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PREFACE

The drama ended, as do so many these days, in a courtroom. This particular chamber was long and low-ceilinged, with a wide dais at its front for the eight black-robed judges. Each of the four defendants sat flanked by tall policemen who gazed impassively from under the brims of their trademark pillbox hats. In keeping with the formality of French courts, the prosecuting and defense attorneys wore flowing black robes, which would dramatically sweep behind them as they rose to make a point. The only visible flaw in the decorum appeared among the audience members, some of whom wore T-shirts bearing inflammatory slogans. There were audible exceptions to decorum as well, as people would moan or shout “Non!” at a defendant’s response, or when one man, the most vocal of the plaintiffs, would, as his doctor walked past, loudly hiss “Assassin!”

The plaintiffs in this trial were dying of AIDS. They charged that they had been infected through the negligence of the defendants—high officials in the French national transfusion service. In France, where the government until recently held a monopoly on blood and its derivatives, these men were supposed to ensure the safety of blood products. Instead, they allowed thousands of the nation’s hemophiliacs to inject blood-derived clotting factors they knew to be contaminated. The defendants had done so because of a complicated mixture of paternalism, economics, and to some extent the limits of science, but the victims saw the incident more starkly. To them the affair was a matter of betrayal. The doctors on trial in the summer of 1992 were supposed to have embodied all that was noble in the French transfusion tradition—altruism, medicine, business, and technology. Instead, during the years of the “contaminated-blood affair” they came to symbolize the cynicism and expediency of a money-driven age.

The sense of betrayal surfaced in many places beyond the courtroom in Paris. For more than a decade the theme has been sounded in one locale after another throughout the world. In America, patients have filed hundreds of civil suits against doctors, drug companies, and even their own patient organizations, for abandoning their health to the expediency of the marketplace. In England, AIDS-infected hemophilia patients castigated their national transfusion service with reacting too slowly to the threat of emerging viruses. In Japan, patients charged that the government and drug companies criminally concealed the contamination of blood products; as a result, some of the nation’s most revered doctors have gone to jail. In Canada, the scandal of contamination spread so wide that the government held a series of hearings across the country that convulsed the nation with anger and shame.

Why those scandals erupted is one of the underlying questions of this book, a history of human blood as a resource and humanity’s attempts to understand and exploit it. Blood is one of the world’s most vital medical commodities: The liquid and its derivatives save millions of lives every year. Yet blood is a complex resource not completely understood, easily contaminated, and bearing more than its share of cultural baggage. Indeed, the mythic and moral symbolism of blood, which has been with us since ancient times, subtly endures. It clouded professional judgments and public perceptions in the AIDS scandals of France, Canada, and Japan, among others.

If one considers blood a natural resource, then it must certainly rank among the world’s most precious liquids. A barrel of crude oil, for example, sells for about $13 at this writing. The same quantity of whole blood, in its “crude” state, would sell for more than $20,000. Crude oil, as we know, can be broken down into several derivatives, including gasoline, distillates such as diesel, and petrochemicals. Blood can be separated into derivatives as well. Spun in a centrifuge, it divides into layers—red cells on the bottom, a thin intermediary layer of platelets and white cells, and an upper tea-colored layer of plasma. Each layer, in turn, can be used as various therapeutic products. Red cells can be transfused directly. White cells and platelets can be used to restore resistance or clotting ability to patients undergoing chemotherapy. Plasma, a resource in its own right, yields albumin for restoring circulation, clotting factors for patients with hemophilia, antibodies for vaccine production, and several other reagents and pharmaceuticals. Taken as a whole, the value of the derivatives in a forty-two-gallon barrel of crude oil would raise its price to $42. The price of the same quantity of completely processed blood would increase its value to more than $67,000.

Of course, blood is not processed by the barrel or handled in quantities anywhere near those of oil. (Only about sixteen million gallons of blood and plasma are collected annually worldwide—the equivalent of thirty-two Olympic-size swimming pools.) Indeed, the world market for blood and its derivatives probably does not exceed $18.5 billion per year, versus $474.5 billion for petroleum. Yet one cannot avoid comparing the two resources. Just like the oil industry, the blood trade involves collecting a liquid resource, breaking it into components, and selling the products globally. Red cells, being perishable, tend to remain within national borders, but certain portions of blood—plasma in particular—are traded among multinational companies and on a worldwide spot market. Just as with oil, one region has become the premier harvesting ground, providing much of the resource for the rest of the world. The United States, with its liberal rules regarding collection, has become known as the OPEC of plasma.

No wars have been fought over blood as they have been for oil, but the movement of blood has played an important role in our wars. A major anxiety about D-Day, for example, was whether enough blood could be stored to supply all the wounded that military planners had projected. In preparation for the Persian Gulf War, the military shipped massive quantities of blood to the battle zone for what they thought would be thousands of casualties. (Good fortune proved them wrong.) Such collections have always been secret, since intelligence services know that the mobilization of blood is a sure sign of an impending attack.

If the analogy between blood and oil is provocative, it is where the comparison breaks down that the story of blood becomes especially compelling, and life-changing to those who have been caught in its sweep. For one thing, oil does not transmit disease, a critical consideration in the blood trade. A slip in quality control at a refinery may result in the loss of a few dollars, but a mistake in blood processing can infect thousands of people. Second, whereas oil companies pay handsomely for drilling rights, blood collectors pay nothing or very little for their raw material, since donating is thought of as an act of human kindness. Such an arrangement, however admirable, can distort people’s judgments. Think, for example, how the leaders of the oil industry would react if Saudi Arabia provided crude oil for free: They would bend over backward (even more than they currently do) never to offend their benefactors. So it had been with the blood collectors: When faced with the necessity of refusing blood from certain people to minimize the spread of viral disease, they found themselves reluctant to offend their cherished donors. As a result, public safety was compromised.

The most telling difference between the two resources, however, is the one that reaches into our cultural past. Though oil serves as a critical resource, it carries no particular cultural baggage. Blood, in contrast, is laden with meaning. The descriptive cliché, “the elixir of life,” barely touches on the liquid’s mystical, religious, and patriotic significance. The Bible mentions blood more than four hundred times: “The life of the flesh is in the blood,” says Leviticus, equating blood with life itself. Blood is considered so holy in the Old Testament that the law specifically forbids its consumption, which is why Jehovah’s Witnesses, who interpret the Bible literally, refuse transfusions. The Egyptians saw blood as the carrier of the vital human spirit, and would bathe in the liquid as a restorative. It is because blood conveyed strength to the Romans that gladiators were said to have drunk the blood of fallen opponents. Doctors from the medieval to the Victorian era assumed blood to have fantastical powers, draining it to remove evil humors, transfusing it to pacify the deranged. Our own culture attaches great value to blood, with the blood of Christ as among the holiest sacraments, blood libel as the most insidious slander, the blood-drinking vampire as the most odious demon.

