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  This book is dedicated to all of the brave, strong

  couples who, despite enduring difficult struggles, still believe

  in the possibility of parenthood.


  FOREWORD BY BRIAN COHEN, MD

  I t is my privilege to write a few words and introduce the 4th edition of In Vitro Fertilization: The A.R.T of Making Babies by Dr. Geoffrey Sher.

  I have known Dr. Sher the past forty-five years. He has always had a particular interest and commitment to the diagnosis and treatment of infertility.

  Early on, Dr. Sher had extensive experience with the use of human menopausal gonadotropin therapy. It is thus no surprise that the advent of in vitro fertilization was accompanied by Dr. Sher being amongst those with the highest success rates in the United States.

  When the work of Dr. Patrick Steptoe and Dr. Robert Edward resulted in the first pregnancy due to in vitro fertilization, Dr. Sher, accompanied by two highly experienced cellular biologists, went to learn firsthand the basic laboratory techniques and the clinical management of this process.

  From the beginning Dr. Sher has always been committed to ensuring scientific quality and accountability in the field of in vitro fertilization. If considered controversial, it is because he has always chosen to seek the scientific truth in the interests of benefiting the patient. He has consistently chosen science over politics. His attitude is refreshing, for when politics trumps science in medicine, the only one who suffers is the patient.

  This book provides insight for those who seek and need in vitro fertilization. It illustrates step-by-step information and a detailed account of what to expect in the process of in vitro fertilization.

  Chapters on preimplantation genetic diagnosis to ensure the highest quality of embryos and the description of cutting-edge methods for egg/ embryo genetic analysis and freezing are illuminating.

  Particular attention should be paid to the section on Reproductive Immunology. It remains an area of controversy where general medical politics has trumped the science at this time. This is particularly important for the patient who has had two or three failures at in vitro fertilization despite the presence of healthy embryos. Measuring the scientific parameters of immunological causes enables us to achieve a diagnosis and to treat it appropriately.

  I have no hesitation in recommending this book for patients who seek knowledge in the field of in vitro fertilization. I am sure it will provide much positive detailed information empowering the patient to ask the correct questions and to ensure that they find the right program to optimize their treatment.

  Such knowledge should facilitate patients getting the most up-to-date and adequate care and hopefully a positive result.. .the child they so earnestly desire.

  Brian M. Cohen, MBChB, MD (Post Doctoral)

  Clinical Professor, University of Texas Southwestern Medical Center at Dallas, Dallas, TX

  Director, Cohen Center, P.A., Dallas, TX


  FOREWORD BY NANCY HEMENWAY

  Designer egg auctions, cloning, and “test-tube babies” are all “hot topics” used by the media to fuel the controversial fires surrounding infertility treatment options. More than 5 million couples are faced with the prospect of navigating and filtering a colossal maze of information and misinformation in order to successfully build their families. This winding road to family can be extremely lonely, physically demanding, and emotionally draining. Dr. Geoffrey Sher is a cool oasis and a breath of fresh air for couples embarking on this exhausting journey.

  Dr. Geoffrey Sher, executive medical director of Sher Institutes for Reproductive Medicine, practicing in Las Vegas, Nevada, and St. Louis, Missouri, is one of a kind. He is entrepreneurial, energetic, passionate, and compassionate in his approach to both the science and medical aspects of reproductive medicine. Dr. Sher’s book, In Vitro Fertilization: The A.R.T. of Making Babies, is a beacon and road map for those plotting their treatment course.

  In Vitro Fertilization: The A.R.T. of Making Babies empowers the individual with reliable information, in down-to-earth language. Sher’s forward-thinking and frank dialogue tackles difficult and controversial topics with honesty and integrity. Together the authors further the idea that working in tandem with one’s physician to build a family should be the rule—not the exception.

  Over the last 20 years, I have been an advocate, educator, a patient, a consumer, and, finally, after years of navigating the infertility labyrinth, a parent twice blessed. I am a survivor of many infertility battles and the cofounder and executive director of the InterNational Council on Infertility Information Dissemination, Inc. (INCIID—pronounced “inside”), the world’s largest infertility advocacy organization. I’ve worked along side some of the leading names in the field of reproductive medicine. Yet there is none I am more honored to call friend and colleague than Geoffrey Sher, MD; a man of many talents, who has a clear vision for the future.

  Nancy Hemenway

  Executive Director

  International Council on Infertility Information Dissemination (INCIID)

  www.INCIID.org


  PREFACE

  “Innovators are rarely received with joy, and established authorities launch into condemnation of newer truths; for at every crossroad to the future are a thousand self-appointed guardians of the past”

  —Betty MacQuitty, Victory Over Pain: Morton’s

  Discovery of Anesthesia

  In vitro fertilization (IVF) has come a long way since 1978, when Louise Brown, christened “the world’s first test-tube baby” by the press, was born in England. The first in vitro fertilization program in the United States was introduced at the Eastern Virginia Medical School at Norfolk in the late 1970s. Now, more than 400 clinics throughout the United States offer IVF, with varying degrees of reported success.

  In vitro fertilization literally means “fertilization in glass.” Traditionally known as in vitro fertilization and embryo transfer (IVF/ET), the procedure is more commonly referred to simply as in vitro fertilization, or IVF. (The term IVF will be used throughout this book instead of the more cumbersome IVF/ET.)

  IVF is composed of several basic steps. First, the woman is given fertility drugs that stimulate her ovaries to produce as many mature eggs possible. Then, when the ovaries have been properly stimulated, the eggs are retrieved by suction through a needle inserted into her ovaries. The harvested eggs are then fertilized in a petri dish in the laboratory with her partner’s or a donor’s sperm. Several days later, the fertilized egg(s)—now known as embryo(s)—are transferred by a thin catheter through the woman’s vagina into her uterus, where it is hoped they will grow into one or more healthy babies.

