments. This is a book about those people—heroes, most of them unsung, whose discoveries were milestones in our perpetual quest to heal the sick, mitigate suffering, and delay death. It is impossible to understate the impact of these singular moments, for they relate to diseases that will afflict, and kill, us all. As such, this narrative of mankind’s greatest modern medical achievements is organized by disease—the world’s most common afflictions, and most important killers.

Heart disease, the world’s number one predator, rightly sits atop any list of most crucial disorders for laypeople to understand.

Diabetes, an epidemic instigated by the tragic irony that for the first time in human history, people are dying from eating too much instead of too little.

Infectious disease, that tireless enemy against which we have celebrated many successes, but that continues to threaten global health like no other condition can.

Cancer, our loathsome nemesis that has touched every family and strikes down young as well as old.

Trauma, the ubiquitous infirmity that will surely persist even after all other diseases are someday defeated.

And the “affliction” of childbirth, a top killer of mothers and children—until doctors uncovered the secrets that would finally bring the practice of obstetrics kicking and screaming into a new age of improved health and better outcomes.

This is not a comprehensive history of medicine. Instead, it is a tale of human audacity and courage that cannot fail to leave one with the astonishing impression that, save for one person, fortuitous observation, or sometimes, mistake, life for all of us could be drastically different today.

In the process, we will investigate the pathophysiology of diseases that have touched all our lives, and the lives of our loved ones. An understanding of these conditions should not and cannot be reserved for the medical school graduate. Just as any parent would encourage a son or daughter to understand how a car runs, or the basics of the Internet, we should all know how our most common maladies affect us. To understand the human body and what can malfunction within it is not mere intellectual exercise; it is practical knowledge that will help us each recognize dangerous symptoms of disease, live healthier lives, and better understand our own conditions when we are the ones sitting across from the doctor. Each of us will one day be that person, and most likely, the news will not be pleasant.

Yet, now more than ever we are in position to wrest from nature its secrets and use this knowledge to combat disease in ways inconceivable to our predecessors. In this journey we will also look to the future and, with luck, inspire the young to take up the mantle of discovery so that the next generation will succeed in achieving breakthroughs that transform our expectations of health and longevity. Most people born today will enjoy lifetimes that reach into the twenty-second century. We hope that they will look back with astonishment at how much has been accomplished between now and then. We pray that the scourges that kill and perplex us today will become mere footnotes in tomorrow’s books of history and science, and that our legacy of progress continues unabated.

These are our ambitions.




1

HEART DISEASE

The Mavericks

As a young adult, Richard was a three-pack-a-day smoker with a stressful job. One night during the summer of 1978, when he was just thirty-seven years old, Richard awoke with a tingling sensation in two fingers of his left hand. He decided to go to the emergency room, where he passed out shortly after arriving. When he woke up, a doctor informed Richard that he’d had a heart attack.

This was a shock. Richard had always considered himself athletic and very healthy. His physician prescribed bed rest, and Richard remained in the hospital for eleven days.

After this alarming incident, Richard stopped smoking, exercised more, and lost weight. He underwent a relatively new procedure called cardiac catheterization, which permitted imaging of his coronary arteries. This showed a 50 percent narrowing of the right coronary artery (RCA) and a 75 percent blockage of the circumflex branch of the left anterior descending artery (LAD). No further treatment was recommended.

Richard went on with his life, working in a career that he loved but that seemed to grow increasingly stressful with each passing season. Even so, he thrived under the pressure, and his mentality reflected that of the young—he was invincible, too youthful to have a serious problem or disease that should limit his activities, career, or life. He began to view his heart attack as a one-off—a problem he’d solved through diet and exercise.

Then, six years later, Richard felt a mild discomfort in his chest and throat. He went to the hospital for an evaluation; his electrocardiogram (EKG) was normal, but cardiac enzyme tests showed he’d had a second, mild heart attack. Four years after that, he awoke early one morning with chest pain. This was yet another heart attack. Catheterization revealed a clot in his RCA, and an echocardiogram showed he had lost 30 percent of his normal heart function.

By now, Richard understood that he had a very serious disease that was likely to kill him one day, possibly much sooner than he’d ever imagined. He was only forty-seven, with a wife and two wonderful daughters, and he couldn’t imagine not being there to take care of them. Richard also didn’t want to slow down his career, and he hated living in constant fear of another heart attack. So, when his cardiologist suggested he undergo quadruple coronary artery bypass surgery to improve his exercise tolerance and hopefully prolong his life, Richard agreed. Thankfully, the surgery went well and Richard was discharged from the hospital seven days after the operation.

Shortly thereafter, Richard’s medical condition began to draw a lot of attention from people outside of his immediate family and even from the press. This was because President George H. W. Bush nominated him for a new job: United States Secretary of Defense.

—————

Richard “Dick” Cheney had previously served as Gerald Ford’s chief of staff, at the age of thirty-four. His first heart attack had occurred during his first congressional race in Wyoming, which he won. At his Senate confirmation hearing for Secretary of Defense in 1989, his cardiologist, Dr. Allan Ross, testified that Cheney had “no functional limitations whatsoever, and a prognosis not substantially different from men of the same age group without such a previous cardiologic history . . . I see no medical reason for him not to perform well in the highest and most sensitive of public offices.”

