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      par•a•dox (par' e-doks') n.


      From the Greek: Conflicting with expectation.


      1. A seemingly contradictory statement that may nonetheless be true.


      2. One exhibiting inexplicable or contradictory aspects.


      3. An assertion that is essentially self-contradictory, though based on a valid deduction from acceptable premises.


      4. A statement contrary to received opinion.


      American Heritage Dictionary


   

      PARADOX. LOST


      Patty slowly limped into my office, leaning heavily on a walker. Her husband followed behind, also seeming to limp, weighed

         down by shopping bags filled with years of medical records and pounds of X rays. Patty collapsed into a chair. Small and slender,

         she looked much younger than her fifty-eight years. Black hair framed a pale face showing fatigue, pain, fear, and anger.

         She fixed me with dark eyes that filled with tears as she said, “I don’t want surgery, again!”

      


      I handed Patty tissues and, as she cried, I began looking through her ream of medical reports. During two long years she had

         had the proverbial “million-dollar workup.” Her family doctor started with the standard blood tests and chest X ray, even

         a virus culture and test for Lyme disease. When all results came back negative, Patty was shipped off to local specialists,

         where the exotic testing began. The new test battery read like a Wall Street ticker: ANA, ACE, ANCA(C), ANCA(P), MMA, PE,

         RPR, SPEP. When these results, too, revealed no physical illness, Patty was asked the inevitable question: “Do you think you’re

         depressed?”

      


      “Of course I’m depressed,” she told the doctors. “I’m exhausted all the time. I can’t stay awake during the day, but I can’t

         sleep at night. I have trouble swallowing. My legs burn andaren’t strong enough to take me from one end of the house to theother.

         And my low back always hurts.”

      


      Ah! Low back pain. Now that was something the doctors could deal with. So Patty began a new round of studies with a new batch

         of specialists. She had CAT scans of the chest, abdomen, and pelvis. Somatosensory evoked potentials. MRIs of the brain, neck,

         and upper back—and, eureka, they found something! Patty had a herniated disc in her neck. Excited by finally finding something

         abnormal, the doctors sent Patty to the most prestigious university teaching hospital in Manhattan. There she underwent painful

         studies reminiscent of tests performed on her when she’d had polio. She had a spinal tap, a myelogram in which dye was injected

         into her spinal fluid, and another MRI, this time with dye injected into her blood. These tests confirmed that she had a herniated

         disc in her neck but did not explain her exhaustion, her trouble sleeping, swallowing, and walking, or even her low back pain.

         Yet the neurologist recommended another MRI and a consultation with a neurosurgeon to discuss removing the herniated disc,

         despite the fact that his report stated he could not blame any of her symptoms on that disc.

      


      Not one of nearly a dozen doctors took into account the simple fact that Patty had had polio. “I told them all,” she said.

         And sure enough, in each and every doctor’s report was the same sentence: “History of childhood polio.” Even if Patty hadn’t

         told them about the polio, it was obvious. Just by watching her walk it was clear that her left leg was much shorter, smaller,

         and weaker than her right. I asked how her odyssey of doctor visits and medical tests had begun. Patty sighed and said, “I

         told the doctor my legs felt weak.”

      


      Leg weakness and burning muscles. Exhaustion. Trouble sleeping and swallowing. And, of course, back pain. How many polio survivors

         like Patty have I seen during the past twenty years? How many patients have come to The Post-Polio Institute after having

         the million-dollar workup that found “no medical cause” for their symptoms? How many polio survivors around theworld have

         been turned away by doctor after doctor, being told that their symptoms were the result of depression or all in their heads?

         The answer is tens of thousands.

      


      When I met Patty I couldn’t help but shake my head and wonder what year it was. Was it 1978, when no one in the medical community

         knew that polio survivors were having new symptoms: overwhelming fatigue, muscle weakness, muscle and joint pain, sleep disorders,

         heightened sensitivity to anesthesia, cold and pain, and difficulty swallowing and breathing? Was it 1984, before an article

         in Newsweek announced to America that polio survivors were experiencing “The Late Effects of Polio”? Was it 1991, before every orthopedist

         and rehabilitation medicine specialist in the country had received three special issues of the journal Orthopedics devoted to something called “post-polio sequelae”? Was it even 1995, before the New York Academy of Sciences published the

         proceedings of an international symposium on “post-polio syndrome”?

      


      No, I met Patty in 2001, twenty years after hundreds of thousands of polio survivors had made clear, and more than fifteen

         years after the American medical establishment and even the federal government had accepted, that something was indeed wrong

         inside the bodies of those who survived polio more than forty years before. How could Patty’s doctors not know this? How could

         they have treated—and not treated—her this way?

      


      Patty’s experience made me realize that she and all polio survivors are caught in a paradox:


      POLIO WAS THOUGHT TO BE A “STABLE DISEASE.” ONCE POLIO SURVIVORS RECOVERED MUSCLE STRNGHTH AFTER THE POLIO ATTACK, THEIR PHYSICAL

            ABILITIES WERE SUPPOSED TO REMAIN FOR THE REST OF THEIR LIVES. HOWEVER, CONTRARY TO THIS COMMON BELIEF, POLIO SURVIVORS’ STRENGTH

            AND ABILITIES WERE EBBING AWAY.


      Patty’s exasperating, exhausting, and hurtful experiences with her doctors revealed a second painful paradox:


      IN THE 1980S, DOCTORS WERE IGNORING AND REJECTING THE SAME POLIO SURVIVORS WHOSE PLIGHT HAD RIVETED THE ATTENTION OF THE WORLD’S

            MEDICAL COMMUNITY AND SPURRED IT TO ACTION JUST THIRTY YEARS BEFORE.


