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      For those living at the edge of a new frontier, working tirelessly to push forward the line between life and death. And for

            Sage, Sky and Soleil, the reasons I cheat death every day. They know it is not about eternal life, but about an extraordinary

            life.


   

      Prologue


      I don’t want to achieve immortality through my work.


      I want to achieve it through not dying.


      —Woody Allen


      I’M GOING TO let you in on a little secret: When the heart stops beating, it’s not the end. In fact, you might say that your troubles

         have only just begun. As it turns out, life and death is not a black-and-white issue. There is a gray zone—a faint no-man’s-land

         where you are neither truly dead nor actually alive. In order to control it, in order to cheat death, we have to first better

         understand it.

      


      THE LAST THING Zeyad Barazanji remembers is the silence.
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          Thirty seconds earlier, he had been watching election returns on CNN, his head turned up from the treadmill, where he was

         huffing and puffing through his daily afternoon workout. His attention had drifted from the television to the sound of his

         own pounding feet, the whir of the machine, and his rasping breath as he strained to match his usual pace. That Tuesday, it

         felt like he was running uphill, and Barazanji cut it short, turning off the machine after only twenty minutes of jogging.

         A retired literature professor, Barazanji was in a bustling gym near his home in the Spuyten Duyvil section of the Bronx,

         surrounded by the banter of his neighbors and the clanking of weights. But then, nothing. Silence.

      


      He doesn’t remember what happened next, only what people told him later. One woman will never forget it. One minute she was

         working out, and the next there was a blur in the corner of her eye. The wiry, older man with the white undershirt and headband

         crumpled in a heap at the foot of the adjacent treadmill. At least a dozen people saw him go down. Two called 911 from their

         cell phones. An athletic trainer, the gym’s manager, Juan Echevarria, grabbed the automatic defibrillator off the wall and

         rushed to Barazanji’s side.

      


      Elbowing the crowd aside, Echevarria kneeled and placed the defibrillator’s electrodes on Barazanji’s chest. Upon getting

         a signal from the device, he sent a shock into the chest of the unconscious man. Two successive bursts of electricity—200

         joules apiece—shook the crumpled body. Each jolt ran through the beaded sweat on Barazanji’s chest, through the breastbone,

         and into his still heart, shocking the muscle into a contraction. Another contraction followed, and then another. As the trainer

         held his breath, Barazanji’s heart caught a beat of its own. The heartbeat was back. The line between life and death had shifted

         just enough.

      


      The professor groaned and remained senseless, but his heart was once again sending weak pulses of blood through his sixty-three-year-old

         arteries. About four minutes later, a team of emergency medical technicians raced across the basketball court, stretcher in

         hand, to Barazanji’s side. Two minutes later, a breathing tube was down his throat, he was on the stretcher, and the paramedics

         were sweeping toward the exit.

      


      WE’RE USED TO thinking about dying in stark terms: dead or alive. You’re here and then you’re gone. In our imagination, this is how the

         moment of death plays out: The villain or hero or soldier gasping last words, stretching out a hand… until his eyes roll back

         in his head and we know it’s all over. Or the cancer patient surrounded by family. A light flickers behind her eyes and then

         goes out. You’ve read it in a thousand stories, seen it in a thousand movies, a hundred episodes of ER. The alarm sounds. The monitor flatlines. Time of death, 2:15 a.m.

      


      It only takes a few minutes for life to slip away. Without a heartbeat, circulation slows to a halt. Blood no longer flows

         to your brain or any other organ. It takes just a couple of minutes before everything goes dim, and you’re blissfully unaware

         of the catastrophe unfolding inside your body. Starved of blood, the first organ to suffer is the brain, which in happier

         times consumes about 20 percent of all oxygen the body takes in, though it constitutes just 2 percent of our body mass. After

         ten seconds without oxygen, the brain’s function slows. Without oxygen or signals from the brain, other organs break down

         as well. Diaphragm muscles no longer contract and release to bring in air. The kidneys stop filtering blood. At the same time,

         an elaborate chain of chemical reactions triggers a breakdown in cells throughout the body.

      


      This is the process of dying. Whether because of a car accident, a blockage in an artery, or a tumor somewhere in your body,

         it is generally understood that when the heart stops beating, life has ended. I have seen this play out more times than I

         care to remember. The first time, I was a third-year medical student at the University of Michigan. The patient was not much

         older than I was. I remember the call coming over the emergency radio: “Twenty-three-year-old unrestrained driver in an MVA

         [motor vehicle accident], found with the windshield starred and steering wheel bent.” Even then, I knew those details were

         important; it takes a lot of force to bend a steering wheel with your chest or smash a windshield with your head. I remember

         the trauma surgeons, neurosurgeons and orthopedic surgeons descending on this young man. They attempted to replace blood,

         stop bleeding and relieve pressure in his brain. It was a whirlwind of activity until… his heart stopped. And then everything

         else stopped, too. Everyone knew that was the end. After all, that’s what we were taught in medical school and throughout

         our training. But what if it doesn’t have to be that way? What if there were a way to give that twenty-three-year-old man

         and millions like him just a little more time, to shift the line between life and death? Ever since I watched that young man

         die, I have pondered that very question: can we move the line?

