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Cold is immortal, unlike us. This is for all those whose lives it will extend, and to all those whose lives it has already saved. In this way cold makes us more like itself. More ceaseless. More enduring.


And for Eva-Stina, whose excitement over all the cold-related stories I’ve shared as I wrote this made me even more excited to cover the next topic. Now you finally do get to read the book!
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INTRODUCTION



I was out one cold January afternoon, hiking through the snow in the woods to find what I thought was an abandoned nineteenth-century farmhouse. Some months prior I had discovered it from a distance. After a couple of hours, I was tired but felt confident that it was just over the next ridge. Yet I had come to the icy waters of a creek running across my path—it appeared to be the only barrier stopping me from finally reaching my destination.


Nearby, I spotted a fallen tree that spanned the distance to the other side of the creek; heedlessly, I began crossing by balancing on its trunk. Halfway across, I lost my footing and stepped down onto the ice that partially covered the water. I broke through and sank farther as I tried to turn around to make it back to the bank. What I thought was a foot-deep waterway submerged me up to my shoulders as I struggled to get out. For the first time in my life, I felt genuinely scared. My adventure through the woods immediately turned deadly serious. I don’t know how long I thrashed toward the shore. When I wasn’t sinking below my nose, I tried swimming and avoiding the jagged ice around me.


When I finally emerged from the stream I knew I had to keep moving to regain warmth. I was completely soaked and dripping cold, muddy water. My hands and feet were already starting to feel numb. I followed my footprints in the snow, but by the time I reached the car I knew I was hypothermic. Luckily the drive home wasn’t long. I stepped into the shower and lingered there—warmth had never felt so-o-o good. I ended up catching the worst cold I’ve ever experienced.


The word “hypothermia” has Greek origins meaning “under” (hypo) and “heat” (therme). Its symptoms depend on the extent of temperature decline. They initially involve shivering, movement that is poorly coordinated and laborious, and disorientation. As the condition increases, heart rate decreases significantly, and forgetfulness, confusion, and apathy set in. At extremes, victims can begin to make irrational decisions and talk incoherently. For reasons poorly understood, they’ve even been known to start feeling hot to the point that they take off their clothes. Before dying, they may seek confined spaces to burrow in. Many have been discovered frozen and naked.


Yet, seemingly against all logic, throughout our known history humans have also continuously sought cold for therapeutic purposes. It has been tried for conditions ranging in severity from bloody scrapes to schizophrenia and even as an indirect means for achieving immortality and time travel. Most early attempts at using cold, however, were stabs in the dark, co-opting an accessible resource that in most cases likely distracted patients from their ailments more than it actually curing them. Still, humanity has been incredibly persistent; with each new therapeutic advance, hypothermia offers a shimmering glimpse of its potential as another form of treatment.


Now, science is beginning to unlock the secrets of hypothermia in an indisputable, evidence-based manner that focuses on cold’s ability to effectively slow down and suspend time before tissue damage from lack of blood flow can set in, as it often does in cases of cardiac arrest, stroke, and brain injury, for example. In this book I’ll tell the story of therapeutic hypothermia—a history filled with exciting but sometimes gruesome experiments, scientists, suspended animation, head transplants, prolonged space exploration, and a host of controversial attempts at harnessing the power of cold in strange and surprising ways. This chronicle often intersects where science and fantasy meet, and where the lines between life and death are blurred. Yet based on scientific evidence accrued over millennia, we understand hypothermia better than ever before, and we have numerous new lifesaving cooling techniques at our disposal. Still, a macabre stigma hangs over the field: centuries of trying in vain to harness the power of cold have left countless dead. Current knowledge, however, is overwriting the old views. To understand how milestones in therapeutic hypothermia have been reached, the following chapters will delve into a dark history from which science is now coming out on top.
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It already feels like an eternity since you started walking. There are no signs of human activity or even of life around here. You feel more alone than you ever have.


It’s haunting.


There’s no use in trying to hide your shivering if there’s not even a remote chance of anyone seeing you. So you let loose, as loud as you can. “Tutttatatut chchchch ddadduududud.” Indulging in audible teeth-chattering feels good, like it’s going to make you warmer if you keep at it. Not only does it seem like a defense against the cold; it’s actually kind of amusing.


You exaggerate your movements, shaking your arms around as though you were being zapped by a lightning bolt. You ponder how absurd you must look.


Now you actually do feel a bit warmer. That seemed to work.


As soon as you begin moving forward again, however, you notice just how cold your feet have become. With such little feeling in either of them, they seem more like dead weights—like they’re not part of you. You’re aware that a loss of feeling could mean frostbite, and you shudder to think of the consequences.


You try to move faster. That’s always a cure for cold, you think. Got to get the blood flowing. The more you move, the better.


Soon, though, it seems the cold in your feet has spread to your hands. You start clenching your fists in pulses, like a heartbeat, in an attempt to make them warm. But after more pulses than you can count, your hands still don’t feel warmer. You stop clenching them. The “heartbeat” stops.


Then, the realization of how long this journey could take hits you. It’s overwhelming. You try to intentionally shiver, which seemed so effective earlier. But now it doesn’t work. The shaking is not something you can actively do to keep warm; it’s more like a reaction—something automatic that you can exaggerate, like a sneeze or a yawn.


Best to just keep moving.


Surely, this is going to be the journey of your life—or death.
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MORE THAN A FEELING


WHAT IS COLD?


Heat. I know it’s ironic, but that’s where we must begin a book about hypothermia.


With knowledge surrounding heat and temperature, we can then appreciate the strange and mysterious phenomena that happen to one’s body and mind as core temperature drops. Understanding heat gives us a grip on how deadly cold can be, how paradoxical it is that cold can have lifesaving therapeutic properties, and how it has messed with the way we define life and death.


So let’s begin at the beginning. Complex physics and laws of thermodynamics need not apply. In scientific terms, cold has come to be understood largely as an absence of heat rather than a property in and of itself. Heat is a form of energy that results from the motion of the constituents of matter: particles, atoms, and molecules. The more heat, or thermal energy, an object has, the more motion, or kinetic energy, is present among its atoms. When water is heated, its molecules get so riled up that an entire potful of it can move vigorously.