But Dick Cheney’s medical odyssey was only just beginning, and his was destined to be the story of a man who fortuitously benefited from almost every major cardiac advance of the last half century—advances that sometimes seemed to hit the scene just in time to save his damaged heart.

After Cheney’s bypass surgery, he successively served as Secretary of Defense, CEO of the Halliburton Company, and George W. Bush’s vice-presidential running mate. On November 22, 2000, in the midst of the post-election legal battle to determine the winner of the Bush/Gore election, Cheney again experienced nighttime chest pain—his fourth heart attack. Catheterization revealed a new, severe narrowing of a branch of the LAD called the diagonal coronary artery. This was causing significant ischemia, an inadequate supply of blood to the heart. To treat it, Cheney’s cardiologist performed an angioplasty procedure using a catheter to place a stent and reestablish normal blood flow.

Four months later, Cheney had chest pain again. Though this was not determined to be a heart attack, he underwent another catheterization and a balloon angioplasty procedure to open up a narrowing that had formed in his stent. Upon further evaluation with a Holter monitor, which continuously recorded his heartbeat over a couple of days, Cheney was found to have episodes of very fast heart rate—termed ventricular tachycardia. Ventricular tachycardia puts patients at risk for more severe arrhythmias like ventricular fibrillation, so to reduce this risk, Cheney had an implantable cardioverter-defibrillator (ICD) inserted in his body. This electronic device is about the size of a small pager and resides under the skin of the upper chest. It continually monitors a patient’s heartbeat and can overcome abnormal heart rhythms by acting as a pacemaker or by delivering an electric shock.

On December 9, 2009, after Cheney’s last term as vice president ended and he had returned to civilian life in Wyoming, he was backing his car out of his garage when he blacked out. His car crashed into a large boulder in his front yard. Secret Service agents rushed to the vehicle and pounded on the windows because the car doors had automatically locked. Cheney regained consciousness, unaware of what had happened but with a bruised forehead from where it had hit the steering wheel.

At the hospital, data from his ICD revealed he had gone into spontaneous ventricular fibrillation with a heart rate of 222 beats per minute at 3:11 p.m. Upon detecting this irregularity, the ICD charged its capacitor and discharged 34.5 joules of energy to his heart to restore normal heart rhythm. The episode had lasted sixteen seconds. The ICD saved Cheney’s life.

But by this point, Cheney’s heart had suffered so much damage that he began to experience classic symptoms of end-stage heart failure. His heart’s inability to pump enough blood through his body led to shortness of breath due to fluid buildup in his lungs. He experienced fatigue and leg swelling. He could not climb stairs or walk down the driveway to retrieve the morning newspaper. He felt so exhausted that he could barely get out of bed. Because he used blood thinners to prevent clot formation in his heart and legs, he was prone to severe nosebleeds. Sometimes these nosebleeds were so bad that he had to be hospitalized and receive blood transfusions. Meanwhile, his liver and kidneys began to fail from inadequate blood perfusion.

Dick Cheney was dying.

He had lived a remarkable life. He was proud of what he’d accomplished and felt at peace with the reality of dying. But he and his family were not yet ready to give up. To prolong his life and hopefully keep him alive long enough to receive a heart transplant, Cheney underwent surgery to implant a left ventricular assist device (LVAD). This remarkable piece of machinery is attached to the left ventricle at one end and the aorta at the other. Inside, a pump speeds at 9,000 revolutions per minute to propel blood from the heart to the aorta and the rest of the body, effectively replacing the function of the left ventricle. The pump is connected to a driveline that goes through the patient’s chest wall and is attached to batteries that the patient wears in a vest. The LVAD delivers a smooth, continuous flow of blood to the body that is not dependent on the heart’s pumping ability. Because of this, if one were to check an LVAD patient’s wrist, no pulse would be felt.

Now the most important objects in Cheney’s world became his batteries. His life was dependent on them, and he went everywhere with a bag or rolling suitcase full of extra batteries and spare components. Or he tried to. Once, while running errands in town, his batteries started beeping, indicating they had only ten minutes of power remaining. To Cheney’s dismay, he realized he had forgotten his spare batteries at home, some twenty minutes away. He immediately called his daughter Mary, who happened to be visiting his home, and told her to grab the batteries and meet him at a halfway point between them. They made it just in time.

Dick Cheney did not receive any special consideration on the heart transplant waitlist. He spent twenty months waiting for a new heart (almost double the average wait time), steadily moving up a list that is dependent not only on one’s place in line, but also blood type, body size, and degree of medical need—the sickest patients move to the top of the list.

On March 23, 2012, Cheney got a nighttime call to tell him a heart was available. The surgery was successfully performed at Inova Fairfax Hospital in Virginia, giving Cheney a new chance at many more years of life with his family. His unique medical journey had progressed from his first heart attack in 1978, when his primary treatment had been bed rest, through the development of numerous medical advances that benefited him—including cardiac catheterization, angioplasty, coronary artery bypass surgery, and heart transplant. In the span of just over thirty years, treatment for heart attack victims had dramatically improved. These advances were propelled by the courageous work of medical mavericks: physicians and surgeons who aspired to solve the mystery of the world’s number one killer—heart disease.

A SILENT, MYSTERIOUS ADVERSARY

At the beginning of the last century, it was not uncommon for middle-aged people to just drop dead. They would look fine one second, then suddenly collapse and expire within a few minutes. Physicians had no grasp of what was happening inside these unlucky individuals. Astute practitioners correctly surmised the problem somehow lay with a failure of the heart—especially since victims often suffered crushing chest pain and grew short of breath in the agony of their final moments—but doctors were at a loss to explain the pathophysiology of the condition.