      It’s unacceptable that in the year 2002 polio survivors like Patty are being forced to run such expensive, painful, and unproductive

         medical gauntlets. With twenty years of articles describing “The Late Effects of Polio,” published in journals that include

         the Journal of the American Medical Association and New England Journal of Medicine, doctors have no excuse for treating polio survivors’ new and disabling symptoms as indications of mental illness or rejecting

         them as a matter of faith, something in which doctors choose not to believe. With volumes of information now available on

         the Internet with a point and a click, no polio survivor should be told that overwhelming fatigue is “just a symptom of depression,”

         that muscle weakness is “all in your head,” or that the late effects of polio “do not exist.”

      


      There is no question that polio survivors’ new symptoms are real—and that there’s no more time to waste in treating them.

         Half of North America’s estimated 1.8 million polio survivors are in their forties, fifties, and sixties, at the peak of their

         careers, the apogee of their lives, and they are watching as new symptoms cause their ability to work and function ebb away.

         This need not happen! After two decades of research, we know why polio survivors are having new problems, and we know how

         to treat and manage them. It is time to set forth the facts—to set the record straight—once and for all.

      


   

      PART ONE


      In the Beginning . . .


   

      CHAPTER 1


      In the Beginning


      One winter morning I happened to take a phone call in my office at Columbia-Presbyterian Medical Center from a thirty-six-yearold

         polio survivor from New Jersey. He told me he had developed weakness in one arm and had been given a death sentence. Weakness

         on one side of the body is a symptom of amyotrophic lateral sclerosis—ALS or Lou Gehrig’s disease—the progressive and fatal

         neurological disease that took the life of Morrie in Tuesdays with Morrie. The neurologist who examined him said, because of the weakness in his one arm, that he must have “some kind of ALS” and that

         there was nothing to be done. This polio survivor from New Jersey was calling to ask if I’d done any research that would tell

         him how long he had to live.

      


      But something was very wrong.


      “You had one arm completely paralyzed by polio as a child?” I asked.


      “Yes,” he said.


      “And the other arm that’s been doing all the work for your paralyzed arm is now weak.”


      “Yes.”


      “You only have one arm that could become weak.”


      “Yes,” he said with a sigh.


      I told him I’d call back and went to Robert Darling, thechairman emeritus of the Department of Rehabilitation Medicine at

         Columbia University’s College of Physicians and Surgeons. I asked what happens to polio survivors when they get older. “They

         get weaker and tired,” he said.

      


      I called the man from New Jersey and asked him to come toColumbia-Presbyterian, where testing quickly revealed that hedid

         not have ALS, that he was not going to die. But his armwasindeed weak. The question was why?

      


      It’s hard to believe that this phone call came twenty years ago. I had just finished my doctorate and was training as a fellow

         in the Department of Rehabilitation Medicine at Columbia University’s College of Physicians and Surgeons. I was studying and

         treating patients with disorders of the autonomic nervous system, the “automatic” nervous system that regulates blood flow,

         blood pressure, heart rate, and sweating. When that New Jersey polio survivor called, I was studying an enigmatic and searingly

         painful condition called causalgia. We were discovering that the autonomic nervous system in patients with causalgia was unable

         to regulate the amount of blood flowing to their hands and feet.

      


      What caught my attention as much as the gentleman’s increasing weakness was that his polio-affected arm had always been colder

         than his “good” arm. Indeed, his skin on the “polio side” was cold to the touch, suggesting that something was wrong with

         blood flow to the arm. Since I was already studying problems with blood flow, I naturally wanted to find out what was happening

         to his. And I also wondered if other polio survivors were having similar problems. So I called New York and New Jersey disability

         organizations to find subjects to come to Columbia in 1983 and participate in our first laboratory study, which looked at

         the effects of temperature on polio survivors.

      


      And polio survivors did come, as willing research subjects and for help. The more survivors I met, the more problems I heard

         about and the more questions needed answers. In addition to muscle weakness and cold skin, polio survivors were reporting

         physical and mental fatigue, joint and muscle pain, even difficulty breathing and swallowing. These reports prompted the first

         of our five questionnaire surveys of more than 2500 polio survivors to find out about their polio and post-polio experiences,

         the symptoms they are having and what triggers them, and how they feel emotionally about their experiences and symptoms.

      


      From Nothing to Nightline



      Since Columbia-Presbyterian is in New York City, the media started to get wind of our research. In April 1994 Newsweek published the first national magazine article about polio survivors’ new problems, which described our work and featured

         polio survivor and post-polio researcher Nancy Frick, whom you will meet in chapter 15. In May I presented our findings on

         the effects of cold at the first international research symposium on the late effects of polio, which was attended by only

         thirty-two doctors. At the conference I agreed to organize a task force that would work to promote communication among interested

         doctors and researchers, educate the medical community and polio survivors about the new symptoms, identify funding for research,

         and promote the acceptance of the late effects of polio as a medical diagnosis for which government benefits should be provided.

      


      By 1985 the story of the late effects of polio, now dubbed a medical mystery, was sweeping the country. Developer of the oral

         polio vaccine Albert Sabin and I appeared on ABC’s Night-line, the first national television broadcast about polio survivors’ new problems. Later that year members of the newly formed

         Post-Polio Research Task Force wrote the guidelines that would allow polio survivors who could no longer work to receive Social

         Security disability benefits. The publishers of the journal Orthopedics asked me to edit a special issue on the late effects of polio, which had been renamed post-polio sequelae—the “sequel” to

         polio. This issue was mailed free of charge to every orthopedist and rehabilitation medicine specialist in the United States.