  It is essential that the infertile couple and their physician identify the cause of the infertility in order to determine the most appropriate form of treatment. This does not mean that IVF should be regarded as a treatment of last resort. It may well be that IVF offers the best hope for a healthy pregnancy. At most reputable IVF centers, the chance of a woman becoming pregnant with IVF is much greater than that of a fertile woman conceiving (without treatment) in any given month of trying. Nevertheless, the couple should understand that IVF is not everything to everyone and that some women never get pregnant through IVF, no matter how many times they try.

  Many infertile couples who have experienced repeated disappointments over the years in their attempts to conceive have become desperate. Most have previously tried a variety of unsuccessful procedures: fertility drugs for the woman and/or man, medications to treat various hormonal problems, nonsurgical alternatives such as artificial insemination, and pelvic surgery to repair anatomical defects. These couples look to IVF as a promising procedure that might help them conceive after all of their other attempts have failed.

  Yet, of the more than 2 million couples in the United States for whom IVF offers the best option for pregnancy, less than 200,000 undergo the procedure annually. Clearly, eligible infertile couples in the United States are not even coming close to tapping into the potential of IVF. Why is this so?

  One reason is that some people still consider IVF to be experimental. However, the evidence proves otherwise—about 350,000 IVF babies have already been born in the United States. Yet the public, in company with many members of the medical profession, still knows relatively little about IVF beyond the way it is characterized by the media.

  People get a distorted idea about IVF when they turn on the television and see a slide of a test tube with a baby inside. By no means are either test tubes or babies involved at that point. There are just a momentary couple of days when fertilization takes place outside the body, and then the embryo(s) is placed in the woman’s uterus and begins to grow there. The phrase test-tube baby is a convenient handle for the media, but it misleadingly implies that the whole process occurs outside the body, which is not true.

  Unfortunately, consumers find it difficult to get much in-depth information about this exciting procedure. (The term consumers is used here to mean both infertile couples and physicians who refer their patients to a particular program.) Currently, no credible source provides prospectively audited, verifiable information about success rates obtained from IVF programs in the United States. As a result, people trying to learn about IVF often feel as though they are stumbling in the dark.

  Several national organizations, including the Society for Assisted Reproductive Technology (SART), an affiliated society of the American Society for Reproductive Medicine (ASRM), and a number of support groups for infertile couples provide limited information about IVF and related procedures. SART was formed in 1988 under the umbrella of the ASRM, which is primarily made up of physicians but also includes laboratory personnel, psychologists, nurses, and other paramedical personnel interested in infertility.

  SART provides a list of IVF programs in the United States, but it does not recommend or endorse any specific programs. Instead, SART encourages consumers to contact IVF programs individually for more information.

  Aside from the problem of insufficient information, another obstacle to widespread acceptance of IVF is its high cost. IVF is relatively expensive—$10,000 to $20,000 per procedure, depending on the program and the type of IVF procedure performed.

  Many couples pass up IVF because of the financial burden, although it may be the most appropriate treatment for them. They simply can’t afford it. Some states have passed laws requiring insurance companies to reimburse in total for IVF, and several others are considering similar legislation. Nevertheless, we must inform consumers that a new form of payment for IVF services known as Financial Risk Sharing (FRS) promises to make IVF services more affordable. More than 100 IVF programs in the United States currently offer FRS in one form or another and the number is growing. (See Chapter 18 for a discussion about FRS that is offered by the Sher Institutes for Reproductive Medicine (SIRM) as well as the need for insurance reimbursement for IVF.)

  Yet we must also warn consumers that the outlook on IVF-related issues is not likely to improve for some time. IVF will remain an expensive procedure. But by researching the IVF situation for themselves, couples will be able to answer these fundamental questions: (1) Are we eligible for IVF and, (2) How do we select the program that will give us the best results?

  This book is designed to help answer these critical questions. It describes IVF and some other assisted reproductive technology (A.R.T.) procedures; outlines a variety of emotional, physical, financial, and moral/religious issues; and highlights points that should be considered when deciding whether IVF or another high-tech procedure is indeed the most appropriate option. We do not offer any judgments relating to ethics, religion, or morality. These kinds of decisions are private matters that must be resolved by each couple in their own way. We do not intend to imply that our approach is the only acceptable way and/or should be rigidly followed. Our function is to recommend, to inform, to educate, and to serve—but never to dictate.

  We are particularly cognizant of the fact that many women who do conceive following IVF may have pregnancies that are at risk. Going from infertility to family can be extremely traumatic from an emotional, psychological, and physical point of view. One of the ways we prepare couples is by providing them with as much information about infertility, as well as IVF and related procedures, as they need. We believe that being as knowledgeable as possible helps them cope with the roller-coaster experience they will undergo.

  Infertility is a condition that often disempowers those so affected. The only way to be re-empowered is through information. A very easy way to access such information is by going online to my blog at www.IVFauthority.com where you will see numerous articles (which I post, almost on a weekly basis). There you will find current information on a whole host of topics, all of which are directly and indirectly related to ART. Another very accessible source of information can be found on the SIRM website, www.haveababy.com, which also houses a very popular and active “discussion board.” Thousands of individuals post questions and make comments with the full expectation of a very prompt response by an SIRM fertility specialist. Interested parties can also call (800) 780-7437 to obtain additional information and schedule an in-person or Skype consultation (often at no cost). Those interested can also visit

  SIRM on Facebook (http://www.facebook.com/HaveABaby) where one can post and read comments, learn about upcoming SIRM events and about what is new in our setting. There (as on the SIRM-website) one can also communicate with others as well as with an SIRM physician. Finally, this book, In Vitro Fertilization: The A.R.T. of Making Babies may also be purchased from most bookstores or can be obtained most places online that sell digital and print books.

