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Notice

Medicine is an ever-changing science. As new research and clinical experience broaden our knowledge, changes in treatment
and drug therapy are required. The authors and the publisher of this work have checked with sources believed to be reliable in
their efforts to provide information that is complete and generally in accord with the standards accepted at the time of
publication. However, in view of the possibility of human error changes in medical sciences, neither the editors nor the
publisher nor any other party who has been involved in the preparation or publication of this work warrants that the
information contained herein is in every respect accurate or complete, and they disclaim all responsibility for any errors or
omissions or for the results obtained from use of the information contained in this work. Readers are encouraged to confirm
the information contained herein with other sources. For example and in particular, readers are advised to check the product
information sheet included in the package of each drug they plan to administer to be certain that the information contained in
this work is accurate and that changes have not been made in the recommended dose or in the contraindications for
administration. This recommendation is of particular importance in connection with new or infrequently used drugs.
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Preface

In previous editions of Williams Obstetrics, we have emphasized that obstetrics, originally born as a technical specialty, began
to accrue scientific-based underpinnings during the last half of the 20th century. And over the past three decades, evidence-
based medicine became embraced and is now firmly inculcated into clinical obstetrics. Accordingly, we again acknowledge the
many fruitful efforts of the National Institute of Child Health and Human Development (NICHD) to encourage and support basic
science and clinical research in obstetrical specialties. In updating this text, we relied heavily on investigations performed by
members of the Maternal-Fetal Medicine Units Network. We also applaud the efforts of the American Gynecological and
Obstetrical Society, the Society for Maternal-Fetal Medicine, the Society for Gynecological Investigation, and the American
Board of Obstetrics and Gynecology to support the scientific and fiscal health of young clinical investigators.

Evidence-based medicine can be a two-edged sword. How does the busy practitioner keep up with many innovations that
seemingly appear daily into our clinical literature? Who is the arbiter of their incorporation into clinical obstetrics? Should
observations that satisfy the mathematical definition of statistical significance, but that have limited clinical significance, be
employed nationwide as the "standard of care"? To us, the obvious answer is "no." And so we applaud our professional
organizations such as the American College of Obstetricians and Gynecologists for their pragmatism and wisdom in
recommendation of protocols for clinical management that inevitably do become the "standard." For our part, in this book we
have attempted to perform a balanced review of the literature to present readers with pros and cons of different management
methods so that they may select options that are best suited to their available resources. We have also tried to avoid
dogmatism which unfortunately dominated the practice of obstetrics for several decades of the 20th century. At the same time,
we are proud to be associated with academic teaching services that are disciplined examples of evidence-based obstetrics.
Although none of these services is perfect in any sense of the definition, we draw heavily on our combined clinical observations
when recommending management options. We do however emphasize that these recommendations do not necessarily
represent a sole method of management.

We have added new editors to further balance the breadth of obstetrics with a depth to ensure our self-imposed mandate of
citing scientific underpinning of evidence-based clinical medicine. One imperative was a suitable replacement(s) for Dr. Norman
Gant who needed more time as Executive Director of the American Board of Obstetrics and Gynecology. Joining us from the
University of Texas Southwestern Medical Center is Dr. Steve Bloom who is director of Labor & Delivery at Parkland Hospital
and who is responsible for overseeing the welfare of the more than 15,000 women who are delivered there annually. Dr. Bill
Rainey is a nationally recognized scientist in reproductive and developmental biology who has made many valuable
contributions to our knowledge of fetal physiology and labor initiation. Dr. George Wendel is director of the largest residency
program in the country and he has also accrued an enviable reputation in the fields of obstetrical and perinatal infections,
especially sexually transmitted diseases. Joining us from the University of Alabama at Birmingham, Dr. Dwight Rouse is an
accomplished perinatal epidemiologist who provides depth to our myriad analyses of evidence-based outcomes. We are also
fortunate to be joined by Dr. Cathy Spong from the National Institute of Child Health and Human Development who brings
substantive dimension drawn from her extensive experiences accrued with the Maternal Fetal Medicine Units Network.

As in the past, we have relied heavily on the expertise of many of our colleagues and hopefully we cite all of them for their
scholarly contributions. Drs. Judith Head and Khurram Rehman added insight into basic science principles of fetal and placental
development, perinatal physiology, and the initiation of parturition. Dr. Marlene Corton provided new illustrations for pelvic
anatomy and physiology. Dr. Beverly Rogers helped with a scholarly update of the placenta and its pathology. Considerable
advice for obstetrical anesthesia was given by our colleagues Drs. Don Wallace, Shiv Sharma, and Elaine Sidawi. Dr. John
Schorge lent substantive insight into gestational trophoblastic disease and Drs. David Hemsell and Chuck Rolle helped to
review ectopic pregnancy. Dr. Jodi Dashe was inexhaustible in her efforts to continually update citations concerning all matters
genetic. And she along with Drs. Diane Twickler and Rigoberto Santos lent their considerable knowledge and experiences with
ultrasonography and Doppler technology as well as with many beautiful photographs. Dr. Jim Alexander provided useful
suggestions concerning the conduct of normal and abnormal labor as well as analgesia for labor. Review of information
concerning contraception and sterilization was provided by Drs. Gretchen Stuart, Barry Schwarz, and Stephen Heartwell. Help
with the topics of obstetrical critical care as well as imaging techniques and cerebral blood flow measurement in eclamptic
women came from Dr. Gerda Zeeman who is now at the University of Groeningen in The Netherlands. Dr. Nicole Yost provided
insight into gastrointestinal disorders as well as preterm birth. Dr. Brian Casey shared his considerable clinical and research
expertise with diabetes and thyroid disorders complicating pregnancy. Dr. Jeanne Sheffield was immensely helpful with
constant updating of recommendations from the Centers for Disease Control and Prevention for treatment of sexually
transmitted diseases and other infections.

It would be impossible to put together a 5000-page typed manuscript without a dedicated team to bring these efforts together.
We are deeply indebted to Ms. Connie Utterback for her untiring efforts as Production Coordinator. With the help of Ms. Minnie
Tregaskis, Ms. Cynthia Allen, Ms. Marsha Congleton, Ms. Kym Morris, Ms. Dina Trujillano, Ms. Ellen Watkins, as well as the late
Ms. Jeanette Cogburn, who we miss greatly, the Dallas group kept the lights burning late into many nights. They were aided by
Ms. Belinda Rials and Ms. Rhonda Scott in Birmingham, and Ms. Gerri Lopez in Houston. Expert artistic help was provided by
Mr. Scott Bodell who had lent his talents on previous editions. Finally, we were fortunate and privileged to have the expert help
of Dr. Barbara Hoffman who served as copy and rewrite editor, English and grammar tutor, and eagle-eyed proofreader who
helped to keep us honest with hundreds of randomized controlled trials.

These past few years have been most challenging for those of us dedicated to academic obstetrics; medical student, resident,
and fellow training; and contributions to clinical and basic research. Imposition of pounds and mounds of forms and paperwork
for Medicare, Medicaid, HIPAA, RRC, billing compliance, and managed care, along with major cuts in funding for health care in
general, and indigent health care specifically, have required new dimensions of time taken away from clinical duties. We thus



are indebted to all of those who took up the slack to allow us more time to devote to this edition. We especially cite the efforts
of Drs. Barry Schwarz, Karen Bradshaw, Morris Bryant, and Robert Coleman as well as Ms. Judy Wagers and Ms. Janice
Walton.

This is the second edition of Williams Obstetrics for which we have been privileged to work closely with the excellent team at
McGraw-Hill. Led by Ms. Andrea Seils, we thoroughly enjoyed our interactions with Ms. Karen Davis and Mr. John Williams who
have been immensely helpful.

Finally, we thank our families and friends for allowing us to impinge on their time to perform "book duties." We appreciate their
patience and encouragement.
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SECTION I - OVERVIEW

1. Obstetrics in Broad Perspective
INTRODUCTION

In the 10th edition of Williams Obstetrics, Eastman described the word obstetrics as being derived from the Latin obstetrix,
meaning midwife. The word also is connected with the verb obstare "— to stand by or in front of. The rationale for this
derivation is that the midwife stood by or in front of the parturient. It is intriguing to consider that the derivation of obstetrics
may have its origins in the evolution of the human species. To do so, we examine the thought-provoking observations of
Rosenberg and Trevathan (2002). Their hypothesis dwells on two characteristics that set humans apart from other mammals,
that is, that humans are the only mammals that walk on two legs, and that for body size, we have the largest brains. Also,
unlike the females of other mammalian species, including other primates, women routinely seek assistance when they give
birth.

Rosenberg and Trevathan (2002) propose that women's need for birthing assistance may be the result of this evolved
bipedalism and large brain. The challenge of birth for many primates, and especially for humans, is that the size of the
newborn's head is very close to the size of the passage through which it must travel. The series of rotations described in
Chapter 17 that the human fetus must undergo during childbirth are thought to be related to the evolution of upright
locomotion as well as the larger brain. Because of pelvic changes necessary to accommodate bipedalism, the human fetus
must negotiate a birth canal that is not constant in cross-section. The pelvic inlet, where the fetus begins its transit, is widest
from side to side. Midway through the pelvis, however, the orientation shifts 90 degrees and the widest dimension of the pelvis
is from anterior to posterior. This change in pelvic dimensions means that the fetus must negotiate a series of turns as it
passes through the birth canal so that its largest dimensions *—the head and shoulders ®"— are always aligned with the
widest dimension of the birth canal. As a consequence of this rotation, human fetuses predominantly assume the occiput
anterior position at delivery. In contrast, occiput posterior delivery is characteristic for nonhuman primates with smaller brains
and correspondingly smaller head size. For example, in monkeys, the neonate is born looking up into its mother's face, which
makes it possible for the mother to reach down and guide the newborn out of the birth canal. She can also wipe mucus from
the baby's face to assist its breathing.

Thus, Rosenberg and Trevathan (2002) propose that human parturients require assistance because they cannot mechanically
manage delivery of the occiput anterior vertex without help. They suggest that the triple challenge of a big-brained neonate, a
maternal pelvis designed for walking upright, and a rotational delivery in which the infant emerges facing backward were
natural selection pressures that favored humans seeking assistance "— hence, obstetrics.

In the broader sense, obstetrics is concerned with reproduction of the society of humans. The specialty aims to promote health
and well-being as the branch of medicine that is concerned with pregnancy, labor, and the puerperium in both normal and
abnormal circumstances. The importance of obstetrics is attested to by the observation that maternal and neonatal outcomes
are universally used as an index of the quality of health and life in human society. With this in mind, we provide a synopsis of
the current state of maternal and newborn health in the United States. Following this is a perspective on some of the forces
affecting obstetrics in these early years of the 21st century.

VITAL STATISTICS

The vital statistics of the United States are collected and published through a decentralized, cooperative system (Tolson and
colleagues, 1991). Responsibility for the registration of births, deaths, fetal deaths, marriages, divorces, annulments, and
induced terminations of pregnancy is vested in the individual states and certain separate governmental entities. The system
comprises 57 registration areas: each state, the District of Columbia, New York City, American Samoa, Guam, the Northern
Mariana Islands, Puerto Rico, and the Virgin Islands.

The first standard certificates for the registration of live births and deaths were developed in 1900. An act of Congress in 1902
established the Bureau of the Census to develop a system for the annual collection of vital statistics. The overall objective was
to develop and maintain a system for registration that is uniform in such matters as forms, procedures, and statistical
methodology. The Bureau retained the authority for producing national vital statistics until 1946, when the function was
transferred to the United States Public Health Service. It is presently assigned to the Division of Vital Statistics of the National
Center for Health Statistics (NCHS). The standard certificate of live birth was substantially revised in 1989 to include much
more information on medical and lifestyle risk factors and also obstetrical care practices. Currently, more than 99 percent of
births in the United States are registered.

The NCHS is part of the Centers for Disease Control and Prevention (CDC). Its function is to collaborate with colleagues in
state vital statistics offices to revise the certificates of live birth and fetal death. This process generally is carried out every 10
to 15 years. Revisions were initiated in some states in 2003, and full implementation in all states will begin in phases over
several years. The 2003 revision focuses on fundamental changes in the way the data are collected to accomplish greater
accuracy. Changes also include a format conducive to electronic processing, to collect more explicit parental demographic data,
and to improve selection of information regarding antepartum and intrapartum complications. Some examples of new data to
be collected include that related to uterine rupture, blood transfusion, and pregnancy resulting from infertility treatment.

DEFINITIONS. The uniform use of standard definitions is encouraged by the World Health Organization as well as
the American Academy of Pediatrics and the American College of Obstetricians and Gynecologists (2002). Such uniformity
allows comparison of data not only between states or regions of the country, but also between countries. It is recommended
that United States statistics include all fetuses and neonates born weighing at least 500 g, whether alive or dead. It must be
clarified, however, that the states are not uniform in their definition of fetal death. For example, 28 states stipulate that fetal
deaths beginning at 20 weeks' gestation should be recorded, eight states report all products of conception as fetal deaths, and
still others use birthweights of 350 g, 400 g, or 500 g or greater to identify fetal deaths.



Definitions recommended by the NCHS and the CDC are as follows:

Re Perinatal period. The period after birth of an infant weighing 500 g or more and ending at 28 completed days after birth.
When perinatal rates are based on gestational age, rather than birthweight, it is recommended that the perinatal period be
defined as commencing at 20 weeks.

Re Birth. The complete expulsion or extraction from the mother of a fetus, irrespective of whether the umbilical cord has been
cut or the placenta is attached. Fetuses weighing less than 500 g are usually not considered as births, but rather are termed
abortuses for purposes of vital statistics.

Re Birthweight. The weight of a neonate determined immediately after delivery or as soon thereafter as feasible. It should be
expressed to the nearest gram.

Re Birth rate. The number of live births per 1000 population.

Re Fertility rate. The number of live births per 1000 females aged 15 through 44 years.

Re Live birth. The term used to record a birth whenever the newborn at or sometime after birth breathes spontaneously, or
shows any other sign of life such as a heartbeat or definite spontaneous movement of voluntary muscles. Heartbeats are to be

distinguished from transient cardiac contractions, and respirations are to be distinguished from fleeting respiratory efforts or
gasps.

Re Stillbirth or fetal death. The absence of signs of life at or after birth.

Re Neonatal death. Farly neonatal death refers to death of a liveborn neonate during the first 7 days after birth. Late
neonatal death refers to death after 7 days but before 29 days.

Re Stillbirth rate or fetal death rate. The number of stillborn neonates per 1000 neonates born, including live births and
stillbirths.

Re Neonatal mortality rate. The number of neonatal deaths per 1000 live births.

Re Perinatal mortality rate. The number of stillbirths plus neonatal deaths per 1000 total births.
Re Infant death. All deaths of liveborn infants from birth through 12 months of age.

Re Infant mortality rate. The number of infant deaths per 1000 live births.

Re Low-birthweight. A newborn whose weight is less than 2500 g.

Re Very-low-birthweight. A newborn whose weight is less than 1500 g.

Re Extremely-low-birthweight. A newborn whose weight is less than 1000 g.

Re Term neonate. A neonate born anytime after 37 completed weeks of gestation and up until 42 completed weeks of
gestation (260 to 294 days).

Re Preterm neonate. A neonate born before 37 completed weeks (the 259th day).
Re Postterm neonate. A neonate born anytime after completion of the 42nd week, beginning with day 295.

Re Abortus. A fetus or embryo removed or expelled from the uterus during the first half of gestation %— 20 weeks or less R—
and weighing less than 500 g.

Re Induced termination of pregnancy. The purposeful interruption of an intrauterine pregnancy with the intention other
than to produce a liveborn neonate, and which does not result in a live birth. This definition excludes retention of products of
conception following fetal death.

Re Direct maternal death. The death of the mother resulting from obstetrical complications of pregnancy, labor, or the
puerperium, and from interventions, omissions, incorrect treatment, or a chain of events resulting from any of these factors.
An example is maternal death from exsanguination after uterine rupture.

Re Indirect maternal death. A maternal death not directly due to an obstetrical cause, but resulting from previously existing
disease, or a disease that developed during pregnancy, labor, or the puerperium, but which was aggravated by maternal
physiological adaptation to pregnancy. An example is maternal death from complications of mitral valve stenosis.

Re Nonmaternal death. Death of the mother resulting from accidental or incidental causes not related to pregnancy. An
example is death from an automobile accident or concurrent malignancy.

Re Maternal mortality ratio. The number of maternal deaths that result from the reproductive process per 100,000 live
births. Used more commonly, but less accurately, are the terms maternal mortality rate or maternal death rate. The term ratio
is more accurate because it includes in the numerator the number of deaths regardless of pregnancy outcome R— for example,
live births, stillbirths, ectopic pregnancies "— while the denominator includes the number of live births.

In 1987, the CDC collaborated with the Maternal Mortality Special Interest Group of the American College of Obstetricians and
Gynecologists, the Association of Vital Records and Health Statistics, and state and local health departments to initiate the
National Pregnancy Mortality Surveillance System. Two new terms were introduced:



Re Pregnancy-associated death. The death of any woman, from any cause, while pregnant or within 1 calendar year of
termination of pregnancy, regardless of the duration and the site of pregnancy.

Re Pregnancy-related death. A pregnancy-associated death resulting from (1) complications of the pregnancy itself, (2) the
chain of events initiated by the pregnancy that led to death, or (3) aggravation of an unrelated condition by the physiological
or pharmacological effects of the pregnancy that subsequently caused death.

PREGNANCY IN THE UNITED STATES

Data from diverse sources have been used to provide the following snapshot of pregnancy during the early years of the 21st
century in the United States.

In 2002, the fertility rate of women aged 15 to 44 years was 64.8 live births per 1000 women (Sutton and colleagues, 2004).
The fertility rate has been trending downward for Caucasian, African-American, and Hispanic women since 1990, when the rate
was 70.9 per 1000. The rates of reproduction since 1990 were below replacement births, indicating a population decline
(Hamilton, 2004). This decline, however, has been compensated by considerable net migration into the United States. For
example, there were more than 1 million migrants each year from 2000 to 2002.

There were 4,021,726 live births in 2002, which when offset by 2,447,864 deaths, resulted in a net population increase of 1.6
million people (Kochanek and colleagues, 2004; Martin and colleagues, 2003). The 2002 birth rate for the United States fell to
the lowest rate ever recorded at 13.9 per 1000 population. Hispanic women accounted for more than 1 in 5 births. American
women average 3.2 pregnancies over their lifetimes, and 1.8 of these are considered wanted pregnancies (Ventura and
colleagues, 1999). After exclusion of fetal losses and induced terminations, American women on average deliver 2.0 live births
in a lifetime. Using 1996 as an example, there were 6.24 million pregnancies in the United States; 62 percent ended with live
births, 22 percent ended by induced terminations, and 16 percent were spontaneous abortions (Fig. 1-1).

Prenatal care is a major component of the U.S. health care scene. In 2001, delivery was the second leading cause of
hospitalization behind heart disease (Hall and DeFrances, 2003). The average length of hospital stay for all deliveries was 2.5
days. Prenatal care was the fourth leading reason for office visits to physicians and accounted for nearly 20 million visits in
2001 (Cherry and co-authors, 2003). Nondelivery hospitalizations have decreased substantially since the late 1980s due to
efforts to minimize expenditures. The leading indication for hospitalization unrelated to delivery was preterm labor. Nicholson
and co-workers (2000) estimated that the total national cost of hospitalization for preterm labor that did not eventuate in
delivery was $360 million in 1996 dollars. This sum increased to $820 million when women with preterm labor who actually
delivered early were added.

Figure 1-1. Results of 6,240,000 pregnancies in the United States, 1996. (Data
from Ventura and colleagues, 1999.)

HEALTHY PEOPLE 2010

In 1991, the U.S. Department of Health and Human Services issued a report titled Healthy People 2000. In this report, 17
goals were proposed to improve the health of mothers and infants by the year 2000. Unfortunately, progress was made in only
eight of these areas. Notable gains were made in the areas of infant death, fetal death, cesarean delivery (particularly repeat
cesareans), breast feeding, prenatal care, hospitalization for pregnancy complications, tobacco abstinence during pregnancy,
and screening for fetal abnormalities and genetic disorders. Although no progress was made toward four other goals, there
also was no regression in these areas, which included maternal deaths, fetal alcohol syndrome, and low-birthweight neonates.
For the remaining five objectives, unfortunately, movement was away from the target.

New objectives for maternal and infant health have been promulgated for the current decade as Healthy People 2010. Some of
these goals are shown in Table 1-1. One other goal is a new indicator of maternal health: maternal morbidity during labor and
delivery (Danel and colleagues, 2003).

INFANT DEATHS. There were 27,523 infant deaths in 2001, and as shown in Figure 1-2, two thirds of these were
neonatal deaths within the first 28 days of life. When analyzed by birthweight, two thirds of infant deaths were in low-
birthweight neonates (Fig. 1-3). Of particular interest are those births less than 500 g, for which neonatal intensive care can

now be offered. In 2001, there were 6450 liveborn infants weighing less than 500 g; 86 percent of these infants died during
the first 28 days of life. Of the 1044 who survived the first 28 days of life, 934 ®— 11 percent of all births less than 500 g R—

survived infancy.

There were 27,977 infant deaths in 2002 for a rate of 7.0 per 1000 live births compared with 6.8 in 2001 (Kochanek and
Smith, 2004). This slight increase in infant mortality between 2001 and 2002 is the first numerical increase since the period
that included 1957 through 1978. The increase was concentrated in the neonatal period, particularly the first week of life. The
percentage of neonates born preterm and low birthweight rose in 2002, continuing a long-term upward trend. St. John and
associates (2000) have estimated the total cost of initial care in the United States for all newborns as $10.2 billion annually.
Almost 60 percent of this expenditure is attributed to preterm births before 37 weeks, and 12 percent is spent on neonates
born between 24 and 26 weeks.



- Figure 1-2. Infant deaths from birth through 12 months *— United States, 2001.
. i (Data from Matthews and colleagues, 2003.)

= Figure 1-3. Infant deaths from birth through 12 months according to birthweight
R— United States, 2001. (Data from Matthews and co-workers, 2003.)

MATERNAL DEATHS. The health of pregnant women also is an important indicator of national health care. In
2002, a total of 336 maternal deaths were identified by vital statistics (Kochanek and Smith, 2004). Importantly and
unfortunately, it is estimated that more than half of maternal deaths are not recorded as such (Koonin and colleagues, 1997).
One major accomplishment of obstetrical care was that the risk of death from pregnancy complications decreased almost 99
percent during the 20th century. The ratio of approximately 850 maternal deaths per 100,000 live births in 1900 decreased to
7.5 in 1982 (Chang and colleagues, 2003). Since 1982, however, maternal mortality in the United States has not decreased
further.

As shown in Figure 1-4, maternal mortality is related to age and race. Shown in Table 1-2 are the causes of pregnancy-related
maternal deaths. Hemorrhage and infection are prominent causes of death in ectopic pregnancies and abortions, whereas
hypertension, embolism, hemorrhage, and infection are the leading causes of maternal death in women delivered after
midpregnancy. There continues to be significant disparity with increased maternal deaths in minority and indigent populations
(Anachebe and Sutton, 2003).

States, 1991-1999. Deaths per 100,000 live births. (From Chang and colleagues,

z | Figure 1-4. Pregnancy-related maternal mortality ratios by age and race *— United
| 2003, with permission.)

PERSPECTIVES ON OBSTETRICS

There are a number of areas in obstetrics in which societal factors %— whether within society at large or within the profession
of obstetrics %"— are influencing reproduction in the United States. Many of these are stimulated or influenced by economics,
politics, and religion. There is very much right with obstetrics. Three examples were cited by Dr. John Gibbons (2003) in his
presidential address to the American College of Obstetricians and Gynecologists: advances in basic science, clinical practice,
and social dynamics of women's health care. At the same time, he also cited three serious problems, among them recruitment
of medical students, changes in residency training, and the new face of private and academic practice. Frigoletto and Greene
(2002) have also provided a thoughtful review of those changes, and we now include some of these that currently have an
impact on obstetrics as a specialty.

RISING CESAREAN DELIVERY RATE. i 2002, the cesarean delivery rate climbed to the highest

level ever reported in the United States R— 26.1 percent (Martin and colleagues, 2003). The escalation in the total cesarean
delivery rate was fueled by both a rise in the primary cesarean delivery rate and a steep decline in the rate of vaginal birth
after cesarean (VBAC) delivery. The forces involved in these changes in cesarean delivery rates are multifactorial and complex.
For example, as discussed in Chapter 17, the major indication for primary cesarean delivery is dystocia, and there is evidence
that this diagnosis has increased. This increase, at least in part, is due to greater maternal size, lower parity, and more
advanced age. The sharp decline in VBAC deliveries is likely related to the uterine rupture risk associated with VBAC and
attendant legal pressures (see Chap. 26). In defense of cesarean delivery, Matthews and co-authors (2003) have reported a
consistent association between increasing cesarean delivery rates and falling perinatal death rates (Fig. 1-5).

Other forces undoubtedly involved in the record rate of cesarean deliveries include routine cesarean delivery for breech
presentation (see Chap. 24) and increased induction of labor (see Chap. 22). An emerging factor is patient choice *—or
cesarean delivery on request. An emerging impetus for such requests is the desire to prevent pelvic floor injury, thus reducing
the incidence of incontinence of stool, flatus, and urine, as well as pelvic organ prolapse (Minkoff and Chervenak, 2003).

Figure 1-5. Scatter plot of cesarean delivery rate versus perinatal death rate in
three Dublin hospitals, 1979-2000. (From Matthews and co-authors, 2003, with
permission.)

i

WOMEN IN OBSTETRICS. The gender of the obstetrical workforce in the United States has undergone a

rapid transformation in the past 20 years (Benedetti and colleagues, 2004). The proportion of women practitioners has
increased from 12 percent in 1980 to 32 percent in 2000 and is expected to increase to 50 percent by 2014 (American College
of Obstetricians and Gynecologists, 1999). Currently, more than 70 percent of obstetrical residents are women (Association of
American Medical Colleges, 2003). Good things undoubtedly will accrue from these changes. Frigoletto and Greene (2002)
have identified some of these benefits, which include (1) meeting the preferences of many patients for female obstetricians,
(2) heightened sensitivity to the need to balance the demands of work and raising a family, and (3) safer patient care by
decreasing often inhumanely long work hours. As described so aptly by Dr. Vivian Dickerson (2004) in her presidential address



to the American College of Obstetricians and Gynecologists: "... who we are transcends gender."

That said, there are also concerns about these changes (Chan and Willett, 2004). For example, female obstetricians-
gynecologists are less likely to continue to practice obstetrics because of concerns about balance between work and family life.
One potential consequence of this phenomenon is that the increasing proportion of women in the obstetrical workforce will
ultimately lead to a decline in the availability of obstetricians as early as 2010 (Pearse and colleagues, 2001a).

MEDICAL STUDENTS AND OBSTETRICAL RESIDENCIES. The declining number of

medical school graduates for residency training in obstetrics and gynecology is of concern. This decline has been attributed to
multiple reasons identified in the survey by Pearse and co-workers (2001b). The most commonly cited reason was lifestyle and
family issues (45 percent), followed closely by malpractice issues (41 percent), and low reimbursement (35 percent).

According to Zuger (2004) the entire profession of medicine has been similarly affected. Dissatisfaction with the practice of
medicine increased from 15 percent in 1973 to as high as 40 percent by 1995. And in a follow-up survey in 2001, 58 percent
of physicians described "declining enthusiasm" and 87 percent felt that the overall morale of physicians had declined since the
first survey in 1981 (Kaiser Family Foundation, 2003). Cited as the major reason for physician dissatisfaction was the
deleterious effect on the quality of medical practice by managed care. The malpractice crisis ®— more accurately, the liability
crisis R— also was frequently cited. In their recent survey, Bettes and co-workers (2004) cited pressures from liability
insurance costs as having a more negative impact on satisfaction than managed care. According to Zuger (2004), even those
physicians who were not financially burdened cited defensive medicine to thwart potential litigation as being "widely deplored
as a growing blight on medical practice."

We conclude, as did Gibbons (2003), that our specialty has not done an adequate job of emphasizing the positive and
satisfying aspects to our students. We need to remind them that obstetricians practice in groups that provide reasonable call
schedules. The mandate for 80-hour workweeks for residents intersects with the increasing emphasis on lifestyle and patient
safety issues (Gaba and Howard, 2002).

PROFESSIONALISM AND MARKET FORCES. Swick (2001), delivering the President's Program

at the 2000 Annual Meeting of the American College of Obstetricians and Gynecologists, observed that "Medicine today is
under siege from market forces in the new corporate age and that its professional values, indeed, its very identity as a
profession, are under threat." Shown in Table 1-3 is the juxtaposition of business versus professional values. Swick concluded
that the profession of medicine, viz., obstetrics, must exercise professionalism by advocating the interests of our patients. We
are in complete accord.

MEDICAL LIABILITY. Lockwood (2002) has reviewed the professional liability crisis in American obstetrics. The
average obstetrician is sued 2.5 times during his or her career and about 75 percent of obstetricians have been sued at least
once. Almost 50 percent of obstetrical claims were for neurologically impaired infants or stillbirths. About half of the claims are
dropped by the plaintiff attorney or found to be without merit. There has been a steady escalation, however, in the value of
awards, with the median award now nearly 1 million dollars. As shown in Table 1-4, professional liability insurance premiums
have continued to escalate after a brief respite in the mid-1990s. According to Lockwood (2002), the cost of malpractice
coverage passed on to patients added $350 to annual health care premiums for the average American family!

The furor raised by the most outrageous payouts has caused a grassroots tort reform that has been successful in limiting
noneconomical damages in some states. Despite this, the American Medical Association recently identified 18 states in which
availability of affordable liability insurance was a grave concern (Mello and colleagues, 2003). Contrary to what is alleged by
the relatively small number of plaintiff attorneys who personally profit from huge settlements, the crisis has resulted in sparse
or no medical care in some areas. Could it be possible that this has caused more morbidity, mortality, and pain and suffering
than bad medical outcomes, with or without errors in judgment? Some physicians may take solace in knowing that a 1999
study identified increasing rates of unhappiness among lawyers over the past decade, and that many were planning to leave
their profession (Schlitz and associates, 1999). Hopefully this will include the most avaricious plaintiff attorneys!

TECHNOLOGY. Since 1983, when the first infant was conceived from in vitro fertilization (IVF) in the United States,
the use of IVF and related procedures R— assisted reproductive technology "— has increased substantially (Schieve and
colleagues, 2002). This technology has resulted in record numbers of multiple births, especially higher-order multiples
involving three or more fetuses, with all of the attendant complications. Starting about 1998, the rate of higher-order multiple
births began to decline slightly (Martin and colleagues, 2003). This decline likely can be attributed to national guidelines
published in 1997 recommending transfer of fewer embryos (Jain and colleagues, 2004). Another effect of technology is the
rapid evolution in the maternal-fetal relationship due to advances in imaging, prenatal diagnostics, genetic screening, and fetal
surgery (van Dis, 2003).

BIRTHS TO IMMIG RANTS. Persons born outside the United States comprised an estimated 11 percent of

the population in 2000, and approximately 20 percent of all U.S. births in 2000 were to women in this population (Sappenfield
and colleagues, 2002). Hispanic women, particularly immigrants from Mexico, accounted for most of the births to persons born
outside the United States. Women born outside the United States had better birth outcomes than their state-born racial or
ethnic counterparts. The reasons for the improved outcomes are unclear. One theory is that women who immigrate are
healthier than those who do not. Surgeon General Richard Carmona has called for an end to health care delivery inequalities
for Hispanics and African-Americans (Dallas Morning News, August 17, 2002).

UNINSU RED PEOPLE. The number of people in the United States without health insurance and the consequent
strain on the entire health care system constitute a major public policy issue (McLellan, 2003). It is estimated that nearly one
third of the nonelderly population, or about 7 million people, lacked health insurance for some part of 2001 and 2002.
Hispanics and African-Americans were most likely to be uninsured. Approximately 80 percent of the uninsured were in working
families. Factors implicated in this public health crisis include the economic revolution in medicine, whereby the pressure for
profitability is closing the doors on the uninsured and concentrating them in public facilities (Ferrer, 2001). This phenomenon



already has had a significant impact on pregnant women. For example, 40 percent of the births in Dallas County, Texas, occur
at Parkland Hospital, which is the only public facility for the uninsured. Unfortunately, current attitudes about taxes have
decimated the budgets of many of these public hospitals.

ABORTION. Even before President George W. Bush had a chance to sign the Partial Birth Abortion Act of 2003,
opponents had filed court challenges to block its implementation. Indeed, as of June 2004, at least one court has ruled this act
to be unconstitutional. The editorial board of The Lancet (2003) has suggested that the Partial Birth Abortion Act will only
serve to further divide the United States over the issue of abortion. It is important to recognize that abortion can have a
significant effect on infant mortality. Liu and colleagues (2002) analyzed the impact of prenatal diagnosis and resultant
pregnancy terminations in Canada between 1991 and 1998. A large decrease in infant deaths due to congenital anomalies was
associated with a decline in the overall infant mortality in Canada.

BIRTH CONTROL. In its legislative agenda, the Bush administration has taken aim at the recent innovation in
birth control consisting of over-the-counter availability of the morning-after pill. Barr Pharmaceuticals applied to the Food and
Drug Administration for nonprescription sales of Plan B, which is described in Chapter 32 (see p. 745). During a joint session,
the Nonprescription Drug Advisory Committee and the Committee for Reproductive Health Drugs approved the application for
over-the-counter sales by a vote of 23 to 4. Presumably concerned about "teenager abuse," and presumably with political
pressure from within the Bush administration, the application was denied. Appropriate umbrage has been expressed by
Dickerson (2004), Drazen and colleagues (2004), Lockwood and Greene (2004), and Steinbrook (2004).

Governmental interference with women's reproductive rights is not new, of course. In 1998, Congress considered the Title X
Parental Notification Act, which would mandate parental notification for minors seeking contraception at federally funded
clinics. In the study by Reddy and colleagues (2002), this would have dissuaded almost half of girls younger than 17 years of
age from seeking testing or treatment for human immunodeficiency virus (HIV) infection or other sexually transmitted disease.
As usual, poor women would suffer disparately.

THE FUTURE. Early into the 21st century, our specialty finds itself faced not only with the many complicated social
issues just discussed, but also with many of the same fundamental clinical questions that puzzled our predecessors. What
initiates labor at term? What initiates labor prematurely? What causes preeclampsia, and can it be prevented?

As discussed throughout this 22nd edition of Williams Obstetrics, much has been accomplished to begin to answer these and
other important questions. That said, however, a massive amount of work remains. In our view, the future of obstetrics relies
on our continued ability to attract talented individuals to the specialty. And although there are several reasons to question
whether one should dedicate one's life to obstetrics, we agree with the description chosen by Dr. John Gibbons (2003). In his
previously cited presidential address to the American College of Obstetricians and Gynecologists, he described obstetrics as
"vital," "fascinating," and "satisfying." We would add that it is also "incredibly fun." Thus, our hope for the future is that we will
continue to attract individuals who will dedicate themselves to this special field and join in the quest to help women safely
through pregnancy, thus guaranteeing the best possible beginning for the children of the nextgeneration.
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SECTION II - ANATOMY AND PHYSIOLOGY

2. Maternal Anatomy
INTRODUCTION

The organs of reproduction of women are classified as either external or internal. There may be marked variation in anatomical
structures in a given woman, and this is especially true for major blood vessels and nerves.

EXTERNAL GENERATIVE ORGANS

The pudenda R— commonly designated the vulva %*— includes all structures visible externally from the pubis to the perineum,
that is, the mons pubis, labia majora and minora, clitoris, hymen, vestibule, urethral opening, and various glandular and
vascular structures (Fig. 2-1). The embryology of the external genitalia is discussed in Chapter 4 (see Fig. 4-17, p. 113).

Figure 2-1. External female reproductive organs. The lower anterior vaginal wall is

,.- " -’T_ visible through the labia minora. In nulliparous women, the vaginal orifice is not so
; :f }_ Tl readily visible (inset) because of the close apposition of the labia minora.
.-t.-. ...:!-.-.' 1
% .__:f:-:
;‘ ]

Figure 4-17. Gender differentiation. Genetic sex is established at the time of
e h fertilization. At a time thereafter, the primordial gonad differentiates to testis if the
e L SRY gene is expressed. The fetal testicular secretions effect male phenotypic gender
differentiation.

MONS PU BIS. The mons pubis, or mons veneris, is the fat-filled cushion that lies over the symphysis pubis. After
puberty, the skin of the mons pubis is covered by curly hair that forms the escutcheon. In women, it is distributed in a
triangular area, the base of which is formed by the upper margin of the symphysis. In men, the escutcheon is not so well
circumscribed.

LABIA MAJORA. These structures vary somewhat in appearance, principally according to the amount of fat that is
contained within the tissues. Embryologically, the labia majora are homologous with the male scrotum. The round ligaments
terminate at the upper borders. After repeated childbearing, the labia majora are less prominent. They are 7 to 8 cm in length,
2 to 3 cm in width, and 1 to 1.5 cm in thickness, and are somewhat tapered at the lower extremities. In children and
nulliparous women (see Fig. 2-1), the labia majora usually lie in close apposition, whereas in multiparous women, they may
gape widely. They are continuous directly with the mons pubis above and merge into the perineum posteriorly at a site where
they are joined medially to form the posterior commissure.

Before puberty, the outer surface of the labia is similar to that of the adiacent skin, but after pubertythe labia are covered with
hair. In nulliparous women, the inner surface is moist and resembles a mucous membrane, whereas in multiparous women,
the inner surface becomes more skinlike. The labia majora are richly supplied with sebaceous glands. Beneath the skin, there
is a layer of dense connective tissue that is rich in elastic fibers and adipose tissue but is nearly void of muscular elements.
Unlike the squamous epithelium of the vagina and cervix, there are epithelial appendages in parts of the vulvar skin. A mass of
fat beneath the skin provides the bulk of the volume of the labium, and this tissue is supplied with a rich plexus of veins.

LABIA MINORA. The labia minora vary greatly in size and shape. In nulliparous women, they usually are not
visible behind the nonseparated labia majora. In multiparas, it is common for the labia minora to project beyond the labia
majora.

Each labium minus is a thin fold of tissue that is moist and reddish, similar in appearance to a mucous membrane. The labia
minora are covered by stratified squamous epithelium. Although there are no hair follicles in the labia minora, there are many
sebaceous follicles and, occasionally, a few sweat glands. The interior of the labial folds is composed of connective tissue with
many vessels and some smooth muscular fibers. They are supplied with a variety of nerve endings and are extremely
sensitive. The tissues of the labia minora converge superiorly, where each is divided into two lamellae; the lower pair fuse to
form the frenulum of the clitoris, and the upper pair merge to form the prepuce. Inferiorly, the labia minora extend to
approach the midline as low ridges of tissue that fuse to form the fourchette.

CLITORIS. The clitoris is the principal female erogenous organ. It is the homologue of the penis and is located near the
superior extremity of the vulva. This erectile organ projects downward between the branched extremities of the labia minora.
The clitoris is composed of a glans, a corpus, and two crura. The glans is made up of spindle-shaped cells, and in the body
there are two corpora cavernosa, in the walls of which are smooth muscle fibers. The long, narrow crura arise from the inferior
surface of the ischiopubic rami and fuse just below the middle of the pubic arch to form the corpus.

The clitoris rarely exceeds 2 cm in length. Its free end is pointed downward and inward toward the vaginal opening. The glans
is usually less than 0.5 cm in diameter and is covered by stratified squamous epithelium that is richly supplied with nerve



endings. The vessels of the erectile clitoris are connected with the vestibular bulbs.

There is a delicate network of free nerve endings in the labia maijora, labia minora, and clitoris (Krantz, 1958). Tactile discs are
found in abundance in these areas. Genital corpuscles, which are mediators of erotic sensation, vary considerably in number.
These structures are abundant in the labia minora and in the skin that overlies the glans clitoris.

VESTIBU LE. The vestibule is an almond-shaped area that is enclosed by the labia minora laterally and extends from
the clitoris to the fourchette. The vestibule is the functionally mature female structure of the urogenital sinus of the embryo. In
the mature state, the vestibule usually is perforated by six openings: the urethra, the vagina, the two ducts of the Bartholin
glands, and, at times, the two ducts of the paraurethral glands, also called the Skene ducts and glands (Fig. 2-2). The
posterior portion of the vestibule between the fourchette and the vaginal opening is called the fossa navicularis, and it is
usually observed only in nulliparous women.

The pair of Bartholin glands (see Fig. 2-2) are about 0.5 to 1 cm in diameter, and each is situated beneath the vestibule on
either side of the vaginal opening. They are the major vestibular glands, and the ducts are 1.5 to 2 cm long and open on the
sides of the vestibule just outside the lateral margin of the vaginal orifice. At times of sexual arousal, they secrete mucoid
material. These glands may harbor Neisseria gonorrhoeae or other bacteria, which in turn may cause infection and a Bartholin
gland abscess.

Urethral Opening. The lower two thirds of the urethra lies immediately above the anterior vaginal wall. The urethral opening
or meatus is in the midline of the vestibule, 1 to 1.5 cm below the pubic arch, and a short distance above the vaginal opening.
Ordinarily, the paraurethral ducts, also known as the Skene ducts, open onto the vestibule on either side of the urethra (see
Fig. 2-2). The ducts occasionally open on the posterior wall of the urethra just inside the meatus.

Vestibular Bulbs. Embryologically, the vestibular bulbs correspond to the anlage of the corpus spongiosum of the penis.
These are almond-shaped aggregations of veins, 3 to 4 cm long, 1 to 2 cm wide, and 0.5 to 1 cm thick, that lie beneath the
mucous membrane on either side of the vestibule. They are in close apposition to the ischiopubic rami and are partially
covered by the ischiocavernosus and constrictor vaginae muscles. The vestibular bulbs terminate interiorly at about the middle
of the vaginal opening and extend upward toward the clitoris. During childbirth, they may be injured and may even rupture to
form a vulvar hematoma.

Vaginal Opening and Hymen. In most virginal women, the vaginal opening most often is hidden by the overlapping labia
minora. There are marked differences in shape and consistency of the hymen, which is composed mainly of elastic and
collagenous connective tissue. Both the outer and inner surfaces are covered by stratified squamous epithelium. The hymen
has no glandular or muscular elements, and it is not richly supplied with nerve fibers.

In the newborn, the hymen is very vascular and redundant. In pregnant women, its epithelium is thick, and the tissue is rich in
glycogen. After menopause, the epithelium is thin, and focal cornification may develop. In adult women, the hymen is a
membrane of various thickness that surrounds the vaginal opening more or less completely. Its aperture varies in diameter
from pinpoint size to one that admits the tip of one or even two fingers.

The appearance of the hymen cannot be used to determine whether a woman has begun sexual activity. A fimbriated type of
hymen in virginal women may be indistinguishable from one that has been penetrated during intercourse. As a rule, however,
it is torn at several sites during first coitus, usually in the posterior portion. Identical tears may occur by other penetration, for
example, tampons used during menstruation. The edges of the torn tissue soon cicatrize, and the hymen becomes divided
permanently into two or more portions that are separated by narrow sulci. Occasionally with hymenal rupture, there may be
profuse bleeding.

Changes produced in the hymen by childbirth are usually readily recognizable. Over time, the hymen consists of several
cicatrized nodules of various sizes. Imperforate hymen is a rare lesion in which the vaginal orifice is occluded completely,
causing retention of menstrual blood (see Chap. 40, p. 950).

Figure 2-2. The external genitalia with the skin and subcutaneous tissue removed
from the right side.

VAGINA. This musculomembranous structure extends from the vulva to the uterus and is interposed anteriorly and
posteriorly between the urinary bladder and the rectum (Fig. 2-3). The upper portion of the vagina arises from the mullerian
ducts, and the lower portion is formed from the urogenital sinus. Anteriorly, the vagina is separated from the bladder and
urethra by connective tissue, often referred to as the vesicovaginal septum. Posteriorly, between the lower portion of the
vagina and the rectum, there are similar tissues that together form the rectovaginal septum. The upper fourth of the vagina is
separated from the rectum by the rectouterine pouch, also called the cul-de-sac of Douglas.

Normally, the anterior and posterior vaginal walls lie in contact, with only a slight space intervening between the lateral
margins. Vaginal length varies considerably, but commonly, the anterior and posterior vaginal walls are, respectively, 6 to 8
cm and 7 to 10 cm in length. The upper end of the vaginal vault is subdivided into the anterior, posterior, and two lateral
fornices by the uterine cervix. These are of considerable clinical importance because the internal pelvic organs usually can be
palpated through their thin walls. Moreover, the posterior fornix provides surgical access to the peritoneal cavity.

Prominent midline longitudinal ridges project into the vaginal lumen from the anterior and posterior walls. In nulliparous



women, numerous transverse ridges, or rugae, extend outward from and almost at right angles to the longitudinal ridges. In
postmenopausal multiparous women, the vaginal walls often are smooth.

The vaginal mucosa is composed of noncornified stratified squamous epithelium. Beneath the epithelium is a thin fibromuscular
coat, usually consisting of an inner circular layer and an outer longitudinal layer of smooth muscle. A thin layer of connective
tissue beneath the mucosa and the muscularis is rich in blood vessels. It is controversial whether this connective tissue %—
often referred to as perivaginal endopelvic fascia 9%— is a definite fascial plane in the strict anatomical sense.

There are no vaginal glands. After giving birth, fragments of stratified epithelium occasionally are embedded in the vaginal
connective tissue. They may form vaginal inclusion cysts, which are not true glands. In the absence of glands, the vagina is
kept moist by a small amount of secretion from the cervix. During pregnancy, there is copious, acidic vaginal secretion, which
normally consists of a curdlike product of exfoliated epithelium and bacteria. Lactobacillus species are also recovered in higher
concentrations than in nonpregnant women (Larsen and Galask, 1980; McGregor and French, 2000).

The vagina has an abundant vascular supply. The upper third is supplied by the cervicovaginal branches of the uterine arteries,
the middle third by the inferior vesical arteries, and the lower third by the middle rectal and internal pudendal arteries. The
vaginal artery may branch directly from the internal iliac artery. An extensive venous plexus immediately surrounds the vagina
and follows the course of the arteries. Lymphatics from the lower third of the vagina, along with those of the vulva, drain
primarily into the inguinal lymph nodes. Those from the middle third drain into the internal iliac nodes, and those from the
upper third drain into the iliac nodes.

Figure 2-3. Sagittal section of the pelvis of an adult woman showing relations of
pelvic viscera.

PERINEUM. The many structures that make up the perineum are illustrated in Figure 2-4. Most of the support of the
perineum is provided by the pelvic and urogenital diaphragms. The pelvic diaphragm consists of the levator ani muscles plus
the coccygeus muscles posteriorly. The levator ani muscles form a broad muscular sling that originates from the posterior
surface of the superior pubic rami, from the inner surface of the ischial spine, and between these two sites, from the obturator
fascia. Some of these muscle fibers are inserted around the vagina and rectum to form efficient functional sphincters. In a
recent study utilizing magnetic resonance imaging, Tunn (2003) and Hoyte (2004) and their colleagues used magnetic-
resonance imaging and reported significant variation in the levator ani muscle, endopelvic fascia, and urethral support in
nulliparous women. The urogenital diaphragm is external to the pelvic diaphragm and includes the triangular area between the
ischial tuberosities and the symphysis. The urogenital diaphragm is made up of the deep transverse perineal muscles, the
constrictor of the urethra, and the internal and external fascial coverings.

The external anal sphincter is shown in Figure 2-4, where its proximity to the posterior vaginal fourchette is apparent. The
relationship of the internal and external sphincter is shown in Figure 2-5. Damage to either sphincter increases the likelihood of
rectal incontinence following vaginal delivery (Delancey and co-workers, 1997). Repair of the disrupted sphincter is shown in

Figure 17-36 (see p. 438).

The major blood supply to the perineum is via the internal pudendal artery and its branches. These include the inferior rectal
artery and posterior labial artery. The innervation of the perineum is primarily via the pudendal nerve and its branches. The
pudendal nerve originates from the S2, S3, and S4 level of the spinal cord.

Perineal Body. The median raphe of the levator ani, between the anus and the vagina, is reinforced by the central tendon of
the perineum. The bulbocavernosus, superficial transverse perineal, and external anal sphincter muscles also converge on the
central tendon. Thus, these structures contribute to the perineal body, which provides much of the support for the perineum.

Figure 2-4. The perineum. The more superficial components are illustrated above
and the deeper structures below. (a. = artery; Ext. = external; Int. = internal; lig.
= ligament; m. = muscle; Post. = posterior; Sup. = superior; transv. = transverse;
v = vein.)

Figure 2-5. Anatomy of the anorectum, drawn to show relations of the internal anal
sphincter, the external anal sphincter, and the levator ani muscles.

- 2 Figure 17-36. Layered repair of a fourth-degree perineal laceration. A.

\g o Approximation of the anorectal mucosa and submucosa in a running or interrupted
W, »g. fashion using fine absorbable suture such as 3-0 or 4-0 chromic or Vicryl. The
superior extent of the anterior anal laceration is identified and the sutures are
placed throuah the submucosa of the anorectum approximatelv 0.5 cm apart down



to the anal verge. B. A second layer is placed through the rectal muscularis using 3-
0 Vicryl suture in a running or interrupted fashion. This "reinforcing layer" should
incorporate the torn ends of the internal anal sphincter, which is identified as the
thickening of the circular smooth muscle layer at the distal 2 to 3 cm of the anal
canal. It can be identified as the glistening white fibrous structure lying between the
anal canal submucosa and the fibers of the external anal sphincter (EAS). In many
cases, the internal sphincter retracts laterally and must be sought and retrieved for
repair. C. The disrupted ends of the striated EAS muscle and capsule are then
identified and grasped with Allis clamps. The torn ends of the EAS often retract
laterally in an asymmetrical fashion as shown. D. Traditional end-to-end
approximation of the EAS. Four to six simple interrupted 2-0 or 3-0 Vicryl sutures
are placed at the 3, 6, 9, and 12 o'clock positions through the EAS muscle and its
connective tissue capsule. The sutures through the inferior and posterior portions of
the sphincter should be placed first and tied last to facilitate this part of the repair.
The remainder of the repair is similar to that described for a midline episiotomy in

Figure 17-35.

INTERNAL GENERATIVE ORGANS

UTE RUS. The nonpregnant uterus is situated in the pelvic cavity between the bladder anteriorly and the rectum
posteriorly. Almost the entire posterior wall of the uterus is covered by serosa, or peritoneum, the lower portion of which forms

the anterior boundary of the recto-uterine cul-de-sac, or pouch of Douglas. Only the upper portion of the anterior wall of the
uterus is so covered (Fig. 2-6). The lower portion is united to the posterior wall of the bladder by a well-defined loose layer of

connective tissue (see Fig. 2-3).

Size and Shape. The uterus resembles a flattened pear in shape (see Fig. 2-6). It consists of two major but unequal parts: an
upper triangular portion, the body, or corpus; and a lower, cylindrical, or fusiform portion, the cervix, which projects into the
vagina. The isthmus is that portion of the uterus between the internal cervical os and the endometrial cavity. It is of special
obstetrical significance because it forms the lower uterine segment during pregnancy. The oviducts, or fallopian tubes, emerge
from the cornua of the uterus at the junction of the superior and lateral margins. The convex upper segment between the
points of insertion of the fallopian tubes is called the fundus. The round ligaments insert below the tubes on the anterior side.
They are covered by a fold of peritoneum that extends to the pelvic sidewall. These folds are called the broad ligaments,
however, they do not constitute the anatomical definition of a ligament.

The prepubertal uterus varies in length from 2.5 to 3.5 cm (Orsini and colleagues, 1984). The uterus of adult nulliparous
women is from 6 to 8 cm in length as compared with 9 to 10 cm in multiparous women. Uteri of nonparous women average 50
to 70 g, and those of parous women average 80 g or more (Langlois, 1970). In the premenarchal girl, the body of the uterus is
only half as long as the cervix. In nulliparous women, the two are about equal in length. In multiparous women, the cervix is
only a little more than a third of the total length of the organ. After menopause, uterine size decreases as a consequence of
atrophy of both myometrium and endometrium.

The bulk of the body of the uterus, but not the cervix, is composed of muscle. The inner surfaces of the anterior and posterior
walls lie almost in contact, and the cavity between these walls forms a mere slit. The cervical canal is fusiform and is open at
each end by small apertures, the internal os and the external os.

Congenital Anomalies. Abnormal mullerian fusion may give rise to a number of uterine anomalies that are discussed in
Chapter 40 (see p. 950).

Pregnancy-Induced Uterine Changes. Pregnancy stimulates remarkable uterine growth due to hypertrophy of muscle

fibers. The weight of the uterus increases from 70 g to about 1100 g at term. Its total volume averages about 5 L. The uterine
fundus, a previously flattened convexity between tubal insertions, now becomes dome shaped (Fig. 2-7). The round ligaments
now appear to insert at the junction of the middle and upper thirds of the organ. The fallopian tubes elongate, but the ovaries

grossly appear unchanged.

Cervix. Anteriorly, the upper boundary of the cervix is the internal os, which corresponds to the level at which the peritoneum
is reflected upon the bladder. The supravaginal segment is covered by peritoneum on its posterior surface. This segment is
attached to the cardinal ligaments anteriorly, and it is separated from the overlying bladder by loose connective tissue. The
other segment is the lower vaginal portion of the cervix, also called the portio vaginalis.

Before childbirth, the external cervical os is a small, regular, oval opening. After childbirth, the orifice is converted into a
transverse slit that is divided such that there are the so-called anterior and posterior lips of the cervix. If torn deeply during
delivery, it might heal in such a manner that it appears to be irregular, nodular, or stellate (Fig. 2-8). These changes are
sufficiently characteristic to permit an examiner to ascertain with some certainty whether a given woman has borne children by
vaginal delivery.

The mucosa of the cervical canal is composed of a single layer of very high ciliated columnar epithelium that rests on a thin
basement membrane. Numerous cervical glands extend from the surface of the endocervical mucosa directly into the subjacent
connective tissue. These glands furnish the thick, tenacious cervical secretions. If the ducts of the cervical glands are occluded,
retention cysts, known as nabothian cysts, are formed.

Body of the Uterus. The wall of the body of the uterus is composed of serosal, muscular, and mucosal layers. The serosal



layer is formed by the peritoneum that covers the uterus. It is firmly adherent except at sites just above the bladder and at the
lateral margins, where the peritoneum is deflected to form the broad ligaments.

ENDOMETRIUM. This mucosal layer lines the uterine cavity in nonpregnant women. It is a thin, pink, velvet-like membrane
that on close examination is found to be perforated by a large number of minute ostia of the uterine glands. The endometrium
normally varies greatly in thickness, and measures from 0.5 mm to as much as 5 mm. It is composed of surface epithelium,
glands, and interglandular mesenchymal tissue in which there are numerous blood vessels.

The epithelium of the endometrial surface is made up of a single layer of closely packed, high columnar, ciliated cells. The
tubular uterine glands are invaginations of the epithelium. The glands extend through the entire thickness of the endometrium
to the myometrium, which is occasionally penetrated for a short distance. Histologically, the inner glands resemble the
epithelium of the surface and are lined by a single layer of columnar, partially ciliated epithelium that rests on a thin basement
membrane. The glands secrete a thin, alkaline fluid. The connective tissue of the endometrium, between the surface epithelium
and the myometrium, is a mesenchymal stroma. Histologically, the stroma varies remarkably throughout the ovarian cycle.

After menopause, the endometrium is atrophic and the epithelium flattens. The glands gradually disappear, and the
interglandular tissue becomes more fibrous.

The vascular architecture of the uterus and the endometrium is of signal importance in pregnancy. The uterine and ovarian
arteries branch and penetrate the uterine wall obliquely inward and reach its middle third. They then ramify in a plane that is
parallel to the surface and are therefore named the arcuate arteries (DuBose and colleagues, 1985). Radial branches extend
from the arcuate arteries at right angles and enter the endometrium to become coiled or spiral arteries. Also from the radial
arteries, basal arteries branch at a sharp angle (Fig. 2-9). The coiled arteries supply most of the midportion and all of the
superficial third of the endometrium. The walls of these vessels are responsive (sensitive) to the action of a number of
hormones, especially by vasoconstriction, and thus probably serve an important role in the mechanism(s) of menstruation. The
straight basal endometrial arteries extend only into the basal layer of the endometrium and are not responsive to hormonal
action.

MYOMETRIUM. The myometrium makes up the major portion of the uterus. It is composed of bundles of smooth muscle
united by connective tissue in which there are many elastic fibers. According to Schwalm and Dubrauszky (1966), the number
of muscle fibers of the uterus progressively diminishes caudally such that, in the cervix, muscle comprises only 10 percent of
the tissue mass. In the inner wall of the body of the uterus, there is relatively more muscle than in the outer layers; and in the
anterior and posterior walls, there is more muscle than in the lateral walls. During pregnancy, the upper myometrium
undergoes marked hypertrophy, but there is no significant change in cervical muscle content.

LIGAMENTS. The broad ligaments are made up of two winglike structures that extend from the lateral margins of the uterus
to the pelvic walls. They divide the pelvic cavity into anterior and posterior compartments. Each broad ligament consists of a
fold of peritoneum. The inner two thirds of the superior margin form the mesosalpinx, to which the fallopian tubes are
attached. The outer third of the superior margin, which extends from the fimbriated end of the oviduct to the pelvic wall, forms
the infundibulopelvic ligament or suspensory ligament of the ovary, through which the ovarian vessels traverse.

At the lateral margin of each broad ligament, the peritoneum is reflected onto the side of the pelvis. The thick base of the
broad ligament is continuous with the connective tissue of the pelvic floor. The densest portion is usually referred to as the
cardinal ligament 97— also called the transverse cervical ligament or the Mackenrodt ligament R"— and is composed of
connective tissue that medially is united firmly to the supravaginal portion of the cervix.

A vertical section through the uterine end of the broad ligament is triangular, and the uterine vessels and ureter are found
within its broad base (Fig. 2-10). In its lower part, it is widely attached to the connective tissues that are adjacent to the
cervix, that is, the parametrium. The upper part is made up of three folds that nearly cover the oviduct, the utero-ovarian
ligament, and the round ligament.

The round ligaments extend from the lateral portion of the uterus, arising somewhat below and anterior to the origin of the
oviducts. Each round ligament is located in a fold of peritoneum that is continuous with the broad ligament and extends
outward and downward to the inguinal canal, through which it passes to terminate in the upper portion of the labium majus. In
nonpregnant women, the round ligament varies from 3 to 5 mm in diameter, and is composed of smooth muscle cells. The
round ligament corresponds embryologically to the gubernaculum testis of men. During pregnancy, the round ligaments
undergo considerable hypertrophy and increase appreciably in both length and diameter.

Each uterosacral ligament extends from an attachment posterolaterally to the supravaginal portion of the cervix to encircle the
rectum and inserts into the fascia over the sacrum. Umek and colleagues (2004) used MR-imaging to describe anatomical
variations of these ligaments. The ligaments are composed of connective tissue and some smooth muscle and are covered by
peritoneum. They form the lateral boundaries of the pouch of Douglas.

BLOOD VESSELS. The vascular supply of the uterus is derived principally from the uterine and ovarian arteries. The uterine
artery, a main branch of the internal iliac artery %— referred to in the past as the hypogastric artery *%— enters the base of the
broad ligament and makes its way medially to the side of the uterus. Immediately adjacent to the supravaginal portion of the
cervix, the uterine artery divides. The smaller cervicovaginal artery supplies blood to the lower cervix and upper vagina. The
main branch turns abruptly upward and extends as a highly convoluted vessel that traverses along the margin of the uterus. A
branch of considerable size extends to the upper portion of the cervix, and numerous other branches penetrate the body of the
uterus. Just before the main branch of the uterine artery reaches the oviduct, it divides into three terminal branches. The
ovarian branch of the uterine artery anastomoses with the terminal branch of the ovarian artery; the tubal branch makes its
way through the mesosalpinx and supplies part of the oviduct; and the fundal branch is distributed to the uppermost uterus.

About 2 cm lateral to the cervix, the uterine artery crosses over the ureter (Figs. 2-6 and 2-11). The proximity of the uterine
artery and vein to the ureter at this point is of great surgical significance. Because of their close proximity, the ureter may be
injured or ligated during a hysterectomy when the vessels are clamped and ligated.

A major portion of the blood supply to the pelvis is via the branches of the internal iliac artery, as shown in the arteriogram in



Figure 2-12. In addition to the uterine artery, other branches of the anterior and posterior divisions of the internal iliac artery
include those listed in Table 2-1.

The ovarian artery is a direct branch of the aorta. It enters the broad ligament through the infundibulopelvic ligament. At the
ovarian hilum, it divides into a number of smaller branches that enter the ovary. Its main stem, however, traverses the entire
length of the broad ligament very near the mesosalpinx and makes its way to the upper lateral portion of the uterus. Here it
anastomoses with the ovarian branch of the uterine artery. There are numerous additional communications among the arteries
on both sides of the uterus.

When the uterus is in a contracted state, its numerous venous lumens are collapsed, however, in injected specimens the
greater part of the uterine wall appears to be occupied by dilated venous sinuses. On either side, the arcuate veins unite to
form the uterine vein, which empties into the internal iliac vein and thence into the common iliac vein. Some of the blood from
the upper uterus, the ovary, and the upper part of the broad ligament is collected by several veins. Within the broad ligament,
these veins form the large pampiniform plexus that terminates in the ovarian vein. The right ovarian vein empties into the
vena cava, whereas the left ovarian vein empties into the left renal vein. During pregnancy, there is marked hypertrophy of
the blood supply to the uterus, as shown in Figure 2-7.

LYMPHATICS. The endometrium is abundantly supplied with true lymphatic vessels that are confined largely to the basal
layer. The lymphatics of the underlying myometrium are increased in number toward the serosal surface and form an
abundant lymphatic plexus just beneath it. Lymphatics from the cervix terminate mainly in the hypogastric nodes, which are
situated near the bifurcation of the common iliac vessels. The lymphatics from the body of the uterus are distributed to two
groups of nodes. One set of vessels drains into the internal iliac nodes. The other set, after joining certain lymphatics from the
ovarian region, terminates in the periaortic lymph nodes.

INNERVATION. The nerve supply to the pelvic area is derived principally from the sympathetic nervous system, but also
partly from the cerebrospinal and parasympathetic systems. The parasympathetic system is represented on either side by the
pelvic nerve, which is made up of a few fibers that are derived from the second, third, and fourth sacral nerves. It loses its
identity in the cervical ganglion of Frankenhauser. The sympathetic system enters the pelvis by way of the internal iliac plexus
that arises from the aortic plexus just below the promontory of the sacrum. After descending on either side, it also enters the
uterovaginal plexus of Frankenhauser, which is made up of ganglia of various sizes, but particularly of a large ganglionic plate
that is situated on either side of the cervix and just above the posterior fornix in front of the rectum.

Branches from these plexuses supply the uterus, bladder, and upper vagina. In the 11th and 12th thoracic nerve roots, there
are sensory fibers from the uterus that transmit the painful stimuli of contractions to the central nervous system. The sensory
nerves from the cervix and upper part of the birth canal pass through the pelvic nerves to the second, third, and fourth sacral
nerves, whereas those from the lower portion of the birth canal pass primarily through the pudendal nerve. Knowledge of the
innervation of dermatomes and its clinical application to providing epidural or spinal analgesia for labor and vaginal or cesarean
delivery is illustrated in Figures 19-1 and 19-3 (see pp. 477 and 480).

Figure 2-6. Anterior (A), right lateral (B), and posterior (C) views of the uterus of
an adult woman. (a = oviduct; b = round ligament; ¢ = ovarian ligament; Ur =
ureter.)

Figure 2-7. Uterus of near-term pregnancy. The fundus is now dome shaped, and
the tubes and round ligaments appear to insert in the upper middle portion of the
uterine body. Note the markedly hypertrophied vascular supply. (a. = artery; Ext. =
external; Int. = internal; L. = left; v. = vein.)

Figure 2-8. A. Cervical external os of a nonparous woman. B. Cervical external os
of a parous woman.

~— radial arteries course toward the endometrium. Below, the larger endometrial coiled
arteries and the smaller endometrial basal arteries. (From Okkels and Engle, 1938.)

, ==~ - Figure 2-9. Stereographic representation of myometrial and endometrial arteries in
| ’{'M: *',.‘;.“ -— the macaque. Above, parts of myometrial arcuate arteries from which myometrial
-

l .'I '._ i

e = Figure 2-10. Vertical section through the uterine end of the right broad ligament.

T Figure 2-11. Blood supply to the left ovary, left oviduct, and left side of the uterus.
- = The ovarian and uterine vessels anastomose freely. Note the uterine artery and vein




crossing over the ureter that lies immediately adjacent to the cervix.

Figure 2-12, Iliac arteriogram. It can be seen that the bifurcation of the aorta (1)
into the two common iliac arteries (2) occurs at the lower border of the body of the
L4 vertebra. The common iliac vessels branch into external (3) and internal (4) iliac
arteries. The internal iliac artery (4) on each side serves a number of branches to
the pelvis, perineum, and gluteal region, whereas the external iliac artery (3), after
giving off the inferior epigastric (15) and deep circumflex iliac (16) arteries,
becomes the femoral artery below the inguinal ligament. (Also shown: 5 = femoral
artery; 6 = lumbar arteries; 7 = iliolumbar artery; 8 = median sacral artery; 9 =
uterine artery; 10 = uterus; 11 = lateral sacral artery; 12 = obturator artery; 13 =
internal pudendal artery; 14 = superior gluteal artery; 17 = deep femoral artery; L4
= fourth lumbar vertebra; SP = symphysis pubis.) (From Wicke, 1982.)

Figure 19-1. Pathways of labor pain. (From Eltzschig and associates, 2003, with
permission.)

b | Figure 19-3. Dermatome distribution. (Redrawn from Keegan and Garrett, 1948,
fo i with permission.)

OVIDUCTS- More commonly called the fallopian tubes, the oviducts vary in length from 8 to 14 cm. They are covered
by peritoneum, and their lumen is lined by mucous membrane. Each tube is divided into an interstitial portion, isthmus,
ampulla, and infundibulum. The interstitial portion is embodied within the muscular wall of the uterus. The isthmus, or the
narrow portion of the tube that adjoins the uterus, passes gradually into the wider, lateral portion, or ampulla. The
infundibulum, or fimbriated extremity, is the funnel-shaped opening of the distal end of the fallopian tube (Fig. 2-13). The
oviduct varies considerably in thickness; the narrowest portion of the isthmus measures from 2 to 3 mm in diameter, and the
widest portion of the ampulla measures from 5 to 8 mm. The fimbriated end of the infundibulum opens into the abdominal
cavity. One projection, the fimbria ovarica, which is considerably longer than the other fimbriae, forms a shallow gutter that
approaches or reaches the ovary.

The musculature of the fallopian tube is arranged in an inner circular and an outer longitudinal layer. In the distal portion, the
two layers are less distinct and, near the fimbriated extremity, are replaced by an interlacing network of muscular fibers. The
tubal musculature undergoes rhythmic contractions constantly, the rate of which varies with the hormonal changes of the
ovarian cycle. The greatest frequency and intensity of contractions is reached during transport of ova.

The oviducts are lined by a single layer of columnar cells, some of them ciliated and others secretory. The ciliated cells are
most abundant at the fimbriated extremity, elsewhere, they are found in discrete patches. There are differences in the
proportions of these two types of cells in different phases of the ovarian cycle. Because there is no submucosa, the epithelium
is in close contact with the underlying muscle. In the tubal mucosa, there are cyclical histological changes similar to those of
the endometrium, but much less striking. The mucosa is arranged in longitudinal folds that are more complex toward the
fimbriated end. On cross sections through the uterine portion, four simple folds are found that form a figure that resembles a
Maltese cross. The isthmus has a more complex pattern. In the ampulla, the lumen is occupied almost completely by the
arborescent mucosa, which consists of very complicated folds (see Fig. 2-13). The current produced by the tubal cilia is such
that the direction of flow is toward the uterine cavity. Tubal peristalsis is believed to be an extraordinarily important factor in
transport of the ovum.

The tubes are supplied richly with elastic tissue, blood vessels, and lymphatics. Sympathetic innervation of the tubes is
extensive, in contrast to their parasympathetic innervation.

Diverticula may extend occasionally from the lumen of the tube for a variable distance into the muscular wall and reach almost
to the serosa. These diverticula may play a role in the development of ectopic pregnancy (see Chap. 10, p. 256).

Embryological Development of the Uterus and Oviducts. The uterus and tubes arise from the mullerian ducts, which first
appear near the upper pole of the urogenital ridge in the fifth week of embryonic development (Fig. 2-14). This ridge is
composed of the mesonephros, gonad, and associated ducts. The first indication of the development of the mullerian duct is a
thickening of the coelomic epithelium at about the level of the fourth thoracic segment. This thickening becomes the fimbriated
extremity of the fallopian tube, which invaginates and grows caudally to form a slender tube at the lateral edge of the
urogenital ridge. In the sixth week of embryonic life, the growing tips of the two mullerian ducts approach each other in the
midline; they reach the urogenital sinus 1 week later. At that time, a fusion of the two mullerian ducts to form a single canal is
begun at the level of the inguinal crest, that is, the gubernaculum (primordium of the round ligament). Thus, the upper ends of
the mullerian ducts produce the oviducts and the fused parts give rise to the uterus. The vaginal canal is not patent throughout



its entire length until the sixth month of fetal life (Koff, 1933). Because of the clinical importance of anomalies that arise from
abnormal fusion and dysgenesis of these structures, their embryogenesis is discussed in detail in Chapter 40 (see Fig. 40-1, p.
951).

Figure 2-13. The oviduct of an adult woman with cross-sectioned illustrations of
the gross structure of the epithelium in several portions: (A) isthmus, (B) ampulla,
and (C) infundibulum.

i Figure 2-14. A. Cross section of an embryo at 4 to 6 weeks. B. Large ameboid

7 e primordial germ cells migrate (arrows) from the yolk sac to the area of germinal
epithelium, within the genital ridge. C. Migration of sympathetic cells from the spinal
ganglia to a region above the developing kidney. (After Moore and colleagues,

2000.)
s Figure 40-1. Development of the female reproductive systems from the genital
ducts and urogenital sinus. Vestigial structures are also shown. A. Reproductive
W system at 6 weeks before differentiation. B. In the female, the mullerian
‘L'T (paramesonephric) ducts extend and enter the urogenital sinus and become fused.
\' C. Uterine cavitation occurs at site of fused mullerian ducts and the uterus grows

5 downward. D. Cavitation is complete and the lower segment and cervix, along with
the upper vagina, are formed.

OVARIES. Compared with each other, as well as between women, the ovaries vary considerably in size. During
childbearing years, they are from 2.5 to 5 cm in length, 1.5 to 3 cm in breadth, and 0.6 to 1.5 cm in thickness. After
menopause, ovarian size diminishes remarkably. The position of the ovaries also varies, but they usually are situated in the
upper part of the pelvic cavity and rest in a slight depression on the lateral wall of the pelvis between the divergent external
and internal iliac vessels R— the ovarian fossa of Waldeyer. The ovary is attached to the broad ligament by the mesovarium.
The utero-ovarian ligament extends from the lateral and posterior portion of the uterus, just beneath the tubal insertion, to the
uterine pole of the ovary. Usually, it is several centimeters long and 3 to 4 mm in diameter. It is covered by peritoneum and is
made up of muscle and connective tissue fibers. The infundibulopelvic or suspensory ligament of the ovary extends from the
upper or tubal pole to the pelvic wall; through it course the ovarian vessels and nerves.

In young women, the exterior surface of the ovary is smooth, with a dull white surface through which glisten several small,
clear follicles. As the woman ages, the ovaries become more corrugated, and in elderly women, the exterior surfaces may be
convoluted markedly.

The ovary consists of two portions, the cortex and medulla. The cortex is the outer layer, which varies in thickness with age
and becomes thinner with advancing years. It is in this layer that the ova and graafian follicles are located. The cortex is
composed of spindle-shaped connective tissue cells and fibers, among which are scattered primordial and graafian follicles in
various stages of development. As the woman ages, the follicles become less numerous. The outermost portion of the cortex,
which is dull and whitish, is designated the tunica albuginea. On its surface, there is a single layer of cuboidal epithelium, the
germinal epithelium of Waldeyer.

The medulla is the central portion, which is composed of loose connective tissue that is continuous with that of the
mesovarium. There are a large number of arteries and veins in the medulla and a small number of smooth muscle fibers that
are continuous with those in the suspensory ligament.

The ovaries are supplied with both sympathetic and parasympathetic nerves. The sympathetic nerves are derived primarily
from the ovarian plexus that accompanies the ovarian vessels. Others are derived from the plexus that surrounds the ovarian
branch of the uterine artery. The ovary is richly supplied with nonmyelinated nerve fibers, which for the most part accompany
the blood vessels. These are merely vascular nerves, whereas others form wreaths around normal and atretic follicles, and
these give off many minute branches that have been traced up to, but not through, the membrana granulosa.

Embryology. The earliest sign of a gonad is one that appears on the ventral surface of the embryonic kidney at a site between
the eighth thoracic and fourth lumbar segments at about 4 weeks. The coelomic epithelium is thickened, and clumps of cells
are seen to bud off into the underlying mesenchyme. This circumscribed area of the coelomic epithelium is called the germinal
epithelium. By the fourth to sixth week, however, there are many large ameboid cells in this region that have migrated into the
body of the embryo from the yolk sac (see Fig. 2-14). These primordial germ cells are distinguishable by their large size and
certain morphological and cytochemical features.

When the primordial germ cells reach the genital area, some enter the germinal epithelium and others mingle with the groups
of cells that proliferate from it or lie in the mesenchyme. By the end of the fifth week, rapid division of all these types of cells
results in development of a prominent genital ridge. The ridge projects into the body cavity medially to a fold in which there
are the mesonephric (wolffian) and the mullerian ducts (Fig. 2-15). By the seventh week, it is separated from the
mesonephros except at the narrow central zone, the future hilum, where the blood vessels enter. At this time, the sexes can
be distinguished, because the testes can be recognized by well-defined radiating strands of cells (sex cords). These cords are
separated from the germinal epithelium by mesenchyme that is to become the tunica albuginea. The sex cords, which consist
of large germ cells and smaller epithelioid cells derived from the germinal epithelium, develop into the seminiferous tubules
and tubuli rete. The latter establishes connection with the mesonephric tubules that develop into the epididymis. The



mesonephric ducts become the vas deferens.

In the female embryo, the germinal epithelium continues to proliferate for a much longer time. The groups of cells thus formed
lie at first in the region of the hilum. As connective tissue develops between them, these appear as sex cords. These cords give
rise to the medullary cords and persist for variable times (Forbes, 1942). By the third month, medulla and cortex are defined
(see Fig. 2-15). The bulk of the organ is made up of cortex, a mass of crowded germ and epithelioid cells that show some
signs of grouping, but there are no distinct cords as in the testis. Strands of cells extend from the germinal epithelium into the
cortical mass, and mitoses are numerous. The rapid succession of mitoses soon reduces the size of the germ cells to the extent
that these no longer are differentiated clearly from the neighboring cells. These germ cells are now called oogonia.

By the fourth month, some germ cells in the medullary region begin to enlarge. These are called primary oocytes at the
beginning of the phase of growth that continues until maturity is reached. During this period of cell growth, many oocytes
undergo degeneration, both before and after birth. A single layer of flattened follicular cells that were derived originally from
the germinal epithelium soon surrounds the primary oocytes. These structures are now called primordial follicles and are seen
first in the medulla and later in the cortex. Some follicles begin to grow even before birth, and some are believed to persist in
the cortex almost unchanged until menopause.

By 8 months, the ovary has become a long, narrow, lobulated structure that is attached to the body wall along the line of the
hilum by the mesovarium, in which lies the epoophoron. The germinal epithelium has been separated for the most part from
the cortex by a band of connective tissue R— tunica albuginea R— which is absent in many small areas where strands of cells,
usually referred to as cords of Pfluger, are in contact with the germinal epithelium. Among these cords are cells believed by
many investigators to be oogonia that have come to resemble the other epithelial cells as a result of repeated mitoses. In the
underlying cortex, there are two distinct zones. Superficially, there are nests of germ cells in synapsis, interspersed with
Pfluger cords and strands of connective tissue. In the deeper zone, there are many groups of germ cells in synapsis, as well as
primary oocytes, prospective follicular cells, and a few primordial follicles.

At term, the various types of ovarian cells in the human female fetus may still be found.

Histology. From the first stages of its development until after the menopause, the ovary undergoes constant change. The
number of oocytes at the onset of puberty has been estimated variously at 200,000 to 400,000. Because only one ovum
ordinarily is cast off during each ovarian cycle, it is evident that a few hundred ova suffice for purposes of reproduction.

