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            Prelude

            Mogadishu, 1993

            
               He who wishes to be a surgeon should go to war.

               —Hippocrates (460–370 BC)

            

         

         At 1:00 p.m. on October 3, 1993, in the blinding white sunlight of an East African afternoon, a hundred Army Rangers rappelled down ropes from nineteen Black Hawk helicopters onto the dusty streets of the city of Mogadishu, in Somalia. Simultaneously, sixty soldiers drove into the city in a convoy of Humvees. The two groups were planning to converge within a two-block radius of a white stucco house in the center of Mogadishu. American and North American Treaty Organization (NATO) intelligence officials had ascertained that this house was the headquarters of General Mohamed Aidid. Their mission was to apprehend General Aidid, a warlord who had been starving hundreds of thousands of his fellow Somalis to death in a perverse display of power. A protracted conflict between Aidid and his rivals, which often involved indiscriminate shooting and bombing, had killed tens of thousands more.

         Much of the populace lived in stick huts, and up to five thousand homeless boys roamed the streets. The city’s white or pink stucco buildings were riddled with bullet holes, and many of the cars scattered along the streets amounted to little more than rusting carcasses. The only things that were undeniably beautiful about Mogadishu were its long stretches of beach and the iridescent, teal-colored waters of the Indian Ocean.

         The army’s plan, hatched in concert with NATO advisers, was to surround Aidid’s headquarters, arrest him and his closest lieutenants, and once and for all rid the country of his rule. As the American soldiers descended and approached the white house, the warlord’s men—more a street gang than an actual militia—fired at them with mainly third-rate rifles, the bullets pinging harmlessly off the impenetrable armor of the helicopters and Humvees. After all, Aidid’s men—many of whom were teenagers—were equipped with mainly rifles and grenades, had little to no training, and were half-starving themselves. The first Rangers to hit the ground sprinted in short bursts toward Aidid’s headquarters, pausing for cover in broken-down, sagging houses and alleyways. They drew fire, but the shots directed at them were erratic.

         In the beginning, everything went according to plan. The military strategists—both Americans and advisers from NATO forces—believed that the mission would be accomplished within ninety minutes.1 The strategists reasoned that Aidid’s supporters were amateurish, and the Americans, after all, had overwhelmingly superior firepower. The Black Hawks—each more than twenty yards long and weighing ten tons—were the most sophisticated helicopters ever built. The conflict was expected to be little more than a quick “snatch-and-grab” operation.2

         But early on, there was a bad omen. A soldier rappelling from one of the helicopters lost his grip and fell ninety feet to the ground.3 He survived, but his back was badly broken. Minutes later, the near-million-to-one shot happened. As one of the Black Hawks hovered just above the city, something hit its tail. At first not even the crewmen were aware that anything significant had occurred. But then the helicopter groaned and chortled—pausing momentarily in the air, as if affronted—and started to spin. The downward spiral began slowly at first but then gained ever greater force and velocity. The machine fell to the earth in a matter of seconds with a kind of shocking violence. In its final gyration, the helicopter clipped off the entire top half of a house and then rolled onto its side like a dying animal. It settled in the road, steam and fire rising from the wreckage. The two pilots were killed instantly. Remarkably, the six other crew members survived; four of them exited from the side door of the helicopter and attempted to secure the immediate area.4 They were met with a barrage of gunfire. One of the crew members killed perhaps ten Somalis before he himself was slain with four shots to the pelvis and abdomen.5 Miraculously, the people inside the house cleaved by the helicopter had survived.

         The Black Hawk had been hit by an RPG—a rocket-propelled grenade. Before the conflict, the military strategists had considered this essentially a physical impossibility. In their faulty estimation, RPGs were effective only in ground warfare and had a meager range of three hundred yards. Furthermore, shooting one into the sky, as one of Aidid’s men had had the temerity to do, was considered suicidal. The backblast was powerful enough to kill a man, and the very act of firing would instantly identify the location of the shooter to the helicopter marksmen.6 One could reasonably expect to be mowed down within seconds of launching the rocket.

         Leave no man behind is perhaps the fundamental maxim drilled into an infantry soldier, and this is particularly true for a force as elite as the Rangers. With the helicopter down, the conflict pivoted immediately from a search-and-destroy operation to apprehend Aidid to a rescue mission to save the wounded and stranded soldiers. The Rangers in the Humvees were redirected away from Aidid’s hideout and toward their brethren pinned down around the fallen helicopter. In a matter of seconds, the battle transformed into an old-fashioned mano a mano brawl. And here the Americans’ vaunted technology was of far less use. Clearly this had been the Somalis’ plan all along—to quite literally bring the Americans down to earth. On the streets were the smells of rotten fruit, raw sewage, and gunpowder, and now the whoosh of overhead RPGs and screams of “Medic!” and “I’m hit!” Aidid’s men believed that the Americans’ apparent strengths—their glorious helicopters and armor, their goggles and infrared sensors, which the Africans believed made them look inhuman—also signaled their weakness. All that technology and protective gear, to the Somalis, meant that Americans were afraid to die.7 Now emboldened, Aidid’s ragtag militia charged out onto the streets, and the Americans were soon encountering gunfire from rooftops, doorways, and alleys in every direction.