Temperature is basically a measurement of thermal energy; the more an object’s atoms are vibrating, the higher its temperature. What’s the shakiest an object can be, atomically? About 100 million million million million million degrees Celsius, according to the Standard Model of physics. The hottest temperature of anything actually recorded, however, was that of a particle collision. Although you might think it was recorded from somewhere out in space, it actually happened right here on Earth, at the Large Hadron Collider near Geneva, Switzerland. It reached a mere 5.5 trillion degrees Celsius.


And on the other end of the spectrum, what is the most static an object can be? That would be the extreme motionlessness represented by absolute zero, defined as a total absence of thermal energy such that an object lacks any atomic motion, save for some quantum mechanically related quiver. Absolute zero, as frigid as it gets, equates to −273.15° on the Celsius scale, which is −459.67° on the Fahrenheit scale. The lowest temperatures ever recorded have also been achieved here on Earth, in laboratories. A group of scientists cooled a sodium gas to within half a billionth of a degree of absolute zero at Massachusetts Institute of Technology (MIT) in 2003. At such low temperatures, atoms begin to exhibit spooky quantum mechanical properties. They cohere into a sort of super atom, behaving identically in terms of their movement and location.


Considering such extremes, our everyday classifications of what we think of as hot and cold seem entirely anthropocentric, arbitrary, and kinda minuscule.


Nonetheless, we, too, comprise molecules, and like all physical objects in the universe, our molecules are in motion. Thankfully not at such extreme scales. On an atomic level, when the molecules in our body begin to vibrate faster than they normally do, we feel hot, and when they vibrate more slowly than usual, we feel cold. That’s as basic as it gets.



HUMAN TEMPERATURE


As described in the introduction, the term “hypothermia” is a conjunction of the Greek roots hypo, meaning “lower,” and therm, which means “heat.” But it isn’t as though hypothermia was always “a thing.” I mean it was a thing in that people have always experienced being cold, but only recently, around 1885 as far as estimates go, has the term become commonplace.


Why did it take so long? Well, before anyone could objectively determine if a person was hypothermic, they needed some kind of reference for comparison. That is, a normothermic temperature, a normal body temperature, needed to be established first. Indeed, for nearly all of human existence, no one knew that cold and heat were even related to the same phenomenon: thermal energy. It was thought they were separate entities with different physical properties. Moreover, there was no way to measure heat, let alone establish a normal body temperature.


How a normothermic, stable body temperature was discovered involved some exciting experiments in the 1700s. At the time, science was largely an art of discovering what was measurable and how it could accurately be quantified. Experimentation and the creation of measuring devices were becoming all the rage, and the thermometer as a tool for measuring heat was no exception to the trend. Measurements were most relevant if they could apply directly to humans and test the limits of phenomena discovered to be quantifiable. So Charles Blagden, a British physician, and a group of his colleagues decided to perform an experiment.


On a chilly winter day, they raised the temperature in a heated room to 260°F (127°C) while taking their own temperatures at frequent intervals for as long as they could endure the heat, over multiple sessions. They published their investigations with the simple yet accurate title “Experiments and Observations in an Heated Room.”


What amazed them went beyond the discovery that they could endure such heat for even an instant; no matter how many times they subjected themselves to it and how hot it got in that room, they recorded themselves as holding nearly the same internal temperature during the entire experiment, around 98°F (37°C). How was it, they wondered, that they didn’t roast themselves alive? They could feel their watch chains and other metallic ornaments become unbearably hot to the touch. They observed, in astonishment, as water in a glass began to boil when they added a bit of oil to the surface to prevent it from evaporating.


Creatively and curiously, they even brought in some steak and eggs to see what would happen. As Blagden wrote in his Royal Society publication:




We put some eggs and a beef-steak upon a tin frame, placed near the standard thermometer.… In about twenty minutes the eggs were taken out, roasted quite hard; and in forty-seven minutes the steak was not only dressed, but almost dry. Another beef-steak was rather overdone in thirty-three minutes.… The effect of the heated air was much increased by putting it in motion, we blew upon the steak with a pair of bellows, which produced a visible change on its surface, and seemed to hasten the dressing; the greatest part of it was found pretty well done in thirteen minutes.





So why didn’t they themselves cook? Blagden concluded that humans have the ability to cool themselves naturally, with the aid of perspiration. And he was correct; perspiration is now well understood as a process triggered automatically by our brains, causing sweat, which removes heat upon evaporation—a quality nonexistent in inanimate tissue like steaks and eggs.


But there was something more. Blagden realized that the living, breathing human body somehow maintained its temperature in both hot and cold conditions. Essentially, he believed that a difference between live tissue and dead meat somehow enabled such maintenance. He established that the temperature of living things is to a remarkable extent independent of the temperature of the air around them. His writing suggests that he advocated the idea, originally credited way back to Aristotle, that such heat was a kind of innate substance, or “vital heat,” possibly connected to the very soul itself.


Yet Blagden also realized that an essential property of life included the ability to heat, rather than to cool, oneself. He wrote about how animate beings maintain their vital heat in cold environments: “It seems extremely probable, that vegetables, together with the many other vital powers which they possess in common with animals, have something of this property of generating heat. I doubt, if the sudden melting of snow which falls upon grass, whilst that on the adjoining gravel walk continues for many hours unthawed, can be adequately explained on any other supposition.”


These ideas were key to identifying hypothermia. Although Blagden may never have overtly proposed the concept of a normal body temperature, he laid the groundwork for finding it. Yet it wouldn’t be for nearly a century that 98.6°F (37°C) was firmly established as a normothermic temperature by Carl Wunderlich, a physician in nineteenth-century Germany. At his clinic in Leipzig, he took multiple recordings of every patient’s temperature over a fifteen-year span, an endeavor that generated several million data points and led him to finally arrive at this number.


