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            Introduction

         

         
            There is no coming to consciousness without pain.

            —Carl Jung

         

         Pain is a fundamental truth. Pain might well be the first sensation a baby feels as it’s born, a gateway to the world of conscious experience, almost certainly becoming the sensation it most strongly associates with being alive. And indeed, every subsequent day of our lives, we experience pains of different types. These are often innocuous but can at times become intractable. Pain is one of the most consistent aspects of the consensus reality we all experience, a hallmark of consciousness among all beings, hardwired into our frames through evolutionary mechanisms millions of years in the making.

         Yet pain is also the most fluid of all sensations. While how we see, hear, touch, and taste has likely remained unaffected by historical changes, how we perceive and tolerate pain has changed considerably just in the last century. Pain has transformed from a spiritual force, often the only language through which celestial agents could speak to mortal beings, into a corporeal corruption that can be entirely comprehended and conquered with biomedical advances. Yet other aspects of the place of pain in our society have remained unchanged. Pain—in how it is recognized, treated, and inflicted—has always been and remains an instrument of power, often used against the weak. For it is impossible to separate the assessment of pain from the assignment of supremacy.

         Pain is imperialistic: European colonists often derided the pain of their Black and Brown subjects, chalking it up to feebleness, even as they capitalized on its affliction. As Britain operated the greatest opioid-production machine in the history of mankind, waging war simply to keep selling opium and addicting foreign populations to it, it banned the use of opiates for its own people, knowing just how addictive the poppy can be.

         Pain is racial: Black slaves were often subjected to indescribable violence under the false pretext that they were too numb to feel pain the way their white masters did. Even to this day, otherwise sophisticated people, including some physicians, hold on to antiquated fabrications, including that Black people feel less pain because their skin is thicker than white people’s. This is one reason why the pain of Black people remains both underrecognized and undertreated.1

         Pain is gendered: women are more likely to feel pain, but their pain is also more likely to be dismissed. Many women who seek relief are belittled and delegitimized by some of the very doctors they turn to for support.

         And most of all, pain is personal, so personal that it is said to be the one thing truly our own, so inscrutable that it cannot even be communicated within the constraints of language. The only reason I mustered the gumption to write this book, to attempt to uncover the nature of our most complicated sensation, is that pain has been a part of my being for almost my entire adult life.

         Pain is as sure a sign of life as the beating of the heart; its disappearance often signals death. It touches us from the tips of our toes to the crowns of our heads; it can even be felt in long-departed parts of our body, as in the phantom pains of those who have lost their limbs to landmines, diabetes, or flesh-eating bacteria. It is tempting to describe the evolution of weapons, from rocks and pointy branches to armed drones and tactical nuclear missiles, in terms of their ability to kill. But their primary aim is often to inflict pain—physical, psychological, cultural, racial, and economic.

         And yet there are also those for whom pain is a ladder to the divine. In many religions, such as the Shiite sect of Islam, self-flagellation is a core ritual because of its supposedly redemptive qualities. Connoisseurs of spicy food set their palates on fire as they reach for peppers with ever-rising Scoville units, relishing the bodily chaos that ensues. For some, pain provides a sexual thrill that no amount of gentle stimulation can achieve.

         Pain is also our most effective teacher. Most lessons fade, most sermons go unheard, but those taught by pain can last a lifetime. My baby daughter might not listen to anything I say, but the hot skillet only has to instruct her once for her never to touch it again. Not every lesson pain teaches is worth remembering though. Corporal punishment might be a poor tool for education, but it is very effective at creating lifelong trauma.

         In the last two centuries, our understanding of how our bodies flourish and falter has advanced tremendously. And yet, even as the song of our scars reaches a deafening pitch, pain remains the sensation we comprehend the least.

         It is not an accident that we fail to understand the very basics of pain—especially its more entrenched manifestation, chronic pain. The attempt to define pain beginning in the nineteenth century using clinical and scientific terms shrank its scope to fit the constraints of the tools and rituals of medicine. The corporatization of healthcare transformed people into consumers, transmuting human suffering into a lucrative opportunity to maximize capital. And profit-hungry pharmaceutical companies hijacked a movement to provide comfort to people with terminal illnesses, resulting in one of the most carefully engineered campaigns of distortion in human history.

         As a physician I treat people who hurt every day. Yet my relationship with pain goes back to before I was the one people turned to for respite.

         When I was a medical student in Pakistan, I would spend hours every day grinding at the gym. If I wasn’t playing basketball, I was lifting weights or running on the treadmill. I was no star athlete, but I labored joyously like a hamster on its wheel. Exercise was medicine for my body, therapy for my spirit.

         One evening in the middle of a bench press, I heard a loud click in my back. All at once, my body went limp, and the metal bar I was holding aloft came crashing down, pinning me to the bench. Panic set in. With my torso compressed under more than two hundred pounds of steel, I began to suffocate. I tipped the bar over to one side, hoping the weights would slide off, but I quickly remembered that I had them clamped in place.

         Only then did I do what I should have done many long milliseconds before. With progressively thinning breaths, I cried for help.

         A couple of medical students rushed over and lifted the weights awkwardly off my chest. Like me, they came to the air-conditioned sports center not just to escape the blistering Karachi sun but to zone out from the incessant memorization of pathologies and the drugs used to treat them. And yet my injury had turned their sanctuary into one of the bays in the emergency room close by. They grabbed me by my arms and tried to pull me up to my feet, but I screamed out in agony. One of them rushed outside and brought back a wheelchair.

