

To Grandpa Culotta




Introduction

A New Frontier in Medicine

On November 15, 2011, I met the first patient treated with something I had invented. When he was still a young man, an autoimmune disease had sentenced him to disability and premature death. Rendered homebound by debilitating pain in his arms and legs, he could not work or even play with his young children. But in 2011, a neurosurgeon implanted him with a pacemaker-like device under his left collarbone. The surgeon tunneled under the skin to thread a wire up into his neck, connecting the pacemaker to his vagus nerve. The patient’s pain, inflammation, and disability disappeared after he received his vagus nerve stimulator.

This new field of vagus nerve stimulation therapy to treat inflammation is now poised to revolutionize the way millions of other people are cared for. Its widespread use can help prevent inflammation that contributes to the mortality of forty million people worldwide every year. Even when it is not fatal, inflammation impairs the health of millions more. Inflammation has replaced infection as the greatest threat to healthful human longevity. I wrote this book to give you the essential information you need about your vagus nerve, including how it regulates inflammation in your body and how you can help it do its job, from everyday healthy habits to the latest medical technology.

Here you will find a new way to think about your immune system. Traditionally, it was studied on its own as an independently functioning system that polices itself and does its own bidding to ward off threats from infection and injury. Scientists and physicians viewed the immune system outside the domain and control of the brain and nervous system, though the latter were understood to coordinate the functions of all your other organ systems. But a discovery in my lab revealed that the brain and immune system are inextricably linked through the vagus nerve. This was the critical insight that enabled my colleagues and me to invent the vagus nerve stimulating device that gave the first patient a second chance at a full life in 2011.

The vagus nerve has been studied for more than two thousand years, intriguing scientists with its great reach, but it continues to hold many secrets, which hundreds of laboratories around the world are working to unravel. With each passing week, new information emerges, providing evidence that points to new ways of tapping into the vagus nerve’s ability to regulate our vital systems and heal us. Our discoveries are guiding us to develop new therapies for inflammation, depression, anxiety, epilepsy, substance use disorders, headaches, cardiovascular and gastrointestinal diseases, Alzheimer’s disease, Parkinson’s disease, stroke, multiple sclerosis, and other conditions. There are thousands of scientific and medical publications addressing these topics, and my colleagues and I have written many peer-reviewed research papers and review articles ourselves. You’ll find a sample of these cited in the endnotes for those who want to dive into detailed discussions of molecular mechanics. The purpose of this book is not to recap all this detail but to introduce you to your vagus nerve and give you enough information to begin tapping into its greatness yourself.

Often described today as a “superhighway” between the brain and the body, the vagus nerve turns out to be much more mysterious and beautiful than traffic. Like the strings, reeds, skins, and soundboards of an orchestra, the two hundred thousand or so1 nerve fibers of your vagus vibrate in tune with health. The vibrations are the music, and the song is life.

If you are fairly healthy but overwhelmed by the billions of web impressions, #vagusnerve, and claims on the internet and social media telling you to do this, that, or the other thing to stimulate your vagus nerve, I understand. I also find the advice swirling “out there” to be a lot. Worse, it is often inaccurate and sometimes completely wrong. Many popular recommendations and proposed therapies, if they do stimulate your vagus nerve at all, may or may not have proven health benefits. But some of these ideas are grounded in verifiable scientific mechanisms and physiological understanding, warranting additional thought and discussion. Information in this book will help you separate the facts from the hype. As a neurosurgeon-scientist, I do my best to break down complex concepts into easy-to-understand terms to explain what it is we do know—as well as what we don’t know, yet.

If you or someone you care about is, unfortunately, unwell and perhaps suffering from a condition caused by inflammation, then my sincere hope is that this book will give you a basic understanding of the role of your (or their) vagus nerve in that condition, and at least enough insight so that you feel empowered to ask the right questions of your healthcare providers. We are in the early decades of a revolution in medicine, one that is launching previously unimaginable computerized electronic therapies to treat dangerous and disabling illnesses. I wrote this book to tell you about them.

The time for this book is now. As I write, large clinical trials are completed or nearing completion, and vagus nerve stimulation may soon become widely available as a therapeutic tool to treat inflammatory conditions. There is more work to do, more knowledge to know, and more clinical trial results to be collected. But an avalanche of promising new data is barreling down the mountain on a path that I expect will push the adoption of vagus nerve stimulation therapy into general medical practice. I also believe this breakthrough will benefit millions of people.