  This book was written to help consumers become better informed so as to enable them to develop and maintain realistic expectations about IVF. Realistic expectations revolve around the best and the worst possible scenarios, but all infertile couples should prepare themselves for the worst, just in case. However, by planning an effective strategy, asking the right questions, and evaluating the answers properly, candidates can determine whether they are eligible for IVF and can find the most appropriate program. Based upon what this 35-year-old new mother told us, doing that homework does pay off:

  “I must have spent at least three hours talking with my own physician, trying to find out where to go for IVF. It was so frustrating not being able to find anyone who could give me any real answers. Several times I was tempted to go to the IVF clinic nearest us just because it was so convenient. But, thank God, I did my homework as thoroughly as I knew how. I must have called up fifteen different programs. I asked a lot of questions about success rates and what it was like to go through their programs, and then I had to sort everything out. I finally found a great program—and now we have a beautiful little girl who is the joy of our lives. I can hardly remember what life had been like without her. It was worth all that effort”

  —Geoffrey Sher, M.D.


  UNITS OF MEASUREMENT

  The following abbreviations for units of measurement are used throughout this book.
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  CHAPTER

  1

  THE GROWING

  DILEMMA OF

  INFERTILITY

  It is estimated that there are about 45 million couples of childbearing age living together in the United States today. Approximately 5 million of these couples are infertile.

  This estimate is based on a series of nationwide surveys of married couples in which the women were between 15 and 44 years of age. It was found that one out of every 12 couples, or 8 percent, were involuntarily infertile.

  Infertility can be defined as the inability to conceive after one full year of normal, regular heterosexual intercourse without the use of any contraception. The odds that a woman will get pregnant without medical assistance when she has failed to do so after a year or two of unprotected intercourse are extremely low.

  Only couples who have experienced the problem of infertility can truly understand its devastating emotional and physical impacts. As one woman who had been trying unsuccessfully to become pregnant for many years explained:

  It has been two years since I learned the reason I wasn’t getting pregnant was because my fallopian tubes were blocked. It is incredible to think that I have had more physical interventions on my body in the last two years than in the rest of my thirty years combined. I underwent it voluntarily, too, because I wanted to correct the problem and have a child. Yet all the surgeries, the tests, and the medications seemed relatively minor compared to the emotional burden I put on myself.

  After my first surgery, when my physician said it was okay to try to become pregnant, I don’t think there was ever a day, or perhaps even an hour, that I didn’t think about conceiving. It was always there—when I would see a child in the grocery store. When my friends would gripe about their kids. When I was on day 1, or day 14, and every other day of my menstrual cycle. Whenever my husband and I made love. Was I ever going to get pregnant? I had conflicting fantasies of what I would be like as a 60-year-old woman who had never had children. I could never get it out of my mind.

  One study of infertile couples illustrates the pervasive impact of infertility. When asked what they considered to be the primary problem in their lives, almost 80 percent of the couples replied that it was their inability to conceive. Most of the remaining 20 percent ranked infertility as their second most perplexing problem, after financial difficulties. The remaining fraction of respondents rated infertility a close third after financial problems and marital strife.

  A newly pregnant woman, who had just completed her second IVF treatment cycle, summed up the emotional impact of infertility in this way:

  You really can’t understand what it’s like to be infertile unless you are infertile yourself and have experienced what we’ve gone through. You can sympathize, but you can’t empathize with us.

  The traditional options available to infertile couples who want a baby have included counseling, surgery to repair anatomical damage, the use of fertility drugs to enhance ovulation and sperm function, and insemination of the woman with her partner’s or a donor’s sperm. Most authorities would agree that these methods are effective for approximately 50 percent of all infertile couples. For the about 5 million infertile couples in the United States, IVF is the only recourse; yet fewer than 250,000 procedures are being performed annually.

  WHY THE NUMBER OF INFERTILE COUPLES IN THE UNITED STATES IS INCREASING EVERY YEAR

  According to the National Center for Health Statistics, the rate of involuntary infertility has remained relatively constant at about 9 percent since 1965. This is an increase over the figures for the early 1950s through 1964, when it was thought that approximately 7-8 percent of all couples were unable to conceive. Although the rate of infertility has not changed since the mid-1960s, the number of infertile couples has increased every year in step with population growth. The following factors contribute to this trend.

  Venereal Diseases Are Epidemic in the United States

  Once considered largely under control because of the discovery and availability of proper medication, venereal diseases that damage the reproductive system are on the rise again. One of the major causes of this is the increased availability of effective birth control methods, which has undoubtedly contributed to a more open approach toward sexual activity. Consequently, both men and women often have relatively larger numbers of sexual partners. The unfortunate result has been a significant increase in sexually transmitted diseases.

  Venereal disease such as gonorrhea is rampant in the United States. Gonorrhea lodges in the woman’s fallopian tubes and often results in a severe illness. Unfortunately, in many cases gonorrhea causes so little physical discomfort that women frequently do not bother to seek treatment. But even a minor gonorrheal infection can damage the fallopian tubes, and many women find out they have had gonorrhea only when they investigate the cause of their infertility. In contrast, gonorrhea in men almost always produces sudden, painful symptoms that usually prompt an immediate visit to the doctor. For this reason, men are less likely to be infertile due to gonorrhea than are women.

  The cure of sexually transmitted diseases is complicated by the emergence of new strains of gonorrhea and other venereal diseases that resist traditional treatment. These bacteria can be combated only by new and expensive antibiotics that often are not readily available.