The symbolic power of blood does not confine itself to mythology, for it has affected the behavior of doctors in modern times. The Nazis, in their perversity, refused transfusions from non-Aryan blood donors—condemning their armies to chronic shortages—and composed intricate charts of the presumed blood-related traits of the various races. Even the democracies were tainted by blood prejudice: During World War II, as America fought a racist enemy, the military maintained separated blood stocks from black and white donors for fear of offending white soldiers’ sensibilities. Most recently, the persistent belief that blood products collected among their countrymen had to be inherently pure contributed to bad decision-making in the tainted-blood scandals of France and Japan.

Thus, the story of blood cannot be limited to the twentieth century, when doctors began to use it for transfusions. The narrative reaches back into antiquity, as an undercurrent to the history of medicine and civilization. It spans the globe over the course of several centuries, periodically surfacing in dramatic ways, from the first blood experiments, during the Age of Enlightenment, to the genetic-engineering labs that one day may render transfusion obsolete.

The story of blood is one of metamorphosis, of a liquid that became symbolically transformed as society learned how to deconstruct and manage it. As such, the history divides itself into three eras, each reflecting the spirit of its age.

The first period, described in the section “Blood Magic,” involves the transformation of blood from a magical substance to a component of human anatomy, capable of being isolated and studied. This section covers the period from antiquity to the early twentieth century, the time when the concept of blood moved from the magical to the biological; when blood became recognized as a therapeutic liquid transfusible from one creature to another. It is a measure of the symbolic power of blood that the first transfusions were used to treat not blood loss or anemia but insanity.

The second era, covered in the section called “Blood Wars,” describes the transformation of blood from a scientific curiosity to a strategic materiel. During the first few decades of the twentieth century, medical scientists began to master the resource, learning the techniques of mass collections, storage, and the separation of plasma. These advances occurred just in time for World War II, the greatest spilling of blood that the world has ever known. That conflict decisively altered blood’s cultural significance—from the mother liquid of all health and disease, to a strategic resource, devoid of mystical overtones yet essential to human enterprise. The change became irreversible when Dr. Edwin J. Cohn of Harvard, working under a military contract, found a way to fractionate plasma into its many constituents. This technology, analogous to the “cracking” of oil, along with the freeze-drying of plasma, gave the Allies an enormous advantage over the Axis powers, whose blood-related technology was primitive. It also set the stage for a postwar global blood industry.

The final section, “Blood Money,” describes how the liquid that saved so many lives became the basis for a global industry. A small group of drug companies dominates the plasma business, analogous to the “Seven Sisters” of oil. In their quest to harvest the resource, those drug firms set up “plasma mills” in America’s skid rows, buying from the residents, who often included drug addicts and indigents. Later, seeking new sources of raw material, they imported plasma from the Third World, notably Central America—a practice of dubious safety and morality. So politically explosive was the idea of harvesting the resource from the poorest of the poor that in one Central American country the populace rose up, destroying the facility and sparking a revolution. Meanwhile, the business of whole blood boomed as surgical advances such as open-heart surgery and organ transplants required ever-larger transfusions. (A single liver transplant may require fifty units of red cells.) Whole blood, collected on a nonprofit basis by the Red Cross and community blood banks, became the target of fierce competition as the “benevolent” collectors struggled for dominance.

If the global blood business has been tainted by an element of exploitation, it must also be seen as tremendously beneficial. Countless lives have been saved by transfusions, not to mention plasma-derived pharmaceuticals. People with hemophilia, who have been using clotting factors since the late 1960s, have seen their average life expectancy double. Yet the same therapeutics that brought life to so many have also transmitted disease: If blood and plasma products could be routinely distributed among millions, so too would any pathogens they harbored. During the blood-products boom of the 1970s, blood-related hepatitis rates soared, killing tens of thousands of hemophiliacs and transfusion recipients. By the end of the decade, doctors thought they had solved the hepatitis problem, only to be confronted by another virus that spread in an identical pattern—HIV. Though tainted blood products only caused a small portion of the AIDS epidemic (the disease was mainly spread through sexual contact and intravenous drug use), they took an enormous toll. More recently, another public health crisis has begun to unfold—the silent epidemic of blood-borne hepatitis C. It is ironic that, after all the transformations of blood wrought by modern medicine, HIV and other viruses revived the medieval image of blood as the bearer of evil humors and death.

Today we confront a resource simultaneously safer and more threatening than before. Many nations, having learned from the AIDS crisis, have instituted virus screening-and-removal procedures. This has made blood more expensive, an ominous development in an era of shrinking health budgets. Furthermore, we can no longer complacently assume safety, since new diseases threaten to emerge. Meanwhile, poor nations, with little access to modern equipment, face unprecedented risks of blood-borne diseases. In order to address the inherent risks of the resource, some companies are creating artificial blood substitutes, immune to the pathogens that afflict humans. Even if those products someday appear, they will likely be expensive, prolonging the disparity between nations that have modern blood products and those that do not. Thus blood distribution, like that of other critical resources, will continue to raise questions of equity and social justice.

This, then, is the story of blood—the chronicle of a resource, the researchers who have studied it, the businessmen who have traded it, the doctors who have prescribed it, and the lay people whose lives it has so dramatically affected. The book is also a challenge to those who distribute, regulate, and use the resource. Indeed, a lasting tension in its history is how we view this most human of commodities. Is it a gift of charity or simply a pharmaceutical? Can a single resource be both, and if so, what are the safest and most ethical ways to manage it? The answers to such questions will determine the future of this precious, mysterious, and hazardous material.



PART ONE

BLOOD MAGIC




CHAPTER 1

THE BLOOD OF A GENTLE CALF

In a village near Paris in the seventeenth century lived a madman named Antoine Mauroy. Little is known about this obscure and pathetic character—no physical description, virtually nothing about his station in life. We do know that he suffered “phrensies” during which he would batter his wife, strip off his clothes, and run through the streets, setting house fires along the way. His name would have been completely lost to history if he had not taken part in an experiment that forever changed the practice of medicine.

In the winter of 1667, a nobleman found Mauroy wandering naked through Paris. Taking pity on the man, he brought him to a friend who had been conducting some experiments—Jean-Baptiste Denis, a physician to Louis XIV, who had been looking at the effects of transfusing blood from animals into human beings. He sat Mauroy in a chair, surrounded by physicians, surgeons, and “many people of quality … too intelligent to suspect them of being capable of the least surprise.” At precisely six in the evening on December 19, according to the doctor’s report, an associate opened a vein in Mauroy’s arm, inserted a silver tube, and drained off about ten ounces of blood. He then inserted the other end of the tube into the leg artery of a calf and allowed about a cupful of the calf’s blood to flow into the man. The doctor hoped that the calf’s blood “by its mildness and freshness might possibly allay the heat and ebullition of [the patient’s] blood.”