The glandular elements of ovaries of adult women include interstitial, thecal, and luteal cells. The interstitial glandular
elements are formed from cells of the theca interna of degenerating or atretic follicles; the thecal glandular cells are formed
from the theca interna of ripening follicles; and the true luteal cells are derived from the granulosa cells of ovulated follicles
and from the undifferentiated stroma that surround them.

The huge store of primordial follicles at birth is exhausted gradually after sexual maturation and through the reproductive
span. Block (1952) found that there is a gradual decline from a mean of 439,000 oocytes in girls younger than 15 years to a
mean of 34,000 in women older than 36 years. In young girls, the greater portion of the ovary is composed of the cortex,
which is filled with large numbers of closely packed primordial follicles. In young women, the cortex is relatively thinner but
still contains a large number of primordial follicles. Each primordial follicle is made up of an oocyte and its surrounding single
layer of epithelial cells, which are small and flattened, spindle-shaped, and somewhat sharply differentiated from the still

smaller and spindly cells of the surrounding stroma.

The oocyte is a large, spherical cell in which there is clear cytoplasm and a relatively large nucleus located near the center of
the ovum. In the nucleus, there are one large and several smaller nucleoli, and numerous masses of chromatin. In adult
women, the diameter of the smallest oocytes averages 33 um, and that of the nuclei, 20 pm.

Figure 2-15. Continuation of sexual differentiation of the embryo. See text for
explanation. (After Moore and colleagues, 2000.)
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EMBRYOLOGICAL REMNANTS. There are a number of vestigial wolffian structures that are identified

after embryogenesis of the female reproductive system. Some of these occasionally cause clinical concerns. The parovarium
can be found in the scant loose connective tissue within the broad ligament in the vicinity of the mesosalpinx. It comprises a
number of narrow vertical tubules that are lined by ciliated epithelium. These tubules connect at the upper ends with a
longitudinal duct that extends just below the oviduct to the lateral margin of the uterus, where it ends blindly near the internal
os. This canal is the remnant of the wolffian (mesonephric) duct in women and is called the Gartner duct. The parovarium, also
a remnant of the wolffian duct, is homologous embryologically with the caput epididymis in men. The cranial portion of the
parovarium is the epoophoron, or organ of Rosenmuller; the caudal portion, or paroophoron, is a group of vestigial
mesonephric tubules that lie in or around the broad ligament. It is homologous embryologically with the paradidymis of men.
The paroophoron in adult women usually disappears.

SU RGICAL ANATOMY. Shown in Figure 2-16 are illustrations of female pelvic surgical anatomy. The figure
depicts a nonpregnant uterus, and details of a peripartum hysterectomy are discussed in Chapter 25 (see p. 599).

- _ Figure 2-16. Pelvic retroperitoneal anatomy. A. Dissected right retroperitoneal
* Jw space illustrating the course of the pelvic ureter. The right uterine adnexa have



been transected adjacent to the uterus, the ovarian vessels have been severed just
distal to the pelvic brim, and the peritoneum has been removed from the right
pelvic sidewall and the right portion of the bladder. The ureter (1) enters the pelvis
by crossing over the bifurcation of the common iliac artery just medial to the
ovarian vessels (2). It then descends medial to the branches of the internal iliac
artery (3). The ureter then courses through the cardinal ligament and passes under
the uterine artery (4, "water under the bridge") approximately 1 to 2 cm lateral to
the cervix at the level of the internal cervical os. The origin of the uterine artery
from the internal iliac artery (3) is shown. The ureter then courses medially toward
the base of the bladder. The distal part of the ureter is associated with the upper
portion of the anterior vaginal wall. B. The retroperitoneal space has been entered
and the peritoneum is retracted medially to show the ureter (1) crossing over the
external and internal iliac artery bifurcation. Note that the ureter remains attached
to the peritoneum of the pelvic sidewall and the medial leaf of the broad ligament.
C. The ovarian vessels (2) are clamped and transected after visualization of the
ureter. D. The uterine artery (4) is being clamped and transected. Note the ureter
(1) crossing under this vessel lateral to the cervix. (Figs. B, C, and D from Nelson,
1977, with permission.)

THE BONY PELVIS

In both women and men, the pelvis forms the bony ring through which body weight is transmitted to the lower extremities, but
in women it has a special form that adapts it to childbearing (Fig. 2-17). The pelvis is composed of four bones: the sacrum,
coccyx, and two innominate bones. Each innominate bone is formed by the fusion of the ilium, ischium, and pubis. The
innominate bones are joined to the sacrum at the sacroiliac synchondroses and to one another at the symphysis pubis.

Figure 2-17. Normal female pelvis with the false and true pelves identified.
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PELVIC ANATOMY. The false pelvis lies above the linea terminalis and the true pelvis below this anatomical
boundary (see Fig. 2-17).The false pelvis is bounded posteriorly by the lumbar vertebra and laterally by the iliac fossa. In
front, the boundary is formed by the lower portion of the anterior abdominal wall.

The true pelvis is the portion important in childbearing. It is bounded above by the promontory and alae of the sacrum, the
linea terminalis, and the upper margins of the pubic bones, and below by the pelvic outlet. The cavity of the true pelvis can be
described as an obliquely truncated, bent cylinder with its greatest height posteriorly. Its anterior wall at the symphysis pubis
measures about 5 cm, and its posterior wall, about 10 cm (Figs. 2-18 and 2-19).

The walls of the true pelvis are partly bony and partly ligamentous. The posterior boundary is the anterior surface of the
sacrum, and the lateral limits are formed by the inner surface of the ischial bones and the sacrosciatic notches and ligaments.
In front, the true pelvis is bounded by the pubic bones, the ascending superior rami of the ischial bones, and the obturator
foramen.

The sidewalls of the true pelvis of an adult woman converge somewhat. Extending from the middle of the posterior margin of
each ischium are the ischial spines. These are of great obstetrical importance because the distance between them usually
represents the shortest diameter of the pelvic cavity. They also serve as valuable landmarks in assessing the level to which the
presenting part of the fetus has descended into the true pelvis. The sacrum forms the posterior wall of the pelvic cavity. Its
upper anterior margin corresponds to the promontory that may be felt during bimanual pelvic examination in women with a
small pelvis. It can provide a landmark for clinical pelvimetry. Normally the sacrum has a marked vertical and a less
pronounced horizontal concavity, which in abnormal pelves may undergo important variations. A straight line drawn from the
promontory to the tip of the sacrum usually measures 10 cm, whereas the distance along the concavity averages 12 cm.

The descending inferior rami of the pubic bones unite at an angle of 90 to 100 degrees to form a rounded arch under which the
fetal head must pass.

A Figure 2-18. The cavity of the true pelvis is comparable to an obliquely truncated,
f;-if*"- bent cylinder with its greatest height posteriorly. Note the curvature of the pelvic
2 axis.
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2 Figure 2-19. Adult female pelvis. Anteroposterior (AP) and transverse (T)



diameters of the pelvic inlet are illustrated, as well as the posterior sagittal diameter
of the inlet.

PELVIC JOINTS

Symphysis Pubis. Anteriorly, the pelvic bones are joined together by the symphysis pubis. This structure consists of
fibrocartilage and the superior and inferior pubic ligaments; the latter are frequently designated the arcuate ligament of the

pubis (Fig. 2-20).

Sacroiliac Joints. Posteriorly, the pelvic bones are joined by the articulations between the sacrum and the iliac portion of the
innominate bones to form the sacroiliac joints. These joints also have a certain degree of mobility.

Relaxation of the Pelvic Joints. During pregnancy, relaxation of these joints likely results from hormonal changes.
Abramson and co-workers (1934) observed that relaxation of the symphysis pubis commenced in women in the first half of
pregnancy and increased during the last 3 months. They also observed that this laxity began to regress immediately after
parturition and that regression was completed within 3 to 5 months. The symphysis pubis also increases in width during
pregnancy ®— more so in multiparas than in primigravidas %— and returns to normal soon after delivery.

There are important changes in sacroiliac joint mobility. Borell and Fernstrom (1957) demonstrated that the rather marked
mobility of the pelvis at term was caused by an upward gliding movement of the sacroiliac joint. The displacement, which is
greatest in the dorsal lithotomy position, may increase the diameter of the outlet by 1.5 to 2.0 cm. This is the main
justification for placing a woman in this position for a vaginal delivery. The increase in the diameter of the pelvic
outlet, however, occurs only if the sacrum is allowed to rotate posteriorly, that is, only if the sacrum is not forced anteriorly by
the weight of the maternal pelvis against the delivery table or bed (Russell, 1969, 1982). Sacroiliac joint mobility is also the
likely reason that the McRoberts maneuver often is successful in releasing an obstructed shoulder in a case of shoulder
dystocia (see Chap. 20, p. 513). These changes have also been attributed to the success of the modified squatting position to
hasten second-stage labor (Gardosi and co-workers, 1989). The squatting position may increase the interspinous diameter and
the diameter of the pelvic outlet (Russell, 1969, 1982). These latter observations are unconfirmed, but this position is assumed
for birth in many primitive societies.

Figure 2-20. Frontal section through the symphysis pubis. (lig. = ligament.)
(Redrawn from Spalteholz, 1933.)

PLANES AND DIAMETERS OF THE PELVIS. the pelvis is described as having four imaginary

planes:

1. The plane of the pelvic inlet %— the superior strait.

2. The plane of the pelvic outlet R— the inferior strait.

3. The plane of the midpelvis R— the least pelvic dimensions.

4. The plane of greatest pelvic dimension R— of no obstetrical significance.

Pelvic Inlet. The pelvic inlet (superior strait) is bounded posteriorly by the promontory and alae of the sacrum, laterally by
the linea terminalis, and anteriorly by the horizontal pubic rami and the symphysis pubis (Figs. 2-21 and 2-22; see also Figs.

2-18 and 2-19). The inlet of the female pelvis typically is more nearly round than ovoid. Caldwell and co-workers (1934)
identified radiographically a nearly round or gynecoid pelvic inlet in approximately 50 percent of white women.

Four diameters of the pelvic inlet are usually described: anteroposterior, transverse, and two obliques. The obstetrically
important anteroposterior diameter is the shortest distance between the promontory of the sacrum and the symphysis pubis,
and is designated the obstetrical conjugate (see Figs. 2-18, 2-19, and 2-21). Normally, this measures 10 cm or more.

The transverse diameter is constructed at right angles to the obstetrical conjugate and represents the greatest distance
between the linea terminalis on either side. It usually intersects the obstetrical conjugate at a point about 4 cm in front of the
promontory (Fig. 2-19). The segment of the obstetrical conjugate from the intersection of these two lines to the promontory is
designated the posterior sagittal diameter of the inlet.

Each of the two oblique diameters extends from one of the sacroiliac synchondroses to the iliopectineal eminence on the
opposite side. They average less than 13 cm.

The anteroposterior diameter of the pelvic inlet that has been identified as the true conjugate does not represent the shortest
distance between the promontory of the sacrum and the symphysis pubis (see Fig. 2-21). The shortest distance is the
obstetrical conjugate, which is the shortest anteroposterior diameter through which the head must pass in descending through
the pelvic inlet (see Figs. 2-18, 2-19, and 2-21). The obstetrical conjugate cannot be measured directly with the examining
fingers. For clinical purposes, the obstetrical conjugate is estimated indirectly by subtracting 1.5 to 2 cm from the diagonal




conjugate. The latter is determined by measuring the distance from the lower margin of the symphysis to the promontory of
the sacrum (see Fig. 2-21).

Midpelvis. The midpelvis is measured at the level of the ischial spines ®— the midplane, or plane of least pelvic dimensions. It
is of particular importance following engagement of the fetal head in obstructed labor. The interspinous diameter, 10 cm or
somewhat more, is usually the smallest diameter of the pelvis. The anteroposterior diameter through the level of the ischial
spines normally measures at least 11.5 cm. Its posterior component (posterior sagittal diameter), between the sacrum and the
line created by the interspinous diameter, is usually at least 4.5 cm (Fig. 2-22).

Pelvic Outlet. The pelvic outlet consists of two approximately triangular areas that are not in the same plane. They have a
common base, which is a line drawn between the two ischial tuberosities (Fig. 2-23). The apex of the posterior triangle is at
the tip of the sacrum, and the lateral boundaries are the sacrosciatic ligaments and the ischial tuberosities. The anterior
triangle is formed by the area under the pubic arch. Three diameters of the pelvic outlet usually are described: the
anteroposterior, transverse, and posterior sagittal.

Figure 2-21. Three anteroposterior diameters of the pelvic inlet are illustrated: the
true conjugate, the more important obstetrical conjugate, and the clinically
measurable diagonal conjugate. The anteroposterior diameter of the midpelvis is
also shown. (P = sacral promontory; Sym = symphysis pubis.)

Figure 2-22. Adult female pelvis demonstrating anteroposterior and transverse
diameters of the pelvic inlet and transverse (interspinous) diameter of the
midpelvis. The obstetrical conjugate is normally greater than 10 cm.

Figure 2-23. Pelvic outlet with diameters marked. Note that the anteroposterior
diameter may be divided into anterior and posterior sagittal diameters.

PELVIC SHAPES. In the past, x-ray pelvimetry was used frequently in women with suspected cephalopelvic
disproportion or fetal malpresentation. Caldwell and Moloy (1933, 1934) developed a classification of the pelvis that is still
used. The classification is based on the shape of the pelvis, and its familiarity helps the clinician understand better the
mechanisms of labor.

The Caldwell-Moloy classification is based on measurement of the greatest transverse diameter of the inlet and its division into
anterior and posterior segments. The shapes of these are used to classify the pelvis as gynecoid, anthropoid, android, or
platypelloid (Fig. 2-24). The character of the posterior seament determines the type of pelvis, and the character of the anterior
segment determines the tendency. These are both determined because many pelves are not pure but are mixed types; for
example, a gynecoid pelvis with an android tendency means that the posterior pelvis is gynecoid and the anterior pelvis is
android in shape.

From viewing the four basic types in Figure 2-24, the configuration of the gynecoid pelvis would intuitively seem suited for
delivery of most fetuses. Indeed, Caldwell and co-workers (1939) reported that the gynecoid pelvis was found in almost 50
percent of women. In contrast, in the android pelvis, the posterior sagittal diameter at the inlet is much shorter than the
anterior sagittal diameter, limiting the use of the posterior space by the fetal head. Moreover, the anterior portion is narrow
and triangular. The extreme android pelvis presages a poor prognosis for vaginal delivery. In the anthropoid pelvis, the
anteroposterior diameter of the inlet is greater than the transverse. This results in an oval anteroposteriorly, with the anterior
segment somewhat narrow and pointed. Variations of anthropoid-type pelves are found in about one third of women. The
platypelloid pelvis has a flattened gynecoid shape with short anteroposterior and wide transverse diameters. Pure varieties are
found in fewer than 3 percent of women.

vl Figure 2-24. The four parent pelvic types of the Caldwell-Moloy classification. A line
Wil passing through the widest transverse diameter divides the inlets into posterior (P)
~ and anterior (A) segments.

PELVIC SIZE AND ITS CLINICAL ESTIMATION

Pelvic Inlet Measurements. In many abnormal pelves, the anteroposterior diameter of the pelvic inlet R— the obstetrical
conjugate *— is considerably shortened. The diagonal conjugate is clinically estimated by measuring the distance from the
sacral promontory to the lower margin of the symphysis pubis (Figs. 2-25 and 2-26). Two fingers of the dominant hand are
introduced into the vagina. The mobility of the coccyx is first evaluated. The anterior surface of the sacrum is next palpated
from below upward and its vertical and lateral curvatures noted. In normal pelves, only the last three sacral vertebrae can be
felt without indentingthe perineum. Conversely, in markedly contracted pelves, the entire anterior surface of the sacrum




usually is readily palpable. Next, in order to reach the sacral promontory, the examiner's elbow must be flexed and the
perineum forcibly indented by the knuckles of the third and fourth fingers. The index and the second fingers are carried up and
over the anterior surface of the sacrum. By deeply inserting the wrist, the promontory may be felt by the tip of the second
finger as a projecting bony margin. With the finger closely applied to the most prominent portion of the upper sacrum, the
vaginal hand is elevated until it contacts the pubic arch. The immediately adjacent point on the index finger is marked, as
shown in Figure 2-25. The distance between the mark and the tip of the second finger is the diagonal conjugate. The
obstetrical conjugate is computed by subtracting 1.5 to 2.0 cm, depending on the height and inclination of the symphysis
pubis, as illustrated in Figure 2-26. If the diagonal conjugate is greater than 11.5 cm, it is justifiable to assume that the pelvic
inlet is of adequate size for vaginal delivery of a normal-sized fetus.

Transverse contraction of the inlet can be measured only by imaging pelvimetry. Pelvic contraction is possible even if the
anteroposterior diameter is adequate.

Engagement. Descent of the biparietal plane of the fetal head to a level below that of the pelvic inlet is termed engagement
(Fig. 2-27). When the biparietal "—the largest %— diameter of the normally flexed fetal head has passed through the inlet,
the head is engaged. Although engagement usually is regarded as a phenomenon of labor, in nulliparas it may occur during the
last few weeks of pregnancy. When it does so, it is confirmatory evidence that the pelvic inlet is adequate for that fetal head.
With engagement, the fetal head serves as an internal pelvimeter to demonstrate that the pelvic inlet is ample for
that fetus.

Engagement is ascertained by vaginal examination or by abdominal palpation. With vaginal examination, the station of the
lowermost part of the fetal head in relation to the level of the ischial spines is determined. If the lowest part of the occiput is at
or below the level of the spines, the head usually, but not always, is engaged. The distance from the plane of the pelvic inlet to
the level of the ischial spines is approximately 5 cm in most pelves. Although the distance from the biparietal plane of the
unmolded fetal head to the vertex is usually only 3 to 4 cm, accurate determination of engagement may be difficult if there is
considerable elongation of the fetal head from molding or formation of a caput succedaneum.

Abdominal examination is a less satisfactory method to determine engagement. If the biparietal plane of a term-sized infant
has descended through the inlet, the examining fingers cannot reach the lowermost part of the head. Thus, when pushed
downward over the lower abdomen, the examining fingers will slide over that portion of the head proximal to the biparietal
plane (nape of the neck) and diverge. Conversely, if the head is not engaged, the examining fingers can easily palpate the
lower part of the head and will converge.

Fixation of the fetal head occurs when descent proceeds to a depth that prevents its free movement when pushed right and
then left by both hands placed over the lower abdomen. Fixation is not necessarily synonymous with engagement. Although a
head that is freely movable on abdominal examination cannot be engaged, fixation of the head is sometimes seen when the
biparietal plane is still 1 cm or more above the pelvic inlet, especially if the head is molded appreciably.

Pelvic Outlet Measurements. An important dimension of the pelvic outlet that is accessible for clinical measurement is the
diameter between the ischial tuberosities, variously called the biischial diameter, intertuberous diameter, and transverse
diameter of the outlet. A measurement of more than 8 cm is considered normal. The measurement of the transverse diameter
of the outlet can be estimated by placing a closed fist against the perineum between the ischial tuberosities. Usually the closed
fist is wider than 8 cm. The shape of the subpubic arch also can be evaluated at the same time by palpating the pubic rami
from the subpubic region toward the ischial tuberosities.

Midpelvis Estimation. Clinical estimation of midpelvic capacity by any direct form of measurement is not possible. If the
ischial spines are quite prominent, the sidewalls are felt to converge, and the concavity of the sacrum is very shallow, then
suspicion of a contraction is aroused.

Figure 2-25. Vaginal examination to determine the diagonal conjugate. (P = sacral
: promontory; S = symphysis pubis.)

=% % Figure 2-26. Variations in length of the diagonal conjugate dependent on height
and inclination of the symphysis pubis. (P. = sacral promontory; Sym. = symphysis
= === pubis.)

Figure 2-27. When the lowermost portion of the fetal head is at or below the ischial
spines, it is usually engaged. Exceptions occur when there is considerable molding,
caput formation, or both. (P = sacral promontory; S = ischial spine; Sym =
symphysis pubis.)
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3. Implantation, Embryogenesis, and Placental Development
INTRODUCTION

All obstetricians should be aware of the basic reproductive biological processes that are required for women to successfully
achieve ovulation, fertilization, and implantation. A number of abnormalities can affect each of these processes and lead to
infertility or pregnancy loss. In most women, spontaneous, cyclical ovulation at 25- to 35-day intervals continues throughout
almost 40 years between the time of menarche and menopause. For women who never use contraception, there are
approximately 400 opportunities for pregnancy, which may occur with sexual intercourse on any of 1200 days (the day of
ovulation and the 2 preceding days). This narrow window available for fertilization is controlled by tightly regulated production
of ovarian steroids that cause the optimal regeneration of endometrium that begins with the ending of menstruation.

Should fertilization occur, the events that unfold after the initial implantation of the blastocyst onto the surface of the
endometrium through to parturition result from a unique interaction between the trophoblasts of the fetus and the
endometrium-decidua of the mother. The ability of mother and fetus to coexist as two distinct immunological systems results
from endocrine, paracrine, and immunological modification of fetal and maternal tissues in a manner not seen elsewhere. The
placenta mediates a unique fetal-maternal communication system, which creates a hormonal environment that helps initially to
maintain pregnancy and eventually initiates the events leading to parturition. The following sections address the physiology of
the ovarian-endometrial cycle, implantation, the placenta and fetal membranes, and the specialized endocrine arrangements
between fetus and mother.

THE OVARIAN-ENDOMETRIAL CYCLE

The endometrium-decidua is the anatomical site of blastocyst apposition, implantation, and placental development. From an
evolutionary perspective, the human endometrium is highly developed to accommodate interstitial implantation and a
hemochorial type of placentation. Endometrial development of a magnitude similar to that observed in women R— that is, with
special spiral (or coiling) arteries R—is restricted to only a few primates, such as humans, great apes, and Old World
monkeys. Trophoblasts of the blastocyst invade these endometrial arteries during implantation and placentation to establish
uteroplacental vessels.

These primates are the only mammals that menstruate, which is a process of endometrial tissue shedding with hemorrhage
that is dependent on sex steroid hormone-directed changes in blood flow in the spiral arteries. With nonfertile, but ovulatory,
ovarian cycles, menstruation effects desquamation of the endometrium. New endometrial growth and development must be
initiated with each cycle, so that endometrial maturation corresponds rather precisely with the next pregnancy (implantation)
opportunity. There seems to be a very narrow window of endometrial receptivity to blastocyst implantation in the human that
corresponds approximately to menstrual cycle days 20 to 24.

To place repetitive menstruation in perspective, the lifetime cumulative blood loss associated with normal endometrial
shedding is 10 to 20 liters or more, an amount of blood that contains at least three times the total body iron content of the
average adult woman. The approximately 38-year reproductive lifetime cumulative production of progesterone by corpora
lutea and placenta in the woman who has two pregnancies and 450 nonfertile ovarian cycles is about 150,000 mg (150 g),
which is similar to the cumulative amount of cortisol secreted by the adrenal cortices during the same 38 years. This incredible
investment in endometrial tissue growth provides for regular renewal of the functional portion of this tissue in preparation for
the next pregnancy opportunity.

THE OVARIAN CYCLE. The development of predictable, reqular, cyclical, and spontaneous ovulatory menstrual
cycles is regulated by complex interactions of the hypothalamic-pituitary axis, the ovaries, and the genital tract (Fig. 3-1). The
average duration of the cycle in women of reproductive age is approximately 28 days, with a range of 25 to 32 days. The
sequence of hormonal events leading to ovulation dictates the menstrual cycle. The cyclical changes in endometrial histology
are faithfully reproduced during each ovulatory ovarian cycle.

In 1937, Rock and Bartlett suggested that the histological features of the endometrium were sufficiently characteristic to
permit "dating" of the ovarian cycle of the woman from whom the endometrial tissue was obtained. The histological changes
that occur in the endometrium during the nonfertile (but ovulatory) menstrual cycle are summarized in Figure 3-2. The
follicular (proliferative) phase and the postovulatory (luteal or secretory) phase of the ovarian-endometrial cycle are
customarily divided into early and late stages.

Follicular (Preovulatory) Ovarian Phase. In the human ovary, 2 million oocytes are found at birth, and about 400,000
follicles are present at the onset of puberty (Baker, 1963). The remaining follicles are depleted at a rate of approximately 1000
follicles per month until 35 years of age, when this rate accelerates (Faddy and colleagues, 1992). Only 400 follicles are
normally ovulated during female reproductive life. Therefore, more than 99.9 percent of follicles undergo the degenerative
process known as atresia through a process of cell death termed apoptosis (Gougeon, 1996; Hsueh and colleagues, 1994;
Kaipia and Hsueh, 1997). Human follicular development consists of several stages, which include the gonadotropin-
independent recruitment of primordial follicles from the resting pool and growth of these follicles to the antral stage. This
process appears to be under the control of locally produced growth factors. The production of two members of the
transforming growth factor-f family, viz., growth differentiation factors 9 and 10, regulates the proliferation and differentiation
of the granulosa cells as the primary follicles grow (Aaltonen and colleagues, 1999; Hreinsson and colleagues, 2002). These
factors are produced by the oocytes, suggesting that the early steps in follicular development are in part oocyte controlled. As
the antral follicles develop, the surrounding stromal cells are recruited in a yet-to-be-defined mechanism to become thecal
cells.

Although not required for early stages of follicular development, follicle-stimulating hormone (FSH) is required for further
development of large antral follicles (Hillier, 2001). During each ovarian cycle, a group of antral follicles, known as a cohort,
begins a phase of semisynchronous growth as a result of their state of maturation at the time of the FSH rise during the late
luteal phase of the previous cycle. This FSH rise leading to the development of follicles is called the selection window of the



ovarian cycle (Macklon and Fauser, 2001). Only the follicles progressing to this stage develop the capacity to produce
estrogen.

During the follicular phase, estrogen levels rise in parallel to the growth of the dominant follicle and the increase in its number
of granulosa cells (see Fig. 3-1). The granulosa cells are the exclusive site of FSH receptor expression. The increase in
circulating FSH during the late luteal phase of the previous cycle stimulates an increase in FSH receptors and, subsequently,
the ability to aromatize thecal cell-derived androstenedione into estradiol. The requirement for thecal cells that respond to
luteinizing hormone (LH) and granulosa cells that respond to FSH represents the two-gonadotropin, two-cell hypothesis for
estrogen biosynthesis described by Short (1962) and shown in Figure 3-2. FSH induces the enzyme aromatase and expansion
of the antrum of the growing follicles. The follicle within the cohort that is most responsive to FSH is likely to be the first to
produce estradiol and initiate expression of LH receptors.

After the appearance of LH receptors, the preovulatory granulosa cells begin to secrete small quantities of progesterone. The
preovulatory secretion of progesterone, although somewhat limited, is believed to exert positive feedback on the estrogen-
primed pituitary to either cause or help augment release of LH. In addition, during the late follicular phase, LH stimulates
thecal cell production of androgens, particularly androstenedione, which are then transferred to the adjacent follicles where
they are metabolized to estradiol. During the early follicular phase, the granulosa cells also produce inhibin B, which can feed
back on the pituitary to inhibit FSH release (Groome and colleagues, 1996). As the dominant follicle begins to grow, the
production of estradiol and the inhibins increases, resulting in a decline of follicular-phase FSH. This drop in FSH is responsible
for the failure of other follicles to reach preovulatory status "— the Graafian follicle stage %"— during any one cycle. Thus, 95
percent of plasma estradiol produced at this time is secreted by the dominant follicle, which is destined to ovulate. The
contralateral ovary is relatively inactive.

Ovulation. The onset of the gonadotropin surge resulting from increasing secretion of estrogen by preovulatory follicles is a
relatively precise predictor of the time of ovulation, occurring some 34 to 36 hours before the release of the ovum from the
follicle (see Fig. 3-1). The peak of LH secretion occurs 10 to 12 hours before ovulation and stimulates the resumption of the
meiosis process in the ovum with the release of the first polar body. At this time a protrusion of the follicular wall (the stigma)
develops, which then ruptures, allowing release of the oocyte-cumulus complex. It has long been suggested that the actual
rupture of the follicle is controlled by the plasminogen activator group of proteases (Beers, 1975). Current studies suggest that
in response to LH, increased production of progesterone and prostaglandins activates members of both the plasminogen
activator and matrix metalloproteinases. Activation of these proteases is likely to play a pivotal role in the weakening of the
follicular basement membrane and ovulation (Ny and colleagues, 2002).

Luteal (Postovulatory) Phase of the Ovary. Following ovulation, the corpus luteum develops from the remains of the
dominant or Graafian follicle in a process referred to as /uteinization. Rupture of the follicle initiates a series of morphological
and chemical changes leading to transformation into the corpus luteum (Browning, 1973). The basement membrane
separating the granulosa-lutein and theca-lutein cells breaks down, and by day 2 postovulation, blood vessels and capillaries
invade the granulosa cell layer. The rapid neovascularization of the once avascular granulosa may be due to a variety of
angiogenic factors. These include vascular endothelial growth factor and others produced in response to LH by the theca-lutein
and granulosa-lutein cells (Albrecht and Pepe, 2003; Fraser and Wulff, 2001). During luteinization, these cells undergo
hypertrophy and increase their capacity to synthesize hormones (see Figs. 3-1 and 3-2).

That LH is the primary luteotropic factor was well established in studies of hypophysectomized women (Vande Wiele and
colleagues, 1970). In these women, the life span of the corpus Iluteum is dependent on repeated injections of LH or human
chorionic gonadotropin (hCG). In addition, LH injections can extend the life span of the corpus luteum in normal women by 2
weeks (Segaloff and colleagues, 1951). In normal cycling women, the corpus luteum is maintained by low-frequency, high-
amplitude pulses of LH secreted by gonadotropes in the anterior pituitary (Filicori and colleagues, 1986).

The pattern of hormone secretion by the corpus luteum is different from that of the follicle (see Fig. 3-1). The increased
capacity of the granulosa-lutein cells to produce progesterone is the result of increased access to considerably more
steroidogenic precursors through blood-borne low-density lipoprotein (LDL)-derived cholesterol (Carr and colleagues, 1981b).
It is due as well to changes in the level of steroidogenic acute regulatory protein, which allows rapid use of this cholesterol for
progesterone biosynthesis (Devoto and colleagues, 2002). The important role for LDL in progesterone biosynthesis is
supported by the observation that women with extremely low levels of LDL cholesterol exhibit low progesterone secretion
during the luteal phase (Illingworth and colleagues, 1982). In addition, high-density lipoprotein (HDL) may contribute to
progesterone production in granulosa-lutein cells (Ragoobir and colleagues, 2002).

Estrogen levels follow a more complex pattern of secretion. Specifically, just after ovulation, estrogen levels decrease followed
by a secondary rise that reaches a peak production of 0.25 mg/day of 17p-estradiol at the midluteal phase. Toward the end of
the luteal phase there is a secondary decrease in estradiol production. Ovarian production of progesterone peaks at 25 to 50
mg/day during the midluteal phase. If pregnancy occurs, the corpus luteum continues production of progesterone in response
to embryonic hCG, which will bind and activate luteal cell LH receptors (see Fig. 3-2).

The human corpus luteum is a transient endocrine organ that, in the absence of pregnancy, will rapidly regress 9 to 11 days
after ovulation. The mechanisms that control luteolysis of the human corpus luteum remain unclear. In part luteolysis results
from the combination of decreased levels of circulating LH in the late luteal phase and decreased LH sensitivity of luteal cells
(Duncan and colleagues, 1996; Filicori and colleagues, 1986). The role of other luteotropic factors in women is less clear,
however, prostaglandin F, (PGFZQ) appears to be luteolytic in nonhuman primates as well as in women (Auletta, 1987; Wentz
and Jones, 1973). Within the corpus luteum, luteolysis is characterized by a loss of luteal cells due to an increase in apoptotic
cell death (Vaskivuo and colleagues, 2002). The endocrine effects, consisting of a dramatic drop in circulating levels of
estradiol and progesterone, are critical to allow the follicular development and ovulation of the next ovarian cycle. In addition,
the regression of the corpus luteum and drop in circulating steroids signal the endometrium to initiate the molecular events
that will lead to menstruation.

| . N Figure 3-1. Gonadotropin control of the ovarian and endometrial cycles. The
| ~, ovarian-endometrial cycle has been structured as a 28-day cycle. The follicular



phase (days 1 to 14) is characterized by rising levels of estrogen, thickening of the
endometrium, and selection of the dominant "ovulatory" follicle. During the luteal
phase (days 14 to 28), the corpus luteum produces estrogen and progesterone,
which prepare the endometrium for implantation. If implantation occurs, the
developing blastocysts will begin to produce human chorionic gonadotropin (hCG)
and rescue the corpus luteum, thus maintaining progesterone production. (FSH =
follicle-stimulating hormone; LH = luteinizing hormone.)

— —-#  Figure 3-2. The two-cell-two-gonadotropin principle of ovarian steroid hormone
—~— —— production. During the follicular phase (left panel), luteinizing hormone (LH)
=== 2 controls theca cell production of androstenedione, which diffuses into the adjacent
2 e P granulosa cells and acts as precursor for estradiol biosynthesis. The capacity for the
-~ m granulosa cell to convert androstenedione to estradiol is controlled by follicle-

stimulating hormone (FSH). After ovulation, the corpus luteum forms and both
theca-lutein and granulosa-lutein cells respond to LH. The theca-lutein cells continue
to produce androstenedione, while granulosa-lutein cells greatly increase the
capacity to produce progesterone as well as to convert androstenedione to estradiol.
If pregnancy occurs, the production of human chorionic gonadotropin (hCG) by the
placenta rescues the corpus luteum through the LH receptor. (cAMP = cyclic
adenosine monophosphate.)

ESTROGEN AND PROG ESTERONE ACTION. The fluctuating levels of ovarian steroids are the

direct cause of the endometrial cycle. Recent advances in the molecular biology of receptors for estrogen and progesterone
have greatly improved our understanding of how sex steroids regulate the endometrium. 17p-Estradiol, the most biologically
potent naturally occurring estrogen, is secreted by the granulosa cells of the dominant ovarian follicle and luteinized granulosa
cells of the corpus luteum (see Figs. 3-1 and 3-2). Estrogen is the essential hormonal signal on which most events in the
normal menstrual cycle depend. Estradiol action is complex and appears to involve two classical nuclear hormone receptors,
which have been designated estrogen receptor o (ERa) and estrogen receptor g (ERB) (Katzenellenbogen and colleagues,
2001). These isoforms are the product of separate genes and can exhibit distinct tissue differences in relative expression. Both
estradiol-receptor complexes act as transcriptional factors that become associated with the estrogen response element of
specific genes. Both share a robust activation by estradiol, but there are differences in the binding of other estrogens, making
these receptors targets for selective estrogen receptor modulators.

The interaction with steroid ligands brings about estrogen receptor-specific initiation of gene transcription, which promotes the
synthesis of specific messenger RNAs, and thereafter the synthesis of specific proteins. Among the many proteins synthesized
in most estrogen-responsive cells are additional estrogen receptors and progesterone receptors. In addition, estradiol has been
proposed to act at the cell surface to stimulate nitric oxide production in endothelial cells, leading to the rapid vasoactive
properties of estradiol (Shaul, 2002). The ability of estradiol to work in the cell nucleus through classical ligand-regulated
nuclear hormone receptors and at the cell surface to cause rapid changes in cell signaling molecules is one explanation for the
complex responses seen as a result of estrogen therapies.

It is likely that estradiol and other bioactive estrogens cause replication of the endometrium indirectly (through actions on
stromal cells). The expression pattern of ERa and ERp in the various cellular components of the endometrium has been
examined using immunohistochemistry (Lecce and colleagues, 2001). ERB is expressed in glands, stroma, and vascular cells of
the endometrium. ERp levels are highest during the proliferative phase of the cycle. With the development and widespread use
of selective estrogen receptor modulators, the differential expression and roles of the two isoforms of estrogen receptor within
the endometrium will need careful study.

The majority of effects of progesterone on the female reproductive tract are mediated through nuclear hormone receptors.
Progesterone enters cells by diffusion and in responsive tissues becomes associated with progesterone receptors (Conneely
and colleagues, 2002). There are two distinct isoforms of the human progesterone receptor, viz., the progesterone receptor
type A (PR-A) and type B (PR-B). Both arise from a single gene, are members of the steroid receptor superfamily of
transcription factors, and regulate transcription of target genes. These receptors may have unique actions within cells. When
the PR-A and PR-B receptors are co-expressed, it appears that the PR-A can act as an inhibitor of PR-B gene regulation. The
repressor effect of PR-A may extend to actions on other steroid receptors, including estrogen receptors. In addition,
progesterone may act by receptor-independent nongenomic mechanisms. Membrane receptors for progesterone have been
best characterized in human spermatozoa, but their role in other human tissues is not currently clear (Luconi and colleagues,
2002).

The expression patterns of PR-A and PR-B receptors in the human endometrium have been examined using
immunohistochemistry (Mote and colleagues, 1999). The endometrial glands and stroma appear to have different expression
patterns for PR-A and PR-B, which vary over the menstrual cycle. The glands express both receptors in the proliferative phase,
suggesting that both receptors are involved with subnuclear vacuole formation. After ovulation the glands continue to express
PR-B through the midluteal phase, suggesting that glandular secretion seen during the luteal phase is PR-B regulated. In
contrast, the stroma and predecidual cells express only PR-A throughout the menstrual cycle, suggesting that progesterone-
stimulated events within the stroma are mediated by this receptor. Progesterone receptor expression has not been observed in
inflammatory cells or in endothelial cells of the endometrial vessels. Dissecting the role of these two receptor isoforms in the
regulation of human menstruation may be difficult, however, studies in animal models have given evidence that the PR-A
receptor regulates the antiproliferative effects of progesterone seen in the secretory phase. Specifically, ablation of PR-A
expression in mice blocks decidualization and implantation. These observations imply that the two progesterone receptor



isoforms play distinct roles in the endometrium during the menstrual cycle. In addition, distinct roles for PR-A and PR-B have
been proposed for the regulation of the myometrium during the initiation of labor (Mesiano and colleagues, 2002).

THE ENDOMETRIAL CYCLE

Proliferative (Preovulatory) Phase of the Endometrium.

Fluctuations in estrogen and progesterone levels produce striking effects on the reproductive tract, particularly the
endometrium (Fig. 3-3). Characteristic changes occur in the endometrium during the menstrual cycle, which makes dating of
the endometrium possible (Rock and Bartlett, 1937). The growth and functional characteristics of the human endometrium are
unique. The epithelial (glandular) cells, the stromal (mesenchymal) cells, and the blood vessels of the endometrium replicate
cyclically in reproductive-aged women at a rapid rate. The endometrium is regenerated during each ovarian-endometrial cycle.
The superficial endometrium is shed and regenerated almost 400 times during the reproductive lifetime of most women. There
is no other example in humans of the cyclical shedding and regrowth of an entire tissue.

Follicular-phase production of estradiol is the most important factor in recovery of the endometrium following menstruation.
About two thirds of the functional endometrium is fragmented and shed during menstruation; but reepithelialization is in
progress even before menstrual bleeding has ceased. By the fifth day of the endometrial cycle (first day of menses equals day
1), the epithelial surface of the endometrium has been restored and revascularization of the endometrium is in progress. The
preovulatory endometrium is characterized by proliferation of vascular endothelial, stromal, and glandular cells (see Fig. 3-3).
During the early part of the proliferative phase, the endometrium is thin, usually less than 2 mm in thickness. The glands at
this stage are narrow, tubular structures that pursue almost a straight and parallel course from the basal layer toward the
surface of the endometrial cavity. Mitotic figures, especially in the glandular epithelium, are identified by the fifth cycle day,
and mitotic activity in both epithelium and stroma persists until day 16 to 17 (2 to 3 days after ovulation). Although blood
vessels are numerous and prominent, there is no extravascular blood or leukocyte infiltration in the endometrium at this stage.

Clearly, reepithelialization and angiogenesis are important to the cessation of endometrial bleeding at the end of menstruation,
and these processes are dependent on tissue regrowth. Estradiol appears to act by inducing growth factor gene expression in
stromal cells. Stromal cell proliferation appears to increase through paracrine and autocrine action of estrogen and increased
local levels of fibroblast growth factor-9 (Tsai and colleagues, 2002). Estrogens also increase local production of vascular
endothelial growth factor (Bausero and colleagues, 1998; Sugino and colleagues, 2002), which causes angiogenesis through
the elongation of vessels in the basalis (Gargett and Rogers, 2001).

By the late proliferative phase, the endometrium thickens, the result of both glandular hyperplasia and an increase in stromal
ground substance (edema and proteinaceous material). The loose stroma is especially prominent, and the glands in the
superficial portions of the endometrium (the functionalis layer) are widely separated compared with those of the deeper zone
(the basalis layer), where the glands are more crowded and the stroma is denser. At midcycle, as the time of ovulation is
approached, the glandular epithelium has become taller and pseudostratified. The surface epithelial cells acquire numerous
microvilli, which increase epithelial surface area, and cilia, which aid in the movement of endometrial secretions in the
secretory phase (Ferenczy, 1976).

Day-by-day dating of the endometrium by histological criteria is difficult during the proliferative phase because of the
considerable variation among women in the length of this phase of the cycle. In apparently normal, fertile women the follicular
phase may be as short as 5 to 7 days or as long as 21 to 30 days. However, the luteal or secretory (postovulatory) phase of
the cycle among women is remarkably constant in duration (12 to 14 days).

Secretory (Postovulatory) Phase of the Endometrium. During the early secretory phase, the dating of the endometrium
is based on the histology of the glandular epithelium. After ovulation the estrogen-primed endometrium responds to rising
levels of progesterone in a highly predictable manner (see Fig. 3-3). By day 17, glycogen accumulates in the basal portion of
the glandular epithelium, creating subnuclear vacuoles and pseudostratification. This is the first sign of ovulation that is
reflected in histological changes, and it is likely the result of direct progesterone action through progesterone receptors
expressed in the glandular cells (Mote and colleagues, 2000). On day 18, the vacuoles move to the apical portion of the
secretory nonciliated cells, and by day 19, these cells begin to release their glycoprotein and mucopolysaccharide contents into
the lumen through an apocrine method of secretion (Hafez and colleagues, 1975). Glandular cell mitosis ceases with the start
of secretory activity on day 19 due to the rising levels of progesterone, which antagonize the mitotic effects of estrogen.
Estradiol action is also decreased because of glandular expression of the type 2 form of 17p-hydroxysteroid dehydrogenase,
which converts estradiol to the less active estrogen, estrone (Casey and MacDonald, 1996).

The dating of the cycle in the mid- to late-secretory phase relies on changes seen in the endometrial stroma (see Fig. 3-3). On
cycle days 21 to 24, the stroma becomes edematous. On days 22 to 25, stromal cells surrounding the spiral arterioles begin to
enlarge, and stromal mitosis becomes apparent. Days 23 to 28 are characterized by the presence of predecidual cells, which
surround the spiral arterioles. An important characteristic of the secretory-phase endometrium occurring between days 22 and
25 is the striking change associated with the predecidual transformation of the upper two thirds of the functionalis layer. The
glands exhibit extensive coiling and secretions become visible within the lumen. Changes within the endometrium also can
mark the so-called window of implantation seen on days 20 to 24. Close examination of the surface epithelial cells during this
time has shown a decrease in microvilli and cilia on cell surfaces as well as protrusions of the apical cell surface into the lumen
(Nikas, 2003). These protrusions, termed pinopods, are an important event in preparation for blastocyst implantation and
coincide with changes in the surface glycocalyx that allow acceptance of a blastocyst (Aplin, 2003).

In addition, this secretory phase is highlighted by the continuing growth and development of the spiral arteries. Boyd and
Hamilton (1970) emphasized the extraordinary importance of the spiraling or coiled arteries of the human endometrium,
pointing out that the British gynecologist William Hunter in 1774 referred to these vessels as the "curling" arteries. The
endometrial spiral arteries arise from the arcuate arteries, which are branches of the uterine vessels that lie in the
myometrium (see Fig. 2-9; p. 23). The morphological and functional properties of the spiral arteries are unique and essential
for establishing the changes in blood flow that permit menstruation or, should fertilization occur, implantation. During the
phase of endometrial growth, the spiral arteries lengthen at a rate that is appreciably greater than the rate of increase in
endometrial tissue height or thickness (Fig. 3-4). This discordance in growth between the two tissues obliges even greater



coiling of the already spiraling vessels. The development of the spiral arteries represents an extraordinary induction of
angiogenesis, consisting of widespread sprouting and extension of blood vessels. Perrot-Applanat and associates (1988)
described progesterone and estrogen receptors in the smooth muscle cells of the uterine arteries, including the spiral arteries.
These investigators further demonstrated that this rapid angiogenesis is regulated in part through estrogen- and progesterone-
regulated synthesis of vascular endothelial growth factor (Ancelin and colleagues, 2002). This protein is secreted by cells
within the stroma and glandular epithelium and stimulates endothelial cell proliferation and increases vascular permeability.
Thus, steroid hormone influences on growth and vasculature are directed to a large degree through the local production of
growth factors.

; ’-:?-'ff@;;l-;-' ___ Figure 2-9. Stereographic representation of myometrial and endometrial arteries in
t" i % —— the macaque. Above, parts of myometrial arcuate arteries from which myometrial

: b radial arteries course toward the endometrium. Below, the larger endometrial coiled
e i arteries and the smaller endometrial basal arteries. (From Okkels and Engle, 1938.)

Figure 3-3. Dating of the endometrium according to the day of the menstrual cycle
during a hypothetical 28-day ovarian cycle. Correlation with the extent of typical
morphological findings. (From Noyes and colleagues, 1950.)

B Figure 3-4. Modifications in the spiral arteries of the human endometrium during
] the ovulatory cycle. Changes in blood flow through these vessels facilitate
e endometrial growth (blue band). Excessive coiling and stasis in blood flow coincides
= "= = with regression of corpus luteum function, and leads to a decline in endometrial
~ tissue volume. Just prior to the commencement of endometrial bleeding, intense
spiral artery vasospasm serves to limit blood loss with menstruation.

MENSTRUATION. In the catarrhine primates, the midluteal-secretory phase of the endometrial cycle is a critical
branch point in the development and differentiation of the endometrium. With rescue of the corpus luteum and continued
progesterone secretion, the process of decidualization continues. If, however, the corpus luteum production of progesterone
drops as a result of /uteolysis, the events leading to menstruation will be initiated. Many of the molecular mechanisms
involving endometrial progesterone withdrawal, as well as the subsequent inflammatory response that causes the sloughing of
the endometrium, have been defined (Critchley and colleagues, 2001).

A notable histological characteristic of the late premenstrual-phase endometrium is the infiltration of the stroma by
polymorphonuclear leukocytes, giving a pseudoinflammatory appearance to the tissue (see Fig. 3-3). The infiltration of
neutrophils occurs primarily on the day or two immediately preceding the onset of menstruation. The endometrial stromal and
epithelial cells produce interleukin-8 (IL-8), a chemotactic-activating factor for neutrophils (Arici and colleagues, 1993). IL-8
may be one of the agents that serve to recruit neutrophils to the endometrium just prior to the onset of menstruation.
Similarly, the endometrium is capable of synthesizing monocyte chemotactic protein-1 (MCP-1), a potent chemoattractant for
monocytes (Arici and colleagues, 1995). The rates of synthesis of IL-8 and MCP-1 in endometrial stromal cells appear to be
modulated, in part, by circulating sex steroid hormones and local production of transforming growth factor-g (Arici and
colleagues, 1996a, 1996b).

The infiltration of leukocytes is considered key to initiation of extracellular matrix breakdown of the functionalis layer. The
invading leukocytes secrete enzymes that are members of the matrix metalloproteinase family of proteins. These
metalloproteinases add to the proteases already produced by the endometrial stromal cells. The rising level of
metalloproteinases tips the balance between proteases and protease inhibitors, effectively initiating degradation of the matrix.
This phenomenon has been proposed to initiate the events leading to menstruation (Dong and colleagues, 2002).

A classical study by Markee (1940) described the tissue and vascular changes that occur in endometrium before menstruation.
He observed 432 separate cyclical alterations in endometrial tissue explants that he had transplanted to the anterior chamber
of the eye of rhesus monkeys. There were marked changes in blood flow to the endometrium during the time of growth
regression, which are essential for menstruation. As the regression of the endometrium occurs, the coiling of the spiral arteries
becomes sufficiently severe that the resistance to blood flow in these vessels is increased strikingly, causing hypoxia of the
endometrium. The resultant stasis is the primary cause of endometrial ischemia and then tissue degeneration. A period of
vasoconstriction precedes the onset of menstruation and is the most striking and constant event observed in the menstrual
cycle. The intense vasoconstriction of the spiral arteries serves to limit blood loss during menstruation. Blood flow in the spiral
arteries appears to be regulated in an endocrine manner by sex steroid hormone-induced modifications of a local (paracrine-
mediated) vasoactive peptide system.

Prostaglandins and Menstruation. Prostaglandins are most often synthesized within the same tissue in which they act
through autocrine or paracrine mechanisms, or both. Prostaglandins act through a host of separate but specific plasma
membrane G-protein-linked receptors that can activate diverse cellular signaling cascades and thus provide an additional level
of specificity to the various prostaglandins. Prostaglandins can be degraded rapidly in the tissues of origin, for example,
endometrium, in nearby tissues, or in more remote sites such as the lungs in a reaction catalyzed by prostaglandin
dehydrogenase (Casey and colleagues, 1980, 1989).

A role for prostaglandins, especially prostaglandin an (PGF. which is a vasoconstrictor, in the initiation of menstruation has
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been suggested (Abel, 2002). Large amounts of prostaglandins are present in menstrual blood. The administration of PGFZa to

women gives rise to symptoms that mimic dysmenorrhea, which is commonly associated with normal menses and likely is
caused by myometrial contractions and uterine ischemia. The administration of PGF,  to nonpregnant women also will cause

menstruation. This response is believed to be mediated by PGF, -induced vasoconstriction of the endometrial spiral arteries.

Vasoactive Peptides and Menstruation. The actions of a number of peptides may comprise a hormone-responsive
paracrine system in the endometrium to regulate spiral artery blood flow. One is the endothelin-enkephalinase system (Casey
and MacDonald, 1996). The endothelins ®%— ET-1, ET-2, and ET-3 ®%— are small, 21-amino acid peptides. Endothelin-1 (ET-1)
is a potent vasoconstrictor that was first identified as a product of vascular endothelial cells (Yanagisawa and colleagues,
1988). The endothelins are degraded by the enzyme enkephalinase. Enkephalinase is localized in endometrial stromal cells,
and its specific activity in these cells increases strikingly and in parallel with the increase in blood levels of progesterone after
ovulation. The specific activity of enkephalinase in endometrium is highest during the midluteal phase of the ovarian cycle and
declines steadily thereafter as the plasma levels of progesterone decrease with regression of the corpus luteum (Casey and
colleagues, 1991).

Origin of Menstrual Blood. Menstrual bleeding is of both arterial and venous origin, but arterial bleeding is, quantitatively,
appreciably greater than venous. Endometrial bleeding appears to begin by rupture of an arteriole of a coiled artery, with
consequent formation of a hematoma. On occasion, however, bleeding takes place by leakage through a spiral artery. When a
hematoma forms, the superficial endometrium is distended and then ruptures. Subsequently, fissures develop in the adjacent
functionalis layers and blood, as well as fragments of tissue of various sizes, is detached. Although some tissue autolysis
occurs, as a rule, fragments of endometrium can be identified in menstrual discharge collected from the vagina. Hemorrhage
stops when the arterioles are again constricted. The changes that accompany partial tissue necrosis also serve to seal off the
tips of the vessels. Often only the endothelium remains in the superficial portion.

The surface of the endometrium is restored, by growth of the flanges, or collars, that form the everted free ends of the uterine
glands (Markee, 1940). These flanges increase in diameter very rapidly, and the continuity of the epithelium is reestablished
by the fusion of the edges of these sheets of migrating thin cells.

Interval Between Menses. The modal interval at which menstruation recurs is considered to be 28 days, but there is
considerable variation among women in general, as well as in the cycle lengths of a given woman. Marked variation in the
intervals between menstrual cycles is not necessarily indicative of infertility. Arey (1939) analyzed the findings of 12 studies
comprising about 20,000 calendar records from 1500 women and concluded that there is no evidence of perfect menstrual
cycle regularity. He found that among average adult women, one third of menstrual cycles departed by more than 2 days from
the mean of the lengths of all cycles. In Arey's analysis of 5322 cycles in 485 normal women, an average interval of 28.4 days
was estimated; his finding for the average cycle length in pubertal girls was longer, 33.9 days. Haman (1942) surveyed 2460
cycles in 150 women who attended a clinic where special attention was directed to recording accurately the length of the
menstrual cycles. The distribution curve for menstrual cycle length, computed from averages from both the Haman and Arey
studies, is shown in Figure 3-5.

| ~ | Figure 3-5. Duration of menstrual cycle. (Based on distribution data of Arey, 1939,
1 i and Haman, 1942.)
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THE DECIDUA OF THE ENDOMETRIUM. The decidua is a specialized, highly modified

endometrium of pregnancy and is a function of hemochorial placentation. This form of placentation has in common the process
of trophoblast invasion, and therefore considerable research has focused on the interaction between the cells within the
decidua and the invading trophoblasts. Decidualization, the transformation of secretory endometrium to decidua, is dependent
on the action of estrogen and progesterone and factors secreted by the implanting blastocyst during trophoblast invasion. The
special relationship that exists between the decidua and the invading trophoblast seemingly defies the laws of transplantation
immunology (Beer and Billingham, 1971). The success of this unique semiallograft not only is of great scientific interest but
may involve processes that harbor insights leading to more successful transplantation surgery and perhaps even
immunological treatment of neoplasia (Billingham and Head, 1986; Lala and colleagues, 2002).

Decidual Structure. William Hunter, the 18th-century British gynecologist, provided the first scientific description of the
membrana decidua. According to Damjanov (1985), the term membrana denoted its gross anatomical appearance, while
decidua was added with analogy to deciduous leaves to indicate an ephemeral nature and the fact that it is shed from the rest
of the uterus after childbirth. The decidua of pregnancy is composed of three parts based on its anatomical location. The
portion of the decidua directly beneath the site of blastocyst implantation is modified by trophoblast invasion and becomes the
decidua basalis. That portion overlying the enlarging blastocyst, and initially separating it from the rest of the uterine cavity, is
the decidua capsularis (Fig. 3-6). The decidua capsularis is most prominent during the second month of pregnancy, consisting
of decidual cells covered by a single layer of flattened epithelial cells without traces of glands. Internally, this portion of the
decidua contacts the avascular, extraembryonic fetal membrane, the chorion laeve. The remainder of the uterus is lined by
decidua parietalis, sometimes called the decidua vera at the point in development when decidua capsularis and decidua
parietalis are joined.

During the early weeks of pregnancy, there is a space between the decidua capsularis and decidua parietalis because the
gestational sac does not fill the entire uterine cavity. By 14 to 16 weeks, the expanding sac has enlarged enough to fill the
uterine cavity. With fusion of the decidua capsularis and parietalis, the uterine cavity is functionally obliterated. In early
pregnancy, the decidua begins to thicken, eventually attaining a depth of 5 to 10 mm. With magnification, furrows and
numerous small openings, representing the mouths of uterine glands, can be detected. Later in pregnancy, as the fetus grows
and the amnionic fluid expands, the thickness of the decidua decreases, presumably because of the pressure exerted by the



expanding uterine contents.

The decidua parietalis and the decidua basalis, like the secretory endometrium, each are composed of three layers: a surface,
or compact zone (zona compacta); a middle portion, or spongy zone (zona spongiosa), with remnants of glands and numerous
small blood vessels; and a basal zone (zona basalis). The zona compacta and spongiosa together form the functional zone
(zona functionalis). The basal zone remains after delivery and gives rise to new endometrium.

The Decidual Reaction. In human pregnancy, the decidual reaction is completed only with blastocyst implantation.
Predecidual changes, however, commence first during the midluteal phase in endometrial stromal cells adjacent to the spiral
arteries and arterioles, spreading thereafter in waves throughout the mucosa of the uterus and then from the site of
implantation. The endometrial stromal cells enlarge to form polygonal or round decidual cells. The nuclei become round and
vesicular, and the cytoplasm becomes clear, slightly basophilic, and surrounded by a translucent membrane. Each mature
decidual cell becomes surrounded by a pericellular membrane. Thus, the human decidual cells clearly build walls around
themselves and possibly around the fetus. The pericellular matrix surrounding the decidual cells may provide for attachment of
cytotrophoblasts through cellular adhesion molecules. The pericellular decidual cell membrane also may provide for protection
of the decidual cell against selected proteases of the cytotrophoblasts.

Decidual Blood Supply. This supply is changed as a consequence of implantation. The blood supply to the decidua capsularis
is lost as the embryo-fetus grows and expands into the uterine cavity. The blood supply to the decidua parietalis through the
spiral arteries persists, as in the endometrium during the luteal phase of the cycle. The spiral arteries in the decidua parietalis
retain a smooth muscle wall and endothelium and thereby remain responsive to vasoactive agents that act on the smooth
muscle or the endothelial cells of these vessels.

The spiral arterial system supplying the decidua basalis directly beneath the implanting blastocyst, and ultimately the
intervillous space surrounding the syncytiotrophoblast of the placenta, is altered remarkably. These spiral arterioles and
arteries are invaded by the cytotrophoblasts, and during this process the walls of the vessels in the basalis are destroyed,
leaving only a shell without smooth muscle or endothelial cells. As a consequence, these vascular conduits of maternal blood
R— which become the uteroplacental vessels R— are not responsive to vasoactive agents. By contrast, the fetal chorionic
vessels, which transport blood between the placenta and the fetus, contain smooth muscle and do respond to vasoactive
agents.

Decidual Histology. The decidua is composed of a variety of cell types, which varies with the stage of gestation (Loke and
King, 1995). The primary cellular components of the decidua are the true decidual cells that differentiated from the
endometrial stromal cells and numerous bone marrow-derived cells. The compact layer of the decidua consists of large, closely
packed, epithelioid, polygonal, lightly staining cells with round nuclei. Many stromal cells appear stellate, with long
protoplasmic processes that anastomose with those of adjacent cells. This is particularly so when the decidua is edematous.
Numerous small round cells, which contain verylittle cytoplasm, are scattered among the decidual cells, especially in early
pregnancy. Most of these are a particular type of natural killer lymphocyte and are referred to as endometrial large granular
lymphocytes (LGLs), in which a special and unusual phenotype has been defined (Vince and Johnson, 2000). These are bone
marrow-derived cells that at one time entered endometrium from peripheral blood. But thereafter, these large granular
lymphocytes arise primarily by replication in the endometrium in situ at specific times in the menstrual cycle and during the
first trimester.

Early in pregnancy, the spongy layer of the decidua consists of large distended glands, often exhibiting marked hyperplasia
and separated by minimal stroma. At first, the glands are lined by typical cylindrical uterine epithelium. They have abundant
secretory activity that contributes to the nourishment of the blastocyst. As pregnancy progresses, the epithelium gradually
becomes cuboidal or even flattened, later degenerating and sloughing to a greater extent into the lumens of the glands. Later
in pregnancy the glandular elements of the decidua largely disappear. In comparing the decidua parietalis at 16 weeks with the
early proliferative endometrium of a nonpregnant woman, it is clear that there is marked hypertrophy but only slight
hyperplasia of the endometrial stroma during decidual transformation.

The decidua basalis contributes to the formation of the basal plate of the placenta, and differs histologically from the decidua
parietalis in two important respects (Fig. 3-7). First, the spongy zone of the decidua basalis consists mainly of arteries and
widely dilated veins, but by term, the glands have virtually disappeared. Second, the decidua basalis is invaded by large
numbers of interstitial trophoblast cells and trophoblastic giant cells. Although most abundant in the decidua, the giant cells
commonly penetrate the upper myometrium. Their number and invasiveness may be so extensive as to be confused with
choriocarcinoma by the inexperienced observer.

Where invading trophoblasts meet the decidua, there is a zone of fibrinoid degeneration, the Nitabuch layer. Whenever the
decidua is defective, as in placenta accreta, the Nitabuch layer is usually absent (see Chap. 35, p. 830). There is also a more
superficial, but inconsistent deposition of fibrin ®%— Rohr stria %— at the bottom of the intervillous space and surrounding the
anchoring villi. McCombs and Craig (1964) found that decidual necrosis is a normal phenomenon in the first and probably the
second trimester. Thus, necrotic decidua obtained through curettage after spontaneous abortion in the first trimester should
not necessarily be interpreted as either a cause or an effect of the pregnancy loss.

Decidual Prolactin Production. Convincing evidence has been presented that the decidua is the source of the prolactin that
is present in enormous amounts in amnionic fluid during human pregnancy (Golander and colleagues, 1978; Riddick and
colleagues, 1979). Decidual prolactin is not to be confused with placental lactogen (hPL), which is produced only by the
syncytiotrophoblast. Rather, decidual prolactin is a product of the same gene that encodes for prolactin that is secreted by the
anterior pituitary, and the amino acid sequence of prolactin in both tissues is identical. In decidua, however, an alternative
promoter is used within the prolactin gene to initiate transcription (Telgmann and Gellersen, 1998). This alternative prolactin
promoter through novel transcription factors is thought to explain the different mechanisms that regulate expression in the
decidua versus pituitary (Christian and colleagues, 2002a, 2000b).

The levels of prolactin in amnionic fluid may reach 10,000 ng/mL during the 20th to 24th weeks (Tyson and colleagues, 1972).
This is extraordinarily high compared with the 350 ng/mL seen in the fetus or 150 to 200 ng/mL seen in maternal plasma.
Prolactin produced in decidua preferentially enters amnionic fluid, and little or none enters maternal blood. This is a classical
example of paracrine function between maternal and fetal tissues.



The factors that regulate prolactin production in decidua are not clearly defined. Most of the agents known to inhibit or
stimulate anterior pituitary prolactin secretion, including dopamine, dopamine agonists, and thyrotropin-releasing hormone, do
not alter the rate of decidual prolactin secretion either in vivo or in vitro. Brosens and colleagues (2000) demonstrated that
progestins act synergistically with cyclic adenosine monophosphate on human endometrial stromal cells in culture to increase
the expression of prolactin. These findings suggest that the level of progesterone receptor expression may determine the
decidualization process, as marked by prolactin production. It has been reported that arachidonic acid, but not PGF20L or PGEZ,

attenuates the rate of decidual prolactin secretion (Handwerger and colleagues, 1981). In addition, a variety of cytokines and
growth factors, including ET-1, IL-1, IL-2, and epidermal growth factor, act to decrease decidual prolactin secretion (Chao and
colleagues, 1994; Frank and colleagues, 1995).

The exact physiological roles of prolactin produced in decidua are still unknown. Prolactin action is mediated by the relative
expression of two unique prolactin receptors as well as the amount of intact (full-length) prolactin protein versus the truncated
(16-kDa) form (Jabbour and Critchley, 2001). Receptor expression has been demonstrated in decidua, chorionic
cytotrophoblasts, amnionic epithelium, and placental syncytiotrophoblast (Maaskant and colleagues, 1996). Because all (or
most) of the prolactin produced in decidua enters amnionic fluid, it has been speculated that there may be a role for this
hormone in solute and water transport across the amniochorion, and thus in the maintenance of amnionic fluid volume
homeostasis. It also has been shown, however, that prolactin receptors are present in a number of bone marrow-derived
immune cells, and that prolactin may act on human T cells in an autocrine or paracrine manner (Pellegrini and colleagues,
1992). Therefore, prolactin produced in decidua may act in regulating immunological functions in this tissue during pregnancy.
Prolactin also may play a role in the regulation of angiogenesis that occurs during implantation. In this regard, the intact (full-
length) prolactin protein can enhance angiogenesis while the proteolytic fragment (16-kDa) form can inhibit angiogenesis.
Thus, the role of prolactin may vary dramatically at different periods of gestation based on the type of receptors expressed and
the relative form of prolactin present.

o Figure 3-6. Decidualized endometrium covers the early embryo. Three portions of
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[ =—=_ the decidua (basalis, capsularis, and vera or parietalis) also are illustrated.

Figure 3-7. Section through junction of chorion and decidua basalis at fourth month
of gestation. (CV = chorionic villi; DB = decidua basalis; FD = fibrinoid
degeneration; GC = giant cell; IS = intervillous space containing maternal blood; P
= fastening villus; PT = proliferating trophoblast.)

IMPLANTATION AND FORMATION OF THE PLACENTA AND FETAL
MEMBRANES

The development of the human placenta is as uniquely intriguing as the embryology of the fetus. During its brief intrauterine
existence, the fetus is dependent on the placenta for pulmonary, hepatic, and renal functions. The placenta accomplishes these
functions through its unique anatomical association with the mother. The placenta links the mother and fetus by indirect
interaction with the maternal blood that spurts out of the uteroplacental vessels. This blood bathes the outer
syncytiotrophoblast, allowing exchange of gases and nutrients with fetal capillary blood within the connective tissue at the
villous core. Fetal and maternal blood are not mixed in this hemochorial type of placenta. There is also a paracrine system that
links the mother and fetus through the anatomical and biochemical juxtaposition of extraembryonic chorion laeve of fetal origin
and maternal uterine decidua parietalis tissue. This is an extraordinarily important arrangement for communication between
fetus and mother, for maternal immunological acceptance of the conceptus, and possibly for controlling the timing of
parturition.

FERTILIZATION AND IMPLANTATION

Ovum Fertilization and Zygote Cleavage. The union of egg and sperm at fertilization represents one of the most important
processes in biology. Ovulation frees the secondary oocyte and the adhering cells of the cumulus oophorus from the ovary.
Although technically this mass of cells is released into the peritoneal cavity, the oocyte is quickly engulfed by the infundibulum
of the fallopian tube. Transport of the oocyte through the fallopian tube toward the uterus is accomplished by directional
movement of ciliary action as well as peristalsis. Fertilization occurs in the fallopian tube, and it is generally agreed that
fertilization of the ovum must occur a few hours and no more than a day after ovulation. Consequently, spermatozoa must be
present in the fallopian tube at the time of oocyte arrival. AlImost all pregnancies occur when intercourse occurs during the 2
days preceding or on the day of ovulation. Thus the postovulatory and postfertilization developmental ages are similar. The
steps involved to achieve fertilization are highly complex and have been the topic of much research. The molecular
mechanisms that allow passage of spermatozoa between the follicular cells, through the zona pellucida, and into the oocyte
cytoplasm leading to the formation of the zygote continue to be unraveled and recently have been reviewed (Primakoff and
Myles, 2002).

In this chapter, the timing of events in early human development is described as days or weeks postfertilization, viz.,
postconceptional, rather than using the clinical pregnancy dating convention of weeks from the start of the last menstrual
period. As discussed on page 46, the length of the follicular phase of the menstrual cycle is subject to more variability than
that of the luteal phase. Thus, 1 week postfertilization corresponds to approximately 3 weeks from the last menstrual period in



women with regular 28-day cycles.

After fertilization in the fallopian tube, the mature ovum becomes a zygote %*— a diploid cell with 46 chromosomes R— that
then undergoes cleavage into blastomeres (Fig. 3-8). In the two-cell zygote, the blastomeres and the polar body are free in
the perivitelline fluid and are surrounded by a thick zona pellucida. The zygote undergoes slow cleavage for 3 days while still
within the fallopian tube. As the blastomeres continue to divide, a solid mulberry-like ball of cells, referred to as the morula, is
produced (Fig. 3-8D). The morula enters the uterine cavity about 3 days after fertilization. The gradual accumulation of fluid
between the cells of the morula results in the formation of the early blastocyst.

In a 58-cell blastocyst, the outer cells, called the trophectoderm, can be distinguished from the inner cell mass that forms the
embryo (Fig. 3-8E). In the earliest stages of the human blastocyst, the wall of the primitive blastodermic vesicle is
characterized as consisting of a single layer of ectoderm. As early as 4 to 5 days after fertilization, the 58-cell blastula
differentiates into five embryo-producing cells known as the inner cell mass, and 53 cells destined to form trophoblasts (Hertig,
1962).

Interestingly, the 107-cell blastocyst is found to be no larger than the earlier cleavage stages, despite the accumulated fluid
(Fig. 3-8F). It measured 0.155 mm in diameter, which is similar to the size of the initial postfertilization zygote. At this stage
the eight formative, or embryo-producing, cells are surrounded by 99 trophoblastic cells. It is at this stage that the blastocyst
is released from the zona pellucida as a result of secretion of specific proteases from the secretory-phase endometrial glands
(O'Sullivan and colleagues, 2002).

Release from the zona pellucida allows blastocyst-produced cytokines and hormones to directly influence the receptivity of the
endometrium (Lindhard and colleagues, 2002). Evidence has accumulated that IL-1a and IL-1p are secreted by the blastocyst
and that these cytokines can directly influence the endometrium. Embryos also have been shown to secrete human chorionic
gonadotropin (hCG), which may influence endometrial receptivity (Licht and colleagues, 2001; Lobo and colleagues, 2001).
The receptive endometrium is thought to respond by producing leukemia inhibitory factor and colony-stimulating factor-1,
which increase trophoblast production of proteases that degrade selected endometrial extracellular matrix proteins and allow
trophoblast invasion. Thus, embryo "hatching" is a critical step toward successful pregnancy as it allows association of the
trophoblasts with the epithelial cells of the endometrium and the release of trophoblast-produced hormones into the uterine
cavity.

Implantation of the Blastocyst. Implantation of the embryo into the wall of the uterus is a common feature of all mammals
and in humans occurs six or seven days after fertilization. Successful implantation requires a receptive endometrium that has
been appropriately primed with estrogen and progesterone. As shown in Figure 3-1, uterine receptivity toward the blastocyst is
limited to days 20 to 24 of the ovarian-endometrial cycle (Bergh and Navot, 1992). The ability of the blastocyst to adhere to
the epithelium is mediated by cell surface receptors at the implantation site that interact with receptors on the blastocyst
(Carson, 2002; Lessey and Castelbaum, 2002; Lindhard and colleagues, 2002; Paria and colleagues, 2002). The development
of the receptive epithelia results from the postovulatory production of estrogen and progesterone by the corpus luteum. If the
blastocyst approaches the endometrium after cycle day 24, the potential for adhesion is diminished because of the synthesis of
antiadhesive glycoproteins, which prevent receptor interactions (Navot and Bergh, 1991).

At the time of its interaction with the endometrium, the blastocyst is composed of 100 to 250 cells. The blastocyst loosely
adheres to the endometrial epithelium, a process called apposition, which most commonly occurs on the endometrium of the
upper posterior wall of the uterus. Although as subsequently discussed, syncytiotrophoblast has not been distinguished prior to
human blastocyst implantation, syncytiotrophoblast has been observed in the earliest implanted blastocyst of the macaque
monkey (Boyd and Hamilton, 1970). The attachment of the trophectoderm of the blastocyst to the endometrial surface by
apposition and adherence appears to be closely regulated by paracrine interactions between these two tissues.

Successful adhesion of the blastocyst to the endometrium also involves modification in the expression of cellular adhesion
molecules. The integrins, one of four families of cell adhesion molecules, are cell-surface receptors that mediate the adhesion
of cells to extracellular matrix proteins (Lessey and Castelbaum, 2002). Great diversity of cell binding to a host of different
extracellular matrix proteins is possible by differential regulation of the integrin system of receptors. An alteration of integrin
subunit expression on the endometrial epithelial cells is considered a marker of receptivity for blastocyst attachment.

Figure 3-8. Cleavage of the zygote and formation of the blastocyst. A through D
= show various stages of cleavage. The period of the morula begins at the 12- to 16-
i cell stage and ends when the blastocyst forms, which occurs when there are 50 to
: : 60 blastomeres present. E and F are sections of blastocysts. The zona pellucida has
b= ;"%1 disappeared by the late blastocyst stage (5 days). The polar bodies shown in A are
ol small, nonfunctional cells that soon degenerate. (From Moore, 1988.)

BIOLOGY OF THE TROPHOBLAST. The formation of the human placenta begins with the

trophectoderm, which is the first tissue to differentiate at the morula stage of development, giving rise to a laver of trophoblast
cells encircling the blastocyst. From the early blastocyst to term placenta, the trophoblast plays critical roles at the fetal-
maternal interface. The trophoblast exhibits the most variable structure, function, and developmental pattern of all placental
components. Its invasiveness provides for attachment of the blastocyst to the decidua; its role in nutrition of the conceptus is
reflected in its name; and its function as an endocrine organ in human pregnancy is essential to maternal physiological
adaptations and to the maintenance of pregnancy.

Trophoblast Differentiation. By the eighth day postfertilization, after initial implantation of the blastocyst, the trophoblast
has differentiated into an outer multinucleated syncytium, the primitive syncytiotrophoblast, and an inner layer of primitive
mononuclear cytotrophoblasts. The cytotrophoblasts are the germinal cells for the syncytium; the latter acts as the primary
secretory component within the placenta. Although the ability to undergo DNA synthesis and mitosis, a well-demarcated cell
border, and a single nucleus characterize each cytotrophoblast, these characteristics are lacking in the syncytium covering the



chorionic villi (Arnholdt and colleagues, 1991). The syncytium has no individual cells, only a continuous syncytial lining.
Therefore, the cellular term used is syncytiotrophoblast, in which the cytoplasm is amorphous, without cell borders, and the
nuclei are multiple and diverse in size and shape. The absence of cell borders facilitates transport across the
syncytiotrophoblast, because the control of transport is not dependent on the participation of individual cells.

After implantation is complete, the trophoblast further differentiates along two main pathways, giving rise to villous and
extravillous trophoblast. Both pathways give rise to populations of trophoblast cells with distinct functions, which come into
contact with maternal tissues (Loke and King, 1995). The villous trophoblast, as its name suggests, gives rise to the chorionic
villi of the placenta, and primarily functions in the transport of oxygen and nutrients between the fetus and mother. The
extravillous trophoblast migrates into the decidua and myometrium and also penetrates maternal vasculature, thus coming
into contact with a variety of maternal cell types (Pijnenborg, 1994). The extravillous trophoblast is thus further classified as
interstitial trophoblast and endovascular trophoblast. The interstitial trophoblast both invades the maternal decidua, eventually
penetrating the myometrium to form placental bed giant cells, and surrounds the maternal spiral arteries. The endovascular
trophoblast penetrates the lumen of the spiral arteries (Pijnenborg and colleagues, 1983). Both the formation of chorionic villi
and the remarkable process of invasion of maternal tissues by extravillous trophoblast are discussed separately in greater
detail in the sections that follow.

EMBRYONIC DEVELOPMENT AFTERBREAK IMPLANTATION

Early Trophoblast Invasion. After gentle erosion between epithelial cells of the surface endometrium, the invading
trophoblasts burrow deeper into the endometrium, and by the 10th day the blastocyst becomes totally encased within the
endometrium. This process of erosion and invasion into the endometrium is carried out actively by the trophoblast cells. The
mechanisms leading to trophoblast invasion into the endometrium are similar to the characteristics of metastasizing malignant
cells. These mechanisms are discussed in more detail on page 58.

One of the earliest implanting blastocysts discovered by Hertig and Rock (1945) is shown in Figure 3-9. It measured only 0.36
by 0.31 mm, and it was believed to have been in the process of penetrating the endometrium, with the thin outer wall of the
blastocyst still within the uterine cavity. An implanting blastocyst at a similar stage of development, 9 days after fertilization, is
shown in Figure 3-10. It appears to have been flattened in the process of penetrating the uterine epithelium; the enlargement
and multiplication of the trophoblasts in contact with the endometrium are alone responsible for the increase in size of the
implanted blastocyst as compared with that of the free blastocyst.

At 9 days of development (see Figs. 3-9 and 3-10), the wall of the blastocyst that faces toward the uterine lumen is a single
layer of flattened cells. The opposite, thicker wall comprises two zones, the trophoblasts and the embryo-forming inner cell
mass. As early as 7 1/2 days after fertilization, the inner cell mass, referred to as the embryonic disc, is differentiated into a
thick plate of primitive ectoderm and an underlying layer of endoderm. Some small cells appear between the embryonic disc
and the trophoblast, enclosing a space that will become the amnionic cavity.

The embryonic mesenchyme first appears as isolated cells within the cavity of the blastocyst. When the cavity is completely
lined with mesoderm, it is termed the chorionic vesicle, and its membrane, now called the chorion, is composed of trophoblasts
and mesenchyme. The amnion and yolk sac, with both epithelial and mesenchymal components, are illustrated in Figures 3-11
and 3-12. The mesenchymal cells within the cavity are the most numerous and eventually will condense to form the body
stalk, which serves to join the embryo to the nutrient chorion and later develops into the umbilical cord. The body stalk can be
recognized at an early stage, as shown in Figure 3-12, at the caudal end of the embryonic disc.