      


      SURROUNDED BY FRIENDS and family in his Bronx apartment, Zeyad Barazanji told me his story of cheating death in a warm, friendly way. Barazanji,

         a translator and retired Columbia professor, immigrated here from Syria back in the 1970s. His two-bedroom apartment was filled

         with artwork and mementos from a lifetime of traveling between New York and the Middle East. A delicious smell was in the

         air; his wife Raoua was whipping up a feast of Syrian delicacies and dinner was almost ready. I leaned in to listen over the

         buzz of activity and clinking glasses in the kitchen. We were interrupted more than once as Barazanji got up to answer the

         door, clapping friends on the back and hanging their coats.

      


      It was hard to believe that this man, so full of life, was dead not long ago, but that’s exactly what happened. His heart

         pumped no blood, his brain sent no signals, he thought no thoughts. Make no mistake—this is death. But maybe not the way we

         tend to think about it.

      


      For all that’s been said about immediate death—“I’m sorry, she was killed instantly”—in truth, there’s no such thing. As a

         doctor, I can assure you that when the heart stops beating, it’s not the end. Death is not a single event, but a process that

         may be interrupted, even reversed. And here’s the exciting part—at any point during this process, the course of what seems

         inevitable can be changed. That is precisely what we are going to explore in this book: the possibility of cheating death.

      


      As the ambulance screeched away from the curb in front of Bally’s Total Fitness, Barazanji was in the gray zone—not dead but

         not quite fully alive, either. Millions of cells in his heart were already dead, suffocated by a lack of blood flow. It was

         too soon to say whether the damage was enough to cause a broader failure, similar to the collapse of a wall from which termites

         have taken one too many nibbles. It was also too soon to say if a significant number of brain cells—cells which had been nourished

         by a constant diet of oxygen for more than sixty-three years—had starved in those first precious minutes. There was no way

         to know just yet if the march toward death might be reversed.

      


      Barazanji could easily be you or me, our father or mother. In a sense, what happened to Barazanji is extraordinary, but in

         another sense, it happens to us all eventually. It’s been said that life is a terminal condition, that nothing lasts forever,

         and the minute we’re born, we start the long process of our end. I think everyone, at one point or another, has probably wondered:

         does it really have to be that way? When we explore the story of Barazanji, we’re exploring the chances of cheating death—for

         you or me.

      


      What you’re holding in your hands is a medical thriller that explores an exciting and fast-moving realm of science. In these

         pages, we’ll take you to the thin line that separates life and death, along with the doctors who struggle to keep their patients

         on the right side of the line. We will also explore that border through the eyes and ears of people who have found themselves

         straddling it, and we’ll introduce you to scientists who are taking on incredible challenges. These determined pioneers are

         true optimists who believe that even if we don’t yet have all the answers, we may find them.

      


      From womb to deathbed, we’ll see the myriad ways that modern science is changing our understanding of life and death. You’ll

         see that neither the starting nor the finish line is written in stone; they are written in sand, shifting with each new wave

         of medical understanding and technology. In our journey to understand death—and to find a way to stave it off—we’re going

         to explore the gray no-man’s-land between this life and whatever lies beyond it.

      


      Before we tell what happened to Barazanji, we’re going to introduce you to another explorer, a woman who has been to the no-man’s-land

         and lived to tell the tale. She arrived there by accident, on a faraway mountainside, in a world where people are used to

         working and playing in bitter cold and near darkness. That mountainside is the first stop on our remarkable journey.

      


   

      CHAPTER ONE


      Ice Doctors


      She presented all the ordinary appearances of death. The face assumed the usual pinched and sunken outline. The lips were

            of the usual marble pallor. The eyes were lusterless. There was no warmth. Pulsation had ceased.


      —Edgar Allan Poe, “The Premature Burial”


      IN MAY 1999, a twenty-nine-year-old medical resident, Anna Bagenholm, was skiing with two friends near Narvik in northern Norway.

         They were colleagues as well as friends. All three were training at nearby Narvik Hospital, a small community hospital. Torvind

         Næsheim was working toward becoming an anesthesiologist, who handles the duties of an emergency physician in Norway. Marie

         Falkenberg hoped to be a pediatric surgeon.
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      Bagenholm was studying to become an orthopedic surgeon. An experienced backcountry skier, she had chosen to work in Narvik

         in part because of the spectacular mountains where she could ski nearly year-round. That fateful day, she and her friends

         had hiked about 30 minutes into an off-piste area, a place they had come many times before. They soon were making their way

         down a gully carved by a stream, now frozen and coated with a thin layer of snow. Largely hidden from the sun, the spot was

         known as the Mørkhåla, or black hole.