I have had the privilege and great fortune to be an institution founder and director in both the nonprofit and for-profit sectors, including SetPoint Medical, a global leader in the bioelectronics and vagus nerve stimulation industry. Since 2005, I have served as the president and CEO of the Feinstein Institutes for Medical Research at Northwell Health in New York, the home of more than one hundred principal investigators and labs, staffed and supported by 8,500 team members pursuing the Institutes’ mission of “producing knowledge to cure disease.” Feinstein is a destination for research and clinical translation and is recognized internationally for leadership in bioelectronic medicine, immunology, behavioral health, health system sciences, and other areas of science and medicine. It is a collaborative and welcoming home for creative scientists and physicians from all over the world. Together these researchers, scientists, physicians, postdocs, students, and staff are driven to produce knowledge not simply for the sake of knowledge but to make discoveries that pave the way to innovative new cures and treatments to improve human health and create a better future for all of us.

Full disclosure: Although my original patents for the idea of using vagus nerve stimulation to treat inflammation led me to cofound a new company to test this idea in patients, I do not have an insider role in SetPoint Medical. But I do continue to serve as a consultant to the company in the hope that the vagus nerve stimulator they developed, based on my original patents, becomes widely available for those many patients in need. Back in my lab, my colleagues and I continue to make new inventions in the field of bioelectronic medicine to treat inflammation, and my rights for these inventions are assigned to my employer, the nonprofit Feinstein Institutes.

In my forty-year fascination with the brain and inflammation, I have learned that the vagus nerve holds the potential to alleviate pain and suffering. This is why I go to work in the lab every day, where I collaborate with some of the brightest and most innovative, enthusiastic, and persistent individuals on the planet, driven by our shared mission to produce knowledge that is useful.

This book brings together all that we now know about the vagus nerve and the revolutionary potential that it holds for our health. I have divided it into three parts. In part 1, Great Secrets, you’ll meet the vagus nerve in all its humming, sprawling glory through stories of its structure and functions. If your primary interest is in practical applications that may help you or someone you love, feel free to skip ahead to part 3 (and circle back to part 1 later). Part 1 will chart the history of our understanding of the vagus nerve and reveal our modern knowledge of its inner workings using modern tools in microneurosurgery, optogenetics, molecular biology, and neural decoding with artificial intelligence. Having a functioning vagus nerve is truly a life-or-death matter, and not only because it’s the only nerve we have that when it is cut (on both sides), we die. It’s responsible for balancing the day-to-day and cell-by-cell functioning of our vital organs and vital systems, including our immune system. It does all this through its reflexes.

Part 2, Great Interventions, will take you to the labs and lives of people applying what we now know about the vagus nerve to treat diseases in ways we never thought possible. In some cases, I have changed the names and identifying details to protect privacy, and I have included citations for the work of my colleagues and historical work for those who seek more detail. As this book goes to press, a revolutionary breakthrough in bioelectronic therapies is nearing completion, which shrinks the device to the size of a Tylenol capsule (including its rechargeable battery) that can be implanted onto the vagus nerve in the neck to stimulate an anti-inflammatory healing reflex and check inflammation. I’ll describe how we established the exciting new frontier of bioelectronic medicine, where we are today, and why we already know it’s safe. Vagus nerve stimulators have been around and in use by more people for longer than you probably imagined: Since the 1990s, hundreds of thousands of people have received FDA-approved vagus nerve implants to treat epilepsy and depression.

More recently, clinical trials of vagus nerve reflexes that govern appetite, metabolism, insulin, and glucose control are studying whether noninvasive focused ultrasound can be used to treat diabetes and obesity. And there are hundreds of clinical trials globally exploring indirect pathways to the vagus nerve that do not require surgery but instead aim to “hack” the brain (gently) with devices that sit on the ear to stimulate a branch of the vagus nerve there, potentially treating depression, anxiety, migraines, headaches, opioid withdrawal, sleep disorders, and COVID-related challenges, as well as enhancing memory and improving cognitive function. At the forefront of this exciting exploration, my team at the Feinstein Institutes is partnering with industry giants and research collaborators at dozens of other institutions.

Part 3, Great Expectations, turns a scientific eye on popular at-home, DIY practices such as meditation, cold plunges, and exercise. As a neurosurgeon-scientist I am concerned about making the proper diagnosis, answering complex questions based on the best available data, and providing the safest advice for patient benefit with minimal risk. And so in the last part of the book, I am careful to offer practical tools that are promising as the science continues to emerge. From ancient practices to the latest trends on TikTok, people have long experimented with mind-body interventions and homemade ways to tap into their vagus nerves. With the Hippocratic oath, available evidence, and curiosity as my guides, I consider advice from the Dalai Lama, the Dutch endurance athlete Wim Hof, and other experts, and use common sense to untangle the vagus nerve science from the hype when it comes to meditation, breath control, ice baths, exercise, and over-the-counter devices. I will explain what I find true and useful, what is false or even dangerous, and what we just don’t know yet.