         Then the unthinkable happened again. A second Black Hawk was hit by an RPG and crashed a mile from where the first helicopter had fallen. Three crew members were killed, either on impact or in the vicious fighting that immediately ensued, and a fourth was eventually captured. The Americans now had to attempt two simultaneous rescue operations. The anticipated hour-long engagement turned into twenty-seven hours of urban combat, the longest sustained conflict in which the American military had been engaged since Vietnam.8

         Some hours later, in the Forty-Sixth Combat Support Hospital, a temporary hospital made up of interconnected air-conditioned tents a few kilometers from the battle on the streets of Mogadishu, surgeon and US Army major John Holcomb did not know when the causalities were going to arrive. Holcomb, who had been given short notice that he was being deployed to Somalia, had spent his brief time there playing volleyball and having fun with members of his unit while also conducting medical trainings and preparing the combat hospital for action. Earlier that morning, Holcomb had operated on a little Somali girl whose face had been run over by a Humvee. A few days earlier, an Army Ranger, defying warnings, had splashed around in the water for an hour only to have his legs bitten off by a shark. John Holcomb had performed the initial operation on the solider, who was then airlifted to the army’s hospital in Germany, accompanied by one of the doctors assigned to the Forty-Sixth Combat Hospital. The soldier died in Germany, and Holcomb’s already thin team of surgeons was reduced from four doctors to three. Holcomb, as he waited in the Forty-Sixth Combat Support Hospital, knew that casualties of war were coming, but he did not know how many, nor when. In the end, he was given only ten seconds’ notice that casualties were inbound.9

         Despite his relative youth—he was in his midthirties—Major Holcomb had been preparing for a moment like this all his life. He was by nature a confident man, and he had been well trained for whatever lay ahead of him. Holcomb seemed to be imbued with a supreme sense of certainty about things, an inveterate optimism, and the belief that the world, even while he waited on the edge of a battlefield, was something that one could manage and control. He once said there were no true car accidents. If people drove safely, were sober, and wore seat belts, there would essentially be no accidents. “When you look at it that way, ‘accidents’ are really predictable.”10

         Holcomb grew up in the 1960s and 1970s in Fort Smith, Arkansas11—known chiefly for having the lowest cost of living in the United States12 and for being the manufacturing and processing centers for the Planters peanut and Mars companies.13 He was able to go to medical school only because the military paid for it. He chose the army because his father had been an army officer for twenty-three years.14 After receiving his medical degree from the University of Arkansas in 1985, he completed his residency in general surgery at an army medical center and then became a staff surgeon at Fort Bragg in North Carolina and finally director of a US Army clinic in Turkey. In 1989 he was a surgeon in a special operations forces operation in Panama.15 He was specially trained for raids and assault missions.

         Surely adding to Holcomb’s sense of confidence was how relatively well equipped the Forty-Sixth Combat Support Hospital was, even if it was all in tents. Holcomb would later call it “a very capable hospital.”16 The facility had three operating rooms, twelve intensive care unit beds, and thirty general ward beds. It had basic lab, X-ray, and CT scan capabilities. But then again, Holcomb was one of only three doctors on staff. Although they were not expected, if many casualties were to arrive, he and his small team were going to be in trouble.

         And indeed, over the next thirty-six hours, Major John Holcomb and the two other doctors were overwhelmed by casualties. The wounded and the dying arrived in two waves, one at 5:30 p.m. on October 3 and the second at 6:00 a.m. on October 4.17 Out of the two hundred combatants in the conflict, 112 were injured and seventy were hospitalized. Holcomb and his colleagues performed thirty-four operations over a day and a half.18 The first three or four patients Holcomb operated on died.19 One soldier, whose leg had been blown off at the hip by a grenade, which severed his iliac artery, perished despite being given forty-six pints of blood.20 At one point a fellow surgeon looked in on Holcomb only to find him elbow deep in a young soldier’s abdomen.21 At another point the power went out, and Holcomb operated by flashlight.22 Of one casualty Holcomb said more than a decade later, “He bled to death in my hands. It was horrible.”23 Holcomb would refer to the entire blood-soaked episode as “the defining experience of my life.”24

         As they attempted to save the lives of soldiers, the surgeons used gauze and pressure and ligatures—the same tools and techniques to stop traumatic bleeding that had been used since the Civil War. It was an excruciating, harrowing experience. “To have those soldiers bleed to death—and not be able to stop that bleeding—is so frustrating,” Holcomb would say later.25 All told, eighteen Rangers died in the Battle of Mogadishu, and most likely thousands of Somalis—although the exact number of Somali casualties is unknown. But in the end, John Holcomb performed valiantly, even heroically: he did everything that a battlefield surgeon could be expected to do, and more.

         
            *  *  *

         

         In the days and months and years after the conflict, the Battle of Mogadishu was widely considered a military and strategic disaster. The American public was shocked and repulsed by the images of the street fighting that were broadcast on television the next day. The day after the battle, Canadian photojournalist Paul Watson took a photograph of the half-naked corpse of an American soldier—a victim of the second Black Hawk crash—with his genitals exposed as he was dragged through the streets by a cheering crowd. The photograph would go on to win the Pulitzer Prize. The wretchedness and tawdriness of the image was simply too much for the American public to stomach. As Mark Bowden, the author who chronicled the battle in the best-selling book Black Hawk Down: A Story of Modern War, later wrote, the events in Mogadishu took place during a high-water mark of American military prestige, just two years after the Persian Gulf War. Victory in that conflict had been attained so quickly, and had incurred so few casualties, that most Americans had come to believe that their military was virtually unassailable.26 It seemed almost inconceivable that an elite American force could be overrun by what appeared on television to be a barely clothed and starving mob, or that the most advanced military technologies in the world could be felled by a simple grenade. The American commander of the operation quickly resigned in disgrace.

         The hangover from Mogadishu was long lasting. American public opinion swiftly turned against interventionalist policies, and President Bill Clinton ordered all American soldiers to withdraw from Somalia by early 1994. Other Western nations followed suit. UN peacekeepers left the country in 1995, bringing to a close an unsuccessful mission that had cost billions of dollars and still left Somalia without a functional government. America showed no willingness to intervene in the genocide in Rwanda one year later,27 and in 1996, Osama bin Laden cited Watson’s photograph as proof that the US was unable to tolerate the brutality of war. When “one American was dragged in the streets of Mogadishu,” he said, “you left. The extent of your impotence and weaknesses became very clear.”28

         In 2000, seven years after Mogadishu, John Holcomb, now director of trauma research for the army, delivered what amounted to a kind of postmortem analysis of the battle. Immediately after Mogadishu, he considered leaving the army and even had a contract to enter private practice in New Mexico, but he changed his mind at the last minute. He reflected later, “I came back from [Mogadishu], and it turned my career a hundred and eighty degrees.…We had a lot of soldiers bleed to death.…I came back and said, ‘We need to figure out better ways to stop bleeding.’”29 He had not previously been oriented toward the idea of becoming a research scientist, but he’d spent the years since 1993 rising in the ranks of army medical research, and he’d worked relentlessly to develop a bioengineered bandage that would stem volume bleeding.