         Prior to that evening, I had made the walk from the hospital to the gymnasium several hundred times. It was short and typically forgettable. But I will always remember that ride back to the medical center in the wheelchair. Every small bump, even the fine clefts between pavement panels, shuddered through my body.

         This was the day that pain became a part of my life. It changed my line of work. It took many of my friends from me. It also took away those precious hours at the gym, my sanctuary from the demands of medical school. And it could have taken away even more: more than once, my pain led me to believe that the only way to release myself from its vise would be to end my life.

         On that day in the gym, pain settled in as a persistent presence in my body, an infestation that would come to shape the narrative arc of my life and a primary reason I wrote this book. And yet I know that my story is in fact quite unremarkable. Nothing is as important to our ability to survive as our ability to hurt.

         
              

         

         Because I was a medical student who knew most of the staff, when I reached the emergency room, I was immediately taken to a secluded bed without having to linger in the overcrowded waiting room. The pain was most severe in my back, but it traveled all the way up and down my spine like a pendulum, shattering everything in its path. The emergency room physician jabbed me with a dose of intravenous ketorolac, an anti-inflammatory painkiller, and told me that I had sprained a muscle. It would get better in a week, he reassured.

         That week went by, and then another, and then several more. My discomfort completely incapacitated me. Sitting hurt too much, but standing wasn’t any better. I could only sleep by lying on my side in the fetal position, with my knees up to my chest, a pillow in between them.

         Walking made me exquisitely aware of how my body shifted its weight between the legs and the lower back. There wasn’t a special maneuver I could perform to be comfortable. There was no escape hatch. When I had previously torn my bicep muscle while lifting weights, it hurt only when I moved my arm in certain ways. Those movements I could easily avoid. Hurting my back offered no such out.

         Sitting, standing, and walking: as a physician in training, these three activities constituted almost every waking moment of my day. When I was supposed to be attending to my patients during rounds with my team, I could think only of trying to find a chair to sit in or a wall to lean against. Of all the places in the hospital, I dreaded being in the operating room the most, as it meant standing possibly for hours. Medical students are usually assigned a position far from the action, performing tasks whose only purpose can seem to be to torture. I would find myself contorting at awkward angles, holding metal retractors to keep gaping incisions in the body open. I was supposed to be watching the surgeon’s hands, but all I could see was the side of the table or one of the operators’ backs. It quickly became clear that surgery was not a viable career path for me. Being a doctor required me to be empathic; yet my ceaseless pain had left me looking only inward, as I constantly introspected every aberrant alarm arising within my body. In my darkest days, I wasn’t even sure I could ever practice medicine at all.

         Chronic pain has governed my life ever since. To this day, an atypical movement or a long day at work threatens to put me back at the beginning of this treacherous trail. But my story is not special, my adversity not exceptional. The back is in fact the part of our body we most commonly injure. And while most back injuries tend to heal, many become indomitable, making them the most common cause of both disability and chronic pain in the United States and around the world. And given that the condition is relatively invisible, with no bleeding wounds or bulbous tumors, and that most of us don’t really think about our backs until they bother us, only those who live with back pain can truly grasp what it wreaks.2

         Many people’s lives will, at some point, be completely reorganized by chronic pain. Chronic pain is a truly global phenomenon, estimated to affect 1.5 billion people. Even so, it is a malady with a distinctly American bent: one study shows that Americans appear to feel aches and pains more frequently than people in other countries, and Americans are most likely to use opioids for their pain. One in five American adults—an estimated sixty-six million in total—experience chronic pain, resulting in $500 billion in direct medical costs and lost productivity. Chronic pain disproportionately affects those who are already disadvantaged in other ways: women, people of color, the poor, the elderly, the unemployed, and those living in rural areas are all more likely to experience it. Almost twenty-four million Americans are unable to participate in major life activities due to chronic pain. And the number of people who live with chronic pain is rising.3

         We have always hurt. But how we hurt today—how it affects our lives, how we give it meaning, and how we attempt to overpower it—is nothing like how we have suffered in the past. Medical science is just one reason why how we hurt has changed: the confluence of several broader social, cultural, and economic movements has fundamentally altered how those of us alive today experience pain. We must learn to reckon and reconcile with the body on fire.

         
              

         

         Whether due to an aching knee or a throbbing head, pain has long been viewed as the work of supernatural forces strumming inflamed nerves like sitar strings. Pain always had a meaning, a greater context. According to the Bible, the pain of childbirth occurred because of Eve’s succumbing to the charms of the devil, which meant that until at least the eighteenth century in Western Europe, attempts to relieve labor pangs were punishable by death. The crime committed by the very first witch burned in Scotland was an attempt to ease the passage of a woman’s twins; the mother, too, was set alight at the stake. Pain relief was seen as an unnatural interruption of cosmic commandments.

         As Western societies secularized, so did pain. The treatment of pain moved from the chapel to the clinic, and we began to seek prescriptions rather than prayers to ease the suffering. Yet, even as anesthesia and morphine were discovered in the nineteenth century, the primary aim of medicine continued to be prolonging life rather than providing relief.