But why this temperature? What is so special about 98.6°F (37°C) as a default, of all possible temperatures? If you think about it for a moment, it sounds quite high. Doesn’t it? I mean, if that were the forecast for tomorrow and you had an outdoor job, you most likely wouldn’t be thrilled.


Moreover, the average surface temperature of the Earth is, as of the writing of this book, 58.62°F (14.9°C). Would it not make more sense if our internal temperature were closer to that value? Instead, we require more thermal energy to achieve and maintain our temperature, and we must meet this requirement consistently throughout our entire lifespan. We spend enough effort and energy on all the other things we need to do to ensure our survival, like obtaining food, shelter, and mates and balancing relations with others. In this context, our normothermic temperature seems remarkably inefficient. Think about it: in tough times like droughts or ice ages, countless ancestors starved while using the energy provided by their last morsel, not necessarily for any form of purposeful action, but rather to simply maintain a seemingly inexcusably high temperature.


One reason why we have such a relatively high default temperature has to do with our bodies’ enzymes: the chemical compounds that catalyze life-sustaining microscopic reactions within us. We need enzymes for thousands of processes that support digestion, respiration, muscle and nerve function, and other operations. Like anything on a molecular scale, as the temperature increases, enzymes get busier; they move around more and thereby facilitate more reactions. However, in humans they’re only functional up to a maximum temperature of around 104°F (40°C). Any hotter and they will start to denature and essentially fall apart. It turns out that 98.6°F (37°C) is just right for optimizing enzymatic function, which is absolutely essential for survival.


But there’s still something missing here.


Certain types of enzymes exist that can catalyze at way, way lower body temperatures than those found in mammals like us, and these enzymes still manage to enable basic life functions in the creatures that have them. We know this because countless life-forms have been discovered that thrive in outside temperatures so low they would be fatal for humans. Such organisms need their enzymes for the same life-supporting reasons we do, and unlike most mammals, they don’t have fur coats to keep them warm. As an example, most of the fresh seafood in your local grocery store would never experience external heat even remotely as high as room temperature—that is, until they are being prepared for your dinner.


In fact, many Arctic species of shrimp live in water barely above freezing. Even more extreme are Antarctic ice fish that live in 28.4°F (–2°C) water. They thrive below freezing, where seawater remains in a liquid state only because of its salt content, which gives it a lower freezing point. Life-forms that can sustain and thrive in these conditions are known as extremophiles.


Incredibly, these extremophiles have evolved enzymes that let them live, seemingly against the laws of physics. And here we are, stuck with enzymes that require inconveniently high temperatures. Are we slaves to uniquely human enzymes? What’s going on?


I know it sounds random, but according to some researchers, a lack of fungal infections, that’s what. In environments and climates typically inhabited by humans, the number of fungal species that can thrive by infecting hosts drops by 6 percent for every 1.8°F (1°C) rise in temperature. Indeed, other animals with lower core temperatures are susceptible to a much wider range of infectious fungi, whereas mammals are more resistant to these forms. It seems it’s no coincidence that core temperatures around 98°F (37°C) are remarkably consistent across species within the mammalian class.


As for other pathogens, like bacteria, that can and do infect higher-temperature mammals like us, heat can be used against them. A long-held theory is that a fever occurs when your body raises its temperature to combat infecting bacteria. Many forms of bacteria can’t survive at fever-associated temperatures.


All of this means that we need to keep burning the food we consume as fuel in a process known as combustion, to keep the fire going, so to speak, in order to maintain our temperature. In fact, such an analogy, as strange as it may be, isn’t too far from reality. When protein-rich, high-energy foods are actually burned, they can have an impressive output: for example, they can power large internal combustion engines. In 1938 the energy value of protein-rich dried milk was demonstrated by using it to power a locomotive for an ad campaign. Today, biofuels such as corn-based ethanol constitute the main power source for a range of vehicles. That said, even though it may be the most potent booze you’ve ever tried, I wouldn’t consider biofuel to be a potable liquid.


The process by which enzymes help to break down food molecules and form new molecules—metabolism—is actually a form of combustion, the same way burning wood or gasoline is. That’s because regardless of whether combustion occurs in a Formula One car or in a person, it is essentially defined, at least in part, by the release of heat. We get a good portion of our body heat from metabolism alone.


And so, the stage for this book is set. We maintain a bodily temperature of 98.6°F (37°C) because it can enable enzymes to function at peak performance while helping to keep us free from infection, all at a minimal fuel cost.


HYPOTHERMIA AS A DEADLY CONDITION


Hypothermia, generally speaking, is of course not a good thing—a fact that should seem obvious regardless of scientific understanding. Indeed, there are clear reasons why we’ve evolved to find cold uncomfortable. If our bodies didn’t signal that our core temperature was dropping, we could suffer deadly consequences and not realize it until too late. Severe hypothermia can cause damage to the nervous system, organ failure, and heart failure—basically, death.


Hypothermia has been known throughout human history. Before the medical term was coined and the collection of symptoms that define it were identified, it was simply known as “cold.” Historically speaking, the degree (pardon the pun) to which we suffered as a result of being too cold depended largely on where we were in terms of the Earth’s latitude and altitude. In northern and mountainous regions, where temperatures drop below freezing, the association between cold and discomfort and danger is inherent in cultural practices like the production of traditionally warm clothing and consumption of fat during winter.


Yet, surprisingly, hypothermia has also claimed innumerable victims in more temperate climates, even tropical ones. Victims of wet and windy conditions that make heat difficult to maintain are often caught off guard by cold, especially at night. Seafaring cultures in temperate regions have endured the loss of countless lives because of storms and accidents, both at sea and around shore. Boaters are often unprepared for the differences in temperature experienced when floating a few meters above frigid seas while far away from land. Even today, scuba divers who willfully engage with the cold water can become unsuspecting victims of hypothermia.