  Chlamydia, another infection that damages and blocks the fallopian tubes, is even more common today than gonorrhea. Chlamydia is relatively difficult to diagnose and culture and it responds well only to specific antibiotics. Past infection is diagnosed through a specific staining procedure of cervical secretions or by blood testing for anti-chlamydia antibodies. The symptoms of chlamydia are very similar to those of gonorrhea.

  Syphilis, too, is again becoming widespread in the United States. Syphilis is easily cured in its early stages. In later stages its spread can be halted, but its effects cannot be reversed.

  (See “Pelvic Inflammatory Diseases” in Chapter 9 for a discussion of the effect of sexually transmitted diseases on infertility.)

  Medications and “Recreational Drugs” Are Taking Their Toll

  Alcohol, nicotine, marijuana, cocaine, and other psychotropic drugs can significantly reduce both male and female fertility because they are capable of altering the genetic material of eggs and sperm. However, these substances can potentially have a far more severe and long-lasting effect on a woman than on a man. Because a woman is born with her lifetime quota of eggs already inside her ovaries, unwise use of medications and drugs can damage all the eggs her body will ever produce. In contrast, a man generates a completely new supply of sperm approximately every three months, so damaged sperm are replaced in a short time.

  The Biological Clock Keeps on Ticking

  Many women today choose to delay having a family in order to establish their careers, to be sure they and their partner can afford children because they married relatively late, or because they want to have a child with a new partner. However, there is a price to pay for having children later on. For example, some disorders that produce infertility tend to appear during the second half of a woman’s reproductive life span. Thus, a woman who decides to have children after 35 might find she is infertile because of hormonal problems, a pelvic disease such as endometriosis, or the development of benign fibroid tumors of the uterus. In addition, the ability to ovulate healthy eggs and concurrently generate a hormonal environment that can adequately support a pregnancy becomes increasingly compromised as a woman gets older. Many women who plan to become pregnant later in their reproductive lives find themselves unable to do so.

  Although the infertility rate has not increased, the aggregate number of couples whose last option for pregnancy is IVF is skyrocketing. Recent advances in the evolution of high-tech methods to evaluate and treat infertility offer the hope of pregnancy to couples who previously would have had no hope. Hundreds of thousands of very special miracles have been granted the gift of life through assisted reproductive technology (A.R.T) in the United States.


  CHAPTER

  2

  THE ANATOMY AND PHYSIOLOGY OF REPRODUCTION

  In vitro fertilization can be viewed as an extension of the normal human reproductive process. It merely bypasses many of the anatomical or physiological causes of infertility by substituting IVF techniques for some of the processes that occur naturally in the body. In order to understand both natural conception and IVF, therefore, one must first be familiar with human reproductive anatomy and the process of reproduction.

  THE FEMALE REPRODUCTIVE TRACT

  The female reproductive tract consists of the vulva, vagina, cervix, uterus, fallopian tubes, and ovaries. The external portion of the female reproductive tract (see figure 2-1) is known as the vulva. The vulva includes the inner and outer lips, or labia. The hair-covered outer labia are called the labia majora (major lips). The labia minora, small inner lips partially hidden by the labia majora, are remnants of tissue whose embryologic counterpart in the male develops into the scrotum.

  The clitoris, a small organ at the junction of the labia minora in the front of the vulva, is the embryologic counterpart of the male penis. The clitoris undergoes erection during erotic stimulation and plays an important role in orgasm.

  The area between the labia minora and the anus is called the perineum. It is formed by the outer portion of the fibromuscular wall and skin that separate the anus and rectum from the vagina and vulva.
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  Figure 2-1

  The vagina, a narrow passage about 3–4 inches long and about 1 inch wide, spans the area between the vulva and the cervix. It opens outward through the cleft between the labia minora, or vestibule. The vagina’s elastic tissue, muscle, and skin have enormous ability to stretch so as to accommodate the penis during sex and the passage of a baby at birth.

  The vagina is actually a potential space; it is a real space only when the penis enters it or during childbirth. At other times, the vaginal walls are collapsed against one another; a cross section of a relaxed vagina would resemble the letter H. In front of the vagina lie the bladder and the urethra (outlet from the bladder), and at the back is the rectum (see figure 2-2).

  [image: Image]

  Figure 2-2

  The cervix, which is the lowermost part of the uterus, protrudes like a bottleneck into the upper vagina. As figure 2-3 illustrates, a fornix, or deep recess, is created around the area where the cervix extends into the vagina. The area of the abdominal cavity behind the uterus is known as the cul-de-sac. The cervix opens into the uterus through a narrow canal, the lining of which contains glands that produce cervical mucus (the important role that cervical mucus plays in the reproductive process will be explained later in this chapter). The cervix is particularly vulnerable to infections and other diseases, such as cancer.

  The uterus, which consists of strong muscle fibers, is able to stretch and grow from its normal size (when it resembles a pear) to accommodate a full-term pregnancy. The valve-like transition between the cervix and the uterine cavity enables a baby to grow within the uterus without prematurely dilating the cervix and thereby endangering the pregnancy through miscarriage or premature birth. The lining of the uterus, which nurtures and supports the developing embryo, is known as the endometrium.
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  Figure 2-3

  The fallopian tubes are two narrow 4-inch-long structures that lead from either side of the uterus to the ovaries. At the end of the fallopian tubes are finger-like protrusions known as fimbriae.

  The ovaries are two almond-sized structures attached to each side of the pelvis adjacent to the fimbriae. The ovaries both release eggs and discharge certain hormones into the bloodstream. The process of releasing the egg or eggs is called ovulation. Eggs are also known as ova or oocytes.

  About the size of a grain of sand, eggs are the largest cells in the human body. A woman develops all the eggs she will ever have at the fetal age of 12 weeks. Although a female baby starts off with about 7 million eggs when she is inside her mother’s womb, her ovaries contain only about 700,000 eggs by the time she reaches puberty. A woman uses about 300,000 of these eggs during the approximately 400 ovulations that occur during her reproductive life span.