         In this, medicine succeeded. Yet the longer we survived, the more years we lived with disability and in pain. As noncommunicable diseases such as cancer and heart failure replaced infectious diseases as the leading causes of death, many people’s lives ended in excruciating agony, their bones moth-eaten by malignant tumors, their lungs flooded with their own secretions. Even this gruesome sight would not move physicians to ease the plight of their patients.

         The twentieth century saw the rise of a broad movement that sought to give people more control over their bodies. This movement was manifested in many forms: it was cast in the women’s rights movement, the civil rights movement, and decolonization. And while medicine, given its long history of paternalism, was slower to change, these broader forces began to shift power from doctors toward patients, giving people more agency over their health. This shift, first manifesting within healthcare as the hospice movement founded by Cicely Saunders in the United Kingdom, implored physicians to avert not just death but despair and discomfort. Pain was no longer viewed as a symptom of sickness but understood as a syndrome in itself—not a metaphysical disturbance caused by the tipping of the balance between virtue and sin but a purely physical sensation caused by an anatomic disturbance that could be fixed as easily as a broken bone could be put back together. Yet pain is far more complex than that simplistic view, and this turn in the cultural understanding of pain did nothing to abate the rising scourge of chronic pain in the United States and around the world.

         Perhaps the most visible sign of this transformation is the opioid epidemic. The Centers for Disease Control and Prevention estimates that between 1999 and 2019, this misery was triggered by a flood of opioid prescriptions to patients with chronic pain, many of whom went on to become addicted and some of whom began abusing street drugs like heroin and fentanyl. The public reaction to the opioid epidemic has focused mostly on the pharmaceutical companies that pushed these pills. Particularly intense attention has been laid on members of the Sackler family, the owners of Purdue Pharma, which manufactured OxyContin, the prescription opioid widely believed to have triggered the crisis.

         Little attention, however, is paid to the entire healthcare system that abetted Purdue Pharma and other opioid manufacturers: the physicians who sold their sacrosanct status in exchange for profits, the medical journals that published highly flawed research, the federal regulators who failed to protect the public from dangerous drugs, the distributors that flooded every bit of the country with them, and the pharmacies that asked few questions before dispensing large quantities of dangerous pills to vulnerable individuals. An entire field of medicine centered on pain was created with scant evidence guiding its practice. The corporatization of medical care, coupled with the emergence of consumerism, created a pill-popping culture that placed all of our hopes and dreams for relief on drugs and procedures.

         Yet, as we recognize the broad extent of this extraordinary tragedy, we have to consider something even more elemental, something at the heart of what we need to accomplish if we are to beat back the current opioid epidemic and prevent another from recurring in the future: almost everything we know about pain and how we treat it is wrong.

         Pain is sensitive to context in a way no other human sensation is. The aches that engulf a marathoner’s entire body change meaning instantly when that marathoner crosses the finish line. During sex, pain can induce euphoria or leave lifelong scars. The pain in the belly that the devout believer feels during a religious fast is very different from that felt by someone starving because they cannot afford a meal. While some variation in pain sensitivity between individuals occurs due to biological differences, our response to pain is largely mediated by the surrounding circumstances we feel it in. In fact, even the genes that cause us to feel pain are deeply affected by the environments we grow up in.

         We have been trying to understand the complexities of pain as long as we have been around. In Book 9 of The Republic, Socrates, speaking to his brother Glaucon, asks, “Do we not say that pain is opposite to pleasure?” To Socrates, pain was not merely the absence of pleasure; it was based on where a person started from: Did they move from pleasure to pain or simply from the tranquil middle? An individual’s baseline sets up the subsequent experience of either pain or pleasure, which Socrates considered to be on the opposite ends of a spectrum. Moving from pleasure to pain, according to this dictum, is more distressing than moving from pain to more pain. Are we any closer to understanding pain today?

         The expression people in pain most dread hearing is that their agony is “all in their head.” It is often used to diminish that agony, to erase their very personhood. Yet our brain does have a central role in shaping how we hurt. After a pain signal reaches the brain, it undergoes significant reprocessing. The brain, based on previous experiences and current expectations, can modulate pain to be felt either more or less severely. How much something hurts can vary depending on factors like one’s mood and level of distraction. The human brain is not just staffing the ticketing booth at the circus—it is the ringleader. Without the brain’s permission, no tigers jump through burning hoops, no trapeze artists fly around, no swords are swallowed.4

         The brain is particularly involved in the experience of chronic pain. Most people assume that when pain lasts long enough, usually more than three months, it transforms into chronic pain. This is how people like me who live with pain have come to think of it and how doctors also like me have been trained to treat it: chronic pain is essentially acute pain prolonged. Yet, if you dive deep into the science only now emerging, a very different picture comes together: acute and chronic pain are entirely distinct phenomena, and there is no justification for treating them the same way.

         The siloed nature of science means that at present there is no single working theory for what chronic pain is. Yet my journey poring over thousands of research studies and speaking to dozens of experts and patients, as well as my own odyssey aboard this faltering body, makes one thing clear: most chronic pain is not just a physical sensation. To our nervous system, chronic pain is most often akin to an emotion we feel in a part of our body, an overlearned traumatic memory that keeps ricocheting around in our brains, often long after the injury it rehearses has fully healed. Unlike acute pain, which ascends up the spinal cord to the brain from a nick on the shin or a frayed nerve in the foot, chronic pain descends down from the brain, often with no need for an incitement from below.