         On March 23, 2000, he spoke in Santa Monica, California, at a conference organized by the RAND Corporation, a public policy think tank. The event was also sponsored by the US Army Training and Doctrine Command, the Marine Corps Warfighting Laboratory, and the Office of the Secretary of Defense.

         In his remarks Holcomb spoke of the urgency of making advances in hemorrhage control. “Unfortunately, we are currently surrounding our soldiers with incredible technology, and yet the way we do hemorrhage control in the year 2000 is exactly the same way that it was done in the Trojan War, World War I, and World War II. We use the same gauze battle dressing that we have for decades. In the operating room we use gauze dressings, silk ties, and ligatures.”30 He said that he and his colleagues hoped to field their bioengineered bandage in the next couple of years. Other countries, he pointed out, were already implementing investigational medical technologies such as advanced dressings, drugs that controlled bleeding, and blood substitutes, but the American military was unable to do so because of Food and Drug Administration restrictions. He argued that regulatory bodies—such as the FDA and the Joint Commission on Accreditation of Healthcare Organizations (JCAHO), which accredits hospitals—should not have jurisdiction in the field. In fact, he said, “The FDA and JCAHO do not exist in the field.” Those entities, he said, did not understand the unique nature and urgency of combat medicine and were holding the military back on the battlefield by not allowing treatments that involved certain levels of risk. He criticized a US Department of Defense rule that required trauma patients to give individual consent, which stifled research and “essentially prohibited” the Pentagon from funding research in trauma. “We can’t get better if we can’t try new ways,” he said. He called for writers of military medical doctrines to advance “rapid” and “relevant” techniques, even if those techniques were “unproved [sic] but [made] sense.”31

         At the conclusion of his speech, Holcomb presented a slide that outlined in clear and direct language his definition of the ideal combat doctor, nurse, or medic. He quoted the Emergency Ward Surgery reference book that stated the ideal providers of trauma medicine in the combat environment were “young people who must have good hands, a stout heart, and not too much philosophy. They are called upon for decisions rather than discussion, for action rather than knowledge of what the latest writers think should be done.”32

         Two years after his remarks, America would turn to war again, in Afghanistan and Iraq, and John Holcomb would soon become the director of the entirety of army trauma medicine. In that capacity he would hold absolutely true to every word of his own cited definition of the ideal combat doctor. Under his medical command, as hundreds of thousands of American soldiers fought in the war on terror, he indeed valued action over discussion, often ignored the latest medical literature, and willingly accepted risky techniques—even if they were “unproved”—to save lives. It appeared that his experiences at the Battle of Mogadishu had irrevocably altered him, and that he would do anything possible not to have soldiers bleed to death in his hands ever again.

      

   


   
      
         
            Part One

            The Man Who Saw the Caverns

         

         
            Talent hits a target no one else can hit. Genius hits a target no one else can see.

            —Arthur Schopenhauer

         

      

   


   
      
         
            Chapter One

            The Simplest Idea

         

         In the fall of 1983, Frank Hursey was a very happy man. At forty, he had been contentedly married to his wife, Nancy, a nurse, for the last fifteen years; he had thriving children, two girls and a boy; and he lived in a modest but comfortable house in the leafy and pleasant suburb of West Hartford, Connecticut. Frank was an untroubled person by nature. A lean man of medium height, with thick and just slightly graying brown hair and a relatively unlined face, Frank was the kind of person—mild mannered and unintimidating—that strangers approached on the street to ask for directions.

         A mechanical engineer by training, he had been the first in his family to go to college. Over a period of ten years, he went to night school while working full-time during the day to earn a bachelor’s degree from the University of Hartford. He then got a master’s degree in business administration from Rensselaer Polytechnic Institute. This degree, he would joke, took him only six years to finish. When Frank was a teenager, his mother, a strong-willed woman and a devout Catholic, had suggested that her son read Norman Vincent Peale’s self-help book The Power of Positive Thinking, which counseled its readers to immediately replace negative thoughts with more placid and hopeful ones. Over the course of his life, Frank had succeeded at following that advice to a rather remarkable degree. Now, on the cusp of middle age, his life was full and busy, with Boy Scout pack meetings and school plays, Mass on Sundays, dinners with Nancy and their small circle of friends, but most of all his work. With rare exceptions, he conducted his life and his affairs in an unruffled manner and with an optimistic spirit.

         Frank had grown up poor in Dillon, South Carolina, the small and largely indigent town in the pinewoods and swamplands of the central part of the state. The main industry—really the sole industry—was timber and pulp and paper processing. His father, who had suffered from the effects of polio since childhood, died in his early fifties, most likely from being poisoned by the lead he used daily in his work as a Linotype operator at a newspaper printing plant. When Frank was sixteen, he surprised his father one day at work. It was the end of the shift, and Frank watched as his father punched out on the time clock. Frank never forgot the look of shame that cloaked his father’s face in that moment. Frank made a promise to himself that one day he would have a career in which he did not have to work on anybody else’s schedule. Frank went on to the University of South Carolina on a full scholarship, but was asked to leave during his freshman year because he couldn’t concentrate on his coursework. He was too distracted and upset by his father’s decline, and indeed, his father died not long after Frank left college. Frank’s father spent his final weeks in a hospital two blocks from the family’s home. In those last days, when Frank stood on the sidewalk outside the hospital, he could hear his father screaming in pain from his sickbed inside. After the death, the family—Frank, his mother, and his two sisters, one of whom had Down syndrome—moved to Connecticut, where they were taken in by an uncle who worked as a union organizer.