As science and innovation converge on the vagus nerve in medicine and everyday life, we are coming to understand not only how to maintain it but also why our health and well-being depend on it. I hope to empower you with knowledge and inspire you with true stories of people and research in progress. The stories in this book are true, and they are drawn from my personal experiences as well as from those who shared their stories directly with me, for which I am deeply grateful. In some cases, I have changed the names and identifying details to protect privacy, and I have included citations to the work of my colleagues and to historical work for those who seek more detail.

Empowered with knowledge, you can take charge of your health and make informed decisions about your well-being. The first step to taking care of your vagus nerve is knowing you have one. The next step is understanding what it does, what you can do to keep it healthy (so it can keep you healthy), and what bioelectronic medicine can do for you. Then you can ask questions and make choices to take care of your vagus nerve on a daily basis and, if you have a serious medical condition, to find out about options for treatment. Learning about the great nerve inches us closer to a world in which catastrophic inflammation can be averted and inflammatory diseases that affect millions are better treated.
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GREAT SECRETS

Understanding the Hidden Power of the Vagus Nerve
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How Electricity Could Replace Your Medications


Suffering has been stronger than all other teaching.

—CHARLES DICKENS, GREAT EXPECTATIONS1



The email caught my eye,2 subject line: “Thank you for saving my life.” It was written by a woman named Kelly Owens, and it told her story. When she was thirteen, Kelly was diagnosed with Crohn’s disease and inflammatory arthritis, the beginning of fifteen years of illness, hospitalizations, surgeries, immobility, and immune-suppressing medications. None of them helped her. By her late twenties, she had been treated with steroids for so long that she developed osteoporosis. She was a young woman with the bone density of someone three times older, a newlywed whose young husband had gotten used to hoisting her on his back to carry her from a restaurant on occasions when her legs swelled so much during dinner that she couldn’t walk to the car.

In 2014, Kelly saw me on HuffPost Live3 and soon afterward emailed me for the first time. I replied with information about our work on the vagus nerve and suggested that she keep track of the clinical trials SetPoint Medical was planning. Three years later, Kelly’s doctors told her that they were out of options and, worse, that she should go home and prepare for a life completely dependent on the steroid prednisone.

The right amount of inflammation is the delicate fulcrum between your body’s frontline defenses against infection and your own immune system wreaking havoc on the body it is meant to protect. Kelly’s immune system had lost its balance, with catastrophic effects. Despite relying on prednisone to get through each day, her legs were so swollen she often couldn’t walk, forcing her to give up a teaching career. The frequent flare-ups of her Crohn’s disease meant she missed too much work. As her last resort, crying, she searched clinicaltrials.gov, where she learned that SetPoint was performing clinical trials in Europe. Paying for the medications that had failed to help had wrecked their finances, but with the support of friends and family, Kelly and her husband, Sean, raised enough money to move. Then they packed up their life and relocated overseas, moving from New Jersey to Amsterdam, the Netherlands.

At Amsterdam University Medical Center, Kelly received a small electronic device implanted beneath her collarbone that would deliver electrical signals to stimulate her left vagus nerve and, we hoped, activate her anti-inflammatory reflex to stop her excessive inflammation. Within weeks, Kelly was walking without a cane for the first time since she was a teenager. Eight weeks later, she was in clinical remission, free of gastrointestinal symptoms, running two miles a day, and working out. A few months later she was finally weaned off prednisone, leaving her medication-free.

I still hadn’t met Kelly at that point, but tears blurred the words on the screen as I read her email and learned of her triumph. Imagine living through her suffering—or maybe you don’t have to imagine. Maybe you, like Kelly, are one of the more than five hundred million people worldwide with an autoimmune disease. Or maybe like Kelly’s husband and father and mother, you love someone who is. Maybe you don’t have a diagnosis, but inflammation affects you in some other way. In fact, inflammation affects nearly all of us.

Kelly’s email update continued: “Now that we have returned, I am planning the rest of my life—something I haven’t been able to do in years.”

I have been fortunate to befriend Kelly in the years since, and we even became colleagues when she made it her mission to advocate for access to bioelectronic medicine for everyone who might benefit. She gave me the cane she doesn’t need anymore as a token of her gratitude for the medical research that led to the small implant next to her collarbone, safe as a pacemaker, and gave her back her life. The cane leans against the bookshelf in my office with the same big white bow attached to the handle as when she presented it to me, a card from her still taped to the side. The shaft of the cane is swirly hot pink, and every time I look at it, I think how perfect and how terrible to get a cheerful pink cane to help you walk when you’re a teenager.