      


      The details of the accident were wiped from Bagenholm’s memory by the months that followed, but somehow she fell and found

         herself sliding on her back. To her friends, it looked at first like a run-of-the mill tumble, but when they came closer,

         they could see that Bagenholm had broken partly through some ice and was trapped.

      


      She was wedged headfirst between rocks and an overhanging shelf of ice that capped the stream rushing over her head. From

         what Falkenberg and Næsheim could tell, Bagenholm was in an air pocket, because she was still moving. There was no time to

         lose. They tried to tug her free, each hanging on to a leg, but the current pulled back and the cold made it difficult to

         keep a firm grip. After seven minutes they gave up and used a cell phone to call for help. The dispatcher at Narvik, a colleague,

         told them help was on the way, but it was a difficult wait, watching as Bagenholm’s struggles grew weaker and then ceased.

         It had been forty minutes since her head plunged through the ice.

      


      By then, fellow skiers and friends were on the scene. Nearly forty minutes after that, at 7:39 p.m., another friend arrived

         with a steel garden shovel. Along with Næsheim and Falkenberg, they cut a hole through thick ice a short ways downstream,

         attached a rope to Bagenholm’s leg and dragged her underwater to the new hole, where they pulled her from the water.

      


      Photos taken at the scene show a lifeless body, the pallor of its blue skin broken only by some dull purple welts and the

         pale oxygen lines. Bagenholm was soaking wet and by traditional measures, clinically dead. Næsheim and Falkenberg were experienced

         in backcountry medicine and weren’t ready to give up. They immediately commenced CPR. A few minutes later, a second medical

         team arrived by helicopter. The chopper hovered above while a rescuer dropped down, secured Bagenholm’s airway and strapped

         her to a backboard so she could be winched up to the helicopter. By 7:56 p.m., she was en route to the University of North

         Norway Hospital in Tromso, about 150 miles away.

      


      As they soared through the darkening sky, the rescuers took turns pumping Bagenholm’s chest, using the desperate rhythm of

         CPR. The young physician still showed no sign of life. She had no breath, no pulse. A thermometer revealed that her core body

         temperature was just 56 degrees Fahrenheit.

      


      Stick your foot in a bucket of 56-degree water, and in less than a minute, it will start to hurt. If you jump into water that

         is 56 degrees Fahrenheit, it will suck the breath out of you. Stay in the water for ten minutes, and you’ll be suffering from

         hypothermia. Bagenholm had been in the water for more than an hour, and she was in the air, in the rescue chopper, for another

         hour and fourteen minutes.

      


      There was only one real glimmer of hope. There’s a saying in medicine that no one is dead until they are warm and dead. Bagenholm

         would not be warm for a long, long time. The rescue team knew that the very cold that was killing this young woman could end

         up saving her, too. They knew they had science on their side, as long as they could be patient. Instead of throwing blankets

         on Bagenholm and infusing warm IV fluid, they sat back, and waited.

      


      The idea that cold might improve the chance of survival was truly discovered by accident, but it’s a lesson that’s driven

         home on a regular basis. Some recent examples: In the spring of 2008, a forty-three-year-old British woman named Mandy Evans

         survived after falling off a mountainous footpath and ending up in a near-freezing river; she lay there nine hours before

         rescuers found her. Her body temperature had fallen to 77 degrees Fahrenheit. In 2001, a Canadian toddler survived a night

         when her body temperature dropped to less than 58 degrees Fahrenheit. She had slipped out the front door of her home on a

         midwinter night, and then couldn’t get the door back open. She was found the next morning and rushed to the hospital; she

         eventually made a full recovery.
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      As these examples make obvious, under certain conditions the body can dramatically modify its requirements for survival. Doctors

         have long explored ways to make use of this lifesaving principle. Therapeutic hypothermia was first used in the 1940s and

         1950s, when pioneering heart surgeons like Walt Lillehei started using hypothermia to extend their time in the operating room.

         Prior to the 1940s, most open-heart surgeries were thought to be impossible, because anything more than a very simple repair

         could not be completed in the few minutes that the heart—and brain—might survive without oxygen. By chilling a patient’s blood,

         Lillehei found that he could buy precious minutes. A heart that only lasted ten minutes at room temperature could survive

         an hour when it was cooled to 20 degrees Celsius.
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      There’s no easy answer as to how or why hypothermia really works. The first person I thought to ask was Dr. Lance Becker,

         an emergency physician and researcher who runs the Center for Resuscitation Science at the University of Pennsylvania School

         of Medicine. Becker says the hypothermia procedure is still mysterious. “We’re pretty sure it doesn’t work on just one mechanism.