         
              

         

         Pain remains a difficult matter to approach primarily because of the gulf between the people who experience it, the clinicians who treat it, and the researchers who study it. This gulf means that many common notions are about as grounded in reality as magical fairy dust. It is said that what doesn’t kill you makes you stronger. Yet research actually suggests the opposite, that people who have chronic pain are even more sensitive to pain than those for whom pain is a stop but not a terminal destination. It is said that pain is inevitable but suffering is optional. Yet I cannot imagine that anyone who has experienced persistent pain personally or cared for someone in unflagging agony would ever believe such hogwash. When pain arrives and refuses to leave, suffering is as inevitable as death itself. The only thing I have gained from pain is the lived experience so essential to knowing how ceaseless suffering can wring a human spirit dry.

         Standing on this island, I feel pain coming at me from all directions. It comes to me from within when I wake up in the middle of the night in affliction. It comes to me from my patients, who often have disease eating their insides out, leaving them up to their nostrils in pain. And it has come to me from the papers, books, and articles I have read and the scientists, clinicians, and patients I have spoken to about all that hurts.

         To understand pain is to know the human body and the human mind and how they are interweaved. It is the strongest riposte to how clinical medicine artificially divides them.

         To understand pain is to recognize how race, gender, ethnicity, and power come to indelibly mark what it means to inhabit the human frame.

         To understand pain is to learn how the greatest medical tragedy in history came to be, how corporate greed and academic naivete and corruption fueled the opioid epidemic, and how it could recur again.

         To understand pain is to explore the true nature of human suffering, how religion and spirituality have often been our most potent balms, and how movements such as existentialism, feminism, and consumerism have changed not only our core beliefs but also our senses.

         Yet the need to understand pain is not just a scientific curiosity for me. It has given deeper meaning to the pain that I feel. And while this knowledge may not always grant me complete relief, it has allowed me to find a new way to live in my body.

         Broadening the lens through which I see pain has helped to defog the window through which I see the pain of others, an essential part of my work as a clinician. Even as physicians and nurses are almost constantly face-to-face with suffering, that existential leap known as empathy, the act of feeling another’s pain, is especially important as we increasingly rely on blood tests and imaging to tell us what ails a patient, while pain continues to elude such quantification. Relieving pain is one of the most gratifying feelings a clinician can ever get in the course of their vocation. Yet the drive to label pain as a physical sensation, as a vital sign similar to heart rate or blood pressure, was not an organic movement founded by clinicians. It was in fact engineered by the pharmaceutical industry, appealing to clinicians’ deep desire to relieve suffering to sell trillions of dollars’ worth of products. And while the drugs and devices they sold provided comfort in the short term, for people with chronic pain they were ineffective for most and deadly for many.

         If you twist your ankle or bump your head, or if you live with torment that never ebbs, what you feel and how you respond is not just the aggregate of nerve signals bombarding your brain stem. It is the sum product of your entire existence and the entire history of human beings encapsulated in the multidimensional experience we call pain. Reaching a new understanding of how we hurt will change how we live with our aching selves. Synthesizing our knowledge about the fundamentals of pain could move us closer to a future in which even if we hurt, we don’t suffer. And recognizing the many layers of pain and how we respond to the agony of others could lay the foundation for a just and equitable society.

      
   


   
      
         
            1.

            The Interpretation of Agony

            What We Talk About When We Talk About Pain

         

         
            Suffering is the entrance to the person. It is the door to something much larger.

            —Eric Cassell

         

         The way most people speak about pain is very different from the way doctors are trained to speak about it. One might presume that doctors would be better at talking about pain, given how central it is to their lifework, or at least more accurate. But I don’t think this is necessarily true. Pain is complex, with physical and mental dimensions that both overlap and diverge. In some cases, it can be meaningless and transitory, like from the bruise you get when a heavy book falls on your toe. At other times, it can open the door to lifelong suffering, like when a tumor begins to eat into your bones. This multidimensionality of pain seems intuitive. Yet medicine has largely lost the ability to think in these terms.

         According to Google, use of the word “pain” has doubled in English-language books since the 1970s, but what it has come to mean has changed. Increasingly, medicine, and by extension society as a whole, understands pain as a strictly physical sensation. This essentializing of pain to a purely mechanical disruption—stripped of its emotional, spiritual, contextual, and traumatic layers—has allowed it to become wholly medicalized. And doctors, with their outsize influence on human bodies, are partly responsible for that.

         In my first few years of medical school, I was taught how pain is sensed and processed within our body. I learned about it sitting in lecture halls or poring over textbooks in the library. Later, as I began to interact with actual patients, almost everything I learned related to the assessment of people’s discomfort. The prototypical patient I was trained to take a medical history from or perform a physical exam on was a person in pain, shaping the way I walk my hand across someone’s belly or simply have a conversation with them to this day. Pain is the frame through which all medical students all over the world learn to see the world as physicians.

         Yet, despite its centrality, how clinicians conceptualize pain and actualize that in practice is deeply flawed. Having boxed pain in as a physical entity, medicine has turned it into a vital sign, a number similar to body temperature or heart rate. This categorization we know now is not only wrong but dangerous: a study published in the journal Anesthesia & Analgesia in 2005 showed that assessing pain on a numeric scale doubles the risk of opioid overdoses in the hospital.