         Frank immediately took to Connecticut: he liked the cooler climate, the defined seasons, the greater tolerance for his family’s Catholic religion, and the fact that there were job opportunities in industry and technology. He met Nancy at a party and married her six months later. He was only twenty-one. Soon only a tinge of his South Carolina accent remained. Frank immediately got a job as an engineer’s assistant at the huge defense contractor Pratt & Whitney, and, with his employer paying the tuition, enrolled at the University of Hartford. After a decade at Pratt, he became an engineer in the respiratory department at Hartford Hospital. Now, at the age of forty, he was about to set up his own company, which would manufacture machines that produced oxygen and nitrogen. This would be his third go-around at starting his own business: he had already failed at two previous attempts. One of the companies simply couldn’t pay its bills, and at the second, Frank discovered that his business partner failed to pay taxes and then disappeared. The IRS investigators found Frank and threatened to repossess his house.

         These experiences of course were deeply frustrating, but really what Frank most cared about was how things in the physical world worked and how to make them work better. He would walk by a streetlight and wonder about the wattage of the bulb, or examine a cappuccino maker and speculate on the pressure at which the gauge best operated. These types of things were deeply fascinating, and also amusing and pleasurable, to him. All things being equal, left to his own devices, he primarily thought of the world as a mechanical and logical place, governed by liquids and gases and vacuums and pressures. When he was simply driving around town or taking a walk or brushing his teeth, he enjoyed thinking about how these physical elements worked together, or against each other, like some gigantic, beautiful, and slightly mysterious apparatus.

         But as a result, when he tried to explain the machines he built to customers, he wouldn’t say what the machines could actually do for them—how they could supply nitrogen to a storage area to preserve otherwise perishable food products or create pure oxygen to ignite a flame capable of cutting metal. Instead, mostly he talked about the obscure science behind them, such as pressure swing technology, which separated gases in air by putting them under pressure and forcing them into a pervious material, often a mineral called zeolite, that absorbed some gases more readily than others. Frank used zeolite frequently in his machines; he found that oxygen passed through the mineral much more easily than nitrogen, making the resulting gas oxygen-enriched.

         Frank was fascinated by zeolite, which looked like kitty litter and was just an inexpensive and inert mineral, strip-mined by Union Carbide in the American South. When he first encountered the rock, he was a student at the University of Hartford, and he went to the library to read scientific articles on the mineral so he could learn everything about it. Frank learned that zeolite had been used for millennia as a building material—large parts of ancient Rome and Naples were made of the rock—and that starting in the twentieth century, it had had a wide array of industrial uses: in the absorption of radiation in nuclear waste (it was employed successfully at Chernobyl); in the removal of ammonia from drinking water; as a deodorizer in pet litter, athletic footwear, and ashtrays; and as an ammonia filter in dialysis units. As Frank considered these myriad uses, he realized that they all had one thing in common: zeolite elegantly absorbed things, separating the elements of a given chemical. Whether it was applied to radiation, ammonia, molecules that created unpleasant smells, or nitrogen in air, the industrialists who used zeolite understood that the mineral captured the offending element. It was the perfect natural sieve. Poring over the literature, Frank studied the crystalline structure of the mineral and learned that about 50 percent of it was comprised of empty spaces—little caverns or, as Frank thought of them, “void spaces.” In the electron microscope images of zeolite crystals that he found, Frank saw what zeolite looked like inside: a series of endlessly repeating honeycomb patterns. The total surface area of the spaces or caverns within these honeycombs was truly astonishing, mind-boggling even. A heaping tablespoon of ground-up zeolite had the surface area of a football field.1

         Frank now understood that it was the caverns in zeolite’s molecular structure that captured things. He now saw that some atoms and molecules were small enough to be trapped in the honeycombs. Had Frank worked with other scientists, he would have discussed his insights with them, but he was working entirely on his own. Frank wasn’t sure if anyone else in the world could see the caverns of zeolite the way that he did, nor did he particularly care. Frank just knew that there was something magical about them, and he wondered if those caverns might be capable of doing even greater things.

         In the fall of 1983, as he stood in his basement in the West Hartford house, with Nancy in the living room upstairs, Frank had an idea—a theory, really—that, if correct, might change his precarious financial situation. He was about to conduct an experiment. Frank’s concept—the culmination of something he’d been turning over in his mind for years—was that the caverns in zeolite could capture elements in blood. Frank didn’t know too much about blood, but he knew that it was mainly composed of water and that the remainder was made up of platelets and proteins, which were what caused it to clot. His idea was that the water molecules, which were small and simple, would get caught in the honeycombs, while the platelets and clotting proteins, much more complex and larger molecules, would be too big to be confined. The zeolite would act like a sponge, mopping up the water in blood, and what remained would be supersaturated with the elements that actually formed clots, thereby dramatically speeding up the clotting process. It was all a matter of simple arithmetic, really: addition by subtraction. To Frank, that was nothing but pure logic. And if he was correct—if zeolite led to blood being able to clot much more quickly—then maybe he could develop a product to help with shaving cuts, and this would make him rich. Or, if not that, at least allow him to successfully establish his own company.

         It was a sunny Saturday morning in October, the time of year when, if it’s not raining, Connecticut shimmers with a kind of golden sunlight that illuminates everything. He had bought a mouse at a pet store that morning. In his basement workshop, he was preparing to cut the mouse superficially with a razor. Upstairs, Nancy was shouting to him, “Frank, what are you doing with that poor mouse?” Frank had told her that he didn’t want to hurt the creature—he had grown up hunting all kinds of animals in South Carolina, which was what everybody did in Dillon, but had since happily given it up—but if his theory was correct, the mouse was going to be OK. And, he told Nancy, there was a larger purpose in mind. Nancy severely doubted that. She was used to Frank and his big ideas. She thought all of them were interesting but had learned that few of them ever really led anywhere. At one point, in order to help his children focus on their homework, Frank had built a meter and attached it to the television set. If not fed with quarters, which the children didn’t have, the meter would shut the TV off after half an hour. The contraption worked, but after a while everyone else in the family got annoyed with it and mad at Frank for inventing it in the first place.