         I’ve looked at twenty or thirty ideas [in the lab] that have been postulated, but the truth is, nobody knows [just why or

         how it helps].”

      


      What does seem clear is that as a medical therapy, hypothermia buys time. I explain it this way: Chest compressions and artificial

         respiration provide oxygen that the body needs, but hypothermia slows the body down. That in turn reduces the need for oxygen,

         so the body can last longer on what’s already there.

      


      Studies show that every 1 degree (Celsius) drop in body temperature will lower cellular metabolism by roughly 5 to 7 percent.
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          Becker’s best guess is that this reduced metabolism also slows the chemical reactions that are triggered by oxygen deprivation

         and which prove so damaging to cells. There’s no doubt this is complicated. Hibernation is a good example of cold going hand

         in hand with lower metabolism; mammals who hibernate can survive, even thrive, for long periods of time at far below their

         usual body temperature. In these animals, cold doesn’t just slow metabolism the way it thickens a jar of molasses. Rather,

         it triggers a whole set of biochemical changes.

      


      Hibernation seems to be caused by different factors, depending on the animal, but cold weather is a common trigger. Take ground

         squirrels, for example. As soon as temperatures dip below freezing on a regular basis, ground squirrels go into a near-complete

         torpor. Their heart rate, usually around two hundred beats per minute, slows to less than ten. The squirrel’s body temperature

         will drop from a warm-blooded 37 degrees Celsius to just one or two degrees above the outside temperature. They stay in that

         state, using just a bare minimum of energy, for at least six months.

         

            5

         

         

      


      True, humans aren’t squirrels, but believe it or not, we have some of the same adaptive ability. For example, immersion in

         cold water triggers something called the mammalian diving reflex. You could think of it as throwing the body into a state

         of semi-hibernation. Blood flow is shunted from the extremities to the heart and lungs, breathing slows, and the heart and

         brain use less than half of the oxygen they normally require. Survival time is stretched out.

      


      BAGENHOLM COULDN’T HAVE known it at the time, but as the helicopter prepared to land, her life was about to intersect with a doctor who in one way

         or another had been preparing for this moment all his professional life. The director of emergency services at the University

         Hospital in Tromso was Dr. Mads Gilbert. Like his patient, Gilbert is a daredevil, a risk taker, enjoying off-piste skiing

         and trekking through the wilderness. He loves action; he loves riding the emergency helicopters that serve as ambulances for

         much of the far-flung, mountainous stretch of coastal Norway that surrounds his home base. In fact he had taken off in the

         rescue chopper to treat Bagenholm in the field, and only turned back when he learned that a larger, better-equipped helicopter

         was closer to the scene.

      


      Gilbert spends his vacation time in places like Burma and Kurdistan, teaching emergency medical techniques to people who don’t

         live anywhere near a hospital and doctors who have to treat battlefield wounds with only the barest medical kits. He had a

         brush with worldwide fame in 2008, during Israel’s offensive in the Gaza Strip. Gilbert was interviewed inside a Gaza hospital,

         where he helped to treat wounded fighters and civilians. He accused Israel of deliberately killing civilians and in turn was

         denounced by conservative critics who called him a “Hamas apologist” and a “shill for terrorism.”
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      In other words, Gilbert is not a man who shies from controversy, whether the debate is over politics or medicine. That was

         true long before he started turning up in global hot spots. Some might consider his risk taking dangerous, even reckless,

         but in Bagenholm’s case, it was exactly what she needed. Many other doctors would have given up, and for good reason. Taking

         stock of his new patient, Gilbert told me he knew that she didn’t look good. “I saw this very, very athletic young girl. But

         she looked like a corpse.” By the time Anna Bagenholm was wheeled into the operating room, she had been clinically dead for

         three hours.

      


      When I first read about the Bagenholm case, I imagined a daring physician, attempting extravagant new measures on behalf of

         his beautiful, hopeless patient. I imagined only sheer desperation would drive someone to that brink of attempting the impossible.

         As it turns out, only some of this is true. The effort to save Bagenholm did in fact stem from desperation, but it was not

         so much a matter of luck as careful guesswork and experience.

      


      Before the Bagenholm rescue, Gilbert says his team had made at least fifteen previous attempts to resuscitate patients with

         no pulse and severe accidental hypothermia.
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          They were fishermen or skiers or hikers who had fallen in the sea or through ice, or gotten trapped under snow, or simply

         become drunk and lost in the woods until they nearly froze to death. When I asked Gilbert how many of those patients had survived,

         he looked away for a second and then replied thoughtfully, “We hadn’t succeeded with a single survivor, but we were getting

         closer and closer.” He told me, “In fact, the person just before Anna was in some ways an even more dramatic story.”