         In reality, pain is one of three distinct but overlapping phenomena. On one end of the spectrum is something called nociception. Nociception, the process through which potentially injurious stimulation is detected and transmitted by our nervous system, is often confused with pain. Nociception is a purely physical sensation, shared by all living things, even cells and plants. On the other end is what many come to call suffering, an entirely psychological consequence of the experience of visceral injury or emotional trauma. Suffering is an entirely psychological experience that appears to be felt only by advanced animals, humans in particular. Between nociception and suffering is pain, both sensation and emotion, both physiological and psychological, which is most often caused by nociception and frequently causes us to suffer.

         A journey that ends with a shared understanding of what pain is must begin with ensuring we are all speaking the same language. We will start by exploring nociception, the subconscious noxious signals traversing our body. For all pain and suffering stem from the same source: touch.

         
              

         

         Anyone in agony believes that what they feel is distinctly their own, incommunicable and inscrutable. Yet the ability to feel discomfort is shared across the spectrum of life. And the study of other living beings doesn’t just provide insights into what they experience; it highlights that the capacity to hurt is not exclusive to humanity and that we have much in common with the other creatures we share the earth with.

         The chief need of any organism is to process information from its environment. The means by which we detect and synthesize this information—sight, taste, smell—are called sensations. And the most basic of these sensations is touch: for even a simple single-celled organism to survive, it has to know if it is in contact with something else. Yet touch is also our least understood sense, and we are only just beginning to feel it out. In fact, the two scientists who made seminal discoveries revealing how we sense touch, heat, and nociception only received the ultimate recognition in science—the Nobel Prize—in October 2021.

         Touch allows us not only to find our place in the world we inhabit but to regulate the world within ourselves. Biting into an apple, feeling it fill our stomach, and then knowing when it stretches our rectum and we have to go to the restroom are all processes mediated by the ability of our cells to detect pressure and tension.

         We can do this thanks to Piezo proteins, which were discovered in 2010 by Ardem Patapoutian, one of the two scientists who won the Nobel Prize in Physiology or Medicine in 2021. Named for the Greek word for pressure, these massive proteins sit across the membranes of cells. They are shaped like propellers, with three blades and a pore in the middle that can open in response to a mechanical force. When open, the pore allows ions to enter the cell, altering its charge and sending an electrical signal shooting up the nerves and spinal cord all the way to the brain, where the signal is processed.1

         Even plants are exquisitely sensitive to touch. While certain exotic florae, such as the Venus flytrap, might be more obviously responsive to it, almost every plant has the ability to detect mechanical contact. One experiment found that plants reacted significantly to scientists merely stroking them from base to tip just once a week. Some plant species bloomed better than before and were free of pests, while others were ravaged to extinction. Another experiment on the thale cress—a small but resilient flowering plant that often grows on roadsides, up walls, and between rocks—showed that just thirty minutes of touching can change 10 percent of the plant’s genome and launch a cascade of plant hormones. This might be a form of self-defense: it would allow plants to respond if insects landed on them or if other plants were growing too close to them and intruding on their share of sunlight.2

         Given that plants exhibit extensive electrical and chemical signaling and respond to external elements like light, water, and, of course, touch, some scientists claim that plants may in fact demonstrate “intelligence.” The obvious next question is whether plants that detect and react to touch can also experience what that touch feels like. What does a rose feel when you pluck its petals? What does a blade of grass perceive when it is chomped by a grazing cow?3

         Plants are much more aware of and responsive to their environments than most of us would imagine, and their reaction to touch may feel eerily similar to our own. An insect crossing the threshold of a Venus flytrap will cause it to snap its floral jaws shut. But when anesthetic agents that put humans to sleep, such as ether, are applied to the mouth of a Venus flytrap, an insect can walk across it without eliciting any reaction. Some plants feel pressure using the same mechanically activated channels that are also present in humans. And when plants are stressed, they release the gaseous hormone ethylene, which, among other things, was used as an early-twentieth-century anesthetic agent. So when plants feel pressure, they respond in adaptive ways to protect themselves in the moment as well as in the long term. Roots respond to the soil as they grow, while winds cause stems to grow thicker and stronger.4

         We know that ripping a fruit off a branch causes a biological reaction, but does it cause an emotional one? Probably not. A dismembered plant feels nothing beyond the inert act of mechanical force. This is because plants do not have a nervous system the way animals do, which might provide them the ability to generate feelings and consciousness. So even as touch elicits an intricate physiological response in plants, it is highly unlikely that it sparks a sentimental one.

         For more complex organisms, touch spans a spectrum: a warm embrace can easily turn into a bear hug. What makes a caress of the cheek different from a smack, turning touch into nociception, is more than the intensity of the stimulus. Our unique sensitivity to touch, our ability to imbue it with meaning, represents the origin of pain.

         
              

         

         Every sensation we feel spans a spectrum. The music of King Crimson may be transcendent to one, torture to another; the spice of habanero life affirming to one, caustic to another. The difference between the searing heat of the desert sun and the warm embrace of a fireplace lies not just in their intensity. Heat and warmth differ in their character, in their valence.