Since humans began keeping written accounts of events involving cold and hypothermia, we’ve been learning how to treat and prevent it. Much of the devastation wreaked by cold throughout the ages could have been prevented if we’d known then the science that we know now. In retrospect, many advancements seem like obvious next steps and are eye-opening in terms of how recent they are. For example, although it was commonly understood that moisture seems to have a cooling effect, this wasn’t proven in regard to wet clothing until after 1950, when physiologist and mountaineer Griffith Pugh actually did the science.


Previously, under freezing conditions, clothing and sleeping bags that were saturated with moisture from sweat would often freeze. Expeditions in extreme cold could involve hours of drying time before setting out for the day. If any moisture remained, it could cause one’s boots to freeze solid, increasing the risk of frostbite, which, if left untreated, could lead to gangrene and amputation. Luckily, the knowledge acquired from such events regarding cold and its effects on the human body has led to medical advancements as well as to technological advancements geared toward prevention. The invention of lighter, fast-drying materials was vital in these circumstances. Indeed, past achievements in mountaineering, such as the first Everest summit in May 1953 by Tenzing Norgay and Edmund Hillary, were largely enabled by developments that led to lighter, warmer, dryer, and wind-resistant clothing.


Yet long before all of this, for thousands of millennia, humans have thrived in harsh, freezing climates. Perhaps we’ve known how to deal with cold for longer than we give ourselves credit for. Is it the case that past knowledge has been lost, or usurped by commonplace but unfounded confidence in modern technology?


Fascinating evidence exists of a community that lived over ten thousand years ago on Zhokhov Island—part of Russia’s northern coastal region, in the highest of the high Arctic. Signs of human inhabitants were revealed by the discovery of tools and indications of hunting activity. The archeological findings suggest that the settlement had between twenty-five and fifty permanent residents.


Further proof, much older than this, exists of human habitation in the Arctic. Scientists found evidence dating back forty-five thousand years of cut marks on a mammoth rib and a puncture-cut wound on a wolf humerus bone, both signs of human hunting and butchering. If people could survive for so long in such harsh climates, the consequences of and deaths from hypothermia throughout the world, including the modern one, seem all the more preventable and unfounded. Natural sources of clothing such as animal furs and dried grass, used for their moisture-wicking ability, can prove equally effective as some recently invented synthetic materials, if not more so.


With new technology, however, explorers increasingly regarded earlier, more primitive expertise as exactly that—primitive. It was, and still is, often thought that humans should be able to dominate or conquer nature by creating artificial advances on natural materials. Sometimes this approach works, but not always. As it applies to conquering extremely cold weather, for some explorers, this mindset failed miserably.


Perhaps such failure was never more apparent than during events surrounding polar exploration, specifically the first successful voyages to the South Pole by Norwegian Roald Amundsen in 1911, in comparison with British explorer Robert Falcon Scott’s voyage there in 1912. Amundsen and his team, using knowledge gained from indigenous peoples, wore furs and traveled by skiing alongside dogs that pulled sleds carrying their gear—all traditional technologies involving traditional, natural materials, used for thousands of years. Scott and his team wore sewn clothing and attempted to use a combination of motorized sleds and ponies—all innovations in terms of polar exploration. Whereas Amundsen and his team reached the South Pole for the first time in history and traveled so successfully that they actually gained weight, Scott and his entire team perished. Their motorized sleds broke down, and their ponies were sacrificed because they proved unsuited for traveling long distances in snow without proper shoes. Scott and his men were left to make the voyage by pulling their gear themselves. Journalist and author Walter Sullivan, fifty years later, wrote of the events, “The Norwegians correctly estimated that dog teams could go all the way. Furthermore, they used a simple plan, based on their native skills with skis and on dog-driving methods that were tried and true.”


Still, despite the right combination of traditional and innovative technology, the deadly and pervasive threat of hypothermia remains, regardless of any level of preparation.


The earliest written reference to the fatal effects of cold that I’ve been able to find comes from the ancient Greek historian Herodotus (484–425 BC), who wrote of the Greco-Persian wars, which started in 449 BC and ended fifty years later. He recounted the tragedy of Mardonius, a Persian general fighting the Greeks in 492 BC. According to his records, Mardonius and his fleet encountered a great storm. Three hundred ships were lost and thousands of victims drowned at sea. He wrote, “Some were… dashed against the rocks; and some of them did not know how to swim and perished for that cause, others again by reason of cold.”


After about two thousand years, soldiers were still falling victim to cold seas. Another account involving frigid waters is found in the De nivis usu medico, a book on the therapeutic uses of snow from 1661, written by Caspar Bartholin the Younger. Bartholin was a Danish anatomist who experienced a siege on his hometown, Copenhagen, by the Swedish army on February 11, 1659. Known as the Assault on Copenhagen, it was a victory for the Danes and led to the Treaty of Copenhagen, marking the present boundaries of Denmark, Norway, and Sweden and ending a generation of warfare.


During the attempted siege, the Danes measured the length of one of the Swedish army’s moat-crossing bridges when it was left behind after a retreat. They cleverly prepared for the next attack by chipping away at the ice in the moat, which simply extended the range of the water and rendered any equal-length or shorter bridges useless. When the Swedish soldiers showed up, certainly not expecting their bridges to be too short, six hundred of them drowned in the frigid waters or died on the shores, in the snow. According to Bartholin’s journals, after the attack, soldiers were found frozen, still holding active battle positions: “For some, stiffened as they were, showed the angry countenance; others the eye upraised; others the teeth exposed and threatening; some with outstretched arms menaced with the sword; others lay prostrate in various situations; and even out of the sea, when thawed in the beginning of spring, a horseman was taken entire, sitting on his horse, and holding something in his hand.”


Perhaps most gripping, however, are the Napoleonic accounts of the French retreat from Moscow in 1812. Records indicate that the campaign initially consisted of over four hundred thousand French soldiers, although some estimates cite over six hundred thousand. By the time they made it to Moscow, the campaign had been reduced by about a third due to a lack of supplies and to illness. When the troops arrived, expecting an easy takeover, they were met with a largely abandoned city that had been set on fire in accordance with Russian scorched-earth tactics. After a month of consternation, Napoleon decided to retreat to France, even though winter was fast approaching and his soldiers were ill equipped to survive in cold weather. Sadly, many of them were still wearing their summer uniforms while carrying nothing to further insulate themselves. Of the retreat, Napoleon’s close advisor Armand de Caulaincourt wrote a grisly journal entry:




The cold was so intense.… One constantly found men who, overcome by the cold, had been forced to drop out and had fallen to the ground, too weak or too numb to stand. Ought one to help them along—which practically meant carrying them? They begged one to let them alone. There were bivouacs all along the road—ought one to take them to a campfire?