      


      Just a few months earlier, Gilbert had flown a risky helicopter mission to the scene of an avalanche that had buried another

         skier, a young university student. The student and a companion had set off the avalanche while telemarking down a pristine

         snowfield near the base of Ullstinden, a popular ski mountain just north of Tromso. The student’s companion managed to avoid

         the collapse and made it down to the road to seek help. In the meantime, two young skiers who had seen the accident from above

         made it down to the scene and began to dig.

      


      Gilbert’s rescue chopper arrived within the hour, but the side of the valley was too steep for it to land, so the helicopter

         touched down on a ridge several hundred yards above. Gilbert, a nurse, and a local police officer clambered down the side

         of the valley. By the time they reached the victim, only his ski pole and one of his arms were visible. It took some time

         to set him free and then start CPR. A long time had passed; perhaps too long.

      


      The situation was dire. The young man had no pulse, and they would have to wait for a rescue; the snow was too deep and unstable

         to carry out the victim on a pallet. For three hours in the bitter mountainside cold, Gilbert’s team pressed ahead with resuscitation

         efforts. While Gilbert adjusted the breathing tube and pumped the young man’s chest, a colleague lit the emergency stove from

         the camping set and boiled tea to keep them warm. The patient, on the other hand, was kept cold. Every five minutes, the team

         members would switch places.

      


      When the helicopter was finally able to land, they got the unconscious student up the steep mountainside on a sledge, stumbling

         through the dark while shivering at the thought of another avalanche. Once on board, they continued CPR, all the while taking

         care not to raise the patient’s temperature. Only after arriving at the hospital did they hook him to a bypass machine to

         warm him up. Miraculously, the student’s heart regained a beat. What’s more, his kidneys and lungs had started to function,

         and his pupils once again shrank in response to light, a sign that his brain was not irreparably damaged. “We were so completely

         excited,” recalls Gilbert. “Very, very, very excited. We thought, ‘We finally did it!’ ”

      


      The young man continued to do well for about two days, but then he took a sudden turn for the worse. In a matter of hours,

         his brain was crushed by an overload of fluid. In the cramped space of his skull, the pressure was too much, and he died.

         Gilbert and his team were devastated. They had been so close to a miraculous success, only to have it end the way others had.

         “I was crazy. I just thought, what did we do wrong? Why were we unable to prevent swelling of the brain?” he said.

      


      As they did after every intensive effort, his team gathered to compare notes on similar cases. Looking back at fifteen similar

         cases, Gilbert saw that edema, or swelling, was a common problem; the young man had survived longer, but he was not the first

         to suffer fatal brain swelling after getting back a heartbeat. Gilbert suspected that these half-frozen patients were particularly

         susceptible. For one thing, hypothermia essentially acts as a blood thinner, so the patients were prone to internal bleeding.

         But something else was happening that was even more critical. These patients had all suffered cardiac arrest due to hypothermia

         or been partially suffocated by avalanches or submerged under ice. One way or another, their brains and bodies had been starved

         of oxygen.

      


      This is where it gets a little tricky and maybe counterintuitive. In effect, these patients were probably all suffering from

         varying degrees of something known as reperfusion injury. Reperfusion injury is the name for the damage that takes place when

         oxygen is reintroduced to oxygen-starved tissue. Normally, reintroducing oxygen is good, but with reperfusion injury it seems

         to set off a complex chain of damaging chemical reactions. The exact mechanism isn’t clear, but Gilbert says that cell membranes

         throughout the body tend to become more permeable—in other words, they start to leak fluid—and that is the major cause of swelling.

      


      THE HALF-FROZEN PATIENTS who made it to Tromso were given the standard medications used in resuscitation, such as norepinephrine to stimulate the

         heart and saline solution to try and maintain normal blood pressure. The problem was, all those infusions meant even more

         fluid in the body and more pressure on the damaged tissues, including the brain. For Gilbert and his Tromso team, an important

         and lifesaving lesson had been learned: strictly limit the use of drugs and control the amount of fluid given to a patient

         in hypothermia, and they are more likely to be saved.

      


      Under normal circumstances, giving fluid to control blood pressure is a staple of emergency medicine, but Gilbert was on to

         something. He thought this normally lifesaving fluid was also killing his hypothermic patients. “As long as you’re a monk,

         you keep ringing the bell—keep doing the same thing, and you don’t look back,” he said.

      


      The next time would be different. Gilbert told his team to forget about the fluids when the next patient came in. They would

         withhold saline and any other medication unless the patient’s clinical condition began to sharply deteriorate. Gilbert said,

         “On this next one, I’m going to keep it so dry, so restrictive—I’m going to err on the side of not giving fluids unless I’m

         absolutely forced to.”

      


      It was a gamble, but Gilbert was philosophical, saying, “We generate new knowledge and new medical practice in several ways.

         One is the perspective of controlled clinical trials. Another is taking the problem to the lab, where you do some basic research

         and then try to apply it.” But it was only the third way that could potentially help Anna Bagenholm. That is to generate new knowledge through clinical practice.