That the king’s doctor would infuse a man with animal blood was not outrageous, given the state of medicine at the time. Seventeenth-century medicine was a haphazard mixture of folk cures, astrology, religious incantations, and lessons from the Greeks. Physicians would treat patients with a desperate assortment of remedies: roots, herbs, worms; powders made from precious stones, crabs’ eyes, vipers’ tongues, or “moss from the skull of a victim of violent death.” Barbers operated as frequently as surgeons; both would destructively bleed patients at the first sign of disease, draining out the “bad humors” with the blood, often to the point of death.

Life was unhealthy, brutish, and short. The age of Louis XIV may summon images of foppishly dressed courtiers busying themselves with gambling, conspiracies, and sexual intrigue, but the masses, in truth, lived in less diverting circumstances. Fleeing rural poverty, they packed the poorer quarters of Europe’s great cities, where streets ran with sewage and homes became nesting grounds for rats and other vermin. Contagions cyclically raced through the continent—malaria, yellow fever, the Black Death—emptying cities, killing economies, snuffing out tens of thousands of lives. During the latter half of the seventeenth century, plagues killed sixty-nine thousand in London, eighty-three thousand in Prague, and nearly half a million people in the Venetian republic. Only special physicians could enter these plague zones. The “pest doctors,” as they were called, wore the era’s equivalent of biological-containment suits: long leather robes and gauntlets; masks with glass-covered eye-slots and long, curved beaks saturated with fumigants. Wandering the neighborhoods like surreal birds of death, they would take pulses with a wand, pronouncing victims deceased and condemning their properties. Authorities hadn’t a clue as to the source of the disease, and so would take whatever harsh measures they felt necessary, which generally meant charging victims with witchcraft, torturing them to death, and burning their homes.

Yet, as bleak as times were for the average individual, they held great promise for humanity as a whole. The period brought innovation in art, literature, philosophy, and science. It was the era of Rembrandt and Racine, Milton and Molière. Faith in human reasoning was challenging church dogma as never before; so much so that a philosopher like René Descartes could sum up the skepticism and confidence of the era with the resounding statement of human self-awareness: “I think, therefore I am.” In science, superstition was yielding to detached observation. Nature, once mystical, was becoming quantifiable. Indeed, in the years preceding Denis’s experiments, Isaac Newton had proposed his theory of gravity, Galileo had observed sunspots, and Robert Boyle had explained the behavior of gases. In France, Descartes had invented analytical geometry and, by applying strict mathematical concepts to the study of nature, created modern scientific thinking.

The times held promise for medicine as well. Now that the Church had relaxed its taboos on dissecting the human body, anatomists like Andreas Vesalius, William Harvey, and Marcello Malphigi were revealing the complexity of the human organism, with a surprisingly accurate knowledge of the organ systems’ structure and function. They knew, for example, that the heart functioned as a pump, forcing blood outward though the arteries and allowing blood to flow back through the veins, and that the two kinds of vessels were connected by a system of capillaries. They knew that the pancreas, spleen, and digestive organs excreted corrosive juices, or enzymes; they also had a basic understanding of the workings of the eye.

Despite the doctors’ sophistication, they (like everyone else in society) held fast to a core of ancient beliefs. They still believed that disease arose from an imbalance of invisible fluids or vapors in the body, called “humors.” They also believed that blood somehow carried the essence of the creatures in which it flowed—a concept called “vitalism,” which had survived unchanged for fifteen hundred years. According to this belief, a stag’s blood might carry traits of courage and longevity; a calf’s blood, tranquillity. Thus Denis’s work, though misguided by modern standards, exhibited the mixture of science and superstition typical of his age.

Denis was a somber-looking man with large eyes, a prominent nose and forehead, and a hint of bourgeois jowliness surrounding the chin. Born to a modest family of artisans—his father had been a water-pump maker to the royal court—he studied theology in Paris and then medicine in Montpelier. In returning to Paris, he became a professor of philosophy and mathematics, as well as one of Louis XIV’s physicians. An eager intellectual, he regularly attended the city’s learned societies, or academies, to discuss the latest in physics, mathematics, medicine, and philosophy. He belonged to the academy sponsored by the count of Montmor, known for his progressive philosophies; it was the count, in fact, who brought the madman to Denis on that cold winter night.

Laboring over his patient, Denis watched for signs that the transfusion had taken effect. Minutes passed as the calf’s blood flowed through the tube. He removed the apparatus when Mauroy complained of a great heat moving up his wrist; then he stitched up the wound and told Mauroy to go to sleep. Two hours later, the patient awoke. His pain gone, he ate a hearty supper and amused himself in whistling and in song.

Two days later, Denis gave him another transfusion, even larger than the first. As soon as the blood began to enter his veins, Mauroy complained about the same feeling of heat traveling up his arm. His pulse raced, then slowed, then raced again. “We observed a plentiful sweat all over his face,” wrote Denis. “He complained of great pains in his Kidneys, and that he was not well in his stomack, and that he was ready to choak unless they gave him his liberty.” Alarmed at Mauroy’s erratic reactions, Denis and his assistant quickly removed the tube. “Whilst we were closing the wound, [Mauroy] vomited the store of Bacon and Fat he had eaten half an hour before,” Denis wrote. The patient urinated goblets of fluid as black “as if it had been mixed with the soot of Chimneys.” They put him to bed, only to find that, when he awoke the next morning, “he shewed a surprising calmness, and a great presence of mind … and a general lassitude in all his limbs.”

Denis could not have known it, but his patient had just suffered a near-fatal episode of shock. Animal blood contains proteins completely foreign to human blood. When confronted by such substances, the human body reacts quickly and dramatically, mobilizing antibodies to destroy the invading cells. The reaction causes violent hemolysis (the physical destruction of the incoming red cells), inflammation, fever, and pain in the kidneys as they work to filter the toxic hemoglobin and cell fragments. Red blood cells die by the millions, and the oxidized hemoglobin turns the urine black.

Only by luck, then, did Mauroy survive. Staying with Denis for the next couple of days, he slept, prayed, bled from the nose, and continued to urinate coal-black fluid. No longer manic, he had little to say. On Friday, he was drained of two small porringers of blood. On Saturday, two and a half days after the procedure, Mauroy felt strong enough to go to confession. “That same day,” wrote Denis, “his urine cleared up.”

Meanwhile, Madame Perrine Mauroy, who had been searching for her husband from village to village, found him at last under Dr. Denis’s care. She approached Antoine with trepidation, wary of his past brutality. To her surprise, her husband greeted her tenderly, relating “with great presence of mind all that had befallen him, running up and down streets; how the Watch [police] had seized him one night, and how Calfs-blood had been transfused into his veins.” Denis barely could believe what he was seeing: The man who “used to do nothing but swear and beat [his wife]” had dramatically—almost magically—been cured.

Across the English Channel, Denis’s competitors read his reports with concern and dismay. They did not question the truth of his experiments; what outraged them was the speed of his progress. As the English saw it, they had pioneered the technique of transfusion, having been first to transfuse blood among animals of the same species and from one species to another, and the first to propose human transfusions. How dare this newcomer transgress?