         Now, alone in the basement, Frank made a small incision in the mouse’s belly, which produced a burst of blood, and then he inserted into the tiny wound a pinch of zeolite. He felt a surge of nervous anticipation as he waited to find out what would happen next. He immediately saw the blood thickening in the mouse’s wound. Could this really be happening, or was it a trick of the mind? He watched in amazement as, a few seconds later, the blood moved even more slowly, becoming almost like Jell-O in its consistency. Then it stopped moving entirely, as if defying gravity. Just as he expected, the water had been captured in the caverns. The mouse had immediately developed a clot and had stopped bleeding entirely within twenty seconds or so. It easily survived, and Frank released it into his yard later that day.

         After the experiment, Frank ran up the stairs to tell Nancy the results. She was far more interested in hearing that the mouse had lived. But with the success of his experiment, Frank began using zeolite on his cheek when he cut himself shaving. The blood dried up immediately. Some weeks later, Frank called up an old colleague, a surgeon at Hartford Hospital, and together they received permission to test zeolite on pigs after hours. A major research institution, the hospital already had animal testing protocols in place. The zeolite stopped the pigs’ bleeding every time, in a matter of seconds. It was miraculous. There was now no doubt that zeolite was extraordinary at clotting blood, but Frank did observe one potential problem: occasionally he would notice heat around the tissue surrounding the wound after the zeolite was applied. He postulated that the absorption of the water molecules into the zeolite was so intense that it agitated them, which created friction, which in turn generated heat. He measured the temperatures, which could rise to 150 degrees Fahrenheit, hot enough at times to cause a mild burn.

         On April 24, 1984, Frank submitted an application to the US Patent and Trademark Office, claiming that zeolite worked as a molecular sieve to stop bleeding in warm-blooded animals. The patent application was eccentrically written by Frank’s attorney, and the submission contained spelling mistakes and run-on sentences. It took five years, but on April 18, 1989, Frank received a return letter stating that his patent had been accepted. Frank then wrote ten letters to drug, medical device, and personal care companies ranging from Pfizer and Eli Lilly to Schick and Gillette, telling them that he might have something that could be used to help with shaving accidents, or maybe other small cuts. He waited with great anticipation for their enthusiastic responses.

         But only one of the companies bothered to send a reply—a withering sneer of a rejection letter from Johnson & Johnson. It appeared that even if he had a patent, no one was interested in the apparently grandiose claims of an obscure mechanical engineer in Connecticut. For a short time, Frank was annoyed and disappointed, even hurt, but he was not one to hold grudges.

         Besides, two years later, in that third attempt at having his own company, he had succeeded, if only barely. The company was called On-Site Gas Systems. Frank rented a grimy workshop with manufacturing space in a corner of a rather grim industrial park. Here Frank and his younger assistant, Sanh Phan, a Vietnamese refugee who had left his country on a wooden barge in the early 1980s, designed and built the oxygen- and nitrogen-generating machines, some of which weighed thousands of pounds and were double or triple the size of a standard refrigerator. Frank had hired Sanh a year after he arrived in the United States, through a Catholic charitable organization. Frank and Sanh had become close, and Sanh soon referred to Frank as his uncle. There was only one other employee at On-Site Gas, an irascible secretary named Margaret who took orders from customers and managed the office.

         But therein lay the fundamental problem. Even though Frank and Sanh had become masters at tuning and calibrating their creations and could produce oxygen and nitrogen that were 95 percent pure—a level of purity that was just about unheard of in the industry—there weren’t that many customers. It turned out that Frank remained much more interested in inventing machines than actually selling them. He had hired an independent distributor to sell the machines for him, but that hadn’t worked out either. If it weren’t for Nancy’s steady income as a nurse, the family wouldn’t have been able to pay the mortgage on its home. Frank could just about pay the rent on On-Site’s cramped offices—only fifty dollars a month—but the additional heating and hot water bills were sometimes beyond reach. In order not to freeze, Frank brought in electrical quartz heaters from home. Despite these challenges, even though Frank dearly loved his family, most Monday mornings he couldn’t wait to get to work so he and Sanh could tinker with the machines. He could never quite believe that he had delivered on his adolescent pledge to have his own business, even if it was struggling.

         Over the next decade, Frank more or less forgot about the miraculous blood clotting properties of zeolite. He became too busy with his family, his business, his parish. As the years passed, his hopes for what he had discovered about zeolite returned to what they had been before the patent: just an idea, or a theory, or a dream. Over time he grew more comfortable with the fact that the dream would never come to fruition and most likely would never exist outside the confines of his own mind.

         But there were other times—typically late at night, before he went to bed, or as he sat in quiet reflection during Mass—when Frank would let his mind wander where he did not like to tread. He would think of the lost opportunities. In stopping bleeding, zeolite could potentially save thousands of lives—lives currently being lost in wars and car crashes. Shouldn’t he be doing everything he could to get his discovery out into the world? Shouldn’t he try to get it into the hands of those bleeding, suffering people and the ones who cared for them? But just as quickly as those discomfiting ideas came to Frank’s mind, he would dismiss them. The idea was too staggering to consider. Besides, there were bills to pay, Little League games to attend, oxygen machines to build, further refinements to make with Sanh.

         Still, Frank knew one thing for certain. He had proven that he could clot blood and that the caverns hidden inside zeolite absorbed water. His theory had been correct, and maybe that was enough. He had done what he had been trained to do as a mechanical engineer: to think of the body as a machine, bring a mechanical product into the body, and discover that it worked. Nobody else would even think to do such a thing. And in fact, Frank was the first person in recorded history to ever think of clotting blood by removing the water that it contained. Other scientists had conceived of ways to clot blood only through adding something to it, like more clotting proteins. Frank’s genius was that he had gone in exactly the opposite direction from every other doctor and blood scientist. But all of this was unknown to Frank: working in near solitude, he had no awareness that he had changed a historic medical paradigm.

         As the months turned into years and the years turned into decades, Frank maintained the routines of life in West Hartford, his thriving family, and his struggling business. He became inured to, and even comfortable with, the idea that he had solved this problem solely within the walls of his basement, and that no one—other than Nancy and some faceless person in the US Patent and Trademark Office—would ever know about it.