Once these poor wretches fell asleep they were dead. If they resisted the craving for sleep, another passerby would help them along a little farther, thus prolonging their agony for a short while, but not saving them, for in this condition the drowsiness engendered by cold is irresistibly strong. Sleep comes inevitably, and to sleep is to die. I tried in vain to save a number of these unfortunates. The only words they uttered were to beg me, for the love of God, to go away and let them sleep. To hear them, one would have thought sleep was their salvation. Unhappily, it was a poor wretch’s last wish. But at least he ceased to suffer, without pain or agony. Gratitude, and even a smile, was imprinted on his discoloured lips. What I have related about the effects of extreme cold, and of this kind of death by freezing, is based on what I saw happen to thousands of individuals. The road was covered with their corpses.





Another harrowing recollection of the deadly effect of cold on the French retreat from Moscow comes from the French physician Pierre Jean Moricheau-Beaupré as part of his book A Treatise on the Effects and Properties of Cold. Moricheau-Beaupré, one of Napoleon’s doctors, wrote of the ravages of hypothermia on soldiers in unprecedented detail. His ability to write in so much depth, like Caulaincourt’s, resulted from firsthand observations of the troops and from his own experience trying to survive the cold. His accounts of real-life events have since proven invaluable to both medical researchers and historians:




It happened to me three or four times, to help some of those unfortunates who had just fallen and begun to dose, to rise again, and set themselves in motion, after having given them a little sweetened brandy. ’Twas in vain; they could neither advance nor support themselves, and they fell again in the same place, where they were of necessity abandoned to their unhappy lot. Their pulse was small and imperceptible; Respiration, infrequent and scarcely sensible in some, was attended in others by complaints and groans. Sometimes the eye was open, fixed, dull, wild, and the brain was seized by quiet delirium.… Some stammered out incoherent words; others had a reserved and convulsive laugh. In some blood flowed from nose and ears; they agitated their limbs as if groping.… I have observed men overpowered by cold.… Thus have thousands perished.





The retreat lasted months, extending into frigid temperatures and snowstorms during January and February: “Mutilations of hands and feet, loss of the nose, of an ear, weakness of sight, deafness, complete or incomplete, neuralgia, rheumatism, palsies, chronic diarrhoea, pectoral affections, recall still more strongly to those who bear such painful mementos, the horrors of this campaign.”


By the end of the retreat, estimates of the remaining number of troops reach as low as ten thousand, down from several hundred thousand. The wrath of hypothermia had never taken such a toll on human life.


Even in those dark days, however, Moricheau-Beaupré was able to recognize that the human body could sustain hypothermia to a previously unknown degree. He knew of many recorded incidents of recovery from extreme hypothermic conditions:




We read in the old “Journal de Medicine,” the history of the death from cold, of a man who, in crossing the Pyrenees, was surprised by a tremendous storm, and buried beneath the snow in a state of numbness. The fifth morning he came out of his torpor; a burning thirst informed him of his existence, and made him bite the snow that surrounded him. He was quite astonished on awaking to find his tomb lighted up; he broke the layer of snow that covered his head, but his efforts to disengage himself were vain, he then implored the aid of heaven, and recalled to his soul sentiments of religion and resignation; at length persons sent in search, found him; at sight of them, the unfortunate cried out, “wine, my friends, thirst consumes me!”





Wine? Sounds like, after chilling awhile under the ice, this guy came out quite fine. After he realized that munching on snow wasn’t going to cut it, his prayers were answered! One must not forget, however, that back then, wine, beer, and spirits were also sought for their warming capabilities—a belief we now know is false. Although alcohol may cause one to feel warmer, it has no actual warming properties unless served hot. In fact, alcohol increases hypothermia because it counteracts the body’s natural reactions to cold. It prevents shivering, which normally causes movement and heat. It also counteracts the body’s tendency to constrict the blood vessels closer to the skin so that core temperatures are maintained. Instead, alcohol dilates the vessels and keeps blood flowing close to the surface of the skin, allowing cooling to continue, if not worsen.


So Moricheau-Beaupré realized the importance of continuing to aid those with hypothermia and that attempts to revive them despite their morbid appearance and lifelessness could actually be successful. He advised that even if the patient’s body feels entirely cold and appears pulseless, breathless, and unresponsive—symptoms regarded as unequivocal signs of death—they shouldn’t be dismissed as dead until the “appearance of signs of general putrefication [sic].” Reflecting on such hidden vitality in hypothermia victims, he wrote, “How many resurrections might have been made on the retreat from Moscow!!!”


At that time, there was scant scientific knowledge on the physical effects of hypothermia on the body. It was simply known that victims were in need of rewarming and nourishment (more wine anyone?) and that if they had frostbite that was becoming gangrenous, the affected limb or extremity required amputation before the condition spread further. Moricheau-Beaupré’s belief in ongoing effort to save seemingly lifeless victims of hypothermia set a standard of care that likely revived thousands who would have otherwise perished.


In fact, after many reports of successful revivals of hypothermic victims who upon first sight were taken for dead, the benefit of continuing treatment despite apparent death has now been confirmed by scientific evidence and solidified into the modern-day adage well-known in medical circles: “You’re not dead until you are warm and dead.”


MIRACLE IN ICE


The events I’m about to describe took place on May 20, 1999, not far from my home, here in northern Norway. They concern Anna Bågenholm, a Swedish woman who had just finished medical school at the age of twenty-nine. She took up residency in Narvik, a Norwegian town located above the Arctic Circle known for its surrounding mountain wilderness and winter sporting opportunity. Indeed, Bågenholm was motivated to apply for a residency there in part because of the seemingly endless backcountry-skiing possibilities.