There was more to their concern than scientific jealousy. Great change was sweeping Europe: With Spain in decline and Germany preoccupied with destructive civil wars, England and France were rising as the two great European powers. Both nations had come through civil wars, had emerged with strong monarchs—Charles II of England and Louis XIV of France—and were becoming wealthy from colonies in the New World, Asia, and Africa. The nations competed on many fronts, including literature, music, the arts, and the sciences, and supported learned societies as well—the precursor of the Royal Society in England, and the French Academy in France. They competed ferociously for world domination in all areas, including medicine.

The English had reason to take pride in their research. They could trace a direct line from their experiments back to Harvey, who, forty years earlier, had first proved that blood circulated through arteries and veins.

From before the ancient Greeks, people had viewed the human body in a fundamentally different manner. Unlike now, they did not think in terms of systems—the digestive, nervous, and endocrine systems, for example—and knew nothing of hormones, genes, infections, or germs. Instead, they saw the body as a microcosm of nature. Since all natural phenomena were thought to result from the interplay of the four elements—air, fire, water, and earth—the Greeks assumed that four analogous factors must govern the body. These elements, or “humors,” included phlegm, choler, bile, and blood. The linguistic remnants of this system can be seen in the words “bilious” and “choleric,” for example. According to Greek medicine, good health depended on maintaining a balance of the humors, which later led to the practices of purging the digestive tract and the draining of blood.

This system remained unquestioned for centuries, as we shall see later, and was adopted almost intact by the Christians. Blood, as the Paramount Humor, was considered the bearer of life, carrying its vital spirit throughout the body, ebbing and flowing through arteries and veins and sloshing through imagined pores in the heart. As anatomists started performing dissections, however, they found the theory at odds with the evidence. The sixteenth-century anatomist Vesalius found it impossible to locate the pores. “We are driven to wonder at the handiwork of the Almighty,” he wrote with understatement and humility, “by means of which blood sweats from the right into the left ventricle through passages which escape human vision.” Harvey preferred to state it more directly. “But dammit! There are no pores!”

Harvey found other anomalies as well. In examining the veins of some eighty species of animals, from eels to lambs to man, he found them punctuated by numerous valves. He tried forcing water in backward through the vessels but, contrary to what humoral theory had suggested, could not get the liquid to slosh back and forth: The valves allowed flow in only one direction. After further anatomical studies, he found himself arriving at a startling conclusion: Rather than ebbing and flowing like a tide, blood flowed rather purposefully—out through the arteries, back through the veins—circulating through a closed, one-way system. As for the heart—the seat of the soul, the source of all life—it was a simple mechanical pump.

Harvey’s conclusions, resisted at first, revolutionized the way people conceptualized the body, now seen as more mechanical than mystical. He also changed the practice of science with his quantitative methods: By actually measuring things like flow and volume, he gave birth to the field of experimental anatomy. (It should be noted that, although Harvey discovered the circulatory system, he never explicitly rejected humoral theory.)

Harvey worked in Oxford among a group of brilliant scientists who called themselves the Experimental Philosophy Club. His colleagues were so impressed by his methods that they undertook their own circulation work, even if they had been trained in completely different fields. Christopher Wren, the legendary architect, and Robert Boyle, the founder of modern chemistry, dabbled in circulation, using a hollow quill and bladder to inject opium and antimony into dogs. By injecting the drug and recording the symptoms—opium causes sleep; antimony, vomiting—they were able to show that the interventions had taken effect. That simple experiment yielded two striking results: the invention of the first intravenous syringe, and proof that the circulatory system, previously inviolate, could now be made open to interference from outside.

Anatomists began injecting all sorts of solutions into dogs in the laboratory, from urine to wine to milk to beer, often with fatal results. Finally, a talented young doctor named Richard Lower suggested injecting what he assumed would be the most compatible liquid of all.

Lower was born into a farming family in Cornwall, and had come to Oxford on a scholarship. A medical student when Wren and Boyle published their results, he had gotten to know the two men through the Experimental Philosophy Club and worked under their patronage and encouragement. In a series of experiments starting in 1665, Lower attempted to transfuse blood from one dog to another. Baring the jugular veins of two test animals, he would stitch them to opposite ends of a reed so blood could flow from one animal into the other. His experiments failed. Veins, unlike arteries, carry blood under low pressure as it makes its way back to the heart. A cut vein does not spurt like an artery, so, rather than rush from one animal to the other, the languid venous blood pooled and clotted inside the tube. Lower experimented for a year with various combinations until finally coming up with the successful procedure of connecting the artery of the donor animal with the vein of the recipient. The difference in pressure between the spurting artery and the passive vein forced the blood from donor to recipient. That simple advance would become critical to transfusionists in centuries to come.

Girded with this new information, Lower made ready for a “spectacular new experiment” in late February 1666. “I selected a medium-sized [dog] and drew off its blood from an exposed jugular vein,” he wrote. He drained as much blood as he could without killing it. “The dog first set up a wailing but soon its strength was exhausted and convulsive twitchings began.” Meanwhile, he had bound a large hound to a second bench, bared one of its neck arteries, and stitched it to a reed; then he attached the other end of the reed to the smaller dog’s jugular vein. He opened a ligature and let the blood flow, until “neither blood nor life remained” in the hound.

Now he witnessed something that, given the beliefs and science of the time, must have been an astonishing sight. The smaller dog virtually came back from the dead, as though the hound’s life force had filled it up again. Lower sewed up the jugular vein, loosened the shackles, and watched the little dog leap from the table. “Oblivious of its hurts, [it] fawned upon its master, and rolled on the grass to clean itself of blood; exactly as it would have done if it had merely been thrown into a stream, and with no more sign of discomfort or displeasure.”

Lower’s experiments excited his fellow philosophers as nothing had in years. Colleagues rushed to explore the implications. Robert Boyle wrote to Lower that he should consider a whole range of possibilities that could arise from transfusion. Would a fierce dog become tame “by being … stocked with the blood of a cowardly Dog …?” Would a trained dog forget how to fetch if transfused from an animal that did not know how? Would the recipient’s fur color somehow change to that of the donor?

Lower kept working, and later gave a progress report in a long letter to Boyle. He wrote that, after passing blood from one dog to another in quantities large enough to kill the donor, he transfused smaller amounts from several dogs into one, to preserve the donors’ lives. He also mixed blood from different animal species, passing blood from a sheep into a dog. Aside from reinvigorating the recipients, transfusion did not seem to alter their dispositions. “The most probable use of this experiment,” he concluded, is “that one Animal may live with the bloud of another.”

True to the best scientific traditions, other doctors tried to replicate Lower’s experiments. At the Royal Society in London Dr. Edmund King conducted “a pretty experiment of the blood of one dog let out, till he died, into the body of another,” according to Samuel Pepys, the noted diarist and president of the society. Afterward the men repaired to the Popeshead Tavern, where they philosophized into the night about the vast possibilities raised by transfusion. “This did give occasion to many pretty wishes, as of the blood of a Quaker to be let into an Archbishop, and such like.”