      

   


   
      
         
            Chapter Two

            All Bleeding Stops Eventually

         

         During those thirty-six hours of operating on soldiers in the Forty-Sixth Combat Support Hospital at the edge of the Battle of Mogadishu, Major John Holcomb learned, in a way that few doctors ever do, the full import of the old medical saw that all bleeding stops eventually—which is to say that the patient heals, or the patient dies. Either way, the flow of blood comes to an end. In the aftermath of that experience, Holcomb decided that he, and the United States Army, were going to solve the problem of volume bleeding on the battlefield once and for all.

         After all, Holcomb seemed the perfect candidate to solve this centuries-old medical mystery. He was brilliant, extraordinarily hardworking, and imbued with a powerful sense of certainty, which others, including his army superiors, found seductive. When he stated opinions, they often sounded like facts. Holcomb had a way of talking about medicine in definitive and forthright terms that everyone could understand. He was given to saying that even controversial treatments were “amazing”1 or “good for patients.”2 He came across as simultaneously smart and folksy, an impression reinforced by the pitch-perfect twang of his accent, which seemed to come from some ill-defined middle or southern part of America, the standard-issue way of speaking among army brass. He was tall and handsome and had a commanding, even swaggering, presence. He was also appealingly self-made, having grown up without wealth and attended tiny Centenary College of Louisiana in Shreveport, where he had been a biology major and a member of a fraternity, all while holding down three jobs.3 But Holcomb’s greatest credential was that he had most formidably been “in the shit”—that is to say, in combat. He had served valiantly in warfare in a way that few doctors ever do. Within military medical culture, his harrowing experiences in Mogadishu were infinitely impressive, and, unlike the two doctors with whom he had served at the Forty-Sixth Combat Support Hospital, Holcomb did not appear to tire of speaking of them.

         Holcomb was well aware that he had the opportunity to join a long and noble tradition of paradigm-shifting medical advances that had emerged from the cauldron of warfare. “Wars always cause improvements in trauma care,” he told CNN. “The lessons that we learn in the military are going to apply ten- or a hundredfold to the civilian community.”4 Or, as William Mayo, one of the founders of the famous Mayo Clinic, said more bluntly, “Medicine is the only victor in war.”5 The examples were legion. The American Civil War brought about the first significant use of anesthesia.6 World War I led to the regular practice of blood transfusions.7 The field of chemotherapy was born after it was observed that soldiers exposed to mustard gas in World War I and II had lower white blood cell counts. White blood cells can divide quickly, and their suppression by mustard gas led scientists to the hypothesis, which proved correct, that mustard gas might kill rapidly dividing cancer cells as well.8 World War II saw the expanded use of antibiotics, specifically penicillin.9 Doctors in the Vietnam War pioneered the use of frozen blood products,10 which lasted months longer than fresh blood, and made extraordinary advances in burn care.11 It therefore seemed almost predestined that a similar medical miracle would emerge from the tragedy of Mogadishu.

         Still, addressing traumatic blood loss in humans would be a daunting challenge. For centuries medicine had made very little progress in addressing one of the most fundamental problems of survival—keeping a sufficient amount of blood in the body so that a patient could stay alive. Blood, of course, transports oxygen from the lungs to the cells of the body, and it also provides cells with nutrients, transports hormones, and removes waste products. Blood is also critical to the regulation of body temperature; plasma—the clear, yellowish fluid that carries the blood cells—can both emit and absorb heat.

         Blood is, of course, central to everything. In all cultures blood is an elemental concept, often synonymous with life itself. Goethe called it an “amiable juice12,” the book of Leviticus states that “the life of flesh is in the blood,” the Bible mentions blood more than four hundred times,13 and one can’t read more than a few pages in many of Shakespeare’s plays without encountering the word blood or bloodshed. Blood is simultaneously largely invisible in our day-to-day lives and omnipresent in our cultures and consciousness. There remains something deeply mysterious about the liquid, and some of its basic facts are so mind-boggling that they don’t even seem plausible. There are thirty trillion red blood cells in a person’s body, and the circulatory system within each of us—of veins, arteries, and capillaries—is about sixty thousand miles long.14

         Given all this, it is odd that so little progress has been made in stanching bleeding, even after hundreds of years of effort. But trauma medicine is a particularly difficult area in which to make progress. Demetrios Demetriades of the University of Southern California, an internationally famous hematologist, said as much in a lecture in 2016 when he declared that “trauma is the least scientific of all major medical disciplines.”15 There are many reasons for this, Demetriades explained, the primary one being that it is virtually impossible to conduct randomized clinical trials under the conditions of emergency medicine. How does one even ask a bleeding, possibly dying patient for informed consent? How do you explain to them the experimental treatment you are investigating? Often the patient is unconscious. And to make matters worse, Demetriades added, trauma surgeons, conversely, are quick “to adopt new flashy practices without any scientific evidence.”16 There is a certain common sense to this: after all, surgeons are typically doers and practitioners—rather than researchers or scientists—who are temperamentally inclined to act rather than analyze and theorize. Perhaps this has to do with the intrinsic perilousness of the enterprise—the razor-thin margin between success and failure and the constant close proximity of death in an emergency operating room. The razor’s edge gives doctors an understandable inclination to take risks and make decisions based on emotion and bias rather than evidence.

         When Holcomb spoke at the RAND conference in Santa Monica in 2000, seven years after the events in Mogadishu, he showed images of ancient doctors using gauze on soldiers wounded in the Trojan War and photographs of gauze packets used in World Wars I and II. Holcomb was right when he said that nothing had changed in two millennia; the two treatments looked almost exactly the same. Indeed, for centuries trauma and military surgeons had been essentially powerless to do anything more than rely on the body’s natural clotting processes to stop traumatic bleeding. Doctors really had only two tools available, and both of them were rather primitive: manual pressure on the veins to stop blood from flowing out, and gauze in the wound to absorb blood and slow its movement. As long as the wound was not too massive, these tools were generally effective. The use of gauze and pressure generally bought the body critical time to build the fibrin clot, an insoluble protein that forms the major component of a blood clot. But both techniques were simply physical manipulations and did nothing intrinsically—biochemically—to speed up the natural clotting process. For all the advances that had been made across medicine, no drugs or supplements had been devised to stop streams of blood from flowing out of the traumatized body.