For millennia, the workings of the heart itself had likewise been shrouded in mystery. The organ was inaccessible, hidden within the center of the chest, guarded by a wall of ribs, and impossible to examine in life. Truthfully, uncovering the heart’s mysteries was not a pressing concern to practitioners of centuries past. Infectious diseases were far more deadly, and most people simply did not live long enough to develop heart disease—in the United States, average life expectancy in 1900 was only forty-seven years. By 1930, however, average American longevity had increased to sixty years, and heart disease became the leading cause of death. Today, heart disease is responsible for about 25 percent of all deaths in the U.S., approximately 659,000 per year—greater than mortality due to all types of cancer combined.

The heart is an incredibly effective pump that pushes 6,000 liters of blood through the body every day. In doing so, it fulfills the essential job of delivering oxygen and nutrients to all the body’s tissues. Under normal conditions, deoxygenated blood returning though the venous system to the four-chambered heart enters the right atrium and passes through the tricuspid valve into the right ventricle. From there, blood temporarily exits the heart via the pulmonary artery, which bifurcates, sending a branch into each lung. These branches arborize into intricate webs of increasingly smaller vessels, progressing from arteries to arterioles to capillaries so small that individual red blood cells must pass through them single file. These capillary walls surround and fuse with the lungs’ alveoli—equally tiny, grape-like clusters at the termini of the bronchial tree. In millions of alveoli, during every breath of life, inhaled air undergoes gas exchange—oxygen binds to the hemoglobin protein residing inside each red blood cell, which simultaneously unloads carbon dioxide that is then exhaled.
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Anatomy of the heart

Like the myriad tributaries of a mighty river, tiny capillaries grow in diameter, join with other vessels, and ultimately spill into the sizable pulmonary veins that return newly oxygenated blood to the left atrium of the heart. From the left atrium, blood passes through the mitral valve into the left ventricle, a larger cavity with muscular walls well suited to propel blood up into the aorta and out to the farthest reaches of the body and its extremities.

It may be more accurate to call this remarkable pump an extremely reliable muscle, one run by an enduring battery capable of lasting an entire lifetime. This battery is the sinoatrial node, a small nexus of specialized cells in the wall of the right atrium that spontaneously generates electrical pulses to act as the heart’s pacemaker. Cardiac cells that respond to the demands of the sinoatrial node are capable of normal function at 60 to 100 contractions per minute and much more as the need arises. Their key distinguishing feature is a remarkable abundance of mitochondria—known to every high school student as “the powerhouse of the cell.” This high concentration of mitochondria and unrivaled capacity for contractile energy comes at a price: an extreme dependence on aerobic, or oxygen-dependent, metabolism.

What feeds this life-giving muscle-pump with a voracious appetite for oxygen? The coronary arteries: three five-to-ten-centimeter-long, four-millimeter-wide vessels that are, without a doubt, humankind’s most valuable. The three main coronary arteries are the left anterior descending artery (also known as the LAD, or “widow-maker”), the right coronary artery, and the left circumflex artery. These arteries stem from the aorta, run along the surface of the heart, and send tiny, nourishing branches into the heart wall.

THE MAVERICK

In 1912, a Chicago internist named James Herrick presented a new paper with a novel idea at the annual meeting of the Association of American Physicians. He postulated that sudden cardiac death occurred when a thrombus, or clot, blocked a coronary artery and prevented oxygen-rich blood from reaching cardiac muscle, resulting in tissue death. To Herrick’s chagrin, his presentation elicited little reaction from the audience.

“It fell like a dud,” he later wrote. No one recognized it as the groundbreaking (and correct) theory that it was. It was not until 1918—when Herrick reintroduced his idea with results from experiments performed on the coronary arteries of dogs—that his peers began to take notice. The perplexing condition that could fell young men and women in the prime of their lives was termed a myocardial infarction. For the first time, doctors began to understand the importance of the coronary arteries and their complicity in ischemic heart disease. But by what means could these tiny, constantly moving vessels be studied and understood?

In 1929, a twenty-four-year-old German medical intern named Werner Forssmann theorized that a catheter could be threaded up into the heart though a vein in the arm. If successful, he thought this might be an effective way of injecting drugs directly into the right atrium. When he proposed this radical idea to the chief of his department, Dr. Richard Schneider, Schneider immediately replied, “I cannot possibly let you carry out such an experiment on a patient.”

To intentionally introduce a foreign object like a catheter into the heart was mad—conventional wisdom held that doing so would precipitate an arrhythmia or air embolism that could kill the patient.

Undeterred, the impetuous Forssmann then suggested, “Well, in that case there’s another way to prove it’s not dangerous. I’ll experiment on myself.”

Shocked, Schneider insisted, “My no is final and absolute.” The mere suggestion of such a dangerous and irresponsible idea convinced him that the impulsive young man standing before him lacked good sense.

Forssmann pretended to accept his boss’s judgment, but in secret, he hatched a plot. “I decided to override Schneider’s prohibition and go ahead with the experiment on my own heart, secretly and quickly,” Forssmann admitted in his 1972 autobiography.