         And that’s the difference between a sensation and a perception: perception is the brain’s way of providing context to what we sense. That’s what happens when touch turns unpleasant: it goes from sensation to perception as touch transforms into nociception, the sensory nervous system’s response to stimuli that damage or threaten to damage the organism.

         Nociception is one of life’s most ancient endowments. The ability to detect threats in one’s environment is central to evading danger. It is as essential for a cell avoiding an acidic medium as it is for a person sidestepping away from a speeding motorcycle. And because simple organisms like bacteria lack the intricate set of sensations and abilities to communicate that more complex organisms have, they rely even more on physical contact to discern the world around them, similar to how a blind person might use a white cane to feel out their world.

         For humans, simply the velocity of a touch can determine how pleasant it is felt to be. Humans perceive being caressed at three centimeters per second to be generally more pleasant than touch at velocities both faster and slower than that. While many researchers have hypothesized that we have wholly different systems for detecting touch that provides comfort versus discomfort, recent work by researchers at the University of Liverpool in the United Kingdom casts doubt on such a dichotomy. There is wide variation among people who rate the same graze as pleasant or unpleasant. In addition to touch, the skin has mechanisms to detect various other forms of stimuli—heat, cold, and chemical irritants—all of which can swing from a positive to a negative extreme.

         For nociception to transform into pain, the organism needs to possess the ability to feel something, recognize it as noxious, assign a negative connotation to it, physically withdraw to avoid it, and learn to avoid it in the future. This transformation happens not in the skin but in our brains. Pain is in essense the conscious manifestation of nociception.

         Defining consciousness remains one of the unconquered peaks in science and philosophy. Consciousness is something anyone reading these words possesses yet no one fully grasps. But, while we may not completely understand consciousness, we can still define it operationally: consciousness is quite simply an entity’s unique and subjective awareness of itself and its environment. And what could be more unique and subjective than the ability to feel pain, learn from it, and express it through one’s actions? Pain therefore can be considered a hallmark of consciousness. Which organisms possess consciousness and how they come to possess it could inform us about who can feel pain and how it’s felt.

         Two theories on the origin of consciousness have more adherents than others: the global neuronal workspace and integrated information theories. Both have holes—the integrated information theory, for example, would grant consciousness to any object, even your phone, provided it can process and integrate information—and if history provides any clue, neither will have the final word on the substance of consciousness.

         Almost everyone who studies consciousness, however, can agree on the following:

         	Our experience of living, the feeling of being alive and everything that comes with it—urges and restraints, sights and sounds, memories and dreams, hindsight and foresight, pain and pleasure—is all centered in the back of the cerebral cortexes that form the gnarly crown of the human brain.

            	Not everything we sense reaches our consciousness. In fact, most of our sensations go on to live and die in our subconscious. Most of the time this is a passive process: as you text on your phone while driving, your ears don’t stop hearing the other cars around you. Your eyes still catch blurry glimmers of things hurtling by, but your conscious awareness only has space for your thumb operating the phone. The collection, transmission, and delivery of neurologic signals can occur entirely outside our conscious awareness.

            	The parts of the brain that receive sensory information—such as, say, the primary visual cortex that processes what you see—don’t actually contribute to the formation of the conscious experience of seeing. The reception of color and light from the eyes is not the same as their eventual representation in our minds. When you look around you, what you see is not so much the world as your re-creation of it. Our senses compress an infinitely complex universe into a simplified package that we can wrap our heads around.

            	What imbues disparate bits of electric currents encoding colors, sounds, smells, and pressure with emotions and memories is integration. Integration leads to consciousness being a singular, fluid whole.

         
It is through this framework of consciousness that we can understand pain and how it is different from nociception.

         Nociception is the noxious signal emitted as soon as the tiny needle of the flu shot pierces the skin of your shoulder and sheds its chemical load into the surrounding muscle. Nociception is the buzz of electricity that bombards our brain when that punch lands in our gut.

         Pain represents the integration of those signals in the cerebral cortexes. Pain is the interpretation of nociception, translating its wordless language into a vocabulary that we can understand. Many factors affect this transformation. Two are intensity and velocity: the gentle touch of a feather can easily turn noxious if the same feather is mashed into your skin. Another is preference: spicy food triggers the same receptors as tear gas; yet those who enjoy spice perceive those two sensations in very different ways. Integration with other senses also plays a part: knowing that the hand caressing your back is that of a loved one will arouse comfort, while that of a stranger might cause revulsion.

         The coming to consciousness of pain turns subconscious nociception into a conflagration, as the spark traveling down the cord detonates the dynamite. In fact, the link between pain and consciousness is so integral in part because the same segments of the brain generate both processes.5

         The central problem of pain in recent times is that it has been conflated with nociception; people have come to believe that pain is synonymous with the sensory signals coming to your brain from distant parts of the body that are hurting. But in fact pain is a conscious, integrated experience that the human mind generates, most often (but not always) in response to nociceptive overload. Feeling pain is not like feeling other sensory elements. Heat and cold receptors in the skin are specially designed for one purpose, directly responding to hot or cold temperatures and communicating their presence or absence to the brain, just as taste receptors directly respond to sugar hitting the tongue. But pain is not an element that exists around us.