         The cost of this failure was astounding. Bodily trauma is the fourth leading cause of death in the world, and half of those deaths are due to uncontrolled hemorrhage.17 In the United States, fifty thousand Americans a year bleed to death in hospitals and in the streets.18 Cruelly, trauma disproportionally affects the young, and it is the leading cause of death for Americans under the age of forty-five.19

         Upon returning to the United States from Mogadishu, Holcomb became a researcher at the army’s Institute of Surgical Research in San Antonio, Texas—the ISR, as it is universally known. With a staff of many hundreds of doctors and researchers, the ISR is one of six major research laboratories across the country within the army’s Medical Command and is the only one dedicated solely to improving the care of combat casualties. (Other institutes have similarly focused areas, such as the National Institute of Allergy and Infectious Diseases, the US Army Medical Research Institute of Chemical Defense in Maryland, and the US Army Research Institute of Environmental Medicine in Massachusetts.) The ISR had begun modestly in 1943 as a branch of Halloran General Hospital on Staten Island, New York, with just twelve employees. The institute moved to Texas four years later, and in the 1950s its focus largely turned to the treatment of thermal injury, in anticipation of causalities from nuclear weapons. Under the leadership of its director, Dr. Basil Pruitt, the ISR became known as “the Army’s Burn Center” and was internationally recognized for its excellence in this area.20 But for all its prominence, the ISR remained a somewhat mysterious and murky institution. Few of its activities were publicized, and its research studies were typically reported in a medical journal of mixed reputation, the Journal of Trauma. This journal seemed at times to have erratic editorial standards, and at times an unusually narrow group of contributors, many of them army doctors. For example, some articles by contributors, including those coauthored by Holcomb, were received and accepted within a day or two, an atypical practice in the world of medical journals.21

         While the institute’s clinical focus was theoretically the entire spectrum of care for those wounded in combat, it was not until Holcomb’s arrival that the ISR undertook significant work in the area of traumatic bleeding. Holcomb threw himself into the problem, writing multiple grants to develop blood clotting products and publishing prolifically about them. From 1998 through 2008, his name and byline came to dominate the journal. Holcomb published many dozens of articles, the vast majority of them coauthored, in the Journal of Trauma.

         He rose with remarkable speed at the Institute of Surgical Research. By 1999 he was director of trauma research, and by 2002 he was commander of the entire institute. He had barely turned forty. In his new position, Holcomb was supervising hundreds of doctors, some of them two decades his senior. The hierarchical nature of the institute empowered him to make bold, decisive, and often unilateral decisions. “One of the things that makes [the institute] is that it has a commander, it doesn’t have a director,” said Colonel Shawn Nessen, who succeeded Holcomb in the role. “Command is everything in the Army, and commanders can make things happen.”22 Indeed, Holcomb later quipped that his leadership philosophy was that “a colonel and his memo can do almost anything.”23

         To John Holcomb and his fellow army researchers, as well as hematologists working in hospitals and labs around the world, it was axiomatic that if you were going to fundamentally solve the problem of traumatic bleeding, there were only two possible approaches. Either you had to turbocharge the body’s natural clotting cascade by enhancing the thirteen clotting proteins, or you had to bioengineer a bandage loaded with chemicals that would strengthen the fibrin clot. Both techniques were expensive and complex. To be effective, genetically created (or naturally occurring, from animals) clotting proteins had to be heavily concentrated, twenty to one hundred times more potent than in their natural state. Such clotting proteins typically must be extracted from genetically modified animals—pigs, cows, hamsters—and the production of even a single treatment for a patient could take a year. They also had to be safe, which meant multiple rounds of testing and purification. Earlier attempts at using engineered clotting proteins had led to patients contracting serious diseases like hepatitis that were transmitted from animal to human.

         Human blood is about 50 percent plasma, which is the watery part. The other half of blood—the solid part—is made up of platelets and red and white blood cells. When a blood vessel is injured, three events occur in rapid succession. First, the vessel contracts so less blood will leak out. Second, platelets—tiny, round, colorless cell fragments—travel to the injured area to form a plug. There, the platelets release chemicals to attract more platelets. Then thirteen distinct clotting factors, each one a discrete protein, are activated in sequence, like a row of falling dominoes. The clotting factors travel to and bind with the platelets at the wound site to form an even bigger plug, the fibrin clot, which creates a tighter and more durable mesh, sealing the wound. Once the clot is complete, additional proteins are activated that prevent it from growing larger than it needs to be. When the wound is healed and the clot is no longer needed, the fibrin is cut up into pieces and the fragments are excreted in urine.

         It is a remarkable and intricate process, and despite the protestations of some hematologists, it is one that is still not completely understood. But as miraculous as it is, there is a limit to what the body’s natural clotting processes can achieve. The process can be fatally slow and inefficent. If the wound is too large or too deep, the body can’t clot quickly enough. Time is of the essence. The average person has only about a gallon and a half of blood. Lose half of that amount over a few hours, and the patient is most likely dead. With massive blood loss, a “lethal triad” ocurs, a potentially fatal combination of hypothermia (low body temperature), acidosis (high levels of acid in blood and other body fluids), and coagulopathy (impaired clot formation). As blood continues to flow from the body, these three factors build viciously on one another: blood loss causes lower body temperature; lower body temperature impairs clotting functions; impaired clotting results in increased lactic acid in the blood; and excess lactic acid leads to decreased heart performance, causing low body temperature.24 And on and on until the patient goes into shock and dies.