The English work took place about a year before Denis transfused the calf’s blood into Antoine Mauroy. In the interim, the French, dispensing with the quill or reed as a means of transfusing the blood, invented a new apparatus: a couple of silver cylinders connected in line with a small sack between them. With one tube inserted into a blood vessel of the first dog and another into the second dog, the sack could be squeezed in such a way as to direct blood forcefully from the donor to the recipient. Yet the French had none of Lower’s luck: Time after time, for reasons they could not explain, the target dog would die or barely hobble away. One autopsy showed a dog’s heart engorged with blood—the result, in retrospect, of either a heart attack or shock. Finally, on the seventh try, they succeeded in transferring two ounces of blood.

It was witnessing these experiments that inspired Denis to begin some work of his own. Over the next several months, he conducted nineteen transfusions among dogs. He seemed able to make the transfusion less traumatic by using the crural artery, in the leg, rather than the carotid artery of the neck. He expanded his repertoire, transfusing a calf’s blood into a dog and the blood of four rams into a horse. For months, Denis enjoyed uninterrupted success: Blood, it seemed, was a universal nutrient, beneficial to all species.

He then presented his most daring idea in a carefully reasoned paper, in which he justified, step by step, what even now would seem an outrageous suggestion. He started with the philosophical assumption that nature must approve the principle of blood exchange—after all, fetuses share their mothers’ blood through the placenta. Then he asserted the moral position that there was nothing wrong with taking nutrition from animals—did man not obtain milk and meat from the beasts? Finally, having shown by his experiments the benefits of transfusing blood from one animal to another, he now proposed that its blessings ought to be extended to man. “Pleurisies, the Small Pox, Leprosies, Cancers, Ulcers, St. Anthonies fire, Madness, Dotage, and other Maladies arising from the malignity of the blood”—all might be cured through the use of transfusion. Yet he could not sanction using men as a blood source: “It would be a very barbarous Operation, to prolong the life of some, by abridging that of others.” Animals, on the other hand, did not seem to suffer unduly from giving blood, and farmers could provide a limitless supply. Beyond that, animal blood must surely be healthier than man’s, which undoubtedly was debased by “debauchery and irregularities in eating and drinking.” After all, “sadness, Envy, Anger, Melancholy, Disquiet … corrupt the whole substance of the blood,” he wrote. His suggestion, after ten pages of methodical, sensitive reasoning, was to use the “mild and laudable blood” of animals to bring transfusion to man.

It did not take him long to put his notions to a test. In June 1667, he received a sixteen-year-old patient “tormented with a contumaceous and violent fever.” Physicians had bled the young man twenty times, which only seemed to weaken him. “His wit seem’d wholly sunk, his memory perfectly lost, and his body so heavy and drowsie that he was not fit for any thing.”

Denis decided that gentle lamb’s blood could help. He bound the lamb, bared its neck, and allowed nine ounces of blood to flow into a vein in the boy’s forearm. The patient felt a great heat rise up his arm, then took an hour’s nap and awoke free of pain. “He executes nimbly whatever is appointed him, and he hath no longer the drowsiness nor heaviness of body,” wrote Denis. Weeks later, he noted that the patient “grows fat visibly, and in brief, is a subject of amazement to all those who know him.”

Next he transfused a burly, forty-five-year-old laborer. The man laughed and chatted throughout, mindless of heat in his arm. Afterward he refused to lie down and, eager to show his strength and former training as a butcher, seized the transfusion lamb and slaughtered it. He took a short nap, went out, gathered up his comrades, and took them to a tavern, “to drink part of the money given him for his day’s business.” He spent the rest of the day in heavy labor, wrote Denis.

The next day, the two met in the street. “I blam’d him of imprudence,” Denis recalled. “But he told me in excuse of himself, that he could not be at rest when he was in health … that he had eaten, drank and slept very well, that he had more strength than ever before.” Finally, the patient told him “that if we were minded to repeat the same experiment at any time, he desired we would choose no other person for it but him.…”

Denis published his report in the July 22, 1667, issue of Philosophical Transactions. Lower published a vituperative response. Transfusion “was first discovered by me,” he protested, and accused Denis of stealing the idea. “As word of this newly devised blood transfusion was fluttering everywhere on man’s lips, Dr. Dionys [sic] … attempted to deprive me of the credit of originating this famous experiment and appropriated it to himself.”

Denis was not a confrontational man. As he pointed out later, he had given the English full credit for their discovery; he had merely advanced the technique. The English, however, did not want to share credit in the field.

Now the English hurried to regain the lead. On November 23, 1667, Drs. Lower and King paid 20 shillings to a thirty-two-year-old man named Arthur Coga to transfuse him with sheep’s blood. Coga, a former minister, had by some unknown circumstance become “a little frantic … poor and debased,” according to Pepys. The doctors had proposed to transfuse about twelve ounces of blood, which they estimated would pass in one minute by the watch. A week after the transfusion, they met for dinner in a public house, with Coga as their guest. “I was pleased to see the person who had his blood taken out,” wrote Pepys. “He speaks well, and did this day give the Society a relation thereof in Latin.” Pepys noted that Coga might benefit from yet another transfusion, for he still seemed “crack’d a little in the head.…”

The technique spread to Germany, Holland, and Italy, where doctors began transfusing among all sorts of creatures and presenting wildly exaggerated claims. Transfusion, some said, could cure scurvy, leprosy, and other “devouring eruptions.” A German doctor saw it as a potential treatment for disagreeable personalities: A splenetic person might be calmed with blood from a mild one, or, better yet, marital problems could be solved by exchanging the blood of feuding husbands and wives.

By now Denis had completed two transfusions on Antoine Mauroy; he had also transfused a Swedish nobleman, who died, and a partially paralyzed woman, who survived. Yet the criticism from England faded beside the vilification he began to face at home. The French intelligentsia were highly political, corrupted by a desire to retain the pleasures of the court. In their eagerness to curry favor with the king, the elite had become expert at maligning each other, every achievement leaving a jealous throng in its wake. After months of listening to Denis’s success stories, the mandarins at the French Academy—rivals to the Academy of Montmor—decided it was time to attack.

They began with a series of pamphlets maligning Denis, transfusion, and even the basic concept of blood circulation. “I could fill a book with every known malady, its nature and causes, and easily show why blood transfusion would be a useless way to cure it,” wrote G. Lamy, a master of arts at the University of Paris. He then listed several diseases, like pleurisy and cancer, and explained, using the old humoral theory, why transfusion could never help. Then Lamy, a clever dialectician, took the opposite tack. Suppose transfusions did work—what then? All the world’s sick people would demand them; there would not be enough blood in all the animals in the world. Some critics questioned why blood from a calf, if it conferred tranquillity, did not convey the animal’s dumbness as well. Others dispensed with any logic at all. Pierre de la Martinière, another of the king’s doctors and a French Academy member, labeled transfusion a “monster” methodology, a barbaric practice, reminiscent of cannibalism, issued directly from “Satan’s boutique.” Martinière, who had never accepted the theory of circulation, lobbied tirelessly to make transfusion illegal. In pamphlets and letters to ministers, magistrates, priests, noblemen, and ladies, he ranted that transfusion was antithetical to nature and threatened the very existence of the human species.