      


      By 1987 the depth and breadth of polio survivors’ problems were undeniable. That year the Public Health Service’s National

         Health Interview Survey estimated that there were 1.63 million polio survivors alive in the United States, many more than

         anyone had ever imagined. There were more polio survivors than those with Parkinson’s disease, multiple sclerosis, and spinal

         cord injury combined. The same survey found that nearly 60 percent of paralytic and 30 percent of nonparalytic polio survivors

         were having new symptoms and losing their ability to function. What made these findings all the more disturbing was that neither

         polio survivors nor doctors realized that these problems were occurring and that polio survivors were not receiving medical

         care or government benefits to help them if they could no longer work. With every new polio survivor we met, it became more

         and more clear that much needed to be done if polio survivors were going to get the help they needed and deserved.

      


      To introduce PPS to a national scientific audience, in 1986 I organized and moderated a symposium at the annual meeting of

         the American Association for the Advancement of Science. Also that year, I asked actor David Morse to help get the facts out

         about PPS by filming a public service announcement on the set of St. Elsewhere, and he readily agreed. In 1987, when David and I went to Washington, D.C., to unveil the announcement, we found ourselves

         on an even more important mission. The guidelines for polio survivors’ Social Security disability benefits that Task Force

         members had written in 1985 had been shelved in favor of benefits for those with AIDS. Disability benefits should not be an

         either–or proposition, which is the message David and I brought to Capitol Hill. We met with several Senate staffers who heard

         our case. But it was only Senator Bill Bradley who met with us in person and then wrote a letter to the Social Security commissioner

         asking that polio survivors receive the disability benefits to which they were entitled. On August 8, 1987, I received a letter

         saying that polio survivors would be allowed to receive federal disability income and that benefits guidelines were being

         released—guidelines that are even now being revised and expanded thanks to the efforts of New Jersey congressman Steve Rothman.

      


      By 1988 our research and our clinical experience since 1982had made it clear that there were not only physical but also psychological

         factors triggering PPS and preventing polio survivors from making the changes in their lives that were necessary to treat

         PPS. It appeared that our patients shared characteristics of a personality type that had been described among those who developed

         heart disease: the hard-driving, time-conscious, driven, self-denying, perfectionistic, overachieving “Type A” personality.

         We included a Type A questionnaire in the 1985 North American Survey of 676 polio survivors, who we discovered reported 50

         percent more Type A behavior on average than did nondisabled individuals in the general population. What’s more, the more

         Type A the polio survivors were, the more PPS symptoms they had, and the more severe those symptoms were.

      


      Since the cause and treatment of PPS involved both body and mind, it was clear that polio survivors needed comprehensive treatment

         by a team of specialists under one roof to help them deal both physically and emotionally with the unexpected and frightening

         changes in their bodies. And here was yet another twist of fate. Both my undergraduate and doctoral training had been in psychophysiology,

         the specialty dealing with the relationship between mind and body. Psychophysiologists use the techniques of behavior modification,

         psychotherapy, and biofeedback to help patients feel better both physically and emotionally. These techniques were ideally

         suited to the minds and bodies of Type A polio survivors with PPS.

      


      Over the River


      So in 1988 I moved from Columbia to New Jersey and created the Post-Polio Rehabilitation and Research Service, whose mandate

         was to study the causes of PPS and apply our research findings to treat polio survivors. I assembled a team with Jerald Zimmerman,

         a physiatrist—a specialist in rehabilitation medicine—that included occupational, physical, and speech therapists, dietitians

         . . . and one psychophysiologist. Over the next ten years the team’s ability to treat more and more polio survivors and to

         do both clinical and laboratory research expanded almost exponentially, thanks to a dozen research grants.

      


      By 1998 the need for additional resources for our research and to treat even more polio survivors sparked the creation of

         The Post-Polio Institute, which allowed us to double the number of patients we could treat. We also created the Intercontinental

         Assessment Service, which permits us to evaluate and manage PPS in polio survivors who live far from The Institute—people

         from across North America and from as far away as Europe, the Middle East, South Africa, South America, Korea, and China.

         At The Post-Polio Institute every physical and emotional aspect of polio survivors’ lives is addressed to treat and manage

         PPS, including obtaining assistive devices, getting wheelchair-accessible vans, making home and job modifications, and, if

         need be, applying for disability.

      


      As we learned more about polio survivors and their new problems, we realized how much we didn’t know. The number of questions

         I wanted to answer about polio survivors and PPS grew and grew. Since our first North American survey, we have conducted four

         International Post-Polio Surveys, in all studying nearly three thousand polio survivors and individuals without disabilities.

         Our Surveys have asked questions ranging from what polio survivors eat for breakfast to the symptoms associated with post-polio

         “brain fatigue,” the frightening and sometimes dangerous effects of anesthesia, and the physical, emotional, and sexual abuse

         polio survivors experienced when they had polio. The Surveys, our laboratory research, and clinical studies of our patients

         have produced just over three dozen scientific articles and book chapters, more than two dozen articles about PPS for polio

         survivors in disability-related magazines, as well as a dozen books and monographs.

      


      The facts about PPS have been getting out in other ways. In 1991 I edited two more special PPS issues of Orthopedics. In 1993 I gave the John Stanley Coulter Memorial Lecture to the American Congress of Rehabilitation Medicine, describing

         the polio experience, the needs of polio survivors, and the cause and treatment of PPS. I have been lecturing about PPS at

         universitymedical schools, hospitals, and scientific conferences, as well as to polio survivors around the world. I also advise

         post-polio support groups in North America, Europe, and Asia, and write the “Post-Polio Forum,” a monthly column about PPS

         appearing in New Mobility magazine and on its Web site. And, maybe most importantly, every morning at seven I answer polio survivors’ e-mail from around

         the globe.

      


      Unfortunately, as Patty’s disturbing experience illustrates, too many doctors and polio survivors still don’t know about PPS.