Six years after Kelly’s grateful email, SetPoint Medical continues clinical testing of a newer, even tinier vagus nerve stimulating device to treat people with rheumatoid arthritis in the United States. The Food and Drug Administration (FDA) has assigned a breakthrough designation4 to the technology, and my hope is that it will soon enter the treatment armamentarium for physicians to prescribe nationwide. Patients are clamoring for a new option to treat inflammation. Their current therapies are expensive, are often administered as injections, have dangerous side effects, and don’t always help. The side effects of these powerful immunosuppressant drugs are dangerous enough to warrant a “black box warning” from the FDA, the direst red flag available when one possible side effect is death. The advent of vagus nerve stimulators, like Kelly’s, raises hope for future patients being offered safer alternatives to today’s limited treatments.

Today, thanks to antibiotics, vaccines, and modern sanitation, we reasonably expect to live to old age. Most of us die from noninfectious causes: heart disease and stroke, diabetes and obesity, neurodegeneration as in Alzheimer’s disease and Parkinson’s, and cancer account for two-thirds of the sixty million human deaths each year. That statistic may not have surprised you, but what many people don’t know is that these are all diseases of inflammation. And this tally does not count the millions more who suffer from autoimmune diseases and other inflammatory conditions during their lives.

What if we could influence the vagus nerve’s own signals to help it do what Nature designed it to do? Can stimulating the vagus nerve help people with seemingly untreatable diseases? Can it help those of us who want to keep our bodies and minds working and thriving better and longer? What if there were things you could do to keep your vagus nerve in tune? What if you could communicate with your immune system or regulate your insulin and glucose with a computer chip? When my colleagues and I discovered, a few decades ago, that the harmonious cooperation of your immune and other vital systems depends on communication between the brain and the body through the vagus nerve, we began exploring ways to participate in that kind of music. We have found many—with measurable results that I will tell you about.

The short answer is: We can play the vagus nerve as nature intended, with electricity, sound waves, and computer chips, to save lives like Kelly’s.

SOMEBODY SHOULD DO SOMETHING ABOUT THAT

When she was twenty-nine years old and I was five, my mother, Dorothy, died from a brain tumor on a cloudy summer Sunday. Because my father could not bring himself to tell me, I did not know it until the following Friday, after the funeral. My brother, Tim, was four; my sister, Sharon, was not yet two, too young to understand. Tim and I learned our new fortune sitting in Dad’s lap in the living room of the little cape-style house where he had lived until he married Mom. I don’t know how long we sobbed in his arms, but when we stopped, he handed us each a new toy Matchbox car. Clutching mine, I ran from the gloom into the sunny backyard.

A week or so earlier, Mom took a long afternoon nap. Bored, Tim and I began playing “telephone line repairmen” in the house, hammering nails and stringing string directly into the wood paneling that lined the staircase (a rare luxury for my just-starting-out parents). When our father arrived home from work and saw us, he yelled loud enough to shatter our fantasy, but Mom continued sleeping through it all.

Now, I understand. A glioblastoma multiforme was busily compressing her brain and cutting off her nervous system. She had been fighting, unbeknownst to any of us, cancer. Headaches for months, uncharacteristic lapses of memory, the steady decay of her once graceful handwriting, a tumor was encroaching on her very existence, constricting and distorting the signals between her brain and body.

I have only a few blurry dark memories from what happened next. We were crammed into a Plymouth station wagon on a steamy, hot five-hour ride to Hamden, Connecticut. I complained about the heat and the absence of air conditioning. My father drove and told me to be quiet. In the passenger seat next to him, my mother just slept.

I was riding behind her. Tim sat behind my father, and little Sharon lay between us in her bassinet, which wobbled and threatened to capsize with every bump in the road. (It was the 1960s.) I remember watching the back of my mother’s head for hours. Her black hair fell across her shoulders and grazed the back of her seat, just out of the reach of my fingertips. That is my last memory of her, and it sounds dramatic because it was. I never saw her again.

My father had hustled us all into the car at the urging of a doctor who had examined my mother. We were driving to see my grandfather Culotta, my mother’s father, who was a professor of medicine at Yale.

Now, I understand. My mother had severe papilledema, the condition that occurs when pressure inside the brain becomes dangerously high. This pressure was pushing through her optic nerve from her brain into the back of her eye. Using an ophthalmoscope, with its built-in light and magnifying lens, her local doctor had seen her retina and found the spot where the optic nerve is attached. This spot is called the optic disc, and it normally looks like a bright yellow full moon, with a crisp edge, shining in a red retinal sky.