Around here, May is a popular month for exactly that reason because although there is still plenty of snow, temperatures are amenable to wearing relatively light clothing, especially on days with little wind and lots of sunshine. What’s more, because of the high latitude, May brings the so-called midnight sun—daylight lasts twenty-four hours, allowing for outdoor recreation around the clock.


Bågenholm, an avid skier, had set out with a couple of friends along a familiar route. After a hike up the mountain, they were ready for a thrilling descent. Soon after they started on their way down, she lost her balance on a turn and ended up going headfirst through a hole in the ice that was near a glacial mountain stream. Only her feet—with skis still attached—remained above the jagged surface. The time was 6:20 p.m.


Her friends, Marie Falkenberg and Torvind Næsheim, made a risky, frantic attempt to free her, but their efforts were in vain because of the torrent of water continuously flooding the hole and because of the thickness of the ice; they were unable to break it with their rescue shovels. They made a final, precarious attempt, in desperation, to pull her out by her skis, but it also proved useless. They decided to call for help after seven minutes of trying to free her.


The police lieutenant in Narvik, Bård Mikkalsen, received their call. In an interview with CNN after the incident, he said that he summoned a rescue helicopter from Bodø—530 kilometers south by road—but it had already left on a different assignment, to transport a sick child. He said, “You must send the helicopter to here, and you have only one minute to decide it. You have to call me back. Time is running out.” The helicopter team opted to transport the child first. The rescuers then set out on their way toward Bågenholm, who had been visibly struggling under the ice the entire time, while immersed in the frigid rapids. After forty minutes, at 7:00 p.m., she stopped moving.


Ground rescue teams also sent by Mikkalsen arrived at 7:40 and were able to break the ice and free her. Leading one of the teams was Ketil Singstad, who later recalled the events, saying, “I thought we were taking a friend, dead, out of the water.” Bågenholm had been under the ice by then for eighty minutes.


The helicopter arrived at 7:56 p.m. She was immediately winched into the aircraft on a stretcher and intubated so that she could be given oxygen. After the hour-long transport to the nearest hospital, in Tromsø—my hometown, 230 kilometers north by road—she was wheeled into the emergency room, where she received care from a large team of medics who were prepared and waiting anxiously for her arrival. She was extremely pale, lacked a pulse, and showed no signs of breathing. A medical report published after the ordeal evinces the severity of her condition upon arrival, stating that her pupils were widely dilated and showed no reaction to light, a subtle but sure indicator of an absence of the most basic brain activity. When connected to an electrocardiogram, she demonstrated no sign of a heartbeat. She was dead by all possible accounts.


But Mads Gilbert, the physician who headed the emergency medical team, said, “We will not declare her dead until she is warm and dead”—the now common adage.


Bågenholm’s temperature at 9:52 p.m. registered at 56.6°F (13.7°C). At that point, her condition certainly fit with any notion of expiration. But slowly her blood was rewarmed, and she was given a steady supply of oxygen via a heart-lung machine.


She had now gone for at least three hours without a heartbeat of her own.


Gilbert was watching a video probe of her heart when, in disbelief and seemingly against all odds, he witnessed a contraction. Seconds later another followed, and then, incredibly, a continuous rhythm ensued. Resuscitation and rewarming efforts were immediately commenced and continued for another nine hours. After intravenous sedation was removed, Bågenholm regained consciousness and could make some movements upon instruction. It seemed miraculous that she was even alive. After twenty-eight days she was transported by air ambulance to her local hospital and then at sixty days to a rehabilitation center.


Although she suffered paralysis and required months of physiotherapy before she could regain the ability to move normally, she made a full recovery. She even resumed skiing. Today Bågenholm remembers nothing of the events in the interval between losing consciousness while trapped in the stream and waking up at the hospital. During that time, however, she set records both for surviving the longest duration without a heartbeat and for surviving the coldest body temperature ever registered.


What’s more is that she came out of all of this without brain damage. Without a heartbeat to pump nutrient- and oxygen-rich blood to the brain, permanent damage can occur in as little as six minutes. Yet under hypothermic conditions, brain cells need less energy. Metabolism is slowed to a crawl, which increases the amount of time before brain damage occurs.


HYPOTHERMIA AS A THERAPEUTIC CONDITION


Only recently have technological and medical advances enabled a detailed, accurate understanding of what happens to organs, tissues, and the human nervous system under hypothermic conditions. But cold, just as it has been known for its deadly properties, has also been known for its therapeutic power for millennia, likely longer. If you count cooling off on a hot day by taking a dip in the sea, we’ve been using cold to heal since well before we evolved into our present human form.


So what are the earliest written records of using cold as a therapeutic means?


Edwin Smith, an American Egyptologist, discovered them unintentionally in 1862 among the wares of a dealer in Luxor. He was intrigued by a scroll that measured about fifteen feet (about five meters) in length, on which appeared hieroglyphs that seemed to concern medical treatment. This scroll, now known as the Edwin Smith Papyrus, has been dated to around 1600 BC, but some of its text is consistent with much earlier writing, dating back as far as 3000 BC, as estimated by Egyptologist and historian James Henry Breasted.


The text, which largely concerns injury treatment, may have served as a guide for treating wounded soldiers. Breasted, who was the first to translate it into English, in 1930, conjectures that it was written by the high priest Imhotep, later exalted as the “god of medicine.” Its uniqueness and value are derived from its scientific basis, especially in contrast to other papyri created around the same time, in which the origins of various medical afflictions were deemed supernatural and thought to be treatable by magical incantations and spells. Its earthly rather than supernatural approach likely exists because of the kind of injury attended to; ancient Egyptians often attributed internal injuries and diseases to supernatural causes, but not external ones. This papyrus concerns visible wounds with visible causes—surface injuries.