The argument, which pitted the conservatives of the French Academy against the more progressive scientists of the Academy of Montmor, spilled forth from the schools and academies, livening the king’s court and spicing gossip in Paris. The English weighed in, supporting transfusion but deriding Denis. All Europe was listening to the debate. Denis, overwhelmed and shocked by the hubbub, refused to debase himself by participating. And then, just as the conflict approached an ugly crescendo, Denis answered a knock at his door.

There stood Antoine Mauroy and his wife, Perrine. They both looked tired and ragged, and she showed several bruises. Antoine was having his frenzies again. Ignoring the doctor’s advice to conduct himself modestly, he had been visiting the tavern, smoking tobacco, and having sexual relations with his wife. Recently he had begun beating her as well. Perrine beseeched the doctor to consider transfusing her husband. Denis had doubts. The procedure was experimental, and Antoine was not looking strong enough to endure it. He seemed even more haggard than before, and trembled uncontrollably. Maybe the man should just rest for now. Perrine became desperate: The good doctor simply must perform the operation. Again Denis declined. When she recklessly threatened to petition the solicitor general to force him to perform the procedure, Denis refused and sent them away.

Sometime later, Denis received a conciliatory letter from Perrine: Would he “exercise the charity” to come to her home? When he arrived, he found his assistant, a set of tools, and a calf, all set up and ready for the transfusion. There sat the patient, twitching and shaking—clearly in no shape for the operation. Denis turned to leave, but Perrine fell to the ground and, “with tears in her eyes, and by unwearied clamor,” begged the doctor and his assistant to stay. She had tried every means to help her husband, and now there was nothing left to do. Denis relented, and bound the calf and positioned the patient. Just as they inserted the tube, however, Antoine was seized by such violent fits of shaking that the cannula fell out. They ended the experiment without having transfused any of the calf’s blood.

The next night, Antoine Mauroy died. Perrine refused Denis’s request to examine the body. Suspicions aroused, Denis said he would return with several witnesses and, if necessary, conduct an autopsy by force. She buried her husband before they could return.

As soon as the news was “bruited abroad,” according to an account written by Denis, his enemies closed in for the kill, publishing more defamatory books and pamphlets, decrying the doctor as a murderer and a fool. Soon after that Perrine visited Denis. She said that three physicians from the rival French Academy had offered her 50 louis d’or to charge him with murder resulting from the third attempted transfusion. If he financially supported her, she said, she would drop the issue; otherwise she would accept his enemies’ proposition. He told her she and her doctor friends were mad, so crazy that they “stood more in need of transfusion than … her husband.”

Denis had been keeping silent until then, but this latest threat unsettled him. Perrine was spreading slander and he wanted her to stop, so he filed the equivalent of a libel suit at the Criminal Court of Châtelet, outside Paris.

What followed must rank among the oddest reversals in judicial history. At first the case proceeded normally, with Perrine complaining about the inhuman treatment, the doctor defending himself with a parade of patients who attested to the effectiveness of his procedures. All agreed, according to trial findings, that the first two transfusions had managed to calm Mauroy but he then began having his frenzies again. But then a bizarre story emerged. One night, after he brutally boxed his wife’s ears, Perrine began putting “certain powders” in his soup (quite an unpalatable broth, evidently, since the family cat drank some and died). By the time of the third attempted transfusion, Antoine was dying from arsenic poisoning.

In his findings of April 17, 1668, the lieutenant of the court confirmed the preliminary evidence against Perrine and ordered her and the three physicians to return for questioning. (The results of that inquiry were lost in a fire and never recovered.) He absolved Denis of any malpractice, and agreed that the third transfusion never took place. At the same time, he noted that transfusion was worrying the physicians of Paris. In deference to their concerns, he ruled that any doctor who wished to perform a transfusion must first seek permission from the Faculty of Medicine. That one small condition—virtually an afterthought to the judgment—was a devastating blow. With the faculty representing the most hidebound, hierarchical doctors in France, the more progressive physicians from Montpelier, Rheims, and other universities would sooner abandon the procedure than submit to faculty approval. And so, despite Denis’s complete exoneration, the practice of transfusion faded away. Two years later, the French Parliament officially banned all transfusions involving human beings, with the English following suit. When two men died from transfusions in Rome, the pope banned the practice throughout most of Europe.

One and a half centuries would pass before doctors attempted another experimental human transfusion, and then only using the blood of other human beings. In time, doctors learned to work even more carefully, when it was discovered that human blood comes in several types, which must be matched precisely to avoid a fatal reaction.

It would be wrong to dismiss Denis and his contemporaries, naïve and haphazard though their work may have seemed. At a time when people saw blood as something magical, they understood it as a nutrient—a purely biological substance that could give life, as it were, from one creature to the next. They cracked the wall of humoral medicine, showing that the body was ruled not by vague humors but by chemicals, vessels, and pumps. They even cast doubt on the practice of bloodletting, in that blood could be a nutrient rather than an evil humor.

As for Mauroy, one might be tempted to dismiss Denis’s reports of a temporary cure as wishful thinking: Mauroy may have been more exhausted than cured. Yet certain clues in the historical record suggest a tantalizing possibility. An Englishman who observed the experiments noted that Mauroy’s madness was “Original of … Love.” In other words, he probably had syphilis, which causes brain damage in later stages. Syphilis is caused by Treponema pallidum, a bacterium that cannot tolerate high temperatures. (Denis observed that his patient’s mania abated after bouts of raging fever.) In the early twentieth century, before the development of antibiotics, doctors would treat syphilis by having the patient sit in a heated cabinet; sometimes they would administer a nonfatal strain of malaria to cause fever, driving up the body temperature and killing the bacteria. If these clues are accurate, then Denis might have triggered in Mauroy a strange but feasible chain of events: He gave the transfusion; the patient reacted; the fever that nearly killed him impeded the bacteria. And for a couple of months, the madman was sane.


CHAPTER 2

“THERE IS NO REMEDY AS MIRACULOUS AS BLEEDING”

The medical practice that Denis and his supporters attempted to defy was part of the longest-running tradition in medicine, one that would continue for centuries after his death. Phlebotomy, or bloodletting, originated in the ancient civilizations of Egypt and Greece, persisted through the medieval, Renaissance, and Enlightenment periods, and lasted through the second Industrial Revolution. It flourished in Arabic and Indian medicine. In terms of longevity, no other practice comes close. Germ theory, the basis for modern Western medicine, was formulated about 130 years ago. The modern practice of transfusion is about seventy-five years old. Bloodletting was faithfully and enthusiastically practiced for more than twenty-five hundred years.