But looking into my mother’s eyes, the doctor saw a misshapen blob, with a blurry perimeter shrouded in fog. He recognized that pressure and swelling in my mother’s brain were forcing fluid into her optic disc, and into all the other nerves connecting her brain to her body. At Yale, Dr. William J. German,5 the chief of neurosurgery, operated. Suspecting a tumor, he performed a craniotomy, removing a four-by-four-inch circle of bone from her skull.

To a neurosurgeon, the normal human brain is a captivating masterpiece: supple texture, subtly pink, elegant, and graceful. A Degas, perhaps. The hole in the skull is a window to an intricate web of blood vessels that nourishes and sustains billions of neurons suspended in glistening soft tissue. To me, none of this is “gross” because in the glow of an operating theater, there’s a strange combination of wonder and the feeling that it’s time to get down to business. I have a job to do, and at the same time, I’m aware that each nerve cell arrayed before me has its own dominion, a unique portal into an overlapping network of signals that produce your memories, thoughts, emotions, feelings, actions, and reflexes—your every breath and every heartbeat—all of it.

My mother’s brain was a different picture. Tumors are gross. Requiring proof of the diagnosis, Dr. German would have excised a small piece of her tumor and handed it off to the pathology lab to be studied under the microscope. Then, as I have done hundreds of times in my own neurosurgery operating room, he stood by her head, waiting for the phone to ring. I am sure he already knew the prognosis. He knew that later in the waiting room he would deliver the worst news to my father and grandfather. And as neurosurgeons still do today, he hoped he was wrong.

In 1963, as in 2023, a diagnosis of glioblastoma multiforme is terrible news. Survival is measured6 in weeks and months, not years. There was and is no effective therapy to stop the growth that pressurizes the brain, trapped as it is in the skull. Even now, sixty years later, the median survival time is twelve to fifteen months. So, in Dorothy’s operating room, when the phone rang, there was nothing else for Dr. German to do except close up the opening he had made. He wrapped her head in bandages and moved her to the recovery room, but my mother never woke up again. Her brain continued to swell, and she died that Sunday.

A few days after the funeral, I remember climbing up into Grandpa’s lap. Breathing the sweet cigar scent from his shirt and the green leather of his wingback chair where he read medical journals, I asked why his friend Dr. German hadn’t fixed my mother and sent her home.

“The tumor growing in her brain was large, and it had lots of legs,” he said, “shooting off in many directions. There was no way he could pull out all those legs without damaging the normal parts of her brain. She’d be paralyzed and unable to speak. Your mom wouldn’t have been who she was. There was nothing anyone could have done.”

“So,” I said, “Somebody should do something about that.”

Nodding, he whispered, “Well, maybe someday you will.”

This turned out to be good career advice.

INPUTS AND OUTPUTS

Although there are negative consequences from losing a parent during your childhood, other outcomes are also possible. A five-year-old learns that life doesn’t last forever. It can end at any time. So, faced with this certainty, we may ask ourselves two fundamental questions about the rest of our lives. What is it we want to do? And how will we use the time we have on Earth? My five-year-old self decided that if I could, I wanted to help other kids not lose their mothers. As I grew up and became a neurosurgeon, however, the scope of my interests expanded from mothers to, simply, others.

Some moments in medical school are truly surprising. After years of study, you have a firm foundation for what you think you know until a new fact or idea upends your world. This can happen when a teacher reveals a surprising new insight or when you witness something for the first time. The human body provides unlimited mysteries, some of which can hit you with stunning force. I remember first seeing how organs in the human body are organized into compartments, for example, how the separate fasciae of your chest and abdomen function like dividers in a suitcase, keeping everything neatly in its place. Or the way, on another day, our anatomy professor, Dr. William McNally, had reached his gloveless hands into the chest of my cadaver and, up to his elbows, separated the lobes of a smoker’s black lung with his own yellow smoker’s fingers to show us what chronic obstructive pulmonary disease and emphysema look like, all of us aware that his lungs probably looked like that too.

Most of all I remember the time Dr. McNally described the human nervous system, which is the way I describe it to this day. To understand why the vagus nerve matters, not only to Kelly and others looking for relief from disease but to every one of us living in a human body and hoping for a long, healthful, and happy life, you need to know how your whole body depends on this nerve. I stress whole body because the brain is so often pulled into focus during discussions of health and well-being, making it too easy to forget that the brain is an inseparable part of the body, reaching as you will see into your most vital systems via your vagus nerve.

To understand why your vagus nerve matters, you need to know that your nervous system works in two directions: Your sensory system provides the input (from the brain’s perspective), and your motor system provides the output (from the brain to the body). Sensory nerves transmit information from the body to the brain; motor nerves send information from the brain back to the body. So far, so good.