         To redouble our efforts to educate polio survivors and medical professionals around the world, in 2001 I asked for a George

         Ohl, Jr., Infantile Paralysis Foundation grant to create The International Centre for Post-Polio Education and Research. This

         Centre is the new home of what’s now the International Post-Polio Task Force, whose clinician, scientist, and polio survivor

         members in twenty-three countries on four continents distribute the latest information about the cause and treatment of PPS,

         help create polio clinics and support groups, and lobby governments to accept PPS as a medical diagnosis and to provide medical

         and disability benefits to the world’s twenty million polio survivors. Also in 2001, to put all that’s known about PPS in

         one place, to get the facts out in a clear and straightforward fashion every polio survivor can understand, I wrote The Polio Paradox. I’ve been spurred on by The International Post-Polio Task Force’s motto “Every child vaccinated. Every polio survivor—and

         doctor—educated.”

      


      The Most Pernicious Paradox


      In her autobiography, Mia Farrow (Polio Class of ’54) sums up her reaction to her experience of polio at age nine:


      I saw how fragile our life structure is and how easily you can be plucked from it, and thrown into the land of uncertainty,

         fear, pain, and death. If polio marked the end of my childhood, it also left me with embryonic survival skills. Ifyou have

         . . . a little courage, and imagination, then youhave the internal resources to build a new life, and maybe even a better

         one.

      


      In September of last year Mia told me that she had intentionally discarded every letter, every article, every e-mail she had

         received about PPS, saying, “I feel battle-weary. I don’t want to know.” Could Mia have lost touch with the polio-taught survival

         skills and internal resources she herself described when confronted with the possibility of PPS? If she had, she would be

         in good company, since so many polio survivors are caught in the jaws of this most pernicious Polio Paradox:

      


      POLIO SURVIVORS CHEATED DEATH, CONQUERED DISABILITY, AND DEALT WITH YEARS OF SEVERE PHYSICAL AND EMOTIONAL PAIN TO BECOME

            “THE BEST AND THE BRIGHTEST,” NOT JUST SURVIVING POLIO BUT THRIVING AND CREATING EXTRAORDINARY PERSONAL AND PROFESSIONAL LIVES.


      YET POLIO SURVIVORS BELIEVE THAT THEY HAVE NO SURVIVAL SKILLS AT ALL, NO COURAGE, IMAGINATION, OR INTERNAL RESOURCES TO BUILD

            A NEW LIFE—LET ALONE A BETTER ONE—AND TO SURVIVE AND THRIVE WITH PPS.


      On that morning Mia confronted this Polio Paradox and found that she had not lost touch with the truth she realized when she

         was nine years old; that all who had polio are survivors, having already proven that they possess the courage, imagination, and internal resources to

         build a new life—and a better one—to survive and thrive with PPS. Mia agreed to start reading about the cause, treatment,

         and management of PPS and to come for an evaluation, saying “If I could survive the limbo of illness, the loss of security,

         and the pain of polio, I can survive anything.”

      


      So come along on our twenty-year journey and learn the facts about PPS. You will read about the awesome power of the poliovirus,

         the damage it did inside your body—both obvious and hidden—and the physical and psychological toll taken in thosewho contracted

         “The Dread Disease.” You will learn how damage the poliovirus did to your body so many years ago set the stage for new symptoms,

         and will understand what’s triggering PPS today. I will describe in detail The Post-Polio Institute’s program, which not only

         helps polio survivors stop the progression of fatigue, muscle weakness, and pain, but also allows them to decrease their symptoms

         and increase their ability to function— and their quality of life.

      


      We’ll also look in detail at the greatest obstacle and most difficult challenge in dealing with PPS: the psychological scars

         left by the polio experience. Our patients will tell you how they are terrified at the thought of an examination by a doctor

         or even being inside a hospital once again. You will discover that these fears cause nearly 20 percent of those who come to

         The Post-Polio Institute to refuse any treatment for their new symptoms. Our patients will describe the fear, anxiety, and

         guilt that almost invariably hinders them from making the lifestyle changes necessary to manage their new symptoms. You will

         learn what is required psychologically to move beyond denial and to stare down the fear and emotional pain that go along with

         vivid memories of the abuse and rejection that accompanied polio. You’ll see how our patients are able to discard the old

         “use it or lose it” philosophy and learn to “conserve to preserve,” accept assistive devices discarded long ago, feel better

         physically and emotionally, and become “new” polio survivors.

      


      Twenty Million More


      The story of polio and the facts about the cause, treatment, and management of PPS need to reach every polio survivor and

         every doctor, because twenty million polio survivors across the globe need their new symptoms to be believed and need help

         in treating them.

      


      But there are thirty million more individuals throughout the world who have disabling conditions and can also benefit from

         polio survivors’ painful experiences and our new knowledge about the late effects of polio. There are clear parallels dating

         from as far back as 1935 between polio and what in the 1980s came to be called chronic fatigue syndrome. These parallels can

         help us understand, treat, and manage CFS as well as fibromyalgia—both conditions affecting millions of people worldwide in

         which doctors also choose not to believe. Twenty million more individuals with a variety of disabilities—cerebral palsy, spina

         bifida, Guillain-Barre syndrome, and spinal cord injury—are also experiencing fatigue, muscle weakness, and pain in midlife,

         and seeing their abilities ebb away. They too have much to learn from polio survivors’ experiences.

      


      So come and meet some of the world’s twenty million polio survivors, listen to their stories, and learn the important lessons

         they are eager to teach. Whether you had polio, have chronic fatigue syndrome, fibromyalgia, or are suffering the slings and

         arrows of aging with any disability, the lessons polio survivors have learned—about their bodies and their minds, about disability,

         society, and the way medicine is practiced—must be applied to everyone. Only then can we all survive and thrive in this new

         century as polio survivors learned to survive and thrive in the last.