      


      After landing, Bagenholm was wheeled through the swinging doors of the emergency department and onto an elevator straight

         to the operating room, where cardiac surgeons ran tubes into Bagenholm’s femoral artery and vein and attached her to a heart-lung

         machine. The machine would slowly rewarm her blood as it maintained circulation. It was approximately 9:50 p.m., and Bagenholm’s

         core body temperature was still just 56 degrees Fahrenheit (13.7 degrees Celsius). As the machine warmed her blood, her heart

         was still not beating and the team kept up CPR to keep at least some bit of oxygen flowing to her tissues. By 10 p.m., the

         team saw an encouraging sign. Bagenholm’s heart showed a burst of electrical activity on its own. Within another fifteen minutes,

         the once-still heart had settled into a regular pumping rhythm.

      


      As Gilbert told the story, he paused for a second, then told a story he’s not made public before. All of these efforts were

         nearly derailed by a simple missed detail—that the lifesaving medical team nearly killed their patient that night. While trying

         to insert a central intravenous line into Bagenholm’s chest, a young assistant tore a hole in Bagenholm’s subclavian artery.

         Worse, in the chaos around Bagenholm, no one realized it. Since Bagenholm was virtually dead, her blood pressure was almost

         nonexistent and there was little blood leaking from the cut.

      


      In a warm, healthy patient such a mistake would be devastating, and the victim would likely bleed to death in minutes. When

         Bagenholm’s heartbeat finally returned, the doctors could see her blood pressure dropping. It was only then that they realized

         the gravity of the situation. When they put in a chest tube, they watched, horrified, as a full liter of blood poured out.

         Under pulse-pounding pressure, they raced to open Bagenholm’s chest, sawing through bone to find the source of the problem.

         They were able to suture the artery closed just in time. I couldn’t help but marvel at how seemingly simple mishaps like this

         could derail what would otherwise be striking scientific progress.

      


      As the resuscitation dragged on, Bagenholm developed yet another deadly complication: a breathing problem known as ARDS, in

         which the lungs are not capable of normal gas exchange. Gilbert’s team connected her to a device called ECMO that acts as

         an artificial lung. She now had a beating heart that produced blood pressure, kidneys that produced urine, and lungs supported

         by both ventilator and the ECMO-machine. At last they could leave the operating room.

      


      Even then, Gilbert knew they were not out of the woods. “When we took her out of the OR, it was morning. There was sun coming

         through the windows into the room, and I realized we were in the very same room as the young student,” said Gilbert. (The

         student who had died after the avalanche a few months earlier.) “I said to myself, ‘This is not over yet. This is where the

         struggle starts.’ ”

      


      This time, the team at Tromso took a more patient approach. They made sure to keep Bagenholm dry (little hydration) and continued

         to slowly rewarm her. They gave limited drugs and no extra intravenous fluids. For a time, her blood pressure was extremely

         low, which meant her tissues were not getting as much oxygen as a healthy person requires, but Gilbert guessed that someone

         in Bagenholm’s condition would not need as much oxygen. Otherwise, he reasoned, she could not have survived nearly ninety

         minutes under the ice.

      


      The road back wasn’t easy. For five days Bagenholm remained connected to a machine that helped oxygenate her blood, and she

         spent another several weeks attached to a respirator, or breathing machine. “She [almost] died two or three times from complications,”

         says Gilbert. “It was a hell of a struggle.” But in the end, the all-out effort paid off. A woman who most doctors in the

         world would have left for dead was alive and breathing, all on her own.

      


      She was paralyzed from the neck down for five months, and yet eighteen months later, Bagenholm was back at work, albeit without

         full function of her hands, where some of the nerves had been badly damaged. She had to give up being a surgeon, but today

         she is a full-fledged, successful physician, a radiologist at the University of North Norway Hospital, the same place where

         she returned from the dead. Interestingly, she says that testing over the years has found that her nerves continue to regrow,

         ten years after the accident. Her companions from that day work at the same hospital; Marie Falkenberg accomplished her goal

         of treating children, and Torvind Næsheim now works side by side with Gilbert, riding the ambulance helicopter and aiding

         in open-heart surgeries as a cardiothoracic anesthesiologist. He has been part of the team that’s successfully rewarmed several

         people in cardiac arrest and with severe hypothermia.

      


      ON THE OTHER side of the world, Zeyad Barazanji was also in need of a doctor who was willing to take a chance. After hearing his story,

         I went back to the place where his life was truly saved—not the Bronx gym where he collapsed in cardiac arrest and was revived,

         not the ambulance that raced him to the hospital, but the room where he slowly but surely fought for his life.

      


      While there, I heard a buzzer sounding and a voice calling over the loudspeakers: “Dermatology Floor. Arrest. Stat. Dermatology.