But on the motor side, there are two kinds of outputs. There’s the stuff you can control, like when you sign your name on the dotted line, shoot a basketball, or squeeze the hand of someone you love, and the stuff you can’t, like when your heart beats and how fast. So, consciously and unconsciously, motor nerves transmit information from your brain to your body, whereas sensory nerves gather information about what’s happening inside and outside your body and send it back to your brain.

Input and output, what you can and can’t control; and the brain and body communicating with each other, constantly, each making adjustments depending on what it “hears” from the other, so much of this happening automatically. Your health is a product—an emergent property—of your sensory and motor nerves working together to harmonize your existence in a perpetual exchange between the brain and body, each adapting and recalibrating based on the other’s signals. It’s astonishing, when you think about it. So much of this sophisticated interplay happens in the background, without your having to think about it, unnoticed in your daily life.

The part of the nervous system that you don’t have to think about is called the autonomic nervous system, from the same root as autonomy, as in self-government. The autonomic system coordinates your heart, lungs, and intestines, your pancreas and liver and salivary glands, and all the other organs that work around the clock to keep you alive and in physiological balance. And this part of the nervous system that we don’t have to think about itself has two sides, which will sound familiar whether or not you have any medical training: “fight-or-flight,” as we say about the sympathetic nervous system responsible for the hyper-readiness, speed, and strength that we need in case of danger, and “rest-and-digest” to describe the parasympathetic system that keeps us calm, cool, and collected.

Resting, digesting, and keeping calm all depend on your vagus nerve, which is the linchpin of the parasympathetic system. Professor McNally’s class on the nervous system was the first I’d heard of this nerve. More than forty-five years after I heard that strange word vagus for the first time, I can tell you that what most people talk about when they talk about the vagus nerve is not what’s most interesting, or based on the latest research, or what really matters for your health.

The medical textbooks and common dogma have some catching up to do, even though some of my lab’s most groundbreaking discoveries are more than twenty-five years old. They’ll tell you the vagus nerve is known as the tenth cranial nerve or cranial nerve X; that it’s the longest nerve in your body; that its name is assumed to derive from the Latin term vagus, meaning “wandering,” a nod to its extensive reach from your brain stem at the base of your brain, where it exits your skull at about the level of your ears and runs down either side of your neck before branching on out to the organs throughout your chest and abdomen. You’ll learn that although we refer to it in the singular, your vagus nerve is actually two nerves, one on each side, what anatomists call a “paired structure,” just as you have two kidneys, two legs, and two thumbs. You’ll learn that, like the rest of the nervous system, the vagus goes both ways because it is really a bundle of nerve fibers (two hundred thousand total, or one hundred thousand on each side), both sensory and motor, input and output, forming a system of two-way communication between the body and the brain as they coordinate so many of your vital functions.

All these facts are true, but are they really why the vagus nerve matters? Before it was called the vagus, for many centuries, this nerve was simply called great, as in “the great nerve”—your great nerve. The question always has been, how great? Since the textbooks don’t provide all the answers, my colleagues and I dedicate ourselves to unraveling its secrets in the lab each day.

Kelly’s cane that she no longer needs reminds me, in the middle of a busy day, of those questions that first struck me as a boy who lost his mother. Medical research that leads to therapies and cures is what I want to do. This is how I choose to spend my time. From my grandfather to my mother to me and everyone I’ve worked with who stayed curious and asked questions beyond the textbooks, to Kelly and millions of others who are suffering, I like to think we pass a baton of knowledge and compassion, kind of like Kelly passing her cane to me.

EUREKA: DISCOVERING THE TWO-WAY REFLEX

There’s an old medical school joke that professors used to tell. When immunology was the next topic in the curriculum, they would say the neuroscience students could have the day off, and vice versa for immunology students during neuroscience. The joke worked because the nervous system and the immune system were thought to be firewalled: separate, no communication between them—white blood cells floating around in their own space having nothing to do with neurons, and neurons going about the brain’s business, which certainly didn’t include immunity and inflammation. This separation was the prevailing understanding in the 1980s and ’90s. However, my research for more than four decades has overturned this conventional wisdom, revealing not only communication but lifesaving implications that have made the joke irrelevant.

It all started with the biggest surprise I have had in a lab. We were studying the effects of brain damage in rats. To do this, we administered an experimental drug that we had designed to prevent brain inflammation, but we found that putting the drug in the brain affected the immune system and stopped inflammation throughout the body, and that the vagus nerve was the reason. The idea was revolutionary, yet it just made sense when you understand that communication in the nervous system goes both ways. The body, vagus nerve, and brain not only react to injury and infection (input) but respond with signals that regulate the immune system’s inflammatory response (output)! Using advanced technologies from molecular biology and Silicon Valley, we went on to prove this to be true. My colleagues and I discovered the motor arc of what turns out to be a two-way reflex, including a neural output that allows us to work with the vagus nerve to control the immune system. It is a healing reflex. That we can work with.