         But there’s a reason blood clotting is slow and inefficent. It has to be. While blood clotting in the right places is essential to survival, clotting in the wrong places can kill. Blood clots, so lifesaving at the site of a wound, can be deadly when they travel elsewhere in the body. A blood clot that breaks loose can pass, via the bloodstream, to the lungs, heart, or brain, where it can stop blood flow in these vital organs. A blood clot in the artery of a lung causes a pulmonary embolism. Clots in the arteries of the brain lead to strokes, and in those of the heart to heart attacks. Death as a result of blood clots is surprisingly common: up to a hundred thousand Americans die from clots each year.25

         So there was a reason it took two millenia to stop traumatic bleeding. It is a messy, perilous, even ugly business. Clot too little and a patient will die of his wounds, but clot too much and the patient will die of another cause.

         
            *  *  *

         

         Starting in 1997, at the Institute of Surgical Research, John Holcomb was at the center of a collaboration with the American Red Cross to create a bandage to strengthen the fibrin seal. He wrote eight grants totaling hundreds of thousands of dollars for the project. The idea was to produce a bandage four inches square and loaded with the freeze-dried clotting proteins fibrinogen and thrombin. The bandage would be pressed onto a wound and held there for two minutes, during which time its materials would dissolve into the bloodstream. The fibrinogen and thrombin were extracted from the milk of genetically altered pigs raised on a farm in Blacksburg, Virginia.26

         The bandage was actually based on an old idea. During both World Wars, surgeons devastated by mounting casualties desperately sought new ways to stop bleeding. They dried blood and sprinkled it on wounds to encourage clotting. They sealed wounds with fibrin glue, fibrin sheet foam, and fibrin powder—materials that were mass-produced from plasma—but the projects were withdrawn in 1946 because the techniques could transmit hepatitis to soldiers.27 But fibrin does have one massive advantage. It does not course through the body like other clotting agents but is activated directly at the wound site, where it contorts itself into a fine, interlacing mesh that traps blood cells and sticks fiercely to a wound to form a scab.28

         Early reviews of the army and Red Cross bandage, even before it was finished, were ecstatic. It was as if everyone agreed that the bandage’s designers were on the verge of a momentous discovery. “This is really the first significant advance in emergency treatment to stem blood loss in about three thousand years,” said Dr. William Drohan, director of the Red Cross plasma research lab.29 “This fibrin bandage is the single most important advance in technology for the military,” enthused Admiral Michael Cowen, surgeon general to the Joint Chiefs of Staff.30 Holcomb himself said that the bandage was going to transform emergency medicine. “As it becomes FDA approved, surgeons, paramedics, and emergency doctors will use it in ways we haven’t even thought of yet.”31 He and his Red Cross colleagues estimated their invention would generate $400 million a year in sales and predicted that the bandages would be carried in police cars, ambulances, and everyday first-aid kits.

         The national media endorsed what seemed like a near coronation of the medical breakthrough. Even though the bandage was still years away from actually being fielded, the following headlines about the project appeared in the mid-to-late-1990s:

         
            “Stopping Bleeding with Biologic Glue,” Washington Post (August 6, 1996)

            “New Bandage Creates Instant Blood Clots,” Knight Ridder (March 3, 1999)

            “New Bandage Could Avert Thousands of Deaths,” New York Times (March 9, 1999)

            “Hope of Survival Wrapped in a Simple Bandage,” Washington Post (May 12, 1999)

            “Scientists Using Blood Proteins to Create Lifesaving Bandage,” Washington Post (June 14, 1999)

         

         Indeed, as the bandage was developed and tested over the next few years, it was shown to slow arterial bleeding in animals within fifteen to sixty seconds, reducing blood loss by between 50 and 85 percent.32 But there was a catch. The process of developing the bandage was so complex and lengthy that each bandage cost approximately $1,000. Early testing also indicated that the bandage was flimsy, easily sloughing off the wound when used in the field. Lieutenant Commander Joseph Dacorta, a counterpart of Holcomb’s in the navy, declined the army’s request to support the project. Dacorta thought there was a good chance that viruses from the animals’ proteins could spread to humans. He was also concerned about the bandage’s extraordinary expense, knowing that $1,000 a bandage was a figure one would have to multiply by more than a million in order to supply every soldier with the product. And as a former combat medic, he wondered about how the bandage would be adequately stored. Fibrin is essentially a protein, and proteins degrade over time, requiring refrigeration. How would such a product be incorporated into the supply chain to the battlefield? What was its shelf life? He predicted—correctly—that the FDA would never approve it.

         But Holcomb and the ISR were undeterred by such considerations. In fact, the hunt to find the ultimate blood clotting agent had ramped up even further by the late 1990s with the publication of Mark Bowden’s Black Hawk Down, a meticulously researched book about the Battle of Mogadishu, which was turned into a hit Hollywood movie in 2001. The climax of the movie focused on the story of Corporal Jamie Smith, who had grown up in northern New Jersey and graduated from high school—where he had played football and lacrosse and been a Boy Scout—only three years before the Battle of Mogadishu.33 His father had been an army captain in Vietnam, and Jamie Smith had wanted to be an Army Ranger his whole life.34 As described in Black Hawk Down, during the opening salvos of the battle, Smith crouched behind a small tin shed only ten yards from the road where the first Black Hawk lay prone. Bullets flew all around him, seemingly coming from every direction, flying through the shed. Smith stepped out into the street and got on his knee to begin shooting in the direction of a Somali man across the street. In the first moments after being hit, Smith seemed surprised, and then he fell to the ground and rolled to his side. Two of Smith’s fellow soldiers, one a medic, dashed out into the street from their protected positions and, somehow avoiding gunfire, dragged him into the safety of a courtyard. The medic immediately got to work. Blood spouted, fountain-like, from Smith’s upper leg. The bullet had severed his femoral artery, one of the largest in the body, buried deep in the fleshiest part of the thigh. In a proper hospital emergency room, Smith’s wound would have been very serious but treatable; stopping the bleeding, even as voluminous as it was, would simply be a matter of cutting open the thigh and pinching off the artery. But in the middle of a street battle with only his kit bag, the medic couldn’t reach the site of Smith’s wound to clamp the artery. With no other recourse, he used gauze on the wound, but it only marginally slowed the blood racing out of Smith’s fading body.35
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