      


   

      CHAPTER 2


      Once and Again


      It was cold and windy on that northern New Jersey night in 1981 as I arrived for dinner at Susan’s house. The few remaining

         leaves clattered across the sidewalk, driven by a raw wind that made my ankles ache. In fact I ached all over, especially

         the muscle on the top of my right leg. And I was tired, more tired than I could ever remember.

      


      Susan’s house had a lot of exterior concrete steps that had always pushed the outside of my stair-climbing envelope. I felt

         more exhausted than triumphant on reaching the front door; the struggle to climb each step raised a wrenching question I had

         never had to ask before: “Can I climb the inside stairs?” Susan greeted me happily as I faced Mount Suribachi. Before I reached

         the fourth step, I knew if I tried even one more my left leg would buckle and I would go down. As I explained my predicament

         to Susan, I started to cry. As she helped me to sit, I was terrified. I had no idea what was happening to me. Why couldn’t

         I do tonight what I had been able to do for thirty years?

      


      Unable to walk up the inside stairway, I bumped up the remaining steps on my behind, just as I had done in my parents’ inaccessible

         home when I was a child. I pulled myself across the floor and, with Susan’s help, was able to stand and shakily walked on

         my crutches to the dinner table.

      


      After dinner I put on a brave face for Susan. I don’t remember how I got down all of those stairs but I did, somehow, and

         was able to drive home, where I had an emotional meltdown. My entire world felt like it was spinning out of control. I felt

         completely vulnerable in a world where I had carved out my own productive and very independent niche. I had climbed thousands

         upon thousands of stairs in college and graduate school and had held a series of more and more responsible jobs. I had never

         let my body stop me. But I couldn’t go to work the next day. I was afraid to leave my apartment for fear my legs would fail

         me again.

      


      I did return to work, still afraid, still wondering what was happening to me. I knew no one else who had had polio. There

         was no one to ask, “You having trouble climbing stairs lately?” But even if I had known another polio survivor, I wouldn’t

         have called. It never occurred to me that my leg weakness and increasing fatigue possibly could be connected to my polio thirty-two

         years before. I also didn’t connect the yearlong muscle spasm in my leg to my inability to climb those stairs.

      


      But I could no longer ignore the fact that something radically new and unwelcome was happening to my body. I suspect every

         polio survivor has their “Moment of Truth.” Susan’s stairway was mine.

      


      NANCY, CLASS OF ’49

      


      And so it began. From New Jersey to New Mexico, from New Brunswick to New South Wales, thousands upon thousands of polio survivors

         were beginning to realize in the early 1980s that something radically new and unwelcome was happening to their bodies. But

         why, when there is evidence that the poliovirus has been around since at least the time of the pharaohs, did it take until

         1980 for polio survivors to report that fatigue, weakness, and pain were occurring years after their bout with polio? Truth

         be told, the problems Nancy experienced in 1981 had been reported at least 106 years before.

      


      The French Patient


      In 1875 an unusual case was presented to the Society of Biology in Paris. A nineteen-year-old patient had had polio when he

         was six months old that paralyzed his left side. The young man had recovered partial use of his left arm and leg and became

         a tanner, which required him to use his arms to pull heavy, wet hides out of vats of acid. By the time he was seventeen, this

         French patient reported fatigue and a feeling of heaviness in his right arm, the arm that had apparently not been affected by the polio. His right arm and leg both became weaker and smaller. On hearing this presentation, the renowned

         French neurologist Jean Martin Charcot concluded that the young tanner’s new weakness was due to overusing his stronger right

         arm, damage done by the poliovirus somehow having “moved” from the left side of his body to the right.

      


      That same year, three other French doctors described other polio survivors who had developed muscle weakness and atrophy,

         a shrinking of the muscles, fifteen to almost thirty years after they had had polio. From 1875 until 1900, twenty-four articles

         appeared in European medical journals describing thirty additional polio survivors experiencing new weakness and sometimes

         atrophy—muscle shrinking—in limbs that obviously had been affected during the polio attack, but also in limbs that had apparently

         been unaffected. In 1899 British doctor William Hirsch reviewed all the cases reported during the nineteenth century. He concluded

         that there were three possible causes for late-onset weakness in polio survivors:

      


      • The poliovirus had damaged spinal cord motor neurons— the cells that make muscles contract—making them vulnerable to some

         other disease later in life.

      


      • Certain individuals were susceptible to developing motor neuron diseases, a susceptibility that allowed them to get polio

         as children and then develop another disease called “progressive muscular atrophy” later in life.

      


      • Spinal cord motor neurons had been “scarred” by the poliovirus, setting the stage for a “flare-up” at a later date, which

         caused new weakness.

      


      Hirsch was the first to suggest that the poliovirus could somehow damage neurons early in life, damage that somehow caused

         new muscle weakness many years later.

      


      In 1903 Charles Potts wrote the twentieth century’s first article on the late effects of polio—the first to appear in an American

         medical journal—in which he too reviewed the nineteenth-century cases. Potts concluded that two of the polio survivors described

         had ALS—amyotrophic lateral sclerosis, which would come to be called Lou Gehrig’s disease—a fatal disease that causes progressive

         paralysis of muscles throughout the body as a result of the death of the spinal cord motor neurons. However, Potts added that

         the overwhelming majority of the polio survivors described thus far in the medical journals did not have ALS but instead had

         progressive muscular atrophy Hirsch had mentioned, a disease of unknown origin that damages the spinal cord motor neurons,

         causes muscles to become weaker and smaller, but is not fatal.