         Arrest. Stat. Dermatology.” The voice is muffled, but the message is urgent: Cardiac arrest. Stat. Dermatology. A patient

         on another floor has had something go horribly wrong. Her heart has stopped, and it will take all the efforts of modern medicine

         to keep her from the grave.

      


      If this were a television show, doctors would scramble down the hall, white coats flying, toward the scene of the emergency.

         There would be a sense of barely controlled chaos. Here, on the eighth floor of New York-Presbyterian Hospital/Columbia University

         Medical Center, it barely registers that a life-and-death message is being broadcast through the building.

      


      I am in the neurointensive care unit, an incongruously friendly and easygoing place. A right turn off the elevators, then

         a left, and without going through a door, you find yourself smack in the middle of a coffee break. The walls are yellow, the

         floor covered with large square tiles of orange and white. Everything is too new to be coated with the haze of gray that seems

         to fill most big city hospitals or the grit that permeates the outside of these grand old buildings on the far Upper West

         Side of New York City.

      


      Nurses talk among themselves at one station, and a group of young people in white coats—mostly men—are huddled, like a football

         team, around two computer monitors at the other end of the rectangular corridor. Smiles flash, greetings are exchanged, and

         it takes a few minutes to register what seems to be missing: the patients.

      


      The patients are here, of course, but you could say that’s a matter of interpretation. “If you need to be admitted to a neurointensive

         care unit, it’s the worst thing that’s ever happened to you in your life,” says Dr. Stephan Mayer, the head of the unit. “All

         of the patients are in varying degrees of coma. For the most part, they’re being kept alive artificially.”

      


      This morning, a constantly shifting group—a mix of senior physicians, residents in training, and medical students—is huddled

         around a tiny counter in the middle of the room, framed by two sleek computer monitors. They’re staring at a screen displaying

         data from the Sunrise Clinical Manager, where detailed patient records are stored. Nearly everyone is dressed in a white coat,

         their specialties etched in blue cursive over the left breast: “Intracranial Monitoring,” “Stroke Fellow,” “Pediatric Neurology.”

      


      The only exception to the dress code is Mayer, who looks like a college freshman in khakis and a blue-and-white striped dress

         shirt. Small, plain wire-rimmed glasses are perched on his nose, and he quizzes his charges in a friendly, if insistent, slightly

         nasal voice.

      


      “Can we remember her blood sugar values?”


      No answer.


      “Come on, people, I’m thinking it’s hypoglycemia,” he answers quickly himself.


      On an especially cold November night in 2006, Mayer took a midnight call from an intense, dark-haired former medical student.

         He barely knew her; she’d been in the unit the year before, finishing up her rotations. A few months later she had interviewed

         for a job in the unit, but there was no money to hire her and she ended up in San Francisco. Just the usual comings and goings,

         but when he took the late-night call he guessed it wasn’t to reminisce. When acquaintances called him late at night, they

         usually had something else on their minds.

      


      On the phone, Nobl Barazangi’s
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          voice was friendly but tense. An uncle, an elderly but otherwise healthy man, had suffered a cardiac arrest that afternoon,

         and he was up in intensive care at another Columbia-affiliated hospital. She didn’t trust the doctor running the ICU—mainly

         because he didn’t know anything about hypothermia—and was there an open bed down on 168th Street? “She knew to call here,

         because she had seen what was happening with the patients here,” Mayer told me. “She said, ‘Hey, my uncle is thirty-four blocks

         from you—can you cool him?’ And of course I said, ‘Sure!’ ”

      


      When she talks about her uncle that night, Nobl Barazangi focuses on the clinical details, not the stress of being on the

         other side of the country, desperately seeking help for her father’s beloved brother. Though a physician herself, she described

         the sometimes heart-wrenching difficulty many of us have experienced with elderly parents living far away. She says the first

         doctor who saw her uncle told her there really wasn’t much to be done. “He said they were planning to send him to their intensive

         care unit for evaluation of his heart, and then just wait for him to either die or wake up,” said Barazangi. “I asked if he

         had considered cooling therapy, and he said he wasn’t familiar with it—-that he didn’t think they did it at his hospital.”

      


      It was the middle of the night, and she didn’t know exactly what number to call, so she rang up the neurointensive care unit,

         where she found someone willing to give out Mayer’s cell phone number. As she waited on hold, she could feel the seconds ticking

         away. At the University of California, San Francisco, she had been trained to start cooling patients within an hour of their

         cardiac arrest. She had learned that with every hour that went by, the odds of survival dropped.