Lacunae Formation Within the Syncytiotrophoblast. About 12 days after conception, the syncytiotrophoblast of the
trophoblast shell is permeated by a system of intercommunicating channels of trophoblastic lacunae, or small cavities. As the
embryo enlarges, more maternal tissue (decidua basalis) is invaded by the basal syncytiotrophoblast, including the walls of the
superficial decidual capillaries, and these lacunae become filled with maternal blood (see Fig. 3-11). At the same time, the
decidual reaction intensifies in the surrounding stroma, which is characterized by enlargement of the decidual stromal cells and
glycogen storage.

Development of Primary Villous Stalks. With deeper blastocyst invasion into the decidua, the extravillous cytotrophoblasts
give rise to the solid primary villi composed of a cytotrophoblast core covered by syncytium. As the lacunae join, a complicated
labyrinth is formed that is partitioned by solid cytotrophoblastic columns, which arise from buds of cytotrophoblast that begin
to protrude into the primitive syncytium before 12 days postfertilization. The trophoblast-lined labyrinthine channels and the
solid cellular columns form the intervillous space and the primary villous stalks, respectively. The villi initially are located over
the entire blastocyst surface, but later disappear except over the most deeply implanted portion, the site destined to form the
placenta.

Figure 3-9. Low- and high-power photomicrographs of a surface view of an early
implanted blastocyst obtained on day 22 of the endometrial cycle, less than 8 days
after conception. The site was slightly elevated and measured 0.36 %x 0.31 mm.
Mouths of uterine glands appear as dark spots surrounded by halos. (From Hertig
and Rock, 1945.)

Figure 3-10. Section through middle of an implanting embryo at about 9 days.
Regeneration of the endometrial epithelium is taking place. Lacunae appear as clear
spaces in the large mass of syncytiotrophoblast. The bilaminar embryonic disk is
seen. (Carnegie Collection no. 8225.) (From Hertig and Rock, 1944.)

Figure 3-11. Drawing of sections through implanted blastocysts. A. At 10 days. B.




At 12 days after fertilization. The stage of development is characterized by the
intercommunication of the lacunae filled with maternal blood. Note in B that large
cavities have appeared in the extraembryonic mesoderm, forming the beginning of
the extraembryonic coelom. Also note that extraembryonic endodermal cells have
begun to form on the inside of the primitive yolk sac. (From Moore, 1988.)

Figure 3-12. Median view of a drawing of a wax reconstruction of an 18-day-old
Mateer-Streeter embryo, showing the amnionic cavity and its relations to chorionic
membrane and yolk sac (%ix 500). (After Streeter, 1920.)

ORGAN IZATION OF THE PLACENTA. The term hemochorial and the older term

hemochorioendothelial are used to describe human placentation. The terms are derived as follows: hemo refers to maternal
blood, which directly bathes the syncytiotrophoblast; chorio is for chorion-placenta, which in turn is separated from fetal blood
by the endothelial wall of the fetal capillaries that traverse the villous core (hence the older term hemochorioendothelial ). The
characteristics of this type of placentation are illustrated in Figures 3-11 and 3-12.

CHORIONIC VILLI. chorionic villi can first be distinguished in the human placenta on about the 12th day after
fertilization. Mesenchymal cords, derived from extraembryonic mesoderm, invade the solid trophoblast columns, forming the
secondary villi. After angiogenesis occurs from the mesenchymal cores, the resulting villi are termed tertiary. Maternal venous
sinuses are tapped early in the implantation process, but until the 14th or 15th day after fertilization, maternal arterial blood
does not enter the intervillous space. By about the 17th day, fetal blood vessels are functional, and a placental circulation is
established. The fetal-placental circulation is completed when the blood vessels of the embryo are connected with the chorionic
blood vessels. Some villi, in which failure of angiogenesis results in a lack of circulation, become distended with fluid and form
vesicles. A striking exaggeration of this process is characteristic of the development of hydatidiform mole (see Chap. 11, p.
274).

The trophoblasts of the villus consist of the outer layer of syncytium and an inner layer of cytotrophoblasts, also known as
Langhans cells. Proliferation of the cytotrophoblasts at the tips of the villi produces the trophoblastic cell columns or anchoring
villi. These structures are not invaded by fetal mesenchyme but are anchored to the decidua at the basal plate. Thus, the base
of the intervillous space, the maternal-facing side, consists of cytotrophoblasts from the cell columns (trabeculae), the covering
syncytium of the trophoblast shell, and decidua of the basal plate. The base of the chorionic plate forms the roof of the
intervillous space and consists of two layers of trophoblasts externally and fibrous mesoderm internally. The "definitive"
chorionic plate is formed by 8 to 10 weeks as the amnionic and primary chorionic plate mesenchyme fuse together. This
formation is accomplished by expansion of the amnionic sac, which also surrounds the connective stalk and the allantois and
joins these structures to form the umbilical cord (Kaufmann and Scheffen, 1992).

Villus Ultrastructure. The electron microscopic studies of Wislocki and Dempsey (1955) permitted a functional interpretation
of the fine structure of the placenta. There are prominent microvilli on the syncytial surface, corresponding to the so-called
brush border described by light microscopy (Fig. 3-13). Associated pinocytotic vacuoles and vesicles are related to the
absorptive and secretory placental functions. The microvilli act to increase the surface area that will have direct contact with
maternal blood. It is the contact between the trophoblastic surface and maternal blood that is the defining characteristic of the
hemochorial type of placenta. Depending on the number of trophoblastic epithelial layers, the human hemochorial placenta can
be subdivided into hemodichorial or hemomonochorial (Enders, 1965). The inner layer of the villi ®— the cytotrophoblasts and
the associated basal lamina *— is more prominent during the first trimester of gestation (Fig. 3-14). Later in gestation,
however, the layer of cytotrophoblasts inside the syncytium is no longer continuous, with only scattered cells present at term,
creating a narrower hemomonochorial barrier that facilitates transport of nutrients and oxygen to the fetus.

Figure 3-13. Electron micrograph of first-trimester human placenta showing well-
differentiated syncytiotrophoblast (S) with numerous mitochondria (black arrows)
and Golgi complexes (white arrow). Cytotrophoblast (C) has large mitochondria (M)
but few other organelles. At the top, there is a prominent border of microvilli arising
from the syncytium.

Figure 3-14. Term human placenta showing electron-dense syncytium (S),
Langhans cells (cytotrophoblasts) (L), transitional cytotrophoblast (T), and capillary
endothelium (E). Arrow points to desmosome. (Courtesy of Dr. Ralph M. Wynn.)

PLACENTAL DEVELOPMENT

Development of the Chorion and Decidua. In early pregnancy, the villi are distributed over the entire periphery of the
chorionic membrane. A blastocyst dislodged from the endometrium at this stage of development appears shaggy (Fig. 3-15).
As the blastocyst with its surrounding trophoblasts grows and expands into the decidua, one pole of this mass extends outward
toward the endometrial cavity. The opposite, innermost pole enters into the formation of the placenta, that is, the villous



trophoblasts and the anchoring cytotrophoblasts. Here the chorionic villi, in contact with the decidua basalis, proliferate to form
the chorion frondosum or so-called leafy chorion, the fetal component of the placenta. As the growth of embryonic and
extraembryonic tissues continues, the blood supply of the chorion facing the endometrial cavity is restricted, and consequently
the villi in contact with the decidua capsularis cease to grow and degenerate. This portion of the chorion becomes the
avascular fetal membrane that touches the decidua parietalis, viz., the chorion laeve or so-called smooth chorion. The chorion
laeve is generally more nearly translucent than the amnion and rarely exceeds 1 mm thickness. It is composed of
cytotrophoblasts and fetal mesodermal (mesenchymal) cells that survive in a relatively low-oxygen atmosphere.

Until near the end of the third month, the chorion laeve is separated from the amnion by the exocoelomic cavity. Thereafter,
the amnion and chorion are in intimate contact. In the human, the chorion laeve and amnion form an avascular amniochorion,
but these two structures are important sites of molecular transfer and metabolic activity. They constitute an important
paracrine arm of the fetal-maternal communication system.

With continued expansion of the embryo-fetus, the uterine lumen is obliterated and the chorion laeve becomes contiguous with
the entire maternal decidua parietalis that is not occupied by the placenta. As the fetus grows, the decidua capsularis merges
with the decidua parietalis. The decidua capsularis, however, is largely lost by pressure and the attendant loss of blood supply.
The area of decidua where decidua capsularis and decidua parietalis merge is referred to as the decidua vera (see Fig. 3-6).

Trophoblast Invasion of the Endometrium. The extravillous trophoblast cells of the first-trimester placenta are highly
invasive. They form columns of cells that extend from the endometrium to the inner third of the myometrium. Development of
the hemochorial placenta requires the invasion of the endometrium and the spiral arteries. The invasive ability of these cells
results from their ability to secrete numerous proteolytic enzymes capable of digesting the extracellular matrix of the
endometrium as well as activating proteinases that are already present in the endometrium. Trophoblasts produce urokinase-
type plasminogen activator, which converts plasminogen into the broadly acting serine protease plasmin, which in turn is able
to both degrade matrix proteins and activate matrix metalloproteinases. The matrix metalloproteinases are a family of
structurally similar enzymes that are secreted as inactive proenzymes. One member of the family, matrix metalloproteinase-9,
appears to be critical for human trophoblast invasion, and its production is increased by factors produced by the trophoblasts
such as IL-1 and hCG as well as paracrine factors produced by the uterus such as leukemia inhibiting factor and colony-
stimulating factor-1 (Bischof and colleagues, 2002; Librach and colleagues, 1991).

The relative ability to invade maternal tissue in the first trimester versus the limited invasiveness seen in the last trimester is
controlled by autocrine and paracrine trophoblastic and endometrial factors. Trophoblasts secrete insulin-like growth factor II,
which acts in an autocrine manner to promote invasion into the endometrium, whereas decidual cells secrete insulin-like
growth factor binding protein type 4, which is able to block this autocrine loop. Thus, the degree of trophoblast invasion is kept
under tight control through the regulation of matrix degradation as well as by factors that cause migration of the trophoblasts.

Integrin subunit expression also appears to be important in the control of trophoblast invasion of the endometrium-decidua.
Recall that the decidual cell becomes completely encased by a pericellular extracellular matrix membrane. This "wall" around
the decidual cell provides the scaffolding for the attachment of the cytotrophoblasts of the anchoring villi described earlier,
which are a subset of extravillous trophoblasts. These cells first elaborate selected proteinases that degrade the extracellular
matrix of decidua. Thereafter, the expression of a specific group of integrins enables the docking of these cells. The
trophoblasts are further secured by the production of fetal fibronectin (Feinberg and colleagues, 1991). This oncofetal
fibronectin, or fetal-specific fibronectin (f FN), is a unique glycopeptide of the fibronectin molecule. FFN has been called
trophoblast glue to suggest a critical role for this protein in the migration and attachment of trophoblasts to maternal decidua.
Indeed, the presence of fFN in cervical or vaginal fluid can be used as a prognostic indicator for preterm labor, as discussed in

Chapter 36 (see p. 862).

Decidual Spiral Artery Invasion. One of the most remarkable features of human placental development is the extensive
modification of the maternal vasculature by trophoblast cells, which are, by definition, of fetal origin. These events occur in the
first half of pregnancy and are considered in detail because of their importance in the understanding of uteroplacental blood
flow in both normal pregnancy and labor. They are also important in pathological conditions such as preeclampsia and
intrauterine growth restriction (see Chap. 34, p. 763 and Chap. 38, p. 895). These modifications are carried out by two
populations of extravillous trophoblast, viz., the interstitial trophoblast surrounding the maternal spiral arteries and the
endovascular trophoblast, which penetrates the lumen of the spiral arteries. Early investigators focused on the role of the
endovascular trophoblast, however, the function of the interstitial trophoblast has more recently been investigated (Benirschke
and Kaufmann, 2000). These cells are now recognized to constitute a major portion of the placental bed, penetrating the
decidua and adjacent myometrium (Pijnenborg and colleagues, 1981). They aggregate around the maternal spiral arteries,
where their functions may include preparation of the vessels to facilitate invasion by the endovascular trophoblast (Pijnenborg
and colleagues, 1983).

The endovascular trophoblast enters the lumen of the maternal spiral arteries, initially forming cellular plugs within the lumen.
It then proceeds to destroy the vascular endothelium, and invade and modify the vascular media, where fibrinoid material
replaces the smooth muscle and connective tissue of this layer. The spiral arteries later regenerate their endothelium. Hamilton
and Boyd (1966) give credit to Friedlander who in 1870 first described the structural changes occurring in the spiral arteries.
They noted that the invading endovascular trophoblast can pass several centimeters along the vessel lumen, migrating against
arterial flow and pressure. They also found that these vascular changes are not observed in the decidua parietalis, that is, in
decidual sites removed from the invading cytotrophoblasts. Of note, the invasion of maternal vascular tissues by trophoblasts
involves only the decidual spiral arteries, and not the decidual veins.

Ramsey and Donner (1980) presented a summary of their anatomical studies of the uteroplacental vasculature. The timing of
the development of these uteroplacental vessels has been described in waves, or stages, over the course of gestation. The first
wave occurs before 12 weeks postfertilization and consists of invasion and modification of the spiral arteries of the decidua,
reaching its border with the myometrium. Between 12 to 16 weeks postfertilization, the second wave occurs. This involves
invasion of the intramyometrial parts of the spiral arteries, converting narrow-lumen, muscular spiral arteries into dilated, low-
resistance uteroplacental vessels. The molecular mechanisms of these crucial events, and their significance in the pathogenesis
of preeclampsia and fetal growth restriction, have recently been reviewed by Kaufmann and associates (2003).

Establishment of Maternal Blood Flow. At approximately 1 month after conception, maternal blood enters the intervillous



space from the spiral arteries in fountain-like bursts. Thus, maternal blood that is propelled outside of the maternal vessels
sweeps over and directly bathes the syncytiotrophoblast. The apical surface of the syncytiotrophoblast consists of a complex
microvillous structure that undergoes continual shedding and reformation during pregnancy.

Villus Branching. Certain villi of the chorion frondosum extend from the chorionic plate to the decidua and serve as anchoring
villi. Most chorionic villi, however, arborize and end freely in the intervillous space without reaching the decidua (Fig. 3-16). As
the placenta develops, the short, thick, early stem villi branch repeatedly, forming progressively finer subdivisions and greater
numbers of increasingly small villi (Fig. 3-17). Each of the truncal or main stem villi and their ramifications (rami) constitute a
placental lobule, or cotyledon. Each lobule is supplied with a single truncal branch of the chorionic artery; and for each lobule,
there is a single vein; thus, these lobules constitute the functional units of the placental architecture.

Figure 3-15. Human chorionic vesicle at ovulatory age of 40 days. (Carnegie
Collection No. 8537.)

Figure 3-16. Scanning electron micrograph of placental villi at 10 to 14 weeks'
gestation. Note the larger stem villi and the small syncytial sprouts at various stages
of formation. Furrows or creases on the surface also are evident, especially at the
bases of larger villi (%x 289).(From King and Menton, 1975.)

Figure 3-17. Comparison of chorionic villi in early and late pregnancy. A. About 8
weeks' gestation. Note inner Langhans cells (cytotrophoblasts) and outer syncytial
layer. B. Term placenta. Syncytial layer is obvious, but Langhans cells
(cytotrophoblasts) are difficult to recognize at low magnification in light
micrographs.

PLACENTAL GROWTH AND MATURATION
PLACENTAL GROWTH. In the first trimester, growth of the placenta is more rapid than that of the fetus, but

by approximately 17 weeks postmenstruation (from the last menstrual period), placental and fetal weights are approximately
equal. At term, the placental weight may be roughly one sixth that of fetal weight. According to Boyd and Hamilton (1970), the
average placenta at term is 185 mm in diameter and 23 mm in thickness, with a volume of 497 mL and a weight of 508 g.
These measurements vary widely, and there are multiple variant forms of the human placenta and several types of umbilical
cord insertions, which are discussed in Chapter 27.

Viewed from the maternal surface, the number of slightly elevated convex areas, called lobes, varies from 10 to 38. These
lobes are incompletely separated by grooves of variable depth, overlying the placental septa, which arise from folding of the
basal plate. These grossly visible lobes have also been referred to as "cotyledons", however, this use should be avoided,
because they bear no relation to the functional units supplied by each primary villus, which are termed either lobules or
cotyledons.

The total number of lobes remains the same throughout gestation, and individual lobes continue to grow, although less actively
in the final weeks (Crawford, 1959). Placental weights vary considerably, depending on how the placenta is prepared. If the
fetal membranes and most of the cord are left attached and the adherent maternal blood clot is not removed, the weight may
be greater by nearly 50 percent (Thomson and colleagues, 1969).

PLACENTAL MATU RATION. As the villi continue to branch and the terminal ramifications become more

numerous and smaller, the volume and prominence of cytotrophoblasts decrease. As the syncytium thins, the fetal vessels
become more prominent and lie closer to the surface. The stroma of the villi also exhibits changes as gestation progresses. In
placentas of early pregnancy, the branching connective tissue cells are separated by an abundant loose intercellular matrix.
Later, the stroma becomes denser and the cells more spindly and more closely packed.

Another change in the stroma involves the infiltration of Hofbauer cells, which represent fetal macrophages. These cells are
nearly round with vesicular, often eccentric nuclei and very granular or vacuolated cytoplasm. Hofbauer cells are characterized
histochemically by intracytoplasmic lipid and by phenotypic markers specific for macrophages. They increase in numbers and
maturation state as pregnancy progresses. Although phagocytic, they have an immunosuppressive phenotype (Vince and
Johnson, 1996). In addition, they can produce a variety of cytokines and are capable of paracrine regulation of trophoblast
functions (Cervar and colleagues, 1999).

Some of the histological changes that accompany placental growth and maturation provide an increased efficiency of transport
and exchange to meet increasing fetal metabolic requirements. Among these changes are a decrease in thickness of the
syncytium, a significant reduction of cytotrophoblast cells, a decrease in the stroma, an increase in the number of capillaries,
and an approximation of these vessels to the syncytial surface. By 4 months, the apparent continuity of the cytotrophoblasts is
broken, and at term, the covering of the villi may be focally reduced to a thin layer of syncytium with minimal connective
tissue where the fetal capillaries appear to abut the trophoblast. The villi become dominated by thin-walled capillaries.

Other changes in placental architecture, however, can cause a decrease in the efficiency of placental exchange if they include a



substantial portion of the exchange area. These changes include thickening of the basal lamina of the trophoblast or capillaries,
obliteration of certain fetal vessels, and fibrin deposition on the surface of the villi in the basal and chorionic plates as well as
elsewhere in the intervillous space.

FETAL AND MATERNAL BLOOD CIRCULATION IN THE MATURE

PLACENTA. Because the placenta functionally represents an intimate approximation of the fetal capillary bed to
maternal blood, its gross anatomy primarily concerns vascular relations. The fetal surface of the placenta is covered by the
transparent amnion, beneath which the fetal chorionic vessels course. A section through the placenta includes amnion, chorion,
chorionic villi and intervillous spaces, decidual (basal) plate, and myometrium (Figs. 3-18, 3-19, and 3-20). The maternal
surface of the placenta shown in Figure 3-21 is divided into irregular lobes by furrows produced by septa, which consist of
fibrous tissue with sparse vessels confined mainly to their bases. The broad-based septa ordinarily do not reach the chorionic
plate, thus providing only incomplete partitions.

Fetal Circulation. Deoxygenated, or "venous-like," fetal blood flows to the placenta through the two umbilical arteries. Where
the umbilical cord joins the placenta, the umbilical vessels branch repeatedly beneath the amnion and again within the dividing
villi, finally forming capillary networks in the terminal divisions (Fig. 3-22). Blood with significantly higher oxygen content
returns from the placenta to the fetus through a single umbilical vein.

The branches of the umbilical vessels that traverse along the fetal surface of the placenta in the chorionic plate are referred to
as the placental surface or chorionic vessels. These vessels are responsive to vasoactive substances, but anatomically,
morphologically, histologically, and functionally, they are unique. The chorionic arteries always cross over the chorionic veins.
Identification of chorionic artery and vein is most readily recognized by this interesting relationship, but they are difficult to
distinguish by histological criteria. In 65 percent of placentas, the chorionic arteries form a fine network supplying the
cotyledons :*— a pattern of disperse-type branching. The remaining 35 percent of arteries radiate to the edge of the placenta
without narrowing. Both are end arteries, supplying one cotyledon as each branch turns downward to pierce the chorionic
plate.

The truncal arteries are the perforating branches of the surface arteries that pass through the chorionic plate. Each truncal
artery supplies one cotyledon. There is a decrease in smooth muscle of the vessel wall and an increase in the caliber of the
vessel as it penetrates through the chorionic plate. The loss in smooth muscle continues as the truncal arteries branch into the
rami, and the same is true of the vein walls.

Before 10 weeks, there is no end-diastolic flow pattern within the umbilical artery at the end of the fetal cardiac cycle (Cole
and colleagues, 1991a; Fisk and colleagues, 1988; Loquet and colleagues, 1988). At 10 weeks, however, end-diastolic flow
appears and is maintained throughout normal pregnancies (Maulik, 1996). Clinically, these are recorded with Doppler
ultrasonography as an assessment of fetal well-being (see Chap. 16, p. 401).

Maternal Circulation. Fetal homeostasis is dependent on an efficient maternal-placental circulation. Consequently,
investigators have sought to define the factors that regulate the flow of blood into and from the intervillous space. An adequate
theory must explain how blood can (1) leave the maternal circulation; (2) flow into an amorphous space lined by
syncytiotrophoblast, rather than capillary endothelium; and (3) return through maternal veins without producing
arteriovenous-like shunts that would prevent maternal blood from remaining in contact with the villi long enough for adequate
exchange. It was not until the studies of Ramsey with Davis (Ramsey and Davis, 1963; Ramsey and Harris, 1966) that a
physiological explanation of the placental circulation was available (see Fig. 3-22). These investigators demonstrated, by
careful, low-pressure injections of radiocontrast material, that the arterial entrances as well as the venous exits are scattered
randomly over the entire base of the placenta.

The physiological maternal-placental circulation is as follows: Maternal blood enters through the basal plate and is driven high
up toward the chorionic plate by maternal arterial pressure before lateral dispersion occurs (see Fig. 3-22). After bathing the
external microvillous surface of chorionic villi, the maternal blood drains back through venous orifices in the basal plate and
enters the uterine veins. Therefore, maternal blood traverses the placenta randomly without preformed channels, propelled by
maternal arterial pressure. The previously described processes of trophoblast invasion of the spiral arteries create low-
resistance uteroplacental vessels, which can accommodate the massive increase in uterine perfusion over the course of
gestation. Generally, the spiral arteries are perpendicular to, but the veins are parallel to, the uterine wall, an arrangement
that facilitates closure of the veins during a uterine contraction and prevents squeezing of essential maternal blood from the
intervillous space. The number of arterial openings into the intervillous space becomes gradually reduced by cytotrophoblast
invasion. According to Brosens and Dixon (1963), there are about 120 spiral arterial entries into the intervillous space at term.
These discharge blood in spurts that bathes the adjacent villi (Borell and co-workers, 1958). After the 30th week, a prominent
venous plexus, shown in Figure 3-22, separates the decidua basalis from the myometrium, thus participating in providing a
plane of cleavage for placental separation.

During uterine contractions, both inflow and outflow are curtailed. Bleker and associates (1975) used serial sonography during
normal labor and found that the length, thickness, and surface of the placenta increased during contractions. They attributed
these changes to distention of the intervillous spaces by blood as the consequence of relatively greater impairment of venous
outflow compared with arterial inflow. During contractions, therefore, a somewhat larger volume of blood is available for
exchange even though the rate of flow is decreased. Subsequently, by use of Doppler velocimetry, it was shown that diastolic
flow velocity in spiral arteries is diminished during uterine contractions. Therefore, the principal factors regulating blood flow in
the intervillous space are arterial blood pressure, intrauterine pressure, the pattern of uterine contractions, and factors that act
specifically on the arterial walls.

Breaks in the Placental "Barrier.”" The placenta does not maintain absolute integrity of the fetal and maternal circulations.
This conclusion is evidenced by numerous findings of the passage of cells between mother and fetus in both directions. This
situation is best exemplified clinically by erythrocyte D-antigen isoimmunization and the occurrence of erythroblastosis fetalis,
discussed in Chapter 29 (see p. 663). Typically, a few fetal blood cells are found in maternal blood, but on extremely rare
occasions, the fetus exsanguinates into the maternal circulation. Desai and Creger (1963) found that, even under normal
conditions, labeled maternal leukocytes and platelets crossed the placenta from mother to fetus. Fetal leukocytes may replicate
in the mother, and leukocytes bearing a Y chromosome have been identified in women many years after giving birth to a son



(Bianchi and co-workers, 1996; Ciaranfi and colleagues, 1977). These observations have led to the concept of
"microchimerism," whereby a variety of fetal cell types may persist in the mother's body for years to decades after a
pregnancy. The clinical consequences of fetal cells in the mother are still under debate, however, they may cause maternal
autoimmune diseases such as scleroderma, thyroiditis and thyroid failure, and maternal cutaneous eruptions (Aractingi and
colleagues, 1998; Lambert and colleagues, 2000; Nelson and colleagues, 1998).

Figure 3-18. Uterus of pregnant woman showing normal placenta in situ. A.
Location of section shown in Figure 3-19. B. Location of section shown in Figure 3-
20.

Figure 3-19. Section of fetal membranes and uterus corresponding to letter A in
Figure 3-18. (A = amnion; C = chorion laeve; D = decidua parietalis; M =
myometrium.)

Figure 3-20. Section of placenta and uterus corresponding to letter B in Figure 3-
18. (C = chorionic plate with fetal blood vessels; D = decidua basalis; M =
myometrium; P = placental villi.)

Figure 3-21. Maternal surface of a term placenta. Variably discrete, irregularly
shaped adjacent lobes are evident plus a large separate (succenturiate) lobe.

Figure 3-22. Schematic drawing of a section through a full-term placenta: 1. The
relation of the villous chorion (C) to the decidua basalis (D) and the fetal-placental
circulation. 2. The maternal blood flows into the intervillous spaces in funnel-shaped
spurts, and exchanges occur with the fetal blood as the maternal blood flows around
the villi. 3. The in-flowing arterial blood pushes venous blood into the endometrial
veins, which are scattered over the entire surface of the decidua basalis. Note also
that the umbilical arteries carry deoxygenated fetal blood to the placenta and that
the umbilical vein carries oxygenated blood to the fetus. The cotyledons are
separated from each other by placental (decidual) septa. Each cotyledon consists of
two or more mainstem villi and their many branches. (Based on Moore, 1988.)

IMMUNOLOGICAL CONSIDERATIONS OF THE FETAL-MATERNAL

INTE RFACE. Over the past half-century, many attempts to explain the survival of the semiallogenic fetal graft have
been proposed. One of the earliest explanations was based on the theory of antigenic immaturity of the embryo-fetus. This
explanation was disproved by Billingham (1964), who showed that transplantation (HLA) antigens are demonstrable very early
in embryonic life. Another explanation was based on diminished immunological responsiveness of the pregnant woman. There
is, however, no evidence for this to be other than an ancillary factor. In a third explanation, the uterus (decidua) is proposed
as an immunologically privileged tissue site. This would preclude well-documented advanced ectopic pregnancies, discussed in

Chapter 10.

Clearly, the lack of transplantation immunity manifest in the uterus is unique compared with that of other tissues. Therefore,
the acceptance and the survival of the conceptus in the maternal uterus must be attributed to an immunological peculiarity of
the trophoblasts, not the decidua. The trophoblasts are the only cells of the conceptus in direct contact with maternal tissues
or blood, and these tissues are genetically identical with fetal tissues. Several features of trophoblast cells likely contribute to
the survival of these cells in an immunologically hostile environment (Thellin and colleagues, 2000). The most important may
be the novel aspects of the expression of the HLA system in trophoblasts, coupled with a unique set of uterine lymphocytes.

Immunogenicity of the Trophoblasts. Over 50 years ago, Sir Peter Medawar (1953) suggested that the solution to the
riddle of the fetal semiallograft might be explained by immunological neutrality. The placenta was considered immunologically
inert and therefore unable to cause a maternal immune response. Subsequently, many researchers focused on defining the
expression of the major histocompatibility complex (MHC) antigens on trophoblasts. Human leukocyte antigens (HLA) are the
human analogue of the major histocompatibility complex. MHC class I and II antigens are absent from villous trophoblasts at



all stages of gestation (Weetman, 1999). Thus, these cells do appear to be immunologically inert with regard to fetal-maternal
interactions. However, the invasive cytotrophoblasts do express MHC class I molecules and these have been the focus of
considerable study.

Trophoblast HLA (MHC) Class I Expression. The HLA genes are the products of multiple genetic loci of the MHC located
within the short arm of chromosome 6 (Hunt and Orr, 1992). There are 17 HLA class I genes, including three classical genes,
HLA-A, -B, and -C, that encode the major class I (class Ia) transplantation antigens. Three other class I genes, designated
HLA-E, -F, and -G, encode class Ib HLA antigens. The remaining DNA sequences appear to be pseudogenes or partial gene
fragments.

Moffett-King (2002) reasoned that normal implantation is dependent on controlled trophoblastic invasion of maternal
endometrium-decidua and the spiral arteries. Trophoblast invasion must proceed far enough to provide for normal fetal growth
and development, and a mechanism for regulating the depth of trophoblast invasion must exist. She suggested that the
uterine large granular lymphocytes (LGLs) and the unique expression of three specific HLA class I genes in extravillous
cytotrophoblasts act to permit and subsequently to limit the process of trophoblast invasion.

Class I antigens in extravillous cytotrophoblasts are accounted for by the expression of the classical HLA-C and the nonclassical
class Ib molecules of HLA-E and HLA-G. To elucidate the importance of HLA-C, HLA-E and HLA-G expression, it is important to
understand the nature of the unusual lymphocyte population of the human decidua.

Uterine Large Granular Lymphocytes (LGLs). These distinctive lymphocytes are believed to originate in bone marrow and
belong to the natural killer cell lineage. They are by far the predominant population of leukocytes present in midluteal phase
endometrium at the expected time of implantation (Johnson and colleagues, 1999). These LGLs have a distinct phenotype
characterized by a high surface density of CD56 or neural cell adhesion molecule (Loke and King, 1995; Moffett-King, 2002).
The infiltration of LGLs is increased by progesterone as well as stromal cell production of IL-15 and prolactin (Dunn and
colleagues, 2002; Gubbay and colleagues, 2002).

Near the end of the luteal phase of nonfertile ovulatory cycles, the nuclei of the uterine LGL begin to disintegrate. With
blastocyst implantation, however, these cells persist in large numbers in the decidua during the early weeks of pregnancy. At
term, however, there are relatively few LGLs in the decidua. In first-trimester decidua, many LGLs are in close proximity to the
extravillous trophoblast. It is speculated that LGLs are involved in the regulation of trophoblast invasion. They secrete large
amounts of granulocyte-macrophage-colony-stimulating factor (GM-CSF), suggestive that the LGLs in first-trimester decidua
are in an activated state. This has led Jokhi and co-workers (1999) to speculate that GM-CSF may function primarily not to
promote trophoblast replication but rather to forestall trophoblast apoptosis. Moreover, expression of angiogenic factors by
uterine natural killer cells is suggestive of a potential role for these cells in decidual vascular remodeling (Li and colleagues,
2001). According to this theory, LGLs rather than the T lymphocytes, would bear the primary responsibility for
immunosurveillance in decidua.

HLA-G Expression in Human Trophoblasts. HLA-G is expressed only in humans and is distinguished from the HLA class Ia
products by a highly restricted tissue distribution. Indeed, HLA-G antigen expression is identified only in extravillous
cytotrophoblasts in the decidua basalis and in the chorion laeve (McMaster and colleagues, 1995). HLA-G is not present in
villous trophoblasts, either in the syncytium or in the cytotrophoblasts. HLA-G is expressed, however, in cytotrophoblasts that
are contiguous with maternal tissues, viz., decidual cells and LGLs. Interestingly the HLA-G gene produces several mRNA
transcripts as a result of alternative splicing to yield at least seven isoforms, some soluble and some membrane bound
(Carosella and colleagues, 2000). There are few individual DNA variations or polymorphisms in the HLA-G gene sequence,
further suggesting an important role for this factor. It has been shown that a soluble major isoform, HLA-G2, is increased
during pregnancy (Hunt and colleagues, 2000a, 2000b). Additionally, a recent study of embryos being used for in vitro
fertilization showed that pregnancy did not occur in any of the embryos that did not produce the soluble form of HLA-G (Fuzzi
and colleagues, 2002). It may be that HLA-G is immunologically permissive of the antigen mismatch between mother and fetus
(LeBouteiller and colleagues, 1999). One hypothesis is that its expression may be stimulated by hypoxia, leading to
developmental modifications in HLA-G class I antigen expression on trophoblasts (Kilburn and colleagues, 2000). In that
regard, Goldman-Wohl and associates (2000) have provided evidence for abnormal HLA-G expression in extravillous
trophoblasts from women with preeclampsia.

AMNION. the amnion at term is a tough and tenacious but pliable membrane. It is the innermost fetal membrane and
is contiguous with amnionic fluid. This particular avascular structure occupies a role of incredible importance in human
pregnancy. In many obstetrical populations, preterm prematurely ruptured fetal membranes are the single most common
antecedent of preterm delivery (see Chap. 6, p. 177, and Chap. 36, p. 864). The amnion is the tissue that provides almost all
of the tensile strength of the fetal membranes. Therefore, the development of the components of the amnion that protect
against its rupture or tearing is vitally important to successful pregnancy outcome.

Amnion Structure. Bourne (1962) described five separate layers of amnion tissue. The inner surface, which is bathed by
amnionic fluid, is an uninterrupted, single layer of cuboidal epithelial cells, believed to be derived from embryonic ectoderm.
This epithelium is attached firmly to a distinct basement membrane that is connected to the acellular compact layer, which is
composed primarily of interstitial collagens. On the outer side of the compact layer, there is a row of fibroblast-like
mesenchymal cells, which are widely dispersed at term. These are probably derived from mesoderm of the embryonic disc.
There also are a few fetal macrophages in the amnion. The outermost layer of amnion is the relatively acellular zona
spongiosa, which is contiguous with the second fetal membrane, the chorion laeve. The human amnion lacks smooth muscle
cells, nerves, lymphatics, and importantly, blood vessels.

Amnion Development. Early in the process of implantation, a space develops between the embryonic cell mass and adjacent
trophoblasts (see Fig. 3-11). Small cells that line this inner surface of trophoblasts have been called amniogenic cells, the
precursors of amnionic epithelium. The human amnion is first identifiable about the seventh or eighth day of embryo
development. Initially a minute vesicle (see Fig. 3-11), the amnion develops into a small sac that covers the dorsal surface of
the embryo. As the amnion enlarges, it gradually engulfs the growing embryo, which prolapses into its cavity (Benirschke and
Kaufmann, 2000).



Distention of the amnionic sac eventually brings it into contact with the interior surface of the chorion laeve. Apposition of the
mesoblasts of chorion laeve and amnion near the end of the first trimester then causes an obliteration of the extraembryonic
coelom. The amnion and chorion laeve, although slightly adherent, are never intimately connected and usually can be
separated easily, even at term.

Amnion Cell Histogenesis. 1t is now generally accepted that the epithelial cells of the amnion are derived from fetal
ectoderm of the embryonic disc. They do not arise by delamination from trophoblasts. This is an important consideration from
both embryological and functional perspectives. For example, HLA class I gene expression in amnion is more akin to that in
cells of the embryo than that in trophoblasts.

In addition to the epithelial cells that line the amnionic cavity, there is a layer of fibroblast-like (i.e., mesenchymal) cells that
are likely derived from embryonic mesoderm. Early in human embryogenesis, the amnionic mesenchymal cells of the amnion
lie immediately adjacent to the basal surface of the epithelium. At this time, the amnion surface is a two-cell-layer structure
with approximately equal numbers of epithelial and mesenchymal cells. Simultaneously with growth and development,
interstitial collagens are deposited between these two layers of cells. This marks the commencement of the formation of the
compact layer of the amnion, which also brings about a distinct separation of the two layers of amnion cells.

As the amnionic sac expands to envelop the placenta and then the chorion frondosum at about 10 to 14 weeks, there is a
progressive reduction in the compactness of the mesenchymal cells. These cells continue to separate and in the process
become rather sparsely distributed. It appears that early in pregnancy the epithelial cells of the amnion replicate at a rate
appreciably faster than the mesenchymal cells. At term, the epithelial cells form a continuous uninterrupted epithelium on the
fetal surface of the amnion. The mesenchymal cells, however, are widely dispersed, being connected by a fine lattice network
of extracellular matrix with the appearance of long slender fibrils.

Amnion Epithelial Cells. The epithelial cells lining the entire amnionic cavity are the cells most commonly studied in
investigations of amnion function. The apical surface of the epithelial cells is replete with highly developed microvilli, consistent
with a major site of transfer between amnionic fluid and amnion (Fig. 3-23). They also are active metabolically; for example,
these epithelial cells are the site of tissue inhibitor of metalloproteinase-1 synthesis, and produce PGE, and fetal fibronectin

(Rowe and colleagues, 1997). In term pregnancies, the expression of prostaglandin endoperoxide H synthase in amnion has
been shown to correlate with elevated fetal fibronectin (Mijovic and co-workers, 2000). As a site of prostaglandin production,
the amnionic epithelium participates in the so-called final common pathway of initiation of labor. The epithelial cells may
respond to signals derived from the fetus or the mother, and they have been shown to be responsive to a variety of potential
endocrine or paracrine modulators. These include oxytocin and vasopressin, which increase PGE2 production in vitro (Moore

and associates, 1988). They may also produce cytokines during the initiation of labor, such as IL-8 (Elliott and colleagues,
2001).

The amnionic epithelium also synthesizes vasoactive peptides, including the vasoconstrictor endothelin as well as the
vasodilator parathyroid hormone-related protein (Economos and colleagues, 1992; Germain and colleagues, 1992). Amnionic
epithelium also produces brain natriuretic peptide and corticotropin-releasing hormone (CRH), which are peptides that are
smooth muscle relaxants (Riley and colleagues, 1991; Warren and Silverman, 1995). Thus, the vasoactive peptides produced
in amnion may gain access to the adventitial surface of the chorionic vessels. These findings suggest that the placental amnion
could be involved in modulating chorionic vessel tone and blood flow. These amnion-derived vasoactive peptides also function
in other tissues in diverse physiological processes, including the promotion of cell replication and calcium metabolism. After
secretion from the amnion, these bioactive agents can enter amnionic fluid and thereby are available to the fetus by
swallowing and fetal thoracic movements.

Amnion Mesenchymal Cells. The mesenchymal cells of the fibroblast layer of amnion are also responsible for major amnion
functions. The synthesis of interstitial collagens that make up the compact layer of the amnion, the source of the majority of
tensile strength of this membrane, takes place in mesenchymal cells (Casey and MacDonald, 1996). These cells also are highly
capable of synthesizing cytokines that include IL-6, IL-8, and monocyte chemoattractant protein-1 (MCP-1). Their synthesis is
increased in response to bacterial toxins and IL-1. This functional capacity of amnion mesenchymal cells is an important
consideration in the study of amnionic fluid for evidence of labor-associated accumulation of inflammatory mediators (Garcia-
Velasco and Arici, 1999). Studies in which isolation of amnion mesenchymal cells from epithelial cells was used demonstrated
that the mesenchymal cells may be a far greater source of PGE, than epithelial cells (Whittle and colleagues, 2000).

Amnion Anatomy. Reflected amnion is fused to the chorion laeve. Placental amnion covers the fetal surface of the placenta,
and thereby is in contact with the adventitial surface of the chorionic vessels. Umbilical amnion covers the umbilical cord. In
the conjoined portion of the membranes of diamnionic-dichorionic twin placentas, the fused amnions are separated by fused
chorion laeve. Thus, aside from the small area of the membranes immediately over the cervical os, this is the only site at
which the reflected chorion laeve is not contiguous with decidua. With diamnionic-monochorionic placentas, there is no
intervening tissue between the fused amnions of each twin.

Amnion Tensile Strength. Over 135 years ago, Matthew Duncan examined the nature of the forces involved in fetal
membrane rupture. During tests of tensile strength *— resistance to tearing and rupture %"— he found that the decidua and
then the chorion laeve gave way long before the amnion ruptured. Indeed, the membranes are quite elastic and can expand to
twice normal size during pregnancy (Benirschke and Kaufmann, 2000). The amnion provides the major strength of the
membranes. Moreover, the tensile strength of amnion resides almost exclusively in the compact layer, which is composed of
cross-linked interstitial collagens I and III and lesser amounts of collagens V and VI.

Interstitial Collagens. Collagens are the major macromolecules of most connective tissues and the most abundant proteins
in the body. Collagen I is the major interstitial collagen in tissues characterized by great tensile strength, such as bone and
tendon. In other tissues, collagen III is believed to make a unique contribution to tissue integrity, serving to increase tissue
extensibility and tensile strength. For example, the ratio of collagen III to collagen I in the walls of a number of highly
extensible tissues R"— amnionic sac, blood vessels, urinary bladder, bile ducts, intestine, and gravid uterus R— is greater than
that in nonelastic tissues. Although collagen III provides some of the extensibility of this membrane, elastin microfibrils have
been identified (Bryant-Greenwood, 1998). Another unique structural feature of interstitial collagens important to amnion
integrity is resistance to proteolytic degradation (Jeffrey, 1991).



Metabolic Functions. The amnion is clearly more than a simple avascular membrane that functions to contain amnionic fluid.
It is metabolically active, involved in solute and water transport to maintain amnionic fluid homeostasis, and produces a
variety of bioactive compounds, including vasoactive peptides, growth factors, and cytokines. The amnion is responsive both
acutely and chronically to mechanical stretch, which alters amnionic gene expression (Nemeth and colleagues, 2000). This in
turn potentially triggers both autocrine and paracrine responses, such as increased production of matrix metalloproteinases,
IL-8 production, and collagenase activity (Bryant-Greenwood, 1998; Maradny and colleagues, 1996). Such factors may
modulate changes in the membrane properties during term or preterm labor.

Amnionic Fluid. The normally clear fluid that collects within the amnionic cavity increases as pregnancy progresses until
about 34 weeks, when there is a decrease in volume. An average volume of about 1000 mL is found at term, although this
may vary widely from a few milliliters to many liters in abnormal conditions. The origin, composition, circulation, and function
of the amnionic fluid are discussed further in Chapters 11 and 31.

Figure 3-23. Electron micrograph of human amnion at term. Epithelium (E) and
mesenchyme (M) are shown. Thin arrow indicates intercellular space. Thick arrow
points to specializations of basal plasma membranes. (Courtesy of Dr. Ralph M.
Wynn.)

UMBILICAL CORD AND RELATED STRUCTURES

Cord Development. The yolk sac and the umbilical vesicle into which it develops are quite prominent early in pregnancy. At
first, the embryo is a flattened disc interposed between amnion and yolk sac (see Fig. 3-12). Because the dorsal surface grows
faster than the ventral surface, in association with the elongation of the neural tube, the embryo bulges into the amnionic sac
and the dorsal part of the yolk sac is incorporated into the body of the embryo to form the gut. The allantois projects into the
base of the body stalk from the caudal wall of the yolk sac or, later, from the anterior wall of the hindgut.

As pregnancy advances, the yolk sac becomes smaller and its pedicle relatively longer. By about the middle of the third month,
the expanding amnion obliterates the exocoelom, fuses with the chorion laeve, and covers the bulging placental disc and the
lateral surface of the body stalk. The latter is then called the umbilical cord, or funis. Remnants of the exocoelom in the
anterior portion of the cord may contain loops of intestine, which continue to develop outside the embryo. Although the loops
are later withdrawn into the peritoneal cavity, the apex of the midgut loop retains its connection with the attenuated vitelline
duct.

The cord at term normally has two arteries and one vein. The right umbilical vein usually disappears early during fetal
development, leaving only the original left vein. Sections of any portion of the cord frequently reveal, near the center, the
small duct of the umbilical vesicle, lined by a single layer of flattened or cuboidal epithelial cells. In sections just beyond the
umbilicus, but never at the placental end of the cord, another duct representing the allantoic remnant is occasionally found.
The intra-abdominal portion of the duct of the umbilical vesicle, which extends from umbilicus to intestine, usually atrophies
and disappears, but occasionally it remains patent, forming a Meckel diverticulum. The most common vascular anomaly is the
absence of one umbilical artery (see Chap. 27, p. 626).

Cord Structure and Function. The umbilical cord, or funis, extends from the fetal umbilicus to the fetal surface of the
placenta or chorionic plate. Its exterior is dull white, moist, and covered by amnion, through which three umbilical vessels may
be seen. Its diameter is 0.8 to 2.0 cm, with an average length of 55 cm and a range of 30 to 100 cm. Generally, cord length
less than 30 cm is considered abnormally short (Benirschke and Kaufmann, 2000). Folding and tortuosity of the vessels, which
are longer than the cord itself, frequently create nodulations on the surface, or false knots, which are essentially varices. The
extracellular matrix is a specialized connective tissue referred to as Wharton jelly (Fig. 3-24A). After fixation, the umbilical
vessels appear empty, but Figure 3-24B more accurately is representative of the situation in vivo, when the vessels are not
emptied of blood. The two arteries are smaller in diameter than the vein. The mesoderm of the cord, which is of allantoic
origin, fuses with that of the amnion.

Blood flows from the umbilical vein by two routes *— the ductus venosus, which empties directly into the inferior vena cava,
and numerous smaller openings into the fetal hepatic circulation %—and then into the inferior vena cava by the hepatic vein.
The blood takes the path of least resistance through these alternate routes. Resistance in the ductus venosus is controlled by a
sphincter situated at the origin of the ductus at the umbilical recess and innervated by a branch of the vagus nerve.

Anatomically, the umbilical cord can be regarded as a component of the fetal membranes. The vessels contained in the cord
are characterized by spiraling or twisting. The spiraling may occur in a clockwise (dextral) or anticlockwise (sinistral) direction.
The anticlockwise spiral is present in 50 to 90 percent of cases. It is believed that the spiraling serves to prevent clamping,
which occurs in all hollow cylinders subjected to torsion. Boyd and Hamilton (1970) note that these twists are not truly spirals,
but rather they are cylindrical helices in which a constant curvature is maintained equidistant from the central axis. Benirschke
and Kaufmann (2000) reported that 11 is the average number of helices in the cord.

2 . Figure 3-24. A. Cross-section of umbilical cord fixed after blood vessels had been
ik ” emptied. The umbilical vein, carrying oxygenated blood to the fetus, is in the
center; on either side are two umbilical arteries carrying deoxygenated blood from
the fetus to the placenta. B. Cross-section of the same umbilical cord shown in A,
but through a segment from which the blood vessels had not been emptied. This
photograph represents more accurately the conditions in utero. (From Reynolds,
1954.)



PLACENTAL HORMONES

The production of steroid and protein hormones by human trophoblasts is greater in amount and diversity than that of any
single endocrine tissue in all of mammalian physiology. A compendium of the average production rates for various steroid
hormones in nonpregnant and in near-term pregnant women is given in Table 3-1. It is apparent that the alterations in steroid
hormone production that accompany normal human pregnancy are incredible. The human placenta also synthesizes an
enormous amount of protein and peptide hormones: as much as 1 gram of placental lactogen (hPL) every 24 hours, massive
quantities of chorionic gonadotropin (hCG), adrenocorticotropin (ACTH), growth hormone variant (hGH-V), parathyroid
hormone-related protein (PTH-rP), calcitonin, relaxin, inhibins, activins, and atrial natriuretic peptide, as well as a variety of
hypothalamic-like releasing and inhibiting hormones such as thyrotropin-releasing hormone (TRH), gonadotropin-releasing
hormone (GnRH), corticotropin-releasing hormone (CRH), somatostatin, and growth hormone-releasing hormone (GHRH).

It is understandable, therefore, that yet another remarkable feature of human pregnancy is the success of the physiological
adaptations of pregnant women to the unique endocrine milieu (see Chap. 6). The anatomical parts of the placental arm of the
fetal-maternal endocrine communication system are illustrated in Figure 3-25.

Figure 3-25. Anatomical parts of the endocrine component of the placental arm of
the fetal-maternal communication system. Adrenocorticotropin hormone from the
fetal pituitary gland stimulates fetal adrenal steroidogenesis. Fetal adrenal
dehydroepiandrosterone sulfate and 16o0-hydroxydehydroepiandrosterone sulfate
are transported to the placenta and converted to 17p-estradiol and estriol,
respectively. Fetal liver is the major site of production of low-density lipoprotein
(LDL) cholesterol, the principal precursor for fetal adrenal steroidogenesis.
Cholesterol, derived from LDL in maternal plasma, serves as the precursor for
progesterone biosynthesis in the placenta.

HUMAN CHORIONIC GONADOTROPIN (H CG). The so-called pregnancy hormone is a

glycoprotein with biological activity very similar to luteinizing hormone (LH), both of which act via the plasma membrane LH-
hCG receptor. HCG is produced almost exclusively in the placenta but also is synthesized in fetal kidney, and a number of fetal
tissues may produce the B-subunit or intact hCG molecule (McGregor and associates, 1981, 1983).

Various malignant tumors also produce hCG, sometimes in large amounts %*— especially trophoblastic neoplasms. Chorionic
gonadotropin is produced in very small amounts in tissues of men and nonpregnant women, perhaps primarily in the anterior
pituitary gland. Nonetheless, the detection of hCG in blood or urine is almost always indicative of pregnancy (see Chap. 8, p.
206).

Chemical Characteristics. Chorionic gonadotropin is a glycoprotein (molecular weight 36,000 to 40,000 d) with the highest
carbohydrate (30 percent) content of any human hormone. The carbohydrate component, and especially the terminal sialic
acid, protects the molecule from catabolism. The 36-hour plasma half-life of intact hCG is much longer than the 2 hours for LH.
The hCG molecule is composed of two dissimilar subunits, designated o (92 amino acids) and B (145 amino acids), which are
noncovalently linked. They are held together by electrostatic and hydrophobic forces that can be separated in vitro. Isolated
subunits are unable to bind the LH receptor and thus lack biological activity.

This hormone is structurally related to three other glycoprotein hormones *"—LH, FSH, and TSH. The amino-acid sequence of
the a-subunits of all four glycoproteins is identical. The B-subunits, although sharing certain similarities, are characterized by
distinctly different amino-acid sequences. Recombination of an a- and a B-subunit of the four glycoprotein hormones gives a
molecule with biological activity characteristic of the hormone from which the B-subunit was derived.

Biosynthesis. The synthesis of the a- and the p-chains of hCG is regulated separately. A single gene located on chromosome
6 encodes the a-subunit of all four glycoprotein hormones ®— hCG, LH, FSH, and TSH. There are seven separate genes on
chromosome 19 for the B-hCG-p-LH family. Six of these genes code for B-hCG and one for B-LH, but only three of the B-hCG
genes are expressed at significant levels (Miller-Lindholm and colleagues, 1997). Both the a.- and B-subunits of hCG are
synthesized as larger molecular weight precursors, which are cleaved by microsomal endopeptidases. Once intact hCG is
assembled, the molecule is rapidly released from the cell through exocytosis of secretory granules (Morrish and colleagues,
1987).

Cellular Origin of hCG. The origin of hCG appears to vary depending on the time in gestation. At less than 5 weeks, hCG
expression is observed in both syncytiotrophoblast and cytotrophoblast cells (Maruo and colleagues, 1992). Later in gestation,
when maternal serum levels are at their peak, hCG is produced almost solely in the syncytiotrophoblast (Beck and colleagues,
1986; Kurman and colleagues, 1984). The amounts of hCG mRNA for both a- and B-subunits in syncytiotrophoblast from the
first trimester are greater than at term, which may be an important consideration when used as a screening procedure to
identify abnormal fetuses (Hoshina and co-workers, 1982).

Molecular Forms of hCG in Plasma and Urine. There are multiple forms of hCG in maternal plasma and urine. Some of
these arise as the result of enzymatic degradation, and others are accounted for by modifications during the normal cellular
sequence of synthesis and processing of the hCG molecule. The multiple forms of hCG vary enormously in bioactivity and
immunoreactivity.

FREE SUBUNITS. The levels of circulating free pB-subunit are low to undetectable throughout pregnancy. In part, this is the
result of the rate-limiting synthesis of the B-subunit. Free a-subunits that do not combine with the B-subunit are found in the
placenta and in maternal plasma. Plasma levels of free a-subunits increase gradually, but steadily, until about 36 weeks, when
a plateau is maintained for the remainder of pregnancy. Thus, the secretion of a-hCG roughly corresponds to placental mass,



whereas the rate of secretion of the complete hCG molecule is maximal at 8 to 10 weeks' gestation. The plasma concentration
of a-hCG, although a minor portion of intact hCG at 10 weeks, can represent 30 to 50 percent during the last trimester (Cole,
1997).

NICKS IN THE H cg molecule. A portion of hCG molecules in serum and urine, as well as purified standard preparations, has
been shown to contain so-called nicks, or missing peptide linkages. These nicks occur primarily between B-subunit amino acids
44-45 and 47-48. The extent of nicking in standard preparations from pooled urine is 10 to 20 percent, but in individual
samples it varies from 0 to 100 percent (Cole and colleagues, 1991a,b). Their origin is believed to be through enzymatic action
on the molecule near the cellular site of B-subunit synthesis. Nicked forms of hCG predominate in cases of gestational
trophoblastic neoplasia such as hydatidiform mole or choriocarcinoma (Cole and Butler, 2002). The biological importance of
these nicked molecules is unknown but can be an issue of some concern as their detection by commercial immunoassays for
hCG is variable (Cole, 1997).

Concentrations of hCG in Serum and Urine. The intact hCG molecule is detectable in plasma of pregnant women about 7 to
9 days after the midcycle surge of LH that precedes ovulation. Thus, it is likely that hCG enters maternal blood at the time of
blastocyst implantation. Blood levels increase rapidly, doubling every 2 days, with maximal levels being attained at about 8 to
10 weeks' gestation (Fig. 3-26). Appreciable fluctuations in the levels of plasma hCG are observed on the same day, and
evidence has accrued that the trophoblast secretion of protein hormones is episodic (Barnea and Kaplan, 1989; Diaz-Cueto and
colleagues, 1994).

Because hCG circulates as multiple highly related isoforms with variable cross-reactivity between commercial assays, there is
considerable variation in calculated serum hCG levels among the more than 100 assays. Peak levels reach about 100,000
mIU/mL between the 60th and 80th days after the last menses (see Fig. 3-26). Beginning at about 10 to 12 weeks' gestation,
maternal plasma levels of hCG begin to decline, and a nadir is reached by about 20 weeks. Plasma levels are maintained at
this lower level for the remainder of pregnancy.

The pattern of appearance of hCG in fetal blood is similar to that in the mother, however, fetal plasma levels are only about 3
percent of those in maternal plasma. The hCG concentration in amnionic fluid early in pregnancy is similar to that in maternal
plasma. As pregnancy progresses, the hCG concentration in amnionic fluid declines, so that near term, the levels are only one
fifth those in maternal plasma.

Maternal urine hCG also can be monitored and is composed of a variety of degradation products. The primary form of hCG in
urine is the terminal degradation product of hCG, the B-core fragment. Its concentrations follow the same general pattern as
that in maternal plasma, peaking at about 10 weeks. It is important, however, to recognize that the so-called p-subunit
antibody used in most pregnancy tests reacts with both intact hCG, the major form in the plasma, and with fragments of hCG,
the major forms found in urine.

Elevated or Depressed hCG Levels in Maternal Plasma or Urine. Significantly higher plasma levels of hCG are sometimes
found in women pregnant with multiple fetuses or with a single erythroblastotic fetus resulting from maternal D-antigen
isoimmunization. The levels of hCG in plasma and urine may be increased strikingly in women with hydatidiform mole or
choriocarcinoma. Relatively higher levels of plasma hCG may be found at midtrimester in women carrying a fetus with Down
syndrome, and this finding can be used in biochemical screening tests (see Chap. 13, p. 323). The reason for this is not clear,
but it has been speculated that the placentas in these pregnancies are less mature compared with those associated with
normal fetuses. Relatively lower levels of hCG in plasma are found with ectopic pregnancies and impending spontaneous
abortion.

Regulation of hCG Synthesis. Placental GnRH is likely involved in the regulation of hCG formation. Both GnRH and its
receptor are expressed on cytotrophoblasts and syncytiotrophoblast (Wolfahrt and colleagues, 1998). GnRH administration
elevates circulating hCG levels, and cultured trophoblast cells respond to GnRH treatment with increased hCG secretion
(Iwashita and colleagues, 1993; Siler-Khodr and Khodr, 1981). Pituitary production of GnRH also is regulated by levels of
inhibin and activin. In cultured placental cells, activin stimulates and inhibin inhibits the production of GnRH and hCG
production, supporting a role for these factors (Petraglia and colleagues, 1989; Steele and colleagues, 1993).

Metabolic Clearance of hCG. The renal clearance of hCG accounts for 30 percent of metabolic clearance and the remainder is
cleared by other pathways, likely by metabolism in the liver and kidney (Wehmann and Nisula, 1980). Clearances of B-subunit
and a-subunit are about 10-fold and 30-fold, respectively, greater than that of intact hCG. By contrast, renal clearance of
these subunits is considerably lower than that of dimeric hCG.

Biological Functions of hCG. Both subunits of hCG are required for normal binding to the LH-hCG receptor in the corpus
luteum and the testis. LH-hCG receptors are present in a variety of tissues, and their role there is less defined. The best-known
biological function of hCG is the so-called rescue and maintenance of function of the corpus luteum R— that is, continued
progesterone production. Bradbury and colleagues (1950) found that the progesterone-producing life span of the corpus
luteum of menstruation could be prolonged perhaps for 2 weeks by hCG administration. This action provides only an
incomplete explanation for its physiological role in pregnancy. The maximum plasma hCG concentrations are attained well after
hCG-stimulated corpus luteum secretion of progesterone has ceased. Specifically, progesterone luteal synthesis begins to
decline at about 6 weeks despite continued and increasing hCG production.

Chorionic gonadotropin stimulates fetal testicular testosterone secretion that is maximum at approximately the same time that
maximal levels of hCG are attained. Thus, at a critical time in sexual differentiation of the male fetus, hCG enters fetal plasma
from the syncytiotrophoblast, acts as an LH surrogate, and stimulates replication of testicular Leydig cells and testosterone
synthesis to promote male sexual differentiation (see Chap. 4, p. 113). Before about 110 days, there is no vascularization of
the fetal anterior pituitary from the hypothalamus, and thus little LH secretion from the pituitary. HCG acts as LH before this
time. Thereafter, as hCG levels fall, pituitary LH maintains a more modest level of fetal testicular stimulation.

There is hCG stimulation of the maternal thyroid gland. In some women with hydatidiform mole or choriocarcinoma,

biochemical and clinical evidence of hyperthyroidism sometimes develops (see Chap. 11, p. 277). For a time, this was believed
to be due to the formation of chorionic thyrotropins by neoplastic trophoblasts. Later, however, it was shown that some forms
of hCG bind to the TSH receptors of thyroid cells (Hershman, 1999). Additionally, treatment of normal men with hCG increases



thyroid activity. The thyroid-stimulatory activity in plasma of first-trimester pregnant women varies appreciably from sample to
sample. Modifications in the oligosaccharides of hCG seem to be important in establishing the capacity of hCG to stimulate
thyroid function. Some of the acidic isoforms of hCG stimulate thyroid activity, and some more basic forms also stimulate
iodine uptake (Kraiem and colleagues, 1994; Tsuruta and colleagues, 1995; Yoshimura and colleagues, 1994). There is also
evidence that the LH-hCG receptor is expressed in the thyroid (Tomer and colleagues, 1992). Thus, the possibility exists that
hCG stimulates thyroid activity via the LH-hCG receptor and by the TSH receptor as well.

Other functions include promotion of relaxin secretion by the corpus luteum (Duffy and co-workers, 1996). LH-hCG receptors
are found in myometrium and in uterine vascular tissue, and it has been hypothesized that hCG may act to promote uterine
vascular vasodilatation and myometrial smooth muscle relaxation (Kurtzman and colleagues, 2001).

or - Figure 3-26. Distinct profiles for the concentrations of human chorionic
P /-1 gonadotropin (hCG), human placental lactogen (hPL), and corticotropin-releasing
2= . hormone (CRH) in serum of women throughout normal pregnancy.

HUMAN PLACENTAL LACTOGEN (H PL). Prolactin-like activity in the human placenta was first

described by Ehrhardt in 1936. The protein responsible for this activity was isolated from extracts of human placenta and
retroplacental blood (Ito and Higashi, 1961; Josimovich and MaclLaren, 1962). Because of the potent lactogenic and growth
hormone-like bioactivity, as well as an immunochemical resemblance to human growth hormone, it was first called human
placental lactogen or chorionic growth hormone. It also has been referred to as chorionic somatomammotropin. Recently, most
authors have used the original name, human placental lactogen (hPL). Grumbach and Kaplan (1964) found, by
immunofluorescence studies, that this hormone, like hCG, was concentrated in the syncytiotrophoblast. It is detected in the
trophoblast as early as the second or third week after fertilization of the ovum. As with hCG, hPL also is identified in
cytotrophoblasts from before 6 weeks (Maruo and associates, 1992).

Chemical Characteristics. Placental lactogen is a single nonglycosylated polypeptide chain with a molecular weight of 22,279
daltons. It is derived from a precursor of 25,000 daltons that contains a 26-amino-acid signal sequence. There are 191 amino-
acid residues in placental lactogen, compared with 188 in human growth hormone (hGH). The amino acid sequence in each
hormone is strikingly similar, with 96-percent homology. HPL also is structurally similar to human prolactin (hPRL), with an
amino-acid sequence similarity of about 67 percent. For these reasons, it has been suggested that the genes for hPL, hPRL,
and hGH evolved from a common ancestral gene ®— probably that of prolactin ®— by repeated gene duplication (Ogren and
Talamantes, 1994).

Gene Structure and Expression. There are five genes in the growth hormone-placental lactogen gene cluster that are linked
and located on chromosome 17. Two of these genes, hPL2 and hPL3, both encode hPL, and the amount of mRNA in the term
placenta is similar for each. In contrast, the prolactin gene is located on chromosome 6 (Owerbach and colleagues, 1980,
1981). The production rate of hPL near term, about 1 g/day, is the greatest, by far, of any known hormone in humans.

Serum Concentration. HPL is demonstrable in the placenta within 5 to 10 days after conception and can be detected in
maternal serum as early as 3 weeks after fertilization. Maternal plasma concentration rises steadily until about 34 to 36 weeks
and this rise is linked mainly to placental mass. The serum concentration reaches higher levels in late pregnancy (5 to 15
ng/mL) than those of any other known protein hormone (see Fig. 3-26). The half-life of hPL in maternal plasma is between 10
and 30 minutes (Walker and co-workers, 1991).

Very little hPL is detected in fetal blood or in the urine of the mother or newborn. Amnionic fluid levels are somewhat lower
than in maternal plasma. Because hPL is secreted primarily into the maternal circulation, with only very small amounts in cord
blood, it appears that the role of the hormone in pregnancy, if any, is mediated through actions in maternal rather than in fetal
tissues. Nonetheless, there is continuing interest in the possibility that hPL serves select functions in fetal growth.

Regulation of hPL Biosynthesis. The levels of mRNA for hPL in syncytiotrophoblast remain relatively constant throughout
pregnancy. This finding is supportive of the idea that the rate of hPL secretion is proportional to placental mass. There are very
high plasma levels of hCG in women with trophoblastic neoplasms, but only low levels of hPL in these same women.

Prolonged maternal starvation in the first half of pregnancy leads to an increase in the plasma concentration of hPL. Short-
term changes in plasma glucose or insulin, however, have relatively little effect on plasma levels of hPL. In vitro studies using

human syncytiotrophoblast suggest that the synthesis of hPL is stimulated by insulin and insulin-like growth factor-1 and
inhibited by PGE, and PGF,  (Bhaumick and colleagues, 1987; Genbacev and colleagues, 1977).

Metabolic Actions. HPL has putative actions in a number of important metabolic processes. These include:

1. Maternal lipolysis and an increase in the levels of circulating free fatty acids, thereby providing a source of energy for
maternal metabolism and fetal nutrition.

2. An anti-insulin or "diabetogenic" action, leading to an increase in maternal levels of insulin, which favors protein synthesis
and provides a readily available source of amino acids for transport to the fetus.

3. A potent angiogenic hormone; it also may play an important role in the formation of fetal vasculature (Corbacho and co-
workers, 2002).

OTHER PLACENTAL PROTEIN HORMONES

Chorionic Adrenocorticotropin. ACTH, lipotropin, and B-endorphin *— all proteolytic products of proopiomelanocortin R—
are recovered in placental extracts (Genazzani and colleagues, 1975; Odagiri and colleagues, 1979). The physiological role of



placental ACTH is unclear. Although maternal plasma levels of ACTH increase during pregnancy, they remain lower than those
in men and nonpregnant women, except during labor (Carr and colleagues, 1981a). The placental ACTH is secreted into the
mother or fetus during pregnancy, however, maternal ACTH does not cross the placenta to the fetus. Importantly, ACTH
produced within the placenta is not under feedback regulation by glucocorticoid, which has been proposed as the rationale for
maternal partial resistance to dexamethasone suppression (Nolten and Rueckert, 1981). Corticotropin-releasing hormone
(CRH), also produced within the placenta, stimulates the synthesis and release of chorionic ACTH, and placental production of
CRH is positively regulated by cortisol, producing a novel positive feedback loop. As discussed later, this system may be
important for controlling fetal lung maturation and the timing of parturition.

Relaxin. Expression of relaxin has been demonstrated in human corpus luteum, decidua, and placenta (Bogic and colleagues,
1995). This peptide is synthesized as a single 105 amino-acid preprorelaxin molecule that is cleaved to A and B molecules.
Relaxin is structurally similar to insulin and insulin-like growth factor. There are three relaxin genes %— H1, H2, and H3 R—
but only H2 and H3 are transcribed in the corpus luteum (Bathgate and associates, 2002; Hudson and colleagues, 1983,
1984). Other tissues, including decidua, placenta, and fetal membranes, express H1 and H2 (Hansell and colleagues, 1991).

The rise in maternal circulating relaxin seen in early pregnancy is attributed to secretion by the corpus luteum, and levels
parallel those seen for hCG. The uterine relaxin receptor was recently cloned, which should allow the role of relaxin gene family
members to be defined (Hsu and colleagues, 2002). It has been proposed that relaxin along with rising progesterone levels
acts on myometrial smooth muscle to promote uterine relaxation and the quiescence observed in early pregnancy (see Chap.
6, p. 163). In addition, the production of relaxin and relaxin-like factors within the placenta and fetal membranes is believed to
play an autocrine-paracrine role in regulation of extracellular matrix degradation in the puerperium (Qin and colleagues,
1997a, 1997b).

Parathyroid Hormone-Related Protein (PTH-rP). Circulating levels of PTH-rP are significantly elevated in pregnancy within
the maternal but not fetal circulation (Bertelloni and colleagues, 1994; Saxe and colleagues, 1997). Although not clear, many
potential functions of this hormone have been proposed. The synthesis of PTH-rP has been demonstrated in several normal
adult tissues, especially in reproductive organs, including the myometrium, endometrium, corpus luteum, and lactating
mammary tissue. PTH-rP is not produced in the parathyroid glands of normal adults. Placental-derived PTH-rP may have an
important autocrine-paracrine role within the fetal-maternal unit as well as on the adjacent myometrium. In the placenta, it
may activate receptors on the trophoblast to promote calcium transport for fetal bone growth and ossification.

Growth Hormone Variant (hGH-V). The placenta expresses a growth hormone variant that is not expressed in the pituitary.
The gene encoding hGH-V is located in the hGH-hPL gene cluster on chromosome 17. Sometimes referred to as placental
growth hormone, hGH-V is a 191 -amino-acid protein that differs in 15 amino-acid positions from the sequence for hGH.
Placental hGH-V presumably is synthesized in the syncytium, but its pattern of synthesis and secretion during gestation is not
precisely known because antibodies against hGH-V cross-react with hGH. It is believed that hGH-V is present in maternal
plasma by 21 to 26 weeks, increases in concentration to about 36 weeks, and remains relatively constant thereafter. There is a
correlation between the levels of hGH-V in maternal plasma and those of insulin-like growth factor-1, and the secretion of
hGH-V by trophoblasts in vitro is inhibited by glucose in a dose-dependent manner (Patel and colleagues, 1995).
Overexpression of hGH-V in mice causes severe insulin resistance, and thus it is a likely candidate to mediate insulin resistance
of pregnancy (Barbour and associates, 2002).

HYPOTHALAMIC-LIKE RELEASING HORMONES. For each of the known hypothalamic-

releasing or -inhibiting hormones described "— GnRH, TRH, CRH, GHRH, and somatostatin %%— there is an analogous hormone
produced in human placenta (Petraglia and colleagues, 1992; Siler-Khodr, 1988). Many investigators have proposed that these
substances in placental tissue are indicative of a hierarchy of control in the synthesis of chorionic trophic agents.

Gonadotropin-Releasing Hormone (GnRH). There is a reasonably large amount of immunoreactive GnRH in the placenta
(Siler-Khodr, 1988; Siler-Khodr and Khodr, 1978). Interestingly, immunoreactive GnRH was present in cytotrophoblasts but
not in the syncytiotrophoblast. Gibbons and co-workers (1975) and Khodr and Siler-Khodr (1980) demonstrated that the
human placenta could synthesize both GnRH and TRH in vitro. Placental-derived GnRH functions to regulate trophoblast
production of hCG, which is supported by the observation that GnRH levels are higher early in pregnancy. Placental-derived
GnRH is also the likely cause of the elevation of maternal levels of circulating GnRH that are seen early in pregnancy (Siler-
Khodr and colleagues, 1984).

Corticotropin-Releasing Hormone (CRH). This hormone is a member of a larger family of CRH-related peptides, which
includes CRH, urocortin, urocortin II, and urocortin III (Dautzenberg and Hauger, 2002). CRH is produced in nonpregnant
women and circulates at the relatively low level of 5 to 10 pmol/L. During pregnancy, levels are significantly elevated and
increase to about 100 pmol/L in the early third trimester and to almost 500 pmol/L abruptly during the last 5 to 6 weeks (see
Fig. 3-26) (Goland and associates, 1988). Urocortin also is produced by the placenta and secreted into the maternal
circulation, but at much lower levels than seen for CRH (Florio and co-workers, 2002). After labor begins, maternal plasma
CRH levels increase further by about two- to threefold (Petraglia and colleagues, 1989, 1990).

The biological function of CRH synthesized in the placenta, fetal membranes, and decidua is beginning to be defined. Receptors
for CRH are present in many tissues: placenta, adrenal gland, sympathetic ganglia, lymphocytes, gastrointestinal tract,
pancreas, gonads, and myometrium. Recent findings suggest that CRH can act through two major families ®%— the type 1 and
type 2 CRH receptors (CRH-R1 and CRH-R2). Trophoblast, amnion-chorion, and decidua express both CRH-R1 and CRH-R2
receptors, as well as several variant receptors (Florio and colleagues, 2000). Both CRH and urocortin can increase trophoblast
ACTH secretion, supporting an autocrine-paracrine role for these hormones (Petraglia and co-workers, 1999). Large amounts
of CRH from trophoblast enter the maternal blood, but there also is a large concentration of a specific CRH-binding protein in
maternal plasma, and the bound CRH seems to be biologically inactive.

Other proposed biological roles include the induction of smooth muscle relaxation in vascular and myometrial tissue, and
immunosuppression. The physiological reverse, however, induction of myometrial contractions, has been proposed for the
rising levels of CRH seen near the end of gestation, leading to the hypothesis that CRH may be involved with the initiation of
parturition (Wadhwa and colleagues, 1998). Prostaglandin formation in the placenta, amnion, chorion laeve, and decidua is
increased by treatment with CRH (Jones and Challis, 1989), further supporting the potential role of CRH in the timing of



parturition.

Glucocorticoids act in the hypothalamus to inhibit CRH release, but in the trophoblast, glucocorticoids stimulate CRH gene
expression. Studies using trophoblast cultures show two- to fivefold increases in CRH mRNA and protein after treatment with
glucocorticoids (Jones and colleagues, 1989; Robinson and co-workers, 1988). Thus, a novel positive feedback loop has been
considered in the placenta that involves placental CRH stimulation of placental ACTH formation, placental ACTH stimulation of
adrenal glucocorticoid formation, and glucocorticoid stimulation of placental CRH expression (Nicholson and King, 2001; Riley
and colleagues, 1991).

Growth Hormone-Releasing Hormone (GHRH). Although GHRH has been identified in human placenta, its exact function is
not known (Berry and associates, 1992). Another regulator of hGH secretion called ghrelin recently was discovered (Horvath
and colleagues, 2001). Ghrelin is expressed in the trophoblasts of first-trimester placenta and represents a potential regulator
of placental growth hormone production or a paracrine regulator of differentiation (Gualillo and co-workers, 2001).

OTHER PLACENTAL PEPTIDE HORMONES

Leptin. This hormone is normally secreted by adipocytes and initially was believed to be an anti-obesity hormone that
decreases food intake and body weight through its receptor in the hypothalamus. It is now known, however, that leptin also
regulates bone growth and immune function (Cock and Auwerx, 2003; La Cava and colleagues, 2004). Leptin also is
synthesized by both cytotrophoblast cells and syncytiotrophoblast, which explains the increase in circulating levels seen in
pregnancy (Henson and Castracane, 2002). Fetal leptin levels are correlated positively with fetal birthweight and are likely to
play an important role in fetal development and growth. Maternal serum levels are significantly higher than in nonpregnant
women or those seen in the fetal circulation. Currently the relative contribution of leptin from maternal adipose tissue versus
placenta is not well defined.

Neuropeptide Y. This small, 36-amino-acid peptide is widely distributed in brain. It also is found in sympathetic neurons
innervating the cardiovascular, respiratory, gastrointestinal, and genitourinary systems. Neuropeptide Y has been isolated from
placenta and localized in cytotrophoblasts (Petraglia and colleagues, 1989). Receptors for neuropeptide Y have been
demonstrated in the placenta, and treatment of placental cells with neuropeptide Y causes the release of CRH (Robidoux and
colleagues, 2000).

Inhibin and Activin. Inhibin is a glycoprotein hormone that acts preferentially to inhibit pituitary FSH release. It is produced
by human testis and by the granulosa cells of the ovary, including the corpus luteum. Inhibin is a heterodimer with dissimilar
a- and B-subunits. The inhibin B-subunit is composed of one of two distinct peptides, BA or B. The placenta produces inhibin
a-, BA-, and BB-subunits with the greatest levels present at term (Petraglia and co-workers, 1991). Placental inhibin production
may serve, in conjunction with the large amounts of sex steroid hormones produced in human pregnancy, to inhibit FSH
secretion and thereby preclude ovulation during pregnancy. Inhibin may act via GnRH to regulate hCG synthesis and secretion
in the placenta (Petraglia and colleagues, 1987).

Activin is closely related to inhibin and is formed by the combination of the two B-subunits. Petraglia and colleagues (1994)
found that serum activin A levels decline rapidly after delivery. It is not detectable in fetal blood before labor but is present in
umbilical cord blood after labor begins. The receptor for activin is expressed in the placenta and amnion. Chorionic activin and
inhibin may serve functions in placental metabolic processes other than GnRH synthesis, but these possibilities continue to be
investigated.

PLACENTAL PROG ESTE RONE PRODUCTION. After 6 to 7 weeks of gestation, very little

progesterone is produced in the ovary (Diczfalusy and Troen, 1961). Surgical removal of the corpus luteum or even bilateral
oophorectomy during the 7th to 10th week does not cause a decrease in the rate of excretion of urinary pregnanediol, the
principal urinary metabolite of progesterone. Before this time, however, removal of the corpus luteum will result in miscarriage
unless an exogenous progestin is given (see Chap. 9, p. 234, and Chap. 40, p. 965). After about 8 weeks, the placenta
replaces the ovary as the source of progesterone and continues to increase production such that there is a gradual increase in
the levels throughout the remainder of pregnancy (Fig. 3-27). By the end of pregnancy, maternal levels of progesterone are 10
to 5000 times those in nonpregnant women, depending on the stage of the ovarian cycle (see Fig. 3-27).

Progesterone Production Rates. Isotope dilution techniques for the measurement of the rates of endogenous hormone
production in humans were first applied to the study of progesterone in pregnancy (Pearlman, 1957). The daily production rate
of progesterone in late, normal, singleton pregnancies is about 250 mg. The findings of numerous studies using a variety of
methodologies have agreed with this value. In some pregnancies with multiple fetuses, however, the daily progesterone
production rate may exceed 600 mg/day.