      


      From 1903 until the year of Nancy’s frightening moment of truth, nearly two dozen additional articles were published that

         described late-onset symptoms in scores of polio survivors. In 1936 New York neurologists Salmon and Riley were the first

         to report that late-onset muscle weakness was not necessarily progressive and permanent but could be “transitory,” with muscle

         strength decreasing and then increasing again after a period of time. Salmon and Riley agreed with Charles Potts that polio

         survivors were developing progressive muscular atrophy, suggesting that the poliovirus “may affect only slightly certain nerve

         cells or even lie dormant in the nervous system for an indefinite length of time and only at some later date make its presence

         known.” Thus Salmon and Riley introduced two new ideas. The first was that slight damage, insufficient to cause muscle weakness

         during the polio attack, could somehow “make its presence known” later, explaining why polio survivors were reporting weakness

         in muscles that had apparently been unaffected by polio. Thesecond was the new and frightening notion that the poliovirus

         might lie dormant in the spinal cord and somehow cause muscle weakness decades later.

      


      The dearth of articles between 1936 and 1960 about late effects in polio survivors is undoubtedly due to polio’s incidence

         reaching epidemic proportions. All of medicine was focused on dealing with the acute problems being experienced by the hundreds

         of thousands of individuals infected with the poliovirus during those years, and on developing a polio vaccine. But articles

         about late-onset problems appeared again. A 1962 British paper by K. J. Zilkha was the first to follow the course of muscle

         weakness in polio survivors over many years. He reported that although polio survivors did become weaker with time, they did

         not develop an inability to swallow and breathe, the life-threatening muscle paralysis characteristic of ALS. In 1964 Italian

         neurologists Pinelli and Ramelli reviewed all of the existing articles and proposed yet another possible cause for new muscle

         weakness. They noted that the motor neurons surviving the poliovirus attack send out new “sprouts”—like extra branches of

         a tree or new telephone wires—to activate muscle fibers orphaned when their motor neurons were killed. They suggested that

         new muscle weakness could result when overgrown motor neurons were unable to nourish and activate all of those extra “branches,”

         and the sprouts died.

      


      In 1970 three British lung specialists reported on fifty-five of their own polio patients who were experiencing not only muscle

         weakness but also “excessive fatigue,” “breathlessness,” an inability to concentrate, drowsiness, and “severe attacks of sleepiness.”

         These patients also reported “abnormal sensitivity to cold especially of the extremities.” Not surprisingly, the doctors found

         that treating polio survivors’ breathing problems decreased their symptoms. However, it was noteworthy, that 90 percent of

         the patients with new symptoms had no problems with breathing. Also important was their conclusion that “highly motivated

         patients who pushed themselves beyond the competence” of their damaged bodies were most likely to develop late-onset problems.

      


      And in 1980 a group of Italian doctors described their own post-polio patients and reviewed all the cases described since

         that French tanner reported fatigue and muscle weakness back in 1875. They concluded that although only one hundred cases

         had been described in the preceding 105 years, late-onset problems in polio survivors were “far from being rare.” They agreed

         that polio survivors can develop new muscle weakness in obviously affected as well as “apparently spared” limbs, and that

         late-onset symptoms represented a “new process distinguishable from the old disease.”

      


      So when Nancy experienced her frightening moment of truth, she was far from alone. She just didn’t know it. One hundred polio

         survivors had been described in the world’s medical literature reporting the same symptoms. As Nancy lay terrified in her

         bed, her body failing her, untold thousands of polio survivors around the world were having the same experience. What was known on that cold and windy night in 1981? More than a hundred years of observation had taught that years after the polio

         attack:

      


      • Polio survivors experience weakness, either transient or permanent, both in muscles obviously affected by polio and in those

         that had apparently been unaffected.

      


      • Polio survivors experience excessive fatigue, an inability to concentrate, drowsiness, and sometimes severe attacks of sleepiness.


      • Polio survivors’ limbs are abnormally sensitive to cold.


      • Polio survivors do become weaker over time, but are not developing the progressive and fatal disease ALS.


      • Polio survivors like Nancy who are highly motivated, who push themselves “beyond the competence” of their polio-damaged

         bodies, are most likely to develop new symptoms.

      


      What wasn’t known on that night in 1981? It wasn’t known why polio survivors were experiencing new symptoms. Were they developing a new motor neuron disease, a progressive muscular atrophy?

         Was slight damage to poliovirus-infected neurons somehow “flaring up” to cause weakness in muscles that had apparently been

         unaffected by polio? Were oversprouted motor neurons breaking apart because they were unable to nourish and activate their

         extra sprouts? Worst of all, could poliovirus lie dormant in the body and somehow become reactivated to cause new symptoms

         decades after the original poliovirus infection? We needed answers to all these questions if we were to understand what was

         happening to Nancy and to her fellow polio survivors and just what we had to do to treat their new symptoms.

      


      To begin to answer these questions we need to return to the locus in quo, the scene of the crime, to understand what the poliovirus did inside the body and how it was able to enter, damage, and kill

         neurons. We also need to know how infected neurons were able not only to survive an onslaught by the poliovirus but also to

         recover and function again. Finally, we need to ask what it was about having polio that caused polio survivors to push themselves

         “beyond the competence of their damaged bodies,” and how that pushing caused them to develop new symptoms.

      


      First, then, to the scene of the crime.


   

      CHAPTER 3


      The Guided Missile


      The average number of spinal cord motor neurons that are destroyed by the poliovirus is almost 50 percent. However, non-paralytic

         polio may be associated with severe neuron damage in the spinal cord. What is more, some with non-paralytic poliomyelitis

         do not have any damage in the spinal cord but have characteristic damage in the brain, which is more extensive than in some

         who did have paralysis. All available evidence shows conclusively that every case of polio exhibits damage in the brain. The

         poliovirus is capable of producing an encephalitis, with or without symptoms, in the absence of any damage to the spinal cord.

         As far as the pathologist is concerned all cases of polio are “encephalitic.”