He first needed to obtain a catheter and the sterile instruments he’d use to perform the procedure, but they were kept in a locked storage area. The custodian of the keys was a nurse named Gerda Ditzen. How to gain her cooperation? Forssmann, the handsome, rakish doctor-in-training, decided his best option was to beguile the young woman.

“I let a few days go by and then started to prowl around Nurse Gerda Ditzen like a sweet-toothed cat around the cream jug,” wrote Forssmann. “It was easy to find something to gossip about; and she’d invite me back to her little office . . . So, little by little, I won over my essential disciple.” Within a couple weeks Ditzen had grown so enamored with Forssmann that he decided the time was right to put his plan into action. “The following afternoon the good lady was sitting in her cubicle when I breezed in, whistling cheerfully,” Forssmann recalled.

“Nurse Gerda,” he said, “I want you to give me a set of instruments for a venesection under local anesthesia, and a ureteral catheter.”

The nurse was suspicious. “But no one in the ward’s scheduled for a venesection. You’re not planning to do that experiment of yours against boss’s orders, are you?” she asked.

Forssmann had been found out, even before he’d begun. But instead of giving up, he doubled down.

“Nurse Gerda, you need know nothing about what I am going to do. But supposing I were to do the experiment—it’d be quite safe.”

“Are you absolutely sure there’s no danger?” the nurse said.

“Absolutely,” Forssmann answered.

Ditzen considered this and eyed Forssmann closely. “All right then, do it to me,” she said. “I put myself in your hands.”

This turn of events must have taken Forssmann by surprise. In Ditzen he had cultivated a willing and devoted accomplice who was now prepared to risk all for him and to advance medical science. Forssmann accepted her offer. Ditzen took him to a locked cabinet and removed a scalpel, sterile drapes, anesthetic, and a long, thin urinary catheter intended for use in the bladder. Ditzen then bravely, and perhaps a little dramatically, lay herself down on the operating table, placing herself at Forssmann’s mercy. Forssmann began to work quickly, strapping down her arms and legs, which he explained as precautions against her falling off the table.

But Forssmann did not actually intend to exploit the young nurse. It was all a charade, necessary because the nurse may not have consented to help Forssmann go through with the experiment on himself. According to Forssmann:


I’d pushed the instrument tray behind her head so she couldn’t see what I was doing. In the twinkling of an eye I had anesthetized my left elbow . . . I quickly made an incision in my skin, inserted a Dechamps aneurism [sic] needle under the vein, opened it and pushed the catheter about a foot inside. I packed it with gauze and laid a sterile split over it. Then I released Nurse Gerda’s right hand and loosened the straps round her knees.



Ditzen, shocked and dismayed, scrambled to her feet and, to her horror, watched Forssmann push the catheter further inside his arm. She yelled at Forssmann, angry at having been deceived, but Forssmann remained calm and directed her to accompany him to the X-ray suite in the hospital’s basement. There, Forssmann’s friend and colleague Dr. Peter Romeis shouted at Forssmann to stop what seemed sure to be a fatal mistake. Romeis attempted to grab the end of the catheter to pull it out. “I had to give him a few kicks in the shin to calm him down,” Forssmann recalled.

The X-ray machine was turned on. Forssmann saw the tip of the catheter had reached the head of the humerus. He then pushed the catheter further in, almost to the two-foot mark, and told the X-ray technician to take a picture. The X-ray showed the tip of the catheter in the right atrium of the heart.

[image: ]

X-ray taken of Werner Forssmann’s chest showing the catheter he threaded from his left arm into the right side of his heart

To the surprise and awe of all present, Forssmann appeared completely unruffled. Nothing had changed. There was no chest pain. No fatal arrhythmia. No fainting. For the first time, a doctor had shown that the inviolate inner sanctum of the heart could be plumbed without killing the patient. Now, using catheters, medicines might be delivered directly into the heart, imaging dyes could display blood flow through the heart, and cardiac abnormalities could be visualized in life. Forssmann catheterized himself eight more times over the course of the next two years, injecting radio-opaque dye into his heart without ill effect. In 1956, Werner Forssmann shared a Nobel Prize for his audacious work.*

“WE’VE KILLED HIM!”

Forssmann’s breakthrough would eventually change medicine forever, but access to the heart alone did not diminish the scourge of heart attacks that were and remain the leading cause of death worldwide. Combating this silent killer would require somehow visualizing and accessing the heart-nourishing coronary arteries. But how? Conventional wisdom held that any catheter entering one of these tiny coronary vessels would block the flow of blood and therefore result in an immediate myocardial infarction. Moreover, if contrast dye were injected into a coronary artery, then it would completely fill the vessel, prohibit oxygen delivery by normal blood flow, and likely also cause death.

On October 30, 1958, about thirty years after Forssmann’s self-experimentation, Dr. Mason Sones, Cleveland Clinic’s larger-than-life chief of pediatric cardiology, was catheterizing a twenty-six-year-old man with a history of rheumatic heart disease. To visualize the aorta just above the heart, Sones intended to introduce a large amount of contrast dye (30 ml) quickly over just a couple seconds using an automatic, mechanical “power injector.” When his catheter tip was positioned right where he wanted it, Sones brusquely gave the order to “fire!” and inject the dye. But the initial surge of dye made the tip of the catheter whip about wildly like the end of a fire hose and, to Sones’s horror, the fluoroscope image showed the tip of the catheter lodge directly into the right coronary artery.