Historians think the papyrus was taken around 1860 by a merchant named Mustafa Agfa from a tomb in the necropolis in Thebes. Smith, fluent in Egyptian hieratic writing, immediately recognized the medical value of the text and purchased it from the dealer. The papyrus is carefully organized according to forty-eight case histories detailing the diagnosis, prognosis, and means of treatment of various injuries. It begins with those sustained to the head and then leads downward to injuries to the thorax and spine, until it ends abruptly in mid-sentence—an observation suggesting its incompleteness and the possibility that missing texts may still exist.


Case 46, the earliest known writing on therapeutic hypothermia, concerns noninfectious blistering on the chest for which a cold application is prescribed—quite specific! The application sounds equally peculiar. It consists of a preparation of “fruit, natron, and mineral, ground and bandaged on it; or calcite powder, mineral, builders mortar, and water, ground and bandaged on it.”


As it contains no reference to ice or snow, the role of cold is not so obvious at first. But recall, this is Egypt, which is known for extremes in heat rather than cold. Such a mixture, prepared in this particular way, functioned essentially as a cool compress used to slow metabolism and thereby reduce tissue damage and swelling in the affected area. Its effectiveness, as far as I know, has not recently been tested, although my guess is that it had a soothing effect, similar to that of aloe vera for the treatment of sunburn. Still, the logic of the treatment surrounds the direct engagement of cold, or at least the sensation of cold.


HIPPOCRATES FINDS THE HUMOR IN COLD


Thousands of years after the advancements made by the Egyptians, ancient Greeks began using cold as a form of treatment. It was advocated as a medical therapy by the well-known physician Hippocrates, widely claimed as the father of medicine. During his time, illness was still thought to have origins involving supernatural occurrences and temperamental gods. In many cases, people believed that disease was curable by spells and incantations. Hippocrates, however, took a more realistic, practical, and down-to-earth approach to diagnosing and treating illness, which expanded on that espoused by Imhotep and the Egyptians, to include the inner workings of the body, beyond visible, surface-level afflictions.


But that doesn’t mean his theories were correct or that his practices were more effective than, say, chance. Hippocrates is regarded as an originator of humorism—the theory that healthy living equated with a balance of bodily humors. According to humorism, there were four essential fluids necessary for life: blood, yellow bile, black bile, and phlegm. Each humor was associated with an “element” (earth, fire, wind, or water) and a “quality” (wet, hot, cold, or dry). It was thought that the humors directly supported both a person’s physical and spiritual essence. According to Hippocrates, “The Human body contains blood, phlegm, yellow bile and black bile. These are the things that make up its constitution and cause its pains and health. Health is primarily that state in which these constituent substances are in the correct proportion to each other, both in strength and quantity, and are well mixed. Pain occurs when one of the substances presents either a deficiency or an excess, or is separated in the body and not mixed with others.”


Humorism dominated Western medical theory for over two millennia and wasn’t finally written off until around the nineteenth century. Traces of it still exist in today’s medical vocabulary. For example, “humoral immunity” refers to the regulation of hormones and antibodies throughout the body. The theory was, however, conceived before any notion of heat or cold was based in physics and confirmed by scientific evidence, let alone understood in modern medical terms. To provide some context: at that time, in ancient Greece, people didn’t understand that hot and cold were actually of the same nature. Rather, it was thought they were independent entities, each with unique properties.


So, it was all about balance. An individual enjoyed good health when humors and qualities were each present in the right amount. Heat was considered a quality of yellow bile, and cold was associated with phlegm. Even though these qualities maintained an equilibrium during a healthy state, hot and cold were in opposition, working against each other. Some ancient Greek texts use political and military vocabulary to describe their combative relationship. But although the “battle” between hot and cold raged within one’s corporeal self, their mixture was not associated with discomfort or pain. Rather, it was when the two states separated that one felt ill. Furthermore, whichever quality had left the body would often naturally return to restore the balance. In most cases, there was no need for medical attention. For example, if a person became chilled from, say, falling in cold water, heat would naturally be restored within their body upon their entering a heated room.


Charles Blagden would have rolled his eyes.


Heat was often identified with swelling and as a means of treatment, and Hippocrates suggested using various cold applications. He claimed that cold was useful in treating pain: “Swelling and pain in the joints unassociated with ulceration, gout and spasms, are mostly relieved and reduced by cold douches and the pain thus dispelled. A moderate numbness relieves pain.”


Cold, he argued, could also be used to treat tetanus. He wrote, “Cold affusion serves to recall the absent heat, and thereby, terminate the disease.” Again, quite specific and perhaps, at first glance, rather obscure! Nonetheless, according to a 2017 study in The Lancet, a prestigious medical journal, one million cases of tetanus are estimated to occur worldwide each year, with more than two hundred thousand deaths. Although cold is not currently regarded as an effective treatment for tetanus, as a bacterial infection it can be made worse by excessive heat. Hippocrates was at least on to something.


Finally, in more practical terms, he thought that pain from tumors and in the joints could be relieved by the “sedative” properties of cold. Indeed, cold was one of the earliest forms of anesthetic, easily obtainable in any place with snow, ice, or even a cold body of water nearby.


GALEN’S COOL


Galen of Pergamon (AD 129–210) advanced the practice of cold, though still in the context of humorism, before the age of thermometers. His influence in the story of cold is even felt today. Although he was Greek, he served for a period as the Roman Empire’s primary physician. His medical research has been so influential that his theories were a major influence on European medicine for the next fifteen hundred years. He was such a prolific writer that his texts comprise the largest body of work of any ancient Greek scholar.


Humorism had a significant influence on Galen’s theories. At that time, fever was thought to be its own illness rather than a symptom of others, and it was believed to be caused by an excess of heat. Thus, he argued that the best treatment for strong fevers was cold affusion, or the application of cold to the body.


Crucial aspects of his specific regime live on today. You’re likely to be familiar with the phrase “cool as a cucumber.” Galen advocated eating fruits such as cucumbers or watermelons for their cooling quality. The association holds today for these popular summertime cocktail and salad ingredients. Their cooling effects originate from their relatively high water content; water, being denser than air, will remain cool as the day heats up.