      


      PATHOLOGIST DAVID BODIAN


      It has always amazed me that most polio survivors have no idea what the poliovirus is and what damage it did inside their bodies.

         To understand the cause, treatment, and management of PPS, we need to understand how and where the poliovirus did its dirty

         deeds: how it got into the body and into neurons and damaged them, and where in the spinal cord and brain that damageoccurred.

         What’s more, we need to understand how damage done during the poliovirus attack set the stage for the development of new symptoms

         decades later, and what that damage means in terms of treating those symptoms.

      


      The Missile Itself


      It’s amazing that something so small can do so much damage. The poliovirus is only one-millionth of an inch across. About

         seventeen thousand poliovirus particles would cover the period at the end of this sentence.

      


      Each individual poliovirus particle looks like a soccer ball, its surface made up of fifteen interconnecting “plates.”


      [image: art]


      THE POLIOVIRUS


      Each plate has “mountains” rising outward, and these create “canyons” on the virus surface. The canyons are important because

         they are where the poliovirus attaches itself to cells in your body. But the poliovirus doesn’t attach to and damage just

         any cell. It is a “guided missile” that does one thing: seek out, damage, and destroy the neurons that “activate” you—the

         ones that activate your brain and muscles. The poliovirus is the perfect human “OFF switch.”

      


      And there isn’t just one poliovirus. There are three different types, each named for the location where it was found, either

         in a city or inside a person: Brunhilde, Lansing, and Leon. The three types are different because your immune system makes

         a different antibody for each. But they are also different in terms of how common they are and their ability to cause harm.

         Almost all of history’s polio epidemics have been the result of Type I poliovirus, which caused leg, arm, and sometimes breathing

         muscle paralysis. The Type II virus seems to have been least likely to cause paralysis but may have damaged the “stem” at

         the bottom of the brain, just above the spinal cord, and was responsible for huge outbreaks of “nonparalytic” polio and something

         called the “Summer Grippe,” about which we’ll learn in chapter 17. Type III poliovirus, the most rare, also caused leg and

         arm paralysis but was most likely to produce so-called “bulbar” polio, in which the bulb or stem of the brain was severely

         damaged. This damage caused difficulties with swallowing, breathing, and blood pressure that were sometimes fatal.

      


      It’s most likely that you were infected with only one type of poliovirus, probably Type I, which caused all of your symptoms.

         Some polio survivors had two types at the same time, while a very unlucky few were attacked by one type in one year and then

         infected with a different type later in life. You could have gotten polio twice or even three times, because in the days before

         vaccine the body needed to be exposed to all three polioviruses to develop antibodies to protect against each one.

      


      Even though there are only three types of poliovirus, there are at least fifty variations of the types, called strains. The

         existence of different strains has nothing to do with antibodies but everything to do with virulence, strains’ differing ability

         to multiply in your body, to get inside your neurons and damage them. The fact that some poliovirus strains actually do little

         or no damage to your neurons allowed Albert Sabin to develop a polio vaccine that contains all three types of polioviruses

         that are live but non virulent, that is, able to cause your body to produce antibodies, but unable to get inside your neurons

         to do damage. The existence of dozens of different poliovirus strains makes it clear that polioviruses mutate inside people

         and can change their virulence. In fact, experiments in animals show that the passage of poliovirus—infecting one animal with

         a poliovirus, having that animal infect another, and so on—can increase virulence. As the polioviruses passed from person

         to person during the middle of the twentieth century, they apparently became more virulent, causing more paralysis and killing

         more people in 1950 than they did in 1920, a story that I’ll tell in the next chapter.

      


      Over the Teeth and Past the Gums


      The first question you may ask is how you came to be infected with any of the polioviruses. No, it wasn’t spoiled milk, filthy

         flies, or being mean to your sister. The polioviruses belong to a nasty family of seventy-two viruses called enteroviruses,

         so named because they grow in your “entrails,” your intestines. You were infected with the poliovirus when you came in close

         contact with someone who was already infected and some of his or her saliva or intestinal secretions found their way into

         your mouth. From there the poliovirus went on a ten-day, unnoticed tour of your insides. It first moved into the spongy tissue

         of your tonsils and began to multiply. While poliovirus was growing in back of your throat, it also moved downward, into and

         through your stomach, and reached your small intestine. There it entered Peyer’s patches, miniature cavelike lymph nodes in

         the wall of the intestine, which provided a warm and welcoming way station in which the poliovirus multiplied like mad. Also

         inside the Peyer’s patches are white blood cells called monocytes—the same cells of which you have too many if you get mononucleosis.

         Sticking up from the surface of the monocytes are structures essential for the poliovirus to do its dirty deeds: poliovirus

         receptors, miniature proteins that look like crooked fingers and fit perfectly into those canyons on the surface of the virus.
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      POLIOVIRUS AND RECEPTOR


      Receptors on monocytes hooked the poliovirus and pulled it inside, where it also multiplied. Meanwhile, when so much poliovirus

         was produced in your tonsils that it could no longer be contained there, it flowed back into the throat, mixed with saliva,

         and made you capable of infecting someone else. Large amounts of poliovirus and infected monocytes were released from Peyer’s

         patches back into the intestines, too, and passed out with the intestinal contents, also making it possible for you to pass

         polio to someone else.

      


      Poliovirus released from both the tonsils and intestines also traveled to the large lymph nodes under your arms, where it

         multiplied even further. Finally, about ten days after you were infected, when your largest lymph nodes could no longer contain

         the millions upon millions of poliovirus particles, huge amounts of virus spilled into your bloodstream. Your blood, full

         of poliovirus and virus-infected monocytes, carried its deadly cargo toward its intended destination: the neurons in your

         brain and spinal cord.