“Pull it out!” Sones shouted, but it was too late. The dye had gone in. Power injecting a large dose of toxic contrast dye into a tiny coronary artery was certain to be fatal—and sure enough, the patient’s EKG line went flat (a condition termed asystole), signaling cardiac arrest. Sones reportedly cried, “We’ve killed him!” In his own words, from a 1982 recounting:


When the injection began I was horrified to see the right coronary artery become heavily opacified and realized that the catheter tip was actually inside the orifice of the dominant right coronary artery . . . [I] ran around the table looking for a scalpel to open his chest in order to defibrillate him by direct application of the paddles . . . it was evident that he was in asystole . . .



In panic mode, Sones yelled, “Cough!” to the patient, hoping pressure from the lungs might squeeze the aorta and push the contrast dye through the vasculature more quickly. With a scalpel, he intended to open the man’s chest to apply a defibrillator and shock the heart back to life—at the time, only possible by direct contact with the heart. But before he could cut, the EKG line blipped. Then it began to pulse. And then the jagged line started to race. “After three or four explosive coughs his heart began to beat again,” Sones recalled. Finally, the heart settled back into a normal rhythm.

The patient lived. But Sones had made a terrible mistake. He had almost killed a young man, a fact that would naturally inspire soul-searching humility in most physicians. However, Sones’s reaction was quite the opposite.

He realized that, for the first time in history, he had shown that it was possible for patients to survive injection of imaging dye into their coronary arteries—vessels whose character and anatomy had never been previously visualized in life. Of course, Sones did not wish to relive this harrowing experience, but he correctly surmised that injecting less-concentrated solutions, and lower volumes, of contrast dye would be significantly safer. Later that day, back at his office, Sones declared to his staff, “We just revolutionized cardiology!” Elaine Clayton, his secretary, cheerfully replied, “Again?”

But he had. Sones’s subsequent pioneering work with coronary angiography helped map the coronary arteries and permitted direct visualization of the atherosclerotic plaques within them that lead to heart attacks, an essential milestone in the quest to conquer heart disease.

DOTTERING

At the time of Sones’s achievement, treatment for heart attacks was almost nonexistent. In September 1955, while on vacation in Colorado, President Dwight D. Eisenhower developed chest discomfort while playing a round of golf, a symptom he attributed to indigestion. He went to bed early, but at 2:30 a.m., awoke with severe chest pain. His physician was summoned, and morphine was administered for pain relief. For the next nine hours, the doctor did little more than sit at the bedside and observe. An EKG, confirming the president had suffered a major heart attack, was not performed until 1 p.m., almost an entire day after his initial symptoms began. Eisenhower spent the next six weeks in the hospital on bed rest. He ultimately suffered seven heart attacks in his lifetime. The final one killed him in 1969, at just the time when major innovations in cardiac care were about to emerge.

We now know that the key causative event that triggers a heart attack is not simply stenosis of a coronary artery, nor a clot from elsewhere in the body that unluckily becomes lodged in one of the coronaries. It all starts with an atherosclerotic plaque. Plaques form when the endothelium, which lines the inside of an artery, is damaged, often due to years of hypertension, smoking, or high cholesterol. Contrary to what one might think, the biggest plaques aren’t the most dangerous. Sudden occlusion of a coronary artery doesn’t occur from a steadily growing plaque that slowly shrinks an artery’s aperture. Instead, plaque rupture is the key event that triggers heart attacks—manifesting as hemorrhage, erosion, ulceration, or fissuring of a plaque. A ruptured plaque exposes its necrotic contents to the bloodstream, immediately attracting potent clot-forming factors and chemicals like platelets, thromboxane, and serotonin. It only takes a few minutes for these ingredients to aggregate and form a thrombus that completely occludes an artery. Once this occurs, myocardial cell death can begin within sixty seconds. The entire heart wall normally supplied by the occluded artery begins to die, with the extent of the damage usually dependent on the duration of ischemia. Impaired heart function also triggers lethal arrhythmias like ventricular fibrillation that can lead to sudden death.

The most fortunate heart attack victims benefit from the prompt arrival of emergency medical personnel who are able to defibrillate a patient out of an arrhythmia and speed the patient to the emergency room. There, the patient will receive morphine, oxygen, aspirin, nitroglycerin (a vasodilator), and a thrombolytic agent that helps dissolve blood clots (such as TNK-tPA, tissue plasminogen activator). Up to the early 1960s, treatments such as these were the best that medicine could offer. At the time, the heart attack mortality rate was 30 to 40 percent. Then, a revolution began that changed everything.

In 1963, a flamboyant radiologist at the University of Oregon named Charles Dotter was advancing a catheter inside the right iliac artery of a patient’s leg when he inadvertently opened a partial obstruction in the artery by simply pushing the catheter through it. He quickly realized the implications of this serendipitous event. He and his fellow-in-training, Dr. Melvin Judkins, next developed a series of stiffer catheters, with incrementally increasing diameters. The plan was to first insert the smallest catheter through an arterial obstruction, and then a larger one which would dilate the vessel further, and so on with increasingly larger catheters until the obstruction was completely relieved and blood could flow freely once again. After testing their method on cadavers, they performed their technique for the first time on a patient named Laura Shaw on January 16, 1964. Shaw was an eighty-two-year-old diabetic whose poor circulation had resulted in non-healing, gangrenous toe ulcers that were extremely painful even at rest. Her doctors recommended toe amputations, but she refused. She was eventually sent to Dotter, who saw she had an isolated, segmental stenosis in the superficial femoral artery—the perfect case on which to test his catheters. The procedure went well, and almost immediately Shaw’s foot grew warmer and less pale. Her pain soon improved, and within a matter of weeks the ulcer was healed.