Galen is also the inventor of “cold cream”—yes, the kind you can buy at your local pharmacy. During his time, ceratum refrigerans was a simple mixture, likely in the form of beeswax and water, to which aromatic softening elements like rose petals could be added. Also intended for treatment of fever, the emulsion was sought for the cooling sensation it produced on the skin when it dried. Currently, cold cream, or cérat de Galien (Galen’s wax), as it is known in France, has a different composition and is valued for its antiaging, moisturizing properties and its effectiveness as a makeup remover and skin cleanser.


AVICENNA AND THE CHILLY “STUPEFACIENT”


Around the turn of the first millennium, Avicenna—also known as Ibn Sina, Abu Ali Sina, and Pur Sina—advanced the practice of using cold by advocating it as a means of treatment for pain and for, ironically, injury from cold. An astute polymath in the Golden Age of Islam, Avicenna wrote mainly about philosophy and medicine. His most comprehensive work on the latter was published as an encyclopedia, appropriately called the Canon of Medicine. It contains references to using cold in the form of snow or ice water as an anesthetic. Specifically, he refers to it as a “stupefacient”: “The most powerful of the stupefacients is opium. Less powerful are: seeds and root-bark of mandrake; poppy; hemlock; white and black hyoscyamus; deadly nightshade; lettuce-seed; snow and ice-cold water.”


I’m inclined to think that the placement of “snow and ice-cold water” at the end of the list implies that they should be used as last resorts relative to something as potentially powerful as opium.


Avicenna also provides a diagnosis, prognosis, and means of treatment for serious frostbite, surprisingly involving snowy water among other things:




For you know that once the (freezing) cold penetrates into a member, not only is the innate heat extinguished, but the very substance on which that heat depends is destroyed. The tissues are then at the mercy of putrefaction. So there is an urgent need.… The best thing is to place the limbs in snow water, or into water in which figs have been boiled, or cabbage, or myrtle (i.e., odoriferous things), or into dill water, or chamomile water. All these are beneficial. A good local application is made with pennyroyal. Wormwood of Pontus, and betony, and turnip are also good medicaments for the purpose.





Although such means of treatment for frostbite may now appear comical, Avicenna does not suggest what might seem an obvious emergency measure: placement next to a fire or immersion in hot water to regain heat as soon as possible. This is probably not coincidental, as rapidly heating a frostbitten extremity can cause further damage; cells close to the surface are thawed before blood vessels can reopen and carry oxygen to them, causing them to die. Avicenna was unaware of this phenomenon, but during his era people had observed that quickly thawing frozen food—fruit, for example—would cause it to lose consistency, become flaccid, and “putrefy” faster than if thawed in cold water. Accordingly, his writings incorporate this conceptualization into his suggestion for frostbite treatment: “Some treat frostbitten parts with great advantage by plunging them into very cold water in the same manner as is usually done with fruit which has been frozen.” Perhaps he was also aware that quickly reheating frostbite causes considerably more pain than a slow rewarming. Current practice suggests using tepid or warm water, no more than 104°F (40°C), to thaw frostbitten body parts and allow blood to recirculate.


That said, although it was known then (as it is now) that applying too much heat to a frostbitten body part is harmful, back then—and this can’t be overstated—there was no conceptual understanding of heat as thermal energy. The idea of understanding or measuring heat objectively, as temperature, simply did not apply to medical practice. Although Avicenna’s beliefs were on the right track, he was essentially blind in terms of what was actually happening to his patients on any fundamental level involving microscopic effects of cold and heat on human tissue.


And so, during Avicenna’s time and for over a century after his death, although humorism was dogma, little effort had been made to actually quantify humoral balance or its associated properties of heat, cold, moisture, or dryness. Entirely subjective methods of assessment were the norm. When it came to measuring a person’s “heat”—for example, that of someone who appeared to have a fever—it was time to break out a tried and true instrument: the hand, the go-to “thermometer” of the day. In fact, “hand thermometry” was an art that took practice and is likely still achieved by many modern-day parents. As late as 1871, a medical textbook written by E. Segui describes it: “The hand was not simply placed on the skin surface but remain[ed] hovering a while above or near, to perceive the heat exhaled therefrom; then enter[ed] upon a slight contact with this surface to receive the impression of its most superficial temperature; then by a firmer pressure receive[d] the full impression of the skin’s temperature; then by gradually deeper pressures acquire[d] the impressions of the deeper seated combustions.”


To conclude, the subjective, qualitative views of heat and of cold that I’ve summarized in this chapter dominated Western medicinal theory for millennia, without any major departure from the occult beliefs and practices surrounding humorism. Thus, other than using cold to restore balance to the humors and as an anesthetic, it didn’t merit much regard. Still, the fact that it was considered at all by such influential thinkers and that it found its way into their texts is nothing to sneeze at.


Avicenna, Galen, Hippocrates, and the Egyptians, without any understanding of heat and cold as physical, thermal properties, clearly had some idea that cold, despite its usual adversity, appeared helpful for treating certain medical conditions.
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Suddenly it hits you: you’ve completely lost track of time. Just how long has it been? You realize you’d rather not know. You’re starting to feel colder than any frigidness you have ever experienced.


As you scan your surroundings, you find it increasingly difficult to focus on anything.


You keep glimpsing movement in your periphery, but when you look to discover what’s there, you see nothing. Out here, in such unfamiliar territory, the experience is spooky—like you’re being teased by a ghost that keeps disappearing and reappearing. Perhaps something is really there, but you just can’t seem to focus on it.


It’s time to stop again and rest. Resting feels glorious, a moment of peace and comfort that you take some time to revel in. You never want this feeling to end.


In fact, despite your dire circumstances, a distinct numbness clouds your thoughts and emotions. Although there are moments when you feel the combined weight of all the relevant torments, you become more and more detached as time ticks on.


With considerable effort, you get up and resume pressing ahead. Your motivation, however, is becoming as weak as you are. You’re confident that you’re simply heading, in a robotic fashion, into oblivion with each aching step.
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