         Pain was first defined by the International Association for the Study of Pain (IASP) in 1979 as “an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage.” While this definition came to be accepted widely, there was controversy surrounding the final clause. It is not at all clear that one needs to be able to describe pain to experience it. Even the slightest sliver of consciousness is enough for an organism to experience pain. Since the definition was published, we have learned that pain can be felt even by those in a coma, although they may not be able to describe or remember it. “We haven’t kept up with advances in pain,” said Srinivasa Raja, an anesthesiologist and pain researcher at Johns Hopkins, who goes by Raj. “Some of the criticism was that the definition didn’t adequately address pain in disempowered or neglected populations such as newborns and the elderly.”6

         The IASP asked Raj to lead a committee that would be responsible for coming up with a new definition of pain. “I did not anticipate the importance of the task and how globally the prior definition had been accepted and how much thought had gone into it,” he told me. “Now I think of it as a legacy of sorts.” After years of deliberations, including input from the public, the committee came up with a version very similar to the previous one but without the requirement to be able to describe it. They defined pain as “an unpleasant sensory and emotional experience associated with, or resembling that associated with, actual or potential tissue damage.” Removing the need to be able to describe pain has extended it from something that only exists in our fully conscious state to something associated with any level of consciousness, even when, say, we are in a coma and our existence is fully limited to the subconscious.7

         As the difficulty in coming up with a definition for it shows, pain is an almost indescribably individual feeling that eludes any quantification. It is informed in its every variance by personal histories, cultural idiosyncrasies, racial and gender imbalances, and genetic and epigenetic predispositions. Therefore, even as we look to the study of consciousness to help us comprehend pain, the converse—that the study of how we hurt might unlock the secrets of how we come to be—is perhaps much likelier.

         The person most responsible for how we view pain today was neither a physician nor a biologist. French philosopher René Descartes (1596–1650) believed that only humans were capable of self-reflection, consciousness, and feeling pain. He considered animals no different from, say, a microwave oven sounding off alarms in response to electrical stimuli without any sense of what those alarms meant. An animal’s cry was similar to your leg kicking when lightly tapped below the kneecap—a mindless reflex without rhyme or reason.

         As hard as pain can be to tease out in people, given that the gold standard is still reliance on a person’s description of the intensity of his or her discomfort, it is orders of magnitude harder to do the same thing in the slimy or crusty, slithering or lumbering, shaggy or slick animals that we inhabit this earth with.

         Are animals conscious? And do animals feel pain? Answers to these questions can help us resolve a fundamental conundrum: Why does pain hurt?

         
              

         

         When we observe single-celled bacteria, they clearly react negatively to uninviting stimuli. Yet because cells lack a nervous system, it is fair to say that they are likely neither conscious nor in pain.

         At some point in evolutionary history, as organisms became increasingly complex, growing into multicellular invertebrates and then into vertebrate fish, they developed more sophisticated machinery with which to sense their environments. Navigating water is actually much simpler than traversing land, given that the array of challenges land-based animals experience can be far more diverse than what one might encounter underwater. Was pain one of those mechanisms developed to better survive our treacherous terrestrial environments, or were fish already capable of feeling pain before they evolved further?

         We know that most invertebrates, such as sea urchins or starfish, carry some of the same nociceptive receptors we humans do to help detect threats, such as acid-sensing ion channels. Not only are these channels found in fish like trout and zebrafish, but they can also be suppressed with painkilling medications that work for humans. So, clearly these organisms experience nociception using some mechanisms similar to those of more evolved species.8

         While nociception can easily be seen as a feature of intelligent life, how can one differentiate it from pain, particularly in fish and invertebrates? Such a question is enormously important: while there is general consensus that animals, particularly large mammals, feel pain at least on the same spectrum as we humans do, which has spurred growing attention to animal cruelty, many researchers argue that fish do not have the capacity to feel pain, and therefore their treatment need not conform to the standards we have set for mammals.9

         Given that fish cannot simply tell us they are hurting, scientists closely monitor their behavior as they respond to noxious stimuli, picking up cues that indicate a key characteristic of pain: learning. An animal that experiences pain should demonstrate a change in its future behavior that goes beyond a simple reflex, a sign that the pain has left a mark in its memory. Ideally, this behavior should dissipate with the administration of painkillers. These “pain behaviors,” if noted in fish, would mean not just that they experience pain but that they carry at least some form of consciousness. Evidence of pain in fish or invertebrates would also suggest that far from a recent development in biological history, pain, and therefore consciousness, might be an ancient aspect of life not requiring a very well-developed central nervous system to exist.

         This is exactly what a spate of recent experiments appear to suggest.

         There is a popular myth that a goldfish’s memory goes back only about three seconds, and for this, goldfish catch a lot of flak. Yet one experiment showed that goldfish are far smarter and more self-reflective than their reputation suggests. Researchers delivered electric shocks to goldfish in only a specific part of an aquarium. After the shock, the goldfish began avoiding that part of the aquarium. In fact, as the voltage of the electric shock increased, so did the length of time the goldfish stayed away from the dangerous part of the tank.10

         In a second experiment, fish were trained to feed in a specific part of the aquarium, where they would then be shocked. The fish reacted as they had earlier and zipped away. But then the researchers started tightening the screws, varying just how starved the fish were. They found that the more famished the fish, the more likely they were to return to the shock zone. This experiment showed that the fish remembered the hurt of the shock and its intensity and were smart enough to weigh the relative benefits of having food in the belly versus enduring the shock of the current, adjusting their behavior based on the price they were willing to pay. These experiments strongly suggest that fish feel pain and don’t just experience nociception.11