Source of Cholesterol for Placental Progesterone Biosynthesis. Progesterone is synthesized from cholesterol in a two-
step enzymatic reaction. First, cholesterol is converted to pregnenolone within the mitochondria, in a reaction catalyzed by
cytochrome P450 cholesterol side-chain cleavage enzyme. Pregnenolone leaves the mitochondria and is converted to
progesterone in the endoplasmic reticulum by 3p-hydroxysteroid dehydrogenase. Progesterone is not stored but is released
immediately through a process of diffusion.

The placenta produces a prodigious amount of progesterone; nonetheless, there is a limited capacity for the biosynthesis of
cholesterol in trophoblast. The incorporation of radiolabeled acetate into cholesterol by placental tissue proceeds at a very slow
rate, and the activity of the rate-limiting enzyme in cholesterol biosynthesis, 3-hydroxy-3-methylglutaryl coenzyme A (HMG
CoA) reductase, in placental tissue microsomes is low. Thus, the placenta must rely on exogenous cholesterol for progesterone
formation. Bloch (1945) and Werbin and co-workers (1957) found that after the intravenous administration of radiolabeled
cholesterol to pregnant women, the amount of radioactivity of urinary pregnanediol was similar to that of plasma cholesterol.
Hellig and associates (1970) also found that maternal plasma cholesterol was the principal precursor (up to 90 percent) of
progesterone biosynthesis in human pregnancy. The trophoblast preferentially uses LDL cholesterol for progesterone
biosynthesis (Simpson and Burkhart, 1980; Simpson and colleagues, 1979). This finding was supported by studies in pregnant
baboons in which maternal levels of LDL were reduced, leading to a significant drop in placental progesterone production
(Henson and associates, 1997). Thus, the formation of placental progesterone occurs through the uptake and use of a



maternal circulating precursor. This mechanism is unlike the placental production of estrogens, which relies principally on fetal
adrenal precursors.

Progesterone Synthesis and Fetal Well-Being. Although there is a relationship between fetal well-being and placental
production of estrogen, this is not the case for placental progesterone. Fetal demise, ligation of the umbilical cord with the
fetus and placenta remaining in situ, and anencephaly are all conditions associated with very low maternal plasma levels and
urinary excretion of estrogens. In these circumstances, there is not a concomitant decrease in progesterone until some
indeterminate time after fetal death. Thus, placental endocrine function, including the formation of protein hormones such as
hCG, and progesterone biosynthesis may persist for long periods (weeks) after fetal demise.

Progesterone Metabolism During Pregnancy. The metabolic clearance rate of progesterone in pregnant women is similar
to that found in men and nonpregnant women. This is an important consideration in evaluating the role of progesterone in the
initiation of parturition (see Chap. 6, p. 168). During pregnancy, there is a disproportionate increase in the plasma
concentration of 5a-dihydroprogesterone as a result of synthesis in syncytiotrophoblast from both placenta-produced
progesterone and fetal-derived precursor (Dombroski and co-workers, 1997). Thus the ratio of the concentration of this
progesterone metabolite to the concentration of progesterone is increased in pregnant women. The mechanisms for this are
not defined completely, but may be relevant to the resistance to pressor agents that normally develops in pregnant women
(Everett and colleagues, 1978). Progesterone also is converted to the potent mineralocorticoid deoxycorticosterone in pregnant
women and in the fetus. The concentration of deoxycorticosterone is increased strikingly in both the maternal and fetal
compartments. The extra-adrenal formation of deoxycorticosterone from circulating progesterone accounts for the vast
majority of its production in human pregnancy (Casey and MacDonald, 1982a, 1982b).

| A Figure 3-27. Plasma levels of progesterone, estradiol, estrone, estetrol, and estriol
A e in women during the course of gestation. (From Mesiano, 2001, with permission.)
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PLACENTAL ESTROGEN PRODUCTION- The placenta produces huge amounts of estrogens using

blood-borne steroidal precursors from the maternal and fetal adrenal glands. Near term, normal human pregnancy is a
hyperestrogenic state of major proportions. The amount of estrogen produced each day by syncytiotrophoblast during the last
few weeks of pregnancy is equivalent to that produced in 1 day by the ovaries of no fewer than 1000 ovulatory women. The
hyperestrogenic state of human pregnancy is one of continually increasing magnitude as pregnancy progresses, terminating
abruptly after delivery.

During the first 2 to 4 weeks of pregnancy, rising levels of hCG maintain production of estradiol in the maternal corpus luteum.
The functional activity, viz., production of both progesterone and estrogens, of the maternal ovaries decreases significantly by
the seventh week of pregnancy. At this time there is a luteal-placental transition such that, by the seventh week, more than 50
percent of estrogen entering the maternal circulation is produced in the placenta (MacDonald, 1965; Siiteri and MacDonald,
1963, 1966). These studies support the transition of a steroid milieu dependent on the maternal corpus luteum to one
dependent on the developing placenta.

Placental Estrogen Biosynthesis. The pathways of estrogen synthesis in the human placenta differ from those in the ovary
of nonpregnant women. Estrogen production in the ovary occurs in the follicular and luteal phase through the interaction of
theca and granulosa cells. Specifically, androstenedione, synthesized in ovarian theca, is transferred to adjacent granulosa
cells for estradiol synthesis. Estradiol production within the corpus luteum of nonpregnant women as well as in early pregnancy
continues to require interaction between the luteinized theca and granulosa cells. In human trophoblast, neither cholesterol nor
progesterone can serve as precursor for estrogen biosynthesis. A crucial enzyme necessary for sex steroid synthesis, steroid
17a-hydroxylase/17,20-lyase (CYP17), is not expressed in the human placenta. Consequently, the conversion of C,;-steroids

to C,g-steroids, the latter being the immediate and obligatory precursors of estrogens, is not possible.

The C19-steroids, dehydroepiandrosterone (DHEA) and its sulfate (DHEA-S), often are called adrenal androgens, however,

these steroids can also act as estrogen precursors (Fig. 3-28). Ryan (1959a) found that there was an exceptionally high
capacity of placenta to convert appropriate C, 4-steroids to estrone and estradiol. The conversion of DHEA-S to estradiol
requires placental expression of four key enzymes. First, the placenta expresses high levels of steroid sulfatase (STS), which
converts the conjugated DHEA-S to DHEA. DHEA is then acted upon by 3B-hydroxysteroid dehydrogenase type 1 (3BHSD) to
produce androstenedione. Cytochrome P450 aromatase (CYP19) then converts androstenedione to estrone, which is converted

to estradiol by the enzyme 17f-hydroxysteroid dehydrogenase type 1 (17BHSD1). The principal cellular location of STS,
3BHSD, CYP19, and 17BHSD1 is in the syncytiotrophoblast (Bonenfant and colleagues, 2000b; Salido and co-workers, 1990).

Plasma C19-Steroids as Estrogen Precursors.

Frandsen and Stakemann (1961) found that levels of urinary estrogens in women pregnant with an anencephalic fetus were
only about one tenth those in urine of pregnant women with a normal fetus. Because of the characteristic absence of the fetal
zone of the adrenal cortex in anencephalic fetuses, they reasoned that the glands might provide one or more substances that
serve to promote placental estrogen formation. The adrenal glands of anencephalic fetuses are atrophic because of the
absence of hypothalamic-pituitary function, which precludes ACTH stimulation.

In subsequent studies, radiolabeled DHEA-S infused into pregnant women was converted to radioactive urinary estrogens in
high yield (Baulieu and Dray, 1963; Siiteri and MacDonald, 1963). The large amounts of DHEA-S in plasma and its much longer
half-life uniquely qualify it as the principal circulating precursor for placental estradiol synthesis. Gant and co-workers (1971)



found that there is a 10- to 20-fold increase in the metabolic clearance rate of plasma DHEA-S in normally pregnant women at
term compared with that in men and nonpregnant women. As a consequence, there is a progressive decrease in plasma
concentration of DHEA-S as pregnancy progresses (Milewich and co-workers, 1978; Siiteri and MacDonald, 1966). The increase
in the metabolic clearance of plasma DHEA-S in pregnant women is attributable to rapid use as substrate for placental
estrogens. Even so, the maternal adrenal glands do not produce sufficient amounts of DHEA-S during pregnancy to account for
more than a fraction of total placental estrogen biosynthesis. The fetal adrenal glands are quantitatively the most important
source of placental estrogen precursors in human pregnancy. A schematic representation of the pathways of estrogen
formation in the placenta is presented in Figure 3-28. The estrogen products released from the placenta are dependent on the
nature of the substrate available. As discussed below, the nature of the estrogens produced during pregnancy reflects the
unique interactions between the fetal adrenal, fetal liver, placenta, and maternal adrenal glands.

B Figure 3-28. Schematic presentation of the biosynthesis of estrogens in the human
= o placenta. Dehydroepiandrosterone sulfate (DHEA-S), secreted in prodigious
- amounts by the fetal adrenal glands, is converted to 16a.-

hydroxydehydroepiandrosterone sulfate (16aaOHDHEA-S) in the fetal liver. These
E3 - steroids, DHEA-S and 16aOHDHEA-S, are converted in the placenta to estrogens,
E3+~~ “-E3 viz., 17p-estradiol (E2) and estriol (E3). Near term, half of E2 is derived from fetal
adrenal DHEA-S and half from maternal DHEA-S. On the other hand, 90 percent of
E3 in the placenta arises from fetal 16aOHDHEA-S and only 10 percent from all
other sources.

FETAL ADRENAL GLAN DS. Morphologically, functionally, and physiologically, the human fetal adrenal

glands are remarkable organs. Compared with adult organs, the adrenal cortex is the largest organ of the fetus. At term, the
fetal adrenal glands weigh the same as those of the adult (Fig. 3-29). More than 85 percent of the fetal gland is composed of a
unique fetal zone, which is not found in adults. The daily production of steroids by the fetal adrenal glands near term is
estimated to be 100 to 200 mg/day. This compares with steroid secretion in resting adults of 30 to 40 mg/day, demonstrating
that the fetal adrenal gland is a truly prodigious steroidogenic tissue.

Contribution to Placental Estrogen Formation. As discussed earlier, women pregnant with an anencephalic fetus excrete
little urinary estrogen. This fact, together with the finding of high levels of DHEA-S in cord blood of normal newborns, was
suggestive that fetal adrenal cortex is the principal source of placental estrogen precursors. The finding that DHEA-S in
maternal plasma is converted to estrogen in placenta established this concept. Confirmation was provided by Bolte and co-
workers (1964a, 1964b), who demonstrated that radiolabeled DHEA-S perfused through the placenta was converted to
estradiol. Near term, about half of the estradiol produced in the placenta arises from maternal and half from fetal plasma
DHEA-S (Siiteri and MacDonald, 1966).

Placental Estriol Synthesis. The estrogen products released from the placenta are dependent on the nature of the substrate
available. Estradiol is but one placental estrogen secretory product and is the primary estrogen circulating at term. In addition,
significant levels of estriol and estetrol are found in the maternal circulation, and they increase, particularly late in gestation.

These hydroxylated forms of estrogen are produced in the placenta using substrates formed by the combined efforts of the
fetal adrenal gland and liver.

An important component of the fetal-maternal communication system is the fetal liver (Fig. 3-25). The fetal liver expresses
high levels of the enzyme 16 a-hydroxylase, which acts on adrenal derived steroids. Ryan (1959b) and MacDonald and Siiteri
(1965) found that 16a-hydroxylated Clg-steroids, particularly 16a-hydroxydehydroepiandrosterone (16-OHDHEA), were

converted to estriol by placental tissue (Fig. 3-28). Thus, the disproportionate increase in estriol formation during pregnancy is
accounted for by placental synthesis of estriol principally from plasma-borne 16-OHDHEA-S. Near term, the fetus is the source
of 90 percent of the placental estriol and estetrol precursor in normal human pregnancy.

Thus, the placenta secretes several estrogens, including estradiol, estrone, estriol, and estetrol. Because of its hemochorial
nature, the majority of estrogen produced in the placenta is released into the maternal circulation. Maternal estriol and estetrol
are produced by steroid precursors produced almost solely in the fetus, thus, the measure of these steroids can act as an
indicator of fetal well-being. However, the low sensitivity and specificity of such tests have diminished their diagnostic value,
and they have been supplanted other means of determining fetal well-being (see Chap. 15, p. 373).

Fetal Adrenal Gland Development. The fetal adrenal cortex derives from a common adrenogonadal precursor lineage that
also gives rise to the steroid-secreting cells of the gonads. These progenitor cells first appear in the fourth week of gestation
within the coelomic epithelium. Soon after, they begin to migrate to the mesonephros, and by 6 to 8 weeks' gestation the cells
form the primitive adrenal gland. The factors that control the formation of the primordial adrenal gland are not known.
However, it appears that ACTH is not necessary for the early stages of adrenal formation. Specifically, the adrenal gland is
formed in the anencephalic fetus as well as in fetuses with mutations in the ACTH receptor.

Fetal Adrenal Morphology. Nearly a century ago, Elliott and Armour (1911) described a histologically unique fetal zone in
the adrenal cortex. The fetal zone accounts for the bulk of the fetal gland after the first trimester, and it is the source for
steroid precursors that are used by the placenta to produce estrogens. The outer zone is called the neocortex, or the definitive
zone, and it is this zone that gives rise to the adult adrenal glomerulosa. Recent studies using immunohistochemistry have
been useful in identifying a third region between the neocortex and fetal zone, now called the transitional zone (Narasaka and
colleagues, 2001). This zone is thought to give rise to the cortisol-producing zona fasciculata seen in the postnatal adrenal
gland (Mesiano and co-workers, 1993). The fetal zone of the adrenal gland begins a process of involution commencing
immediately after birth. The weight of the adrenal glands decreases strikingly during the first few weeks of life, and the size
attained by the fetal glands just before birth is not achieved again until late in adolescence or early adult life.

Fetal Adrenal Gland Growth. The cortex continues to grow throughout gestation and, during the last 5 to 6 weeks of



pregnancy, there is a very rapid increase in adrenal size (Fig. 3-29). Relative to body weight, the fetal adrenal glands at term
are 25 times larger than those of adults. Because of the enormous size and their very great capacity for steroid synthesis,
many investigators have surmised that in addition to ACTH, there must be other growth stimuli for these glands. Indeed, there
is a continual decrease in the concentration of immunoreactive ACTH in human fetal plasma as pregnancy progresses and as
the fetal adrenal glands are growing at a rapid rate (Winters and associates, 1974). Generally, ACTH acts to promote
hypertrophy, but not hyperplasia, of adrenal cells. Despite this, it has been shown that fetal adrenal cells respond to ACTH by
secretion of growth factors that appear to stimulate hyperplasia of the fetal zone (Mesiano and colleagues, 1991). ACTH is
necessary for the rapid growth of the adrenal gland during the latter part of pregnancy. This is supported by the observation
that the adrenal glands in anencephalic fetuses are underdeveloped, indicating that a functional hypothalamic-pituitary system
also is needed for normal fetal adrenal function. It also seems likely that the rate of growth of the fetal adrenal glands is
influenced by factors secreted by the placenta. This supposition is supported by the continued growth of the fetal adrenal
glands throughout gestation, but rapid involution immediately after birth when placenta-derived factors are lost.

Enzymatic Considerations. There is a severe deficiency in the expression of the microsomal enzyme 3a-hydroxysteroid
dehydrogenase, A>#-isomerase (3BHSD) in adrenal fetal zone cells (Doody and co-workers, 1990; Rainey and colleagues,
2001). This limits the conversion of pregnenolone to progesterone and of 17 a-hydroxypregnenolone to 17a-
hydroxyprogesterone, an obligatory step in cortisol biosynthesis. There is, however, very active steroid sulfotransferase
activity in the fetal adrenal glands. As a consequence, the principal secretory products of the fetal adrenal glands are
pregnenolone sulfate and DHEA-S. Comparatively, cortisol, which likely arises primarily in the neocortex and transitional zone
of the fetal adrenal glands and not in the fetal zone, is a minor secretory product of the fetal adrenal gland until late in
gestation.

Fetal Adrenal Steroid Precursor. The precursor for fetal adrenal steroidogenesis is cholesterol. The rate of steroid
biosynthesis in the fetal adrenal gland is so great that its steroidogenesis alone is equivalent to one fourth of the total daily
LDL cholesterol turnover in adults. The fetal adrenal glands can synthesize cholesterol from two-carbon fragments, that is,
acetate. All enzymes involved in cholesterol biosynthesis are elevated compared with that of the adult adrenal gland (Rainey
and colleagues, 2001). Thus, the rate of de novo cholesterol synthesis by fetal adrenal tissue is extremely high, however, it is
insufficient to account for the steroids produced by these glands. Therefore, cholesterol must be assimilated from the fetal
circulation. Plasma cholesterol and its esters are present in the form of very-low-density lipoprotein (VLDL), LDL, and high-
density lipoprotein (HDL).

Simpson and colleagues (1979) ascertained that fetal adrenal glands take up lipoproteins as a source of cholesterol for
steroidogenesis. HDL was much less effective than LDL, and VLDL was devoid of stimulatory activity. These authors also
evaluated the relative contribution of cholesterol synthesized de novo and that of cholesterol derived from LDL uptake. They
confirmed that the fetal adrenal glands are highly dependent on circulating LDL as a source of cholesterol for optimum
steroidogenesis (Carr and colleagues, 1980, 1982; Carr and Simpson, 1981). A model of cholesterol metabolism in the fetal
adrenal glands is shown in Figure 3-30.

The majority of fetal plasma cholesterol arises by de novo synthesis in the fetal liver (Carr and Simpson, 1984). The low level
of LDL cholesterol in fetal plasma is not the consequence of impaired fetal LDL synthesis, but instead, it is the result of the
rapid use of LDL by the fetal adrenal glands for steroidogenesis (Parker and colleagues, 1980, 1983). In the anencephalic
newborn in whom the adrenal glands are atrophic, the levels of LDL cholesterol in umbilical cord plasma are high.

_ 1. Figure 3-29. Size of the adrenal gland and its component parts in utero, during
8 _| infancy, and during childhood. (Adapted from Bethune, 1974.)

Figure 3-30. A model proposed for the regulation of fetal adrenal steroidogenesis,
low-density lipoprotein (LDL) use, and cholesterol (chol) metabolism in the human
£  fetal adrenal gland. (DS = dehydroepiandrosterone sulfate; Preg = pregnenolone).
DS is produced in the fetal zone and cortisol primarily in the neocortex of the fetal
adrenal glands.

FETAL CONDITIONS THAT AFFECT ESTROGEN PRODUCTION. several

conditions affecting the fetus may alter the availability of substrate for steroid synthesis in placenta. A schematic
representation of the pathways of estrogen formation in the placenta is presented in Figure 3-28.

Fetal Demise. It has been known for many decades that death of the human fetus is followed by a striking reduction in the
levels of urinary estrogens. Moreover, it was demonstrated that after ligation of the umbilical cord with the fetus and placenta
left in situ, there was an abrupt and striking decrease in the production of placental estrogens (Cassmer, 1959). The findings
of this classical study were subject to at least two interpretations. The first was that maintenance of the fetal placental
circulation is essential to the functional integrity of the placenta. This explanation was unlikely to be correct, however, because
the placental production of progesterone was maintained after occlusion of the umbilical cord. A second explanation for the
marked decrease in urinary estrogens was that after umbilical cord ligation, an important source of precursors of placental
estrogen (but not progesterone) biosynthesis was eliminated ®"— that is, the fetus.

Fetal Anencephaly. In the absence of the fetal zone of the adrenal cortex, as in anencephaly, the rate of formation of
placental estrogens (especially estriol) is severely limited because of limited availability of Clg-steroid precursors. Verification

of the diminished levels of precursors in anencephalic fetuses was provided by the finding of low levels of DHEA-S in cord blood



of such newborns (Nichols and colleagues, 1958). Therefore, almost all of the estrogens produced in women pregnant with an
anencephalic fetus arise by the placental use of maternal plasma DHEA-S. Furthermore, in such pregnancies the production of
estrogens can be increased by the maternal administration of ACTH, which stimulates the rate of DHEA-S secretion by the
maternal adrenal. ACTH does not cross the placenta, and thus there is no fetal adrenal stimulation. Finally, placental estrogen
production is decreased in women pregnant with an anencephalic fetus when a potent glucocorticoid is given to the mother.
This suppresses ACTH secretion and thus decreases the rate of DHEA-S secretion from the maternal adrenal cortex
(MacDonald, 1965; MacDonald and Siiteri, 1965). Estriol formation is disproportionately decreased in pregnancies with an
anencephalic fetus because the fetal adrenal at term normally provides 90 percent of placental estriol precursor.

Fetal Adrenal Hypoplasia. Congenital adrenal cortical hypoplasia occurs in perhaps 1 in 12,500 births (McCabe, 2001). There
appear to be two primary forms of adrenal hypoplasia. The miniature adult form is thus named because of the very small
cortical zone seen in histological examination. The majority of these cases result from anencephaly or abnormal pituitary
function. The cytomegalic form is so called because these adrenals, although without the normal fetal adrenal structure, have
nodular formation of eosinophilic cells in the fetal zone. Estrogen formation, particularly estriol, in pregnancies with such a
fetus is limited and suggests the absence of fetal adrenal Clg-precursors for placental estrogen formation. The cytomegalic

form results from disruptive mutations in the gene known as the dosage-sensitive sex reversal-adrenal hypoplasia congenita
critical region on the X chromosome, gene 1 (DAX1) (McCabe, 2001).

Fetal-Placental Sulfatase Deficiency. Placental estrogen formation is generally regulated by the availability of Clg-steroid

prohormones in fetal and maternal plasma. Specifically, there is no rate-limiting enzymatic reaction in the placental pathway
from C,4-steroids to estrogen biosynthesis. An exception to this generalization was found by France and Liggins (1969), who

were the first to establish that placental sulfatase deficiency is a cause of very low estrogen levels in otherwise normal
pregnancies. Sulfatase deficiency precludes the hydrolysis of Clg-steroid sulfates, the first enzymatic step in the placental use

of these circulating prehormones for estrogen biosynthesis. This deficiency is an X-linked disorder, and all affected fetuses are
male. It occurs in an estimated frequency of 1 in 2000 to 5000 births and is associated with delayed onset of labor. It also is
associated with the development of ichthyosis, a scaling skin disorder, in the affected males later in life (Bradshaw and Carr,
1986).

Fetal-Placental Aromatase Deficiency. There are a few well-documented examples of aromatase deficiency (Simpson,
2000). Fetal adrenal DHEA-S, which is produced in large quantities, is converted in the placenta to androstenedione, but in
cases of placental aromatase deficiency, androstenedione cannot be converted to estradiol. Rather, androgen metabolites of
DHEA produced in the placenta, including androstenedione and some testosterone, are secreted into the maternal or fetal
circulation, or both, causing virilization of the mother and the female fetus (Harada and colleagues, 1992; Shozu and
associates, 1991). Although pregnancies with aromatase deficiency and a male fetus may be uneventful, these estrogen-
deficient males have delayed epiphyseal closure during puberty, and as a consequence, the affected men continue to grow
during adulthood, becoming very tall and displaying deficient bone mineralization (Morishima and colleagues, 1995).

Trisomy 21 (Down Syndrome). Second-trimester maternal serum screening for abnormal levels of hCG, alpha-fetoprotein,
and other analytes has become universal (see Chap. 13, p. 323). As experience accrued, it was discovered that serum
unconjugated estriol levels were low in pregnancies with a Down syndrome fetus (Benn, 2002). The likely reason for this is
inadequate formation of Clg-steroids in the adrenal glands of these trisomic fetuses. This supposition is supported by reduced

DHEA-S levels in both amnionic fluid and maternal serum in Down syndrome pregnancies (Newby and colleagues, 2000).

Deficiency in Fetal LDL Cholesterol Biosynthesis. A successful pregnancy in a woman with beta-lipoprotein deficiency has
been described (Parker and co-workers, 1986). The absence of LDL in the maternal serum restricted progesterone formation in
both the corpus luteum and placenta. In addition, levels of estriol were lower than normal. Presumably, the diminished
estrogen production was the result of decreased fetal LDL formation, which limited fetal adrenal production of estrogen
precursor.

Fetal Erythroblastosis. In some cases of severe fetal D-antigen isoimmunization, the levels of estrogens in maternal plasma
are elevated above normal for gestational age. This is likely due to an increased placental weight (hypertrophy), which occurs
in such pregnancies (see Chap. 29, p. 666).

MATERNAL CONDITIONS THAT AFFECT PLACENTAL ESTROGEN
PRODUCTION

Glucocorticoid Treatment. The administration of glucocorticoids in moderate to high doses to pregnant women causes a
striking reduction in placental estrogen formation. Glucocorticoids act to inhibit ACTH secretion by the maternal and fetal
pituitary glands, resulting in decreased maternal and fetal adrenal secretion of the placental estrogen precursor, DHEA-S.

Maternal Adrenal Dysfunction. In pregnant women with Addison disease, maternal urinary estrogen levels are decreased
(Baulieu and colleagues, 1956). The decrease principally affects estrone and estradiol, because the fetal adrenal contribution to
the synthesis of estriol, particularly in the latter part of pregnancy, is quantitatively much more important.

Maternal Ovarian Androgen-Producing Tumors. The extraordinary efficiency of the placenta in the aromatization of C,4-
steroids may be exemplified by two considerations. First, Edman and associates (1981) found that the placental clearance of
maternal plasma androstenedione to estradiol was very similar to estimated placental blood flow. Thus, virtually all of the
androstenedione entering the intervillous space is taken up by syncytium and converted to estradiol, and none of this C19'
steroid escapes into the fetus. Second, it is relatively rare that a female fetus is virilized in a pregnant woman who is known to
have an androgen-secreting ovarian tumor. This finding also indicates that the placenta efficiently converts aromatizable C, 4-
steroids, including testosterone, to estrogens, thus precluding transplacental passage. Indeed, it may be that virilized female
fetuses of women with an androgen-producing tumor are cases in which a nonaromatizable Clg-steroid androgen is produced
by the tumor (e.g., 5a-dihydrotestosterone). Another explanation is that testosterone is produced very early in pregnancy in
amounts that exceed the capacity of placental aromatase.



Maternal Renal Disease. Lower levels of estriol in the urine of pregnant women with pyelonephritis may be observed.
Presumably this is the consequence of diminished renal clearance, as the maternal serum levels of estrogen are normal in such
pregnancies.

Gestational Trophoblastic Disease. In the case of complete hydatidiform mole or choriocarcinoma, there is no fetal adrenal
source of C19-steroid precursor for trophoblast estrogen biosynthesis. Consequently, placental estrogen formation is limited to

the use of C19-steroids in the maternal plasma, and therefore the estrogen produced is principally estradiol (MacDonald and

Siiteri, 1964, 1966). Great variation is observed in the rates of both estradiol and progesterone formation in molar
pregnancies. This, however, is not necessarily related to the volume of neoplastic tissue. There is variable disruption of large
masses of molar tissue from the uterine wall by blood clots. Consequently, variable amounts of trophoblastic tissue are
separated from the maternal blood supply of precursors for estradiol and progesterone formation.

DIRECTIONAL SECRETION OF STEROIDS FROM
SYN CYTIOTROPHOBLAST. Estrogens synthesized in the syncytium preferentially enter the maternal

circulation. Gurpide and co-workers (1966) reported that more than 90 percent of estradiol and estriol formed in
syncytiotrophoblast enters maternal plasma. Gurpide and co-workers (1972) later found that 85 percent or more of placental
progesterone enters maternal plasma, and very little maternal plasma progesterone crosses the placenta to the fetus.

The placental estrogens that enter the maternal compartment are estradiol, estrone, and estriol. Estriol synthesized in
trophoblasts enters both fetal and maternal plasma, but most (90 percent) enters the mother. There also appears to be
preferential transfer of estradiol into the maternal compartment. The major reason for directional movement of newly formed
steroid into the maternal circulation is the nature of the hemochorioendothelial form of placentation. In this system, steroids
secreted from the syncytiotrophoblast can enter maternal blood directly. Steroids that leave the syncytium toward the fetal
compartment, however, do not enter fetal blood directly. First, steroids traveling toward the fetus must traverse the
cytotrophoblasts and then enter the connective tissue of the villous core. Steroids in this space can reenter the syncytium.
Second, steroids that escape the villous core must then traverse the wall of the fetal capillaries to reach fetal blood. Steroids in
the fetal capillaries of the villous core then can reenter the connective tissue of the villous core and then the syncytium. The
net result of this hemochorial arrangement is that there is substantially greater entry of steroids into the maternal circulation
compared with the amount that enters the fetal blood.

Somewhat surprisingly, there appears to be preferential entry of estrone rather than estradiol into the fetal plasma (Gurpide
and colleagues, 1982). One explanation is that the fetal endothelial cells found within the placenta express high levels of 17p-
hydroxysteroid dehydrogenase type 2 (17BHSD type 2), the enzyme that converts estradiol to estrone (Bonenfant and co-
workers, 2000a; Moghrabi and colleagues, 1997). This enzyme would act as a partial barrier, converting estradiol to estrone as
it enters the fetal circulation. In this way, fetal levels of estrone would be composed of the estrone made in the trophoblasts
that makes it to the fetal circulation as well as the estradiol that reaches the fetal placental endothelial cells and is converted
to estrone. The localization of the 17BHSD type 2 enzyme at the site of fetal-maternal exchange likely serves to protect the
fetus from high levels of active estrogens and androgens, principally estradiol and testosterone (Moghrabi and colleagues,
1997).
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4. Fetal Growth and Development
INTRODUCTION

Contemporary obstetrical research focuses on the physiology and pathophysiology of the fetus, its development, and its
environment. An important direct result of this research is that the status of the fetus has been elevated to that of a patient
who, in large measure, can be given the same meticulous care that obstetricians provide for pregnant women. In the course of
these studies it has become apparent that the conceptus is a dynamic force in the pregnancy unit. The contributions of the
conceptus to implantation, maternal recognition of pregnancy, immunological acceptance, endocrine function, nutrition, and
parturition are enormous, and absolutely essential for successful pregnancy as described in Chapter 3. Normal fetal
development is considered in this chapter. Anomalies, injuries, and diseases that affect the fetus and newborn are addressed
in detail in Chapter 29. Techniques used to evaluate fetal well-being, or fetal health, are presented in other chapters.

DETERMINATION OF GESTATIONAL AGE

Several different terms are used to define the duration of pregnancy, and thus fetal age, but these are somewhat confusing.
They are shown schematically in Figure 4-1. Gestational age or menstrual age is the time elapsed since the first day of the last
menstrual period, a time that actually precedes conception. This starting time, which is usually about 2 weeks before ovulation
and fertilization, and nearly 3 weeks before implantation of the blastocyst, has traditionally been used because most women
know their last period. The increasing use of infertility therapy has changed this somewhat because ovulation may be known
exactly. Embryologists describe embryo-fetal development in ovulation age, or the time in days or weeks from ovulation.
Another term is postconceptional age, nearly identical to ovulation age.

Obstetricians customarily calculate gestational age as menstrual age. About 280 days, or 40 weeks, elapse on average
between the first day of the last menstrual period and the birth of the fetus. This corresponds to 9 1/3 calendar months, or 10
units of 28 days each. The unit of 28 days has been referred to commonly, but imprecisely, as a lunar month of pregnancy.
Actually, the time from one new moon to the next is 29 1/2 days. A quick estimate of the due date of a pregnancy based on
menstrual cycle can be made as follows: add 7 days to the first day of the last menstrual period and subtract 3 months. For
example, if the first day of the last menses was July 5th, the due date of this pregnancy is 07-05 + 7 (days) minus 3 (months)
= 04-12, or April 12th of the following year. As discussed in Chapter 16 (see p. 392), many women now undergo first- or early
second-trimester ultrasound examination to confirm gestational age. In these cases, the sonographic estimate is usually a few
days later than that determined by the last period. To rectify this inconsistency "— and to reduce the number of pregnancies
diagnosed as postterm %— some authorities suggest assuming that the average pregnancy is actually 283 days long instead of
280, and thus adding 10 days to the last menses instead of 7 (Olsen and Clausen, 1998).

The period of gestation can also be divided into three units of three calendar months (13 weeks) each, or three trimesters,
because important obstetrical milestones can be designated conveniently by trimesters. The possibility of spontaneous
abortion, for example, is limited principally to the first trimester, whereas the likelihood of infant survival is increased greatly in
pregnancies that reach the third trimester.

= . Figure 4-1. Terminology used to describe the duration of pregnancy.

MORPHOLOGICAL GROWTH
Oovu M, ZYGOTE, AND BLASTOCYST. During the first 2 weeks after ovulation, several successive

phases of development can be identified: (1) fertilization, (2) formation of free blastocyst, and (3) implantation of the
blastocyst. Primitive chorionic villi are formed soon after implantation. With the development of chorionic villi, it is conventional
to refer to the products of conception not as a fertilized ovum, or zygote, but as an embryo. The early stages of preplacental
development and formation of the placenta are described in Chapter 3.

EMBRYO. The embryonic period commences at the beginning of the third week after ovulation and fertilization, which
coincides in time with the expected day that the next menstruation would have started. Most pregnancy tests that measure
human chorionic gonadotropin (hCG) are positive by this time (see Chap. 8, p. 206), and the embryonic disc is well defined.
The body stalk is differentiated; the chorionic sac is approximately 1 cm in diameter (Figs. 4-2 and 4-3). There is a true
intervillous space that contains maternal blood and villous cores in which angioblastic chorionic mesoderm can be
distinguished.

By the end of the fourth week after ovulation, the chorionic sac is 2 to 3 cm in diameter, and the embryo is about 4 to 5 mm in
length (Figs. 4-4, 4-5, and 4-6). Partitioning of the primitive heart begins in the middle of the fourth week. Arm and leg buds
are present, and the amnion is beginning to unsheathe the body stalk, which thereafter becomes the umbilical cord.

At the end of the sixth week after fertilization, the embryo is 22 to 24 mm in length, and the head is quite large compared with
the trunk. The heart is completely formed. Fingers and toes are present, and the arms bend at the elbows. The upper lip is
complete, and the external ears form definitive elevations on either side of the head.

The end of the embryonic period and the beginning of the fetal period is arbitrarily designated by most embryologists to occur
8 weeks after fertilization, or 10 weeks after the onset of the last menstrual period. At this time, the embryo-fetus is nearly 4
cm long (Fig. 4-7). The major portion of lung development is yet to occur, but few other new major body structures are formed
after this time.



- . ﬂ Figure 4-2. Early human embryos. Only the chorion adjacent to the body stalk is
g=i RS '__‘,_%,f shown. Small outline to the right of each embryo gives its actual size. Ovulation

R it ages: A. 19 days (presomite). B. 21 days (7 somites). C. 22 days (17 somites).
(After drawings and models in the Carnegie Institute, drawing identification number
noted below each.)

@ Figure 4-3. Early human embryos. Small outline to the right of each embryo gives
-ﬁ' its actual size. Ovulation ages: A. 22 days. B. 23 days. (After drawings and models
]

R in the Carnegie Institute.)
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Figure 4-4. Three- to four-week-old embryos. A, B. Dorsal views of embryos
during about 22 to 23 days of development showing 8 and 12 somites, respectively.
C-E. Lateral views of embryos during 24 to 28 days, showing 16, 27, and 33
somites, respectively. (From Moore, 1988, with permission.)

Figure 4-5. Photograph of dorsal view of embryo at about 24 to 26 days and
corresponding to Figure 4-4B. (From Werth and Tsiaras, 2002, with permission).

Figure 4-6. Photograph of lateral view of embryo at about 28 days and
corresponding to Figure 4-4E. (From Werth and Tsiaras, 2002, with permission).

Figure 4-7. Lateral view of embryo-fetus at 56 days, which marks the end of the
embryonic period and the beginning of the fetal period. The liver is within the
dotted-line circle. (From Werth and Tsiaras, 2002, with permission.)

FETUS. Development during the fetal period of gestation consists of growth and maturation of structures that were
formed during the embryonic period.

12 Gestational Weeks. By the end of the 12th week of pregnancy, when the uterus usually is just palpable above the
symphysis pubis, the crown-rump length of the fetus is 6 to 7 cm. Centers of ossification have appeared in most of the fetal
bones, and the fingers and toes have become differentiated. Skin and nails have developed and scattered rudiments of hair
appear. The external genitalia are beginning to show definitive signs of male or female gender. The fetus begins to make
spontaneous movements.

16 Gestational Weeks. By the end of the 16th week, the crown-rump length of the fetus is 12 cm, and the weight is 110 g.
Gender can be correctly determined by experienced observers by inspection of the external genitalia by 14 weeks.

20 Gestational Weeks. The end of the 20th week is the midpoint of pregnancy as estimated from the beginning of the last
normal menstrual period. The fetus now weighs somewhat more than 300 g, and the weight begins to increase in a linear
manner. The fetal skin has become less transparent, a downy lanugo covers its entire body, and some scalp hair has
developed.

24 Gestational Weeks. By the end of the 24th week, the fetus weighs about 630 g. The skin is characteristically wrinkled,
and fat deposition begins. The head is still comparatively large, and eyebrows and eyelashes are usually recognizable. The
canalicular period of lung development, during which the bronchi and bronchioles enlarge and alveolar ducts develop, is nearly
completed. A fetus born at this time will attempt to breathe, but most will die because the terminal sacs, required for gas
exchange, have not yet formed.



28 Gestational Weeks. By the end of the 28th week, a crown-rump length of about 25 cm is attained and the fetus weighs
about 1100 g. The thin skin is red and covered with vernix caseosa. The pupillary membrane has just disappeared from the
eyes. An infant born at this time moves limbs energetically and cries weakly. The otherwise normal infant of this age has a 90-
percent chance of survival without physical or neurological impairment.

32 Gestational Weeks. At the end of 32 gestational weeks, the fetus has attained a crown-rump length of about 28 cm and a
weight of about 1800 g. The skin surface is still red and wrinkled. Barring other complications, infants born at this period also
usually survive intact.

36 Gestational Weeks. At the end of 36 weeks of gestation, the average crown-rump length of the fetus is about 32 cm and
the weight is about 2500 g. Because of the deposition of subcutaneous fat, the body has become more rotund, and the
previous wrinkled appearance of the face has been lost. Infants born at this time have an excellent chance of survival with
proper care.

40 Gestational Weeks. Term is reached at 40 weeks from the onset of the last menstrual period. At this time, the fetus is
fully developed. The average crown-rump length of the fetus at term is about 36 cm, and the weight is approximately 3400 g.

Length of Fetus. Because of the variability in the length of the legs and the difficulty of maintaining them in extension,
measurements corresponding to the sitting height (crown-to-rump) are more accurate than those corresponding to the
standing height. The average sitting height and weight of the fetus at the end of each lunar month were determined by
Streeter (1920) from 704 specimens. These values are similar to those shown in Table 4-1. Such values are approximate, but
generally, length is a more accurate criterion of gestational age than weight.

Fetal Head. From an obstetrical viewpoint, the size of the fetal head is important because an essential feature of labor is the
adaptation between the fetal head and the maternal bony pelvis. Only a comparatively small part of the head at term is
represented by the face. The rest of the head is composed of the firm skull, which is made up of two frontal, two parietal, and
two temporal bones, along with the upper portion of the occipital bone and the wings of the sphenoid. These bones are
separated by membranous spaces, or sutures (Fig. 4-8).

The most important sutures are the frontal, between the two frontal bones; the sagittal, between the two parietal bones; the
two coronal, between the frontal and parietal bones; and the two lambdoid, between the posterior margins of the parietal
bones and upper margin of the occipital bone. Where several sutures meet, an irregular space forms, which is enclosed by a
membrane and designated as a fontanel (see Fig. 4-8). The greater, or anterior fontanel, is a lozenge-shaped space that is
situated at the junction of the sagittal and the coronal sutures. The lesser, or posterior fontanel, is represented by a small
triangular area at the intersection of the sagittal and lambdoid sutures. The localization of these fontanels gives important
information concerning the presentation and position of the fetus. The temporal, or casserian fontanels, have no diagnostic
significance.

It is customary to measure certain critical diameters and circumferences of the newborn head (Fig. 4-9). The diameters most
frequently used, and the average lengths thereof, are:

1. The occipitofrontal (11.5 cm), which follows a line extending from a point just above the root of the nose to the most
prominent portion of the occipital bone.

2. The biparietal (9.5 cm), the greatest transverse diameter of the head, which extends from one parietal boss to the other.
3. The bitemporal (8.0 cm), the greatest distance between the two temporal sutures (see Fig. 4-8).
4. The occipitomental (12.5 cm), from the chin to the most prominent portion of the occiput.

5. The suboccipitobregmatic (9.5 cm), which follows a line drawn from the middle of the large fontanel to the undersurface of
the occipital bone just where it joins the neck.

The greatest circumference of the head, which corresponds to the plane of the occipitofrontal diameter, averages 34.5 cm, a
size too large to fit through the pelvis without flexion. The smallest circumference, corresponding to the plane of the
suboccipitobregmatic diameter, is 32 cm. The bones of the cranium are normally connected only by a thin layer of fibrous
tissue that allows considerable shifting or sliding of each bone to accommodate the size and shape of the maternal pelvis. This
intrapartum process is termed molding. The head position and degree of skull ossification result in a spectrum of cranial
plasticity from minimal to great and, in some cases, undoubtedly contribute to fetopelvic disproportion, a leading indication for
cesarean delivery (see Chap. 25, p. 591).

Fetal Brain. There is a steady gestational age-related change in the appearance of the fetal brain (Fig. 4-10). It is therefore
possible to identify fetal age rather precisely from its external appearance (Dolman, 1977). Myelination of the ventral roots of
the cerebrospinal nerves and brainstem begins at approximately 6 months, but the major portion of myelination occurs after
birth. The lack of myelin and the incomplete ossification of the fetal skull permit the structure of the brain to be seen with
ultrasound throughout gestation.

Figure 4-8. Fetal head at term showing fontanels, sutures, and the biparietal
diameter.

— Figure 4-9. Diameters of the fetal head at term.



. = & 3* Figure 4-10. Characteristic configuration of fetal brains from 22 to 40 weeks of
""" i gestation at 2-week intervals. (From Dolman, 1977, with permission.)

PLACENTAL ROLE IN FETAL GROWTH

The placenta is the organ of transfer between mother and fetus. At the maternal-fetal interface, there is transfer of oxygen and
nutrients from the mother to the fetus. Conversely, there is transfer of carbon dioxide and other metabolic wastes from fetus
to mother (see Fig. 3-22, p. 65). There are no direct communications between the fetal blood, which is contained in the fetal
capillaries in the intravillous space of the chorionic villi, and the maternal blood, which remains in the intervillous space. The
one exception to this dictum is the occasional development of breaks in the chorionic villi, permitting the escape of fetal
erythrocytes and leukocytes, in various numbers, into the maternal circulation. This leakage is the mechanism by which some
D-negative women become sensitized by the erythrocytes of their D-positive fetus (see Chap. 29, p. 663). Aside from these
occasional leaks, however, there is no gross intermingling of the macromolecular constituents of the two circulations.
Therefore, bidirectional transfer depends primarily on the processes that permit or facilitate the transport of such substances
through the syncytiotrophoblast of the intact chorionic villi.

Figure 3-22. Schematic drawing of a section through a full-term placenta: 1. The
relation of the villous chorion (C) to the decidua basalis (D) and the fetal-placental
circulation. 2. The maternal blood flows into the intervillous spaces in funnel-shaped
spurts, and exchanges occur with the fetal blood as the maternal blood flows around
the villi. 3. The in-flowing arterial blood pushes venous blood into the endometrial
veins, which are scattered over the entire surface of the decidua basalis. Note also
that the umbilical arteries carry deoxygenated fetal blood to the placenta and that
the umbilical vein carries oxygenated blood to the fetus. The cotyledons are
separated from each other by placental (decidual) septa. Each cotyledon consists of
two or more mainstem villi and their many branches. (Based on Moore, 1988.)

THE INTERVILLOUS SPACE: MATERNAL BLOOD. The intervillous space is the primary

biological compartment of maternal-fetal transfer. Maternal blood in this extravascular compartment directly bathes the
trophoblasts. Substances transferred from mother to fetus first enter the intervillous space and are then transported to the
syncytiotrophoblast. Substances transported from the fetus to the mother are transferred from the syncytium into the same
space. Thus, the chorionic villi and the intervillous space, together, function for the fetus as lung, gastrointestinal tract, and
kidney.

The circulation of maternal blood within the intervillous space is described in Chapter 3 (see p. 63). The residual volume of the
intervillous space of the term placenta measures about 140 mL. However, before delivery the normal volume of the intervillous
space may be twice this value (Aherne and Dunnill, 1966). Uteroplacental blood flow near term has been estimated to be
about 700 to 900 mL/min, with most of the blood apparently going to the intervillous space.

The forceful uterine contractions of active labor cause a reduction in blood flow into the intervillous space, the degree of
reduction depending in large measure on the intensity of the contraction. Blood pressure within the intervillous space is
significantly less than the uterine arterial pressure, but somewhat greater than uterine venous pressure. Uterine venous
pressure, in turn, varies depending on several factors, including maternal position. When supine, for example, pressure in the
lower part of the inferior vena cava is elevated, and consequently, pressure in the uterine and ovarian veins, and in turn in the
intervillous space, is increased.

PLACENTAL TRANSFER

Chorionic Villus. Substances that pass from maternal blood to fetal blood must traverse (1) syncytiotrophoblast, (2) stroma
of the intravillous space, and (3) fetal capillary wall. Although this histological barrier separates the blood in the maternal and
fetal circulations, it does not behave in a uniform manner like a simple physical barrier. Throughout pregnancy,
syncytiotrophoblast actively or passively permits, facilitates, and adjusts the amount and rate of transfer of a wide range of
substances to the fetus. The walls of the villous capillaries likewise become thinner, and the relative number of fetal vessels
increases in relation to the villous connective tissue. It is important to recall that the walls of the fetal placental surface
vessels, after branching from the truncal arteries of the chorionic vessels, do not contain smooth muscle cells (see Chap. 3, p.
63). Several attempts have been made to estimate the total surface area of chorionic villi in the human placenta at term. From
the planimetric measurements made by Aherne and Dunnill (1966) of the villous surface area of the placenta, it is evident that
there is a close correlation with fetal weight. The total surface area at term has been estimated to be approximately 10 m2.

Regulation of Placental Transfer. The syncytiotrophoblast is the fetal tissue interface. The maternal-facing surface of this
tissue is characterized by a complex microvillus structure. The fetal-facing (basal) cell membrane of the trophoblast is the site
of transfer to the intravillous space through which the fetal capillaries traverse. The fetal capillaries are an additional site for
transport from the intravillous space into fetal blood, or vice versa.



In determining the effectiveness of the human placenta as an organ of transfer, at least 10 variables are important:

1. The concentration of the substance under consideration in the maternal plasma, and in some instances, the extent to which
it is bound to another compound, such as a carrier protein.

2. The rate of maternal blood flow through the intervillous space.
3. The area available for exchange across the villous trophoblast epithelium.

4. If the substance is transferred by diffusion, the physical properties of the tissue barrier interposed between blood in the
intervillous space and in the fetal capillaries.

5. For any substance actively transported, the capacity of the biochemical machinery of the placenta for effecting active
transfer, for example, specific receptors on the plasma membrane of the trophoblast.

6. The amount of the substance metabolized by the placenta during transfer.

7. The area for exchange across the fetal capillaries in the placenta.

8. The concentration of the substance in the fetal blood, exclusive of any that is bound.
9. Specific binding or carrier proteins in the fetal or maternal circulation.

10. The rate of fetal blood flow through the villous capillaries.

Mechanisms of Transfer. Most substances with a molecular mass less than 500 d diffuse readily through placental tissue.
Molecular weight is clearly important in determining the rate of transfer by diffusion. Simple diffusion, however, is by no means
the only mechanism of transfer of low-molecular-weight compounds. The syncytiotrophoblast actively facilitates the transfer of
a variety of small compounds, especially those that are in low concentration in maternal plasma but are essential for normal
fetal growth and development. Simple diffusion appears to be the mechanism involved in the transfer of oxygen, carbon
dioxide, water, and most (but not all) electrolytes. Anesthetic gases also pass through the placenta rapidly by simple diffusion.

Insulin, steroid hormones, and thyroid hormones cross the placenta, but at very slow rates. The hormones synthesized in situ
in the trophoblasts enter both the maternal and fetal circulations, but not equally (see Chap. 3). For example, concentrations
of chorionic gonadotropin and placental lactogen in fetal plasma are much lower than in maternal plasma. Substances of high
molecular weight usually do not traverse the placenta, but there are important exceptions, such as immunoglobulin G R"—
molecular weight 160,000 d *— which is transferred by way of a specific trophoblast receptor-mediated mechanism.

Transfer of Oxygen and Carbon Dioxide. In their excellent account of placental transport, Morriss and associates (1994)
recall that in 1674, Mayow suggested that the placenta served as the fetal lung. In 1796, Erasmus Darwin, only 22 years after
the discovery of oxygen, observed that the color of blood passing through lungs and gills became bright red. He deduced, from
the structure as well as the position of the placenta, that it appeared to be a respiratory organ by which the fetus becomes
oxygenated.

The transfer of oxygen across the placenta is blood-flow limited. The placenta supplies about 8 mL O,/min/kg of fetal weight,

and because fetal blood oxygen stores are sufficient for only 1 to 2 minutes, this supply must be continuous (Longo, 1991).
Normal values for oxygen, carbon dioxide, and pH in fetal blood are presented in Figure 4-11. Because of the continuous
passage of oxygen from maternal blood in the intervillous space to the fetus, its oxygen saturation resembles that in the
maternal capillaries. The average oxygen saturation of intervillous blood is estimated to be 65 to 75 percent, with a partial
pressure (Poz) of about 30 to 35 mm Hg. The oxygen saturation of umbilical vein blood is similar, but with a somewhat lower

oxygen partial pressure.

In general, transfer of fetal carbon dioxide is accomplished by diffusion. The placenta is highly permeable to carbon dioxide,
which traverses the chorionic villus more rapidly than oxygen. Near term, the partial pressure of carbon dioxide (Pcoz) in the

umbilical arteries is estimated to average about 48 mm Hg, or about 5 mm Hg more than in the maternal intervillous blood.
Fetal blood has less affinity for carbon dioxide than does maternal blood, thereby favoring the transfer of carbon dioxide from
the fetus to the mother. Also, mild hyperventilation by the pregnant woman results in a fall in Pco,, favoring a transfer of

carbon dioxide from the fetal compartment to maternal blood.

Selective Transfer and Facilitated Diffusion. Although simple diffusion is an important method of placental transfer, the
trophoblast and chorionic villus unit demonstrate enormous selectivity in transfer. This results in different concentrations of a
variety of metabolites on the two sides of the villus. The concentrations of a number of substances that are not synthesized by
the fetus are several times higher in fetal than in maternal blood. Ascorbic acid is a good example of this phenomenon. This
relatively low-molecular-weight substance resembles the pentose and hexose sugars and might be expected to traverse the
placenta by simple diffusion. The concentration of ascorbic acid, however, is two to four times higher in fetal plasma than in
maternal plasma (Morriss and associates, 1994). The unidirectional transfer of iron across the placenta provides another
example of transport and sequestration of selected agents. Typically, iron is present in the plasma of the pregnant woman at a
lower concentration than in her fetus.

¥ Figure 4-11. Umbilical venous oxygen pressure (P 0y (a), carbon dioxide pressure
i (P €O, (b), and pH (c) from cordocentesis on 59 fetuses being evaluated for

3= possible intrauterine infections or hemolysis, and who were found to be healthy at
Sl birth and appropriately grown. (From Ramsey, 1996, with permission.)



FETAL NUTRITION

During the first 2 months of pregnancy, the embryo consists almost entirely of water. Because of the small amount of yolk in
the human ovum, growth of the embryo-fetus from an early stage of development is dependent on nutrients obtained from the
mother. During the first few days after implantation, the nutrition of the blastocyst comes from the interstitial fluid of the
endometrium and the surrounding maternal tissue. Within the next week, the forerunners of the intervillous space are formed.
In the beginning, these are simply lacunae that are filled with maternal blood, but during the third week after fertilization, fetal
blood vessels in the chorionic villi appear. During the fourth week, a cardiovascular system has formed, and thereby a true
circulation is established both within the embryo and between the embryo and the chorionic villi.

Maternal adaptations to store and transfer nutrients to the fetus are discussed in Chapter 5 and summarized here. The
maternal diet is translated into storage forms that are made available to meet the demands for energy, tissue repair, and new
growth, including maternal needs for pregnancy. Three major maternal storage depots %"— the liver, muscle, and adipose
tissue ®— and the storage hormone insulin are intimately involved in the metabolism of the nutrients absorbed from the
maternal gut.

Insulin secretion is sustained by increased serum levels of glucose and amino acids. The net effect is storage of glucose as
glycogen primarily in liver and muscle, retention of some amino acids as protein, and storage of the excess as fat. Storage of
maternal fat peaks in the second trimester, and then declines as fetal demands increase in late pregnancy (Pipe and
colleagues, 1979).

During times of fasting, glucose is released from glycogen, but maternal glycogen stores cannot provide an adequate amount
of glucose to meet requirements for maternal energy and fetal growth. However, cleavage of triacylglycerols, stored in adipose
tissue, provides the mother with energy in the form of free fatty acids. Lipolysis is activated, directly or indirectly, by several
hormones, including glucagon, norepinephrine, placental lactogen, glucocorticosteroids, and thyroxine.

GLUCOSE AND FETAL GROWTH. Although the fetus is dependent on the mother for nutrition, the fetus

also actively participates in providing for its own nutrition. At midpregnancy, fetal glucose concentration is independent of and
may exceed maternal levels (Bozzetti and colleagues, 1988). Glucose is a major nutrient for fetal growth and energy. It is thus
logical that mechanisms exist during pregnancy to minimize maternal glucose use so that the limited maternal supply is
available to the fetus. It is believed that placental lactogen (hPL), a hormone normally present in abundance in the mother but
not the fetus, blocks the peripheral uptake and use of glucose while promoting the mobilization and use of free fatty acids by
maternal tissues (see Chap. 3, p. 73).

Glucose Transport. The transfer of d-glucose across cell membranes is accomplished by a carrier-mediated, stereospecific,
nonconcentrating process of facilitated diffusion. Six separate glucose transport proteins (GLUT) have been discovered. They
belong to the 12-transmembrane segment transporter superfamily and are characterized further by tissue-specific distribution
(see Chap. 38, p. 895). Transporter proteins for d-glucose ®— GLUT-1 and GLUT-3 R— are located in the plasma membrane of
the microvilli of human syncytiotrophoblast. GLUT-1 expression is prominent in human placenta, it increases as pregnancy
advances, and it is induced by almost all growth factors (Sakata and colleagues, 1995). GLUT-3 is also localized in human
syncytiotrophoblast (Hahn and associates, 1995).

Glucose, Insulin, and Fetal Macrosomia. The precise biomolecular events in the pathophysiology of fetal macrosomia are

not defined. Nonetheless, it seems clear that fetal hyperinsulinemia is one driving force (Schwartz and colleagues, 1994). As

discussed in Chapter 38 (see p. 895), insulin-like growth factor, as well as fibroblast growth factor, also are involved (Giudice
and associates, 1995; Hill and colleagues, 1995). Therefore, a hyperinsulinemic state with increased levels of selected growth
factors, together with increased expression of GLUT proteins in syncytiotrophoblast, may promote excessive fetal growth.

LACTATE. This substance also is transported across the placenta by facilitated diffusion. By way of co-transport with
hydrogen ions, lactate is probably transported as lactic acid.

FREE FATTY ACIDS AND TRIGLYCERIDES. Among mammalian neonates, the human newborn

has a large proportion of fat, on average 15 percent of body weight (Kimura, 1991). This finding is indicative that late in
pregnancy, a substantial part of the substrate transferred to the human fetus is stored as fat. Neutral fat (triacylglycerols)
does not cross the placenta, but glycerol does. It is likely that most fatty acids cross the placenta by simple diffusion.
Moreover, fatty acids also are synthesized in the placenta. Lipoprotein lipase is present on the maternal but not on the fetal
side of the placenta. This arrangement should favor hydrolysis of triacylglycerols in the maternal intervillous space while
preserving these neutral lipids in fetal blood. Fatty acids transferred to the fetus can be converted to triacylglycerols in the
fetal liver.

The placental uptake and use of low-density lipoprotein (LDL) was cited in Chapter 3 (see p. 80) as an alternative mechanism
for fetal assimilation of essential fatty acids and amino acids. The LDL particles from maternal plasma bind to specific LDL
receptors in the coated-pit regions of the microvilli on the maternal-facing side of the syncytiotrophoblast. The large R— about
250,000 d ®— LDL particle is taken up by a process of receptor-mediated endocytosis. The apoprotein and cholesterol esters
of LDL are hydrolyzed by lysosomal enzymes in the syncytium to give (1) cholesterol for progesterone synthesis; (2) free
amino acids, including essential amino acids; and (3) essential fatty acids, primarily linoleic acid. Indeed, the concentration of
arachidonic acid, which is synthesized from linoleic acid in fetal plasma, is greater than that in maternal plasma. Linoleic acid
or arachidonic acid, or both, must be assimilated from maternal dietary intake.

AMINO ACIDS. In addition to the hydrolysis of LDL, the placenta concentrates a large number of amino acids
(Lemons, 1979). Neutral amino acids from maternal plasma are taken up by trophoblasts by at least three specific processes.
Presumably, amino acids are concentrated in the syncytiotrophoblasts and thence transferred to the fetal side by diffusion.
Based on data from cordocentesis blood samples, the concentration of amino acids in umbilical cord plasma is greater than in
maternal venous or arterial plasma (Morriss and associates, 1994).



PROTEINS. Generally, thereis very limited transfer of larger proteins across the placenta. There are important
exceptions, for example, immunoglobulin G (IgG) crosses the placenta in large amounts. Another exception is retinol-binding
protein. Near term, IgG is present in approximately the same concentrations in cord and maternal sera, but IgA and IgM of
maternal origin are effectively excluded from the fetus (Gitlin and colleagues, 1972). Fc receptors are present on trophoblasts,
and IgG transport is accomplished by way of these through endocytosis. Increased amounts of IgM are found in the fetus only
after the fetal immune system has been provoked into antibody response by infection in the fetus.

IONS AND TRACE METALS. Iodide transport across the placenta is clearly attributable to a carrier-

mediated, energy-requiring active process. And indeed, the placenta concentrates iodide. The concentrations of zinc in the
fetal plasma also are greater than those in maternal plasma. Conversely, copper levels in fetal plasma are less than those in
maternal plasma. This fact is of particular interest because important copper-requiring enzymes are necessary for fetal
development.

Placental Sequestration of Heavy Metals. The heavy metal-binding protein, metallothionein-1, is expressed in human
syncytiotrophoblast. This protein binds and sequesters a host of heavy metals, including zinc, copper, lead, and cadmium.

The most common source of cadmium in the environment is cigarette smoke. Cadmium levels in maternal blood and placenta
are increased with maternal smoking, but there is no increase in cadmium transfer into the fetus. The cadmium concentration
in cord blood is less than that in maternal blood, and there is little or no cadmium in fetal liver or kidney. Presumably, the low
levels of cadmium in the fetus are attributable to the sequestration of cadmium by metallothionein(s) in trophoblast. This
comes about because cadmium acts to increase the transcription of the metallothionein gene(s). Thus, cadmium-induced
increases in trophoblast metallothionein levels result in placental cadmium accumulation by sequestration.

Metallothionein also binds and sequesters copper (Cu2+) in placental tissue, thus accounting for the low levels of cu®* in cord
blood (Iyengar and Rapp, 2001). A number of mammalian enzymes require Cu?*, and its deficiency results in inadequate
collagen cross-linking and, in turn, diminished tensile strength of tissues. This may be important because the concentration of
cadmium in amnionic fluid is similar to that in maternal blood. The incidence of preterm membrane rupture is increased in

women who smoke. It is possible that cadmium provokes metallothionein synthesis in amnion, causing sequestration of cu?t
and a pseudocopper deficiency.

Calcium and Phosphorus. These minerals also are actively transported from mother to fetus. A calcium-binding protein is
present in placenta. Parathyroid hormone-related protein (PTH-rP), as the name implies, acts as a surrogate PTH in many
systems, including the activation of adenylate cyclase and the movement of calcium (Ca2+) (see also Chap. 3, p. 74, and
Chap. 6, p. 162). PTH-rP is produced not in normal adult parathyroid glands but rather in the fetal parathyroid and in the
placenta and other fetal tissues, especially the fetal kidney. Moreover, PTH is not demonstrable in fetal plasma, but PTH-rP is
present. For those reasons, some refer to PTH-rP as the fetal parathormone (Abbas and associates, 1990). There is a Ca2*-
sensing receptor in trophoblast, as there is in the parathyroid glands (Juhlin and colleagues, 1990). The expression of PTH-rP

in cytotrophoblasts is modulated by the extracellular concentration of ca’t (Hellman and co-workers, 1992). It seems

possible, therefore, that PTH-rP synthesized in decidua, placenta, and other fetal tissues is important in fetal Ca2* transfer and
homeostasis.

VITAMINS. The concentration of vitamin A (retinol) is greater in fetal than in maternal plasma. Vitamin A in fetal
plasma is bound to retinol-binding protein and to prealbumin. Retinol-binding protein is transferred from the maternal
compartment across the syncytium. The transport of vitamin C (ascorbic acid) across the placenta from mother to fetus is
accomplished by an energy-dependent, carrier-mediated process. The levels of the principal vitamin D (cholecalciferol)
metabolites, including 1,25-dihydroxycholecalciferol, are greater in maternal plasma than are those in fetal plasma. The 18-
hydroxylation of 25-hydroxyvitamin D3 is known to take place in placenta and in decidua.

FETAL PHYSIOLOGY

AMNIONIC FLUID. In early pregnancy, amnionic fluid is an ultrafiltrate of maternal plasma. By the beginning of
the second trimester, it consists largely of extracellular fluid that diffuses through the fetal skin, and thus reflects the
composition of fetal plasma (Gilbert and Brace, 1993). After 20 weeks, however, the cornification of fetal skin prevents this
diffusion, and amnionic fluid is composed largely of fetal urine. The fetal kidneys start producing urine at 12 weeks, and by 18
weeks they are producing 7 to 14 mL per day. Fetal urine contains more urea, creatinine, and uric acid than fetal plasma. It
also contains desquamated fetal cells, vernix, lanugo, and various secretions. Because these are hypotonic, the net effect is
decreasing amnionic fluid osmolality with advancing gestation. Pulmonary fluid contributes a small proportion of the amnionic
volume, and fluid filtering through the placenta accounts for the rest.

The volume of amnionic fluid at each week of gestation is quite variable. In general, the volume increases by 10 mL per week
at 8 weeks and increases up to 60 mL per week at 21 weeks, then declines gradually back to a steady state by 33 weeks
(Brace and Wolf, 1989).

Amnionic fluid serves to cushion the fetus, allowing musculoskeletal development and protecting it from trauma. It also
maintains temperature and has a minimal nutritive function. Epidermal growth factor (EGF) and EGF-like growth factors, such
as transforming growth factor-g, are present in amnionic fluid. Ingestion of amnionic fluid into the gastrointestinal tract and
inhalation into the lung may promote growth and differentiation of these tissues. Animal studies have shown that pulmonary
hypoplasia can be produced by draining off amnionic fluid, by chronically draining pulmonary fluid through the trachea, and by
physically preventing the prenatal chest excursions that mimic breathing (Adzick and associates, 1984; Alcorn and colleagues,
1977). Thus the formation of intrapulmonary fluid and, at least as important, the alternating egress and retention of fluid in
the lungs by breathing movements are essential to normal pulmonary development. Clinical implications of oligohydramnios
and pulmonary hypoplasia are discussed in Chapter 21 (see p. 530).



FETAL CIRCU LATION. The fetal circulation is substantially different from that of the adult and functions

smoothly until the moment of birth, when it is required to change dramatically. For example, because fetal blood does not
need to enter the pulmonary vasculature to be oxygenated, the major portion of the right ventricular output bypasses the
lungs. In addition, the fetal heart chambers work in parallel, not in series, which effectively supplies the brain and heart with
more highly oxygenated blood than the rest of the body.

Oxygen and nutrient materials required for fetal growth and maturation are delivered to the fetus from the placenta by the
single umbilical vein (Fig. 4-12). The vein then divides into the ductus venosus and the portal sinus. The ductus venosus is the
major branch of the umbilical vein and traverses the liver to enter the inferior vena cava directly. Because it does not supply
oxygen to the intervening tissues, it carries well-oxygenated blood directly to the heart. In contrast, the portal sinus carries
blood to the hepatic veins primarily on the left side of the liver, where oxygen is extracted. The relatively deoxygenated blood
from the liver then flows back into the inferior vena cava, which also receives less oxygenated blood returning from the lower
body. Blood flowing to the fetal heart from the inferior vena cava, therefore, consists of an admixture of arterial-like blood that
passes directly through the ductus venosus and less well-oxygenated blood that returns from most of the veins below the level
of the diaphragm. The oxygen content of blood delivered to the heart from the inferior vena cava is thus lower than that
leaving the placenta.

In contrast to postnatal life, the ventricles of the fetal heart work in parallel, not in series. Well-oxygenated blood enters the
left ventricle, which supplies the heart and brain, and less oxygenated blood enters the right ventricle, which supplies the rest
of the body. The two separate circulations are maintained by the structure of the right atrium, which effectively directs
entering blood to either the left atrium or the right ventricle, depending on its oxygen content. This separation of blood
according to its oxygen content is facilitated by the pattern of blood flow in the inferior vena cava. The well-oxygenated blood
tends to course along the medial aspect of the inferior vena cava and the less oxygenated blood stays along the lateral vessel
wall, facilitating their shunting into opposite sides of the heart. Once this blood enters the atrium, the configuration of the
upper interatrial septum, called the crista dividens, is such that it preferentially shunts the well-oxygenated blood from the
medial side of the inferior vena cava and the ductus venosus through the foramen ovale into the left heart and then to the
heart and brain (Dawes, 1962). After these tissues have extracted needed oxygen, the resulting less oxygenated blood returns
to the right heart through the superior vena cava.

The less oxygenated blood coursing along the lateral wall of the inferior vena cava enters the right atrium and is deflected
through the tricuspid valve to the right ventricle. The superior vena cava courses inferiorly and anteriorly as it enters the right
atrium, ensuring that less well-oxygenated blood returning from the brain and upper body also will be shunted directly to the
right ventricle. Similarly, the ostium of the coronary sinus lies just superior to the tricuspid valve so that less oxygenated blood
from the heart also returns to the right ventricle. As a result of this blood flow pattern, blood in the right ventricle is 15 to 20
percent less saturated than blood in the left ventricle.

The major portion, almost 90 percent, of blood exiting the right ventricle is then shunted through the ductus arteriosus to the
descending aorta. The high pulmonary vascular resistance and the comparatively lower resistance in the ductus arteriosus and
the umbilical-placental vasculature ensure that only about 15 percent of right ventricular output (8 percent of the combined
ventricular output) goes to the lungs (Teitel, 1992). Thus, one third of the blood passing through the ductus arteriosus is
delivered to the body. The remaining right ventricular output returns to the placenta through the two hypogastric arteries,
which distally become the umbilical arteries.

In the placenta, this blood picks up oxygen and other nutrients and is then recirculated back through the umbilical vein. After
birth, the umbilical vessels, ductus arteriosus, foramen ovale, and ductus venosus normally constrict or collapse. With the
functional closure of the ductus arteriosus and the expansion of the lungs, blood leaving the right ventricle preferentially enters
the pulmonary vasculature to become oxygenated before it returns to the left heart. Virtually instantaneously, the ventricles,
which had worked in parallel in fetal life, now effectively work in series. The more distal portions of the hypogastric arteries,
which course from the level of the bladder along the abdominal wall to the umbilical ring and into the cord as the umbilical
arteries, undergo atrophy and obliteration within 3 to 4 days after birth. These become the umbilical ligaments, while the intra-
abdominal remnants of the umbilical vein form the ligamentum teres. The ductus venosus constricts by 10 to 96 hours after
birth and is anatomically closed by 2 to 3 weeks, resulting in the formation of the ligamentum venosum (Clymann and
Heymann, 1981).

b L Figure 4-12. The intricate nature of the fetal circulation is evident. The degree of

---fﬁ';;': oxygenation of blood in various vessels differs appreciably from that in the postnatal
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FETAL BLOOD

Hemopoiesis. In the very early embryo, hemopoiesis is demonstrable first in the yolk sac. The next major site is the liver,
and finally the bone marrow. The contributions made by each site throughout the growth and development of the embryo and
fetus are demonstrated graphically in Figure 4-13.

The first erythrocytes released into the fetal circulation are nucleated and macrocytic. The mean cell volume is at least 180 fL
in the embryo and normally decreases to 105 to 115 fL at term. The erythrocytes of aneuploid fetuses generally do not
undergo this maturation and maintain high mean cell volumes, 130 fL on average (Sipes and associates, 1991). As fetal
development progresses, more and more of the circulating erythrocytes are smaller and nonnucleated. As the fetus grows, not
only does the volume of blood in the common fetoplacental circulation increase, but hemoglobin concentration rises as well.



Hemoglobin content of fetal blood rises to the level of about 12 g/dL at midpregnancy, and at term, it is about 18 g/dL (Walker
and Turnbull, 1953). Fetal erythrocytes have a short life span, which progressively lengthens to approximately 90 days at term
(Pearson, 1966). As a consequence, red blood cell production is increased. Reticulocytes are initially present at high levels, but
decrease to about 4 to 5 percent of the total at term. The fetal erythrocytes differ structurally and metabolically from those of
the adult. Fetal erythrocytes are more deformable, which serves to offset their higher viscosity, and contain several enzymes
with appreciably different activities (Smith and co-workers, 1981).

Erythropoiesis. This process is controlled primarily by erythropoietin made by the fetus. Maternal erythropoietin does not
cross the placenta. Fetal erythropoietin production is influenced by testosterone, estrogen, prostaglandins, thyroid hormone,
and lipoproteins (Stockman and deAlarcon, 1992). Serum levels of erythropoietin increase with fetal maturity, as do the
numbers of erythrocytes responsive to it. The exact site of erythropoietin production is disputed, but the fetal liver appears to
be an important source until renal production begins. There is a close correlation between the concentration of erythropoietin
in amnionic fluid and that in umbilical venous blood obtained by cordocentesis. After birth, erythropoietin normally may not be
detectable for up to 3 months.

Fetal Blood Volume. Precise measurements of human fetoplacental volume are lacking. Usher and associates (1963),
however, have measured blood volume of term normal infants very soon after birth and found an average of 78 mL/kg when
immediate cord-clamping was conducted. Gruenwald (1967) found the volume of blood of fetal origin contained in the placenta
after prompt cord clamping to average 45 mL/kg of fetus. Thus, fetoplacental blood volume at term is approximately 125
mL/kg of fetus.

Fetal Hemoglobin. This respiratory protein is a tetramer composed of two copies each of two different peptide chains. The
type of chains determines the type of hemoglobin produced. For example, a and B chains make up normal adult hemoglobin A.
During embryonic and fetal life, a variety of a and B chain precursors are produced, resulting in the serial production of several
different embryonic hemoglobins. The genes that direct production of the various embryonic versions of these chains are
arranged in the order in which they are temporally activated on chromosomes 11 (B-type chains) and 16 (a-type chains). This
sequence is shown in Figure 4-14. Each of these genes is turned on and then off during fetal life, until the o.and p genes,
which direct the production of hemoglobin A, are permanently activated.

Interestingly, the timing of the production of each of these early hemoglobin versions corresponds to changes in the site of
hemoglobin production. As Figure 4-13 illustrates, fetal blood is first produced in the yolk sac, where hemoglobins Gower 1,
Gower 2, and Portland are made. Erythropoiesis then moves to the liver, where fetal hemoglobin F is produced. When
hemopoiesis finally moves to the bone marrow at around 11 weeks, normal hemoglobin A appears in fetal red blood cells and
is present in progressively greater amounts as the fetus matures (Pataryas and Stamatoyannopoulos, 1972).

The final adult version of the a chain is produced exclusively by 6 weeks %— after this there are no functional alternative
versions. If an a-gene mutation or deletion occurs, there is no alternate a-type chain that could substitute to form functional
hemoglobin. In contrast, at least two versions of the B chain ®—3§ and y ®— remain in production throughout fetal life and
beyond. In the case of a B-gene mutation or deletion, these two other versions of the B chain often continue to be produced,
resulting in hemoglobin A, or hemoglobin F, which substitute for the abnormal or missing hemoglobin.

The mechanism by which genes are turned off is methylation of the control region, which is discussed in greater detail in
Chapter 12 (see p. 305). Thus, the switch from the various embryonic hemoglobins to hemoglobin A likely is associated with
methylation of the early globin genes. In some situations, methylation does not occur, and in newborns of diabetic women,
there may be persistence of hemoglobin F from hypomethylation of the y gene (Perrine and associates, 1988). With sickle cell
anemia, the y gene remains unmethylated, and large quantities of fetal hemoglobin continue to be produced (see also Chap.
51, p. 1150).

There is a functional difference between hemoglobins A and F. At any given oxygen tension and at identical pH, fetal
erythrocytes that contain mostly hemoglobin F bind more oxygen than do those that contain nearly all hemoglobin A (see Fig.
42-3, p. 992). The major reason for this is that hemoglobin A binds 2,3-diphosphoglycerate (2,3-DPG) more avidly than does
hemoglobin F, and this lowers the affinity of hemoglobin A for oxygen (De Verdier and Garby, 1969). The increased oxygen
affinity of the fetal erythrocyte results from a lower concentration of 2,3-DPG compared with that of the maternal erythrocyte,
in which the 2,3-DPG level is increased during pregnancy.

The amount of hemoglobin F in fetal erythrocytes falls somewhat during the latter weeks of pregnancy. At term, about three
fourths of the total hemoglobin normally is hemoglobin F. During the first 6 to 12 months of life, the proportion of hemoglobin
F continues to decrease, eventually to reach the low level found in adult erythrocytes. Glucocorticosteroids mediate the switch
from fetal to adult hemoglobin, and the effect is irreversible (Zitnik and associates, 1995).

Fetal Coagulation Factors. There are no embryonic forms of the various hemostatic proteins. With the exception of
fibrinogen, the fetus starts producing normal, adult-type, procoagulant, fibrinolytic and anticoagulant proteins by about 12
weeks, albeit at appreciably reduced levels. Even with higher levels of these proteins in maternal blood, they do not cross the
placenta. The concentrations of several coagulation factors at birth are thus markedly below the levels that develop within a
few weeks of life (Corrigan, 1992). Factors that are low in cord blood are II, VII, IX, X, XI, XII, XIII, and fibrinogen. Without
prophylactic treatment, the vitamin K-dependent coagulation factors usually decrease even further during the first few days
after birth. This decrease is amplified in breast-fed infants and may lead to hemorrhage in the newborn (see Chap. 29, p. 676).

Fetal fibrinogen, which appears as early as 5 weeks, has the same amino acid composition as adult fibrinogen but has different
properties (Klagsbrun, 1988). It forms a less compressible clot, and the fibrin monomer has a lower degree of aggregation
(Heimark and Schwartz, 1988). For reasons unknown, the time for conversion of fibrinogen in plasma to fibrin clot when
thrombin is added (thrombin time) is somewhat prolonged compared with that of adults. Fibrinogen levels at birth are
somewhat less than those in nonpregnant adults.

Fetal functional factor XIII (fibrin-stabilizing factor) levels in plasma are significantly reduced compared with those in normal
adults (Henriksson and co-workers, 1974). Severe deficiencies of factors VIII, IX, XI, or XIII are usually suspected after
observing a continuous ooze from the umbilical stump. Nielsen (1969) described low levels of plasminogen and somewhat
increased fibrinolytic activity in cord plasma compared with maternal plasma. Platelet counts in cord blood are in the normal



range for nonpregnant adults.

Despite this relative reduction in procoagulant, the fetus seems to be protected from hemorrhage, and fetal bleeding is a rare
event. Excessive bleeding does not usually occur even after invasive fetal procedures such as cordocentesis. Ney and
colleagues (1989) have shown that amnionic fluid thromboplastins and some factor in Wharton jelly combine to facilitate
coagulation at the umbilical cord puncture site.

A variety of thrombophilias, such as protein C, S, or antithrombin III deficiency, or the factor V Leiden mutation may cause
thromboses and pregnancy complications in adults (see Chap. 47, p. 1074). If the fetus inherits one of these mutations,
thrombosis and infarction can develop. Thorarensen and colleagues (1997) described three neonates with ischemic infarction
or hemorrhagic stroke who were heterozygous for factor V Leiden mutation. One had multiple thromboses in the placental

vasculature.

Fetal Plasma Proteins. Liver enzymes and other plasma proteins are produced by the fetus, and these levels do not correlate
with maternal levels (Weiner and colleagues, 1992). Concentrations of plasma protein, albumin, lactic dehydrogenase,
aspartate aminotransferase, y-glutamyl transpeptidase, and alanine transferase all increase with gestational age. At birth, the
mean total plasma protein and albumin concentrations in fetal blood are similar to maternal levels (Foley and associates,
1978).