  Each month, the ovaries select a number of the woman’s eggs for development and maturation. Eggs develop in blister-like structures, or follicles, that project from the surface of the ovaries. At ovulation, the egg is not simply expelled into the abdominal cavity. Instead, the fimbriae at the ends of the fallopian tubes gently vacuum the surface of the ovaries to retrieve the egg and direct it through the fallopian tubes for possible fertilization.

  The human egg (see figure 2-4) is similar in structure to the eggs of many other species, including the chicken. In the center of the human egg is the nucleus, which bears the chromosomes. The surrounding ooplasm contains micro-organelles, which are cellular factories that produce energy for the egg. The ooplasm also contains nurturing material that supports the embryo during its early stages after fertilization, thus enabling it to grow before becoming attached to an external source of nourishment (the endometrium). Surrounding the ooplasm and nuclear material is the perivitelline membrane, which separates the internal matter from the zona pellucida. The zona pellucida is analogous to the shell of a chicken egg, and the perivitelline membrane corresponds to the membrane inside the eggshell.

  The human egg, unlike the chicken egg, also contains a group of cells known as the cumulus oophorus, which are arranged in a starburst effect around the outside of the zona pellucida. (The critical role each of these structures plays in the fertilization process is explained later in this chapter under “How Fertilization Occurs.”)
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  Figure 2-4

  THE MALE REPRODUCTIVE TRACT

  The male sex organs (see figure 2-5) comprise the penis and two testicles, or testes, which are located in a sac called the scrotum. The testicles (male counterparts of the woman’s ovaries) produce spermatozoa, or sperm (the male equivalent of the woman’s eggs).

  In contrast to the woman, who is born with a lifetime quota of eggs, the man’s testicles generate a new complement of sperm approximately every 100 days. The sperm begin to mature in the testicles and continue to develop as they travel through a long, thin, coiled tubular system in the scrotum called the epididymis. The epididymis is connected to a straight, thicker tube called the vas deferens. Just before the vas deferens enters the penis it joins the urethra, which originates in the bladder and allows the passage of urine from the bladder through the penis. Sperm are transported through this system by muscular contractions known as peristalsis.

  Several glands, including the seminal vesicles and the prostate gland, are located along this tract. They release a large amount of milky secretions that nurture and promote the survival of the sperm. The combination of sperm and milky fluid that is ejaculated during erotic experiences is known as semen. Semen and urine are not discharged simultaneously through the urethra. Urine is prevented from mixing with semen in the urethra because the bladder-urethra opening constricts during ejaculation. Similarly, closure of the vas deferens-urethra juncture prevents passage of semen during urination. In certain cases, removal of a diseased prostate gland may compromise this separation effect and cause the man to ejaculate backward into the bladder rather than outward through the penis, which is known as retrograde ejaculation. This condition may cause infertility, but it can be treated by inseminating the woman with sperm separated from urine the man would pass immediately following orgasm.
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  Figure 2-5

  Sperm (see figure 2-6), in contrast to eggs, are the smallest cells in the body. They resemble microscopic tadpoles. Each sperm consists of a head, whose nucleus contains the genetic, or hereditary, material arrayed on chromosomes; a midsection that provides energy; and a tail that propels the sperm along the male reproductive system and through the woman’s reproductive tract. The top of the head is covered by the acrosome, a protective structure containing enzymes that enable the sperm to penetrate the egg; and the surface of the acrosome is enveloped by the plasma membrane. (The function of the acrosome and plasma membrane will be explained under “How Fertilization Occurs” later in this chapter.)

  Eggs and sperm are called gametes until fertilization. A fertilized egg is called a zygote until it begins to divide; from initial cell division through the first eight weeks of gestation it is known as an embryo, and from the ninth week of gestation until delivery it is called a fetus.
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  Figure 2-6

  THE PROCESS OF FERTILIZATION

  Fertilization is a complex process that must be accomplished within a strict time frame. Theoretically, a man is always fertile, but a woman’s egg can only be fertilized within a specific 12-to 24-hour period shortly after ovulation. Therefore, there is a “window of opportunity” lasting only 24 to 48 hours each month when intercourse can be expected to result in fertilization. Timing is critical if the egg and sperm are to survive the journey through the woman’s reproductive tract, unite, become fertilized, and result in the embryo implanting successfully into the uterine wall.

  The man deposits between 100 million and 200 million sperm into the woman’s vagina with each ejaculation of semen. During normal in tercourse, or even after the woman has been artificially inseminated, much of the semen pools in the posterior fornix behind the protruding cervix. Because the cervix usually points partially backward into the posterior fornix, the cervix is usually immersed in the pool of ejaculated semen. This immersion helps direct the sperm through the cervix and into the reproductive tract.

  The journey from the fornix to the fallopian tubes, which is about four inches, is hazardous and unbelievably taxing for the tiny sperm. For a cell the size of a sperm to travel this distance is equivalent to an adult human swimming the Pacific Ocean from Los Angeles to Tahiti. Only a small fraction of exceptionally strong, healthy sperm out of several million that were deposited in the fornix will survive that 24-to 48-hour journey. Many are killed by the hostile environment in the vagina or cervix, and others simply do not survive the long swim. Peristaltic contractions in the fallopian tubes help the remaining sperm reach the egg, and the same contractions propel the fertilized egg or embryo back through the fallopian tube to the uterus. (The fertilization process occurs near the middle of the fallopian tube—not in the uterus.) Amazingly, out of the millions of sperm ejaculated into the vagina, only a few hundred to a few thousand successfully complete the journey to the waiting egg in the fallopian tube.
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  Figure 2-7

  An egg presents a large target for the tiny sperm: about 1/180-inch as opposed to the sperm’s 1/100,000-inch diameter. This means that the egg is about 550 times as wide as the sperm. The difference in size between the two gametes is due to the massive amount of cytoplasm within the egg that will nourish the newly formed embryo. Sperm, in contrast, consist almost entirely of genetic material with very little cytoplasm. They are little more than bags of chromosomes propelled by a tail.