With a showman’s dramatic flair and a distaste for convention, Dotter reveled in exhibiting his catheterization skills. At one conference, while lecturing on catheterization of the heart, he suddenly announced, “I’ve been standing here and talking to you for about twenty minutes, and all this time I have had a catheter in my heart.” Dotter then rolled back his sleeve and showed the audience where the catheter was inserted in his arm. “Now I’ll show you what a normal heart reading looks like,” he said, as he hooked himself up to an oscilloscope and proceeded to move the catheter into different chambers of his heart to show how and why the waveforms changed on the display.

Dotter’s brash personality and successful procedure irked his surgical colleagues, who hated losing patients to the new technique, which became known as “Dottering.” However, they still needed Dotter’s radiographic help to plan their vascular bypass operations. One surgeon wrote Dotter the following order regarding his patient’s femoral artery obstruction: “Visualize but do not try to fix!” The admonition did not stop Dotter from clearing the patient’s obstruction anyway. Dotter never failed to delight in relating this story, and a year after the procedure, he climbed Mount Hood’s 11,250-foot summit with that patient, bringing along a cameraman shooting 16 mm movie film to capture the moment.

Charles Dotter had developed an innovative new way to treat a serious disease. What he did not realize, however, was that his work was merely a preamble that would set the stage for arguably the most consequential medical development of the twentieth century.

A SIMPLE BALLOON

In the late 1960s, an East German physician named Andreas Grüntzig attended a lecture about Charles Dotter’s techniques. Not every attendee was impressed. One drawback of Dotter’s method was that sometimes the forceful jabbing of catheters into obstructions dislodged the atheromatous clots and sent them further downstream to cause acute ischemia, creating a worse problem that sometimes required urgent surgery. But Dotter’s approach sparked a new idea in Grüntzig’s mind. Instead of using serial catheters of increasing diameters to bulldoze through atheromas, why not try opening up an artery by inflating a simple balloon inside it? This could improve the technique considerably.

Grüntzig became obsessed with the notion of an intravascular balloon. For years, he worked with his wife, Michaela, and assistant, Maria Schlumpf, at the kitchen table inside his small Zurich apartment, experimenting with ways to attach a balloon to the end of a catheter. Using glue and thread, latex and rubber, Grüntzig tried numerous techniques to fashion a usable prototype. He sought out manufacturers of shoelaces and ribbons for ideas, and chemists who worked with plastics. When testing his early prototypes on cadavers, the balloons often burst, or, if not, failed to compress a narrowing and instead simply expanded on either side of an obstruction in a dumbbell shape. He needed what he called, “a sausage-shaped distensible segment,” one that would inflate evenly over its entire length and produce enough force to compress an atheroma.

The breakthrough came when an emeritus chemistry professor working at a local junior high school introduced Grüntzig to polyvinyl chloride (PVC), the perfect material for Grüntzig’s needs. This type of plastic proved strong and rigid enough to prevent overinflation, and exerted pressure evenly along the balloon. Switching materials, Grüntzig developed a catheter with a balloon glued to the end and a hole through which imaging dye could be emitted. The catheter would travel to the aorta over a stiffer guide wire that could be pre-maneuvered to the desired location, important because the catheter itself was too flimsy and flexible to be threaded the requisite distance on its own.

Grüntzig first tried his technique in the coronary arteries of dogs, with success. In 1974, he performed what would thereafter be termed balloon angioplasty on a human for the first time, successfully treating a severely stenosed femoral artery in the leg of a sixty-seven-year-old man who suffered debilitating pain whenever he walked. On his monitor, Grüntzig watched the slowly expanding balloon dilate the patient’s artery, with immediate and obvious widening of the channel and increased blood flow after balloon deflation and removal. Ultrasound tests confirmed that blood supply to the lower leg was significantly improved. Before long, the patient was walking the halls of the hospital pain-free.

In 1976, Grüntzig traveled to the annual meeting of the American Heart Association in Miami with a poster displaying the success of his experiments on dogs. He also intended to describe his early experience treating stenoses in human leg arteries. To his chagrin, very few of the many thousands of cardiologists attending the gigantic meeting stopped to look at his poster or listen to his presentation, and most who did didn’t believe Grüntzig’s idea had a chance of working in a human heart.

But one man did—Dr. Richard Myler, who invited Grüntzig to his hospital in San Francisco to try the procedure in a coronary artery of a human patient. In May 1977, Grüntzig and Myler performed the world’s first successful coronary balloon angioplasty on a patient undergoing coronary bypass surgery. Later that same year, back in Zurich, Grüntzig offered “percutaneous” angioplasty (through the skin and not during an open heart surgery) to a thirty-eight-year-old businessman named Adolf Bachmann, who suffered from severe chest pain, or angina, with the slightest exertion. The recommended treatment for this was coronary bypass surgery, with its many risks and long recovery. When Grüntzig suggested that Bachmann could instead be treated with a much less invasive catheter procedure, Bachmann agreed.