- | Figure 4-13. Sites of hemopoiesis synthesized at various stages of fetal
: = development. (From Brown, 1968, with permission.)

— Figure 4-14. Schematic drawing of the arrangement of the o and B gene precursors
+ ~ on chromosomes 11 and 16, and the types of hemoglobin made from them. (From
= el e Thompson and colleagues, 1991, with permission.)

[ Figure 42-3. Oxyhemoglobin dissociation curve. With higher oxygen tension (Pa o,)
= N ’ in the pulmonary alveoli, adult hemoglobin is maximally saturated compared with
» that at the lower oxygen tension at the tissue capillary level. At any given oxygen
i- tension, fetal hemoglobin carries more oxygen than adult hemoglobin, as indicated
"f.,}’ by percent saturation.

ONTOGENY OF THE FETAL IMMUNE RESPONSE. infections in utero have provided an

opportunity to examine some of the mechanisms of the fetal immune response. Evidence of immunological competence has
been reported as early as 13 weeks. Altshuler (1974) described infection of the placenta and fetus by cytomegalovirus with
characteristic severe inflammatory cell proliferation as well as viral inclusions. Fetal synthesis of complement late in the first
trimester has been demonstrated by Kohler (1973) and confirmed by Stabile and co-workers (1988). All components of
complement are produced at an early stage of fetal development. In cord blood at or near term, the average level for most
components is about half of the adult value (Adinolfi, 1977).

Fetal Immunocompetence. In the absence of a direct antigenic stimulus, such as infection, the immunoglobulins in the fetus
consist almost totally of maternal immunoglobulin G (IgG) transferred across the placenta by receptor-mediated processes in
syncytiotrophoblast. Therefore, antibodies in the fetus and the newborn infant are most often reflective of maternal
immunological experiences.

Immunoglobulin G. Maternal IgG transport to the fetus begins at about 16 weeks and increases thereafter. The bulk of IgG is
acquired during the last 4 weeks of pregnancy (Gitlin, 1971). Accordingly, preterm infants are endowed relatively poorly with
maternal antibodies. Newborns begin to produce IgG, but slowly, and adult values are not attained until 3 years of age. In
certain situations, the transfer of IgG antibodies from mother to fetus can be harmful rather than protective to the fetus. The
classical example is hemolytic disease of the fetus and newborn resulting from D-antigen isoimmunization (see Chap. 29, p.
663).

Immunoglobulin M. In the adult, production of immune globulin M (IgM) in response to an antigenic stimulus is superseded
in 1 week or so predominantly by IgG production. In contrast, the IgM response is dominant in the fetus and remains so for
weeks to months in the newborn. Because IgM is not transported from mother to fetus, any IgM in the fetus or newborn is that
which it produced. Very little IgM is produced by normal, healthy fetuses, and that produced may include antibody to maternal
T lymphocytes (Hayward, 1983). Increased levels of IgM are found in newborns with congenital infection such as rubella,
cytomegalovirus, or toxoplasmosis. Serum IgM levels in umbilical cord blood and identification of specific antibodies may be
useful in the diagnosis of intrauterine infection. Adult levels of IgM are normally attained by 9 months of age.

Immunoglobulin A. Differing from many animals, the human newborn does not acquire much in the way of passive immunity
from the absorption of humoral antibodies ingested in colostrum. Nevertheless, immunoglobulin A (IgA) ingested in colostrum
provides mucosal protection against enteric infections. This is likely also true for IgA ingested with amnionic fluid before
delivery.

Lymphocytes. The immune system begins to mature early in fetal life. B lymphocytes appear in liver by 9 weeks and are



present in blood and spleen by 12 weeks. T lymphocytes begin to leave the thymus at about 14 weeks (Hayward, 1983).
Despite this, the newborn responds poorly to immunization, and especially poorly to bacterial capsular polysaccharides. This
immature response may be due to either deficient response of newborn B cells to polyclonal activators, or lack of T cells that
proliferate in response to specific stimuli (Hayward, 1983).

Monocytes. In the newborn, monocytes are able to process and present antigen when tested with maternal antigen-specific T
cells.

NERVOUS SYSTEM AND SENSORY ORGANS. The spinal cord extends along the entire length

of the vertebral column in the embryo, but after that it grows more slowly. By 24 weeks, the spinal cord extends to S1, at birth
to L3, and in the adult to L1. Myelination of the spinal cord begins in the middle of gestation and continues through the first
year of life. Synaptic function is sufficiently developed by the eighth week to demonstrate flexion of the neck and trunk
(Temiras and co-workers, 1968). At 10 weeks, local stimuli may evoke squinting, opening of the mouth, incomplete finger
closure, and flexion of the toes. Swallowing begins at about 10 weeks, and respiration is evident at 14 to 16 weeks (Miller,
1982). Rudimentary taste buds are present at 7 weeks, and mature receptors are present by 12 weeks (Mistretta and Bradley,
1975). The ability to suck is not present until at least 24 weeks (Lebenthal and Lee, 1983). During the third trimester,
integration of nervous and muscular function proceeds rapidly.

The internal, middle, and external components of the ear are well developed by midpregnancy. The fetus apparently hears
some sounds in utero as early as 24 to 26 weeks. By 28 weeks, the eye is sensitive to light, but perception of form and color is
not complete until long after birth.

GASTROINTESTINAL SYSTEM. Swallowing begins at 10 to 12 weeks, coincident with the ability of the

small intestine to undergo peristalsis and transport glucose actively (Koldovsky and colleagues, 1965; Miller, 1982). Much of
the water in swallowed fluid is absorbed, and unabsorbed matter is propelled as far as the lower colon (Fig. 4-15). In late
pregnancy, swallowing serves to remove some of the insoluble debris that is normally shed into the amnionic sac and
sometimes abnormally excreted into it. It is not clear what stimulates swallowing, but the fetal neural analogue of thirst,
gastric emptying, and change in the amnionic fluid composition are potential factors (Boyle, 1992). The fetal taste buds may
play a role because saccharin injected into amnionic fluid increases swallowing, whereas injection of a noxious chemical inhibits
it (Liley, 1972). Fetal swallowing appears to have little effect on amnionic fluid volume early in pregnancy because the volume
swallowed is small compared with the total volume. Late in pregnancy, however, the volume of amnionic fluid appears to be
regulated substantially by fetal swallowing, for when swallowing is inhibited, hydramnios is common (see Chap. 21, p. 527).
Term fetuses reportedly swallow between 200 and 760 mL per day %— an amount comparable to that of the neonate
(Pritchard, 1966).

Hydrochloric acid and some digestive enzymes are present in the stomach and small intestine in very small amounts in the
early fetus. Intrinsic factor is detectable by 11 weeks, and pepsinogen by 16 weeks. The preterm infant, depending on the
gestational age when born, may have transient deficiencies of these enzymes (Lebenthal and Lee, 1983).

Stomach emptying appears to be stimulated primarily by volume. Movement of amnionic fluid through the gastrointestinal
system may enhance growth and development of the alimentary canal and condition the fetus for alimentation after birth.
Other regulatory factors may be involved, however, because anencephalic fetuses, in whom swallowing is limited, often have
normal amnionic fluid volumes and normal-appearing gastrointestinal tracts. The undigested portions of the swallowed debris
can be identified in meconium. Gitlin (1974) demonstrated that late in pregnancy, about 0.8 g of soluble protein,
approximately half albumin, appears to be ingested by the fetus each day.

Several anomalies can affect normal fetal gastrointestinal function. Hirschsprung disease, or congenital aganglionic megacolon,
prevents the bowel from undergoing parasympathetic-mediated relaxation and thus emptying normally (Watkins, 1992). It
may be recognized prenatally by grossly enlarged bowel on sonography. Obstructions such as duodenal atresia, megacystis-
microcolon syndrome, or imperforate anus can also prevent the bowel from emptying normally. Meconium ileus, commonly
found with fetal cystic fibrosis, is bowel obstruction caused by thick, viscid meconium that blocks the distal ileum.

Meconium. The fetal bowel contents consist of various products of secretion, such as glycerophospholipids from the lung,
desquamated fetal cells, lanugo, scalp hair, and vernix. It also contains undigested debris from swallowed amnionic fluid. The
dark greenish-black appearance is caused by pigments, especially biliverdin. Meconium passage can result from normal bowel
peristalsis in the mature fetus or from vagal stimulation. It can also occur when hypoxia stimulates arginine vasopressin (AVP)
release from the fetal pituitary gland. AVP stimulates the smooth muscle of the colon to contract, resulting in intra-amnionic
defecation (DeVane and co-workers, 1982; Rosenfeld and Porter, 1985). Small bowel obstruction may lead to vomiting in utero
(Shrand, 1972). Fetuses who suffer from congenital chloride diarrhea may have diarrhea in utero, which leads to hydramnios
and preterm delivery (Holmberg and associates, 1977).

Liver. Fetal liver enzyme levels increase with gestational age but are present in reduced amounts. The liver has a very limited
capacity for converting free bilirubin to bilirubin diglucuronoside (see Chap. 29, p. 672). The more immature the fetus, the
more deficient is the system for conjugating bilirubin. Because the life span of fetal erythrocytes is shorter than that of adult
erythrocytes, relatively more bilirubin is produced. Most of the bilirubin is transferred to the maternal circulation through the
placenta (Bashore and colleagues, 1969). The fetal liver conjugates only a small fraction, which is excreted into the intestine
and ultimately oxidized to biliverdin. Unconjugated bilirubin is excreted into the amnionic fluid after 12 weeks and is then
transferred across the placenta. Placental transfer, however, is bidirectional. Thus, a pregnant woman with severe hemolytic
anemia will have maternal bilirubin that readily passes into the amnionic fluid. On the other hand, conjugated bilirubin is not
exchanged to any significant degree between mother and fetus.

Most fetal cholesterol is produced in the fetal liver. Indeed, the large demand for LDL cholesterol by the fetal adrenal glands is
met primarily by fetal hepatic synthesis. Glycogen is present in low concentration in the fetal liver during the second trimester,
but near term there is a rapid and marked increase to levels two to three times those in the adult liver. After birth, glycogen
content falls precipitously.

Pancreas. The discovery of insulin by Banting and Best (1922) came in response to its extraction from the fetal calf pancreas.



Insulin-containing granules can be identified in the human fetal pancreas by 9 to 10 weeks, and insulin in fetal plasma is
detectable at 12 weeks (Adam and associates, 1969). The fetal pancreas responds to hyperglycemia by increasing plasma
insulin (Obenshain and colleagues, 1970). Although the precise role of insulin of fetal origin is not clear, fetal growth must be
determined to a considerable extent by the amounts of basic nutrients from the mother with anabolism through the action of
fetal insulin. Serum insulin levels are high in newborns of diabetic mothers and in other large-for-gestational-age infants, but
insulin levels are low in infants who are small for gestational age (Brinsmead and Liggins, 1979). This relationship is discussed
further in Chapter 38 (see p. 895).

Glucagon has been identified in the fetal pancreas at 8 weeks. In the rhesus monkey, hypoglycemia and infused alanine cause
an increase in maternal glucagon levels, whereas similar stimuli to the fetus do not. Within 12 hours of birth, however, the
infant is capable of responding (Chez and co-workers, 1975). Fetal pancreatic a cells are capable of responding to L-dopa
(Epstein and associates, 1977). Therefore, nonresponsiveness to hypoglycemia is likely the consequence of failure of glucagon
release rather than inadequate production. This is consistent with findings of the developmental expression of pancreatic genes
in the fetus (Mally and associates, 1994).

Most pancreatic enzymes are present by 16 weeks. Trypsin, chymotrypsin, phospholipase A, and lipase are present in the 14-
week fetus at low levels, and they increase with gestational age (Werlin, 1992). Amylase has been identified in amnionic fluid
at 14 weeks (Davis and associates, 1986). The exocrine function of the fetal pancreas is limited. Physiologically important
secretion occurs only after stimulation by a secretogogue such as acetylcholine, which is released locally after vagal stimulation
(Werlin, 1992). Cholecystokinin normally is released only after ingestion of protein and thus ordinarily would not be found in
the fetus. Its release, however, can be stimulated experimentally. Pritchard (1965) injected radioiodine-labeled albumin into
the amnionic sac, where it was swallowed by the fetus, digested, and absorbed from the fetal intestine.

Figure 4-15. Radiograph of a 115-g fetus showing radiopaque dye present in the
lungs, esophagus, stomach, and entire intestinal tract after injection into the
amnionic cavity 26 hours before delivery. This is illustrative not only of intrauterine
"respiration" by the fetus but also of active swallowing of amnionic fluid. (From
Davis and Potter, 1946, with permission.)

URINARY SYSTEM. Two primitive urinary systems, the pronephros and the mesonephros, precede the
development of the metanephros. The pronephros has involuted by 2 weeks, and the mesonephros is producing urine at 5
weeks and degenerates by 11 to 12 weeks. Failure of these two structures either to form or to regress may result in
anomalous development of the definitive urinary system. Between 9 and 12 weeks, the ureteric bud and the nephrogenic
blastema interact to produce the metanephros. The kidney and ureter develop from intermediate mesoderm. The bladder and
urethra develop from the urogenital sinus. The bladder also develops in part from the allantois.

By week 14, the loop of Henle is functional and reabsorption occurs (Smith and associates, 1992). New nephrons continue to
be formed until 36 weeks. In preterm infants, their formation continues after birth. Although the fetal kidneys produce urine,
their ability to concentrate and modify the pH is quite limited even in the mature fetus. Fetal urine is hypotonic with respect to
fetal plasma and has low concentrations of electrolytes. In the human fetus, the kidneys receive between 2 and 4 percent of
the cardiac output compared with 15 to 18 percent in the newborn (Gilbert, 1980).

Renal vascular resistance is high and the filtration fraction is low compared with values in later life (Smith and colleagues,
1992). Fetal renal blood flow and thus urine production are controlled or influenced by the renin-angiotensin system, the
sympathetic nervous system, prostaglandins, kallikrein, and atrial natriuretic peptide. The glomerular filtration rate increases
with gestational age from less than 0.1 mL/min at 12 weeks to 0.3 mL/min at 20 weeks. In later gestation, the rate remains
constant when corrected for fetal weight (Smith and colleagues, 1992). Hemorrhage or hypoxia generally results in a decrease
in renal blood flow, glomerular filtration rate, and urine output.

Urine usually is found in the bladder even in small fetuses. The fetal kidneys start producing urine at 12 weeks. By 18 weeks
they are producing 7 to 14 mL/day, and at term this increases to 27 mL/hr or 650 mL/day (Wladimiroff and Campbell, 1974).
Maternally administered furosemide increases fetal urine formation, whereas uteroplacental insufficiency and other types of
fetal stress decrease it. Kurjak and associates (1981) found that fetal glomerular filtration rates and tubular water reabsorption
were decreased in 33 percent of growth-restricted infants and in 17 percent of infants of diabetic mothers. All values were
normal in anencephalic infants and in those with polyhydramnios.

Obstruction of the urethra, bladder, ureters, or renal pelves can damage renal parenchyma and distort fetal anatomy. With
urethral obstruction, the bladder may become sufficiently distended that it ruptures or dystocia results. Kidneys are not
essential for survival in utero, but are important in the control of the composition and volume of amnionic fluid. Furthermore,
abnormalities that cause chronic anuria are usually accompanied by oligohydramnios and pulmonary hypoplasia. Pathological
correlates and prenatal therapy of urinary tract obstruction are discussed in Chapter 13 (see p. 332).

PU LMONARY SYSTEM. The timetable of lung maturation and the identification of biochemical indices of

functional fetal lung maturity are of considerable interest to the obstetrician. Morphological or functional immaturity of the lung
at birth leads to the development of the respiratory distress syndrome, and complicates the course and treatment of other
neonatal disorders (see Chap. 29, p. 650).

The presence of a sufficient amount of surface-active materials, or surfactant, in the amnionic fluid is evidence of fetal lung
maturity. As Liggins (1994) emphasized, however, the structural and morphological maturation of fetal lung also is
extraordinarily important to proper lung function. It is important, as well, in choosing therapeutic agents used to hasten fetal
lung maturation when preterm delivery is likely. Therefore, the two separate but complementary aspects to be considered are
anatomical and morphological development of fetal lung as well as its capacity for surfactant formation.



Anatomical Maturation. Like the branching of a tree, lung development proceeds along an established timetable that
apparently cannot be hastened by antenatal or neonatal therapy. The limits of viability, therefore, appear to be determined by
the usual process of pulmonary growth. There are three essential stages of lung development as described by Moore (1983):

1. During the pseudoglandular stage, which entails the growth of the intrasegmental bronchial tree between the 5th and 17th
weeks, the lung looks microscopically like a gland.

2. This period is followed by the canalicular stage, from 16 to 25 weeks, during which the bronchial cartilage plates extend
peripherally. Each terminal bronchiole gives rise to several respiratory bronchioles, and each of these in turn divides into
multiple saccular ducts.

3. The final stage is the terminal sac stage, during which the alveoli give rise to the primitive pulmonary alveoli, called the
terminal sacs. Simultaneously, an extracellular matrix develops from proximal to distal lung segments until term. An extensive
capillary network also develops, the lymph system forms, and type II cells begin to produce surfactant. At birth, only about 15
percent of the adult number of alveoli are present, and thus the lung continues to grow, adding more alveoli, from late fetal
life up to about 8 years.

Various insults can upset this process, and the timing of the insult determines the outcome. With renal agenesis, for example,
no amnionic fluid is present from the beginning of lung growth, and major defects occur in all three stages. The fetus with
membrane rupture before 20 weeks and subsequent oligohydramnios usually exhibits nearly normal bronchial branching and
cartilage development but has immature alveoli. Membrane rupture occurring after 24 weeks may have little long-term effect
on pulmonary structure.

Surfactant. After birth, the terminal sacs must remain expanded despite the pressure imparted by the tissue-to-air interface,
and surfactant keeps them from collapsing. There are more than 40 cell types in the lung, but surfactant is formed specifically
in the type II pneumonocytes that line the alveoli. These cells are characterized by multivesicular bodies that produce the
lamellar bodies in which surfactant is assembled. During late fetal life, at a time when the alveolus is characterized by a water-
to-tissue interface, the intact lamellar bodies are secreted from the lung and swept into the amnionic fluid during fetal
respiratory-like movements, that is, fetal breathing. At birth, with the first breath, an air-to-tissue interface is produced in the
lung alveolus. Surfactant uncoils from the lamellar bodies, and it then spreads to line the alveolus to prevent alveolar collapse
during expiration. Thus, it is the capacity for fetal lungs to produce surfactant, and not the actual laying down of this material
in the lungs in utero, that establishes fetal lung maturity.

SURFACTANT COMPOSITION. Gluck and associates (1967, 1970, 1972) and Hallman and co-workers (1976) found that
about 90 percent of surfactant mass (dry weight) is lipid. Proteins account for the other 10 percent. Approximately 80 percent
of the glycerophospholipids are phosphatidylcholines (lecithins). The principal active component of surfactant is a specific
lecithin ®"— dipalmitoylphosphatidylcholine (DPPC) 92— which accounts for nearly 50 percent. Phosphatidylglycerol (PG), the
second most surface active component of surfactant, accounts for 8 to 15 percent (Keidel and Gluck, 1975). This component is
capable of reducing surface tension in the alveolus, but its precise role is unclear. Infants born with a "mature" lecithin-
sphingomyelin (L/S) ratio, but without phosphatidylglycerol, usually do well.

SURFACTANT SYNTHESIS. Biosynthesis takes place in the type II cells. The apoproteins are produced in the endoplasmic
reticulum, and the glycerophospholipids are synthesized by cooperative interactions of several cellular organelles. Phospholipid
is the primary surface tension-lowering component of surfactant, whereas the surfactant apoproteins serve to facilitate the
forming and reforming of a surface film in the alveoli during respiration. The surface properties of the surfactant phospholipids
are determined by the composition and degree of saturation of the long-chain fatty acids, the types and amounts of minor
lipids and proteins, and the temperature. The regulation of phosphatidylglycerol synthesis is especially important. (Fig. 4-16).

The known surfactant-associated apoproteins are surfactant proteins A, B, and C (Whitsett, 1992). The maior one is surfactant
A (SP-A), which is a glycoprotein with a molecular weight of about 28,000 to 35,000 d. It is synthesized in the type II cells,
and increased synthesis is related temporally to increased surfactant formation in maturing fetal lungs. The amnionic fluid
content of SP-A increases as a function of gestational age and fetal lung maturity. Synthesis of SP-A is increased by treatment
of fetal lung tissue with cyclic adenosine monophosphate (AMP) analogues, epidermal growth factors, and triiodothyronine.
Increases in surfactant apoprotein synthesis precede the increase in surfactant glycerophospholipid synthesis (Mendelson and
associates, 1986).

SP-A gene expression is not detectable at 16 to 20 weeks, but it is demonstrable at 29 weeks (Snyder and colleagues, 1988).
More recently, it has been demonstrated that there are two separate SP-A genes on chromosome 10 (SP-Al and SP-A2). The
regulation of synthesis of these two genes is distinctive and different. McCormick and Mendelson (1994) found that the two SP-
A genes are differentially regulated. Cyclic AMP is more important in SP-A2 expression (11-fold), whereas dexamethasone
caused a decrease in SP-A2 expression.

There are also several smaller apoproteins of about 5000 to 18,000 d. SP-B and SP-C are believed to be important in
optimizing the surface-active properties of surfactant. Deletions in the surfactant SP-B gene are not compatible with neonatal
survival despite the production of large amounts of surfactant.

CORTICOSTEROIDS AND FETAL LUNG MATURATION. Liggins (1969) observed accelerated lung maturation in lambs that
had been treated with glucocorticosteroids prior to preterm birth. Since that time, many investigators have suggested that
fetal cortisol is the natural stimulus for lung maturation and augmented surfactant synthesis. Corticosteroids, however, may
not be the only stimulus for augmented surfactant formation. For example, respiratory distress syndrome is not always
observed in neonates in whom the capacity to secrete cortisol is limited. These situations include those with anencephaly,
adrenal hypoplasia, or congenital adrenal hyperplasia. Nevertheless, there is now clinical evidence that glucocorticosteroids
administered in large amounts to the woman at certain critical times during gestation effect an increase in the rate of fetal lung
maturation. In addition, the advent of neonatal surfactant therapy, either alone or following prenatal corticosteroid treatment,
has significantly reduced the incidence of respiratory disease. The use of betamethasone to accelerate fetal lung maturity as
well as neonatal surfactant therapy is widely accepted (see Chap. 36, p. 868, and Chap. 29, p. 650).



Respiration. Within a very few minutes after birth, the respiratory system must be able to provide oxygen as well as
eliminate carbon dioxide. Respiratory muscles develop early, and movements of the fetal chest wall have been detected by
ultrasonic techniques as early as 11 weeks (Boddy and Dawes, 1975). From the beginning of the fourth month, the fetus is
capable of respiratory movement sufficiently intense to move amnionic fluid in and out of the respiratory tract.

Figure 4-16. Relation between the levels of lecithin, or
‘B il dipalmitoylphosphatidylcholine (PC), phosphatidylinositol (PI), and
B 4 !!j phosphatidylglycerol (PG) in amnionic fluid as a function of gestational age.

ENDOCRINE GLANDS

Pituitary Gland. The fetal endocrine system is functional for some time before the central nervous system reaches a state of
maturity competent to perform many functions associated with homeostasis (Mulchahey and co-workers, 1987). The fetal
endocrine system does not necessarily mimic that of the adult but nonetheless may be one of the first homeostatic systems to
develop. The pituitary develops from two different sources. The adenohypophysis develops from the oral ectoderm %*— Rathke
pouch R—and the neurohypophysis develops from the neuroectoderm.

ANTERIOR PITUITARY. The adenohypophysis, or anterior pituitary, differentiates into five cell types that secrete six protein
hormones: (1) lactotropes, producing prolactin (PRL); (2) somatotropes, producing growth hormone (GH); (3) corticotropes,
producing corticotropin (ACTH); (4) thyrotropes, producing thyroid-stimulating hormone (TSH); and (5) gonadotropes,
producing luteinizing hormone (LH) and follicle-stimulating hormone (FSH).

ACTH is first detected in the fetal pituitary gland at 7 weeks, and before the end of the 17th week the fetal pituitary gland is
able to synthesize and store all pituitary hormones. GH, ACTH, and LH have been identified by 13 weeks. Moreover, the fetal
pituitary is responsive to hormones and is capable of secreting these hormones from early in gestation (Grumbach and Kaplan,
1974). Levels of immunoreactive GH are rather high in cord blood, although its role in fetal growth and development is not
clear. Anencephalic fetuses, with little pituitary tissue, are not remarkably different in weight from normal fetuses. The fetal
pituitary produces and releases B-endorphin in @ manner separate from maternal plasma levels (Browning and colleagues,
1983). Furthermore, cord blood levels of B-endorphin and B-lipotropin increase with fetal Pcoz.

NEUROHYPOPHYSIS. The posterior pituitary gland is well developed by 10 to 12 weeks when oxytocin and arginine
vasopressin (AVP) are demonstrable. Oxytocin as well as AVP probably function in the fetus to conserve water by actions
largely at the level of lung and placenta rather than kidney. Levels of AVP in umbilical cord plasma are increased strikingly
compared with the maternal levels (Chard and associates, 1971; Polin and co-workers, 1977). AVP in fetal blood appears to be
elevated with fetal stress (DeVane and Porter, 1980; DeVane and co-workers, 1982).

INTERMEDIATE PITUITARY GLAND. There is a well-developed intermediate lobe in the fetal pituitary gland. The cells of this
structure begin to disappear before term and are absent from the adult pituitary. The principal secretory products of the
intermediate lobe cells are a-melanocyte-stimulating hormone (a-MSH) and B-endorphin. The levels of fetal B-MSH decrease
progressively with gestation.

Thyroid Gland. The pituitary-thyroid system is functional by the end of the first trimester. The thyroid gland is able to
synthesize hormones by 10 to 12 weeks, and TSH, thyroxine, and thyroid-binding globulin (TBG) have been detected in fetal
serum as early as 11 weeks (Ballabio and colleagues, 1989). The placenta actively concentrates iodide on the fetal side, and
by 12 weeks and throughout pregnancy, the fetal thyroid concentrates iodide more avidly than does the maternal thyroid.
Thus, maternal administration of either radioiodide or appreciable amounts of ordinary iodide is hazardous after this time.
Normal fetal levels of free thyroxine (T4), free triiodothyronine (T3), and thyroxin-binding globulin increase steadily throughout
gestation (Ballabio and associates, 1989). In comparison to adult levels, by 36 weeks, fetal serum concentrations of TSH are
higher, total and free T3 concentrations are lower, and T4 is similar. This suggests that the fetal pituitary may not become

sensitive to feedback until late in pregnancy (Thorpe-Beeston and co-workers, 1991; Wenstrom and colleagues, 1990).

Fetal thyroid hormone plays a role in the normal development of virtually all fetal tissues, but especially the brain. Its influence
is illustrated by congenital hyperthyroidism, which occurs when maternal thyroid-stimulating antibody crosses the placenta to
stimulate the fetal thyroid. These fetuses develop tachycardia, hepatosplenomegaly, hematological abnormalities,
craniosynostosis, and growth restriction. As children they have perceptual motor difficulties, hyperactivity, and reduced arowth
(Wenstrom and colleagues, 1990). This relationship is discussed further in Chapter 53 (see p. 1193).

Placental tissue and membranes appear to prevent substantial passage of maternal thyroid hormones to the fetus by rapidly
deiodinating maternal T4 and T3 to reverse T3, a relatively inactive thyroid hormone (Vulsma and colleagues, 1989). A number
of antithyroid antibodies, however, cross the placenta readily when present in high maternal serum concentrations. Those
include the long-acting thyroid stimulators LATS and LATS-protector and thyroid-stimulating immunoglobulin (see Chap. 53, p.
1190). Because maternal thyroid hormones cross the placenta to a very limited degree, congenital hypothyroidism can result
in a variety of neonatal problems. These include neurological abnormalities, respiratory difficulties, dysmorphic facies, lethargy
and hypotonia, and myxedema of the larynx and epiglottis. These problems typically develop only after birth and can be
avoided with prompt thyroid replacement. It was previously believed that normal fetal growth and development that occurred
despite fetal hypothyroidism provided evidence that T, was not essential for fetal growth. It is now known, however, that

growth proceeds normally because small quantities of maternal T4 prevent antenatal cretinism. Vulsma and colleagues (1989),
who studied fetuses with thyroid agenesis, found that fetal T4 levels were very low and actually represented maternal
hormone.

Immediately after birth, there are major changes in thyroid function and metabolism. Atmospheric cooling evokes sudden and



marked increase in thyrotropin secretion, which in turn causes a progressive increase in serum T4 levels that are maximal 24
to 36 hours after birth. There are nearly simultaneous elevations of serum T levels. Failure of these changes to occur, for

instance, when the fetus is congenitally hypothyroid, causes multiple problems, including cretinism, a form of mental
retardation resulting from postnatal brain injury.

Adrenal Glands. These glands are much larger in relation to total body size in the fetus than in adults. The bulk is made up of
the inner or so-called fetal zone of the adrenal cortex. The normally hypertrophied fetal zone involutes rapidly after birth. It is
scant to absent in rare instances where the fetal pituitary gland is congenitally absent. The function of the fetal adrenal glands
and the control of fetal adrenal steroidogenesis of dehydroepiandrosterone sulfate and cortisol are discussed in detail in

Chapter 3 (see p. 78).

The fetal adrenal glands also synthesize aldosterone. In one study, aldosterone levels in cord plasma near term exceeded
those in maternal plasma, as did renin and renin substrate (Katz and colleagues, 1974). The renal tubules of the newborn, and
presumably the fetus, appear relatively insensitive to aldosterone (Kaplan, 1972).

FETAL GENDER

The establishment of the primary gender ratio in humans is impractical, for it would require the recovery and assignment of
gender to zygotes that fail to cleave, blastocysts that fail to implant, and early pregnancy losses. Carr (1963) suggested that
the primary gender ratio in humans may be unity. However, the secondary ratio ®— that is, the gender ratio of fetuses that
reach viability R— usually is quoted as approximately 106 males to 100 females. Studies from industrialized nations more
recently suggest that the proportion of male births is dropping. Davis and colleagues (1998) report a significant decline in male
births since 1950 in Denmark, Sweden, the Netherlands, the United States, Germany, Norway, and Finland. Allan and co-
workers (1997) reviewed the male-to-female ratio for all live births in Canada and found that since 1970, the proportion of
males has dropped by 2.2 male births per 1000 live births. In the Atlantic region, the decline was 5.6 male births per 1000.

Theoretically, there should be as many Y-bearing as X-bearing sperm, and thus a primary gender ratio of 1:1 at the time of
fertilization. Recent data dispute this, and many factors —among them, differential susceptibility to toxins and other
environmental exposures and concomitant medical disorders "— have been shown to contribute to gender ratios at
conception. Parental age appears to influence the primary gender ratio. For example, Manning and associates (1997) reported
that couples with a large age discrepancy more likely have a male offspring. James (1986) theorizes that this may be a result
of high stress in urbanized society, which may increase corticotropin secretion, stimulating maternal adrenal androgen
secretion that favors male conceptions. If this is not the case, the unbalanced secondary gender ratio can only be explained by
the loss of more female than male embryo-fetuses during the early months of pregnancy.

GENDER ASSIGNMENT AT BIRTH. theirst thing that parents in the delivery room want to know is

the gender of their infant. If the external genitalia of the newborn are ambiguous, the obstetrician faces a profound dilemma.
Griffin and Wilson (1986) state that it is no exaggeration to say that the detection of sexual ambiguity in the newborn
constitutes a true medical emergency. An incorrect assignment of gender portends grave psychological and social problems for
the infant and family. Furthermore, several endocrinological causes of genital ambiguity are associated with profound blood
pressure instability and serious metabolic abnormalities.

It is no longer believed that the proper functional gender assignment for newborns with genital ambiguity can be made in the
delivery room. Assignment requires knowledge of the karyotypic sex, gonadal sex, hormonal milieu to which the fetus was
exposed, anatomy, and all possibilities for surgical correction. In the past, all infants with a small or likely insufficient phallus
were often assigned to the female gender. Based on what is now known of the role of fetal exposure to hormones in
establishing gender preference and behavior, it can be seen why such a policy may have caused gender identity disorder
(Slijper and colleagues, 1998). Thus, it seems best to inform the parents that although their infant appears healthy, the
gender will need to be determined by a series of tests. To develop a plan that can assist in determining the cause of
ambiguous genitalia, the mechanisms of normal and abnormal sexual differentiation must be considered.

SEXUAL DIFFERENTIATION OF THE EMBRYO-FETUS. phenotypic gender

differentiation is determined by chromosomal makeup acting in conjunction with gonadal development.

Chromosomal Gender. Genetic gender %— XX or XY %— is established at the time of fertilization. For the first 6 weeks
thereafter, however, the development of male and female embryos is morphologically indistinguishable. The differentiation of
the primordial gonad into testis or ovary heralds the establishment of gonadal sex (Fig. 4-17).

Gonadal Gender. Primordial germ cells originate in the endoderm of the yolk sac and migrate to the genital ridge to form the
indifferent gonad (Simpson, 1997). If a Y chromosome is present, at about 6 weeks after conception the gonad begins
developing into a testis. Testes development is directed by a gene located on the short arm of Y, namely testis-determining
factor (TDF), also called sex-determining region (SRY). This gene encodes a transcription factor that acts to modulate the rate
of transcription of a number of genes involved in gonadal differentiation. The SRY gene is specific to the Y chromosome and is
expressed in the human single-cell zygote immediately after ovum fertilization. It is not expressed in spermatozoa (Fiddler and
co-workers, 1995; Gustafson and Donahoe, 1994). In addition, testis development requires a dose-dependent sex reversal
(DDS) region on the X chromosome, as well as yet unidentified autosomal genes. It is not clear how these genes, or the Y
chromosome, direct the biomolecular events involved in gonadal differentiation of the testis.

The contribution of chromosomal gender to gonadal gender is illustrated by several paradoxical conditions. The incidence of
46,XX phenotypic human males is estimated to be about 1 in 20,000 male births (Page and colleagues, 1985). These infants
apparently result from translocation of the Y chromosome fragment containing TDF to the X chromosome during meiosis of
male germ cells (George and Wilson, 1988). Similarly, individuals with XY chromosomes can appear phenotypically female if
they carry a mutation in the TDF (SRY) gene. There is evidence that genes on Xp are capable of suppressing testicular
development, despite the presence of the SRY gene. Indeed, this accounts for a form of X-linked recessive gonadal dysgenesis.



The existence of autosomal sex-determining genes is supported by several genetic syndromes in which disruption of an
autosomal gene causes, among other things, gonadal dysgenesis. For example, camptomelic dysplasia, localized to
chromosome 17, is associated with XY phenotypic sex reversal. Similarly, male pseudohermaphroditism has been associated
with a mutation in the Wilms tumor suppressor gene on chromosome 11.

Phenotypic Gender. After establishment of gonadal gender, phenotypic gender develops very rapidly. It is clear that male
phenotypic sexual differentiation is directed by the function of the fetal testis. In the absence of a testis, female differentiation
ensues irrespective of the genetic gender. The development of urogenital tracts in both sexes of human embryos is
indistinguishable before 8 weeks. Thereafter, development and differentiation of the internal and external genitalia to the male
phenotype is dependent on testicular function. The fundamental experiments to determine the role of the testis in male sexual
differentiation were conducted by the French anatomist Alfred Jost. Ultimately, he established that the induced phenotype is
male and that secretions from the gonads are not necessary for female differentiation. Specifically, the fetal ovary is not
required for female sexual differentiation.

Jost and associates (1973) found that if castration of rabbit fetuses was conducted before differentiation of the genital anlagen,
all newborns were phenotypic females with female external and internal genitalia. Thus, the mullerian ducts developed into
uterus, fallopian tubes, and upper vagina.

If fetal castration was conducted before differentiation of the genital anlagen, and thereafter a testis was implanted on one
side in place of the removed gonad, the phenotype of all fetuses was male. Thus, the external genitalia of such fetuses were
masculinized. On the side of the testicular implant, the wolffian duct developed into the epididymis, vas deferens, and seminal
vesicle. With castration, on the side without the implant, the mullerian duct developed but the wolffian duct did not.

In another experiment, these investigators found that if an androgen pellet was implanted on only the side of the removed
gonad, then the external genitalia masculinized. So did the wolffian duct on the side of the androgen pellet. The mullerian
duct, however, did not regress. Specifically, the uterine horn and fallopian tube developed despite the androgen implant.

Wilson and Gloyna (1970) and Wilson and Lasnitzki (1971) demonstrated that testosterone action was amplified by conversion
to 5a-dihydrotestosterone (5a-DHT). These investigators demonstrated convincingly that in most androgen-responsive tissues,
testosterone is converted to 5a-DHT in a reaction catalyzed by the enzyme(s) 5a-reductase. This hormone acts primarily and
almost exclusively in the genital tubercle and labioscrotal folds. All of these observations form the basic framework of our
understanding of the mechanisms of sexual differentiation of the human embryo-fetus.

Physiological and Biomolecular Basis of Gender Differentiation. Based on these observations, the physiological basis of
gender differentiation can be summarized as follows. Genetic gender is established at fertilization. Gonadal gender is
determined primarily by factors encoded by genes on the Y chromosome, such as the SRY gene. In a manner not yet
understood, differentiation of the primitive gonad into a testis is accomplished.

Fetal Testicular Contributions to Male Sexual Differentiation. The fetal testis secretes a proteinaceous substance called
mullerian-inhibiting substance, a dimeric glycoprotein with a molecular weight of about 140,000 d. It acts locally as a paracrine
factor to cause regression of the mullerian duct. Thus, it prevents the development of uterus, fallopian tube, and upper vagina.
Fetal testes secrete testosterone, which acts to cause virilization of the external and internal genital anlagen. Mullerian-
inhibiting substance is produced by the Sertoli cells of the seminiferous tubules. Importantly, these tubules appear in fetal
gonads before differentiation of Leydig cells, which are the cellular site of testosterone synthesis. Thus, mullerian-inhibiting
substance is produced by Sertoli cells even before differentiation of the seminiferous tubules, and is secreted as early as 7
weeks. Mullerian duct regression is completed by 9 to 10 weeks, which is before testosterone secretion has commenced.
Because it acts locally near its site of formation, if a testis were absent on one side, the mullerian duct on that side would
persist and the uterus and fallopian tube would develop on that side.

Fetal Testosterone Secretion. Apparently through stimulation initially by chorionic gonadotropin (hCG), and later by fetal
pituitary LH, the fetal testes secrete testosterone. Some investigators are of the view that early embryo-fetal testosterone
synthesis is gonadotropin independent. Testosterone acts directly on the wolffian duct to effect the development of the vas
deferens, epididymidis, and seminal vesicles. Testosterone also enters fetal blood and acts on the anlagen of the external
genitalia. In these tissues, however, testosterone is converted to 5a-DHT, which amplifies the androgen action of testosterone
to cause virilization of the external genitalia. Work in marsupials suggests that dihydrotestosterone may be converted to 5a-
androstanediol for circulation to the external genitalia (Leihy and colleagues, 2002; Shaw and associates, 2000).

Figure 4-17. Gender differentiation. Genetic sex is established at the time of
k] fertilization. At a time thereafter, the primordial gonad differentiates to testis if the
e L SRY gene is expressed. The fetal testicular secretions effect male phenotypic gender
differentiation.

GENITAL AM BIGUITY OF THE NEWBORN. Ambiguity of the neonatal genitalia is the result of

either excessive androgen action in an embryo-fetus that was destined to be female, or inadequate androgen representation
for one destined to be male. Rarely, genital ambiguity indicates true hermaphroditism. If the neonate is a phenotypic male
with bilateral cryptorchidism, or if the genitalia are completely ambiguous, congenital adrenal hyperplasia is
diagnosed and the neonate treated until appropriate tests confirm it or rule it out. This is because, of all the causes of
genital ambiguity, only congenital adrenal hyperplasia can be life threatening. If not treated immediately, adrenal failure
provokes nausea, vomiting, diarrhea, dehydration, and shock (Speroff and co-workers, 1994).

Abnormalities of gender differentiation causing genital ambiguity can be assigned to one of four clinically defined categories
that include (1) female pseudohermaphroditism, (2) male pseudohermaphroditism, (3) dysgenetic gonads, including true
hermaphroditism, and rarely (4) true hermaphroditism (Low and Hutson, 2003).



Category 1. Female Pseudohermaphroditism. In this condition:

1. Mullerian-inhibiting substance is not produced.

2. Androgen exposure of the embryo-fetus is excessive, but variable, for a fetus genetically predestined to be female.
3. The karyotype is 46,XX.

4. Ovaries are present.

Therefore, by genetic and gonadal gender, all subjects of this category are predestined to be female, and the basic abnormality
is androgen excess. Because mullerian-inhibiting substance is not produced, the uterus, fallopian tubes, and upper vagina
develop in these subjects.

If affected fetuses were exposed to a small amount of excess androgen reasonably late in fetal development, the only genital
abnormality will be slight to modest clitoral hypertrophy, with an otherwise normal female phenotype.

With somewhat greater androgen exposure, clitoral hypertrophy will be more pronounced and posterior labial fusion will
develop. With progressively increasing androgen excess occurring somewhat earlier in embryonic development, progressively
more severe virilization can be seen. This includes formation of labioscrotal folds; development of a urogenital sinus, in which
the vagina empties into the posterior urethra; and even development of a penile urethra with scrotal formation: the empty
scrotum syndrome.

The androgenic excess in fetuses with female pseudohermaphroditism most commonly arises as the result of congenital
adrenal hyperplasia. These defects in the steroidogenic enzymes that are required in the synthesis of cortisol from cholesterol
cause increased secretion of androgenic prehormones by the fetal adrenal cortex. With impaired cortisol synthesis, pituitary
ACTH secretion is increased, and excessive ACTH stimulation of the fetal adrenal glands leads to the secretion of large amounts
of cortisol precursors, including androgenic prehormones. These prehormones, for example, androstenedione, are converted to
testosterone in extra-adrenal fetal tissues. The enzyme deficiency may involve any of several enzymes, but the most common
are steroid 21-hydroxylase, 11B-hydroxylase, or 3p-hydroxysteroid dehydrogenase. Deficiency of 38-hydroxysteroid
dehydrogenase prevents synthesis of virtually all steroid hormones. Deficiency of either 17B-hydroxylase or 11p-hydroxylase
results in the increased production of deoxycorticosterone, which causes hypertension and hypokalemic acidosis. These forms
of congenital adrenal hyperplasia thus constitute medical emergencies.

Another cause of androgen excess in the female embryo-fetus is the transfer of androgen from the maternal compartment.
Excess maternal androgen secretion may arise from the ovaries with hyperreactio luteinalis or theca-lutein cysts or tumors
such as luteomas, arrhenoblastomas (Sertoli-Leydig cell tumors), or hilar cell tumors. In most of these conditions, however,
the female fetus does not become virilized. This is because during most of pregnancy, the fetus is protected from excess
maternal androgen by the extraordinary capacity of the syncytiotrophoblast to convert most C,g-steroids, including
testosterone, to estradiol-17p. The only exception to this generalization is fetal aromatase deficiency, which produces both
maternal and fetal virilization (see Chap. 3, p. 81). Drugs ingested in pregnancy also can cause female fetal androgen excess.
Most commonly, the drugs implicated are synthetic progestins or anabolic steroids (see Chap. 14, p. 352).

Importantly, all subjects with female pseudohermaphroditism, except those with aromatase deficiency, can be normal, fertile
women if the proper diagnosis is made and appropriate and timely treatment is initiated.

Category 2. Male Pseudohermaphroditism. These subjects are characterized by:

1. Production of mullerian-inhibiting substance.

2. Incomplete but variable androgenic representation for a fetus predestined to be male.
3. A 46,XY karyotype.

4. The presence of testes or no gonads.

Incomplete masculinization of the fetus destined to be male is caused by inadequate production of testosterone by the fetal
testis. It also may arise from diminished responsiveness of the genital anlagen to normal quantities of androgen, which
includes failure of the in situ formation of 5a-DHT in androgen-responsive tissue. Because testes were present, at least at
some time in embryonic life, mullerian-inhibiting substance is produced during embryonic life. Thus, the uterus, fallopian
tubes, and upper vagina do not develop.

Deficient fetal testicular testosterone production may occur if there is an enzymatic defect of steroidogenesis that involves any
one of four enzymes in the biosynthetic pathway for testosterone synthesis. Impaired fetal testicular steroidogenesis can also
be caused by an abnormality in the LH-hCG receptor and by Leydig cell hypoplasia.

With embryonic testicular regression, the testes regress during embryonic or fetal life, and there is no testosterone production
thereafter (Edman and associates, 1977). These subjects have a spectrum of phenotypes that varies from a normal female
with absent uterus, fallopian tubes, and upper vagina, to a normal male phenotype with anorchia.

Androgen resistance, or deficiencies in androgen responsiveness, are caused by an abnormal (or absent) androgen receptor
protein, or else by failure of conversion of testosterone to 5a-DHT in such tissues because of deficient enzyme activity (Wilson
and MacDonald, 1978).

ANDROGEN INSENSITIVITY SYNDROME. Formerly called testicular feminization, this is the most extreme form of the
androgen resistance syndrome. These individuals have no tissue responsiveness to androgen. Affected subjects have a female
phenotype with a short, blind-ending vagina, no uterus or fallopian tubes, and no wolffian duct structures. At the expected
time of puberty, testosterone levels in affected women increase to values similar to normal men. Nonetheless, virilization does



not occur, and even pubic and axillary hair do not develop because of end-organ resistance. Presumably, because of androgen
resistance at the level of the brain and pituitary, LH levels also are elevated. In response to high concentrations of LH, there is
increased testicular secretion of estradiol-178 compared with that in normal men (MacDonald and colleagues, 1979). Increased
estrogen secretion and absence of androgen responsiveness act in concert to cause feminization (breast development).

Individuals with incomplete androgen insensitivity are slightly responsive to androgen. Although they usually have modest
clitoral hypertrophy at birth, at the expected time of puberty, pubic and axillary hair develop but virilization does not occur.
These women also develop feminine breasts, presumably through the same endocrine mechanisms as in women with the
complete form of the disorder (Madden and co-workers, 1975).

Another group has been referred to as familial male pseudohermaphroditism, type I (Walsh and colleagues, 1974). It also is
commonly referred to as Reifenstein syndrome, but constitutes a spectrum of incomplete genital virilization that can vary from
a phenotype similar to that of women with incomplete androgen insensitivity to that of a male phenotype with only a bifid
scrotum, infertility, and gynecomastia. In these subjects, androgen resistance is demonstrated by demonstrating diminished
50-DHT-binding capacity in genital skin.

The gene encoding the androgen receptor protein is located on the X chromosome. More than 100 different mutations of this

gene have been demonstrated. This accounts for the wide variability in androgen responsiveness among persons in whom the
androgen receptor protein is absent or abnormal, and for the many different mutations associated with one disorder (McPhaul
and associates, 1991; Patterson and co-workers, 1994).

An alternate form of androgen resistance is caused by 5a-reductase deficiency in androgen-responsive tissues. Because
androgen action in the external genitalia anlagen is mediated by 5a-DHT, persons with this enzyme deficiency have external
genitalia that are female but with modest clitoral hypertrophy. But because androgen action in the wolffian duct is mediated
directly by testosterone, there are well-developed epididymides, seminal vesicles, and vas deferens, and the male ejaculatory
ducts empty into the vagina (Walsh and associates, 1974).

A composite photograph of the external genitalia of subjects with each of four types of androgen resistance is shown in Figure
4-18.

Category 3: Dysgenetic Gonads. This category includes abnormalities of sexual differentiation that have in common several
features:

1. Mullerian-inhibiting substance is not produced.

2. Fetal androgen exposure is variable.

3. The karyotype varies among subjects and is commonly abnormal.

4. Neither normal ovaries nor testes are present but rarely, both ovarian and testicular tissues are found.
The uterus, fallopian tubes, and upper vagina are present in all of the subjects in this category.

In the majority, the gonads are dysgenetic. With the most common form of gonadal dysgenesis, Turner syndrome (46X), the
phenotype is female, but secondary gender characteristics do not develop at the time of expected puberty, and genital
infantilism persists. In some persons with dysgenetic gonads, the genitalia are ambiguous, a finding indicating that an
abnormal gonad produced androgen, albeit in small amounts, during embryonic-fetal life. Generally, there is mixed gonadal
dysgenesis in these subjects, and an example is a dysgenetic gonad on one side and an abnormal testis or dysontogenetic
tumor on the other side.

Category 4: True Hermaphroditism. In most subjects with true hermaphroditism, the guidelines for category 3 are met. In
addition, true hermaphrodites have both ovarian and testicular tissues, and in particular, germ cells (ova and sperm) of both
sexes are found in the abnormal gonads.

Preliminary Diagnosis of the Cause of Genital Ambiguity. A preliminary diagnosis of the etiology and pathogenesis of
genital ambiguity can be made at the time of birth of an affected child. By physical and ultrasonic examination of the newborn,
the experienced examiner can ascertain important findings. These include whether gonads are palpable, and if so, where they
are; phallus length and diameter; position of the urethral meatus; degree of labioscrotal fold fusion; and whether there is a
vagina, vaginal pouch, or urogenital sinus (Speroff and associates, 1994). If the uterus is present, the diagnosis must be
female pseudohermaphroditism, testicular or gonadal dysgenesis, or true hermaphroditism. A family history of congenital
adrenal hyperplasia is helpful. If the uterus is not present, the diagnosis is male pseudohermaphroditism. Androgen resistance
and enzymatic defects in testicular testosterone biosynthesis are often familial.

Figure 4-18. External genitalia of representative subjects with male
pseudohermaphroditism due to androgen resistance. A. Testicular feminization from
androgen-receptor defect. B. Incomplete testicular feminization from androgen-
receptor defect. C. Familial male pseudohermaphroditism, type I %— Reifenstein
syndrome, androgen-receptor defect. D. 5a-Reductase deficiency from type 2 gene
mutation. (From Wilson and MacDonald, 1978, with permission.)
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5. Maternal Physiology
INTRODUCTION

The anatomical, physiological, and biochemical adaptations to pregnancy are profound. Many of these remarkable changes
begin soon after fertilization and continue throughout gestation, and most occur in response to physiological stimuli provided
by the fetus. Equally astounding is that the woman who was pregnant is returned almost completely to her prepregnancy state
after delivery and lactation. The understanding of these adaptations to pregnancy remains a major goal of obstetrics, and
without such knowledge, it is almost impossible to understand the disease processes that can threaten women during
pregnancy and the puerperium.

Many of these physiological adaptations could be perceived as abnormal in the nonpregnant woman. For example,
cardiovascular changes during pregnancy normally include substantive increases in blood volume and cardiac output, which
may mimic thyrotoxicosis. On the other hand, these same adaptations may lead to ventricular failure if there is underlying
heart disease. Thus, physiological adaptations of normal pregnancy can be misinterpreted as pathological and can also unmask
or worsen preexisting disease.

During normal pregnancy, virtually every organ system undergoes anatomical and functional changes that can alter
appreciably the criteria for diagnosis and treatment of diseases. The impact of these marked physiological changes on
underlying disease, and vice versa, is considered in detail in Section VIII.

REPRODUCTIVE TRACT

UTE RUS. In the nonpregnant woman, the uterus is an almost-solid structure weighing about 70 g and with a cavity of
10 mL or less. During pregnancy, the uterus is transformed into a relatively thin-walled muscular organ of sufficient capacity to
accommodate the fetus, placenta, and amnionic fluid. The total volume of the contents at term averages about 5 L but may be
20 L or more, so that by the end of pregnancy the uterus has achieved a capacity that is 500 to 1000 times greater than in the
nonpregnant state. The corresponding increase in uterine weight is such that, by term, the organ weighs approximately 1100

g.

During pregnancy, uterine enlargement involves stretching and marked hypertrophy of muscle cells, whereas the production of
new myocytes is limited. Accompanying the increase in the size of muscle cells is an accumulation of fibrous tissue, particularly
in the external muscle layer, together with a considerable increase in elastic tissue. The network that is formed adds materially
to the strength of the uterine wall. Although the walls of the corpus become considerably thicker during the first few months of
pregnancy, they actually thin gradually as gestation advances, such that by term they are only about 1.5 cm or even less in
thickness. In these later months, the uterus is changed into a muscular sac with thin, soft, readily indentable walls,
demonstrable by the ease with which the fetus usually can be palpated.

Early in gestation, uterine hypertrophy probably is stimulated chiefly by the action of estrogen and perhaps that of
progesterone. It is apparent that hypertrophy of early pregnancy does not occur entirely in response to mechanical distention
by the products of conception, because similar uterine changes are observed with ectopic pregnancy (see Chap. 10, p. 258).
But after about 12 weeks, the increase in uterine size is related predominantly in some manner to pressure exerted by the
expanding products of conception.

Uterine enlargement is most marked in the fundus. In the early months of pregnancy, the fallopian tubes and ovarian and
round ligaments attach only slightly below the apex of the fundus, whereas in the later months, they are located slightly above
the middle of the uterus (see Fig. 2-10, p. 24). The position of the placenta also influences the extent of uterine hypertrophy,
because the portion of the uterus surrounding the placental site enlarges more rapidly than does the rest.

Arrangement of the Muscle Cells. The uterine musculature during pregnancy is arranged in three strata:
1. An outer hoodlike layer, which arches over the fundus and extends into the various ligaments.
2. A middle layer, composed of a dense network of muscle fibers perforated in all directions by blood vessels.

3. An internal layer, consisting of sphincter-like fibers around the orifices of the fallopian tubes and the internal os of the
cervix.

The main portion of the uterine wall is formed by the middle layer, which consists of an interlacing network of muscle fibers
between which extend the blood vessels. Each cell in this layer has a double curve, so that the interlacing of any two gives
approximately the form of a figure eight. As a result of this arrangement, when the cells contract after delivery, they constrict
the penetrating blood vessels and thus act as ligatures.

Uterine Size, Shape, and Position. For the first few weeks, the uterus maintains its original pear shape, but as pregnancy
advances, the corpus and fundus assume a more globular form, becoming almost spherical by 12 weeks. Subsequently, the
organ increases more rapidly in length than in width and assumes an ovoid shape. By the end of 12 weeks, the uterus has
become too large to remain totally within the pelvis. As the uterus continues to enlarge, it contacts the anterior abdominal
wall, displaces the intestines laterally and superiorly, and continues to rise, ultimately reaching almost to the liver. With ascent
of the uterus from the pelvis, it usually undergoes rotation to the right, and this dextrorotation likely is caused by the
rectosigmoid on the left side of the pelvis. As the uterus rises, tension is exerted on the broad and round ligaments.

With the pregnant woman standing, the longitudinal axis of the uterus corresponds to an extension of the axis of the pelvic
inlet. The abdominal wall supports the uterus and, unless it is quite relaxed, maintains this relation between the long axis of
the uterus and the axis of the pelvic inlet. When the pregnant woman is supine, the uterus falls back to rest on the vertebral
column and the adjacent great vessels, especially the inferior vena cava and aorta.



Contractility. From the first trimester onward, the uterus undergoes irregular contractions that are normally painless. In the
second trimester, these contractions may be detected by bimanual examination. Because attention was first called to this
phenomenon in 1872 by J. Braxton Hicks, the contractions have been known by his name. Such contractions appear
unpredictably and sporadically, are usually nonrhythmic, and their intensity varies between approximately 5 and 25 mm Hg
(Alvarez and Caldeyro-Barcia, 1950). Until the last month of gestation, Braxton Hicks contractions are infrequent, but they
increase during the last week or two. At this time, the contractions may occur as often as every 10 to 20 minutes and also may
assume some degree of rhythmicity. Late in pregnancy, these contractions may cause some discomfort and account for so-
called false labor (see Chap. 17, p. 424).

Uteroplacental Blood Flow. The delivery of most substances essential for growth and metabolism of the fetus and placenta,
as well as removal of most metabolic wastes, is dependent on adequate perfusion of the placental intervillous space (see Chap.
3, p. 61). Placental perfusion is dependent on total uterine blood flow, which is principally from the uterine and ovarian
arteries. Uteroplacental blood flow increases progressively during pregnancy, ranging from approximately 450 to 650 mL/min
near term (Edman and associates, 1981; Kauppila and co-workers, 1980).

The results of studies conducted in rats by Page and co-workers (2002) suggest that the uterine veins also undergo significant
adaptations during pregnancy. Specifically, remodeling of the uterine veins by numerous factors that include reduced elastin
content and adrenergic nerve density results in increased venous caliber and distensibility. Logically, such changes are
necessary to accommodate massively increased uteroplacental blood flow.

Assali and co-workers (1968), using electromagnetic flow probes placed directly on a uterine artery, studied the effects of
labor on uteroplacental blood flow in sheep and dogs at term. They found that uterine contractions, either spontaneous or
induced, caused a decrease in uterine blood flow that was approximately proportional to the intensity of the contraction. They
also showed that a tetanic contraction caused a precipitous fall in uterine blood flow. Harbert and associates (1969) made a
similar observation in gravid monkeys. Uterine contractions appear to affect fetal circulation much less, and Brar and
colleagues (1988) reported no adverse effects on umbilical artery flow.

CONTROL OF UTEROPLACENTAL BLOOD FLOW. The progressive increase in maternal-placental blood flow during gestation
occurs principally by means of vasodilation, whereas fetal-placental blood flow is increased by a continuing growth of placental
vessels. Palmer and colleagues (1992) showed that uterine artery diameter doubled by 20 weeks and concomitant mean
Doppler velocimetry was increased eightfold. It appears likely that vasodilation at this stage of pregnancy is at least in part the
consequence of estrogen stimulation. Naden and Rosenfeld (1985) found that 17p-estradiol administration to nonpregnant
sheep induced cardiovascular changes similar to those observed in pregnant animals. Using measurements of the uterine
artery resistance index, Jauniaux and associates (1994) found that both estradiol and progesterone contributed to the
downstream fall in vascular resistance in women with advancing gestational age (see Chap. 16, p. 403).

Other mediators, in addition to estradiol and progesterone, modify vascular resistance during pregnancy, including within the
uteroplacental circulation. For example, significant decreases in placental perfusion have been demonstrated in sheep following
catecholamine infusions (Rosenfeld and co-workers, 1976; Rosenfeld and West, 1977). This response is likely the consequence
of greater sensitivity of the uteroplacental vascular bed to epinephrine and norepinephrine when compared with that of the
systemic vasculature. In contrast, normal pregnancy is characterized by vascular refractoriness to the pressor effects of
angiotensin II (see p. 135). This insensitivity serves to increase uteroplacental blood flow (Gant and co-workers, 1973;
Rosenfeld and Gant, 1981). Nitric oxide, previously termed endothelium-derived relaxing factor, is a potent vasodilator
released by endothelial cells. It may also have important implications for modifying vascular resistance and, thus,
uteroplacental perfusion during pregnancy (Hull and associates, 1994; Seligman and co-workers, 1994). As discussed in
Chapter 34 (see p. 769), abnormal synthesis of nitric oxide has been linked to the development of preeclampsia (Savvidou and
co-workers, 2003).

- ) Figure 2-10. Vertical section through the uterine end of the right broad ligament.
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CERVIX. As early as 1 month after conception, the cervix begins to undergo pronounced softening and cyanosis. These
changes result from increased vascularity and edema of the entire cervix, together with hypertrophy and hyperplasia of the
cervical glands. Although the cervix contains a small amount of smooth muscle, its major component is connective tissue.
Rearrangement of this collagen-rich connective tissue is necessary to permit functions as diverse as maintenance of a
pregnancy to term, dilatation to facilitate delivery, and repair following parturition so that a successful pregnancy can be
repeated. The complex dynamic changes that occur in the anatomy and physiology of the cervix as gestation advances were
reviewed by Ludmir and Sehdev (2000) and are detailed further in Chapter 6.

As shown in Figure 5-1, the glands of the cervix undergo such marked proliferation that by the end of pregnancy they occupy
approximately half of the entire cervical mass, rather than a small fraction as in the nonpregnant state. These normal
pregnancy-induced changes represent an extension, or eversion, of the proliferating columnar endocervical glands. This tissue
tends to be red and velvety and bleeds even with minor trauma, such as with taking Pap smears.

The endocervical mucosal cells produce copious amounts of a tenacious mucus that obstruct the cervical canal soon after
conception. As discussed on page 131, this mucus is rich in immunoglobulins and cytokines (Kutteh and Franklin, 2001). At the
onset of labor, if not before, this mucus plug is expelled, resulting in a bloody show. Moreover, the consistency of the cervical
mucus changes during pregnancy. In the great majority of pregnant women, cervical mucus, spread and dried on a glass slide,
is characterized by crystallization, or beading, as a result of progesterone. In some women, arborization of the crystals, or
ferning, is observed as a result of amnionic fluid leakage (see Figs. 8-3 and 8-4, p. 205).



During pregnancy, basal cells near the squamocolumnar junction are likely to be prominent in size, shape, and staining
qualities. These changes are considered to be estrogen induced. Because of these basal cell changes, the frequency of less-
than-optimal Pap smears is increased in the pregnant woman (Kost and associates, 1993).

¥ Figure 5-1. Cervical eversion of pregnancy as viewed through a colposcope. The
eversion represents columnar epithelium on the portio of the cervix. (Courtesy of
Dr. Phil DiSaia.)

Figure 8-3. Scanning electron microscopy of cervical mucus obtained on day 11 of
the menstrual cycle. (From Zaneveld and associates, 1975, with permission.)

Figure 8-4. Photomicrograph of dried cervical mucus obtained from the cervical
canal of a woman pregnant at 32 to 33 weeks. The beaded pattern is characteristic
of progesterone action on the endocervical gland mucus composition. (Courtesy of
Dr. J. C. Ullery.)

OVARIES. Ovulation ceases during pregnancy and the maturation of new follicles is suspended. Ordinarily, only a single
corpus luteum of pregnancy can be found in the ovaries of pregnant women. This most likely functions maximally during the
first 6 to 7 weeks of pregnancy (4 to 5 weeks postovulation), and thereafter contributes relatively little to progesterone
production. These observations have been confirmed by surgical removal of the corpus luteum before 7 weeks (5 weeks
postovulation), which results in a rapid fall in maternal serum progesterone and then spontaneous abortion (Csapo and co-
workers, 1973). After this time, however, corpus luteum removal ordinarily does not cause abortion.

A decidual reaction on and beneath the surface of the ovaries, similar to that found in the endometrial stroma, is common in
pregnancy and may be observed at cesarean delivery. These elevated patches of tissue bleed easily and may, on first glance,
resemble freshly torn adhesions. Similar decidual reactions are seen on the posterior uterine serosa and on or within other
pelvic or even extrapelvic abdominal organs. Although the ontogeny of such decidual reactions is incompletely understood,
Taussig (1906) and others have deduced that these findings likely represent cellular detritus from the endometrium that has
passed through the fallopian tubes.

The enormous caliber of the ovarian veins viewed at cesarean delivery is startling. Hodgkinson (1953) found that the diameter
of the ovarian vascular pedicle increased during pregnancy from 0.9 cm to approximately 2.6 cm at term.

Relaxin. This protein hormone has structural features that are similar to insulin and insulin-like growth factors I and II. Its
major biological action is remodeling of the connective tissue of the reproductive tract, thus allowing accommodation of
pregnancy and successful parturition (Weiss and colleagues, 1993). Relaxin is secreted by the corpus luteum, decidua, and
placenta in a pattern similar to that of chorionic gonadotropin (hCG). It is also secreted by the heart, and increased levels have
been found in association with heart failure (Fisher and co-workers, 2002).

The role of relaxin during human pregnancy is not completely defined, however, it is known to have effects on the biochemical
structure of the cervix (Bell and colleagues, 1993). The hormone also affects myometrial contractility, which may be implicated
in preterm birth. Increases in peripheral joint laxity during human pregnancy do not correlate with serum relaxin levels
(Marnach and co-workers, 2003; Schauberger and colleagues, 1996).

Pregnancy Luteoma. In 1963, Sternberg described a solid ovarian tumor that developed during pregnancy and was
composed of large acidophilic luteinized cells. These represented an exaggerated luteinization reaction of the normal ovary.
These so-called /uteomas of pregnancy are variable in size, ranging from microscopic to over 20 cm in diameter (Fig. 5-2).
Typical ultrasonographic characteristics include a solid, complex-appearing unilateral or bilateral mass with cystic features that
correspond to areas of hemorrhage. It is usually not possible to differentiate luteomas from other solid ovarian neoplasms,
such as luteinized thecoma, granulosa cell tumor, or Leydig cell tumor, based on the ultrasound characteristics alone (Choi and
associates, 2000). Although Iuteomas regress after delivery, they may recur in subsequent pregnancies (Shortle and
associates, 1987).

Pregnancy luteomas may result in maternal virilization, but usually the female fetus is not affected. This is presumably because
of the protective role of the placenta and its high capacity to convert androgens and androgen-like steroids to estrogens
(Edman and co-workers, 1979). Occasionally, however, a female fetus can become virilized (Cohen and associates, 1982).

Theca-Lutein Cysts. These benign ovarian lesions result from exaggerated physiological follicle stimulation, which is termed
hyperreactio luteinalis. The reaction is associated with markedly elevated serum levels of hCG. Although the cellular pattern of
hyperreactio luteinalis is similar to that of a luteoma, these usually bilateral cystic ovaries are moderately to massively
enlarged. These are found frequently with gestational trophoblastic disease (see Chap. 11, p. 276). They are more likely in



pregnancies associated with a large placenta, for example, diabetes, D-isoimmunization, and multiple fetuses (Tanaka and
colleagues, 2001). Theca-lutein cysts have been reported in chronic renal failure as a result of reduced hCG clearance, and in
hyperthyroidism as a result of the structural homology between hCG and thyroid-stimulating hormone (Coccia and colleagues,
2003; Gherman and co-workers, 2003). They also are encountered in women with otherwise normal pregnancies but increased
hCG concentrations (Bidus and associates, 2002). Their diagnosis and management is discussed in Chapter 40 (see p. 965).

Although usually asymptomatic, hemorrhage into the cysts may cause abdominal pain. In addition, maternal virilization may
be seen in up to 25 percent of women (Foulk and associates, 1997). Changes include temporal balding, hirsutism, and
clitoromegaly associated with massively elevated levels of androstenedione and testosterone (Bradshaw and co-workers,
1986). The diagnosis typically is based on ultrasonographic findings of bilateral enlarged ovaries containing multiple cysts in
the appropriate clinical settings. The condition is self-limited and eventually undergoes spontaneous resolution after delivery.
In some women, increased ovarian responsiveness to gonadotropin can be confirmed by several weeks postpartum (Bradshaw
and colleagues, 1986).

Figure 5-2. Large luteoma of pregnancy removed at laparotomy postpartum.

FALLOPIAN TU BES. The musculature of the fallopian tubes undergoes little hypertrophy during pregnancy. The
epithelium of the tubal mucosa, however, becomes somewhat flattened. Decidual cells may develop in the stroma of the
endosalpinx, but a continuous decidual membrane is not formed.

VAGINA AND PERINEUM. During pregnancy, increased vascularity and hyperemia develop in the skin and

muscles of the perineum and vulva, with softening of the underlying abundant connective tissue. Increased vascularity
prominently affects the vagina and results in the violet color characteristic of the Chadwick sign. The vaginal walls undergo
striking changes, presumably in preparation for the distention that occurs during labor. These changes include a considerable
increase in the thickness of the mucosa, loosening of the connective tissue, and hypertrophy of smooth muscle cells. The
papillae of the vaginal mucosa also undergo considerable hypertrophy, creating a fine, hobnailed appearance.

The considerably increased volume of cervical secretions within the vagina during pregnancy consists of a somewhat thick,
white discharge. The pH is acidic, varying from 3.5 to 6, the result of increased production of lactic acid from glycogen in the
vaginal epithelium by the action of Lactobacillus acidophilus.

Histopathology. Early in pregnancy the vaginal epithelial cells are similar to those found during the luteal phase. As
pregnancy advances, two patterns of response may be seen:

1. Small intermediate cells, called navicular cells by Papanicolaou, are found in abundance in small, dense clusters. These
ovoid cells contain a vesicular, somewhat elongated nucleus.

2. Vesicular nuclei without cytoplasm, or so-called naked nuclei, are evident along with an abundance of Lactobacillus.

ABDOMINAL WALL. In the later months of pregnancy, reddish, slightly depressed streaks commonly develop in
the skin of the abdomen and sometimes in the skin over the breasts and thighs. These are called striae gravidarum or "stretch
marks." In multiparous women, in addition to the reddish striae of the present pregnancy, glistening, silvery lines that
represent the cicatrices of previous striae frequently are seen.

Occasionally, the muscles of the abdominal walls do not withstand the tension to which they are subjected, and the rectus
muscles separate in the midline, creating a diastasis recti of varying extent. If severe, a considerable portion of the anterior
uterine wall is covered by only a layer of skin, attenuated fascia, and peritoneum.

PIGMENTATION. In many women, the midline of the abdominal skin R— linea alba $—becomes markedly
pigmented, assuming a brownish-black color to form the l/inea nigra. Occasionally, irregular brownish patches of varying size
appear on the face and neck, giving rise to chloasma or melasma gravidarum, which is the so-called mask of pregnancy.
Pigmentation of the areolae and genital skin may also be accentuated. These piamentary changes usually disappear, or at least
regress considerably, after delivery (see Chap. 56, p. 1250). Oral contraceptives may cause similar pigmentation. Very little is
known of the nature of these pigmentary changes, although melanocyte-stimulating hormone, a polypeptide similar to
corticotropin, has been shown to be elevated remarkably from the end of the second month of pregnancy until term. Estrogen
and progesterone also are reported to have melanocyte-stimulating effects. These conditions are considered in greater detail in
Chapter 56.

VASCULAR CHANGES. Angiomas, called vascular spiders, develop in about two thirds of white women and

approximately 10 percent of black women. These are minute, red elevations on the skin, particularly common on the face,
neck, upper chest, and arms, with radicles branching out from a central lesion. The condition is often designated as nevus,
angioma, or telangiectasis. Palmar erythema is encountered in pregnancy in about two thirds of white women and one third of
black women. The two conditions are of no clinical significance and disappear in most women shortly after pregnancy. They are
most likely the consequence of the hyperestrogenemia.



BREASTS

In the early weeks of pregnancy, women often experience breast tenderness and tingling. After the second month, the breasts
increase in size, and delicate veins become visible just beneath the skin. The nipples become considerably larger, more deeply
pigmented, and more erectile. After the first few months, a thick, yellowish fluid "— colostrum R— can often be expressed
from the nipples by gentle massage. During the same months, the areolae become broader and more deeply pigmented.
Scattered through the areolae are a number of small elevations, the glands of Montgomery, which are hypertrophic sebaceous
glands. If the increase in size of the breasts is very extensive, striations similar to those observed in the abdomen may
develop. Rarely, breast enlargement may become so pathologically extensive R— referred to as gigantomastia %#— that it
becomes life threatening and often requires surgical intervention (Vidaeff and associates, 2003). Interestingly, prepregnancy
breast size and volume of milk production do not correlate (Hytten, 1995). Histological and functional changes of the breasts
induced by pregnancy and lactation are further discussed in Chapter 30 (see p. 699).

METABOLIC CHANGES

In response to the increased demands of the rapidly growing fetus and placenta, the pregnant woman undergoes metabolic
changes that are numerous and intense. Certainly no other physiological event in postnatal life induces such profound
metabolic alterations. For example, the additional total pregnancy energy demands have been estimated to be as high as
80,000 kcal or about 300 kcal/day (Hytten and Chamberlain, 1991).

WEIG HT GAIN. Most of the increase in weight during pregnancy is attributable to the uterus and its contents, the
breasts, and increases in blood volume and extravascular extracellular fluid. A smaller fraction of the increased weight is the
result of metabolic alterations that result in an increase in cellular water and deposition of new fat and protein, so-called
maternal reserves. Hytten (1991) reported that the average weight gain during pregnancy is approximately 12.5 kg or 27.5 Ib
(Table 5-1). Maternal aspects of weight gain are considered in greater detail in Chapter 8 (see p. 213).

WATER METABOLISM. Increased water retention is a normal physiological alteration of pregnancy. This

retention is mediated, at least in part, by a fall in plasma osmolality of approximately 10 mOsm/kg induced by a resetting of
osmotic thresholds for thirst and vasopressin secretion (Heenan and colleagues, 2003; Lindheimer and Davison, 1995). As
shown in Figure 5-3, this phenomenon is functioning by early pregnancy.

At term, the water content of the fetus, placenta, and amnionic fluid amounts to about 3.5 L. Another 3.0 L accumulates as a
result of increases in the maternal blood volume and in the size of the uterus and the breasts. Thus, the minimum amount of
extra water that the average women accrues during normal pregnancy is about 6.5 L. Clearly demonstrable pitting edema of

the ankles and legs is seen in most pregnant women, especially at the end of the day. This accumulation of fluid, which may

amount to a liter or so, is caused by an increase in venous pressure below the level of the uterus as a consequence of partial
occlusion of the vena cava. A decrease in interstitial colloid osmotic pressure induced by normal pregnancy also favors edema
late in pregnancy (ian and co-workers, 1985).

Longitudinal studies of body composition have shown a progressive increase in total body water and fat mass during
pregnancy. It has been known for decades that both initial maternal weight and the weight gained during pregnancy are highly
associated with birthweight. It is unclear, however, what role maternal fat or water have in fetal growth. Studies in well-
nourished term women suggest that maternal body water, rather than fat, contributes more significantly to infant birthweight
(Lederman and co-workers, 1999; Mardones-Santander and associates, 1998).

~ Figure 5-3. Mean values (R+ SD) for plasma osmolality measured at weekly
3—-:— o intervals in nine women from preconception to 16 weeks. (LMP = last menstrual

- Y period; MP = menstrual period.) (From Davison and colleagues, 1981, with

| === permission.)

PROTEIN METABOLISM. The products of conception, the uterus, and maternal blood are relatively rich in

protein rather than fat or carbohydrate. At term, the fetus and placenta together weigh about 4 kg and contain approximately
500 g of protein, or about half of the total pregnancy increase (Hytten and Leitch, 1971). The remaining 500 g is added to the
uterus as contractile protein, to the breasts primarily in the glands, and to the maternal blood as hemoglobin and plasma
proteins.

Mojtahedi and associates (2002) measured nitrogen balance in 12 healthy women before pregnancy and again at 12, 23, and
34 weeks. They found that it increased with gestation, suggesting a more efficient use of dietary protein. In addition, urinary
excretion of 3-methylhistidine did not change significantly toward term, indicating that breakdown of maternal muscle is not
required to meet the demands of growing maternal and fetal tissues. Supporting the concept that pregnancy is associated with
nitrogen conservation, Kalhan and colleagues (2003) found that the turnover rate of the nonessential amino acid serine
decreases with advancing gestational age. The daily requirements for dietary protein intake during pregnancy are discussed in

Chapter 8 (see p. 215).

CARBOHYDRATE METABOLISM. Normal pregnancy is characterized by mild fasting hypoglycemia,

postprandial hyperglycemia, and hyperinsulinemia (Fig. 5-4). The fasting plasma glucose concentration falls somewhat,
possibly as a result of the increased plasma levels of insulin observed in pregnancy. This cannot be explained by a decrease in
the metabolism of insulin because its half-life during pregnancy is not changed (Lind and associates, 1977).

The increased basal level of plasma insulin in normal pregnancy is associated with several unique responses to glucose



ingestion. For example, after an oral glucose meal, gravid women demonstrate both prolonged hyperglycemia and
hyperinsulinemia, with a greater suppression of glucagon (Phelps and associates, 1981). This response is consistent with a
pregnancy-induced state of peripheral resistance to insulin, the purpose of which is likely to ensure a sustained postprandial
supply of glucose to the fetus. Indeed, it has been estimated that insulin action in late normal pregnancy is 50 to 70 percent
lower than that of healthy, nonpregnant women (Butte, 2000).

The mechanism(s) responsible for insulin resistance is not completely understood. Progesterone and estrogen may act, directly
or indirectly, to mediate this resistance. Plasma levels of placental lactogen increase with gestation, and this protein hormone
is characterized by growth hormone-like action that may result in increased lipolysis with liberation of free fatty acids (Freinkel,
1980). The increased concentration of circulating free fatty acids also may facilitate increased tissue resistance to insulin.

The pregnant woman changes rapidly from a postprandial state characterized by elevated and sustained glucose levels to a
fasting state characterized by decreased plasma glucose and amino acids such as alanine. During fasting, the plasma
concentrations of free fatty acids, triglycerides, and cholesterol are higher. Freinkel and colleagues (1985) have referred to this
pregnancy-induced switch in fuels from glucose to lipids as accelerated starvation. Certainly, when fasting is prolonged in the
pregnant woman, these alterations are exaggerated and ketonemia rapidly appears.