Doctors bled patients for every ailment imaginable. They bled for pneumonia, fevers, and back pain; for diseases of the liver and spleen; for rheumatism; for a nonspecific ailment known as “going into a decline”; for headaches and melancholia, hypertension and apoplexy. They bled to heal bone fractures, to stop other wounds from bleeding, and simply to maintain bodily tone. Until the 1920s, country doctors in America would seasonally “breathe a vein” to keep patients in good health. And yet there was never any evidence that bloodletting did any good.

No one knows its origins—perhaps the ancients, seeing that menstrual bleeding seemed to alleviate discomfort in women, associated blood loss with the relief of symptoms. The Egyptians may have practiced bleeding as early as 2500 B.C., although it is not known why they bled or what they thought it would accomplish. (An illustration on a tomb near ancient Memphis depicts a patient being bled from the foot and neck.) Hippocrates, the father of Western medicine, who wrote in the fourth and fifth centuries B.C., gave an early account of bloodletting as it related to humoral medicine. He explained that, since all sickness resulted from an imbalance of humors, the cures involved restoring the equilibrium by causing vomiting, sweating, defecation, or bleeding. “Bleed in the acute affections,” he wrote, “if the disease appears strong, and the patients be in the vigor of life.…”

Hippocrates’ medical system passed to Aristotle, and through him to Alexander the Great, whose conquests spread it to the Persian and Hindu worlds. Centuries later, in Rome, Claudius Galenus, chief physician to the gladiators during the reign of Marcus Aurelius, adopted the beliefs. A talented and resourceful practitioner, Galenus (or Galen, as he later became called) wrote an estimated 120 books, most of which touted his cures in the absence of any true clinical histories. He recommended bloodletting for a wide array of maladies, and favored it as more precise than other methods of purging. After all, a physician could give potions to cause vomiting but could not predict how the body would react. In contrast, Galen could bleed to a precisely measured amount, or watch the patient blanch or swoon to know exactly when to stop.

In codifying humoral medicine for the Roman world, Galen added a doctrine of his own. Vitalism, as we have seen, asserted that blood was more than a nourishing liquid, embodying the spiritual essence of man: Flowing from the liver to the heart and brain, it acquired a trinity of spiritual characteristics from the combination of organs through which it passed. Galen was a pagan, but the spiritual implications of his theory inspired the Church to support it dogmatically for centuries.

When Rome fell, the Arabs, who adapted so much of Greek science, inherited the mantle of medicine as well. Giants such as Avicenna of Persia prescribed bleeding for practically every known malady. Unlike the Greeks, who bled from the same side of the body as the malady, the Arabs bled from the opposite side, or “revulsively.” They would phlebotomize the right elbow, for example, to stop a patient’s left nostril from bleeding. Bloodletting continued in Europe as well. Physicians at the medical school at Salerno, the greatest institution of its kind in the twelfth century, produced a rhyming Health Code that recommended bloodletting for a typically wide array of conditions:


Bleeding the body purges in disguise
For it excites the nerves, improves the eyes
And mind, and gives the bowels exercise
Brings sleep, clear thoughts and sadness drives away
And hearing, strength and voice augments each day.



and so on, for eleven verses.

Bleeding was as trusted and as popular then as aspirin is today. Monks bled each other several times a year for general maintenance of health. (At an archeological dig of an ancient monastery in Scotland, scientists recently found a whole stratum of blood waste, accounting for an estimated three hundred thousand pints of blood.) The Talmudic authors laid out complex laws for bloodletting. Physicians obligingly drained the blood of feudal lords. Doctors devised elaborate charts indicating the most favorable astrological conditions for bleeding. The second medical text ever printed on Gutenberg’s printing press was a Bloodletting Calendar in 1462. The first was a Purgation Calendar printed in 1457.

During the Middle Ages, a new category of practitioners emerged. The pope had forbidden the clergy to perform bloodletting (although they were welcome to undergo the procedure), and physicians were discouraged by the fact that feudal lords could kill them for malpractice. So bloodletting moved into the hands of barber-surgeons. More craftsmen than medics, they established their own guilds and competed for respectability with apothecaries and surgeons. They advertised with a symbol that endures to this day, a red-and-white-striped pole representing the stick patients would grab while being phlebotomized—the white stripes, the bandages; the red stripes, the blood.

Of all the doctors who supported bloodletting, few could surpass Guy Patin, a contemporary of Denis’s, for arrogance, sophistry, and a cast-iron state of mind. As Dean of the Faculty of Medicine in Paris, Patin was an archconservative who wielded his influence over anyone who defied the medical orthodoxy. He left a rich and vivid correspondence that records the foibles of his day.

Patin effused about the benefits of bleeding. “There is no remedy in the world which works as many miracles as bleeding,” he wrote to a colleague in 1645. “Our Parisians ordinarily take little exercise, drink and eat much and become very plethoric. In this condition they are hardly ever relieved of whatever sickness befalls them if bloodletting does not proceed powerfully and copiously.…”

In one letter he described the case of a colleague who “was attacked by a rude and violent rheumatism, for which he was bled sixty-four times in eight months, by order of his father … and in the end recovered.” Another time Patin treated “a young gentleman of seven years, who fell into a pleurisy by over-heating himself when playing tennis.… He was bled thirteen times, and cured in fifteen days, as if by a miracle.”

During Patin’s time, some scholars began to inquire whether chemistry, not humors, influenced the body, which led them to question the effectiveness of bleeding. One was the Belgian chemist Jan Baptiste van Helmont, whom Patin cruelly castigated in 1645: “He was a wicked Flemish rascal, who died insane a few months ago. He never did anything of value. I have seen everything he wrote. This man only thought of one medicine, made up of chemical and empirical secrets. He wrote much against bloodletting, for lack of which, however, he died in a frenzy.”

Patin was no hypocrite: He bled his wife twelve times consecutively for chest congestion, his son twenty times for a fever, and himself seven times for a head cold. He bled his father-in-law when the man was eighty years old. “We also bleed very fortunately children of two or three months, without any inconvenience,” he wrote. “I can show more than two hundred of them bled at this early age. There is not a woman in Paris who does not think well of bleeding.…” In the face of such enthusiasm, it is worth repeating that, with the exception of rare medical conditions, bleeding does the body no good. The survival of any of Patin’s patients had more to do with luck and the body’s resiliency than any benefits they derived from his treatments. Like other physicians of the time, Patin kept no systematic records, basing his assertions entirely on his subjective impressions. He claimed credit for each success, and wrote off each failure as tragically inevitable. He wrote a typical apologia in 1659: “Our good M. Baralis has been bled eleven times in six days, which has prevented suffocation.… But he is in great danger of not being able to escape it. A continued fever, a bad lung besieged with inflammation, eighty-four years, are all signs which leave me with a gloomy suspicion.”