When you are healthy, that part of the nervous system you don’t have to think about self-governs. When it doesn’t, you become ill. An intricate network of nerves is essential for maintaining balance and harmony within the body, and understanding how the vagus nerve normally keeps you healthy is a new key to understanding how to intervene to treat disease. In other words, the vagus nerve knows what it’s doing to keep your body in harmony. By understanding how it does this, we can intervene to fix things if they go wrong.

When we published7 our discovery in Nature, we described for the first time how the nervous system reflexively tunes the inflammatory response in real time but also suggested an opportunity to retune the vagus nerve when our immune systems go out of tune. This discovery, coupled with ongoing research and technological innovation, ignited the new field of bioelectronic medicine, which is unraveling new mechanisms to work with the nervous system using electronic devices to alleviate suffering and stimulate healing. The ability to manipulate and prevent specific disease processes by using electrical impulses to stimulate the vagus nerve makes such devices a leading disruptive technology in this new field.

I keep a greeting card that someone gave me long ago on the wall of my office because it makes me laugh. It’s a cartoon of a blackboard in a laboratory, on which someone has written, “If I were a scientist in a lab, I would shout EUREKA! every once in a while, just to boost morale.” The only thing I would change about this today is that scientists don’t say EUREKA! anymore, they say HOLY SHIT! That is what we all said the day the drug in the rat’s brain turned off the body’s inflammation because of the vagus nerve.

After training to become a neurosurgeon for almost ten years, then working as a neurosurgery attending for fifteen more, I retired from clinical practice. This enabled me to place all my efforts on my laboratory and pursue the mission of the Feinstein Institute that I lead:

Producing knowledge to cure disease.

I am convinced that bioelectronic medicine has the potential to revolutionize healthcare and improve the lives of countless people around the world. Although it’s not yet in textbooks or widespread practice, bioelectronic medicine is here to stay. It’s in my lab and others like it around the world, in clinical studies, and in therapeutic devices already approved by the FDA. It has already changed many people’s lives for the better. The rest of this book tells the story—or many stories, spanning many centuries—of what makes this new field possible and how helpful it is and could be. In my lab, morale is high, and the “eurekas” are real.

FROM BENCH TO BEDSIDE

Scientific research and biomedical engineering are leading to new vagus nerve stimulating devices that can be used to treat inflammation. Clinical trials in the United States and Europe are showing impressive results. Some patients, like Kelly Owens, enter a trial after spending decades suffering from joint pain, fatigue, muscle stiffness, abdominal distress, and hospitalizations from complications of rheumatoid arthritis and inflammatory bowel disease. With regular vagus nerve stimulation, many of these patients are enjoying normal, healthy lives, free of their disease, while taking no medications.

The last and final step will be the adoption of vagus nerve stimulators and other bioelectronic therapies into medical practice for everyone who can benefit. In the history of medicine, the uptake of a truly new idea can take years or even decades. There are many good reasons for this, including the conservative decision-making nature of physicians that starts with first, do no harm. You don’t want your doctor chasing every shiny new object. But other, less benign forces may also hinder the adoption of vagus nerve stimulation because this new idea has the potential to disrupt the pharmaceutical industry. Today, anti-inflammatory medications represent a substantial proportion of total revenue and global drug sales.

Greater awareness of the power and practicality of vagus nerve stimulation, combined with increased demand, will accelerate the adoption of this revolutionary approach to medicine. While medical progress often moves slowly, this book aims to equip you with the knowledge to discuss your vagus nerve with your doctor today. This will enable you to access new, scientifically proven therapies as soon as they become available. As we peer into a clear and present future of precise and personalized vagus nerve care, you may well ask:


	Is there a vagus nerve therapy for my diagnosis or what’s bothering me?

	Can I stimulate my vagus nerve without a surgical implant?

	What do I need to know to choose a vagus nerve therapy?

	What are the questions I should ask my healthcare providers?

	Could I join a clinical trial if the therapy hasn’t been approved yet, as Kelly Owens did?

	What if I just want to feel happier, stronger, and live longer, content in my intentional day-to-day relationship with my vagus nerve?



These are all good questions. Let me walk you through the options, so you can make informed decisions on the path of health and harmony with your vagus nerve. Its song is your song, after all.