Figure 5-4. Diurnal changes in plasma glucose and insulin in normal late
pregnancy. (From Phelps and colleagues, 1981, with permission.)

FAT METABOLISM. The concentrations of lipids, lipoproteins, and apolipoproteins in plasma increase appreciably
during pregnancy. The storage of fat occurs primarily during midpregnancy (Hytten and Thomson, 1968; Pipe and co-workers,
1979). This fat is deposited mostly in central rather than peripheral sites. Later in pregnancy, as fetal nutritional demands
increase remarkably, maternal fat storage decreases. Hytten and Thomson (1968) cited some evidence that progesterone may
act to reset a lipostat in the hypothalamus, and at the end of pregnancy the lipostat returns to its previous nonpregnant level
and the added fat is lost. Such a mechanism for energy storage, theoretically at least, might protect the mother and fetus
during time of prolonged starvation or hard physical exertion.

Low-density lipoprotein cholesterol (LDL-C) levels peak at approximately week 36, likely the consequence of the hepatic effects
of estradiol and progesterone (Desoye and associates, 1987). High-density lipoprotein cholesterol (HDL-C) peaks at week 25,
decreases until week 32, and remains constant for the remainder of pregnancy. The initial increase is believed to be caused by
estrogen. Brizzi and colleagues (1999) have suggested that changes in the low-density lipoprotein (LDL) pattern during normal
pregnancy might be used to identify those women who later in life may be predisposed to atherogenesis.

During the third trimester, average total serum cholesterol, LDL-C, and HDL-C levels are approximately 245 R+ 10 mg/dL, 148
R+ 5 mg/dL, and 59 R+ 3 mg/dL, respectively (Paradisi and associates, 2002). After delivery, the concentrations of these
lipids, as well as lipoproteins and apolipoproteins, decrease at different rates. Lactation speeds the rate of decrease of many of
these compounds (Darmady and Postle, 1982).

Leptin. This peptide hormone, primarily secreted by adipose tissue, plays a key role in the regulation of body fat and energy
expenditure. During pregnancy, maternal serum leptin levels progressively increase, peaking during the second trimester to
plateau at term in concentrations three to four times higher than those in nonpregnant women. This increase is only in part
due to the weight gain normally associated with pregnancy, because leptin also is produced by the placenta. Indeed, placental
weight is significantly related to leptin levels measured in the umbilical cord blood (Pighetti and co-workers, 2003). Recent
investigations have analyzed the relationships between serum leptin levels and preeclampsia as well as fetal growth restriction
(Chan, 2003; Lepercq, 2003; Pighetti, 2003; Salomon, 2003, and their many associates). This topic is discussed further in

Chapter 38 (see p. 895).

ELECTROLYTE AND MINERAL METABOLISM. During normal pregnancy, nearly 1000 mEq of

sodium and 300 mEq of potassium are retained (Lindheimer and colleagues, 1987). Although the glomerular filtration of
sodium and potassium is increased, the excretion of these electrolytes is unchanged during pregnancy as a result of enhanced
tubular resorption (Brown and colleagues, 1986, 1988). Although pregnancy is associated with increased total accumulations
of sodium and potassium, the serum concentrations of these electrolytes are decreased slightly as a result of the expanded
plasma volume, however, they remain very near the range of normal for nonpregnant women (Kametas and colleagues,
2003b).

Total serum calcium levels decline during pregnancy, the reduction reflecting lowered plasma albumin concentration and, in
turn, the consequent decrease in the amount bound to protein. The levels of serum ionized calcium, however, remain
unchanged (Power and associates, 1999). The developing fetus imposes a significant demand on maternal calcium
homeostasis. During the third trimester, for example, approximately 200 mg of calcium are deposited in the fetal skeleton per
day (Pitkin, 1985). Dietary intake of sufficient calcium (see Table 8-7, p. 215), therefore, is necessary to prevent excess
depletion from the mother. This has been reported to be especially important in pregnant adolescents, whose own skeletons
are still developing (Repke, 1994).

Serum magnesium levels also decline during pregnancy. Bardicef and colleagues (1995) concluded that pregnancy is actually a
state of extracellular magnesium depletion. Compared with nonpregnant women, they found that both total and ionized
magnesium were significantly lower during normal pregnancy. On the other hand, serum phosphate levels are within the
nonpregnant range (Kametas and colleagues, 2003b). The renal threshold for inorganic phosphate excretion is elevated in
pregnancy due to increased calcitonin (Weiss and colleagues, 1998).



With respect to most other minerals, pregnancy induces little change in their metabolism other than their retention in amounts
equivalent to those used for growth of fetal and, to a lesser extent, maternal tissues (see Chap. 4, p. 101, and Chap. 8, p.
216). An important exception, however, is the considerably increased requirement for iron, which is discussed later.

HEMATOLOGICAL CHANGES

BLOOD VOLUME. The maternal blood volume increases markedly during pregnancy. In studies of normal women,
the blood volumes at or very near term averaged about 40 to 45 percent above their nonpregnant levels (Pritchard, 1965;
Whittaker and associates, 1996). The degree of expansion varies considerably. In some women only a modest increase occurs,
whereas in others the blood volume nearly doubles. A fetus is not essential for the development of hypervolemia during
pregnancy, for increases in blood volume have been demonstrated in some women with hydatidiform mole (Pritchard, 1965).

Pregnancy-induced hypervolemia has several important functions:
1. To meet the demands of the enlarged uterus with its greatly hypertrophied vascular system.

2. To protect the mother, and in turn the fetus, against the deleterious effects of impaired venous return in the supine and
erect positions.

3. To safeguard the mother against the adverse effects of blood loss associated with parturition.

Maternal blood volume begins to increase during the first trimester. In fact, by 12 menstrual weeks, the plasma volume
expands by approximately 15 percent as compared with that of prepregnancy (Bernstein and co-workers, 2001). As shown in
Figure 5-5, maternal blood volume expands most rapidly during the second trimester, and then rises at a much slower rate
during the third trimester to plateau during the last several weeks of pregnancy.

Blood volume expansion results from an increase in both plasma and erythrocytes. Although more plasma than erythrocytes is
usually added to the maternal circulation, the increase in the volume of erythrocytes is considerable, averaging about 450 mL
(Pritchard and Adams, 1960). Moderate erythroid hyperplasia is present in the bone marrow, and the reticulocyte count is
elevated slightly during normal pregnancy. As discussed in Chapter 51 (see p. 1144), this change is almost certainly related to
the increase in maternal plasma erythropoietin levels, which peak early during the third trimester and correspond to maximal
erythrocyte production (Clapp and colleagues, 2003; Harstad and co-workers, 1992).

Hemoglobin Concentration and Hematocrit. In spite of augmented erythropoiesis, hemoglobin concentration and the
hematocrit decrease slightly during normal pregnancy. As a result, whole blood viscosity decreases (Huisman and colleagues,
1987). Hemoglobin concentration at term averages 12.5 g/dL and in 6 percent of women it is below 11.0 g/dL (see Fig. 51-1
and Table 51-1). Thus, in most women, a hemoglobin concentration below 11.0 g/dL, especially late in pregnancy, should be
considered abnormal and usually due to iron deficiency rather than to hypervolemia of pregnancy.

I: ——1 Figure 5-5. Changes in total blood volume and its components (plasma and red cell
i = volumes) during pregnancy and postpartum. (From Peck and Arias, 1979, with

]E - permission.)
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_~1 Figure 51-1. Mean hemoglobin concentrations(«—e) and 5th and 95th(o—)
“._. .- . percentiles for healthy pregnant women taking iron supplements. (Data from
B contil Centers for Disease Control and Prevention, 1989.)

IRON METABOLISM

Iron Stores. The total iron content of normal adult women ranges from 2.0 to 2.5 g or about half the amount found normally
in men. Moreover, the iron stores of normal young women are only about 300 mg (Pritchard and Mason, 1964).

Iron Requirements. The iron requirements of normal pregnancy total approximately 1000 mg. About 300 mg are actively
transferred to the fetus and placenta, and about 200 mg are lost through various normal routes of excretion, primarily the
gastrointestinal tract. These are obligatory losses and occur even when the mother is iron deficient. The average increase in
the total volume of circulating erythrocytes %*— about 450 mL during pregnancy when iron is available R— uses another 500
mg of iron, because 1 mL of normal erythrocytes contains 1.1 mg of iron. Practically all of the iron for these purposes is used
during the latter half of pregnancy. Therefore, the iron requirement becomes quite large during the second half of pregnancy,
averaging 6 to 7 mg/day (Pritchard and Scott, 1970). Because this amount is not available from body stores in most women,
the desired increase in maternal erythrocyte volume and hemoglobin mass will not develop unless exogenous iron is made
available in adequate amounts. In the absence of supplemental iron, the hemoglobin concentration and hematocrit fall
appreciably as the maternal blood volume increases. Hemoglobin production in the fetus, however, is not impaired, because
the placenta obtains iron from the mother even when the mother has severe iron deficiency anemia.

The amount of iron absorbed from diet, together with that mobilized from stores, is usually insufficient to meet
the maternal demands imposed by pregnancy. If the nonanemic pregnant woman is not given supplemental iron, serum
iron and ferritin concentrations decline during the second half of pregnancy (Fig. 5-6). The somewhat unexpected early
pregnancy increases in serum iron and ferritin (see Fig. 5-6) are thought to be due to minimal iron demands during the first



trimester as well as to a positive iron balance because of amenorrhea.

Blood Loss. Generally, not all the iron added to the maternal circulation in the form of hemoglobin is lost from the mother.
During normal vaginal delivery and through the next few days, only about half of the erythrocytes added to the maternal
circulation are lost from the majority of women. These losses are by way of bleeding from the placental implantation site, the
episiotomy or lacerations, and in the lochia. On the average, an amount of maternal erythrocytes corresponding to about 500
to 600 mL of predelivery blood is lost during and after vaginal delivery of a single fetus (Pritchard, 1965; Ueland, 1976). The
average blood loss associated with cesarean delivery or with the vaginal delivery of twins is about 1000 mL.

| 1T Figure 5-6. Indices of iron turnover during pregnancy in women without overt
a0 7\ anemia but who were not given iron supplementation. (From Kaneshige, 1981, with
YU permission.)

IMMUNOLOGICAL AND LEUKOCYTE FU NCTIONS- As discussed in Chapter 3 (see p. 64),

pregnancy has been assumed to be associated with suppression of a variety of humoral and cell-mediated immunological
functions in order to accommodate the "foreign" semiallogeneic fetal graft (Thellin and Heinen, 2003). One important
mechanism appears to involve the suppression of T-helper (Th) 1 and T-cytotoxic (Tc) 1 cells, which decreases secretion of
interleukin (IL)-2, interferon-y, and tumor necrosis factor-p. In addition, interferon-a, which is present in almost all fetal
tissues and fluids, is most often absent in normally pregnant women (Chard and co-workers, 1986). Moreover, some
polymorphonuclear leukocyte chemotaxis and adherence functions are depressed beginning in the second trimester and
continuing throughout pregnancy (Krause and associates, 1987). Although this phenomenon is incompletely understood, it
may be related, in part, to the recent finding that relaxin impairs neutrophil activation (Masini and co-workers, 2004). It is
possible that these depressed leukocyte functions of pregnant women account in part for the improvement observed in some
women with autoimmune diseases and the possibly increased susceptibility to certain infections.

Not all aspects of immunological function, however, are depressed. For example, there is upregulation of Th2 cells to increase
secretion of IL-4, IL-6, and IL-13 (Michimata and colleagues, 2003). In cervical mucus, peak levels of immunoglobulins A and
G (IgA and IgG) are significantly higher during pregnancy compared with normally menstruating women. Similarly, the amount
of interleukin-1p found in cervical mucus during pregnancy is approximately 10-fold greater than in the nonpregnant state.
Because oral contraceptives have been shown to induce similar changes, Kutteh and Franklin (2001) hypothesized that these
immunological changes may be a result of increased estrogen and progesterone. Although such enhanced local reproductive
tract immunity may be important for protecting the fetus, the actual clinical significance of these observations is as yet
unclear.

The leukocyte count varies considerably during normal pregnancy. Usually it ranges from 5000 to 12,000/uL. During labor and
the early puerperium it may become markedly elevated, attaining levels of 25,000/uL or even more, however, it averages
14,000 to 16,000/uL (Taylor and co-workers, 1981). The cause for the marked increase is not known, but the same response
occurs during and after strenuous exercise. It probably represents the reappearance of leukocytes previously shunted out of
the active circulation.

In addition to normal variations in the leukocyte count, the distribution of cell types is altered significantly during pregnancy.
Specifically, during the third trimester, the percentages of granulocytes and CD8 T lymphocytes are significantly increased
along with a concomitant reduction in the percentages of CD4 T lymphocytes and monocytes. Moreover, circulating leukocytes
undergo significant phenotypic changes including, for example, the upregulation of certain adhesion molecules (Luppi and
associates, 2002).

Beginning quite early in pregnancy, the activity of leukocyte alkaline phosphatase is increased. Such elevated activity is not
peculiar to pregnancy but occurs in a wide variety of conditions, including most inflammatory states. The concentration of C-
reactive protein, an acute-phase serum reactant, rises rapidly to 1000-fold in response to tissue trauma or inflammation.

Watts and colleagues (1991) measured C-reactive protein sequentially during 81 normal pregnancies to establish normative
values. Median C-reactive protein values during pregnancy were higher than values for nonpregnant women, and these values
were elevated further in labor. In women not in labor, 95 percent of values were 1.5 mg/dL or less, and gestational age did not
affect serum levels. Another marker of inflammation, the erythrocyte sedimentation rate (ESR), is increased in normal
pregnancy because of elevated plasma globulins and fibrinogen (Hytten and Leitch, 1971). Thus, this test cannot be used to
reliably diagnose inflammation during pregnancy. Complement factors C3 and C4 also are significantly elevated during the
second and third trimesters of pregnancy (Gallery and colleagues, 1981).

COAGULATION. In normal pregnancy, the coagulation cascade is in an activated state (Baker and Cunningham,
1999). Evidence of activation includes increased concentrations of all clotting factors, except factors XI and XIII, with increased
levels of high-molecular-weight fibrinogen complexes. Considering the substantive physiological increase in plasma volume in
normal pregnancy, such increased concentrations represent a markedly augmented production of these procoagulants. For
example, plasma fibrinogen (factor I) in normal nonpregnant women averages about 300 mg/dL and ranges from about 200 to
400 mg/dL. During normal pregnancy, fibrinogen concentration increases about 50 percent to average about 450 mg/dL late in
pregnancy, with a range from 300 to 600 mg/dL. The percentage of high-molecular-weight fibrinogen is unchanged (Manten
and colleagues, 2004). This contributes greatly to the striking increase in the erythrocyte sedimentation rate.

High-molecular-weight soluble fibrin-fibrinogen complexes circulate in normal pregnancy, and d-dimer serum concentrations
increase with gestational age (Lee and associates, 1996; Nolan and colleagues, 1993). The clotting times of whole blood,
however, do not differ significantly in normal pregnant women. Some of the pregnancy-induced changes in the levels of
coagulation factors can be duplicated by the administration of estrogen plus progestin contraceptive tablets to nonpregnant
women.

Normal pregnancy also involves changes in platelets (Baker and Cunningham, 1999). In a study of almost 7000 healthy



women at term, Boehlen and associates (2000) found that the average platelet count was decreased slightly during pregnancy
to 213,000/uL compared with 250,000/uL in nonpregnant control women. They defined thrombocytopenia as below the 2.5th
percentile, which was 116,000/mL. During normal pregnancy, platelet width and volume increase. Decreased platelet
concentrations are partially due to the effects of hemodilution, but they also likely represent increased platelet consumption,
leading to a greater proportion of younger, and therefore, larger platelets (Tygart and co-workers, 1986). Further supporting
this concept, Hayashi and associates (2002) found that, beginning in midpregnancy, production of thromboxane A,, which

induces platelet aggregation, progressively increases.

The end product of the coagulation cascade is fibrin formation, and the main function of the fibrinolytic system is to remove
excess fibrin. The inactive precursor plasminogen is activated by plasminogen activators, which are serine proteases that
convert plasminogen into plasmin. Their activity is balanced by specific plasma-activator inhibitors present in plasma and
platelets. Plasmin activity causes fibrinolysis and produces fibrin degradation products such as d-dimers. Studies of the
fibrinolytic system in pregnancy have produced conflicting results, although the majority of evidence suggests that fibrinolytic
activity is actually reduced in normal pregnancy, likely related to increased concentrations of plasminogen-activator inhibitors
(Baker and Cunningham, 1999; Koh and co-authors, 1993).

Regulatory Proteins. There are a number of natural inhibitors of coagulation, including protein C, protein S, and
antithrombin. Inherited or acquired deficiencies of these and other natural regulatory proteins, collectively referred to as
thrombophilias, account for more than half of all thromboembolic episodes during pregnancy (Lockwood, 2002). These are
discussed in detail in Chapter 47 (see p. 1074).

Activated protein C, along with the co-factors protein S and factor V, functions as an anticoagulant by neutralizing the
procoagulants factor Va and factor VIIIa (see Fig. 47-1, p. 1075). As normal pregnancy advances, protein C levels remain
unchanged. At the same time, resistance to activated protein C increases progressively and is related to a concomitant
decrease in free protein S and increase in factor VIII. Specifically, between the first and third trimesters, the levels of activated
protein C decrease from about 2.4 to 1.9 U/mL, and free protein S decreases from 0.4 to 0.16 U/mL (Walker and colleagues,
1997). Oral contraceptives also decrease free protein S levels, leading to speculation that the decrease is hormonally
mediated. The discovery that the factor V Leiden mutation causes resistance to activated protein C has introduced new

variables into thrombophilias. In affected women, measurement of this resistance during preanancy is difficult and DNA testing
is recommended.

Levels of antithrombin remain relatively constant throughout gestation and the early puerperium (Delorme and associates,
1992).

Figure 47-1. Overview of the inherited thrombophilias and their effect(s) on the
coagulation cascade. (Adapted from Seligsohn and Lubetsky, 2001.)

CARDIOVASCULAR SYSTEM

During pregnancy and the puerperium, the heart and circulation undergo remarkable physiological adaptations. The most
important changes in cardiac function occur in the first 8 weeks of pregnancy (McLaughlin and Roberts, 1999). Cardiac output
is increased as early as the fifth week of pregnancy, and this initial increase is a function of reduced systemic vascular
resistance and an increase in heart rate. Between weeks 10 and 20, notable increases in plasma volume occur such that
preload is increased. Ventricular performance during pregnancy is influenced by both the decrease in systemic vascular
resistance and changes in pulsatile arterial flow. Vascular capacity increases, in part, because of an increase in vascular
compliance. As discussed in the following section, multiple factors contribute to these changes in overall hemodynamic
function, allowing the cardiovascular system to adjust to the physiological demands of the fetus while maintaining maternal
cardiovascular integrity. These changes during the last half of pregnancy are graphically summarized in Figure 5-7, which also
shows the important effects of maternal posture on hemodynamic events during pregnancy.

; o Figure 5-7. Effect of maternal posture on hemodynamics. PP = postpartum. (From
=" Ueland and Metcalfe, 1975, with permission.)

HEART. The resting pulse rate increases about 10 beats/min during pregnancy (Stein and co-workers, 1999). As the
diaphragm becomes progressively elevated, the heart is displaced to the left and upward, while at the same time it is rotated
somewhat on its long axis. As a result, the apex of the heart is moved somewhat laterally from its position in the normal
nonpregnant state, and an increase in the size of the cardiac silhouette is found in radiographs (Fig. 5-8). The extent of these
changes is influenced by the size and position of the uterus, tone of the abdominal muscles, and configurations of the abdomen
and thorax. Furthermore, pregnant women normally have some degree of benign pericardial effusion, which may increase the
cardiac silhouette (Enein and colleagues, 1987). Variability of these factors makes it difficult to identify precisely moderate
degrees of cardiomegaly by simple radiographic studies. Normal pregnancy induces no characteristic electrocardiographic
changes other than slight left-axis deviation as a result of the altered heart position.

Some cardiac sounds may be altered during pregnancy. Cutforth and MacDonald (1966) obtained phonocardiograms at varying



stages of pregnancy in 50 normal women. They documented an exaggerated splitting of the first heart sound with increased
loudness of both components; no definite changes in the aortic and pulmonary elements of the second sound; and a loud,
easily heard third sound. They heard a systolic murmur in 90 percent of pregnant women that was intensified during
inspiration in some or expiration in others, and disappeared very shortly after delivery; a soft diastolic murmur transiently in
20 percent; and continuous murmurs arising from the breast vasculature in 10 percent.

Left ventricular size is increased as a result of eccentric enlargement that increases radius-to-wall thickness, and thus end-
diastolic dimension (Duvekot and colleagues, 1993). Markedly attenuated afterload manifested by diminished vascular
resistance and mean arterial pressure allows the appreciable increase in cardiac output. Because changes in stroke volume are
directly proportional to end-diastolic volume, the implication is that the inotropic state of the myocardium changes little during
normal pregnancy (Katz and co-workers, 1978). Moreover, Sadaniantz and associates (1996) reported that these changes are
not cumulative with subsequent pregnancies. In multifetal pregnancies, compared with singletons, maternal cardiac output is
greater by approximately 20 percent because of a greater stroke volume (15 percent) and heart rate (3.5 percent). In
addition, left atrial diameter and left ventricular end-diastolic diameter are greater, reflecting the increase in preload (Kametas
and co-authors, 2003a). The increased heart rate and inotropic contractility imply that cardiovascular reserve is reduced.

The sustained cardiac changes during pregnancy are similar to acute changes reported for moderate to strenuous exercise.
Veille and colleagues (2001) examined the effects of exercise on a stationary bicycle during pregnancy on left-ventricular
diastolic filling. As predicted, exercise-induced tachycardia resulted in decreased ventricular filling time. Interestingly, exercise
also was found to be associated with decreased left-ventricular compliance. Although the exact mechanism causing reduced
compliance is not known, it may relate to left ventricular wall thickening in response to increased plasma volume.

Cardiac Output. During normal pregnancy, arterial blood pressure and vascular resistance decrease while blood volume,
maternal weight, and basal metabolic rate increase. Each of these events would be expected to affect cardiac output. It is now
evident that cardiac output at rest, when measured in the lateral recumbent position, increases significantly beginning in early
pregnancy (Duvekot and colleagues, 1993; Mabie and co-workers, 1994). It continues to increase and remains elevated during
the remainder of pregnancy (Fig. 5-9). Typically, cardiac output in late pregnancy is appreciably higher when the woman is in
the lateral recumbent position than when she is supine, because in the supine position the large uterus often impedes cardiac
venous return. Bamber and Dresner (2003), for example, found cardiac output at term to increase 1200 mL/min %*— almost 20
percent ®— when the pregnant woman was moved from her back onto her left side. When she assumes the standing position
after sitting, cardiac output falls to the same degree as in the nonpregnant woman (Easterling and associates, 1988).

During the first stage of labor, cardiac output increases moderately, and during the second stage, with vigorous expulsive
efforts, it is appreciably greater (see Fig. 5-9). Most of the pregnancy-induced increase is lost very soon after delivery.

Hemodynamic Function in Late Pregnancy. To further elucidate the net changes of normal pregnancy-induced
cardiovascular changes, Clark and colleagues (1989) conducted invasive studies to measure hemodynamic function late in
pregnancy (Table 5-2). Right heart catheterization was performed in 10 healthy nulliparous women at 35 to 38 weeks, and
again at 11 to 13 weeks postpartum. Late pregnancy was associated with the expected increases in heart rate, stroke volume,
and cardiac output. Systemic vascular and pulmonary vascular resistance both decreased significantly, as did colloid osmotic
pressure. Pulmonary capillary wedge pressure and central venous pressure did not change appreciably between late pregnancy
and the puerperium. Thus, as shown in Figure 5-10, although cardiac output is increased, left ventricular function as measured
by stroke work index remains similar to the nonpregnant normal range. Put another way, normal pregnancy is not a
continuous "high-output" state.

!—;=.;?—t—=ﬁ Figure 5-8. Change in cardiac outline that occurs in pregnancy. The colored lines
i/ (11 \| representthe relations between the heart and thorax in the nonpregnant woman,
i J “‘\ ‘- and the black lines represent the conditions existing in pregnancy. These findings
L_h__!:'-—- ' are based on radiographic findings in 33 women. (From Klafen and Palugyay, 1927,

with permission.)

Figure 5-9. Cardiac output during three stages of gestation, labor, and immediately
! g postpartum compared with values of nonpregnant women. All values were
il determined with women in the lateral recumbent position. (Adapted from Ueland
{ I and Metcalfe, 1975, with permission.)

Figure 5-10. Relationship between left ventricular stroke work index (LVSWI)
(cardiac output) and pulmonary capillary wedge pressure (PCWP) in 10 normal

— pregnant women in the third trimester. (From Hauth and Cunningham, 1999, with

/ permission.)
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CIRCULATION AND BLOOD PRESSU RE. The posture of the pregnant woman affects arterial blood

pressure. Blood pressure in the brachial artery differs when sitting or lying in the lateral recumbent supine position (Bamber
and Dresner, 2003). Usually, arterial blood pressure decreases to a nadir at about midpregnancy and rises thereafter. Diastolic
pressure decreases more than systolic (Fig. 5-11).



The antecubital venous pressure remains unchanged during pregnancy, but in the supine position the femoral venous pressure
rises steadily, from 8 cm H,O early in pregnancy to 24 cm H, O at term. Employing radiolabeled tracers, Wright and co-workers

(1950) demonstrated that blood flow in the legs is retarded during pregnancy except when the lateral recumbent position is
assumed. This tendency toward stagnation of blood in the lower extremities during the latter part of pregnancy is attributable
to the occlusion of the pelvic veins and inferior vena cava by the enlarged uterus. The elevated venous pressure returns to
normal when the pregnant woman lies on her side and immediately after delivery (McLennan, 1943). From a clinical viewpoint,
the retarded blood flow and increased lower extremity venous pressure are of great importance. These alterations contribute to
the dependent edema frequently experienced by women as they approach term, and to the development of varicose veins in
the legs and vulva, as well as hemorrhoids. They also predispose to deep-vein thrombosis, as discussed in Chapter 47 (see p.
1079).

Supine Hypotension. In late pregnancy with the woman in the supine position, the large pregnant uterus rather consistently
compresses the venous system that returns blood from the lower half of the body. The results are that cardiac filling may be
reduced and cardiac output decreased. In about 10 percent of women, this causes significant arterial hypotension, sometimes
referred to as the supine hypotensive syndrome (Kinsella and Lohmann, 1994). Moreover, in the supine position, the large
pregnant uterus also may compress the aorta sufficiently to lower arterial blood pressure below the level of compression
(Bieniarz and associates, 1968). Thus, when the pregnant woman is supine, uterine arterial pressure is significantly lower than
that in the brachial artery. In the presence of systemic hypotension, as occurs with spinal analgesia, the decrease in uterine
arterial pressure is even more marked than in arteries above the level of aortic compression (see Chap. 19, p. 480).

Renin, Angiotensin II, and Plasma Volume. The renin-angiotensin-aldosterone axis is intimately involved in renal control
of blood pressure via salt and water balance. All components of this system are increased in normal pregnancy (Gallery and
Lindheimer, 1999). Renin is produced by both the maternal kidney and the uteroplacental unit, and increased renin substrate
(angiotensinogen) is produced by both maternal and fetal liver. This increase in angiotensinogen results, in part, from high
levels of estrogen production during normal pregnancy. August and colleagues (1995) provided data from first-trimester
pregnancies and showed that stimulation of the renin-angiotensin system is important in early blood pressure maintenance.

Gant and associates (1973) conducted a prospective study of vascular reactivity to angiotensin II throughout pregnancy.
Normal nulliparas who remained normotensive were refractory to the pressor effects of infused angiotensin II. Conversely,
those destined to become hypertensive lost this refractoriness. Later, Gant and co-workers (1974) and Cunningham and
associates (1975) found that the increased refractoriness to angiotensin II characteristic of normal pregnancy is likely the
consequence of individual vessel refractoriness to angiotensin II. That is, in the woman destined to develop preeclampsia, or in
the woman already acutely ill with preeclampsia, the increased sensitivity to angiotensin II is the result of an alteration in
vessel wall refractoriness rather than the consequence of changes in blood volume or circulating renin-angiotensin levels.

Cardiac Natriuretic Peptides. These include atrial natriuretic peptide (ANP) and B-type natriuretic peptides (BNP), which are
produced and secreted by cardiomyocytes. In response to stretch of the atrial wall, these peptides are secreted and regulate
blood volume by producing significant natriuresis and diuresis. They also promote vasculature smooth muscle relaxation
(Clerico and Emdin, 2004). Recently, BNP has been evaluated as a marker for depressed left ventricular systolic function
(Heidenreich and associates, 2004).

When the effects of dietary sodium intake and posture are taken into account, plasma levels of ANP during normal gestation
are maintained in the nonpregnant range despite the increased plasma volume (Lowe and co-workers, 1992). This
physiological adaptation may be important in allowing the expansion of the extracellular fluid volume and the increase in
plasma aldosterone concentrations characteristic of normal pregnancy. Moreover, Thomsen and colleagues (1994) investigated
10 healthy primigravid twin pregnancies and reported that all ANP levels were even lower in twin than in singleton
pregnancies. These observations may serve to explain in part the relatively increased plasma volume characteristic of women
with twins compared with those with singleton fetuses.

C-type natriuretic peptide (CNP) is predominantly secreted by noncardiac tissues. Walther and Stepan (2004) have provided a
detailed review of its role during pregnancy. Among its diverse biological functions, the peptide appears to be a major
regulator of bone growth in the fetus.

Prostaglandins. Increased production of prostaglandins in normal pregnancy may well play a central role in control of
vascular tone, blood pressure, and sodium balance (Gallery and Lindheimer, 1999). Prostaglandin E2 synthesis in the renal

medulla is increased markedly in late pregnancy and is presumed to be natriuretic. Prostacyclin (PGIZ), the principal

prostaglandin of endothelium, also is increased in late pregnancy and functions in regulation of blood pressure as well as
coagulation. PGI, also has been implicated to be a factor in the angiotensin resistance characteristic of normal pregnancy

(Friedman, 1988). The ratio of PGI2 to thromboxane in maternal urine and blood has been considered an important feature in
the pathogenesis of preeclampsia (see Chap. 34, p. 769).

Progesterone. The prostaglandin-mediated vascular responsiveness to anaiotensin II may be progesterone related. Normally,
pregnant women lose their acquired vascular refractoriness to angiotensin II within 15 to 30 minutes after the placenta is
delivered. Interestingly, large amounts of intramuscular progesterone, given during late labor, delay this loss. Conversely,
intravenously administered progesterone does not restore angiotensin II refractoriness to women with gestational
hypertension, however, the infusion of a major progesterone metabolite ®%— 5a-dihydroprogesterone %>— does.

Endothelin. Endothelin-1 is produced in endothelial cells and vascular smooth muscle and is a potent vasoconstrictor that
regulates local vasomotor tone (Levin, 1995). Its production is stimulated by angiotensin 1I, arginine vasopressin, and
thrombin. Endothelins, in turn, stimulate secretion of ANP, aldosterone, and catecholamines. As discussed in Chapter 6 (see p.
175), endothelin receptors are present in pregnant and nonpregnant myometrium, and endothelins also have been identified in
the amnion, amnionic fluid, decidua, and placental tissue (Kubota and colleagues, 1992; Sagawa and associates, 1994). They
likely play an important role in maintaining vascular tone during pregnancy (Ajne and associates, 2003).

Blood Flow in Skin. Increased cutaneous blood flow in pregnancy serves to dissipate excess heat generated by increased
metabolism (see Chap. 56, p. 1250).



J~-......» Figure 5-11. Sequential changes (%t SEM) in blood pressure throughout pregnancy
- in 69 women in supine (solid line) and left lateral recumbent (LLR) positions (dashed
e ...-=" line). (Adapted from Wilson and colleagues, 1980, with permission.)
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RESPIRATORY TRACT

The diaphragm rises about 4 cm during pregnancy (see Fig. 5-8). The subcostal angle widens appreciably as the transverse

diameter of the thoracic cage increases about 2 cm. The thoracic circumference increases about 6 cm, but not sufficiently to
prevent a reduction in the residual volume of air in the lungs created by the elevated diaphragm. Diaphragmatic excursion is
actually greater during pregnancy than when nonpregnant.

PU LMONARY FUNCTION. The respiratory rate is little changed during pregnancy, but the tidal volume,

minute ventilatory volume, and minute oxygen uptake increase significantly as pregnancy advances. The maximum breathing
capacity and forced or timed vital capacity are not altered appreciably. The functional residual capacity and the residual volume
of air are decreased as a consequence of the elevated diaphragm (Fig. 5-12). Lung compliance is unaffected by pregnancy.
Airway conductance is increased and total pulmonary resistance is reduced, possibly as a result of progesterone action. The
critical closing volume, or the lung volume at which airways in the dependent parts of the lung begin to close during expiration,
has been considered to be higher in pregnancy by some investigators, but not by others (DeSwiet, 1991). The increased
oxygen requirements and perhaps the increased critical closing volume imposed by pregnancy tend to make respiratory
diseases more serious during gestation (see Chap. 46, p. 1056).

At any stage of normal pregnancy, the amount of oxygen delivered into the lungs by the increase in tidal volume clearly
exceeds the oxygen need imposed by pregnancy. Moreover, the amount of hemoglobin in the circulation, and in turn the total
oxygen-carrying capacity, increases appreciably during normal pregnancy, as does cardiac output. As a consequence, the
maternal arteriovenous oxygen difference is decreased.

Hankins and colleagues (1999) used pulmonary and radial artery catheters to measure oxygen transport in 10 normal women
between 36 and 38 weeks and again 12 weeks postpartum. The oxygen content of arterial blood was significantly lower in the
third trimester than in the postpartum period ®— 12 versus 16 mL/dL, respectively. Although cardiac output was significantly
increased consistent with normal pregnancy, its effects on oxygen delivery were negated by a substantially lower hemoglobin
content. Thus, the relative or so-called physiological anemia of pregnancy accounted for the lower arterial oxygen content.

McAuliffe and associates (2002) compared pulmonary function in 140 healthy women with singleton pregnancies, 68 women
with twins, and 22 women who were not pregnant. No significant differences in respiratory function were observed between
the women with twin versus singleton gestations. Compared with nonpregnant women, however, functional reserve capacity
and expiratory reserve volume during the third trimester were lower by about 20 and 30 percent, respectively. Moreover,
minute ventilation was increased by approximately 30 percent, and this was demonstrable as early as the first trimester.

Figure 5-12. Respiratory changes during pregnancy. (Reproduced from Bonica,
1967, with permission.)

ACID-BASE EQUILIBRIUM. An increased awareness of a desire to breathe is common even early in

pregnancy (Milne and colleagues, 1978). This may be interpreted as dyspnea, which in turn suggests pulmonary or cardiac
abnormalities when none exist. The mechanism of physiological dyspnea is thought to be increased tidal volume that lowers
the blood Pco, slightly, which paradoxically causes dyspnea. The increased respiratory effort, and in turn the reduction in Pco,,

during pregnancy is most likely induced in large part by progesterone and to a lesser degree by estrogen. The site of progestin
action appears to be central through a direct stimulatory effect on the respiratory center.

To compensate for the resulting respiratory alkalosis, plasma bicarbonate levels decrease from 26 to about 22 mmol/L. As a
result, blood pH is increased only minimally. This increase shifts the oxygen dissociation curve to the left and increases the
affinity of maternal hemoglobin for oxygen R— the Bohr effect $— thereby decreasing the oxygen-releasing capacity of
maternal blood. Thus, the hyperventilation that results in a reduced maternal Pco2 facilitates transport of carbon dioxide from

the fetus to the mother but appears to impair release of oxygen from maternal blood to the fetus. The increase in blood pH,
however, although minimal, stimulates an increase in 2,3-diphosphoglycerate in maternal erythrocytes (Tsai and de Leeuw,
1982). This counteracts the Bohr effect by shifting the oxygen dissociation curve back to the right, facilitating oxygen release
to the fetus.

URINARY SYSTEM

KIDNEY. A remarkable number of changes are observed in the urinary system as a result of pregnancy (Table 5-3).
Kidney size increases slightly during pregnancy. Bailey and Rolleston (1971), for example, found that the kidney was 1.5 cm



longer during the early puerperium than when measured 6 months later using radiographs. The glomerular filtration rate and
renal plasma flow increase early in pregnancy, the former as much as 50 percent by the beginning of the second trimester,
and the latter even greater (Lindheimer and co-workers, 2001). Experiments in animals suggest that both relaxin and neuronal
nitric oxide synthase may be important for mediating the increased glomerular filtration and plasma flow during pregnancy
(Abram and colleagues, 2001; Novak and associates, 2001). As shown in Figure 5-13, elevated glomerular filtration persists
until term, even though renal plasma flow decreases during late pregnancy.

Kallikrein, a tissue protease synthesized in cells of the distal renal tubule, is increased in several conditions associated with
increased glomerular perfusion in nonpregnant individuals. Platts and colleagues (2000) studied urinary kallikrein excretion
rates during human pregnancy and found increased excretion at 18 and 34 weeks, which returned to nonpregnant levels at
term. The significance of these fluctuations remains unknown.

As with blood pressure, maternal posture may have a considerable influence on several aspects of renal function. Late in
pregnancy, for instance, urinary flow and sodium excretion average less than half the excretion rate in the supine position
compared with that in the lateral recumbent position. The impact of posture on glomerular filtration and renal plasma flow is
much more variable.

Loss of Nutrients. One unusual feature of the pregnancy-induced changes in renal excretion is the remarkably increased
amounts of various nutrients in the urine. Amino acids and water-soluble vitamins are lost in the urine of pregnant women in
much greater amounts than in nonpregnant women (Hytten, 1973; Powers and associates, 2004).

Tests of Renal Function. The physiological changes in renal hemodynamics induced during normal pregnancy have several
implications for the interpretation of tests of renal function. Serum creatinine and urea nitrogen levels decrease from a mean of
0.7 and 1.2 mg/dL to 0.5 and 0.9 mg/dL, respectively, whereas values of 0.9 and 1.4 mg/dL suggest underlying renal disease
and should prompt further evaluation (Lindheimer and associates, 2000). Creatinine clearance in pregnancy should be 30
percent higher than the 100 to 115 mL/min normally measured in nonpregnant women (Lindheimer and associates, 2000).

Creatinine clearance is a useful test to estimate renal function in pregnancy provided that complete urine collection is made
during an accurately timed period. Incomplete urine concentration tests may give misleading results (Davison and colleagues,
1981). During the day, pregnant women tend to accumulate water in the form of dependent edema, and at night, while
recumbent, they mobilize this fluid and excrete it via the kidneys. This reversal of the usual nonpregnant diurnal pattern of
urinary flow causes nocturia, and the urine is more dilute than in the nonpregnant state. Failure of a pregnant woman to
excrete concentrated urine after withholding fluids for approximately 18 hours does not signify renal damage. In fact, the
kidney in these circumstances functions perfectly normally by excreting mobilized extracellular fluid of relatively low
osmolality.

Urinalysis. Glucosuria during pregnancy is not necessarily abnormal. The appreciable increase in glomerular filtration,
together with impaired tubular reabsorptive capacity for filtered glucose, accounts in most cases for glucosuria (Davison and
Hytten, 1974). Chesley (1963) calculated that for these reasons alone, about one sixth of all pregnant women should spill
glucose in the urine. Even though glucosuria is common during pregnancy, the possibility of diabetes mellitus should not be
ignored when it is identified.

Proteinuria normally is not evident during pregnancy except occasionally in slight amounts during or soon after vigorous labor.
Higby and associates (1994) measured protein excretion in 270 normal women throughout pregnancy. Their mean 24-hour
excretion was 115 mg, and the upper 95-percent confidence limit was 260 mg/day without significant differences by trimester
(Fig. 5-14). These authors also showed that albumin excretion is minimal and ranges from 5 to 30 mg/day. Nomograms for
urinary microalbumin and creatinine ratios during uncomplicated pregnancies have been developed by Waugh and co-workers

(2003).

Hematuria, if not the result of contamination during collection, most often suggests a diagnosis of urinary tract disease (see
Chap. 48, p. 1093). Difficult labor and delivery, of course, can cause hematuria because of trauma to the lower urinary tract.

’ Figure 5-13. Relative changes in measures of glomerular filtration rate (GFR),
| — effective renal plasma flow (ERPF), and filtration fraction during normal pregnancy.
I *;'"—-_-‘r*“-'-‘- (From Davison and Dunlop, 1980, with permission.)

Figure 5-14. Scatter plot of all patients showing 24-hour urinary total protein
excretion by gestational age. Mean and 95-percent confidence limits are outlined.
(From Higby and colleagues, 1994, with permission.)

URETERS- After the uterus rises completely out of the pelvis, it rests upon the ureters, laterally displacing and
compressing them at the pelvic brim. Increased intraureteral tonus above this level compared with that of the pelvic portion of
the ureter has been identified (Rubi and Sala, 1968). Schulman and Herlinger (1975) found ureteral dilatation to be greater on
the right side in 86 percent of pregnant women studied (Fig. 5-15). The unequal degrees of dilatation may result from a
cushioning provided the left ureter by the sigmoid colon and perhaps from greater compression of the right ureter as the
consequence of dextrorotation of the uterus. The right ovarian vein complex, which is remarkably dilated during pregnancy,
lies obliquely over the right ureter and may contribute significantly to right ureteral dilatation.

Another possible mechanism causing hydroureter and hydronephrosis is from an effect of progesterone. Major support for this



concept was provided by Van Wagenen and Jenkins (1939), who described further ureteral dilatation after removal of the
monkey fetus but with the placenta left in situ. The relatively abrupt onset of dilatation in women at midpregnancy, however,
is more consistent with ureteral compression from an enlarging uterus rather than a hormonal effect.

Elongation accompanies distention of the ureter, which is frequently thrown into curves of varying size, the smaller of which
may be sharply angulated. These so-called kinks are poorly named, because the term connotes obstruction. They are usually
single or double curves, which when viewed in the radiograph taken in the same plane as the curve, appear as more or less
acute angulations of the ureter (see Fig. 5-15). Another exposure at right angles nearly always identifies them to be more
gentle curves rather than kinks.

Figure 5-15. Normal intravenous pyelogram at 36 weeks. Pregnancy-induced
hydronephrosis (upper arrow) and hydroureter (lower arrow) are more marked on
the right. Elongation, dilatation, and peristalsis of the ureter create the appearance
of ureteral discontinuity.

BLADDER. there are few significant anatomical changes in the bladder before 12 weeks. From that time onward,
however, the increased size of the uterus, together with the hyperemia that affects all pelvic organs, and the hyperplasia of
the muscle and connective tissues, elevates the bladder trigone and causes thickening of its posterior, or intraureteric, margin.
Continuation of this process to the end of pregnancy produces marked deepening and widening of the trigone. The bladder
mucosa undergoes no change other than an increase in the size and tortuosity of its blood vessels.

Using urethrocystometry, Iosif and colleagues (1980) found that bladder pressure in primigravidas increased from 8 cm HZO
early in pregnancy to 20 cm H, O at term. To compensate for reduced bladder capacity, absolute and functional urethral

lengths increased by 6.7 and 4.8 mm, respectively. Finally, to preserve continence, maximal intraurethral pressure increased
from 70 to 93 cm H,O. Still, the majority of women experience urinary incontinence during pregnancy. Indeed, loss of urine is

always considered in the differential diagnosis with a question of ruptured membranes.

Nel and co-workers (2001) found that during pregnancy, approximately one fifth of women reported symptoms of stress
urinary incontinence for the first time, and Wijma and associates (2001) reported that a similar proportion of nulliparous
women actually demonstrate objective evidence of urine leakage. Thorpe and colleagues (1999) found that when pregnant
women were asked to compare urinary tract function week by week, they reported a steady deterioration in perceived bladder
function.

Toward the end of pregnancy, particularly in nulliparas in whom the presenting part often engages before labor, the entire
base of the bladder is pushed forward and upward, converting the normal convex surface into a concavity. As a result,
difficulties in diagnostic and therapeutic procedures are greatly increased. In addition, the pressure of the presenting part
impairs the drainage of blood and lymph from the base of the bladder, often rendering the area edematous, easily
traumatized, and probably more susceptible to infection.

GASTROINTESTINAL TRACT

As pregnancy progresses, the stomach and intestines are displaced by the enlarging uterus. As the result of the positional
changes in these viscera, the physical findings in certain diseases are altered. The appendix, for instance, is usually displaced
upward and somewhat laterally as the uterus enlarges, and at times it may reach the right flank.

Gastric emptying time, studied using acetaminophen absorption techniques, appears to be unchanged during each trimester
and when compared with nonpregnant women (Macfie and colleagues, 1991; Wong and associates, 2002). During labor,
however, and especially after administration of analgesic agents, gastric emptying time may be prolonged appreciably. As a
result, a major danger of general anesthesia for delivery is regurgitation and aspiration of either food-laden or highly acidic
gastric contents (see Chap. 19, p. 490).

Pyrosis (heartburn) is common during pregnancy and is most likely caused by reflux of acidic secretions into the lower
esophagus (see Chap. 49, p. 1114). Although the altered position of the stomach probably contributes to its frequent
occurrence, lower esophageal sphincter tone also is decreased. In addition, intraesophageal pressures are lower and
intragastric pressures higher in pregnant women. At the same time, esophageal peristalsis has lower wave speed and lower
amplitude (Ulmsten and Sundstrom, 1978).

The gums may become hyperemic and softened during pregnancy and may bleed when mildly traumatized, as with a
toothbrush. A focal, highly vascular swelling of the gums, the so-called epulis of pregnancy, develops occasionally but typically
regresses spontaneously after delivery. Most evidence indicates that pregnancy does not incite tooth decay.

Hemorrhoids are fairly common during pregnancy. They are caused in large measure by constipation and elevated pressure in
veins below the level of the enlarged uterus.

LIVER. Although the liver in some animals increases in size remarkably during pregnancy, there is no increase during

human pregnancy (Combes and Adams, 1971). Histological evaluation of liver biopsies, including examination with the electron
microscope, has shown no distinct changes in liver morphology in normal pregnant women (Ingerslev and Teilum, 1946).
Despite this, the diameter of the portal vein and its blood flow both increase substantively (Clapp and colleagues, 2000).

Some of the laboratory tests used to evaluate hepatic function yield appreciably different results during normal pregnancy.



Moreover, some of the changes are similar to those in nonpregnant patients with liver disease. Total alkaline phosphatase
activity in serum almost doubles during normal pregnancy, but much of the increase is attributable to heat-stable placental
alkaline phosphatase isozymes. Serum aspartate transaminase, alanine transaminase, y-glutamyl transferase, and bilirubin
levels are slightly lower during pregnancy compared with nonpregnant normal values (Girling and colleagues, 1997).

The concentration of serum albumin decreases during pregnancy. Late in pregnancy, for example, albumin concentrations may
normally be near 3.0 g/dL compared with approximately 4.3 g/dL in nonpregnant women (Mendenhall, 1970). Total albumin is
increased, however, because of a greater volume of distribution. The reduction in albumin concentration, combined with a
normal slight increase in serum globulin levels, results in a decrease in the albumin-to-globulin ratio similar to that seen in
certain hepatic diseases (see Chapter 50).

Leucine aminopeptidase activity is markedly elevated in serum from pregnant women. The increase results from the
appearance of a pregnancy -specific enzyme(s) with distinct substrate specificities (Song and Kappas, 1968). Pregnancy-
induced aminopeptidase has oxytocinase and vasopressinase activity.

GALLBLADDER. During normal pregnancy, the contractility of the gallbladder is reduced, leading to an increased
residual volume (Braverman and co-workers, 1980). It has been suggested that progesterone impairs gallbladder contraction
by inhibiting cholecystokinin-mediated smooth muscle stimulation, the primary regulator of gallbladder contraction. Impaired
gallbladder contraction leads to stasis, and this, associated with the increased cholesterol saturation of pregnancy, at least
partially explains the increased prevalence of cholesterol stones in multiparous women.

The effects of pregnancy on maternal bile acid serum concentrations have been incompletely characterized despite the long-
acknowledged propensity for pregnancy to cause intrahepatic cholestasis and pruritus gravidarum from retained bile salts.
Intrahepatic cholestasis has been linked to high circulating levels of estrogen, which inhibit intraductal transport of bile acids
(Simon and colleagues, 1996). In addition, increased progesterone and genetic factors have been implicated in the
pathogenesis (Lammert and associates, 2000). Cholestasis of pregnancy is described in greater detail in Chapter 50 (see p.
1126).

ENDOCRINE SYSTEM

Some of the most important endocrine changes of pregnancy are discussed elsewhere, especially in Chapter 3.

PITUITARY GLAND. During normal pregnancy the pituitary gland enlarges by approximately 135 percent
(Gonzalez and colleagues, 1988). Although it has been suggested that the increase may be sufficient to compress the optic
chiasma and reduce visual fields, changes in vision during normal pregnancy are minimal. Scheithauer and colleagues (1990)
have provided evidence that the incidence of pituitary prolactinomas is not increased during pregnancy. When these tumors
are large before pregnancy "—a macroadenoma is 10 mm or greater %— then enlargement during pregnancy is more likely
(see Chap. 53, p. 1203).

The maternal pituitary gland is not essential for maintenance of pregnancy. Many women have undergone hypophysectomy,
completed pregnancy successfully, and undergone spontaneous labor while receiving glucocorticoids along with thyroid
hormone and vasopressin.

Growth Hormone. During the first trimester, growth hormone is secreted predominantly from the maternal pituitary gland,
and concentrations in serum and amnionic fluid are within nonpregnant values of 0.5 to 7.5 ng/mL (Kletzky and associates,
1985). As early as 8 weeks, growth hormone secreted from the placenta becomes detectable (Lonberg and co-workers, 2003).
By about 17 weeks, the placenta is the principal source of growth hormone secretion (Obuobie and co-workers, 2001).
Maternal serum values increase slowly from approximately 3.5 ng/mL at 10 weeks to plateau after 28 weeks at approximately
14 ng/mL. Growth hormone in amnionic fluid peaks at 14 to 15 weeks and slowly declines thereafter to reach baseline values
after 36 weeks.

Although growth hormone is abundant in the fetal circulation, at least in the second half of gestation, it has not been
considered to be a major hormonal regulator of fetal growth (Lonberg and co-workers, 2003). For example, anencephalic
fetuses cannot produce significant amounts of pituitary growth hormone, yet they usually have near normal weight and length
(Wollmann, 2000). More recently, however, Chellakooty and co-investigators (2004) were the first to demonstrate that the
rate of fetal growth, after adjusting for confounding variables, significantly correlated with the increase in placental growth
hormone in the latter half of pregnancy. Interestingly, they also found that the gestational age when peak concentrations of
placental growth hormone were reached was associated with the onset of labor. After delivery, growth hormone is elevated for
some time but at levels lower than during late pregnancy (Spellacy and Buhi, 1969).

Prolactin. Maternal plasma levels of prolactin increase markedly during the course of normal pregnancy. Serum concentration
levels are usually 10-fold greater at term %— about 150 ng/mL %*%— compared with normal nonpregnant women. Paradoxically,
after delivery, the plasma prolactin concentration decreases even in women who are breast feeding. During early lactation,
pulsatile bursts of prolactin secretion occur apparently in response to suckling. The physiological cause of the marked increase
in prolactin prior to parturition is not entirely certain. It is known, however, that estrogen stimulation increases the number of
anterior pituitary lactotrophs and may stimulate the release of prolactin from these cells (Andersen, 1982). Thyroid-releasing
hormone also acts to cause an increased prolactin level in pregnant compared with nonpregnant women, but the response
decreases as pregnancy advances (Andersen, 1982; Miyamoto, 1984). Serotonin also is believed to increase prolactin, and
prolactin-inhibiting factor (dopamine) inhibits its secretion.

The principal function of maternal serum prolactin is to ensure lactation. Early in pregnancy, prolactin acts to initiate DNA
synthesis and mitosis of glandular epithelial cells and the presecretory alveolar cells of the breast. Prolactin also increases the
number of estrogen and prolactin receptors in these same cells. Finally, prolactin promotes mammary alveolar cell RNA
synthesis, galactopoiesis, and production of casein and lactalbumin, lactose, and lipids (Andersen, 1982). Kauppila and co-
workers (1987) found that a woman with an isolated prolactin deficiency failed to lactate after two pregnancies, establishing
the absolute necessity of prolactin for lactation but not for successful pregnancy outcome.



Prolactin is present in amnionic fluid in high concentrations. Levels of up to 10,000 ng/mL are found at 20 to 26 weeks,
thereafter, levels decrease and reach a nadir after 34 weeks. Several investigators have presented convincing evidence that
the uterine decidua is the site of prolactin synthesis in amnionic fluid (see Chap. 3, p. 51). Although the exact function of
amnionic fluid prolactin is not known, it has been suggested that amnionic fluid prolactin impairs the transfer of water from the
fetus into the maternal compartment, thus preventing fetal dehydration during late pregnancy when amnionic fluid is normally
hypotonic.

THYROID GLAND. During pregnancy, important changes in thyroidal economy occur that are due to three
modifications in the regulation of thyroid hormones. First, pregnancy induces a marked increase in circulating levels of the
major thyroxine transport protein, thyroxine-binding globulin, in response to high estrogen levels. Second, several thyroidal
stimulatory factors of placental origin are produced in excess. Third, pregnancy is accompanied by a decreased availability of
iodide for the maternal thyroid. This finding occurs because of increased renal clearance and excretion that results in a relative
iodine-deficiency state.

Also during pregnancy, the thyroid undergoes moderate enlargement caused by glandular hyperplasia and increased
vascularity. Glinoer and colleagues (1990) found that mean thyroid volume increased from 12.1 mL in the first trimester to
15.0 mL at delivery. Moreover, total volume was found to be inversely proportional to serum thyrotropin concentrations. These
enlargements are not pathological and normal pregnancy does not typically cause significant thyromegaly, thus, any goiter
should be investigated.

Changes in thyroid physiology function during pregnancy are detailed in Figure 5-16. Beginning early in the first trimester,
thyroxine-binding globulin increases, reaches its zenith at about 20 weeks, and stabilizes at approximately double baseline
values for the remainder of pregnancy. Total serum thyroxine (T4) increases sharply beginning between 6 and 9 weeks, and

reaches a plateau at 18 weeks. Free serum T, levels rise slightly and peak along with hCG levels, then they return to normal.
The rise in total triiodothyronine (T3) is more pronounced up to 18 weeks, and thereafter, it plateaus. Thyroid-releasing

hormone (TRH) levels are not increased during normal pregnancy, but this neurotransmitter does cross the placenta and may
stimulate the fetal pituitary to secrete thyrotropin (Thorpe-Beeston and associates, 1991).

Interestingly, the secretion of T4 and T3 is not similar for all pregnant women (Glinoer and associates, 1990). Approximately
one third of women experience relative hypothyroxinemia, preferential T3 secretion, and higher, albeit normal, serum
thyrotropin levels. Thus, there may be considerable variability in thyroidal adjustments during normal pregnancy.

The modifications in serum thyroid-stimulating hormone and hCG as a function of gestational age also are illustrated in Figure
5-16. As discussed in Chapter 3 (see p. 70), the a-subunits of the two glycoproteins are identical whereas the p-subunits,
although similar, differ in their amino acid sequence. As a result of this structural similarity, hCG has intrinsic thyrotropic
activity, and thus, high serum levels cause thyroid stimulation. Indeed, thyrotropin levels decrease in more than 80 percent of
pregnant women, even though levels are in the normal range for nonpregnant women (see Fig. 53-1, p. 1190).

These many complex alterations in thyroid regulation during pregnancy do not appear to alter maternal thyroid status as
measured by metabolic studies. Although basal metabolic rate increases progressively during normal pregnancy by as much as
25 percent, most of this increase in oxygen consumption can be attributed to fetal metabolic activity. If fetal body surface area
is considered along with that of the mother, the predicted and observed basal metabolic rates are quite similar to nonpregnant
women. Fetal thyroid physiology is discussed in Chapter 4 (see p. 111) and thyroid disorders in Chapter 53 (see p. 1190).

Figure 5-16. Relative changes in maternal thyroid function during pregnancy.

.;;{f'_' T Maternal changes include a marked and early increase in hepatic production of
i i thyroxine-binding globulin (TBG) and placental production of chorionic gonadotropin
= (hCG). Increased thyroxine-binding globulin increases serum thyroxine (T4)

concentrations, and chorionic gonadotropin has thyrotropin-like activity and
stimulates maternal T, secretion. The transient hCG-induced increase in serum T,

inhibits maternal secretion of thyrotropin. Except for minimally increased free T,
levels when hCG peaks, these levels are essentially unchanged. (T,_
triiodothyronine.) (From Burrow and colleagues, 1994, with permission.)

/ ~ Figure 53-1. Maternal serum thyrotropin levels across pregnancy in 13,851
“-~ women. (From Dashe and colleagues, 2003, with permission.)
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PARATHYROID GLAN DS. The regulation of calcium concentration is closely interrelated to magnesium,

phosphate, parathyroid hormone, vitamin D, and calcitonin physiology. Any alteration of one of these factors is likely to change
the others. In a longitudinal investigation of 20 women, More and associates (2003) found that all markers of bone turnover
increased during normal pregnancy and failed to reach baseline level by 12 months postpartum. They concluded that the
calcium needed for fetal growth and lactation may be drawn at least in part from the maternal skeleton.

Parathyroid Hormone and Calcium. Acute or chronic decreases in plasma calcium or acute decreases in magnesium
stimulate the release of parathyroid hormone, whereas increases in calcium and magnesium suppress parathyroid hormone
levels. The action of this hormone on bone resorption, intestinal absorption, and kidney reabsorption is to increase



extracellular fluid calcium and decrease phosphate.

Parathyroid hormone plasma concentrations decrease during the first trimester and then increase progressively throughout the
remainder of pregnancy (Pitkin and associates, 1979). Increased levels likely result from the lower calcium concentration in the
pregnant woman. As discussed earlier, this is the result of increased plasma volume, increased glomerular filtration rate, and
maternal-fetal transfer of calcium. Ionized calcium is decreased only slightly, and Reitz and co-workers (1977) suggest that
during pregnancy a new "set point" is established for ionized calcium and parathyroid hormone. Estrogens also appear to block
the action of parathyroid hormone on bone resorption, resulting in another mechanism to increase parathyroid hormone during
pregnancy. The net result of these actions is a physiological hyperparathyroidism of pregnancy, likely to supply the fetus with
adequate calcium.

The potential roles of parathyroid hormone-related peptide production in the fetus, placenta, and maternal tissues are
discussed in Chapter 3, p. 74, and Chapter 6, p. 166.

Calcitonin and Calcium. The calcitonin-secreting C cells are derived embryologically from the neural crest and are located
predominantly in the perifollicular areas of the thyroid gland. Calcium and magnesium increase the biosynthesis and secretion
of calcitonin. Various gastric hormones ®R— gastrin, pentagastrin, glucagon, and pancreoxymin R— and food ingestion also
increase calcitonin plasma levels.

The known actions of calcitonin generally are considered to oppose those of parathyroid hormone and vitamin D to protect
skeletal calcification during times of calcium stress. Pregnancy and lactation cause profound calcium stress, and during these
times, calcitonin levels are appreciably higher than in nonpregnant women (Weiss and co-workers, 1998; Whitehead and
associates, 1981).

Vitamin D and Calcium. Vitamin D, a hormone that is synthesized in the skin or ingested, is converted by the liver into 25-
hydroxyvitamin D3. This form then is converted in the kidney, decidua, and placenta to 1,25-dihydroxyvitamin D3, serum

levels of which are increased during normal pregnancy (Weisman and co-workers, 1979; Whitehead and associates, 1981).
Most likely this form is the biologically active compound, and it stimulates resorption of calcium from bone and absorption from
the intestines. Although its control is unclear, the conversion of 25-hydroxyvitamin D5 to 1,25-dihydroxyvitamin D3 is

facilitated by parathyroid hormone and by low calcium and phosphate plasma levels and opposed by calcitonin.

ADRENAL GLAN DS. In normal pregnancy, the maternal adrenal glands undergo little, if any, morphological
change.

Cortisol. The serum concentration of circulating cortisol is increased, but much of it is bound by cortisol-binding globulin, or
transcortin. The rate of adrenal cortisol secretion is not increased, and probably it is decreased compared with that of the
nonpregnant state. The metabolic clearance rate of cortisol, however, is lower during pregnancy because its half-life is nearly
doubled over that for nonpregnant women (Migeon and associates, 1957). Administration of estrogen, including most oral
contraceptives, causes changes in serum cortisol levels and transcortin similar to those of pregnancy.

In early pregnancy, the levels of circulating corticotropin (ACTH) are reduced strikingly. As pregnancy progresses, the levels of
ACTH and free cortisol rise. This apparent paradox is not understood completely. Nolten and Rueckert (1981) have presented
evidence that the higher free cortisol levels observed in pregnancy are the result of a "resetting" of the maternal feedback
mechanism to higher levels. They further propose that this might result from tissue refractoriness to cortisol. Keller-Wood and
Wood (2001) later suggested that these may result from an antagonistic action of progesterone on mineralocorticoids. Thus, in
response to elevated progesterone levels during pregnancy, an elevated free cortisol is needed to maintain homeostasis.
Indeed, experiments in pregnant ewes demonstrate that elevated maternal cortisol and aldosterone secretion are necessary to
maintain the normal increase in plasma volume during late pregnancy (Jensen and associates, 2002).

Aldosterone. As early as 15 weeks, the maternal adrenal glands secrete considerably increased amounts of aldosterone. By
the third trimester, about 1 mg/day is secreted. If sodium intake is restricted, aldosterone secretion is elevated even further
(Watanabe and co-workers, 1963). At the same time, levels of renin and angiotensin II substrate normally are increased,
especially during the latter half of pregnancy. This scenario gives rise to increased plasma levels of angiotensin II, which by
acting on the zona glomerulosa of the maternal adrenal glands, accounts for the markedly elevated aldosterone secretion. It
has been suggested that the increased aldosterone secretion during normal pregnancy affords protection against the
natriuretic effect of progesterone and atrial natriuretic peptide discussed earlier.

Deoxycorticosterone. Maternal plasma levels of this potent mineralocorticosteroid progressively increase during pregnancy.
Indeed, plasma levels of deoxycorticosterone rise to near 1500 pg/mL by term, a more than 15-fold increase (Parker and
associates, 1980). This marked elevation is not derived from adrenal secretion, but instead represents increased kidney
production resulting from estrogen stimulation. The levels of deoxycorticosterone and its sulfate in fetal blood are appreciably
higher than those in maternal blood, which suggests transfer of fetal deoxycorticosterone into the maternal compartment.

Dehydroepiandrosterone Sulfate. As discussed in Chapter 3 (see p. 78), the levels of dehydroepiandrosterone sulfate
circulating in maternal blood and excreted in the urine are decreased during normal pregnancy. This finding is a consequence
of increased metabolic clearance through extensive 160-hydroxylation in the maternal liver and conversion to estrogen by the
placenta.

Androstenedione and Testosterone. Maternal plasma levels of these androgens are increased during pregnancy. This
finding is not totally explained by alterations in their metabolic clearance. Maternal plasma androstenedione and testosterone
are converted to estradiol in the placenta, which increases their clearance rates. Conversely, the increased sex hormone-
binding globulin in plasma of pregnant women retards testosterone clearance. Thus, the plasma production rate of maternal
testosterone and androstenedione during human pregnancy are increased. The source of this increased Clg-steroid production
is unknown, but it likely originates in the ovary. Interestingly, little or no testosterone in maternal plasma enters the fetal
circulation as testosterone. Even when massive testosterone levels are found in the circulation of pregnant women, as with
androgen-secreting tumors, the testosterone levels in umbilical cord venous plasma are likely to be undetectable. This finding



is the result of the near complete conversion of testosterone to 17p-estradiol by the trophoblast (Edman and associates,
1979).

OTHER SYSTEMS
MUSCULOSKELETAL SYSTEM. Progressive lordosis is a characteristic feature of normal pregnancy.

Compensating for the anterior position of the enlarging uterus, the lordosis shifts the center of gravity back over the lower
extremities. The sacroiliac, sacrococcygeal, and pubic joints have increased mobility during pregnancy. As discussed on page
124, Marnach and co-workers (2003) found that although joint laxity increased during pregnancy, it did not correlate with
maternal estradiol, progesterone, or relaxin levels. Joint mobility may contribute to the alteration of maternal posture, and in
turn cause discomfort in the lower back. This is especially bothersome late in pregnancy, during which time aching, numbness,
and weakness also occasionally are experienced in the upper extremities. This may occur as a result of the marked lordosis
with anterior neck flexion and slumping of the shoulder girdle, which in turn produce traction on the ulnar and median nerves
(Crisp and DeFrancesco, 1964).

The bones and ligaments of the pelvis undergo remarkable adaptation during pregnancy. In 1934, Abramson and colleagues
described the normal relaxation of the pelvic joints, and particularly the symphysis pubis, that occurs during pregnancy (Fig. 5-
17). They reported that most relaxation takes place in the first half of pregnancy. Retrogression begins immediately following
delivery, and it is usually complete within 3 to 5 months.

Figure 5-17. Computed tomography images demonstrating symphyseal diastasis
and widening of the left anterior sacroiliac joint. (From Dunbar and Ries, 2002, with
permission.)

EYES- Intraocular pressure decreases during pregnancy, attributed in part to increased vitreous outflow (Sunness, 1988).
Corneal sensitivity also is decreased, with the greatest changes late in gestation. Most pregnant women demonstrate a
measurable but slight increase in corneal thickness that is thought to be due to edema. Consequently, pregnant women may
have difficulty with previously comfortable contact lenses. Brownish-red opacities on the posterior surface of the cornea %—
Krukenberg spindles %— have also been observed with a higher than expected frequency during pregnancy. Hormonal effects
are postulated as the cause of this increased pigmentation. Other than transient loss of accommodation reported with both
pregnancy and lactation, visual function is unaffected by pregnancy. These changes, as well as pathological eye aberrations,
were reviewed by Dinn and colleagues (2003).

CENTRAL NERVOUS SYSTEM. Women often report problems with attention, concentration, and memory

throughout pregnancy and the early postpartum period. Systematic studies of memory in pregnancy, however, are limited and
often anecdotal. Keenan and colleagues (1998) longitudinally investigated memory in pregnant women as well as a matched
control group. They found pregnancy-related memory decline, which was limited to the third trimester. This decline was not
attributable to depression, anxiety, sleep deprivation, or other physical changes associated with pregnancy. It was transient
and quickly resolved following delivery.

Zeeman and co-workers (2003) used magnetic resonance imaging to measure cerebral blood flow across pregnancy in 10
healthy women. They found that mean blood flow bilaterally in the middle and posterior cerebral arteries decreased
progressively from 147 and 56 mL/min when nonpregnant to 118 and 44 mL/min late in the third trimester, respectively. The
mechanism and clinical significance of this decrease, and whether it relates to the diminished memory observed during

pregnancy, is unknown.

Beginning as early as about 12 weeks, and extending through the first 2 months postpartum, women have difficulty going to
sleep, frequent awakenings, fewer hours of night sleep, and reduced sleep efficiency (Lee and colleagues, 2000; Swain and
colleagues, 1997). Trakada and co-workers (2003) found that during normal pregnancy, the frequency and duration of sleep
apnea episodes were decreased significantly compared with those postpartum. In the supine position, however, average Pao,

levels were lower. The greatest disruption of sleep is encountered postpartum and may contribute to postpartum blues, or
even frank depression (see Chap. 55, p. 1243).
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6. Parturition
INTRODUCTION

The last few hours of human pregnancy are characterized by uterine contractions that effect dilatation of the cervix and force
the fetus through the birth canal. The myometrial contractions of labor are painful, which is why the term /abor pains is used to
describe this process. Before these forceful, painful contractions begin, however, the uterus must be prepared for labor. During
the first 36 to 38 weeks of gestation, the myometrium is unresponsive. After this prolonged period of quiescence, a transitional
phase is required during which myometrial unresponsiveness is suspended and the cervix is softened and effaced.

The physiological processes that regulate parturition and the onset of labor continue to be defined. It is clear, however, that
the onset of labor represents the culmination of a series of biochemical changes in the uterus that result from endocrine and
paracrine signals coming from both the mother and the fetus. The relative role of their contributions varies between species,
and it is these differences that complicate the determination of the exact underlying factors regulating human parturition.
When parturition is abnormal, the result can be preterm labor, dystocia, or postterm pregnancy. Although dystocia and
postterm pregnancy can be treated by cesarean delivery, preterm labor remains the major contributor to neonatal mortality
and morbidity in developed countries. What follows is a concise view of the process of parturition and the events that regulate
its progression to delivery. Because of the impact of preterm delivery on society, the potential physiological causes of preterm
birth also are discussed (see also Chap. 36, p. 859).

PHASES OF PARTURITION

Parturition, the bringing forth of young, encompasses all physiological processes involved in birthing: the prelude to (phase 0),
the preparation for (phase 1), the process of (phase 2), and recovery from (phase 3) childbirth. From the disparate nature of
these physiological processes, it is evident that multiple transformations in uterine function must be accommodated in a timely
manner. As shown in Figure 6-1, parturition can be arbitrarily divided into four uterine phases, which correspond to the major
physiological transitions of the myometrium and cervix during pregnancy (Casey and MacDonald, 1993, 1997; Challis and
associates, 2000). The phases of parturition should not be confused with the clinical stages of labor (first, second, and third
stages), which comprise phase 2 of parturition.

— == Figure 6-1. The phases of parturition and the onset of labor.

PHASE 0 OF PARTURITION: UTERINE QUIESCENCE. Beginning even before

implantation, a remarkably effective period of myometrial quiescence is imposed. This phase is characterized by uterine
smooth muscle tranquility with maintenance of cervical structural integrity. During this phase, which normally characterizes 95
percent of pregnancy, the inherent propensity of the myometrium to contract is held in abeyance. Thus, the uterine
myometrial smooth muscle is rendered unresponsive to natural stimuli, and relative contractile paralysis is imposed against a
host of mechanical and chemical challenges that otherwise would promote emptying of the uterine contents. The myometrial
unresponsiveness of phase 0 continues until near the end of pregnancy, when the myometrium must be awakened from this
prolonged parturitional diapause in preparation for labor.

During phase 0 of parturition, as the myometrium is maintained in a quiescent state, the cervix must remain firm and
unyielding. The maintenance of cervical anatomical and structural integrity is essential for successful parturition. Preterm
cervical dilatation, structural incompetence, or both, may forecast an unfavorable pregnancy outcome that ends most often in
preterm delivery (see Chap. 36, p. 860). Indeed, shortening of the cervix between 24 and 28 weeks was associated with an
increased risk of preterm delivery (Iams and colleagues, 1996).

Some myometrial contractions occur during the quiescent phase, but they do not normally cause cervical dilatation. These
contractions are characterized by unpredictable occurrence, very low intensity, and brief duration. Any discomfort that they
produce usually is confined to the lower abdomen and groin. Near the end of pregnancy, as the uterus undergoes preparation
for labor, contractions of this type are more common, especially in multiparous women. They are sometimes referred to as
Braxton-Hicks contractions or false labor (see Chap. 17, p. 424).

PHASE 1 OF PARTURITION: PREPARATION FOR LABOR. 7o prepare the uterus for

labor, the myometrial tranquility ofphase 0 of parturition must be suspended through what has been called uterine awakening
or activation. This process is termed phase 1 of parturition and represents a progression of changes in the uterus during the
last 6 to 8 weeks of pregnancy. It is important to consider that shifting the events associated with phase 1 can cause either
preterm or delayed labor. Thus, understanding the modifications in the myometrium and cervix during phase 1 provides a
better understanding of events leading to normal labor as well as preterm labor.

Cervical Changes. Although parts of the same organ, the body or fundus of the uterus and the cervix must respond quite
differently during pregnancy and parturition. Specifically, it is essential that during most of pregnancy the myometrium be able
to stretch but remain quiescent. And, at the same time, the cervix must remain unyielding and reasonably rigid. Then,
coincidentally with the initiation of parturition, the cervix must soften, yield, and become more readily dilatable. The fundus
must be transformed from the relatively relaxed, unresponsive organ characteristic of most of pregnancy to one that will
produce effective contractions that drive the fetus through the yielding (dilatable) cervix and on through the birth canal.
Failure of a coordinated interaction between the functions of fundus and cervix is indicative of an unfavorable pregnancy
outcome. But despite the apparent reversal of roles between cervix and fundus from before to during labor, it is likely that
common agents regulate both.

The cervical modifications during phase 1 of parturition principally involve changes in the connective tissue. These are
accompanied by the invasion by inflammatory cells to the extent that the process has been likened to a state of inflammation.



Two complementary changes occur to its connective tissues as the cervix softens. The first change relates to the state of the
bundles of collagen fibers that act during most of gestation to provide rigid support. Late in gestation there is an increase in
collagen breakdown and a rearrangement of the collagen fiber bundles. This process causes a decrease in the number and size
of collagen bundles within the cervix. During this same period, there are changes in the relative amounts of the various
glycosaminoglycans, particularly hyaluronic acid, a compound associated with the capacity of the cervix to retain water. The
second change relates to the striking increase in the amount of hyaluronic acid in the cervix, with a concomitant increase in
water. In addition, there is a decrease in dermatan sulfate, which is needed for collagen fiber cross-linking (Cabrol and
associates, 1985). Other cervical changes associated with softening include an increased production of cytokines that causes
infiltration of leukocytes, which also degrade collagen. The result of these changes is cervical thinning, softening, and
relaxation, which allow the cervix to initiate dilatation.

The exact mechanisms that lead to cervical ripening are still being defined, but several candidates have already been used
clinically. Prostaglandins E, (PGEZ) and F, (PGFZQ) applied directly to the cervix will induce these same maturational softening

changes. Specifically, they cause modification of collagen and alterations in the relative concentration of the
glycosaminoglycans. This property is useful clinically, and prostaglandin preparations placed intravaginally adjacent to the
cervix effect cervical softening or "ripening" to facilitate the induction of labor (see Chap. 22, p. 537). In some species, but not
humans, these events are induced by falling levels of progesterone. However, even in humans, progesterone antagonists will
cause cervical softening. As discussed later, humans may have developed unique mechanisms to cause a localized decrease in
progesterone action in the cervix and myometrium. Despite the enormous importance of cervical softening to the success of
parturition, relatively little is known of the precise sequence (or regulation) of the biochemical processes involved.

Myometrial Changes. The uterine smooth muscle must undergo a series of changes during phase 1 to prepare it for labor.
Most relate to its state of contractility. These changes are manifest by a transition from a contractile state characterized
predominantly by occasional painless contractions to one in which more frequent contractions develop. This shift probably
results from alterations in the expression of key proteins that control myometrial contractility. These have been termed the
contraction-associated proteins (CAPs). During phase 1 there is a striking increase in myometrial oxytocin receptors. There are
increased numbers and surface areas of myometrial cell gap junction proteins such as connexin-43. Together these changes
result in increased uterine irritability and responsiveness to uterotonins.

Another critical change that occurs in phase 1 is the formation of the lower uterine segment. With the development of a well -
formed lower segment, the fetal head oftentimes descends to or even through the pelvic inlet *%— a distinctive event referred
to as lightening. The abdomen commonly undergoes a change in shape, an event sometimes described by the mother as "the
baby dropped." It is also likely that the myometrium in the lower uterine segment is unique from the adjacent myometrium in
the upper uterine segment, resulting in distinct roles for each during labor.

PHASE 2 OF PARTURITION: THE PROCESS OF LABOR. Phase 2 is synonymous with

active labor, that is, the uterine contractions that bring about progressive cervical dilatation and delivery. Clinically, phase 2 of
parturition is customarily divided into the three stages of labor. These stages compose the labor graph commonly used and
shown in Figure 6-2. The clinical stages of labor may be summarized as follows:

1. The first stage of labor begins when widely spaced uterine contractions of sufficient frequency, intensity, and duration are
attained to bring about effacement of the cervix. This stage of labor ends when the cervix is fully dilated (about 10 cm) to
allow passage of the fetal head. The first stage of labor, therefore, is the stage of cervical effacement and dilatation.

2. The second stage of labor begins when dilatation of the cervix is complete, and ends with delivery of the fetus. Thus, the
second stage of labor is the stage of expulsion of the fetus.

3. The third stage of labor begins immediately after delivery of the fetus and ends with the delivery of the placenta and fetal
membranes. Thus, the third stage of labor is the stage of separation and expulsion of the placenta.