         Squids, which are invertebrates, are highly intelligent, and they too have been shown to learn from pain. And when that lesson is not learned, this can have serious consequences. In one experiment, researchers injured the arms of squid and then released into their vicinity their predators, black sea bass. Black sea bass have a propensity to target injured squids, but the injured squids were far more vigilant than uninjured squids and swam further away from the sea bass. Being in pain made the injured squids warier and more careful and, contrary to what one might presume, provided them a survival advantage over their uninjured peers.12

         In the next step of the experiment, both the injured and uninjured squids were anesthetized with magnesium chloride, a natural painkiller that is activated in squids after injury. While this anesthesia had no impact on the uninjured squids, the injured squids failed to learn what their pain was desperately trying to teach them and were much more likely to be eaten by the sea bass than any other group. Far from helping, the painkiller actually cut the squids’ lives short.

         Despite the similarities that these experiments make clear, how fish and squids feel pain is quite different from how we humans do. When fish and squids get hurt, they appear to feel pain all over their bodies and are unable to pinpoint exactly where they are wounded. Inject a trout with acid, and it will start breathing heavily, shake its entire body, and rub up against the sides of the aquarium, regardless of where the corrosion is instilled. These behaviors reliably dissipate when trout are given opioid painkillers like morphine.

         That fish and many invertebrates consistently demonstrate the ability to feel pain is the most compelling evidence that they also possess consciousness, representing at the very least an unfinished version of the painting fully realized in us humans.

         Pain, however, is not an inevitable conclusion of nociception. In fact, there are moments when we experience nociception without pain. Henry Beecher, the first endowed professor of anesthesiology and a pioneer in bioethics, was in a field hospital during the Allied assault on Italy’s Anzio beachhead during World War II, when he made a historic observation. The field hospital was receiving a stream of soldiers who had been “subjected to almost uninterrupted shell fire for weeks.” Beecher interviewed soldiers who had just been brought in after sustaining extensive injuries, often from violent explosions, but were mentally clear, were not in shock, and had not received any painkillers for several hours. Only a quarter of these soldiers with brutal mutilations said they had enough pain to want anything done about it. And in the minority of soldiers who did report pain, there seemed to be no relationship between the extent of their injuries and how much they hurt. Beecher posited that the relief of not having to go back to the hellacious theater of war superseded whatever pain the soldiers might have otherwise experienced.13

         You don’t have to be on a battlefield to have nociception without pain. Athletes frequently experience nociception while playing a high-stakes game, allowing pain to enter only after the match ends. Yet to consistently experience nociception without pain is a recipe for a species’ extinction. The hurt in pain is what helps us survive in an often brutal world—just ask the anesthetized squids who served themselves up on a platter for the sea bass. The transformation of the simple sensation of nociception into the complex experience of pain can easily be considered one of the greatest triumphs of evolution.

         
              

         

         Pain exists and is so well preserved throughout species because pain is meaningful. It hurts because it is trying to teach us an important lesson—the biting sting of the Boston winds reminds me to bundle up in the winter to prevent my fingers from falling off. And because the longer an organism lives, the longer it has to hold on to its most distressing memories, the deeper the imprint of pain has to be in living things with long lifespans. As a child I remember sticking a pen in a power outlet and being enveloped in the momentary spine-tingling grip of electricity. I remember no other aspect of that encounter—not how old I was, where I was, or what I was thinking—only that fleeting feeling running throughout my entire body. That recollection is all I ever need to never approach a power outlet with anything pointy and to jump at the sight of my daughter attempting the same. Since humans live so long, we need to be especially tender to the hurt of pain; that memory might come in handy decades after the fact.

         And there is ample evidence that what we find unsavory, as well as the threshold at which we do so and how powerfully we react to it, has been carefully programmed into our DNA. The more unpleasant pain is, the likelier we are to memorialize it and to do whatever possible to avoid it in the future.

         There is always a reason why we all hurt the way we do.

         Here’s one illustration: While all fish experience pain, what individual species find painful can vary. Rainbow trout, for example, lack a nociceptive response to very low temperatures, whereas zebrafish don’t. This is not a biological oversight but rather a deliberate design feature: rainbow trout live in cold waters, while zebrafish are tropical residents. The pain machinery of these fish is tailored to their habitats.14

         And one reason why, unlike fish, we humans can pinpoint precisely where we hurt is that, unlike fish, which don’t have hands or feet, we can use our dexterity to react to and minimize the extent of our injuries: we can clamp down on that bleeding wound on our shin, pull out that rusty nail buried in our heel, or slap away that hornet lodged in our shoulder.

         I imagine the notion that pain helps us avoid danger is not a giant leap for most readers. But there is more to the story. When my daughter faceplants onto the floor, a nociceptive spike generates a painful experience in her mind. As soon as she falls, even before the first tears run down her cheeks or the booming bellows emerge from her itty-bitty frame, the very first thing she does is look around. The velocity of the tears, the amplitude of her cries, and the vigor of her protestation will all be determined by the presence or absence of her most vigilant and attentive caregivers. These mechanisms will be at play whether she is aware of them or not.

         In a world infested with bloodthirsty predators and protective
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