      


      *   *   *


      MAYER, TOO, KNEW those statistics well. Mayer is a crusader for therapeutic hypothermia, fretting about doctors who are reluctant to use it

         as a treatment and the medical organizations who in his view don’t do enough to promote it. Mayer first encountered hypothermia

         in a very different context, on the grounds of an ancient mental hospital in Westchester County, New York. In October 1986,

         Mayer was a third-year medical student, and he spent most of that month looking after young men who had basically fallen apart

         under the strain of their freshman year in college. “Depression, bipolar disorder, borderline personality disorder—they were

         all these young guys who had gone off from home for the first time, and just decompensated under the pressure,” he said.

      


      One night, a young man came into the unit in a straitjacket, clearly in the midst of a complete breakdown. “He was in this

         psychotic rage,” says Mayer. “We were giving him doses, megadoses, of Thorazine, Haldol, you name it, and it wasn’t touching

         him at all. He just kept going. And then someone said, ‘Get the cold sheets!’ And I’m like, ‘What’s that?’ ”

      


      Next thing he knew, says Mayer, he was helping more than a dozen doctors and orderlies hold down the unruly patient, while

         someone else soaked the sheets in ice water and rolled the patient up like a caterpillar in his cocoon. “It was amazing. He

         immediately calmed down. It worked like nothing else. It was right away. [The young man] said something like, ‘Oh, I think

         I feel okay now.’ ”

      


      Curious, Mayer asked around and learned that cold sheets had been widely used in psychiatric hospitals in the early twentieth

         century.
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          The practice had been widely abandoned, but not by the elderly psychiatrist who ran the institution where Mayer spent that

         eventful fall. Mayer knew he didn’t really understand what he had witnessed, but something about it left a deep imprint.

      


      “I never saw it again, but I was very impressed that something natural and so simple could have such an impact. It was like

         his brain was boiling with rage, and they just cooled it down,” said Mayer. “I thought that for such a natural intervention,

         it was very powerful.” That little lesson would one day set the template for his life’s crusade.

      


      A hyperactive teenager who loved new wave bands like Blondie and the Ramones and rambling around the big city with his friends,

         Mayer was not the most focused student. But he was smart, ambitious, and knew from the first that he wanted to study medicine.

         The frosty winters were one reason he chose to go to college at Cornell University in frozen Ithaca, New York. Another reason

         is that he didn’t get into his first choice, Yale, or his second choice, Columbia.
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      He did manage to get into Columbia for medical school and by his senior year was thinking about ways to make his mark. Internal

         medicine was fine, Mayer told me, “But I thought it might be too vanilla. Part of me wanted to do neurosurgery, but I knew

         in my heart that I would only be average at best with my hands. There are so many great doctors here. I figured if I did neurosurgery,

         I would never end up at Columbia—I’d be at some small hospital in the middle of nowhere. But in neurocritical care, I saw

         an opportunity. No one was doing it; it was so unexplored. And I got into this field when it was really just being invented.”

      


      Mayer got his appointment in the neurology department at Columbia but found he hated it. He felt it was too cerebral; most

         of the patients were comatose and the treating doctors spent most of their time in academic discussions. Mayer yearned for

         more action. He wanted to go back to internal medicine. By 1993, however, he discovered a project that would hold his interest.

         He designed a pilot study testing the safety of hypothermia for patients who had suffered middle cerebral artery infarctions

         or strokes.

      


      When there is a blockage in the middle cerebral artery, the middle of three major blood vessels bringing blood to the brain,

         it causes catastrophic brain damage. Here’s the problem: as the brain cells, or neurons, start to die from lack of blood flow,

         the brain starts to swell in response. Swelling in the abdomen and other parts of the body can be serious, but when it pushes

         the brain against the hard casing of the skull, it’s deadly. In any brain injury, swelling and pressure is the biggest threat.

         Many people got a glimpse of this threat when the actress Natasha Richardson died after falling on a ski slope near Montreal.

         While the accident seemed minor at first, bleeding inside her head ratcheted up the pressure on Richardson’s brain so quickly

         that within hours of her fall the case was deemed hopeless.
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      As Mayer embarked on his very first hypothermia study, he wanted to see if therapeutic cooling might reduce the swelling from

         brain injury, reduce the damage, or both. “Decades ago, the only use of hypothermia was in selected, super-high-risk brain

         and heart operations, where they needed to completely stop circulation for an extended period of time,” says Mayer. This was

         the legacy of the pioneering heart surgeons. In those early years, hypothermia developed an ominous reputation. While it made

         daring surgeries possible, patients suffered enough side effects to give doctors serious pause. Patients cooled below 30 degrees

         Celsius were prone to developing heart arrhythmias. They were also prone to strokes and other types of internal bleeding,

         since blood that is chilled doesn’t clot as well. Most of those early cardiac patients would get better in the short term,

         but then eventually die of pneumonia. The problem was that in the 1940s, there were no artificial ventilators, so comatose

         patients had to breathe on their own and their lungs often filled with various secretions. On top of that, hypothermia tends

         to suppress the immune system, so these patients would develop fatal infections.
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