First Stage of Labor: Clinical Onset of Labor. In some women, the forceful uterine contractions that effect cervical
dilatation, fetal descent, and delivery begin suddenly and seemingly without warning. In other women, a rather dependable
sign of the initiation of labor is the spontaneous discharge of a small amount of blood-tinged mucus from the vagina. This
event represents the extrusion of the mucus plug that had filled the cervical canal during pregnancy, and is referred to as
"show" or "bloody show." There is very little blood with the mucus plug, and substantial bleeding is suggestive of an abnormal
cause. Passage of the mucus plug indicates that labor is already in progress or likely will ensue during the next several hours
to days.

UTERINE CONTRACTIONS CHARACTERISTIC OF LABOR. Unique among physiological muscular contractions, those of
uterine smooth muscle during labor are painful. The cause of the pain is not known definitely, but several possibilities have
been suggested:

1. Hypoxia of the contracted myometrium (as in angina pectoris).

2. Compression of nerve ganglia in the cervix and lower uterus by the interlocking muscle bundles.

3. Stretching of the cervix during dilatation.

4. Stretching of the peritoneum overlying the fundus.

Compression of nerve ganglia in the cervix and lower uterine segment by the contracting myometrium is an especially
attractive hypothesis. Paracervical infiltration with a local anesthetic usually produces appreciable relief of pain during
subsequent contractions (see Chap. 19, p. 479). Uterine contractions are involuntary and, for the most part, independent of
extrauterine control. Neural blockage from epidural analgesia does not diminish their frequency or intensity. Moreover, the

myometrial contractions in paraplegic women are normal, though painless, as in women after bilateral lumbar sympathectomy.

Mechanical stretching of the cervix enhances uterine activity in several species, including humans. This phenomenon has been



referred to as the Ferguson reflex (Ferguson, 1941). The exact mechanism by which mechanical dilatation of the cervix causes
increased myometrial contractility is not clear. Release of oxytocin was suggested as the cause, but this is not proven.
Manipulation of the cervix and "stripping" the fetal membranes is associated with an increase in the levels of prostaglandin F,

metabolite (PGFM) in blood which could also increase contractions.

The interval between contractions diminishes gradually from about 10 minutes at the onset of the first stage of labor to as little
as 1 minute or less in the second stage. Periods of relaxation between contractions, however, are essential to the welfare of
the fetus. Unremitting contractions compromise uteroplacental blood flow sufficiently to cause fetal hypoxemia. In the active
phase of labor, the duration of each contraction ranges from 30 to 90 seconds, averaging about 1 minute. There is appreciable
variability in the intensity of contractions during normal labor, as emphasized by Schulman and Romney (1970). They recorded
the amnionic fluid pressures generated by contractions during spontaneous labor and found the average to be about 40 mm
Hg, with variations from 20 to 60 mm Hg (see Chap. 18, p. 466).

FORMATION OF DISTINCT LOWER AND UPPER UTERINE SEGMENTS. During active labor, the divisions of the uterus that
were initiated in phase 1 of parturition become increasingly evident. The actively contracting upper segment becomes thicker
as labor advances. The lower or passive segment of the uterus and the cervix are relatively inactive compared with the upper
segment. It subsequently develops into a much more thinly walled passage for the fetus. The lower segment is analogous to a
greatly expanded and thinned-out isthmus in nonpregnant women and thus is not solely a phenomenon of labor. The lower
segment develops gradually as pregnancy progresses and then thins remarkably during labor (Figs. 6-3 and 6-4).

By abdominal palpation, even before rupture of the membranes, the two segments can be differentiated during a contraction.
The upper uterine segment is quite firm or hard during contractions. The consistency of the lower uterine segment is much less
firm, and it is distended and normally much more passive. If the entire wall of uterine musculature, including the lower uterine
segment and cervix, were to contract simultaneously and with equal intensity, the net expulsive force would be decreased
markedly. Herein lies the importance of the division of the uterus into an actively contracting upper segment and a more
passive lower segment that differ not only anatomically but also physiologically.

The upper segment contracts, retracts, and expels the fetus. In response to the force of these contractions, the softened lower
uterine segment and cervix dilate and thereby form a greatly expanded, thinned-out muscular and fibromuscular tube through
which the fetus can be extruded. The myometrium of the upper uterine segment does not relax to its original length after
contractions. Instead, it becomes relatively fixed at a shorter length.

The upper active segment of the uterus contracts down on its diminishing contents, but myometrial tension remains constant.
The net effect is to take up slack, thus maintaining the advantage gained in the expulsion of the fetus, and keeping the uterine
musculature in firm contact with the intrauterine contents. As the consequence of retraction, each successive contraction
commences where its predecessor left off. Thus, the upper part of the uterine cavity becomes slightly smaller with each
successive contraction. Because of the successive shortening of the muscular fibers with contractions, the upper active uterine
segment becomes progressively thickened throughout the first and second stages of labor (see Fig. 6-3). This process
continues and results in an upper uterine segment that is tremendously thickened immediately after delivery. The phenomenon
of upper segment retraction is contingent upon a decrease in the volume of its contents. For the contents to be diminished,
particularly early in labor when the entire uterus is virtually a closed sac with only a minute opening at the cervical os, the
musculature of the lower segment must stretch. This permits increasingly more of the uterine contents to occupy the lower
segment, and the upper segment retracts only to the extent that the lower segment distends and the cervix dilates.

Relaxation of the lower uterine segment is not complete, but rather the opposite of retraction. The fibers of the lower segment
become stretched with each contraction of the upper segment and after which are not returned to the previous length but
remain fixed at the longer length. Importantly, the tension remains essentially the same as before. The musculature still
manifests tone, still resists stretch, and still contracts somewhat on stimulation. The successive lengthening of the fibers in the
lower segment, as labor progresses, is accompanied by thinning, normally to only a few millimeters in the thinnest part. As a
result of the lower segment thinning and concomitant upper segment thickening, a boundary between the two is marked by a
ridge on the inner uterine surface R— the physiological retraction ring. When the thinning of the lower uterine segment is
extreme, as in obstructed labor, the ring is very prominent, forming a pathological retraction ring. This is an abnormal
condition, also known as Band|/ ring, which is illustrated in Figure 6-3 and discussed further in Chapter 20 (see p. 519). The
existence of a gradient of diminishing physiological activity from fundus to cervix was established from measurements of
differences in behavior of the upper and lower parts of the uterus during normal labor.

CHANGES IN UTERINE SHAPE DURING LABOR. Each contraction produces an elongation of the uterine ovoid with a
concomitant decrease in horizontal diameter. By virtue of this change in shape, there are important effects on the process of
labor. First, the decrease in horizontal diameter produces a straightening of the fetal vertebral column. This presses the upper
pole of the fetus firmly against the fundus, whereas the lower pole is thrust farther downward and into the pelvis. The
lengthening of the fetal ovoid thus produced has been estimated as between 5 and 10 cm. The pressure exerted in this fashion
is known as the fetal axis pressure. Second, with lengthening of the uterus, the longitudinal fibers are drawn taut, and because
the lower segment and cervix are the only parts of the uterus that are flexible, these are pulled upward over the lower pole of
the fetus. This effect on the musculature of the lower segment and on the cervix is an important factor in cervical dilatation.

ANCILLARY FORCES IN LABOR. After the cervix is dilated fully, the most important force in the expulsion of the fetus is that
produced by maternal intra-abdominal pressure. Created by contraction of the abdominal muscles simultaneously with forced
respiratory efforts with the glottis closed, this is referred to as "pushing." The nature of the force produced is similar to that
involved in defecation, but the intensity usually is much greater. The importance of intra-abdominal pressure in fetal expulsion
is most clearly attested to by the labors of women who are paraplegic. Such women suffer no pain, although the uterus may
contract vigorously. Cervical dilatation, in large measure the result of uterine contractions acting on a softened cervix,
proceeds normally. Expulsion of the infant, however, is accomplished more readily when the woman is instructed to bear down
during a uterine contraction.

Although increased intra-abdominal pressure is required for the spontaneous completion of labor, it is futile until the cervix is
fully dilated. Specifically, it is a necessary auxiliary to contractions in second-stage labor, but pushing accomplishes little in the
first stage.



Cervical Changes Induced During the First Stage of Labor. There are three principal structural components of the cervix:
collagen, smooth muscle, and the extracellular matrix. Constituents important in modifications at parturition are those in the
extracellular matrix, including the glycosaminoglycans, dermatan sulfate, and hyaluronic acid. The smooth muscle content of
the cervix is much less than that of the fundus and varies anatomically from 25 to only 6 percent. Before the onset of labor,
during the phase of uterine awakening and preparedness, the cervix is softened, which facilitates dilatation once forceful
myometrial contractions of labor begin. The effective force of first-stage labor is the uterine contraction, which in turn exerts
hydrostatic pressure through the fetal membranes against the cervix and lower uterine segment. In the absence of intact
membranes, the presenting part is forced directly against the cervix and lower uterine segment. As the result of the action of
these forces, two fundamental changes R— effacement and dilatation %— take place in the already softened cervix. For the
average-sized fetal head to pass through the cervix, its canal must dilate to a diameter of about 10 cm. At this time, the cervix
is said to be completely (or fully) dilated. There may be no fetal descent during cervical effacement, but most commonly the
presenting fetal part descends somewhat as the cervix dilates. During second-stage labor, descent of the presenting part
typically occurs rather slowly but steadily in nulliparas. In multiparas, however, particularly those of high parity, descent may
be rapid.

The "obliteration" or "taking up" of the cervix is the shortening of the cervical canal from a length of about 2 cm to a mere
circular orifice with almost paper-thin edges. This process is referred to as cervical effacement and takes place from above
downward. The muscular fibers at about the level of the internal cervical os are pulled upward, or "taken up," into the lower
uterine segment, as the condition of the external os remains temporarily unchanged. As illustrated in Figures 6-5, 6-6, 6-7 and
6-8, the edges of the internal os are drawn upward several centimeters to become a part of the lower uterine segment.

Effacement may be compared with a funneling process in which the whole length of a narrow cylinder is converted into a very
obtuse, flaring funnel with a small circular orifice for an outlet. As the result of increased myometrial activity during uterine
preparedness for labor, appreciable effacement of the softened cervix sometimes is accomplished before active labor begins.
Effacement causes expulsion of the mucus plug as the cervical canal is shortened.

Compared with the body of the uterus, the lower uterine segment and the cervix are regions of lesser resistance. Therefore,
during a contraction a centrifugal pull is exerted on the cervix leading to distention, a process referred to as cervical dilatation
(Figs. 6-9, 6-10, and 6-11). As the uterine contractions cause pressure on the membranes, the hydrostatic action of the
amnionic sac in turn dilates the cervical canal like a wedge. In the absence of intact membranes, the pressure of the
presenting part against the cervix and lower uterine segment is similarly effective. Early rupture of the membranes does not
retard cervical dilatation so long as the presenting part of the fetus is positioned to exert pressure against the cervix and lower
uterine segment. The process of cervical effacement and dilatation causes the formation of the forebag of the amnionic fluid,
which is later described in detail.

As depicted in Figure 6-2, two phases of cervical dilatation are the latent phase and the active phase. The active phase has
been subdivided further as the acceleration phase, the phase of maximum slope, and the deceleration phase (Friedman, 1978).
The duration of the latent phase is more variable and sensitive to changes by extraneous factors, such as sedation, which
prolongs the latent phase, and myometrial stimulation, which shortens it. The duration of the latent phase has little bearing on
the subsequent course of labor, whereas the characteristics of the accelerated phase are usually predictive of the outcome of a
particular labor. The completion of cervical dilatation during the active phase of labor is accomplished by cervical retraction
about the presenting part of the fetus. After cervical dilatation, the second stage of labor commences; thereafter, only
progressive descent of the presenting fetal part is available to assess the progress of labor.

The Second Stage of Labor: Fetal Descent. In many nulliparas, engagement of the fetal head is accomplished before labor
begins, and further descent does not occur until late in labor. In others in whom engagement of the fetal head is initially not so
complete, further descent occurs during the first stage of labor. In the descent pattern of normal labor, a typical hyperbolic
curve is formed when the station of the fetal head is plotted as a function of the duration of labor. Active descent usually takes
place after dilatation has progressed for some time (Figs. 6-2 and 6-12). In nulliparas, increased rates of descent are observed
ordinarily during the phase of maximum slope of cervical dilatation. At this time, the speed of descent increases to a
maximum, and this is maintained until the presenting part reaches the perineal floor (Friedman, 1978).

CHANGES IN THE PELVIC FLOOR DURING LABOR. The birth canal is supported and is functionally closed by several layers
of tissues that together form the pelvic floor. The most important structures are the levator ani muscle and the fascia covering
its upper and lower surfaces, which for practical purposes may be considered as the pelvic floor. This group of muscles closes
the lower end of the pelvic cavity as a diaphragm, and thereby a concave upper and a convex lower surface are presented (see
Chapter 2, p. 20). The levator ani consists of a pubococcygeus and iliococcygeus portion (Kearney and colleagues, 2004).

The posterior and lateral portions of the pelvic floor, which are not filled out by the levator ani, are occupied bilaterally by the
piriformis and coccygeus muscles. The levator ani varies in thickness from 3 to 5 mm, though its margins encircling the rectum
and vagina are somewhat thicker. During pregnancy, the levator ani usually undergoes hypertrophy, forming a thick band that
extends backward from the pubis and encircles the vagina about 2 cm above the plane of the hymen. On contraction, the
levator ani draws both the rectum and the vagina forward and upward in the direction of the symphysis pubis and thereby acts
to close the vagina. The more superficial muscles of the perineum are too delicate to serve more than an accessory function.

In the first stage of labor, the membranes, when intact, and the fetal presenting part serve a role in dilating the upper portion
of the vagina. The most marked change consists of the stretching of the fibers of the levator ani muscles and the thinning of
the central portion of the perineum, which becomes transformed from a wedge-shaped mass of tissue 5 cm in thickness to a
thin, almost transparent membranous structure less than 1 cm thick. When the perineum is distended maximally, the anus
becomes markedly dilated and presents an opening that varies from 2 to 3 cm in diameter and through which the anterior wall
of the rectum bulges. The extraordinary number and size of the blood vessels that supply the vagina and pelvic floor effect a
great increase in the amount of blood loss when these tissues are torn.

Third Stage of Labor: Delivery of Placenta and Membranes. The third stage of labor begins immediately after delivery of
the fetus and involves the separation and expulsion of the placenta and membranes. As the infant is born, the uterus
spontaneously contracts around its diminishing contents. Normally, by the time the infant is completely delivered, the uterine
cavity is nearly obliterated and the organ consists of an almost solid mass of muscle, several centimeters thick, above the
thinner lower segment. The uterine fundus now lies just below the level of the umbilicus.



This sudden diminution in uterine size is inevitably accompanied by a decrease in the area of the placental implantation site
(Fig. 6-13). For the placenta to accommodate itself to this reduced area, it increases in thickness, but because of limited
placental elasticity, it is forced to buckle. The resulting tension causes the weakest layer of the decidua %*— the decidua
spongiosa R—to give way, and cleavage takes place at that site. Therefore, separation of the placenta results primarily from a
disproportion created between the unchanged size of the placenta and the reduced size of the underlying implantation site.
During cesarean delivery, this phenomenon may be directly observed when the placenta is implanted posteriorly.

Cleavage of the placenta is facilitated greatly by the nature of the loose structure of the spongy decidua, which may be likened
to the row of perforations between postage stamps. As separation proceeds, a hematoma forms between the separating
placenta and the remaining decidua. The hematoma is usually the result, rather than the cause, of the separation, because in
some cases bleeding is negligible. The hematoma may, however, accelerate the process of cleavage. Because the separation of
the placenta is through the spongy layer of the decidua, part of the decidua is cast off with the placenta, whereas the rest
remains attached to the myometrium. The amount of decidual tissue retained at the placental site varies.

Placental separation ordinarily occurs within a very few minutes after delivery. Brandt (1933) and others, based on results
obtained in combined clinical and radiographic studies, supported the idea that because the periphery of the placenta is
probably the most adherent portion, separation usually begins elsewhere. Occasionally some degree of separation begins even
before the third stage of labor, probably accounting for certain cases of fetal heart rate decelerations that occur just before
expulsion of the infant.

SEPARATION OF AMNIOCHORION. The great decrease in the surface area of the uterine cavity simultaneously causes the
fetal membranes (amniochorion) and the parietal decidua to be thrown into innumerable folds that increase the thickness of
this layer from less than 1 mm to 3 to 4 mm. The lining of the uterus early in the third stage indicates that much of the
parietal layer of decidua parietalis is included between the folds of the festooned amnion and chorion laeve (Fig. 6-14). The
membranes usually remain in situ until the separation of the placenta is nearly completed. These are then peeled off the
uterine wall, partly by the further contraction of the myometrium and partly by traction that is exerted by the separated
placenta, which lies in the thin lower uterine segment or in the upper portion of the vagina. The body of the uterus at that time
normally forms an almost solid mass of muscle, the anterior and posterior walls of which, each measuring 4 to 5 cm in
thickness, lie in close apposition such that the uterine cavity is almost obliterated.

PLACENTAL EXTRUSION. After the placenta has separated from its implantation site, the pressure exerted upon it by the
uterine walls causes it to slide downward into the lower uterine segment or the upper vagina. In some cases the placenta may
be expelled by an increase in abdominal pressure, but women in the recumbent position frequently cannot expel the placenta
spontaneously. An artificial means of completing the third stage is therefore generally required. The usual method employed is
alternately to compress and elevate the fundus, while exerting minimal traction on the umbilical cord.

When the central, or usual, type of placental separation occurs, the retroplacental hematoma is believed to push the placenta
toward the uterine cavity, first the central portion and then the rest. The placenta, thus inverted and weighted with the
hematoma, then descends. Because the surrounding membranes are still attached to the decidua, the placenta can descend
only by dragging the membranes along as they peel off its periphery. Consequently, the sac formed by the membranes is
inverted, with the glistening amnion over the placental surface presenting at the vulva. The retroplacental hematoma either
follows the placenta or is found within the inverted sac. In this process, known as the Schultze mechanism of placental
expulsion, blood from the placental site pours into the inverted sac, not escaping externally until after extrusion of the
placenta. In the other method of placental extrusion, known as the Duncan mechanism, separation of the placenta occurs first
at the periphery, with the result that blood collects between the membranes and the uterine wall and escapes from the vaagina.
In this circumstance, the placenta descends to the vagina sideways, and the maternal surface is the first to appear at the
vulva.

Figure 6-2. Composite of the average dilatation curve for nulliparous labor based
1 =. . on analysis of the data derived from the patterns traced from a large, nearly
I s . consecutive, series of gravidas. The first stage is divided into a relatively flat latent
-~ -——- ' phase and a rapidly progressive active phase. In the active phase, there are three
~ == """ identifiable component parts: an acceleration phase, a linear phase of maximum
slope, and a deceleration phase. (Redrawn from Friedman, 1978.)

"1 (1 ). | Figure 6-3. Sequence of development of the segments and rings in the uterus in
sl LT pregnant women at term and in labor. Note comparison between the uterus of a

nonpregnant woman, the uterus at term, and the uterus during labor. The passive
lower segment of the uterine body is derived from the isthmus; the physiological
retraction ring develops at the junction of the upper and lower uterine segments.
The pathological retraction ring develops from the physiological ring. (Anat. Int. Os
= anatomical internal os; E.O. = external os; Hist. Int. Os = histological internal os;
Ph.R.R. = physiological retraction ring.)

Figure 6-4. The uterus at the time of vaginal delivery. The active upper segment of
the uterus retracts about the fetus as the fetus descends through the birth canal. In
the passive lower segment, there is considerably less myometrial tone.
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Figure 6-5. Cervix near the end of pregnancy but before labor. Top, primigravida;
bottom, multipara. Note that the internal os and external cervical os are more
dilated in the multipara.

Figure 6-6. Beginning effacement of the cervix. Note dilatation of the internal os
and funnel-shaped cervical canal. Top, primigravida; bottom, multipara.

Figure 6-7. Further effacement of the cervix. Top, primigravida; bottom, multipara.

Figure 6-8. Cervical canal obliterated "— that is, the cervix is completely effaced.
Top, primigravida; bottom, multipara.

Figure 6-9. Hydrostatic action of membranes in effecting cervical effacement and
dilatation. In the absence of intact membranes, the presenting part, applied to the
cervix and the forming lower uterine segment, acts similarly. In this and Figures 6-
10 and 6-11, note changing relations of the external os (E.O.) and internal os (1.0.).

Figure 6-10. Hydrostatic action of membranes at completion of effacement. (E.O.
= external os; I.0. = internal os.)

Figure 6-11. Hydrostatic action of membranes at full cervical dilatation. (E.O. =
external os; I.0. = internal o0s.)

Figure 6-12. Labor course divided functionally on the basis of expected evolution of
the dilatation and descent curves into (1) a preparatory division, including latent
and acceleration phases; (2) a dilatational division, occupying the phase of
maximum slope of dilatation; and (3) a pelvic division, encompassing both
deceleration phase and second stage while concurrent with the phase of maximum
slope of fetal descent. (Redrawn from Friedman, 1978.)

Figure 6-13. Diminution in size of the placental site after birth of the infant. A.
Spatial relations before birth. B. Placental spatial relations after birth.



Figure 6-14. Folding of membranes as uterine cavity decreases in size. (Am. =
amnion; C.E. = cytotrophoblast epithelium of chorion laeve; Dec. = decidua
parietalis; Mus. = myometrium.)

PHASE 3 OF PARTURITION: THE PUERPERIUM. Immediately after delivery, and for about

an hour or so thereafter, the myometrium must be held in a state of rigid and persistent contraction and retraction, which
effects compression of the large uterine vessels and thrombosis of their lumens. In this coordinated fashion, severe
postpartum hemorrhage is prevented. During the early puerperium, a maternal-type behavior pattern develops and maternal-
infant bonding begins. The onset of lactogenesis and milk let-down in maternal mammary glands also is, in an evolutionary
sense, crucial to the bringing forth of young. Finally, involution of the uterus, which restores this organ to the nonpregnant
state, and the reinstitution of ovulation must be accomplished in preparation for the next pregnancy. Four to six weeks usually
are required for complete uterine involution; however, this process is dependent on the duration of breast feeding. Infertility
usually persists as long as breast feeding is continued because of lactation-induced (prolactin-mediated) anovulation and
amenorrhea (see Chap. 32, p. 746).

PHYSIOLOGICAL AND BIOCHEMICAL PROCESSES REGULATING
PARTURITION

The physiological processes in human pregnancy that result in the initiation of parturition and the onset of labor remain poorly
defined. Presently, there are two general theorems on the mechanisms regulating the initiation of labor. Viewed simplistically,
these are the retreat from pregnancy maintenance and the uterotonin induction of parturition hypotheses. Several
combinations of selected tenets of these two postulates are incorporated into the theorems of most investigators.

Some researchers also speculate that the mature human fetus is the source of the initial signal for the commencement of the
parturitional process. Other investigators suggest that one or more uterotonins, produced in increased amounts or an elevation
in the population of its myometrial receptors, is the proximate cause of the initiation of human parturition. Indeed, an
obligatory role for one or more uterotonins is included in most parturition theories, either as a primary or a secondary
phenomenon in the final events of childbirth. Both of these suppositions rely on careful regulation of the activity of the
myometrial smooth muscle cell contraction. Therefore, a detailed understanding of this critical tissue and its regulation aids in
understanding normal and pathological progression of the various phases of parturition.

ANATOMICAL AND PHYSIOLOGICAL CONSIDERATIONS OF THE

MYOM ETRIUM. there are unique characteristics of smooth muscle, including myometrium, compared with those of
skeletal muscle. Huszar and Walsh (1989) point out that these differences create an advantage for the myometrium in the
efficiency of uterine contractions and delivery of the fetus. First, the degree of shortening of smooth muscle cells with
contractions may be one order of magnitude greater than that attained in striated muscle cells. Second, forces can be exerted
in smooth muscle cells in any direction, whereas the contraction force generated by skeletal muscle is always aligned with the
axis of the muscle fibers. Third, smooth muscle is not organized in the same manner as skeletal muscle, viz., in myometrium
the thick and thin filaments are found in long, random bundles throughout the cells. This arrangement facilitates greater
shortening and force-generating capacity of smooth muscle. Fourth, there is the advantage that multidirectional force
generation in the uterus R— fundus versus lower uterine segment R— permits versatility in expulsive force directionality that
can be brought to bear irrespective of the lie or presentation of the fetus.

REGULATION OF MYOMETRIAL CONTRACTION AND RELAXATION. The

control of myometrial contraction is at the heart of understanding both the maintenance of pregnancy and the onset of labor.
The regulation of myometrial cell contraction versus relaxation can be divided temporally into acute and chronic mechanisms.
Acutely, the interaction of myosin and actin is essential to muscle contraction. Myosin (Mr about 500,000) is comprised of
multiple light and heavy chains and is arranged in thick myofilaments. The interaction of myosin and actin, which causes
activation of adenosine triphosphatase, adenosine triphosphate hydrolysis, and force generation, is effected by enzymatic
phosphorylation of the 20-kd light chain of myosin (Stull and colleagues, 1988, 1998). This phosphorylation reaction is
catalyzed by the enzyme myosin light chain kinase, which is activated by calcium (Fig. 6-15). Calcium binds to calmodulin, a
calcium-binding regulatory protein, which in turn binds to and activates myosin light chain kinase. In this manner, agents that
act on myometrial smooth muscle cells to cause an increase in the intracellular cytosolic concentration of calcium ([Ca2+]i)

promote contraction. The increase in [Ca2+]i is often transient, but contractions can be prolonged through the inhibition of
myosin phosphatase activity by Rho kinase, which is activated in a receptor-dependent fashion (Woodcock and associates,
2004). Conditions that cause a decrease in [Ca2+]i favor relaxation. Ordinarily, agents that cause an increase in the
intracellular concentration of cyclic adenosine monophosphate (cAMP) or cyclic guanosine monophosphate (cGMP) promote
uterine relaxation. It is believed that cAMP and cGMP act to cause a decrease in [Ca2+]i, although the exact mechanism(s) is
not defined.

Myometrial cell contractions also can be greatly influenced by the chronic action of hormones on the contractile status of the
cell. This influence can occur through the effects that mediate the transcription of key genes that repress or enhance the
contractility of the cell. Considerable data indicate that uterine activity is influenced through the regulation of the so-called
contraction-associated proteins (CAPs). These proteins include channels associated with smooth muscle excitation and
contraction, gap junction components, and uterotonic stimulatory or inhibitory receptors.

Myometrial Gap Junctions. Like other muscle cells, the cellular signals that control myometrial contraction and relaxation



can be effectively transferred between cells through intercellular junctional channels. Communication is established between
myometrial cells by gap junctions that facilitate the passage of electrical or ionic coupling currents as well as metabolite
coupling. The transmembrane channels that make up the gap junctions consist of two protein "hemi-channels," termed
connexons. Each connexon is hexameric assemblage of a type of protein called a connexin. These pairs of connexons establish
a conduit for the exchange of small molecules (Mr less than 1000) and ions between cells.

The physiological importance of optimal numbers (area) of functional permeable gap junctions between myometrial cells is
believed to be the establishment of electrical synchrony in the myometrium, which effects coordination of contractions and
thereby greater force during labor. As discussed below, the regulated expression of gap junction proteins is one way to
regulate uterine quiescence.

Cell Surface Receptors As Regulators of Myometrium. Myometrial cells have developed a unique system of regulatory
pathways that rely not only on estrogen and progesterone receptors but also on a variety of cell surface receptors that can
directly regulate the contractile state of the cell. The three major classes of cell surface receptors are the G-protein-linked, ion
channel-linked, and enzyme-linked. Multiple examples of each class of receptors have been identified in human myometrium,
and examples of each class appear to be modified during the phases of parturition. Most of these heptahelical receptors are
associated with the activation of adenylyl cyclase. Other heptahelical receptors in myometrium, however, are more commonly
associated with G-protein-mediated activation of phospholipase C, which will lead to increased [Ca 2+]i and myometrial cell
contraction. Many G-protein-coupled receptors that participate in regulation of myometrial activity have been characterized.
These were reviewed recently by Lopez (2003).

Ligands for the heptahelical receptors include neuropeptides, hormones, and autacoids. Many of these are available to the
myometrium during pregnancy in high concentration by several routes: from maternal blood (endocrine), contiguous tissues or
adjacent cells (paracrine), or direct synthesis in the myometrial smooth muscle cells (autocrine) (Fig. 6-16). It is important to
note that the myometrial response to a hormone can change during the course of pregnancy. Thus, it is conceivable that
hormone action on the myometrium is regulated at several levels, including the expression of the heptahelical receptor, its
associated G-proteins, or the effector proteins in the plasma membrane. Specifically, the imposition of quiescence (activation

of adenylyl cyclase) or the facilitation of contractions (activation of phospholipase C and increased [Ca2+]i) may in some cases
be regulated by the same hormone.

i ~—_.  Figure 6-15. Regulation of myometrial smooth muscle cell contraction and
— * relaxation. There are numerous agonists that bind cell surface receptors and
' activate phospholipase C and its production of inositol 1,4,5-trisphosphate (IP3). IP,

= will bind receptors on the sarcoplasmic reticulum and cause release of calcium
==~ (Ca2*) into the cytoplasm. Ca2* can also be increased through voltage- or receptor-

activated channels. Ca2* will activate calmodulin, leading to increased activity of
myosin light chain kinase (MLC kinase) and phosphorylation of myosin light chain
(MLC). Phosphorylated MLC interacts with actin, activating adenosine triphosphatase
and, through the hydrolysis of adenosine triphosphate (ATP), generates the force
needed for contraction. Contraction can be sustained by activation of the guanosine
triphosphate (GTP)-binding protein, RhoA, and Rho kinase, which will phosphorylate
and inhibit myosin phosphatase. Relaxation results from reversal by removal of the
ligand from its receptor. Relaxation also can occur through the activity of hormones
that inactivate MLC kinase, as has been seen for agents that activate the cyclic
adenosine monophosphate (cAMP) or cyclic guanosine monophosphate signaling
pathway. (PAF = platelet-activating factor.) (Based on Webb, 2003.)

= Figure 6-16. Theoretical fail-safe system involving endocrine, paracrine, and
AT %fT)- (7. autocrine mechanisms for the maintenance of phase 0 of parturition, uterine
Lo W quiescence. (CRH = corticotropin-releasing hormone; hCG = human chorionic
gonadotropin; PGE, = prostaglandin E,; PGI, = prostaglandin I.,; PTH-rP =

parathyroid hormone-related peptide.)

A FAIL-SAFE SYSTEM THAT MAINTAINS UTERINE QUIESCENCE. The

myometrial smooth muscle is, inherently, a contractile tissue. Isolated strips of myometrium from uteri of nonpregnant women
placed in an isotonic water bath contract in a rhythmical fashion without added stimuli, even in the presence of prostaglandin
synthase inhibitors (Crankshaw and Dyal, 1994). Therefore, it is difficult to comprehend how the uterus can be expanded to
accommodate a 3500-g fetus, 1 liter of amnionic fluid, and 800 g of placenta and membranes without erupting into powerful
contractions. The myometrial quiescence of phase 0 of parturition is so remarkable and successful that it probably is induced
by multiple independent and cooperative biomolecular processes. Individually, some of these processes may be redundant;
that is, pregnancy may continue in the absence of one or more processes that normally contribute to the fail-safe system of
pregnancy maintenance.

The physiological investments that must be made to sustain the uterine quiescence of phase 0 are enormous. It is likely that
all manner of biomolecular systems *— neural, endocrine, paracrine, and autocrine R"— are called on to implement and
coordinate a state of relative uterine unresponsiveness. Moreover, a complementary fail-safe system that protects the uterus
against agents that could perturb the tranquil state of phase 0 also must be in place.



Phase 0 of human parturition and its quiescent state are likely the result of many factors, including:
1. Actions of estrogen and progesterone via intracellular receptors.

2. Myometrial cell plasma membrane receptor-mediated increases in cAMP.

3. The generation of cGMP.

4. Other systems, including modifications in myometrial cell ion channels.

Because phase 0 is the result of several independent pathways, it is likely that defects R— either naturally occurring or
pharmacologically induced R—in one component of this system might not necessarily preclude the successful maintenance of

pregnancy to term (Fig. 6-17).

Progesterone and Estrogen Contributions to Phase 0 of Parturition. In many species the role of the sex steroids is clear
R— progesterone inhibits and estrogen promotes the events leading to parturition. In humans, however, it seems most likely
that both estrogen and progesterone are components of a broader-based fail-safe biomolecular system that implements and
maintains phase 0 of human parturition and thus the maintenance of pregnancy. In many species the removal of progesterone,
or progesterone withdrawal, directly precedes the progression of phase 0 into phase 1 of parturition. In addition, providing
progesterone to some species will delay parturition and decrease myometrial activity (Challis and Lye, 1994). In these species
the progestational effects of progesterone have been well studied, leading to a better understanding of why the myometrium of
phase 0 is relatively noncontractile.

The plasma levels of estrogen and progesterone in normal human pregnancy are enormous. Both are in great excess of the
affinity constants for estrogen and progesterone receptors. For this reason, it is difficult to comprehend how relatively subtle
changes in the ratio of the concentrations of these two steroids could modulate physiological processes during human
pregnancy. The teleological evidence, however, for a role of the progesterone-to-estrogen ratio in the maintenance of
pregnancy and parturition is overwhelming. The rationale for the supraphysiological concentrations of both estrogens and
progesterone in human pregnancy is still poorly defined.

It has been presumed for decades that progesterone action is essential for the successful maintenance of pregnancy.
Regrettably, however, neither the biomolecular evidence for this nor the role of other agents in promoting uterine quiescence
is clearly defined. Because of its action in other mammalian species, however, it is presumed that progesterone acts to
establish and maintain the uterine phase 0 of parturition.

The exact role of estrogen in regulating the human uterine contractile state has always proven difficult to elucidate. Defining
estrogen action is complicated by the presence of cell surface and nuclear receptors that can respond to estrogen. It would
appear, however, that estrogen can act to promote progesterone responsiveness and in doing so promote uterine quiescence.
In many responsive tissues, the estrogen receptor, acting via the estrogen response element of the progesterone receptor
gene, induces progesterone receptors synthesis.

Steroid Hormone Regulation of Myometrial Cell-to-Cell Communication. Considerable data indicate that progesterone
increases uterine quiescence by direct or indirect effects that cause decreased expression of the contraction-associated
proteins. Key proteins in the CAP grouping would include channels associated with smooth muscle excitation-contraction, gap
junction components, and uterotonic stimulatory receptors. Progesterone has been shown to inhibit expression of the gap
junctional protein connexin 43 in several rodent models of labor. Administration of progesterone prevents or delays labor and
prevents the normal induction of connexin 43 expression seen at term during uterine activation prior to labor. Inhibition of
progesterone activity at midgestation using the progesterone receptor antagonist RU 486 leads to a premature induction of
connexin 43 protein production in the uterus and thus stimulates labor.

Estrogen treatment promotes myometrial gap junction formation in some animals by increasing connexin 43 synthesis. The
simultaneous administration of anti-estrogens prevents this (Burghardt and colleagues, 1984). Progesterone treatment also
negates the stimulatory effect of estrogen on the development of gap junctions in some animals. Conversely, progesterone
antagonists lead to the premature development of gap junctions and preterm labor and delivery (Chwalisz and colleagues,
1991). In myometrial tissue obtained from pregnant women before labor, when the number of gap junctions is small, a
spontaneous increase in the number of gap junctions occurs when the tissue is placed in vitro (Hayashi and collaborators,
1985). This suggests that the excised tissue is relieved from a pregnancy endocrine milieu that prevented gap junction
development in vivo. The mechanisms leading to increased gap junctions at the time of labor, however, are still unclear. Chow
and Lye (1994) found that the level of connexin 43 mRNA in human myometrial tissues increased before labor, between 37
and 40 weeks, and increased further after labor began. Gap junctions also increased in myometrium from laboring women.
Interestingly the expression of connexin 43 protein did not increase during gestation or at labor, leaving in question the
intracellular regulator of actual gap junction assembly at the time of labor. These processes appear to be regulated in part by
estrogen and progesterone.

Heptahelical Receptors That Promote Myometrial Relaxation. The possibility also must be considered that the contractile
unresponsiveness imposed on the uterus during most of human pregnancy is ensured by multiple processes that act
independently and cooperatively to establish uterine quiescence. A humber of heptahelical receptors that nominally are
associated with G_,-mediated activation of adenylyl cyclase and increased levels of CAMP are present in myometrium. These

receptors together with appropriate ligands may act (in concert with sex steroid hormones) as part of a fail-safe system to
maintain uterine quiescence, phase 0 of parturition (Price and associates, 2000; Sanborn and colleagues, 1998).

BETA-ADRENORECEPTORS. In studies of the role of CAMP signaling in causing myometrium relaxation, the B-adrenergic
receptors have served as prototypes. Most commonly, the p-adrenergic receptors mediate G ¢-stimulated increases in adenylyl
cyclase, increased levels of cCAMP, and myometrial cell relaxation. The rate-limiting factor in the pB-receptor system is likely the
number of B-receptors expressed and the level of adenylyl cyclase expression. The number of G-proteins in most systems far
exceeds the number of receptors and effector molecules. The exact role of catecholamines in maintaining uterine quiescence in
vivo remains ill defined.



LUTEINIZING HORMONE (LH) AND CHORIONIC GONADOTROPIN (H cg).The heptahelical receptor for LH-hCG has been
demonstrated in a number of extragonadal tissues, including myometrial smooth muscle and blood vessels (Lei and co-
workers, 1992; Ziecik and colleagues, 1992). Initially, their identification seemed quite aberrant considering the more
commonly recognized tissue localization in the ovary and testis. The levels of the LH-hCG receptor in myometrium during
pregnancy are greater before than during labor (Zuo and colleagues, 1994). Chorionic gonadotropin acts to activate adenylyl
cyclase by way of a plasma membrane receptor-Gas-Iinked system. This causes a decrease in contraction frequency and force

and a decrease in tissue-specific myometrial cell gap junctions (Ambrus and Rao, 1994; Eta and co-workers, 1994). Thus, the
high circulating levels of hCG during pregnancy may be one mechanism causing uterine quiescence.

RELAXIN. This peptide hormone is a member of the insulin-like growth factor family of proteins, consisting of an A and B
chain (Bogic and associates, 1995; Weiss, 1995). There are two separate human relaxin genes, designated H1 and H2. Relaxin
in plasma of pregnant women is believed to originate exclusively by secretion from the corpus luteum. Plasma levels of relaxin
are greatest and peak at about 1 ng/mL between 8 and 12 weeks, and thereafter decline to lower levels that persist until term.
The plasma membrane receptor for relaxin mediates the activation of adenylyl cyclase and promotes myometrial relaxation,
but also effects cervical softening. Consequently, it has not been possible to envision a clear-cut role for this hormone in
human parturition.

CORTICOTROPIN-RELEASING HORMONE (CRH). This heptahelical receptor is present in myometrium during pregnancy.
There are multiple isoforms of the receptor in myometrium, and their affinity and coupling are modified late in pregnancy
(Grammatopoulos and associates, 1994, 1995; Hillhouse and colleagues, 1993). CRH is synthesized in the placenta, amnion,
decidua, and myometrium. As discussed below, plasma levels of CRH increase during the final 6 to 8 weeks of normal
pregnancy in dramatic fashion. Because of this, several investigators have suggested that CRH is involved in the initiation of
human parturition (Wadhwa and colleagues, 1998). CRH receptors can signal through either cAMP or calcium, thus CRH may
cause relaxation or contraction of myometrial cells depending on the receptor isoform present. It is for that reason that CRH
could potentially play the role of a uterorelaxant during phase 0 and a uterotonin in phases 1 and 2 of parturition.

PARATHYROID HORMONE-RELATED PROTEIN (PTH-R p).The receptor for PTH-PTH-rP is a plasma membrane heptahelical
receptor. Most often this receptor initiates G_¢-mediated activation of adenylyl cyclase. PTH-rP is expressed in myometrium,
decidua, amnion, and trophoblast. Treatment of human myometrial cells with estrogen and transforming growth factor-p
causes an increase in the levels of PTH-rP mRNA (Casey and associates, 1992; Paspalliaris and associates, 1995). PTH-rP
expression in smooth muscle, including myometrium, is increased by muscle stretch (Daifotis and associates, 1992; Yamamoto
and colleagues, 1992). Whereas the function of PTH-rP in uterine physiology is not established, it may serve to maximize
uterine blood flow during myometrial contractions by its vasorelaxant action (Thiede and colleagues, 1991a, 1991b). PTH-rP
also may act on myometrial smooth muscle to facilitate the maintenance of uterine tranquility.

PROSTAGLANDINS. The prostanoids interact with a family of eight different heptahelical receptors, several of which are
expressed in the myometrium (Myatt and Lye, 2004). Although prostaglandins most commonly have been considered as
uterotonins (see p. 173), prostanoids can sometimes act as smooth muscle relaxants. Because the individual prostanoid can
have such diverse effects, it is important to review the major synthetic pathways involved in prostaglandin biosynthesis (Fig._
6-18). Prostaglandins are produced using plasma membrane-derived arachidonic acid, which usually is released by the action
of the phospholipases A, or C on membrane phospholipids. Arachidonic acid can then act as substrate for both type 1 and type

2 prostaglandin H synthase (PGHS-1 and -2), also called cyclooxygenase-1 and -2. In general PGHS-1 is constitutively
expressed, whereas PGHS-2 expression is highly regulated. These two isoforms share 65-percent sequence similarity, and both
will convert arachidonic acid to the unstable endoperoxide prostaglandin G2 and then to prostaglandin H2. These enzymes are

the target of many nonsteroidal anti-inflammatory drugs (NSAIDs), and the ability of these or new specific NSAIDs to act as
tocolytics to safely prevent preterm labor is an active area of research (Loudon and co-workers, 2003; Olson, 2003). As
substrate for several prostaglandin isomerases, prostaglandin H, is converted to active prostaglandins, including PGE,, PGF,

and PGI,. The expression of the prostaglandin isomerases is tissue-specific, thus controlling the relative production of the

various prostaglandins. However, within a tissue the activity of these enzymes does not appear to be rate limiting. Another
important control point for prostaglandin activity is metabolism, which most often occurs through the action of 15-
hydroxyprostaglandin dehydrogenase (PGDH). The expression of this enzyme can be regulated in the uterus, which is
important because of its ability to rapidly inactivate prostaglandins to their respective 15-keto metabolites.

The effect of prostaglandins on tissue targets is complicated by the fact that there are a number of G-protein-coupled
prostaglandin receptors (Coleman and associates, 1994). The prostaglandin family of receptors is classified according to the
specificity of binding of a given receptor to a particular prostaglandin. The receptors (and their naturally occurring, preferred
ligands) are TP (thromboxane Az), DP (PGDZ), IP (prostacyclin or PGIZ), FP (PGFZQ), and EP, to EP, (PGEZ). The signaling

pathways activated by these receptors differ in that DP and IP receptors increase intracellular cAMP, whereas FP receptors
increase intracellular calcium. In addition, the EP receptor family has several isoforms, including EP, and EP,, which activate

CAMP production, and EP; and EP5, which increase intracellular calcium levels. With this in mind, both PGE, and PGI, could act
to maintain uterine quiescence by increasing cAMP signaling.

Indeed, PGE,, PGD,, and PGI, have been shown to cause relaxation of vascular smooth muscle and vasodilatation in many

circumstances. Thus, either the generation of specific prostaglandins or the relative expression of the various prostaglandin
receptors may determine the responses of human myometrium to prostaglandins. For example, Breuiller and co-workers
(1991) found that prostanoids stimulate adenylyl cyclase activity in myometrium obtained at 32 to 35 weeks, but not in tissue
obtained at 39 to 40 weeks. More recent studies have shown alterations in the expression of the EP receptor isoforms in
myometrium in laboring women and baboons (Lyall and associates, 2002; Smith and colleagues, 1998, 2001). In addition to
changes with gestation, several studies show that there may be regional changes in the upper and lower uterine segments.
Thus, it is entirely possible that prostanoids contribute to myometrial relaxation at one stage of pregnancy and to regional
myometrial contractions %— in the fundus %— after the initiation of parturition (Myatt and Lye, 2004).

ATRIAL AND BRAIN NATRIURETIC PEPTIDES AND CYCLIC GUANOSINE MONOPHOSPHATE (C gmp).The activation of
guanylyl cyclase gives rise to increased intracellular levels of cGMP, which also promotes smooth muscle relaxation (Word and



colleagues, 1993). The intracellular levels of cGMP can be stimulated by either of the two forms of atrial natriuretic peptide
(ANP) and brain natriuretic peptide (BNP) receptors that are both present in the myometrium during human pregnancy (Itoh
and co-workers, 1994). These receptors structurally include the enzymatic activity of guanylyl cyclase and mediate an increase
in the cellular levels of cGMP. Specifically, the ANP-BNP receptor molecule is a guanylyl cyclase. BNP is secreted by amnion in
large amounts, and ANP is expressed in placenta (Itoh and associates, 1993; Lim and Gude, 1995).

The soluble form of guanylyl cyclase is activated by nitric oxide, which, because of its very hydrophobic nature, readily
penetrates the plasma membrane to enter cells. Nitric oxide reacts with iron in the active site of the soluble guanylyl cyclase
enzyme, stimulating it to produce cGMP, and acts to cause myometrial relaxation (Izumi and colleagues, 1993). Nitric oxide is
synthesized in decidua, myometrial blood vessels, and nerves (Yallampalli and colleagues, 1994a, 1994b). Whether nitric oxide
gains access to the myometrium and how the synthesis and action of nitric oxide is regulated as it pertains to a potential
contribution to uterine quiescence is not understood.

Accelerated Uterotonin Degradation and Phase 0 of Parturition. In addition to pregnancy-induced compounds that
stimulate myometrial cell refractoriness, there are striking increases in the activities of enzymes that degrade or inactivate
endogenously produced uterotonins. Some of these uterotonins (and their degredative enzymes) include prostaglandins (e.g.,
PGDH), endothelins (e.g., enkephalinase), oxytocin (e.g., oxytocinase), histamine (e.g., diamine oxidase), catecholamines
(e.g., catechol O-methyltransferase), angiotensin-II (e.g., angiotensinases), and platelet-activating factor (PAF) (e.g., PAF-
acetylhydrolase). The activities of several of these enzymes are increased by progesterone action and many decrease late in
gestation (Bates and co-workers, 1979; Casey and associates, 1980, Germain and colleagues, 1994; Yasuda and Johnston,
1992).

. Figure 6-17. The key factors thought to regulate the phases of parturition. (CRH =
i s | corticotropin-releasing hormone; hCG = human chorionic gonadotrophin; PTH-rP =
= parathyroid hormone-related peptide.) (Based on Challis and co-workers, 2002.)

ET]TH Figure 6-18. Overview of the prostaglandin biosynthetic pathway. (PGH, =
T prostaglandin H,.)
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FAIL'SAFE SYSTEMS FOR UTERINE ACTIVATION. The morphological and functional

changes in the myometrium and cervix that prepare the uterus for labor are considered phase 1 of parturition. This process is
characterized by the development of uterotonin sensitivity, improved intercellular communicability via gap junctions, and
alterations in the capacity of myometrial cells to regulate the concentration of cytoplasmic Ca2*. The processes leading to
enhanced uterine responsiveness also have been termed activation by Challis and associates (2000). There are likely multiple
systems responsible for the uterine activation seen during phase 1 (see Fig. 6-17). As the functional contractile capacity of the
myometrium is realized and the cervix is ripened, phase 1 merges into phase 2, active labor. Alterations in the timing of these
processes are likely to cause preterm and delayed labor, making an understanding of these prelabor events key.

Classical Progesterone Withdrawal Does Not Cause Human Parturition. In many species the drop in maternal plasma
progesterone levels, progesterone withdrawal, allows activation of the uterus in preparation for labor. This decrease in
progesterone levels is associated with an increase in estrogen levels in several species, and this shift in the steroid milieu is
thought to have dramatic effects on both the cervix and the myometrium. In primates, however, plasma progesterone levels
do not decrease before labor (Challis and Lye, 1994). Plasma levels decline only after delivery of the placenta. Nonetheless,
the morphological and functional modifications that prepare the uterus for labor occur in a timely manner in human pregnancy
just as in those species in which progesterone withdrawal is a clearly demonstrable endocrine antecedent of parturition.

In species that exhibit progesterone withdrawal, progression of parturition to labor can be blocked by administering
progesterone to the mother. In pregnant women, however, there are conflicting reports as to whether or not progesterone
administration can delay the timely onset of parturition or prevent preterm labor. The majority of studies suggest that
progesterone cannot prevent preterm labor and does not appear to extend labor in the control group (Goldstein and
associates, 1989). In contrast, there have been some optimistic reports on the ability of the progesterone metabolite, 17-
hydroxyprogesterone, to minimally decrease the incidence of preterm labor in high-risk populations (Johnson and associates,
1979; Keirse, 1990; Meis and co-workers, 2003; Yemini and colleagues, 1985). The fact that 17-hydroxyprogesterone is much
less potent than progesterone at binding and activating the progesterone receptor suggests that additional research needs to
be done to explain the action of this steroid and how it could prevent the onset of preterm labor.

Progesterone Receptor Antagonists and Human Parturition. When the steroidal antiprogestin RU 486, or mifepristone, is
administered to women during the latter phase of the ovarian cycle, it induces menstruation prematurely. It is also quite
effective in the induction of abortion during early stages of pregnancy (Avrech and co-workers, 1991). This compound is a
classical steroid antagonist, acting at the level of the progesterone receptor. Although less effective in inducing abortion or
labor in women later in pregnancy, RU 486 remains effective in ripening the cervix and increasing myometrium sensitivity to
uterotonins (Chwalisz and Garfield, 1994; Chwalisz, 1994). Further support for the ability of progesterone withdrawal to effect
labor in primates can be found in studies that decreased circulating progesterone by inhibiting the enzyme 3B-hydroxysteroid
dehydrogenase, which induced labor (Haluska and associates, 1997; Selinger and co-workers, 1987). One interpretation for
these data is that in humans the inhibition of progesterone action is important for activation phase of parturition, but there is a
"hidden" or unique form of functional progesterone withdrawal that ends uterine quiescence.



Functional Progesterone Withdrawal in Human Parturition. As an alternative to classical progesterone withdrawal, many
researchers have focused on determining if humans have evolved unique mechanisms to inhibit progesterone action. This
theory of functional progesterone withdrawal or progesterone antagonism could be mediated in the uterus through several
mechanisms, including:

1. Changes in the relative expression of the progesterone receptor or of its two isoforms (PR-A and PR-B).
2. Posttranslational modifications of the progesterone receptor causing decreased activity.

3. Alterations in progesterone receptor activity through changes in the expression of co-activators or co-repressors that
directly influence receptor function.

4. Local inactivation of progesterone by steroid-metabolizing enzymes or the synthesis of a natural antagonist.

Indeed, there is experimental evidence that lends support to each of these possible explanations for a functional progesterone
withdrawal that could occur in the presence of high circulating progesterone levels. The most obvious possibility would be a
late gestational decrease in activity of the progesterone receptor expression that would cause a functional withdrawal. There
are now several lines of evidence that suggest that the activity of the progesterone receptor is decreased late in gestation. As
was discussed in Chapter 3, there are two isoforms of the progesterone receptor (PR-A and PR-B). The PR-B isoform is more
transcriptionally active than the PR-A isoform, which has actually been shown to inhibit PR-B activity. In a series of studies, it
has been shown that there is a shift in relative ratio of PR-A to PR-B within the myometrium late in gestation that may be the
cause of a functional progesterone withdrawal (Haluska, 2002; Madsen, 2004; Mesiano, 2002; Pieber, 2001, and all of their
colleagues). Analysis of the placental membranes for PR-A and PR-B suggests that the ratio is similarly modified in decidua and
chorion, but that there is a drop in overall progesterone receptor expression in the amnion (Haluska and co-workers, 2002).
The activity of progesterone receptors for gene transcription also is impacted through the levels of several co-activators and
co-repressors. It would appear that there is a decrease in co-activators and an increase in co-repressors for the progesterone
receptor in late gestation, which would further enhance a functional withdrawal (Allport and co-workers, 2001; Condon and
colleagues, 2003).

There is also evidence using rodent models that functional progesterone withdrawal within the cervix results from local
inactivation of progesterone. Indeed, if mice are produced without the expression of 5a-reductase, the cervix does not ripen
and parturition does not occur (Mahendroo and colleagues, 1999). Finally, there is also some support for antiprogestin-like
activities of glucocorticoids on progesterone receptor activity (Karalis and co-workers, 1996). Because glucocorticoids play an
important role in the initiation of parturition in several species, examining their potential role as an antiprogestin in humans
warrants further study. Taken together, these observations support the concept that humans do undergo a progesterone
withdrawal, which results from a decrease in receptor activity.

Oxytocin Receptors. There is still controversy as to whether oxytocin plays a role in the early phases of uterine activation or
solely in the expulsive phase of labor. Most studies to evaluate the regulation of myometrial oxytocin receptor synthesis have
been performed in the rat and mouse. Disruption of the oxytocin gene in the mouse does not affect parturition, suggesting that
at least in this species multiple systems are in place to ensure that parturition occurs. There is little doubt, however, that there
is an increase in oxytocin receptors in the myometrium during phase 1 of parturition.

Progesterone and estradiol appear to be the primary regulators of oxytocin receptor expression. Estradiol treatment either in
vivo or in myometrial explants causes an increase in myometrial oxytocin receptors. This action is prevented by simultaneous
treatment with progesterone (Fuchs and colleagues, 1983). Progesterone also may act within the myometrial cell to increase
oxytocin receptor degradation and at the cell surface to inhibit oxytocin activation of its receptor (Bogacki and associates,
2002; Soloff and colleagues, 1983). These data indicate that one of the mechanisms whereby progesterone maintains uterine
quiescence is through the inhibition of myometrial oxytocin response.

The increase in oxytocin receptors appears to be mainly regulated either directly or indirectly by estradiol. Estradiol treatment
of several species leads to an increase in uterine oxytocin receptors (Blanks and co-workers, 2003; Challis and Lye, 1994). In
vitro studies using myometrial cells have shown that estradiol can increase the expression of oxytocin receptors (Adachi and
Oku, 1995). The level of oxytocin receptor mRNA in myometrium obtained at caesarean delivery at term is greater than that
found in preterm myometrium (Wathes and co-workers, 1999). Thus, the increase in oxytocin receptor number in myometrium
at term may be attributable to increased oxytocin gene transcription. An estrogen response element, however, is not present
in the oxytocin receptor gene, suggesting that the stimulatory effects of estrogen may occur indirectly. Oxytocin receptors also
are present in human endometrium and in decidua at term, and these stimulate prostaglandin production (Fuchs and
associates, 1981). Oxytocin receptors also are present, albeit at lower levels, in amnion and chorion-decidual tissues
(Benedetto and associates, 1990; Wathes and co-workers, 1999).

FETAL CONTRIBUTIONS TO INITIATION OF PARTURITION. 1t is intellectually

intriguing to envision that the fetus, after appropriate growth and maturation of vital organs, provides the initial signal that
sets the parturitional process in motion. Teleologically, this seems to be the most logical manner by which parturition could
begin in a timely fashion. A signal from the human fetus could be transmitted in one of several ways, but however
accomplished, the end result must include the suspension of uterine quiescence. This system of fetal signals has been most
studied in fetal sheep, where the parturitional process is believed to proceed via the fetal brain, pituitary gland, adrenal glands,
and fetal blood to the placenta. The human fetus also may provide a signal through a blood-borne agent that acts on the
placenta. It is unlikely, however, that the initial signal for phase 1 of parturition is a uterotonin such as oxytocin,
prostaglandins, or endothelin-1. Rather, it is more likely that the uterus first must be prepared for labor before a uterotonin
can be optimally effective (Casey and MacDonald, 1994).

Role of Uterine Stretch in Parturition. There is now considerable evidence that fetal growth is an important component in
the activation of the uterus seen in phase 1 of parturition. During the course of gestation, and in association with fetal growth,
there is a significant increase in myometrial tensile stress and amnionic fluid pressure (Fisk and co-workers, 1992). Much of
the work demonstrating a role for stretch in the activation of the uterus prior to labor comes from studies in rat models of
parturition. In this model, stretch was required for the normal induction of specific contraction-associated proteins (CAPs).



Stretch also increased expression of the gap junction protein, connexin 43, as well as oxytocin receptors. Other studies have
led to the hypothesis that stretch plays an integrated role with fetal-maternal endocrine cascades in uterine activation prior to
labor (Lyall and co-workers, 2002; Ou and colleagues, 1997, 1998).

Support for a role of stretch in human parturition comes from the observation that twin pregnancies are at a much greater risk
of preterm labor than singletons (Gardner and co-workers, 1995). In addition, preterm labor is also significantly more common
in pregnancies complicated by hydramnios, where uterine stretch would occur (Many and colleagues, 1996). Although the
mechanisms causing preterm birth in twin pregnancies and in hydramnios are still debated, a role for uterine stretch must be
considered.

The cell signaling systems used by stretch to regulate the myometrial cell continue to be defined. This process, termed
mechanotransduction, may include activation of cell surface receptors or ion channels, signaling through extracellular matrix,
or through the release of autocrine molecules that act directly on the myometrial cells. It appears likely that the elevated
expression of CAP genes allows the myometrium to be more responsive to the uterotonins that appear late in gestation at the
time of labor.

Fetal Endocrine Cascades Leading to Parturition. The ability of the fetus to provide endocrine signals that set into motion
the parturitional process has been demonstrated in several species. More than 30 years ago, Liggins and associates (1967,
1973) demonstrated that the fetus provides the signal for the timely onset of parturition in sheep, and this signal was shown to
come from the fetal hypothalamic-pituitary-adrenal axis. It is now well established that parturition in the sheep results from
the initiation of an endocrine cascade involving a hypothalamic-pituitary-adrenal-placental axis (Whittle and co-workers,

2001).

Defining the exact mechanisms regulating human parturition has proven more difficult, and all evidence suggests that it is not
regulated in the exact manner seen in the sheep. There is considerable evidence, however, that there is a placental-pituitary-
adrenal axis that may play a key, albeit different, role in the timing of human parturition. Indeed, activation of the human fetal
hypothalamic-pituitary-adrenal axis is considered a critical component of normal parturition. Moreover, premature activation of
this axis is considered a cause of many cases of preterm labor (Challis and co-workers, 2000, 2001). As in the sheep, the
steroid products of the human fetal adrenal gland are believed to have effects on the placenta and membranes that eventually
promote the myometrium to transform from a quiescent to contractile state. If true, then this cascade is an important
component of the activation phase of parturition. Current evidence suggests that human parturition is regulated in part
through an endocrine cascade that includes the hypothalamic-pituitary-adrenal-placental axis that is quite unique from that
seen in the sheep model. A key component in the human may be the unique ability of the placenta to produce large amounts
of corticotropin-releasing hormone (CRH).

Actions of CRH on the Fetal Adrenal Gland. As discussed in Chapter 3 (see p. 78), the human fetal adrenal glands are
morphologically, functionally, and physiologically remarkable organs. At term, the fetal adrenal glands weigh the same as
those in the adult and are similar in size to the adjacent fetal kidney. The daily production of steroids by the fetal adrenal
glands near term is estimated to be 100 to 200 mg/day, which is higher than the 30 to 40 mg/day seen in adult adrenals at
rest. Within the fetal adrenal gland, steroidogenic function and zonation are different from the adult. For example, significant
amounts of cortisol are not produced in the fetal adrenal gland until the last trimester. As a result, fetal cortisol levels increase
during the last weeks of gestation (Murphy, 1982). During this same period, levels of dehydroepiandrosterone sulfate (DHEA-
S) production also are increasing significantly, leading to increases in maternal estrogens, particularly estriol. The increase in
adrenal activity occurs in contrast to fetal adrenocorticotropic hormone (ACTH) levels which do not increase until the stress of
actual labor.

This substantial growth and increased steroid synthesis during latter gestation is at a time when fetal plasma ACTH levels
appear to decline (Winters and co-workers, 1974). Thus, many investigators have surmised that there must be growth and
steroidogenesis stimuli for these glands in addition to ACTH. Two observations have made it extremely likely that factors
secreted by the placenta play a key role in the regulation of steroidogenesis during late gestation. First, the fact that ACTH
levels do not increase significantly during the last part of gestation makes it likely that growth and differentiation of the fetal
adrenal glands are influenced by factors secreted by the placenta. Second, the fetal zone of the adrenal gland undergoes rapid
involution immediately after birth when placenta-derived factors are no longer available. Many believe that CRH of placental
origin is one of the critical components that facilitates fetal adrenal hypertrophy and increased steroidogenesis late in
gestation. Indeed, in vitro studies have shown that CRH is able to stimulate fetal adrenal DHEA-S and cortisol biosynthesis
(Parker and associates, 1999; Smith and co-workers, 1998). The ability of CRH to regulate the adrenal glands and of the
adrenals to regulate placental production of CRH has led to the idea of a feed-forward endocrine cascade that occurs late in

gestation (Fig. 6-19).

Placental CRH Production. In addition to maternal and fetal hypothalamic CRH, an identical CRH hormone is synthesized by
the placenta in relatively large amounts (Grino and associates, 1987; Saijonmaa and colleagues, 1988). Unlike hypothalamic
CRH, which is under glucocorticoid negative feedback, cortisol has been shown to stimulate placental CRH production both in
vitro and in vivo, in humans and other primates (Jones and associates, 1989; Karalis and Majzoub, 1995; Marinoni and
associates, 1998). The ability of cortisol to stimulate placental CRH makes it possible to create a feed-forward endocrine
cascade that does not end until separation of the fetus from the placenta at delivery. It is this cascade that has been proposed
to drive the rise in CRH as well as fetal adrenal steroidogenesis in late gestation.

Maternal plasma CRH levels are low in the first trimester, rising from midgestation to term. In the last 12 weeks of gestation,
CRH plasma levels rise exponentially, peaking during labor and then falling precipitously after delivery (Frim and associates,
1988; Goland and co-workers, 1986; Sasaki and colleagues, 1987). Amnionic fluid levels of CRH similarly increase in late
gestation. Umbilical cord blood levels of CRH are lower than those in maternal circulation but are still quite substantial and well
within the range of concentrations that we and others have found (see below) to stimulate fetal adrenal steroidogenesis
(Goland and co-workers, 1986, 1993; Perkins and associates, 1995).

CRH is the only trophic hormone-releasing factor to have a specific serum binding protein. During most of pregnancy, it
appears that CRH-binding protein (CRH-BP) binds the majority of circulating CRH in the maternal compartment. Binding likely
serves to inactivate the ACTH-stimulating activity of placental CRH (Lowry, 1993). During later pregnancy, however, CRH-BP
levels in both maternal plasma and amnionic fluid decline when CRH levels are increasing strikingly, giving rise to markedly



increased levels of bioavailable CRH (Perkins and co-workers, 1995; Petraglia and associates, 1997).

In pregnancies in which the fetus can be considered to be stressed as a result of various complications, the concentrations of
CRH in fetal plasma, amnionic fluid, and maternal plasma are increased over those seen in normal gestation (Berkowitz, 1996;
Goland, 1993; McGrath, 2002; Perkins, 1995, and all of their co-workers). The placenta is likely the source for stress-
associated increases in CRH because the placental content of CRH has been found to be fourfold higher in placentas from
women with preeclampsia than in those from normal pregnancies (Perkins and co-workers, 1995). Moreover, the biological
impact of increased CRH levels is likely to be amplified in such instances as a result of subnormal levels of CRH-BP (Petraglia
and co-workers, 1996). Such increases in placental CRH production during normal gestation and the excessive secretion of
placental CRH in complicated pregnancies may play a role in the normal gestational increases in fetal adrenal cortisol synthesis
(Murphy, 1982). It also may result in the supranormal levels of umbilical cord blood cortisol noted to occur in stressed
neonates (Falkenberg and colleagues, 1999; Goland and co-workers, 1994).

Potential Roles of CRH in Timing of Parturition. Placental CRH has been proposed to play several roles in the regulation of
parturition. First, placental CRH may enhance fetal cortisol production, which would provide positive feedback on the placenta
to produce more CRH. The resulting high level of CRH may modulate myometrial contractility. Second, cortisol has been
proposed to affect the myometrium indirectly by stimulating the membranes to increase prostaglandin synthesis. Third, CRH
has been shown to stimulate fetal adrenal Clg-steroid synthesis, leading to increased substrate for placental aromatization.
The resulting elevation in estrogens would shift the estrogen-to-progesterone ratio and promote the expression of a series of
contractile proteins in the myometrium, leading to a loss of myometrial quiescence.

Some investigators have proposed that the rising level of CRH at the end of gestation reflects a fetal-placental clock (McLean
and colleagues, 1995). In this regard, the human placenta and fetus, through endocrine events, influence the timing of
parturition at the end of normal gestation. The origin for the signals to initiate the onset of parturition in humans remains
controversial, in contrast to animal models such as the sheep. The role of cortisol and the feed-forward cascade of placental
CRH, however, is an intriguing explanation for the timing of human parturition.

Fetal Anomalies and Delayed Parturition. There is fragmentary evidence that pregnancies with hypoestrogenism are
sometimes associated with prolonged gestation. Examples of this include fetal anencephaly, adrenal hypoplasia, and placental
sulfatase deficiency. However, the broad range of gestational length in these disorders has left in question the exact role of
estrogen in the initiation of human parturition.

Other fetal abnormalities that prevent or severely reduce the entry of fetal urine into amnionic fluid (renal agenesis) or lung
secretions (pulmonary hypoplasia) do not prolong human pregnancy. Thus, a fetal signal through the paracrine arm of the
fetal-maternal communication system does not appear to be mandated for initiation of parturition.

Anomalies of the brain of the fetal calf, fetal lamb, and sometimes the human fetus delay the normal timing of parturition.
With congenital absence of the pituitary gland in the bovine fetus, gestation is prolonged by several weeks. Adrenal hypoplasia
in the bovine fetus also is associated with delayed parturition. Rea (1898) observed an association between fetal anencephaly
and prolonged human gestation. Malpas (1933) extended these observations and described a human pregnancy with an
anencephalic fetus that went to 374 days (53 weeks). He concluded that the association between fetal anencephaly and
prolonged human gestation was attributable to anomalous brain-pituitary-adrenal function in the anencephalic fetus. The
adrenal glands of the anencephalic fetus are very small, and at term may be only 5 to 10 percent as large as those of a normal
fetus. This decrease in size is caused by failure of development of the fetal zone that normally accounts for most of fetal
adrenal mass and C,4-steroid biosynthesis (see Chap. 3, p. 78). Also, in pregnancies in which the fetal adrenal glands are

hypoplastic, the onset of labor may be delayed (Anderson and Turnbull, 1973). These findings were suggestive that in humans,
as in sheep, the fetal adrenal glands are important for the timely onset of parturition.

S o Figure 6-19. The placental-fetal adrenal endocrine cascade. In late gestation,
N -\L';f,:q‘; placental corticotropin-releasing hormone (CRH) stimulates fetal adrenal production
20 a5 of dehydroepiandrosterone sulfate (DHEA-S) and cortisol. The cortisol stimulates the
: production of placental CRH, which leads to a feed-forward cascade that enhances
adrenal steroid hormone production. (ACTH = adrenocorticotropic hormone.)

FAIL-SAFE SYSTEMS TO ENSURE SUCCESS OF PHASE 2 OF

PARTU RITION. Phase 2 of parturition is synonymous with the uterine contractions that bring about progressive
cervical dilatation and delivery. Several researchers have investigated the possibility that an increase in the formation of
uterotonins is the most likely cause of the initiation of labor. This widely accepted concept represents the uterotonins theory of
the initiation of labor. Once phase 0 is suspended and uterine phase 1 processes are implemented, a number of uterotonins
may be important to the success of phase 2, viz., active labor (see Fig. 6-17). Just as multiple processes likely contribute to
the maintenance of the myometrial unresponsiveness of phase 0 of parturition, other processes may contribute jointly to a
system to ensure the success of labor. There are many candidate uterotonins for the induction of labor that include oxytocin,
prostaglandins, serotonin, histamine, PAF, angiotensin II, and many others. As opposed to the receptor-mediated G __-adenyly!
cyclase-linked systems of myometrium that may promote cAMP accumulation, other heptahelical receptors have been
identified in myometrium that more commonly activate G ;- or Gaq-mediated processes that eventuate in increased myometrial

cell [Ca2+]i. The preceding factors all have been shown to stimulate smooth muscle contraction through such G-protein
coupling.

Oxytocin and Phase 2 of Parturition. Late in pregnancy, during phase 1 of parturition, there is a 50-fold or more increase
in the number of myometrial oxytocin receptors (Fuchs and associates, 1982; Kimura and co-workers, 1996). This increase
coincides with the increase in uterine contractile responsiveness to oxytocin (Soloff and co-workers, 1979). Also, prolonged
gestation is associated with a delay in this increase in these receptors (Fuchs and collaborators, 1984).



Oxytocin, which means quick birth, was the first uterotonin to be implicated in the initiation of parturition. In 1906, Sir Henry
Dale discovered uterotonic bioactivity in extracts of the posterior pituitary gland. By 1909, the uterotonic property of these
extracts was confirmed, and by 1911, they were in use in clinical obstetrics. In 1950, Pierce and du Vigneaud determined the
structure of oxytocin, the uterotonic agent of the posterior pituitary. Oxytocin is a nanopeptide synthesized in the
magnocellular neurons of the supraoptic and paraventricular neurons. The oxytocin prohormone is transported, with the carrier
protein neurophysin, along the axons to the neural lobe of the posterior pituitary gland in membrane-bound vesicles for
storage and later release. Oxytocin prohormone is converted enzymatically to oxytocin during transport (Gainer and
colleagues, 1988; Leake, 1990). Oxytocin does not appear to cause the initiation of parturition, but it may be one of several
participants in ensuring the effectiveness of active labor. Oxytocin acts by way of a heptahelical receptor, which likely activates
phospholipase (Ku and colleagues, 1995). Oxytocin also is a very important hormone of phase 3 of parturition.

ROLE OF OXYTOCIN IN PHASES 2 AND 3 OF PARTURITION. There is a long history of safe and successful labor induction
by oxytocin administration to near-term pregnant women. It was straightforward, therefore, to hypothesize that oxytocin was
involved physiologically in the initiation of parturition. Several lines of evidence provided sufficient reasons for suspecting that
oxytocin might be involved in the initiation of parturition: the effectiveness of oxytocin in inducing labor at term, the great
potency of this uterotonin, and its natural occurrence in humans. More recent discoveries provide additional support for this
theory:

1. There is a striking increase in the number of oxytocin receptors in myometrial and decidual tissues near the end of
gestation.

2. Oxytocin acts on decidual tissue to promote prostaglandin release.

3. Oxytocin is synthesized directly in decidual and extraembryonic fetal tissues and in the placenta (Chibbar and associates,
1993; Zingg and colleagues, 1995).

Although there is little evidence in favor of a role for oxytocin in phase 1 of parturition, there is a large body of evidence in
support of an important role for oxytocin during second-stage labor and the puerperium (phase 3 of parturition). There are
increased maternal oxytocin levels (1) during second-stage labor (the end of phase 2 of parturition), (2) in the early
postpartum period, and (3) during breast feeding (phase 3 of parturition) (Nissen and co-workers, 1995). This timing of
increased oxytocin release is indicative of a role for oxytocin at the end of labor and during the puerperium. Immediately after
delivery of the fetus, placenta, and membranes (completion of uterine phase 2), firm and persistent contraction and retraction
of the uterus are essential to prevent postpartum hemorrhage. Oxytocin likely causes persistent contractions. Certainly,
maternal plasma oxytocin levels are increased at this time, and the increase in myometrial oxytocin receptors before the onset
of labor favors this process.

Oxytocin infusion in women promotes increased levels of mMRNAs in myometrium of genes that encode proteins essential for
uterine involution. These include interstitial collagenase, monocyte chemoattractant protein-1, interleukin-8 (IL-8), and
urokinase plasminogen activator receptor. Therefore, oxytocin action at the end of labor and during phase 3 of parturition may
be involved in uterine involution.

Prostaglandins and Phase 2 of Parturition. Many investigators have accepted and fostered the view that prostaglandins,
particularly PGan and PGEZ, are involved in phase 2 of parturition, the process of labor. Many lines of evidence are supportive

of this theory, including:

1. The levels of prostaglandins (or their metabolites) in amnionic fluid, maternal plasma, and maternal urine are increased
during labor (Keirse, 1979).

2. The treatment of pregnant women with prostaglandins, by any of several routes of administration, causes abortion or labor
at all stages of gestation (Novy and Liggins, 1980).

3. Administration of prostaglandin H synthase type 2 (PGHS-2) inhibitors to pregnant women will delay the time of onset of
spontaneous labor and sometimes arrest preterm labor (Loudon and co-workers, 2003).

4. Prostaglandin treatment of myometrial smooth muscle tissues in vitro sometimes causes contraction, dependent on the
prostanoid tested and the physiological status of the tissue treated.

Although a critical role for prostaglandins in phase 2 of parturition is clear, their role in phase 1 (activation phase) of
noncomplicated pregnancies is less well defined (MacDonald and Casey, 1993). However, like oxytocin, prostaglandins
produced directly in or adjacent to myometrial tissue are likely to play a major role in the effectiveness of myometrial
contractions of active labor once labor is initiated.

UTERINE EVENTS REGULATING PROSTAGLANDIN PRODUCTION. The production of prostaglandins at the time of labor
within the myometrium could be seen as a most efficient mechanism of activating contractions. However, the fetal membranes
and placenta also are able to produce prostaglandins. Indeed, prostaglandins, primarily PGE2 (but also PGan)' are detected in

amnionic fluid at all stages of gestation. As the fetus grows, the levels of prostaglandins in amnionic fluid increase gradually.
The major increases in amnionic fluid, however, occur after labor begins (MacDonald and Casey, 1993) and are now believed
to be the result of an inflammatory response that signals the events leading to active labor.

To understand the source of prostaglandins in amnionic fluid at parturition, the anatomical changes involving the fetal
membranes during cervical dilatation must be envisioned. The lowermost pole of the fetal membranes is structurally modified
in the formation of the forebag of the amnionic sac. Before labor, the fetal membranes are contiguous with and attached to the
uterine decidua vera, which in the lower uterine segment of the uterus is thin and poorly developed. As the lower pole of the
amnionic sac is pulled away from the wall of the uterus, fragments of decidua parietalis are torn away but remain attached
rather firmly to the outer surface of the chorion laeve (Fig. 6-20).



This normal phenomenon of early labor is complementary to successful cervical dilatation. Membranes that slide readily over
the lower uterine segment and partly through the cervix are much more efficacious dilators. As the cervix is opened, the
forebag presents through the cervix in the upper vagina, like the tip of a fluid-filled balloon under pressure being pushed
through the enlarging diameter of a hollow cylinder. The surface area of the exposed forebag increases as cervical dilatation
progresses during phase 2 of parturition. The innermost tissue of the forebag is the avascular amnion, which is bathed by the
amnionic fluid on its epithelial surface. The outer surface of the amnion is adherent to the avascular chorion laeve. The
traumatized, devascularized decidual tissue fragments that are torn away from the uterus form an irregular lining on the outer
surface of the forebag, which presents in the vagina (see Fig. 6-20). Thereafter, the forebag tissues are bathed continuously
by the vaginal fluid, which in all women (pregnant and nonpregnant) contains a large number and variety of microorganisms,
bacterial toxins in large amounts, and prostaglandins and cytokines (Cox and associates, 1993b).

Because of (1) trauma to decidual tissues in the formation of the forebag, (2) devascularization of the decidual fragments that
are pulled away from the uterus, and (3) the action of the constituents of the vaginal fluids on these tissues, an inflammatory
response in the decidual fragments of the forebag develops and is readily demonstrable. During labor, the levels of cytokines
in the forebag are much greater than those found in the upper compartment of the amnionic sac (MacDonald and associates,
1991). The cytokines produced in the forebag are thought to greatly enhance the levels of prostaglandins produced by the
amnion. This scenario leads to substantially higher levels of prostaglandins in the forebag compartment (Fig. 6-21). The
prostaglandins synthesized in forebag tissues also are released into the vagina (Fig. 6-22).

Recent findings of Kemp and co-workers (2002) and Kelly (2002) support the possibility that inflammatory mediators facilitate
cervical dilatation and alterations to the lower uterine segment. These cytokines and chemokines lead to further extracellular

matrix degradation, increase levels of hyaluronic acid, and cause an influx of leukocytes into the area. Together the increases
in cytokines and prostaglandins cause further degradation of the extracellular matrix, thus weakening the fetal membranes. It

can be envisioned that they also add to the relatively rapid changes in the cervix that are characteristic of the parturitional
process.