On September 16, 1977, Grüntzig anesthetized Bachmann’s groin and placed a needle into the femoral artery. Then he inserted a thin metal guide wire through the needle, up and into the artery. Removing the needle, he next slid a guiding catheter over the wire. Using intermittent puffs of contrast dye to visualize the anatomy on a fluoroscope monitor, he advanced the catheter up to the patient’s aorta and into the left anterior descending coronary artery. Then he threaded his balloon catheter up through the center of the guide catheter and advanced the balloon into the coronary artery until it was positioned at the point of stenosis.

At this moment, Grüntzig and his many assembled onlookers still did not know for sure if blocking coronary blood flow by inflating a balloon might induce a heart attack or fatal arrhythmia. How long could Grüntzig safely occlude coronary blood flow? Was it better to expand the balloon slowly or a little more rapidly?

Grüntzig gently inflated the balloon. He later reported:


To the surprise of all of us, no ST elevation [EKG finding typical of heart attack], ventricular fibrillation or even extrasystole [abnormal heart beats] occurred and the patient had no chest pain . . . After the first balloon deflation, the distal coronary pressure rose nicely. Encouraged by the positive response, I inflated the balloon a second time to relieve the residual gradient. Everyone was surprised about the ease of the procedure and I started to realize that my dreams had come true.



Grüntzig witnessed immediate increased blood flow coursing through the artery. Observers in the room gasped. It seemed miraculous. In a matter of minutes, Grüntzig had unblocked a coronary artery using a simple balloon and catheter, allowed Bachmann to avoid open heart surgery, and most likely saved his life. Bachmann, who had been awake and breathing under his own power the whole time, enjoyed immediate relief of chest pain.

When Grüntzig returned to the annual American Heart Association meeting one year after his largely ignored poster debut, he delivered a lecture and showed before-and-after angiogram images of the first four patients who had undergone coronary angioplasties. To Grüntzig’s astonishment, in the middle of his presentation a spontaneous round of applause arose from the vast audience of cardiologists, which soon morphed into a standing ovation. Everyone present knew they had watched medical history being made.

By the early 1980s, many leading doctors around the world had adopted Grüntzig’s technique as a treatment for coronary artery disease. Now a patient suffering a heart attack is often rushed from the emergency room to the cardiac catheterization lab, where an interventional cardiologist can perform balloon angioplasty, or more commonly, use the balloon to deploy a miniature wire stent that is even more successful at keeping the artery open long-term. After the procedure, the typical patient will be monitored for a few days and then be discharged to home. Grüntzig’s invention of coronary angioplasty has saved millions of lives to date.

Yet despite this triumph, there are many patients with such severe heart disease that they cannot be effectively treated using angioplasty. These individuals may have multiple severely narrowed coronary vessels, or they might have suffered multiple heart attacks that have permanently damaged the heart muscle so badly that congestive heart failure results. For these patients with the worst heart disease, cardiac surgery still offers hope. And it is easy to see why many consider the development of modern cardiac surgery to be the most inspiring story of all.

OPEN HEART

To the non-surgeon, cardiac surgery seems nothing short of miraculous. It is violent, bloody, and beautiful. Cardiac surgeons work deftly, their movements precise and elegant, yet the violence is immediate: a motorized sternal saw is used to split the sternum in half in order to gain access to the heart. A stainless steel C-clamp is placed in the gap and a screw is turned, just like in woodshop, to draw the clamp’s metal arms apart and create a small, square opening—a window to the heart.

Before the heart can be operated on, it must be stopped. To do this, bypass conduits are placed into the superior and inferior venae cavae—the large veins that return blood from the body to the heart. These conduits carry blood to a heart-lung machine that oxygenates the blood, and then returns it to the aorta. Once this bypass of blood flow around the heart and lungs is complete, a bucket of ice-cold saline solution is poured into the chest cavity and potassium-rich cardioplegia solution is instilled within the coronary arteries to slow the heart, stop its beat, and reduce its oxygen and metabolic demands.

With the heart still, the work can now begin. The most common cardiac surgery is the coronary bypass operation. The aim is to bypass obstructions in coronary arteries by sewing new conduits for blood flow to the diseased arteries past the point of blockage. This new supply of blood can come from another artery, often one of the internal mammary arteries which reside nearby behind the sternum, or via a vein harvested from the leg that can be used to convey blood from the aorta to the coronary artery just beyond the obstruction.

As you can imagine, all of this is difficult to do. Using impossibly delicate stitches, and with the aid of loupes attached to their glasses that magnify the view three to four times, surgeons adroitly sew these watertight connections. The risks are great, for if a connection that is not watertight goes unnoticed, internal bleeding will occur after the chest has been closed up—just one of dozens of complications that can occur and kill a patient.
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Coronary bypass grafts convey oxygenated blood from the aorta to coronary arteries distal to points of narrowing in order to replenish blood supply to heart muscle

After the work on the heart has concluded, it must be restarted. The heart is refilled with blood and small metal paddles are used to apply a jolt of electricity that stimulates the sinoatrial node. The heart begins to beat again. Pumping power from the heart-lung machine is slowly reduced until the surgeon is sure the heart alone will adequately meet the demands of the body. Finally, the patient is disconnected from the heart-lung machine and the chest is closed.

To the newly initiated, witnessing these miraculous events generates a powerful sense of awe. It confers the surreal sense that this may be something God did not intend for us to see or do. And yet, the industry and intrepidity of man has made it possible.