  IVF improves the odds that sperm can find and fertilize an egg. This is because the distance sperm have to swim to find the egg in a petri dish is considerably shorter than the “long-distance route to Tahiti” found in nature. The egg still lies passively within the dish, as it would in the fallopian tube; but in the significantly reduced volume of the petri dish, the sperm are far more likely to find the egg than they would be if they had to negotiate the entire distance from the fornix.

  How Fertilization Occurs

  The process whereby sperm are prepared to fertilize an egg, which is known as capacitation, takes place in two stages. First, as a sperm passes through the woman’s reproductive tract, its acrosome fuses with its plasma membrane, slowly releasing the enzymes within the acrosome. Then, with its acrosome now exposed, the sperm attacks the cumulus granulosa and the zona pellucida (the shell-like covering) of the egg. The heads of a number of sperm fuse with the zona pellucida, and one successful sperm penetrates the egg. The process whereby a sperm fuses with the zona, the second state of capacitation, is called the acrosome reaction.

  The sperm require from five to 10 hours of incubation in the fluids of the female reproductive tract to complete the acrosome reaction.

  Capacitation takes place in the mucus secretions of the cervical canal, and continues in the uterus and fallopian tubes. It is believed that the passage of sperm through the cervical mucus around the time of ovulation promotes the necessary physical, chemical, and structural changes in the plasma membrane to facilitate release of acrosomal enzymes. (Because only sperm that have undergone capacitation are able to fertilize an egg, in IVF therapy the first stage of capacitation must be replicated in the laboratory prior to IVF if fertilization is to occur in the petri dish.)

  After the acrosome reaction has taken place, the successful sperm completes the fertilization process by burrowing through the zona pellucida and ooplasm to the nuclear material. The sperm sheds its body and tail upon penetration, and only the head (containing the genetic material) actually enters the egg. Figure 2-8 illustrates the following steps in the capacitation-fertilization process:

  • Phase 1: The plasma membrane fuses with the acrosome as the sperm pass into the reproductive tract to reach the egg, thus initiating capacitation.

  • Phase 2(a): The acrosomal enzymes are released, and penetrate the cumulus mass cells of the egg.

  • Phase 2(b): The acrosome fuses with the zona pellucida, thus completing capacitation.

  • Phase 3: The sperm burrows through the zona pellucida into the ooplasm of the egg.

  The moment a sperm penetrates the egg’s zona pellucida, a reaction in the egg fuses the zona and the perivitelline membrane into an impermeable shield that prevents other sperm from entering.

  When fertilization occurs, the egg starts dividing within the zona covering, drawing its metabolic supplies from the ooplasm within the egg. Propelled by contractions of the fallopian tube, the dividing embryo begins its three-or four-day journey to the uterus and continues to divide after reaching it.
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  Figure 2-8

  About two days after reaching the uterus, when the embryo has divided into more than 100 cells, it cracks open, and all the cells burst out through the fractured zona. This is known as hatching. These cells then try to burrow their way into the lining of the uterine wall. A portion of the growing embryo soon makes contact with the mother’s circulatory system and becomes the earliest form of the placenta, from which the baby will receive its nourishment (see figure 2-9).

  If an embryo implants anywhere but in the uterus, it is referred to as an ectopic pregnancy. In most cases, an ectopic pregnancy is due to embryonic implantation in the fallopian tube; this occurs about once in every 200 pregnancies. Isolated cases of implantation in the reproductive tract, such as on the ovary or elsewhere in the abdominal cavity, have been reported. In rare instances, such ectopic pregnancies have been known to develop to full term, but the baby invariably will not survive. (See Chapter 9 for more information on ectopic pregnancies.)

  Figure 2-9 follows the progress of an egg as it is ovulated from the follicle, becomes fertilized in the fallopian tube, and implants into the endometrium of the uterus. The dotted line plots the days that normally elapse as:

  1. Ovulation occurs (and meiosis takes place prior to and during fertilization)

  2. The fertilized egg, which has not yet divided, is now called a zygote

  3. The egg begins to divide and is now known as an embryo; at this point each blastomere, or cell, within the embryo is capable of developing into an identical embryo

  4. The embryo develops into a mulberry-like structure known as a morula

  5. A cavity develops within the embryo, which indicates the blastocyst stage

  6. The process of gastrulation begins (cells are now dedicated to the development of specific embryonic layers that subsequently will form specific organs and structures; individual cells are no longer capable of developing into embryos)

  At ovulation, the physical-chemical properties of the cervical mucus nurture the sperm as they pass through it, enhancing their quick passage and therefore capacitation as well. This is because hormonal changes around the time of ovulation ensure that the microfibrilles, or myceles, of the cervical mucus are arranged in a parallel manner. The sperm must then swim between the myceles in order to reach the uterus and, finally, the fallopian tubes. In addition, the cervical mucus becomes watery, and the amount produced (some of which may be discharged) increases significantly.

  At another time during the menstrual cycle, the hormonal environment alters the arrangement of the myceles in the cervical mucus to form a barrier to the passage of sperm. During this time the mucus is thick, thus preventing the sperm from passing through the cervix.