      


      Entrez Vous, Brunhilde


      Virus-laden blood flowed up into your head and found “leaky” places in the brain’s blood vessels; where poliovirus flowed

         into the brain. At the same time, infected monocytes passed through the walls of brain blood vessels, acting like “poliovirus

         taxis” that also allowed virus to enter the brain. Once inside, poliovirus latched on to poliovirus receptors, found on the

         surface of neurons in the brain stem and on motor neurons, within both the brain and the spinal cord.
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      NEURON BEFORE POLIOVIRUS ATTACK


      Once inside those neurons, the poliovirus multiplied, infected other nearby brain neurons, and also traveled inside neurons

         to penetrate more deeply into the brain. Then the poliovirus could head south, descending inside spinal cord neurons and ending

         up in the motor neurons that control the muscles of your diaphragm, neck, back, arms, and legs, where it also multiplied and

         infected other nearby spinal cord neurons.

      


      There’s yet a third way poliovirus could reach brain and spinal cord motor neurons: backward. Viruses that multiply in the

         intestines, such as the poliovirus, can flow out of the Peyer’s patches and enter the vagus nerve—the nerve that makes the

         intestines contract—inside which they can travel all the way up to the brain. What’s more, motor neurons are covered with

         poliovirus receptors where they make contact with your muscles. When your blood was full of virus, damaging a muscle and puncturing

         a blood vessel could bathe neurons with virus. Poliovirus receptors could pull virus into the neurons, where it could travel

         backward into the spinal cord and brain. In chapter 4 I’ll discuss that children whose muscles had been slightly damaged by

         an injection were up to ten times more likely to get paralytic polio— and were most often paralyzed in the limb where they

         received the injection.

      


      The Dirty Deeds


      Once the poliovirus reaches a neuron, how does it do its damage? After a poliovirus receptor latches on, it pulls the poliovirus

         to the surface of the neuron and causes it to “unzip”— releasing its contents inside the neuron. And this is when the cycle

         of destruction begins. Inside each poliovirus particle are about a dozen individual proteins that do the dirty deeds. These

         proteins are enzymes that shut down and then literally break apart the “factories” that manufacture and package the proteins

         a neuron needs to function and to live. When protein manufacturing is stopped, the neuron can no longer make neurochemicals—the

         proteins that allow one neuron to talk to another and that allow motor neurons to make muscles contract. When neurochemicals

         stop being made, the neuron’s OFF switch is thrown.
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      POLIOVIRUS-INFECTED NEURON


      Why does the poliovirus shut down and break apart a neuron’s protein-manufacturing and -packaging factories? Because the virus

         uses bits and pieces of the neuron’s factories to create its own poliovirus production plant, which constructs thousands upon

         thousands of new poliovirus particles. When the neuron totally fills with virus, it explodes and dies, releasing massive quantities

         of poliovirus that travel to other neurons, bind with their poliovirus receptors, causing the whole destructive process to

         start again.
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      NEURONS BECOME POLIOVIRUS-MANUFACTURING FACTORIES


      The Numbers Game


      The poliovirus is remarkable in its ability to invade neurons. In the 1940s Johns Hopkins University pathologist David Bodian

         found that 96 percent of motor neurons were infected by the poliovirus if you had any paralysis at all! Given the ability

         of poliovirus to enter and damage such a large percentage of neurons, why doesn’t everyone infected with poliovirus become

         totally and permanently paralyzed? Bodian found that for each neuron the poliovirus invades, commandeers, and destroys, its

         action is halted in another neuron that is then able to rebuild its severely damaged protein-manufacturing and protein-packaging

         factories and start functioning again. How is it that the poliovirus is stopped at least half the time? Most likely because

         the immune system is able to play catch-up and produce enough antibodies to attack the poliovirus before it conquers the entire

         nervous system.

      


      But if on average 50 percent of all motor neurons are destroyed in anyone who had paralytic polio, why aren’t half of polio

         survivors’ muscles paralyzed? Bodian discovered that at least 60 percent of spinal cord motor neurons associated with an individual

         muscle must be killed before the muscle shows any weakness at all. This means that muscles that were at one time paralyzed,

         or muscles that have always been weak, may be operating on as few as 40 percent of their original motor neurons. It’s as if

         you had a ten-cylinder car before you had polio and have a four-cylinder car afterward—a car that has driven just fine for

         forty years or more. What’s more, Bodian found that muscles thought to be completely unaffected by polio—muscles that had

         never been weak, let alone para-lyzed—only have 60 percent of their original motor neurons. Think about it. The muscles you

         thought the poliovirus had spared are running on only six of the ten motor neurons they originally had. Your seemingly unaffected

         muscles are running on only six cylinders.

      


      Knowing these percentages is pivotal to an understanding of the cause, treatment, and management of PPS, and leads to the

         first Post-Polio Precept:

      


      THERE IS NO SUCH THING AS AN UNAFFECTED MUSCLE IF ANY MUSCLE WAS AFFECTED BY POLIO.


      This precept is a reminder that you need to take care of the muscles you thought escaped the original poliovirus onslaught

         as well as those you know were affected.

      


      Plugged Plumbing


      Unfortunately, there’s even more to the aftermath of polio than losing about half of your motor neurons. What happened to

         the neurons that were invaded and damaged but did not die? The surviving motor neurons rebuilt their protein factories and

         started functioning again. Remarkably, this internal rebuilding process took only about a month. So you might have been paralyzed

         during the polio attack—when the virus took over, killed off, and shut down motor neurons—but still walked out of the hospital

         a month or so later, after the surviving, infected neurons rebuilt their protein factories and started functioning again.

      


      However, those recovered neurons were never the same as they were before the poliovirus invaded. Damaged and rebuilt neurons

         are smaller and also have shrunken axons—the cable-like extensions that travel out sometimes for several feet from spinal

         cord motor neurons to connect with muscles.
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