Even though Patin was the most honored and powerful physician of his day, his position did not shield him from perceptive social critics. The novelist Alain-René Le Sage parodied the doctor in the person of Dr. Sangrado (“Dr. Bloody”), a “tall, withered executioner of sisters three,” who bled his patients to the brink of death. Molière lampooned the crack certitude and foppish ways of physicians like Patin; his play The Imaginary Invalid is a virtual catalogue of their faults. Molière suffered a variety of ailments, and dealt with the medical profession with unwelcome frequency. One day Louis XIV asked how he was getting along with his latest physician. “Sire, we talk together,” Molière replied. “He prescribes remedies for me; I do not take them; and I recover.”

Still, bleeding remained a mainstay of medical care. Doctors developed elaborate systems for determining exactly where a vein should be opened, and under which astrological sign. Some said that the third, or “leech,” finger housed a vein that led directly to the heart, which made it attractive for bleeding. Others described the “heart vein” or “meridian vein” as the optimal bleeding site. Most agreed that patients with serious illnesses should be bled rapidly in an upright position. Fainting was considered a positive sign.

Bleeders used an impressive array of hardware. Their mainstay was the lancet, a small, sharp, two-edged knife that usually occupied an exquisitely tooled case. The bloodletters would use a lancet to open a vein in the arm, leg, or neck. The procedure involved tying off the area with a tourniquet (excluding the neck, of course), having the patient grasp a stick, and, holding the lancet delicately between thumb and forefinger, striking diagonally or lengthwise into the vein. (A perpendicular cut might sever the blood vessel.) Bloodletters would collect the blood in measuring bowls, exquisitely wrought of fine Venetian glass. Many families kept bleeding bowls as heirlooms.

Wielding the lancet took quite a bit of skill: A false cut could slice a nerve or a tendon. To make the job easier, a Viennese inventor produced a spring-loaded lancet, called a Schnapper in German or, in English, a “phleam.” It consisted of a case about two inches long with a spring-loaded blade emerging from the top. The bleeder would cock the blade, press the Schnapper against the skin, and push a release, causing the blade to snap down and across. The Schnapper had the safety feature of not cutting beyond a certain depth. German, Dutch, and American bleeders preferred it, but French practitioners used the simpler and more artful lancet.

Sometimes phlebotomists would use a “scarificator”—a spring-loaded box containing anywhere from twelve to eighteen blades—in conjunction with “cupping” to relieve local inflammation. The bleeder would place a glass cup against the skin with an edge slightly raised, and warm it with a torch. The heat would create a vacuum strong enough to suck the cup against the skin, raising a large blood-filled blister. The bleeder would pull off the cup, spring the scarificator, and then reapply the cup to draw out more blood. Leeches were also used. Derived from the Anglo-Saxon word loece, “to heal” (medieval doctors called themselves “leeches”), the leech removed blood from hard-to-reach places such as “the mouth of the womb, the gums, lips, nose, fingers,” according to a medical text from 1634.

Some of the most poignant dramas in the history of bloodletting took place thousands of miles from its origins. In colonizing the New World, the Europeans took their practices with them. Furthermore, because no medical schools existed in the colonies, American medical students would study in Europe, even after the revolution. The old traditions remained intact.

The foremost American bleeder was the physician and patriot Benjamin Rush. Rush, known as the “Prince of Bleeders” by his contemporaries, was a scholar, humanist, social reformer, and signer of the Declaration of Independence. (His name appears just above that of his friend Benjamin Franklin.) A learned and ethical man, he spoke out against slavery, capital punishment, and cruelty to children. He wrote the first American textbook on the mentally ill. He founded the Philadelphia Dispensary for the treatment of the poor and, with Franklin, the Society for the Protection of Free Negroes. He served as surgeon general to the Continental Army, as chairman of the department of medicine at the College of Philadelphia, as supervisor of the United States Mint. So great was his influence on colonial medicine that some called him this nation’s Hippocrates.

Rush studied at the University of Edinburgh, where he learned a modern variation on humoral medicine. In those days, patients did not suffer from diseases like “tuberculosis” or “strep,” each caused by a specific pathogen; rather, they endured nonspecific ailments caused by humoral imbalances, such as “dropsy” (congestive heart failure) and “pleurisy” (chest pains), or “fits” and “convulsions,” or “decay” and “bloody flux.” They suffered an unending variety of fevers, including “intermittent,” “continued,” “remittent,” or “putrid” fevers—all without a clue as to the cause. The doctors took pains to classify these symptoms and treat them in some logical way, which, lacking diagnosis, frequently was mistaken. Doctors believed that nature favored healing but that one must coax her vigorously along. They took extreme measures to adjust the body’s humors, and to empty it of poisons. They would induce vomiting, diarrhea, and bleeding, and redouble their efforts if the patients became worse. They would change the treatments daily in response to the symptoms as they evolved.

The period became known as the Age of Heroic Medicine. Just how exaggerated those heroics could be is shown in the hospital records of a young man named Alexander Forbes, who was admitted to the Royal Infirmary in Edinburgh in 1795. Forbes, a twenty-two-year-old, was suffering from pains in the head and chest, which his doctors diagnosed as “excitability” of the blood vessels. For the first several days they gave him opiates, to kill pain; an emetic, to cause vomiting; and cathartics, to cause defecation. On the sixth day they blistered his chest. (Blistering meant applying a mustard plaster or some other substance caustic enough to create a second-degree burn, in order to draw out bodily poisons.) Then they gave him a mild stimulant called “tincture of guaiac” to strengthen his blood vessels and cause urination, after which they blistered him again.

By now he had been hospitalized for thirty-seven days. His doctors gave him Peruvian bark (a form of quinine) as a general tonic, and a week later they placed six leeches on his head overnight. Later they gave him more opiates and cathartics, and applied eight leeches to his head. Finally, after two months and five days, they released him, fever abated but still feeling pain.

Rush supported such vigorous methods, believing that all disease arose from excitation of the blood vessels, which copious bleeding would relieve. Rush taught that the body held about twenty-five pounds of blood, twenty of which could safely be drained. (Considering that the body actually holds less than half of Rush’s estimate, woe to the patient who received his ministrations!) If the patient fainted, so much the better, for it meant that the harsh measures were taking effect.

Rush taught bloodletting to a generation of physicians. One former student, Dr. William Montgomery, wrote to Rush that he had treated a member of the South Carolina legislature by relieving him of 165 ounces of blood in five days (almost the man’s entire complement of blood). “He died,” wrote Montgomery. “Had we taken a still greater quantity the event might perhaps have been more fortunate.”

Whatever the flaws in Rush’s methods and theory, no one could criticize his courage or character. He demonstrated both during the great yellow-fever plague in Philadelphia in 1793—the worst in American history—during which he developed his vigorous techniques. Philadelphia, then the nation’s capital, largest city, and commercial and intellectual center, sat
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