  The Billings Method of contraception is based on this phenomenon. A woman using the Billings Method predicts when she is likely to be ovulating by evaluating whether her cervical mucus is thick or watery. Because pregnancy can occur only around the time of ovulation, it is accordingly possible for her to identify the “safe period” when she is unlikely to conceive following unprotected intercourse.
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  Figure 2-9

  HOW THE GENETIC BLUEPRINT IS DRAWN

  After onset of the spontaneous LH surge or following controlled ovarian stimulation (COS) with fertility drugs where hCG is administered, the egg, which to this point has 23 pairs (46 total) of chromosomes, enters into a 38-42 hour process of maturation division known as meiosis. The objective is for the normal total number of 46 chromosomes to halve, so as to leave the mature egg with half the original number of chromosomes (i.e., 23). Such an egg is termed euploid. To achieve this, half the chromosomes of the immature egg are expelled from the egg substance in a membranous envelopment. This so-called 1st polar body (PB-1) comes to lie in the periviteline space where within a day or two of fertilization it eventually degrades and disappears. The microscopic identification of PB-1 provides evidence that meiosis occurred and that the egg is “mature.”

  Each cell in a human being (except for the gametes) contains 46 chromosomes, which are bound together into 23 pairs. Chromosomes contain hundreds of thousands of genes, each of which transmits the hereditary messages of the man or woman.

  If a mature sperm containing 46 chromosomes were to fertilize an egg that also contained 46 chromosomes, it is obvious that the two gametes would produce a zygote containing double the proper number of chromosomes. Therefore, nature has created a method through which the number of chromosomes in both the sperm and egg is reduced by half. The immature sperm (similar to the immature egg) contains 46 chromosomes.

  As with the egg, each “immature” sperm also undergoes meiosis with the objective of dividing its 46 chromosomes in half. However, unlike the egg, which during meiosis halves its chromosomal component by discarding 23 chromosomes in the PB-1, each sperm divides into two (2) separate mature sperm each containing 23 chromosomes. When the mature egg and sperm, each with 23 chromosomes, fertilize, the resulting embryo will have 46 chromosomes. Such an embryo is euploid and has a maximum potential to develop into a healthy baby.

  All this would be all be well and good were it not for the fact that in humans most mature eggs have an irregular chromosome component that is more than or less than 23 (aneuploid) and thus upon fertilization, will invariably develop into embryos that are likewise aneuploid (i.e., have more than or less than 46 chromosomes). It is important to bear in mind that with human reproduction, when it comes to the chromosomal integrity of the embryo, the egg plays a much more influential role than does the sperm. Moreover, in humans the rate of egg aneuploidy is higher than with any other mammal. In fact, more than 50% of mature eggs derived from women under 35 years of age are aneuploid and this incidence increases with advancing age, such that by the mid-40s more than 90% of a woman’s eggs will be aneuploid. This growing incidence of egg aneuploidy explains the reciprocally high incidence of aneuploidy in human embryos. Aneuploid human embryos are “incompetent” (incapable of generating a normal pregnancy). Many such embryos will suffer developmental arrest, while those that continue to develop will either miscarry or result in aneuploid birth defect (e.g., Down syndrome). This serves to explain why infertility, miscarriages, and chromosomal birth defects increase with advancing age of the egg provider.

  Immediately following fertilization of the egg by a sperm, the second polar body (PB-2) forms and is also extruded. Both polar bodies are located in the perivitelline space where they are readily detectable and are accessible to direct biopsy.

  Once fertilized by sperm, the zygote starts to divide into cells (blastomeres). Now the blastomeres of this embryo divide repeatedly, replicating their chromosomal structure identically by a process called mitosis. The growth and development of all tissues—with the exception, of course, of the gametes—is done by mitosis. Mitotic cell division begins within 24-48 hours of fertilization occurring. Its rate of cleavage (division) is believed to be indicative of its “competency” to produce a viable embryo and its potential to implant into the uterine lining. Blastomeres which have all 46 chromosomes in place are referred to as being euploid, while those that have an irregular number of chromosomes (more, or less than 46) are termed “aneuploid.” Embryos in which euploid blastomeres overwhelmingly predominate have a high potential to develop into a normal baby (i.e., “competent”) while those with predominantly aneuploid blastomeres are “incompetent.” Competent embryos usually develop in an orderly fashion, cleaving to the 5-9 cells (blastomeres) stage within 72 hours of fertilization. Thereupon, in the following 24 hours, they will divide so rapidly that the blastomeres “compact.” Now it is referred to as a “morula” (mulberry). Over the ensuing 24-48 hours the cells begin to differentiate into a blastocyst, which has an inner fluid cavity, an outer layer known as the trophectoderm that subsequently develops into the root system (placenta) and membranes surrounding the baby, and an inner collection of cells known as the “inner cell mass,” which ultimately develops into the baby itself.

  Since the immature egg comprises two X chromosomes (XX), it follows that by halving in the process normal meiosis (reduction division), there will be only one X chromosome in the nucleus and one in the first polar body. In contrast, blastomeres comprise the chromosomes of both the egg and the sperm. Since the sex chromosome makeup of the immature sperm is X+Y, it follows that after dividing its chromosomes in half with meiosis, the mature will contain either an X or a Y chromosome. When a mature Y-carrying sperm fertilizes an egg, the resulting embryo will be male (XY), and if it contributes an X chromosome, the embryo will be female (XX). Thus it is the sperm rather than the egg that determines the sex of the offspring.

  Thus the embryo is actually quite complex, for within the boundaries of each blastomere, placed strategically on each chromosome, are the genes that carry information for 100,000 chemical reactions and represent the genomic blueprint for a new individual. The set of instructions carried on the chromosomes is complete, and a virtual explosion of embryonic development is imminent.