The story of mankind’s journey into the heart is one of great drama and courage. For centuries, the idea of operating on a constantly moving organ, hidden behind the rib cage within the chest cavity, seemed preposterous. Noted giants of nineteenth-century surgery left choice dictums for posterity. The great Austrian surgeon Theodor Billroth stated in 1883, “A surgeon who tries to suture a heart wound deserves to lose the esteem of his colleagues.” In 1896, English surgeon Stephen Paget decreed, “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.” Clearly no sane surgeon would ever propose to operate on a beating heart. But sometimes, fate and serendipity unite to change history.

In September 1896, a twenty-two-year-old man in Frankfurt, Germany, was stabbed in the chest after fleeing a bar fight. Found unconscious in a park, he was brought to the nearest hospital, where his case report noted: “He was deathly pale, his pulse was barely palpable with frequent skipped beats, and his breathing was labored.” A doctor explored the wound with a metal probe. The probe slid deeper and deeper, and to everyone’s astonishment when it came to a stop the external end of the probe bounced up and down in time with the patient’s heartbeat. It was clear that the knife had punctured the heart. Death was certain.

Except that a prominent surgeon named Ludwig Rehn happened to work at this particular hospital. When Rehn examined the languishing patient, a thought entered Rehn’s mind—a mental leap that few, if any, of his peers would have conjured, much less acted upon. With his astute knowledge of anatomy, Rehn believed it might be possible there was only a small puncture in the heart and that blood from this wound was slowly pooling in the pericardial sac that tightly surrounds it. Today we call this condition pericardial tamponade.

Rather than concede the patient’s certain demise, Rehn brought the patient to the operating room, where he opened the chest and found the pericardial sac tense and distended, compressing the heart just as he’d suspected. When he punctured the sac with his scalpel, a geyser of blood arose, but then the bleeding diminished and the heart beat more strongly, no longer constrained by the vise-like grip of high-pressure tamponade. Rehn next found the wound itself, a one-and-a-half-centimeter gash in the right ventricle; with each heartbeat, blood oozed out of it. Rehn applied pressure with his finger to stop the bleeding, and the heartbeat grew a little stronger still. Then, timing each movement with the diastole (relaxation between each beat) of the heart, he skillfully placed three sutures to close the wound. Rehn’s subsequent recounting of the case conveys his sense of wonder:


The sight of the heart beating in the opened pericardial sac was extraordinary . . . during systole, the heart muscle was hard as stone, the right ventricle disappearing under the sternum . . . I passed the needle quickly during the diastolic phase, as this was the only time when the right ventricle was exposed . . . In the succeeding diastole, the suture was tied.



For the first time in history, a surgeon had sutured a full-thickness laceration of a beating heart. The patient survived, and two weeks later Rehn even introduced him at a surgical meeting.

Still, Rehn’s miracle could only be considered a one-off. It was the perfect confluence of serendipity and skill that was impossible to re-create or plan for—a patient with a tiny heart laceration (that did not result in immediate death) presented to a hospital where one of the most daring, expert surgeons in the world happened to work. Thus, it was not surprising that, for the next half century, little to no further headway in cardiac surgery was made. The heart remained inviolate in the minds of surgeons.

Until the Second World War.

“THANKS FOR THE CHANCE”

In 1944, Dwight Harken was a thirty-five-year-old, Harvard-trained U.S. Army surgeon treating wounded soldiers at London’s 160th General Army Hospital. Confronted with all manner of horrific injuries, including young men whose chests had been blown apart by bullets or bomb blasts, Harken quickly became acclimated to the randomness of war and the indiscriminate nature of its victims’ injuries. No two wounds were exactly the same. The war supplied Harken with a plethora of mind-boggling cases that no amount of stateside training could have ever prepared him for. More than once, a dying soldier was brought to him with a piece of shrapnel lodged in the heart wall. These hearts still beat with the metallic fragments plugging the lacerations they had made, but not well, and it was only a matter of time before such men died from exsanguination, infection, or strokes, caused by blood clots forming on irregular metal surfaces and then traveling to the brain. Chaplains were brought to these bedsides. Friends helped write letters home. These men were certain to die.

What could Dwight Harken, or any surgeon, possibly hope to do for these soldiers? If he grasped a metal fragment with a clamp and pulled it out, it would certainly result in an uncontrollable torrent of blood which would make it nearly impossible to see the heart wound, much less fix it. These wounds were not like the neat and tiny laceration Rehn had successfully sutured; Harken would merely be hastening death. Though Harken was a good surgeon, maybe even a great one, he had no reason to expect his hands were fast enough to suture a beating heart in time to prevent exsanguination. At most, he would have only a few minutes, operating deep in a hole, in a pool of blood.

Unless he could think of a better way to sew the heart.

On June 6, 1944, the date of D-Day itself, Harken examined a man with a severe chest wound. The patient’s ribs and sternum were shattered. Not knowing if or how the heart might be affected, Harken brought him to the operating room. There he discovered a large metal fragment lodged in the right ventricle, bobbing up and down with each heartbeat. The situation appeared hopeless, but Harken had devised a new approach. He removed the fragment and immediately plugged the hole with his finger, to stem the bleeding. Then he passed sutures one by one to close the hole as he gradually removed his finger. In a letter describing the incredible event to his wife, Harken recalled, “The only moment of panic was when we discovered that one suture had gone through the glove on the finger that had stemmed the flood. I
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