2

The Great Nerve Reveals Itself


Lucia Galvani told her husband Luigi that the frogs’ legs prepared for the meal seemed alive on the copper-wire …. The ensuing century’s analysis resolved this aspect of the spirits of the anima into transient electrical potentials travelling the fibres of the nervous system. They were no longer “spirit,” but were become a physical event describable under energy.

—CHARLES SHERRINGTON1



You might not have known you have something called a vagus nerve before you picked up this book. Or you might be inundated with vagus-related tips from many directions, depending on your relationship with the social media algorithms. So, let’s begin with a simple, unifying question:

Do you want to be healthier and happier?

If you said no, because you have achieved a state of health and mood that cannot be improved, then please accept my congratulations. You are in a fortunate group of individuals who (whether or not you know it) have learned how to tune their vagus nerve and harness its powers for optimal health. You are likely to enjoy a longer lifespan, suffer less illness, and experience more emotional resilience compared to those whose vagus nerves are not as well tuned.

If you said yes, that you would like to be healthier and happier, you are not alone, obviously. However, less obviously, there are abundant opportunities for you to work with your vagus nerve and capture the benefits to your physical and mental health. The structure and function of this nerve were shaped and honed by millions of years of evolution, its purpose to optimize your whole body’s responses to life’s challenges, large and small, keeping your systems in balance and your organs working in harmony and bolstering your cognitive abilities and sense of well-being. Increasing your vagus nerve tone may enhance your resilience, improve your mood, and boost your overall well-being.

Vagal tone is the term2 for the activity of the vagus nerve. It is a reflection of the neurological activity of the parasympathetic nervous system, and there are things you can do to improve it. Things like physical exercise, meditation, breathwork, and cold exposure. Improving vagal tone is linked to a diverse array of health benefits, including a reduced risk of heart disease, stroke, and diabetes, as well as improved mood, cognitive function, and sleep quality. In other words, health and happiness.

How can two hundred thousand nerve fibers traveling up and down in one bundle on each side of your neck between your brain and all your organs control so many vital outcomes, making the difference between living healthier and happier, or not? Why do subtle modulations of the signaling activities of these fibers make such a difference? What secrets have scientists unlocked about the vagus nerve’s role in health and well-being over two thousand years of research? We have answers to these questions because scientists have been studying the vagus nerve for two thousand years.

We are besieged with instructions about how to eat, sleep, breathe, work out, meditate, relax, bathe, and cleanse while simultaneously maintaining work-life balance to live long and prosper. It’s sometimes overwhelming. We’re constantly bombarded with conflicting advice streaming by on social media, television infomercials, and podcasts, and it’s hard to know what to prioritize. There doesn’t seem to be enough time in the day to be healthy. After all, most of us have obligations and responsibilities that come before working out, cooking organic food, and taking ice baths, yet we all know that little matters more than health and happiness. But there are solutions, and a day when doing the healthy things seems overwhelming is a good time to return to basics. It’s always best to understand the nature of a problem before we try to fix it.

This chapter will introduce you to your vagus nerve through some of the key experiments and discoveries people have made about it. In the process, you’ll get a sneak preview of the kinds of everyday practices that help the vagus nerve continue to do its amazing work. (More on these in part 3.) As you get to know the nature of your vagus nerve, the far-reaching benefits of keeping it in tune will make more and more sense.

For those seeking more detailed insights into the physiological mechanisms of the vagus nerve and the research that revealed them, hundreds of scientific treatises are available. I cite many of these in the Notes. Because some are perhaps difficult to understand unless you are a specialist in physiology, anatomy, neuroscience, immunology, psychology, or some other medical field, I have tried in this book to explain the main points in (hopefully) understandable language. I hope to bring the vagus nerve to life as if you are seeing it for the first time through the eyes of the scientists, doctors, and inventors who first revealed some of its secrets.

If you’re eager to cut to the “how-to” part of the chase, you can skip ahead to part 3, but my caution is that you will get much more out of the practical applications if you first understand how the vagus nerve works and why it is truly great.

EXPOSING THE VAGUS NERVE

Claudius Galenus was the original physician-scientist. Better known as Galen, he lived to be an old man twenty centuries ago, with a highly successful medical practice at a time when practicing medicine and dying old were both difficult to do. His life spanned the peak of the Roman Empire and the beginning of its decline, the last of the Five Good Emperors and some of the not-as-good-ones that followed, several of whom Galen personally attended. Born into wealth, the son of a prosperous Greek architect who died when Galen was nineteen and left him everything, he lived a relentlessly curious life. On some days, he did surgery on wounded emperors and gladiators, and on other days, he plied his skills on their prized pets and farm animals. Believing each incision offered him a unique new “window into
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