  HORMONES PREPARE THE BODY FOR CONCEPTION

  Pregnancy, of course, begins with the fusion of the two gametes, but the preparations for conception begin long before fertilization occurs. The onset of puberty in both the man and the woman sets the stage for a biorhythmical hormonal orchestration that becomes more and more fine-tuned over the ensuing decade. It begins with the formation and release of hormones into the bloodstream, and the bodies of both sexes rely on a complex feedback mechanism to measure existing hormonal levels and determine when additional hormones should be released.

  The hypothalamus (a small area in the midportion of the brain) and the pituitary gland (a small, grape-like structure that hangs from the base of the brain by a thin stalk) together regulate the formation and release of hormones. The hypothalamus, through its sensors, or receptors, constantly monitors female and male hormonal concentrations in the bloodstream and responds by regulating the release of small, protein-like “messenger hormones” to the pituitary gland. These messenger hormones are known as gonadotropin-releasing hormones or GnRH (see figure 2-10).
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  Figure 2-10

  In response to the messenger hormones from the hypothalamus, the pituitary gland determines the exact amount of hormones that it in turn will release to stimulate the gonads (ovaries in the woman and testicles in the man). These hormones, or gonadotropins, are called follicle-stimulating hormones (FSH) and luteinizing hormones (LH). The hypothalamus closes the feedback circle by measuring the level of hormones produced by the gonads while at the same time monitoring the release of LH and FSH by the pituitary gland.

  This “push-pull” interplay of messages and responses produces the cyclical hormonal environment in the woman that is designed solely to promote pregnancy. A “push-pull” mechanism also occurs in the man with regard to the release of testosterone, the male sex hormone. Similar feedback mechanisms regulate other hormonal responses in mammals, such as the functioning of the thyroid and adrenal glands.

  There are two primary sex hormones in the female, estrogen and progesterone; in the male there is only one, testosterone. The pituitary gland releases identical hormones—FSH and LH—to the gonads of both the woman and the man, but the female and male gonads respond differently to these hormones. The level of female hormones fluctuates approximately monthly throughout the menstrual cycle, while male hormone production remains relatively constant.

  In men, LH controls the production of testosterone, and FSH, the production and maturation of sperm.

  In women, extraneous factors as well as the level of circulating hormones and gonadotropins may influence the body’s feedback mechanism. For example, the hypothalamus may be influenced by stress, pain, environmental changes, diseases in the woman’s body, birth-control pills, and many forms of medication, including tranquilizers and blood-pressure medication.

  The best way to understand this cyclical hormonal process is to trace the woman’s hormonal pattern throughout a menstrual cycle. For practical purposes, the menstrual cycle will be considered to begin on the first day of menstruation. The following illustration is based on a 28-day menstrual cycle. However, it is important to remember that many women have somewhat shorter or longer menstrual cycles. In such cases, although the cyclic phases and ovulation occur in the manner described below, their length and timing vary according to the number of days in that particular cycle. For example, a woman with a cycle of 35 days is not likely to ovulate on day 14.

  The First Half of the Cycle (the Follicular/ Proliferative Phase)

  The body prepares for ovulation during the first two weeks of the menstrual cycle. During this two-week period, the lining of the uterus (endometrium) thickens or proliferates significantly and becomes very glandular under the influence of rising blood estrogen levels. This phase is accordingly often referred to as the proliferative phase of the cycle. Because this proliferation of the endometrium occurs at the same time as the development of the ovarian follicle(s), it is often also known as the follicular phase. From just prior to the beginning of the menstrual period until the middle of that cycle, the pituitary gland releases the gonadotropin FSH in ever-increasing amounts.

  The release of FSH causes the formation of follicles in the ovaries as well as both the production of estrogen and the selection of eggs (usually one per follicle) that are to mature during that cycle. Often as many as 30 or even more follicles begin to develop under the stimulation of FSH, but in the natural cycle only one and sometimes two follicles progress to ovulation (see figure 2-11). The eggs that do not mature ultimately disintegrate and are absorbed into the ovary. This explains why so many eggs are lost during the reproductive life span, although a woman usually ovulates only one, sometimes two, and, very rarely, three eggs in any particular menstrual cycle.
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  Figure 2-11

  Responding (usually at the middle of the menstrual cycle) to the rising estrogen levels in the bloodstream, the hypothalamus releases a surge of gonadotropin-releasing hormone (GnRH) when the estrogen reaches a critical level. This rush in GnRH production prompts the pituitary gland to produce a surge of LH, which had been released only in very low, erratic concentrations until this point. It is the sudden surge in LH that actually triggers ovulation.

  Ovulation

  At ovulation, a muscle connecting the ovary with the end of the fallopian tubes contracts, bringing the fimbriae closer to the follicle containing the egg. The fimbriae then gently massage and vacuum the follicle until the egg, which by this time is protruding from the follicle, is extruded. The fimbriae receive the egg and direct it into the fallopian tube, where contractions transport it toward the uterus.

  The follicle collapses once the egg has been extruded and is transformed biochemically and hormonally. It takes on a yellowish color and is then referred to as the corpus luteum (“yellow body” in Latin).

  All the while that the ovaries are nurturing eggs and producing hormones, the endometrium is developing in preparation for receiving an embryo. By the time ovulation occurs, it is about three times as thick as it was immediately after menstruation. (In Chapter 8 we will discuss in detail the critical role the endometrium plays in successful implantation of the embryo.)

  The Second Half of the Cycle (the Secretory/Luteal Phase)

  Once the corpus luteum forms, the ovary begins to secrete the hormone progesterone as well as estrogen, and the levels of progesterone begin to rise very rapidly. The progesterone converts the proliferated, glandular endometrium to a moist, receptive structure capable of secreting nutrients that will sustain an embryo, hence the term secretory phase. The term luteal phase describes the stage of the menstrual cycle during which the corpus luteum produces the progesterone that enhances the secretory environment in the uterus.
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