Platelet-Activating Factor (PAF). The PAF receptor also is a member of the heptahelical family of transmembrane receptors
and acts to increase myometrial cell calcium and promote uterine contractions. The levels of PAF in amnionic fluid are
increased during labor, and PAF treatment of myometrial tissue promotes contraction (Billah and Johnston, 1983; Nishihara
and associates, 1984; Zhu and colleagues, 1992). It is likely that PAF, like prostaglandins, cytokines, and endothelin-1, is
produced in leukocytes as a result of the inflammatory process that develops when cervical dilatation brings about exposure of
the traumatized forebag tissues to the vaginal fluids.

The transport of PAF from amnionic fluid to myometrium is uncertain but unlikely. PAF is inactivated enzymatically by PAF-
acetylhydrolase. This enzyme is present and possesses high specific activity in macrophages which are present in large
numbers in decidua (Prescott and associates, 1990). Thus, the myometrium may be protected from PAF action by PAF-
acetylhydrolase in a manner similar to that for uterotonins: oxytocin by oxytocinase, endothelin-1 by enkephalinase, and
prostaglandins by prostaglandin dehydrogenase.

Endothelin-1. The endothelins are very powerful inducers of myometrial smooth muscle contraction, and endothelin receptors
are demonstrable in myometrial tissue (Word and colleagues, 1990). The endothelin A receptor, preferentially expressed in
smooth muscle cells, including the myometrium, acts to effect an increase in intracellular calcium, apparently by linkage to
both Gaq- and Gai-subunits of the G-proteins. Endothelin-1 is produced in myometrium, but the exact cellular site of synthesis

is not clearly established, and the potential contribution of myometrial endothelin-1 to phase 2 of parturition is not defined.

Endothelin-1 also is synthesized in amnion. Like other uterotonins synthesized in amnion, it is unlikely that endothelin-1 can be
transported from reflected amnion (or amnionic fluid), to the myometrium without degradation (Eis and colleagues, 1992).
One obstacle to endothelin-1 transport across the fetal membranes is the enzyme enkephalinase (membrane
metalloendopeptidase), which is present in chorion laeve and highly active (Germain and associates, 1994). Enkephalinase
catalyzes the degradation of endothelin-1 as well as several other small, bioactive peptides R"— for example, the enkephalins,
substance P, and atrial and brain natriuretic peptides. However, in situations such as premature rupture of the fetal
membranes, endothelin-1 could then play a role in uterine contraction.

Angiotensin II. There are two heptahelical G-protein-linked angiotensin II receptors (AT1 and AT2) expressed in the uterus.
In nonpregnant women, the AT2 receptor is predominant, but in myometrium of pregnant women, it is the AT1 receptor that is
preferentially expressed (Cox and associates, 1993a). This fact likely explains why nonpregnant myometrial tissue does not
contract in response to angiotensin II treatment (Cox and co-workers, 1996). Most commonly, angiotensin II binding to the
plasma membrane receptor on smooth muscle cells evokes contraction. During pregnancy, vascular smooth muscle, which
expresses the AT2 receptor, is refractory to the pressor effects of angiotensin II (see Chap. 5, p. 135). In myometrium near
term, however, angiotensin II may be another component of the uterotonin system of phase 2 of parturition, acting to promote
increased myometrial cell calcium.

CRH, hCG, and PTH-rP. There may be a late pregnancy modification in the receptor for CRH, hCG, or PTH-rP or in their G-
protein coupling in myometrium that favors a switch from cAMP formation to increased myometrial cell calcium. Oxytocin acts
to attenuate CRH-stimulated accumulation of cAMP in myometrial tissue, and CRH augments the contraction-inducing potency
of a given dose of oxytocin in human myometrial strips (Quartero and colleagues, 1991, 1992). CRH also acts to increase
myometrial contractile force in response to PGF,  (Benedetto and associates, 1994).

Contribution of Intrauterine Tissues to Parturition. The potential role of amnion, chorion laeve, and decidua vera has
been studied to define their participation in promoting initiation of parturition. In uncomplicated pregnancy, an alternative role
for these tissues appears to be more likely. The membranes and decidua comprise an important tissue shell around the fetus
that serves as a physical, immunological, and metabolic shield that protects against the untimely initiation of parturition.
However, late in gestation the fetal membranes have been reported to change and may indeed act to prepare for labor.

AMNION. The amnion provides virtually all of the tensile strength of the membranes, that is, resistance to tearing and rupture
(see Chap. 3, p. 66). The avascular amnion is highly resistant to penetration by leukocytes, microorganisms, and neoplastic
cells from the maternal compartment. It also constitutes a selective filter to prevent fetal particulate-bound lung and skin



secretions from reaching the maternal compartment. In this manner, maternal tissues are protected from constituents in the
amnionic fluid that could adversely affect decidual or myometrial function or even maternal well-being, such as seen in
amnionic fluid embolism (see Chap. 35, p. 845).

Several bioactive peptides and prostaglandins, which could cause myometrial relaxation or contraction, are synthesized in
amnion. It is the late gestation production of prostaglandins that has been most studied. There appears to be an overall
increase in amnion prostaglandin biosynthetic capability late in gestation. Amnion does increase its activity for phospholipase
A2 and PGHS-2 late in gestation (Johnson and colleagues, 2002; Smieja and co-workers, 1993). This increase in ability to

produce prostaglandins has made it the topic of many hypotheses as a regulator of the events leading to parturition. It is likely
that the major source for prostaglandins in the amnionic fluid is the amnion, and a role for amnion-derived factors in uterine
quiescence and activation has been proposed. However, it is the transport of prostaglandins and active peptides from amnion
through the chorion to access maternal tissues that has been at issue.

CHORION LAEVE. The chorion is similar to the amnion in that it serves primarily as a protective tissue, in this case providing
immunological acceptance. In addition, the chorion laeve is enriched with enzymes that inactivate uterotonins such as
prostaglandin dehydrogenase (PGDH), oxytocinase, and enkephalinase (Cheung and co-workers, 1990; Germain and
associates, 1994). As seen in Figure 6-18, PGDH through its metabolism of active prostaglandins will prevent passage of
amnion-derived prostaglandins across the fetal membranes. Thus, during most of gestation the prostaglandins produced by the
amnion could be released into the amnionic fluid or metabolized by the adjacent chorion. In cases with rupture of the fetal
membranes, this barrier would be lost and prostaglandins could readily have an impact on the adjacent decidua and
myometrium. Recent evidence suggests that the level of PGDH found in chorion can be regulated. It is through PGDH
regulation that prostaglandins produced in the amnion may play a regulatory role in maternal tissues of uncomplicated
pregnancies (Patel and colleagues, 1999; Van Meir and associates, 1996; Wu and co-workers, 2000). It is currently believed
that progesterone maintains chorion PGDH expression, whereas cortisol decreases its expression. With this in mind, PGDH
would decrease late in gestation as fetal cortisol production increases and as part of progesterone withdrawal. The exact role of
fetal membrane-derived peptides or prostaglandins in the initiation of parturition (phase 1) is still under debate; however,
these compounds are likely to be important for the process of labor itself (phase 2) and could continue to play a role in
involution (phase 3).

DECIDUA PARIETALIS. A metabolic contribution of decidua parietalis to the initiation of parturition has been an appealing
possibility for a number of reasons, both anatomical and functional. The generation of uterotonins in decidua that act in a
paracrine manner on contiguous myometrium is an interesting option. There are also several lines of evidence that decidual
activation is an accompaniment of human parturition (Casey and MacDonald, 1988a, 1988b, 1990; MacDonald and colleagues,
1991). The central question, however, is whether decidual activation precedes or follows the onset of labor. The process of
decidual activation appears to be localized to the exposed decidual fragments lining the forebag. Trauma, hypoxia, and
exposure of forebag decidua to endotoxin lipopolysaccharide, microorganisms, and interleukin-1p (IL-1B) in the vaginal fluids
provoke an inflammatory reaction, which is an inevitable and consistent sequela of labor.

During this inflammatory reaction, a whole series of cytokines is produced that can either increase the production of
uterotonins (principally prostaglandins) or act directly on myometrium to cause contraction. These include tumor necrosis
factor-a (TNF-a) and interleukins 1, 6, 8, and 12. In addition, these molecules can act as chemokines that recruit neutrophils
and eosinophils to the uterus and further increase uterine activity and labor (Keelan and co-workers, 2003).

Regulation of Phase 2 of Parturition: Summary. It is likely that multiple (possibly redundant) processes contribute to the
success of phase 2 (active labor) once phase 0 is suspended and phase 1 of parturition is implemented. A variety of
myometrial heptahelical receptors may promote uterine quiescence, but there is another group that should inhibit cAMP
formation or activate phospholipase C or A,, or both. The source of regulatory ligands for these receptors varies from
endocrine hormones such as oxytocin to locally produced prostaglandins. It is likely that functional progesterone withdrawal
modifies the myometrium, perhaps in a regional manner R— fundus versus lower uterine segment %— such that the
heptahelical receptor-G-protein-effector phenotype can contribute to a regional relaxation or contraction in a manner that
effectively promotes delivery.

Figure 6-20. Sagittal view of the exposed forebag and attached decidual fragments
after cervical dilatation during labor. (From MacDonald and Casey, 1996. Illustration
by Michael Reingold.)

= Figure 6-21. Mean values of prostaglandin F, (PGF, ; panel A), prostaglandin FM
i P 3 (PGFM; panel B), PGF, , + PGFM (panel C), and prostaglandin E, (PGE,; panel D) in
- -~ || amnionic fluid at term before labor and in the upper and forebag compartments

" _% -~ am B during labor. Values are in labor at all stages of cervical dilatation. (From MacDonald
and Casey, 1993, with permission.)

- 1 Figure 6-22. Prostaglandins recovered from vaginal fluid (by lavage) before and
Fe during labor. Prostaglandin E, (open bar); prostaglandin F, (solid bar);

.i‘_’ . | prostaglandin FM (hatched bar). (From Cox and associates, 1993b, with
“ i | 'ma permission.)
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PHYSIOLOGY AND BIOCHEMISTRY OF PRETERM LABOR

As discussed in Chapter 36, preterm birth is one of the major health hazards of humans, being the greatest cause R— after
congenital anomalies R"— of neonatal morbidity and mortality. Although there are many conditions that lead to preterm
delivery, one can place most of the causes into three major categories:

1. Complications of pregnancy that severely jeopardize fetal and sometimes maternal health often mandate preterm delivery.
These medically indicated or iatrogenic causes represent about 25 percent of preterm births.

2. Preterm premature rupture of the fetal membranes (PPROM), which is followed by preterm delivery, causes approximately
25 percent of preterm births.

3. Spontaneous preterm labor in pregnancies with intact fetal membranes represents the largest cause of preterm delivery,
accounting for about half of preterm births.

MANDATED PRETERM DELIVERY. aiitoo often, pregnancy complications require a clinical decision to

effect preterm delivery rather than continue pregnancy in a deteriorating intrauterine environment. A host of pregnancy
disorders may mandate such a choice (Iams, 2003). Most commonly, these complications of preanancy threaten fetal health so
that a continued intrauterine existence will likely result in fetal death. Many examples may be cited, but the most common are
maternal hypertension, severe diabetes mellitus, failure of fetal growth, multiple pregnancies, and abruptio placenta. The
causes of iatrogenic preterm delivery are further discussed in Chapter 36.

PRETERM PREMATURE RUPTURE OF THE MEMBRANES (PPROM). s

nomenclature is used to denote spontaneous rupture of the fetal membranes that occurs before 37 completed weeks and
before the onset of labor. 1t is likely that PPROM has a variety of causes, but many believe intrauterine infection to be one of
the major predisposing events (Gomez and colleagues, 1997; Mercer, 2003).

Recent studies suggest that the pathogenesis of PPROM relates to increased apoptosis of the cellular components of the fetal
membranes as well as an elevation in specific proteases in the membranes and amnionic fluid. Much of the tensile strength of
the fetal membranes is provided by the extracellular matrix within the amnion. Interstitial amnionic collagens, primarily types I
and III, are produced in mesenchymal cells and are the structural component most important for its strength (Casey and
MacDonald, 1996). For that reason, the degradation of collagens has been a focus of research.

The matrix metalloproteinase (MMP) family of proteinases is involved with normal tissue remodeling and particularly the
degradation of collagens. The MMP-2, MMP-3, and MMP-9 members of this family are found in higher concentrations in
amnionic fluid from pregnancies with PPROM (Fortunato and co-workers, 1999a, 2001; Park and colleagues, 2003; Romero and
associates, 2002). The activity of the MMPs is in part regulated by tissue inhibitors of matrix metalloproteinases (TIMPs).
Interestingly, several of the TIMP family members are found in lower concentrations in amnionic fluid from women with
PPROM. The elevation of these proteases at a time when protease inhibitor expression drops further supports the idea that
their expression alters the tensile strength of the amnion and increases the incidence of PPROM. Studies using isolated
amniochorion explants have demonstrated that the expression of MMPs can be increased by treatment with IL-1, TNF-a, and
IL-6 (Fortunato and colleagues, 1999a, 1999b, 2002). Thus, MMP induction may be part of an inflammatory process.

In addition to an increase in collagen breakdown, the amnion from PPROM exhibits a higher dearee of cell death than is seen in
the term amnion (Arechavaleta-Velasco and colleagues, 2002; Fortunato and Menon, 2003; Fortunato and co-workers, 2001).
Markers of apoptosis (programmed cell death) are increased in membranes with PPROM compared with those in normal term
membranes. In vitro studies have shown that apoptosis is likely regulated by bacterial endotoxin, IL-1B8, and TNF-a. Taken
together, these observations suggest that many cases of PPROM result from an activation of collagen breakdown and cell death
leading to a weakening of the amnion.

Studies have been undertaken to ascertain the incidence of infection-induced PPROM. The number of positive cultures of
amnionic fluid in PPROM supports a role for infection in a significant proportion of cases. A survey of 18 independent studies
between 1979 and 2000 that consisted of 1462 women with PPROM indicates that a third had bacteria isolated from amnionic
fluid (Goncalves and co-workers, 2002). Because of this, studies have been performed to address prophylactic antimicrobial
treatment to prevent PPROM. As discussed in Chapter 36 (see p. 862), although the results of these studies are conflicting,
there is evidence that early treatment of some asymptomatic lower genital tract infections, as well as active periodontal
inflammation, will reduce the incidence of PPROM and preterm birth. Thus, the evidence is compelling that infection causes a
significant proportion of cases of PPROM. The inflammatory response that leads to the weakening of the fetal membranes is
now being defined in detail. Current research is being focused on certain mediators of this process that accumulate in amnionic
fluid and may provide early markers for women at risk for PPROM.

SPONTAN EOUS PRETERM LABOR. Pregnancies with intact fetal membranes and spontaneous

preterm labor R— for clinical as well as research purposes R"— must be distinguished from those in which there has been
preterm premature membrane rupture. Even so, pregnancies complicated by spontaneous preterm labor do not constitute a
homogeneous group characterized singularly by the early initiation of parturition. Among the more common associated findings
are multifetal pregnancy, intrauterine infection, bleeding, placental infarction, premature cervical dilatation, cervical
incompetence, uterine fundal abnormalities, and fetal anomalies. Severe maternal iliness as a result of nonobstetrical
infections, autoimmune diseases, and gestational hypertension increase the incidence of preterm labor. These disorders cause
about half of spontaneous preterm deliveries, and their relative contribution varies between populations.

Although there are unique aspects to each of the causes of preterm labor, recent studies have suggested that they share

certain common denominators. Thus, the fetal or maternal conditions provide important clues to the cause of the premature
onset of parturition. It seems important to reemphasize that the actual process of preterm labor should be considered a final
step R— one that results from premature uterine activation that was initiated weeks before the onset of labor. Indeed, many



of the forms of spontaneous preterm labor that result from premature initiation of phase 1 of parturition may be viewed in this
light (see Fig. 6-17). Specifically, many of the alterations discussed earlier with regard to normal parturition also occur with
preterm labor, including cervical ripening and myometrial activation. Identification of common factors has begun to explain the
physiological processes of human parturition at term and preterm. Three major causes of spontaneous preterm labor include
uterine distention, maternal-fetal stress, and infection.

Uterine Distention. There is no doubt that multifetal pregnancy as well as hydramnios lead to an increased risk of preterm
birth (see Chap. 39, p. 924). As discussed on page 169, uterine stretch can play an important role in the normal process of
myometrial activation in preparation for labor. In multifetal gestation or hydramnios, it is likely that early uterine distention
acts to initiate expression of contraction-associated proteins (CAPs) in the myometrium. The CAP genes influenced by stretch
include those coding for gap junction proteins, such as connexin 43, for oxytocin receptors, and for prostaglandin synthase
(Korita and colleagues, 2002; Lyall and co-workers, 2002; Sooranna and associates, 2004). The result of excessive uterine
stretch is the premature loss of myometrial quiescence.

In addition to direct action of uterine stretch on the myometrium, these pregnancies also exhibit an early activation of the
placental-fetal endocrine cascade shown in Figure 6-19. This cascade results in an early rise in maternal CRH and estrogen
levels, which can further enhance the expression of myometrial CAP genes (Warren and co-workers, 1990; Wolfe and
colleagues, 1988).

Finally, the influence of uterine stretch also should be considered with regard to the cervix. Cervical length is an important risk
factor in multifetal pregnancies (Goldenberg and co-workers, 1996). The premature increase in stretch and endocrine activity
that is seen in multifetal gestations may initiate the sequence of events causing a shift in the timing of uterine activation seen
in Figure 6-17, including premature cervical ripening.

Maternal-Fetal Stress. The complexities of measuring stress and other moderating psychosocial factors that lead to stress
contribute to the difficulty of defining its exact role in preterm birth (Lobel, 1994). There is, however, a large body of evidence
that shows a correlation between maternal stress and preterm birth (Hobel and Culhane, 2003; Ruiz and colleagues, 2003).
Prospective studies involving women of different ethnicity, socioeconomic, and behavioral risk factors have shown a correlation
between stress, low birthweight, and preterm birth (Hedegaard and associates, 1993; Wadhwa and co-workers, 1993, 2001;
Zambrana and colleagues, 1999). During recent years, studies showing a correlation between maternal psychological stress
and the placental-adrenal endocrine axis have provided a potential mechanism for stress-induced preterm birth (Lockwood,
1999; Wadhwa and associates, 2001).

As discussed earlier, the last trimester is marked by rising maternal serum levels of placental-derived CRH. This hormone
works with ACTH to increase adult and fetal adrenal steroid hormone production, including the initiation of fetal cortisol
biosynthesis. Rising levels of maternal and fetal cortisol further increase placental CRH secretion, which develops a feed-
forward endocrine cascade that does not end until delivery (see Fig. 6-19). In addition, the rising levels of CRH further
stimulate fetal adrenal DHEA-S biosynthesis, which acts as substrate to increase maternal circulating estrogens, particularly
estriol. It has been hypothesized that a premature rise in cortisol and estrogens causes an early loss of uterine quiescence.

Supporting this hypothesis are numerous studies indicating that spontaneous preterm labor is associated with an early rise in
maternal circulating CRH (Holzman, 2001; McGrath, 2002; Moawad, 2002, and all their co-workers). It appears that levels of
CRH in term and preterm women are similar; however, women destined for preterm labor exhibit a rise in CRH that occurs 2 to
6 weeks earlier (McLean and co-workers, 1995). The rise in CRH has been noted as early as 18 weeks' gestation, leading some
to suggest that this assay might provide a useful marker for preterm delivery.

As discussed in Chapter 3 (see p. 75), placental CRH also enters the fetal circulation, albeit at lower levels than those seen in
the maternal circulation. In vitro studies have shown that CRH can directly stimulate fetal adrenal production of DHEA-S and
cortisol (Parker and colleagues, 1999; Smith and co-workers, 1998). If preterm delivery is associated with premature
activation of the fetal adrenal-placental endocrine cascade, it would be hypothesized that maternal estrogen levels would be
prematurely elevated. And this is seen for CRH. Moreover, several studies have shown an early rise of serum estriol
concentrations in women with subsequent preterm labor (Heine and co-workers, 2000; McGregor and co-workers, 1995).
Physiologically, this premature rise in estrogens may alter myometrial quiescence. Taken together, these observations suggest
that preterm birth is associated, in many cases, with a maternal-fetal biological stress response. The nature and variety of the
stressors that activate this cascade likely are broad. For example, several studies have noted that CRH or estriol levels are
prematurely activated in preterm birth due to infection and multifetal pregnancies (Gravett and colleagues, 2000; Warren and
co-workers, 1990). Thus, activation of this axis may be considered a common feature for the activation of phase I of
parturition. Further study will be needed to define the exact biochemical role of CRH, estrogens, and cortisol in preterm birth,
as well as the exact nature of the stressors that lead to the activation of this endocrine cascade.

Infection and Preterm Labor. It has been known for more than 50 years that the administration to animals of bacteria or
bacterial endotoxin (e.g., lipopolysaccharide) causes abortion or preterm delivery, which is accompanied by decidual
hemorrhage and necrosis (Zahl and Bjerknes, 1943). It was not until many years later, however, that the biomolecular
particulars of the inflammatory response were defined in detail (Dudley, 1997; Goldenberg and colleagues, 2000; Romero and
co-workers, 2003). Determining the details associated with intrauterine infection during pregnancy has helped provide an
attractive explanation as to how infection might cause preterm labor.

There is great interest in the role of infection as a primary cause of preterm labor in pregnancies with intact membranes. It has
been estimated that as much as 40 percent of preterm labor may be caused by intrauterine infection. This concept has been
promoted because of widespread suspicion that subclinical infection is a common accompaniment and cause of preterm labor.
The term subclinical has been used to describe the condition in which intrauterine infection is accompanied by little or no
clinical evidence of infection, and at times, microorganisms cannot be recovered from the amnionic fluid (Goncalves and co-
workers, 2002; Iams and colleagues, 1987).

The incidence of positive cultures of amnionic fluid during preterm labor varies from 10 to 40 percent, the average beina about
13 percent (Goncalves and co-workers, 2002). Importantly, these women were more likely to develop chorioamnionitis and
PPROM than women with negative cultures. They are also more likely to have neonates with complications (Hitti and co-
workers, 2001). The earlier the onset of preterm labor, the greater is the likelihood of documented amnionic fluid infection



(Goldenberg and associates, 2000; Watts and colleagues, 1992). At the same time, however, the incidence of culture -positive
amnionic fluids collected by amniocentesis during spontaneous term labor is similar or even greater than it is during preterm
labor (Gomez and colleagues, 1994; Romero and co-workers, 1993). It has been suggested that at term, amnionic fluid is
infiltrated by bacteria as a consequence of the processes of labor, whereas in preterm pregnancies bacteria represent an
important cause of labor. Although plausible, this explanation questions the contribution of fetal infection as a major
contributor to preterm birth.

Certainly, there are considerable data to associate chorioamnionitis with preterm labor (Chellam and Rushton, 1985;
Goldenberg and associates, 2002; Mueller-Heubach and colleagues, 1990; Ustun and colleagues, 2001). In such infections, the
microbes may invade maternal tissue only, and not amnionic fluid. Despite this, endotoxins can stimulate amnionic cells to
secrete cytokines that enter amnionic fluid. This scenario may serve to explain the apparently contradictory observations
concerning an association between amnionic fluid cytokines and preterm labor, in which microbes were not detectable in the
amnionic fluid.

It seems logical that infection-mediated preterm deliveries should be preventable by antimicrobial treatment. However, there
continues to be debate on the effectiveness of antimicrobial prophylaxis to prevent spontaneous preterm birth, and as
discussed in Chapter 36 (see p. 862), it is recommended in only a few situations to prevent spontaneous preterm delivery
(Andrews and associates, 2003; Kenyon and co-workers, 2001, 2003; King and Flenady, 2002).

SOURCES FOR INTRAUTERINE INFECTION. The patency of the female reproductive tract, although essential for
achievement of pregnancy and delivery, is theoretically problematic during phase 0 of parturition. It has been suggested that
bacteria can gain access to the intrauterine tissues through (1) transplacental transfer of maternal systemic infection, (2)
retrograde flow of infection from the peritoneal cavity via the fallopian tubes, or (3) ascending infection with bacteria from the
vagina and cervix. The lower pole of the fetal membrane-decidual junction embraces the orifice of the cervical canal, which
anatomically is patent to the vagina. This anatomical arrangement provides a passageway for microorganisms to enter
intrauterine tissues. For this reason, the ascending route of infection is considered the most common. A thoughtful description
of the potential degrees of intrauterine infection has been provided by Goncalves and co-workers (2002). They categorize
intrauterine infection into four stages of microbial invasion that include bacterial vaginosis (stage I), decidual infection (stage
IT), amnionic infection (stage III), and finally fetal systemic infection (stage IV). As expected, progression of these stages is
thought to increase the effects on preterm birth as well as neonatal morbidity.

Based on these insights into the process of infection, it is straightforward to construct a theory for the pathogenesis of
infection-induced preterm labor (Fig. 6-23). Microorganisms originating in the vagina or cervix, after ascending, colonize the
decidua and possibly the fetal membranes, where they then may enter the amnionic sac. Lipopolysaccharide or other toxins
elaborated by these bacteria induce cytokine production in cells within the decidua, membranes, or fetus itself. Both
lipopolysaccharide and a variety of cytokines that increase due to its presence provoke prostaglandin release from fetal
membranes, the decidua, or both. The rise in cytokines and prostaglandins will then influence both cervical ripening and loss of
myometrial quiescence with resultant myometrial stimulation (Challis, 2002; Keelan, 2003; Loudon, 2003; Olson, 2003; and
all their associates).

MICROBES ASSOCIATED WITH PRETERM BIRTH. Some microorganisms, for example, Gardnerella vaginalis,
Fusobacterium, Mycoplasma hominis, and Ureaplasma urealyticum, are detected more commonly than others in amnionic fluid
of women with preterm labor (Gerber, 2003; Hillier, 1988; Romero, 1989; Yoon, 1998, and all their co-workers). This finding
was interpreted by some as presumptive evidence that specific microorganisms are more commonly involved as pathogens in
the induction of preterm labor. Another interpretation, however, is that given direct access to the membranes after cervical
dilatation, selected microorganisms, such as fusobacteria that are more capable of burrowing through these exposed tissues,
will do so. Fusobacteria are found in the vaginal fluid of only 9 percent of women but in 28 percent of positive amnionic fluid
cultures from preterm labor pregnancies with intact membranes (Chaim and Mazor, 1992). Further studies are needed to
better define the intrauterine site of infection that most influences the timing of delivery as well as why some pregnant women
appear more susceptible to microbes associated with bacterial vaginosis.

INTRAUTERINE INFLAMMATORY RESPONSE TO INFECTION. The initial inflammatory response elicited by bacterial toxins
is mediated, in large measure, by specific receptors on mononuclear phagocytes, decidual cells, and trophoblasts. These tol/-
like receptors represent a family of receptors that has evolved to recognize pathogen-associated molecules (Janssens and
Beyaert, 2003). Toll-like receptors are present in the placenta on trophoblast cells as well as fixed and invading leukocytes
(Chuang and Ulevitch, 2000; Holmlund and co-workers, 2002). Under the influence of ligands such as bacterial
lipopolysaccaride, these receptors increase the local release of chemokines, cytokines, and prostaglandins as part of an
inflammatory response. For example, IL-18 is produced rapidly after lipopolysaccharide stimulation (Dinarello, 2002). IL-1 in
turn acts to promote a series of responses that include increased synthesis of other cytokines, viz., TNF-a, IL-6, and IL-8; the
proliferation, activation, and migration of leukocytes; modifications in extracellular matrix proteins; and mitogenic and
cytotoxic effects, including fever and the acute phase response (El-Bastawissi and colleagues, 2000). IL-1 also acts to promote
prostaglandin formation in many tissues, including myometrium, decidua, and amnion (Casey and co-workers, 1990). Thus,
there appears to be a cascade of events once an inflammatory response is initiated that can result in preterm labor.

ORIGIN OF CYTOKINES IN INTRAUTERINE INFECTION. Cytokines within the normal term uterus are likely important for
normal and preterm labor. The transfer of cytokines such as IL-1 from decidua across the membranes into amnionic fluid
appears to be severely limited. Thus, it is likely that cytokines produced in maternal decidua and myometrium will have effects
on that side, whereas cytokines produced in the membranes or in cells within the amnionic fluid will not be transferred to the
maternal tissues. In most cases of inflammation resulting from infection, resident and invading leukocytes produce the bulk of
cytokines. Indeed, leukocytes %— mainly neutrophils, macrophages, and T lymphocytes %*— infiltrate the cervix, lower uterine
segment, and fundus at the time of labor. Other studies have shown that leukocytes invade membranes and cervix with
preterm labor. Thus, invading leukocytes may be the major source of cytokines at the time of labor.

Immunohistochemistry studies of cytokine expression have shown that, in the term laboring uterus, both invading leukocytes
and certain parenchymal cells produce cytokines. These leukocytes appear to be the primary source of myometrial cytokines,
including IL-1, IL-6, IL-8, and TNF-a (Young and co-workers, 2002), although in the decidua both stromal cells and invading
leukocytes are likely to contribute because they have been shown to produce IL-1, IL-6, TNF-a, and IL-8. In the cervix,
glandular and surface epithelial cells appear to produce IL-6, IL-8, and TNF-a. In fact, IL-8 is considered a critical cytokine in



cervical ripening, and it is produced in both epithelial and stromal cells of the cervix.

The presence of cytokines in amnionic fluid and their association with preterm labor has been well documented; however, their
exact cellular orgin "— with or without culturable microorganisms %— has not been well defined. Although the rate of IL-1
secretion from forebag decidual tissue is great, Kent and colleagues (1994) found that there is negligible in vivo transfer of
radiolabeled IL-1 across the membranes. Amnionic fluid IL-1 probably does not arise from amnion tissue, fetal urine, or fetal
lung secretions, but most likely is secreted by mononuclear phagocytes or neutrophils activated and recruited into the
amnionic fluid. Therefore, IL-1 in amnionic fluid likely is generated in situ from newly recruited cells. This scenario is supported
by immunohistochemical studies that show invading leukocytes are the primary cells expressing IL-1, IL-8, TNF-a, and IL-6 in
membranes at the time of labor (Young and co-workers, 2002). Thus, the amount of amnionic fluid IL-1 would be determined

by the number of leukocytes recruited, their activational status, or the effect of amnionic fluid constituents on their rate of IL-1
secretion.

Leukocyte infiltration may be regulated by fetal membrane synthesis of specific chemokines. In term labor, there are increased
amnionic fluid concentrations of the potent chemoattractant and monocyte-macrophage activator, monocyte chemotactic
protein-1 (MCP-1). As is true for prostaglandins and other cytokines, the levels of MCP-1 are much higher in the forebag
compared with the upper compartment (Esplin and co-workers, 2003). Levels in preterm labor were significantly higher than
those found in normal term amnionic fluid (Jacobsson and colleagues, 2003). It has been proposed that MCP-1 may be the
factor that initiates fetal leukocyte infiltration of the placenta and membranes. In addition, the production of MCP-1 may act as
a marker for intra-amnionic infection and inflammation.

SUMMARY OF INFECTION AND PRETERM LABOR. It is likely that intrauterine infection causes a significant number of
cases currently categorized as idiopathic spontaneous preterm labor. The variety of sites for intrauterine infection R—
maternal, fetal, or both ®— and the similarities between the inflammatory responses of preterm and term labor make it
difficult to determine the proportion of pregnancies that end prematurely due to infection.

Mechanistically, infection-induced preterm labor should be discussed as a process causing the early initiation of phase 1 of
parturition (see Figs. 6-1 and 6-17). This process, illustrated in Figure 6-23, involves the initial exposure to bacterial
endotoxins leading to production of cytokines. In the cervix, these cytokines are the cause of infiltration of leukocytes and
ripening. Activation of proteases in the cervix promotes cervical dilatation and can, in some cases, weaken the fetal
membranes and cause PPROM. Transfer of bacteria or cytokines into the fetal circulation is likely to cause premature activation
of CRH and the placental-adrenal endocrine cascade, causing a loss of myometrial quiescence. With continued leukocyte
infiltration, proinflammatory cytokines further increase prostaglandins within maternal decidua and myometrium, which then
act as uterotonins to cause preterm labor.

Figure 6-23. Potential pathways for infection-induced preterm birth. Exposure to
bacterial endotoxins causes an early initiation of the normal processes associated
with parturition, including cervical ripening, loss of uterine quiescence, and
increased production of uterotonins. (CRH = corticotropin-releasing hormone;
DHEA-S = dehydroepiandrosterone sulfate; HPA = hypothalamic-pituitary-adrenal;
PPROM = preterm premature rupture of membranes.)
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SECTION III - ANTEPARTUM

7. Preconceptional Counseling
INTRODUCTION

In the early part of the 20th century, women with medical problems were often unable to conceive or were advised not to.
Discoveries such as insulin and the development of effective antihypertensive medications subsequently made it possible for
many of these women to contemplate pregnancy. Obstetrical care of women with medical problems during this time dealt
almost exclusively with protecting maternal health, as little was known about pathological influences on fetal development. In
the 1960s, research began to focus on the pathophysiology of pregnancy and perinatal outcome. As a result, prenatal care was
gradually extended to include fetal concerns, and interest in perinatal research increased dramatically. The etiologies of many
maternal and fetal conditions were determined, and research also clarified the genetic origins of many diseases. At the same
time, effective contraception was developed, allowing women to postpone pregnancy and limit family size while striving to
optimize perinatal outcome. The focus of obstetrical care thus changed once again, from treating maternal and fetal diseases
to predicting and preventing them.

In 2000, the Public Health Service released Healthy People 2010, a guide for the second nationwide preventive medicine
program. The major goals are to increase the quality and years of healthy life and to eliminate health disparities between
individuals. More specifically, it strives to improve the health and well-being of women, infants, children, and families.

Preconceptional counseling can play a major role in achieving these goals. As stated in the Department of Health and Human
Services report on the program: "Preconceptional screening and counseling offer an opportunity to identify and mitigate
maternal risk factors before pregnancy begins." For example, the two leading causes of death in the first year of life %— birth
defects and disorders caused by preterm birth "— can both be significantly reduced or eliminated by the preconceptional
initiation of specific preventive strategies. Morbidity caused by a variety of factors, including uncontrolled maternal disease,
environmental exposures, and nutritional deficiencies, also can be prevented by preconceptional care. Furthermore, as
discussed in Chapter 38 (see p. 904), the intrauterine fetal environment has a tremendous impact on the health and well-being
of the adult that fetus will become R— the Barker hypothesis (Barker, 1994). Thus, optimizing pregnancy conditions and
outcomes has long-term health impacts that are only beginning to be apparent. The 1989 Public Health Service Expert Panel
on the Content of Prenatal Care rightfully concluded: "The preconceptional visit may be the single most important health care
visit when viewed in the context of its effect on pregnancy."

DEFINITION

Preconceptional counseling is preventive medicine for obstetrics. Factors that could potentially affect perinatal outcome are
identified, and the woman is advised of her risks. Whenever possible, a strategy is provided to reduce or eliminate the
pathological influences revealed by her family, medical, or obstetrical history, or by specific testing. This chapter reviews data
confirming that preconceptional counseling has a measurable positive impact on pregnancy outcome. It also provides a
description of the components of a thorough preconceptional assessment. In most cases, specific guidelines for the
preconceptional management of a variety of medical, obstetrical, and genetic disorders are provided in chapters pertaining to
each topic.

BENEFITS OF PRECONCEPTIONAL COUNSELING

Randomized trials of the efficacy of preconceptional counseling are scarce, partly because withholding such counseling for
research purposes would in many cases be considered unethical. In addition, because maternal and perinatal outcomes are
dependent on the interaction of a variety of maternal, fetal, and environmental factors, it is often difficult to ascribe pregnancy
outcome to a specific intervention (Moos, 2004). Nevertheless, what follows are several prospective and case-control trials that
clearly demonstrate that preconceptional counseling improves pregnancy outcome.

UNPLANNED PREG NANCY. To be effective, counseling about potential pregnancy risks and strategies to

prevent them must be provided before conception. By the time most women realize they are pregnant %— 1 to 2 weeks after
the first missed period R"— the fetal spinal cord has already formed and the heart is beating (Moore, 1983). Many prevention
strategies, for example, folic acid to prevent neural-tube defects, are ineffective if initiated at this time. The Centers for
Disease Control and Prevention (1999) estimate that up to half of all pregnancies are unplanned, and there is evidence that
these may be at greatest risk.

Adams and colleagues (1993) conducted a population-based survey of almost 12,500 women in four states and found that
women with unintended pregnancies were more likely than those with planned pregnancies to have an indication for
preconceptional counseling. Hellerstedt and co-workers (1998) surveyed nearly 7200 pregnant women and found that women
with unintended pregnancies were more likely to have high-risk behaviors. Jack and associates (1995) administered a
comprehensive risk survey to 136 women at the time of a negative pregnancy test. They found that (1) the majority did not
want to be pregnant, (2) half reported a medical or reproductive risk that could adversely affect pregnancy, (3) half reported a
genetic risk, and (4) one fourth reported risks for human immunodeficiency virus (HIV) and hepatitis B infection or alcohol or
recreational drug use. Unwanted pregnancies are particularly common in the unmarried urban poor (Besculides and Laraque,
2004).

An important measure of the effectiveness of preconceptional counseling is, therefore, its influence in reducing the number of
unintended pregnancies. Moos and colleagues (1996) instituted a preconceptional care program for reproductive-aged women
who visited a health department clinic and then also studied 1378 women who sought prenatal care. They reported that the
456 women who had preconceptional counseling had a 50-percent greater likelihood of describing their pregnancies as
intended compared with that of 309 women with health care but no counseling, and a 65-percent greater likelihood compared



with that of women with no health care prior to pregnancy.

CHRONIC MEDICAL DISORDERS

Diabetes Mellitus. Because maternal and fetal pathology associated with hyperglycemia is well known, diabetes is the
prototype of a condition for which preconceptional counseling is beneficial. Diabetes-associated risks to both mother and fetus
are discussed in detail in Chapter 52 (see p. 1176). Many of these complications can be avoided if conception occurs when
glucose control is optimal (Jovanovic and colleagues, 1981). Such control requires either that glucose levels be chronically well
regulated R—always a goal, but difficult to achieve ®— or that the woman make necessary changes before attempting
conception. Preconceptional counseling can educate her about risks and provide a program designed to reduce them
(Bernasko, 2004).

The utility of preconceptional counseling in preventing diabetes-related complications at all stages of pregnancy has been
confirmed. Shown in Figure 7-1 are summaries of major studies in which the incidence of anomalies in infants born to diabetic
women who received preconceptional counseling was compared with that of women without such counseling. Importantly, all
studies showed that counseling is associated with significantly fewer malformations.

Dunne and co-workers (1999) reviewed the impact of preconceptional counseling on other diabetes-related neonatal morbidity.
Women who received counseling sought prenatal care earlier, had lower hemoglobin Al levels, and were less likely to smoke

during pregnancy. Their outcomes were compared with those of a cohort of women who did not receive such counseling. Of
the women who received counseling, none were delivered before 30 weeks compared with 17 percent in the uncounseled
group. In addition, the counseled women had fewer macrosomic infants %"— 25 versus 40 percent; they had no growth-
restricted infants compared with 8.5 percent; they had no neonatal deaths compared with 6 percent; and their infants had 50
percent fewer admissions to the intensive care nursery %— 17 versus 34 percent.

Preconceptional counseling also reduces obstetrical complications and health care costs in diabetic women. In a prospective
multicenter observational trial from five Michigan centers, Herman and colleagues (1999) confirmed these benefits. They
reported that diabetic women who received preconceptional counseling reported for prenatal care 3 weeks earlier than
uncounseled women; they had lower hemoglobin A, . levels; they were significantly less likely to require antepartum

hospitalization for diabetes control "— 8 versus 68 percent; and they had significantly fewer hospitalization days %— 4.5
versus 15.7. Counseled women also had fewer episodes of hypoglycemia and diabetic ketoacidosis; they had no hypertensive
complications; and their postpartum stay was 2 days shorter than that of uncounseled women. These improved outcomes were
associated with savings of $34,000 in direct medical costs per patient who received counseling.

Epilepsy. Women with epilepsy are two to three times more likely to have infants with structural anomalies than unaffected
women (Chang and McAuley, 1998; Wide and associates, 2004). Some reports indicate that epilepsy itself increases the
incidence of congenital anomalies, independent of the effects of antiseizure medication. In a recent study, however, Holmes
and colleagues (2001) compared 509 epileptic women who took antiseizure medication during pregnancy to 606 who did not.
They found that only infants exposed to anticonvulsant medications had an increased incidence of structural anomalies.
Fetuses exposed to one drug had significantly fewer malformations than those exposed to two or more drugs R— 21 versus 28
percent. By contrast, the incidence of defects in fetuses of epileptic mothers who did not take medication was only 8.5 percent
R— the same as in fetuses of women without seizure disorders. Preconceptional counseling usually includes recommendations
to switch to monotherapy with the least teratogenic medication (Adab and colleagues, 2004; American Academy of Neurology,
1998). The risks of antiseizure medication are described in detail in Chapter 14 (see p. 347).

Epileptic women also are advised to take supplemental folic acid. Biale and Lewenthal (1984) performed a retrospective case-
control study to evaluate effects of periconceptional folate supplementation in women taking anticonvulsants. Although 10 of
66 (15 percent) unsupplemented pregnancies resulted in offspring with congenital malformations, none of 33 neonates of
supplemented women had anomalies. Depending on the history, a trial period without anticonvulsants also may be
recommended.

Other Chronic Diseases. Cox and co-workers (1992) reviewed pregnancy outcomes of 1075 high-risk women who received
preconceptional counseling. If they received counseling, 240 women with hypertension, renal disease, thyroid disease, asthma,
and heart disease had significantly better outcomes than previous pregnancies. Indeed, 80 percent of those counseled gave
birth to a normal infant compared with only 40 percent in the previous uncounseled gestation.

Figure 7-1. Major congenital anomalies in diabetic women according to whether
they had preconceptional counseling. (Data from Gregory and Tattersall, 1992.)

GENETIC DISEASES. Birth defects are currently the leading cause of infant mortality and account for 20
percent of all infant deaths. These defects can be avoided with three types of prevention strategies. The preferred strategy is
primary prevention R— avoidance of causal factors 8— which is becoming possible for more congenital diseases as their
etiologies are discovered. Secondary prevention "— identifying and terminating affected pregnancies "— is an alternative
strategy for single-gene disorders and other defects that cannot be prevented. Surgical correction of structural defects is one
type of tertiary prevention, but it is not possible for most genetic disorders. The benefits of preconceptional counseling usually
are measured by comparing the incidence of new cases before and after the initiation of a counseling program. Some examples
of congenital conditions that clearly benefit from counseling include neural-tube defects, phenylketonuria, Tay-Sachs disease,
and the thalassemias.

Neural-Tube Defects (NTDs). The incidence of these defects is 1 to 2 per 1000 live births, and they are second only to
cardiac anomalies as the most frequent structural fetal malformation (see Chap. 12, p. 302). Some NTDs are associated with a
specific mutation in the methylene tetrahydrofolate reductase gene (677C %*— T), the adverse effects of which appear to be



largely overcome by periconceptional folic acid supplementation (Ou and associates, 1996; van der Put and colleagues, 1995).
The Medical Research Council on Vitamin Study Research Group (1991) conducted a randomized double-blind study of
preconceptional folic acid therapy at 33 centers in seven European countries. Women with a previous affected child who took
supplemental folic acid before conception and throughout the first trimester reduced their NTD recurrence risk by 72 percent.
Perhaps more importantly, because 90 to 95 percent of NTDs occur in families with no prior history, Czeizel and Dudas (1992)
subsequently showed that supplementation reduced the a priori risk of a first NTD occurrence.

Phenylketonuria (PKU). This disorder is an inborn error of phenylalanine metabolism. It is an example of a disease in which
the fetus is not at risk to inherit the disease but may be damaged by the effects of maternal genetic disease. For such
conditions, preconceptional counseling regarding strategies to improve the intrauterine environment constitutes primary
prevention and may significantly reduce fetal morbidity. Individuals with PKU who eat an unrestricted diet have abnormally
high blood phenylalanine levels. This amino acid readily crosses the placenta and can damage developing fetal organs,
especially neural and cardiac tissues (see Chap. 12, p. 297). With preconceptional counseling and adherence to a
phenylalanine-restricted diet before pregnancy, the incidence of fetal malformations is dramatically reduced (Guttler and
colleagues, 1990; Koch and associates, 1990).

The Maternal Phenylketonuria Collaborative Study evaluated the effectiveness of preconceptional care in preventing PKU-
related fetal defects (Rouse and co-workers, 1997). Almost 300 women with PKU began a low-phenylalanine diet before
pregnancy. Compared with infants whose mothers had poor dietary control, infants of women achieving good control had a
lower incidence of microcephaly (6 versus 15 percent), neurological abnormalities (4 versus 14 percent), and cardiac defects
(none versus 16 percent). The proportion of women treated preconceptionally increased from 7 to 51 percent from 1984 to
1994 (Platt and colleagues, 2000).

Tay-Sachs Disease. This disease is a severe, autosomal-recessive neurodegenerative disorder that leads to death in
childhood. The effectiveness of preconceptional counseling in reducing genetic disease has been most clearly demonstrated in
Tay-Sachs disease. In the early 1970s, there were approximately 60 new cases in the United States each year, primarily in
individuals of Jewish heritage. An intensive worldwide campaign was initiated to counsel Jewish men and women of
reproductive age, to identify carriers through genetic testing, to provide prenatal testing %%— secondary prevention %"— for
high-risk couples, and even to help heterozygote carriers choose unaffected mates ®"— primary prevention! The outcome of
this initiative has been monitored by the National Tay-Sachs Disease and Allied Disorders Association (Kaback and colleagues,
1993). Within 8 years of its inception, nearly 1 million young adults around the world had been tested and counseled, and the
incidence of new Tay-Sachs cases has plummeted to only about five new cases per year. Currently, most new cases are in the
non-Jewish population.

Thalassemias. These disorders of globin-chain synthesis are the most common single-gene disorders worldwide.
Approximately 200 million people carry a gene for one of these hemoglobinopathies (Benz, 2001). Hundreds of mutations have
been identified that cause several important thalassemia syndromes, discussed in Chapter 51 (see p. 1154). Some of these
could be avoided by both primary and secondary prevention (Fucharoen and associates, 1991; Wong, 1985). In endemic areas
such as Mediterranean countries, counseling and other prevention strategies have reduced the incidence of new cases by at
least 80 percent (Angastiniotis and Modell, 1998). Experiences with a long-standing counseling program aimed at Montreal
high school students at risk were summarized by Mitchell and colleagues (1996). Over a 20-year period, 25,274 students of
Mediterranean origin were counseled and tested for B-thalassemia. Within a few years of initiating the preconceptional
program, all high-risk couples who requested prenatal diagnosis had already been counseled, and no affected children have
been born since that time.

PRECONCEPTIONAL COUNSELORS

Practitioners providing routine health maintenance for reproductive-aged women have the best opportunity to provide
preventive counseling. Gynecologists, internists, family practitioners, and pediatricians can do so at the annual examination.
The occasion of a negative pregnancy test is a good time for counseling. Jack and associates (1995) administered a
comprehensive preconceptional risk survey to 136 women who had a negative pregnancy test in an ambulatory general
practice clinic. Almost 95 percent of these women reported at least one problem that could affect a future pregnancy. These
included medical or reproductive problems (52 percent), a family history of genetic diseases (50 percent), increased risk of
contracting HIV (30 percent), increased risk of contracting hepatitis B and use of illegal substances (25 percent), alcohol use
(17 percent), and nutritional risk (54 percent).

Basic preconceptional advice regarding diet, alcohol use, smoking, illicit drug use, vitamin intake, exercise, and other
behaviors can be provided by the primary care provider, including the obstetrician-gynecologist. Medical records should be
obtained and reviewed. Counselors should be knowledgeable about relevant medical diseases, prior surgery, reproductive
disorders, or genetic conditions, and must be able to interpret data and recommendations provided by other specialists. The
practitioner who is uncomfortable providing counseling should refer the woman or couple to a counselor with special expertise.

PRECONCEPTIONAL COUNSELING VISIT
PERSONAL AND FAMILY HISTORY. Counseling begins with a thorough review of the medical,

obstetrical, social, and family histories. Useful information is more likely to be obtained by asking specific questions about each
aspect of the history and about each member of the family than by asking general, open-ended questions. The interview may
take 30 minutes to an hour. Some important information can be obtained by questionnaire, ideally at a routine prepregnancy
visit. Commercially prepared questionnaires are available that address medical and surgical history; reproductive history,
including outcomes of each prior pregnancy; medication use and drug allergies; family history of medical or genetic diseases
and reproductive abnormalities; racial or ethnic origin; social risk factors such as alcohol, illicit drugs, smoking, high-risk
sexual behavior, and spousal abuse; environmental risk factors such as exposure to pesticides or other chemicals; and home
environment and stress inducers. Answers should be reviewed with the patient to ensure appropriate follow-up, including
obtaining relevant medical records or consultant notes.



MEDICAL HISTORY. Preconceptional counseling should address all risk factors pertinent to both mother and
fetus. General questions to be answered include how pregnancy will affect maternal health, and how a high-risk condition will
affect the fetus. Almost any medical, obstetrical, or genetic condition warrants some consideration prior to pregnancy. These
conditions should be discussed in terms of general maternal and fetal risks, and suggestions for prepregnancy evaluation
should be offered. Finally, advice for improving outcome is provided. More detailed information on specific diseases such as
diabetes, hypertension, collagen vascular disorders, and others are found in the relevant chapters.

Genetic Diseases. Women whose ethnic background, race, or personal or family history places them at increased risk to have
a fetus with a genetic disease should receive appropriate counseling. This includes the possibility of prenatal diagnosis as
discussed in Chapter 13. Women who have a genetic disease usually require additional counseling about their own risks by
someone knowledgeable about genetics. This is because genetic conditions are often associated with unique medical problems
that may be adversely affected by pregnancy or that can adversely affect pregnancy outcome. They also may benefit from
consultation with other specialists, for example, anesthesiologists, cardiologists, or surgeons. A variety of genetic resources
can be accessed for detailed information about many inherited disorders.

Reproductive History. This component includes questions regarding infertility; abnormal pregnancy outcomes, including
miscarriage, ectopic pregnancy, recurrent pregnancy loss, and preterm delivery; and complications such as preeclampsia or
placental abruption. The reproductive history of first-degree relatives also may be helpful. For example, if a patient with
recurrent pregnancy loss has other family members with the same history, her risk of carrying a familial translocation or
another chromosomal rearrangement is increased. A history suggesting an incompetent cervix or a uterine anomaly should
prompt an appropriate evaluation. The need for assisted reproductive technologies should be noted and associated risks
discussed (Jackson and associates, 2004). The latter include a significantly increased risk of multiple gestation (see Chap. 39).
Counseling regarding intracytoplasmic sperm injection and cryopreservation of embryos also should be provided (Bowen and
colleagues, 1998; Hansen and co-workers, 2002). Risk factors for recurrent preterm delivery, preeclampsia, placental
abruption, and repeat cesarean delivery are summarized in discussions of these disorders later in this text.

SOCIAL HISTORY

Maternal Age. The mother's age can have an impact on pregnancy at both ends of the reproductive spectrum.

TEENAGE PREGNANCY. According to the American College of Obstetricians and Gynecologists (2003), the pregnancies of
women between the ages of 15 and 19 years accounted for about 11 percent of all births in 2001. Teenagers are more likely to
be anemic, and they are at increased risk to have growth-restricted infants, preterm labor, and higher infant mortality (Fraser
and associates, 1995). The incidence of sexually transmitted diseases "— common in adolescents *— is even higher during
pregnancy (Niccolai and colleagues, 2003). Because most teenage pregnancies are unplanned, teens rarely seek
preconceptional counseling.

Teenagers usually are still growing and developing, and thus have greater caloric requirements than older women. The normal
or underweight teenager should be advised to increase caloric intake by 400 kcal/day. Alternatively, as discussed in Chapter
43, the obese teenager may not need additional calories. Nonjudgmental questioning may elicit a history of substance abuse.
Instructions regarding the identification or prevention of common pregnancy complications should be given.

PREGNANCY AFTER AGE 35. Currently, about 10 percent of pregnancies occur in women in this age group. The older
womanis more likely to request preconceptional counseling, either because she has postponed pregnancy and now wishes to
optimize her outcome, or because she plans to undergo infertility treatment. In the past, the indelicate term elderly gravida
was used to arbitrarily define women over 35. Although the term is now passe, certain age-related adverse pregnancy
outcomes do begin to increase at this age.

Some studies indicate that after age 35, women are at increased risk for obstetrical complications as well as perinatal
morbidity and mortality. There is no doubt that the older woman who has a chronic illness or who is in poor physical condition
has increased risks. For the physically fit woman without medical problems, however, the risks are much lower than previously
reported.

The influence of socioeconomic and health status on pregnancy outcome in the older woman is illustrated by two studies
involving different populations of women. Berkowitz and co-workers (1990) described outcomes of almost 800 privately
insured nulliparas, age 35 and older, who were cared for at Mount Sinai Hospital in New York City. These authors reported only
slightly increased risks of gestational diabetes, pregnancy-induced hypertension, placenta previa or abruption, and cesarean
delivery. The women did not have an increased incidence of preterm delivery, growth-restricted infants, or perinatal death. In
contrast, a study from Parkland Hospital, which included nearly 900 socioeconomically disadvantaged women older than 35
years of age, identified a significantly increased incidence of hypertension, diabetes, placenta previa and abruption, preterm
delivery, and perinatal mortality (Fig. 7-2). The disparate outcomes in these two groups of women are likely attributable to
socioeconomic status, which influences lifestyle and access to health care and thus health status.

Maternal mortality is higher in women age 35 and older, but improved medical care may ameliorate this risk. Buehler and
colleagues (1986) reviewed maternal deaths in the United States from 1974 through 1982. From 1974 through 1978, older
women had a fivefold increased relative risk of maternal death compared with that of younger women. By 1982, however, the
mortality rates for older women had decreased by 50 percent. They concluded that this was probably due to improvements in
health care.

Maternal age-related fetal risks primarily stem from (1) iatrogenic preterm delivery required for maternal complications such
as hypertension and diabetes, (2) spontaneous preterm delivery, (3) fetal growth disorders related to chronic maternal disease
or multiple gestation, (4) fetal aneuploidy, and (5) pregnancies resulting from use of assisted reproductive technology.

Most researchers have found that fetal aneuploidy is the only congenital abnormality related to maternal age. A study of
577,000 births in British Columbia by Baird and co-workers (1991) and another of 574,000 live births in Sweden by Pradat
(1992) found no association between nonaneuploid structural defects and maternal age. An exception was the study by Hollier
and colleagues (2000) of nearly 103,000 pregnancies that included 3885 infants with congenital malformations delivered at



Parkland Hospital. They reported that the incidence of nonaneuploid structural abnormalities increased significantly with
maternal age. Some contend, however, that ascertainment bias was likely because older mothers commonly underwent
targeted ultrasound examination but not amniocentesis, and the study population was enriched with regional referrals for
women with malformed fetuses.

Older paternal age is associated with an increased incidence of genetic diseases caused by new autosomal-dominant
mutations, but the incidence is still low (see Chap. 12, p. 289). Accordingly, whether targeted ultrasound examinations should
be performed solely for advanced maternal or paternal age is controversial.

Although the incidence of dizygotic twinning increases with maternal age, the most important cause of multifetal gestations in
older women currently is conception with the use of assisted reproductive technology and ovulation induction. According to the
Centers for Disease Control and Prevention (2002), 0.7 percent of all 3.9 million births in the United States in 1998 were the
result of these techniques. More than half of this percentage were multiple infant births, which account for much of the
morbidity from preterm delivery and neurological sequelae (Adashi and collaborators, 2003, 2004; Schieve and colleagues,
2002; Stromberg and associates, 2002). Finally, Hansen and co-workers (2002) reported that 8.6 percent of 301 infants
conceived using intracytoplasmic sperm injection and 9 percent of 837 infants conceived by in vitro fertilization had major birth
defects ®— compared with 4.2 percent in 4000 control women.

Recreational Drugs and Smoking. Fetal risks associated with alcohol, marijuana, cocaine, amphetamines, and heroin are
discussed in Chapter 14 (see p. 363). Alcohol-related mental retardation is currently the only mental retardation syndrome
amenable to primary prevention. The first step in preventing this and other types of drug-related fetal damage is the woman's
honest assessment of her usage. Questions regarding usage should be asked in a nonjudgmental manner. The alcoholic patient
can be identified by asking the well-studied TACE questions, which correlate with DSM-IV criteria for lifetime alcoholism
diagnoses (Chang and associates, 1998). TACE is a series of four questions concerning tolerance to alcohol, being annoyed by
comments about their drinking, attempts to cut down, and a history of drinking early in the morning R— the eye opener.

According to the Centers for Disease Control and Prevention (2003), almost one fourth of women who are between the ages of
18 and 44 years smoke cigarettes. Smoking affects fetal growth in a dose-dependent manner. It increases the risk of preterm
labor, fetal growth restriction, and low birthweight. It has also been associated with an increased incidence of attention-
deficit/hyperactivity disorder and behavioral and learning problems typically identified by school age (American College of
Obstetricians and Gynecologists, 1999). Smoking also increases the risk of pregnancy complications related to vascular
damage, such as uteroplacental insufficiency and placental abruption (see Chap. 35, p. 811). After counseling, the woman
should be provided with a prepregnancy program to reduce or eliminate smoking.

Environmental Exposures. Everyone is exposed to environmental substances, but fortunately only a few agents have an
impact on pregnancy outcome. Exposures to infectious organisms and chemicals impart the greatest risk. Examples of high-
risk exposures include pregnant nurses exposed to cytomegalovirus or respiratory syncytial virus; day-care workers exposed to
parvovirus and rubella; industrial workers exposed to chemicals such as heavy metals or organic solvents; and women living in
rural areas exposed to potentially harmful chemicals through pesticide use or contaminated well water.

Methyl mercury is a recently recognized environmental contaminant that is especially important because all pregnant women
are potentially at risk. It is now well established that certain kinds of large fish are contaminated (see Chap. 14, p. 355).
Mercury is a neurotoxin that readily crosses the placenta and has adverse effects on fetal neurological development.
Accordingly, the US Food and Drug Administration (2004) has recommended that pregnant women not eat shark, swordfish,
king mackerel, or tilefish and that they consume no more than 12 ounces of other kinds of shellfish or other fish per week.
Albacore or "white" tuna has more mercury than other canned tuna. Oken and colleaqgues (2003) have provided data that since
the original FDA advisory, there has been a decline of ingestion by pregnant women of suspect fish species.

Figure 7-2. Incidence of some pregnancy complications in 20,525 women delivered
at Parkland Hospital, 1987-1988. (Data from Cunningham and Leveno, 1995.)

LIFESTYLE AND WORK HABITS. A number of personal and work habits as well as lifestyle issues may

have an impact on pregnancy outcome.

Diet. Pica for ice, laundry starch, clay, dirt, or other nonfood items should be discouraged (see Chap. 8, p. 255). In some
cases, it may represent an unusual physiological response to iron deficiency (Federman and colleagues, 1997). Many
vegetarian diets are protein deficient but can be corrected by increasing egg and cheese consumption. As discussed in Chapter
43, obesity is associated with a number of maternal complications such as hypertension, preeclampsia, gestational diabetes,
labor abnormalities, postterm pregnancy, cesarean delivery, and operative complications (Wolfe, 1998). It is also associated
with adverse fetal outcomes, including spina bifida and ventral wall defects, late fetal death, and preterm delivery (Cnattingius
and co-workers, 1998).

In addition to nutritional deficiencies, anorexia and bulimia increase the risk of associated maternal problems such as
electrolyte disturbances, cardiac arrhythmias, and gastrointestinal pathology (Becker and associates, 1999). In a study of 23
pregnancies in 15 women previously treated for anorexia nervosa or bulimia, Stewart and colleagues (1987) reported that
those whose anorexia was not in remission at the time of conception had increased symptoms during pregnancy. They also
gained less weight and had smaller infants.

Exercise. There are no data to suggest that exercise is deleterious during pregnancy; thus, conditioned pregnant women
usually can continue to exercise throughout gestation (American College of Obstetricians and Gynecologists, 2002). As
pregnancy progresses, balance problems and joint relaxation may predispose to orthopedic injury. The woman should be
advised to not exercise to exhaustion, avoid supine positions, avoid activities requiring good balance, augment heat dissipation
and fluid replacement, and avoid extreme weather conditions.



Domestic Abuse. Pregnancy can exacerbate interpersonal problems and is a time of increased risk from an abusive partner.
As discussed in Chapter 42 (see p. 997), one in six women is abused during pregnancy (Eisenstat and Bancroft, 1999). The
interviewer should inquire about risk factors for domestic violence, and should offer intervention as appropriate. Abuse is more
likely in women whose partners abuse alcohol or drugs, are recently unemployed, have a poor education or low income, or
have a history of arrest (Grisso and colleagues, 1999; Kyriacou and associates, 1999).

FAMILY HISTORY. The most thorough method for obtaining a family history is to construct a pedigree using the
symbols shown in Figure 7-3. The health and reproductive status of each "blood relative" should be individually reviewed for
medical illnesses, mental retardation, birth defects, infertility, and pregnancy loss. Certain racial, ethnic, or religious
backgrounds may indicate increased risk for specific recessive disorders. Although most women can provide some information
regarding their history, their understanding may be limited. For example, several studies have shown that pregnant women
often fail to report a birth defect in the family or report it incorrectly. Romitti and associates (1997) interviewed 345 women
who had a relative with a birth defect and 380 women without such a history. They verified their responses about family
history by contacting relatives. Only 30 percent of these 725 women correctly reported familial birth defects. Rasmussen and
colleagues (1990) used the Atlanta Birth Defects Registry to identify 4929 women whose child had a verified birth defect.
When contacted, only 60 percent accurately reported the defect. It is thus important to verify the type of reported defect or
genetic disease by reviewing pertinent medical records or by contacting affected relatives for additional information.

Figure 7-3. Symbols used for pedigree construction. (From Thompson and
colleagues, 1991, with permission.)

IMMUNIZATIONS. Preconceptional counseling includes assessment of immunity to rubella and hepatitis B.
Depending on health status, travel plans, and time of year, other immunizations may be in order (see Table 8-9, p. 222).
Vaccines consist of either toxoids (e.g., tetanus); killed bacteria or viruses (e.g., influenza, pneumococcus, hepatitis B,
meningococcus, and rabies); or attenuated live viruses (e.g., varicella-zoster, measles, mumps, polio, rubella, chickenpox,
yellow fever). Immunization during pregnancy with toxoids or killed bacteria or viruses has not been associated with adverse
fetal outcomes (Chutivongse and colleagues, 1995; Czeizel and Rockenbauer, 1999). Alternatively, live-virus vaccines are not
recommended during pregnancy and ideally should be given at least 1 month before attempts to conceive. Women
inadvertently given measles, mumps, rubella, or varicella vaccines during pregnancy, however, are not necessarily advised to
seek pregnancy termination. Most reports indicate that immunization to any of these agents poses only a theoretical risk to the
fetus. Lastly, immunization to smallpox, anthrax, and other bioterrorist diseases should be discussed (see Chap. 8, p. 221).

SCREENING TESTS

Certain laboratory tests may be helpful in assessing the risk of complications during pregnancy. These include basic tests that
are usually performed during prenatal care. For example, rubella, varicella, and hepatitis B immune status should be
determined so that vaccination can be carried out as part of preconceptional care. A complete blood count with mean red blood
cell volume will exclude most serious inherited anemias. Hemoglobin electrophoresis is performed in individuals at increased
risk, such as African-Americans for sickle syndromes and women of Mediterranean or Asian origin for thalassemias. Women
with Jewish ancestry are candidates for carrier testing for Tay-Sachs and Canavan disease, whereas Caucasians of northern
European descent may elect screening for cystic fibrosis. Specific counseling issues pertaining to these genetic diseases are
discussed throughout Chapter 12. Partners of women discovered to be carriers of autosomal-recessive diseases should be
tested to determine the risk to future offspring. Couples discovered to be at significant increased risk of having an affected
child can then contemplate their reproductive options before undertaking a pregnancy.

More specific tests may assist the evaluation of women with certain chronic medical diseases. Examples of some, but certainly
not all, chronic diseases that may be assessed by prenatal testing include kidney disease, cardiovascular diseases, and
diabetes. In the first example, the outcome of pregnancies complicated by chronic renal disease can be predicted to some
extent by the serum creatinine level (Table 7-1). In the second example, the likelihood that a woman with cyanotic heart
disease will have a successful pregnancy outcome can be predicted by a number of factors shown in Table 7-2. The third
example is the use of hemoglobin A, . measurement to assess diabetic control during the preceding 6 weeks. This in turn can
be used to compute risks for major anomalies (Table 7-3). These figures may be useful in gauging patient compliance and
motivation. Although these data are from women with severe diabetes, the incidence of fetal anomalies in women who have
gestational diabetes associated with fasting hyperglycemia is increased fourfold compared with nondiabetic control women
(Sheffield and associates, 2002). Other specific tests used for the assessment of these and other diseases are discussed more
fully in later chapters.

Electromagnetic Energy. There is no evidence in humans or animals that exposure to various electromagnetic fields such as

high-voltage power lines, electric blankets, microwave ovens, and cellular phones causes adverse fetal effects (O'Connor,
1999; Robert, 1999). Electrical shock is discussed further in Chapter 41 (see p. 1001).

REFERENCES

Adab N, Tudur SC, Vinten J, et al: Common antiepileptic drugs in pregnancy in women with epilepsy. Cochrane Database Syst
Rev CD004848, 2004

Adams MM, Bruce FC, Shulman HB, et al: Pregnancy planning and pre-conception counseling. Obstet Gynecol 82:955, 1993



8. Prenatal Care
INTRODUCTION

Organized prenatal care in the United States was introduced largely by social reformers and nurses (Merkatz and colleagues,
1990). In 1901, Mrs. William Lowell Putnam of the Boston Infant Social Service Department began a proaram of nurse visits to
women enrolled in the home delivery service of the Boston Lying-in Hospital. This work was so successful that an outpatient
prenatal clinic was established in 1911. Former authors of Williams Obstetrics were early supporters of prenatal care. In 1915,
J. Whitridge Williams reviewed 10,000 consecutive deliveries at Johns Hopkins Hospital and concluded that 40 percent of 705
perinatal deaths could have been prevented by prenatal care. In 1954, Nicholas J. Eastman credited organized prenatal care
with having "done more to save mothers' lives in our time than any other single factor" (Speert, 1980). In the 1960s, Jack
Pritchard established a network of neighborhood prenatal clinics located in the most underserved communities in Dallas
County. In large part because of increased accessibility, approximately 95 percent of medically indigent women now delivering
at Parkland Hospital receive prenatal care. Importantly and related, the perinatal mortality rate of women in this system is less
than that of the United States overall.

OVERVIEW OF PRENATAL CARE

Almost a century since its introduction, prenatal care has become one of the most frequently used health services in the United
States. In 2001, there were approximately 50 million prenatal visits %— the median was 12.3 visits per pregnancy "— and, as
shown in Figure 8-1, many women had 17 or more visits (Martin and associates, 2002b). More than 83 percent of women
began prenatal care during the first trimester, and all but 1.1 percent received some prenatal care. Over the past decade, the
largest gains in timely prenatal care have been among minority groups (Fig. 8-2), but disparity continues. Significant
obstetrical and medical risk factors or complications identifiable during prenatal care are summarized in Table 8-1.
Importantly, many of these complications are treatable.

Figure 8-1. Frequency distribution of the number of prenatal visits for the United
States in 2001. (Adapted from Martin and associates, 2002b.)

Figure 8-2. Percent of women in the United States with prenatal care beginning in
the first trimester by ethnicity, 1989 compared with 2001. (Adapted from Martin
and associates, 2002b.)

INADEQUATE PRENATAL CARE. A commonly emploved system for measurina the adeauacy of prenatal

care is the Kessner Index (Kessner and colleagues, 1973). As shown in Table 8-2, this index incorporates information from
three items recorded on the birth certificate: length of gestation, timing of the first prenatal care visit, and number of visits.
Although the index measures the quantity of care better than either the number or timing of prenatal visits alone, it does not
measure the quality of care. Similarly, the index does not consider the relative risk of the mother. Despite these limitations,
the index remains a useful measure of prenatal care adequacy. Using the Kessner Index, the National Center for Health
Statistics concluded that 12 percent of American women delivering in 2000 received inadequate prenatal care (Martin and
associates, 2002a).

The Centers for Disease Control and Prevention (2000) analyzed birth certificate data for the years 1989 to 1997 and
concluded that half of women with delayed or no prenatal care wanted to begin care earlier. Reasons for inadequate prenatal
care varied by social and ethnic group, age, and method of payment. The most common reason cited was that the woman did
not know she was pregnant. The second most commonly cited barrier was lack of money or insurance for such care. The third
was inability to obtain an appointment.

EFFECTIVENESS OF PRE NATAL CARE. Over the past several decades, some have concluded that

prenatal care offers no benefits, and indeed may be disadvantageous. In an extensive review, Fiscella (1995) found no
conclusive evidence that prenatal care improved birth outcomes. Other authors raised concern about the effectiveness of
prenatal care because in the 1980s and 1990s, when use of prenatal care increased substantively, the rates of low-birthweight
and preterm birth increased in the United States (Kogan and colleagues, 1998).

Conversely, Herbst and associates (2003) found that failure to obtain prenatal care was associated with more than a twofold
increased risk of preterm birth. Schramm (1992) compared the costs and benefits of prenatal care in over 12,000 Medicaid
patients in Missouri in 1988. He found that for each $1 spent for prenatal care, there were estimated savings of $1.49 in
newborn and postpartum costs. Vintzileos and colleagues (2002b) analyzed data for the years 1995 to 1997 from the National
Center for Health Statistics to measure the relationship between prenatal care and the risk of fetal death. They found that
prenatal care was associated with an overall fetal death rate of 2.7 per 1000 compared with 14.1 per 1000 for women without
prenatal care. Stated differently, failure to receive prenatal care increased the adjusted relative risk of stillbirth 3.3-fold.
Vintzileos and colleagues (2002a) later reported that prenatal care significantly lowered the rate of neonatal death associated



with several high-risk conditions, including placenta previa, fetal growth restriction, and postterm pregnancy. They also found
that prenatal care was associated with fewer preterm births (Vintzileos and colleagues, 2003).

It must also be remembered that prenatal care designed during the early 1900s was focused on lowering the extremely high
incidence of maternal death. Prenatal care undoubtedly contributed to the dramatic decline in maternal mortality from 690 per
100,000 births in 1920 to 50 per 100,000 by 1955 (Loudon, 1992). As discussed in Chapter 1 (see p. 7), the current maternal
mortality rate of about 8 per 100,000 is likely associated with the high utilization of prenatal care. Indeed, in a population-
based study from North Carolina, Harper and co-workers (2003) found that the risk of pregnancy-related maternal death was
decreased fivefold among recipients of prenatal care.

Logically, the effectiveness of prenatal care cannot be gauged in isolation from other innovations. In the seventh edition of
Williams Obstetrics (1929), prenatal care was specifically designated as one part of an organized program for pregnant
women. Thus, in this context, prenatal care is not an end in itself but an initial step for coordinated intrapartum and
postpartum care that often extends even beyond into a woman's later life.

ORGANIZATION OF PRENATAL CARE

The American Academy of Pediatrics and the American College of Obstetricians and Gynecologists (2002) have defined
prenatal care as: "A comprehensive antepartum care program that involves a coordinated approach to medical care and
psychosocial support that optimally begins before conception and extends throughout the antepartum period." The content of
such a comprehensive program includes (1) preconceptional care, (2) prompt diagnosis of pregnancy, (3) initial presentation
for pregnancy care, and (4) follow-up prenatal visits.

PRECONCEPTIONAL CARE. Because health during pregnancy depends on health before pregnancy,

preconceptional care should logically be an integral part of prenatal care. As discussed in detail in Chapter 7, a comprehensive
preconceptional care program has the potential to assist women by reducing risks, promoting healthy lifestyles, and improving
readiness for pregnancy.

DIAGNOSIS OF PREG NANCY. The diagnosis of pregnancy usually begins when a woman presents with

symptoms, and possibly a positive home urine pregnancy test. Typically, such women receive confirmatory testing for human
chorionic gonadotropin (hCG) in urine or blood. There may be presumptive or diagnostic findings of pregnancy on examination.
Ultrasound is often used, particularly in those cases in which there is question about pregnancy viability or location.

Signs and Symptoms. A number of clinical findings and symptoms may indicate an early pregnancy.

CESSATION OF MENSES. The abrupt cessation of menstruation in a healthy reproductive-aged woman who previously has
experienced spontaneous, cyclical, predictable menses is highly suggestive of pregnancy. There is appreciable variation in the
length of the ovarian R"— and thus menstrual "— cycle among women, and even in the same woman. Thus, the absence of
menses is not a reliable indication of pregnancy until 10 days or more after the time of expected onset of the menstrual period.
When a second menstrual period is missed, the probability of pregnancy is much greater.

Uterine bleeding somewhat suggestive of menstruation occurs occasionally after conception. One or two episodes of bloody
discharge, somewhat reminiscent of and sometimes mistaken for menstruation, are not uncommon during the first half of
pregnancy. Such episodes are interpreted to be physiological, and likely the consequence of blastocyst implantation.

CHANGES IN CERVICAL MUCUS. If cervical mucus is aspirated, spread on a glass slide, allowed to dry for a few minutes,
and examined microscopically, characteristic patterns can be discerned that are dependent on the stage of the ovarian cycle
and the presence or absence of pregnancy. From about the 7th to the 18th day of the menstrual cycle, a fernlike pattern of
dried cervical mucus is seen (Fig. 8-3). After approximately the 21st day, a different pattern forms that gives a beaded or
cellular appearance (Fig. 8-4). This beaded pattern also is usually encountered during pregnancy.

The crystallization of the mucus, which is necessary for the production of the fern pattern, is dependent on an increased
concentration of sodium chloride. This concentration, and in turn the presence or absence of the fern pattern, is determined by
cervical glandular response to hormonal action. Specifically, cervical mucus is relatively rich in sodium chloride when estrogen,
but not progesterone, is being produced. Progesterone secretion R— even without a reduction in estrogen secretion %%— acts
promptly to lower sodium chloride concentration to levels at which ferning will not occur. During pregnancy, progesterone
usually exerts a similar effect, even though the amount of estrogen produced is enormous. Thus, if copious thin mucus is
present and if a fern pattern develops on drying, early pregnancy is unlikely.

CHANGES IN THE BREASTS. Generally, the anatomical changes in the breasts that accompany pregnancy are quite
characteristic during the first pregnancy (see Chap. 5, p. 126). These are less obvious in multiparas, whose breasts may
contain a small amount of milky material or colostrum for months or even years after the birth of their last child, especially if
breast feeding was chosen.

DISCOLORATION OF THE VAGINAL MUCOSA. During pregnancy, the vaginal mucosa usually appears dark bluish or
purplish-red and congested %"— the so-called Chadwick sign (Chadwick, 1886). This appearance is presumptive evidence of
pregnancy, but it is not conclusive.

SKIN CHANGES. Increased pigmentation and changes in appearance of abdominal striae are common to, but not diagnostic
of, pregnancy. They may be absent during pregnancy, and they may be seen in women taking estrogen-progestin
contraceptives (see Chap. 5, p. 126, and Chap. 56, p. 1250).

CHANGES IN THE UTERUS. During the first few weeks of pregnancy, the increase in uterine size is limited principally to the
anteroposterior diameter. By 12 weeks, the body of the uterus is almost globular, and an average uterine diameter of 8 cm is
attained. On bimanual examination, the uterus during pregnancy feels doughy or elastic and sometimes becomes exceedingly
soft. At about 6 to 8 weeks' menstrual age, on bimanual examination a firm cervix is felt which contrasts the now softer body



of the uterus and compressible interposed softened isthmus. This contrast is the Hegar sign. The softening at the isthmus may
be so marked that the cervix and the body of the uterus seem to be separate organs. In fact, the inexperienced examiner may
mistakenly conclude that the cervix is a small uterus, and that the softened body of the fundus is an adnexal mass.

CHANGES IN THE CERVIX. The cervix undergoes increased softening as pregnancy advances. In primigravidas, the
consistency of the cervical tissue that surrounds the external os is more similar to that of the lips of the mouth than to that of
nasal cartilage characteristic of the nonpregnant cervix. Other conditions, such as estrogen-progestin contraceptives, may
cause cervical softening. As pregnancy progresses, the cervical canal may become sufficiently patulous to admit the fingertip.

FETAL HEART ACTION. The fetal heartbeat can be detected by auscultation with a standard nonamplified stethoscope by a
mean of 17 weeks, and by 19 weeks in nearly all pregnancies in non-obese women (Jimenez and co-workers, 1979). The fetal
heart rate now ranges from 110 to 160 beats/min and is heard as a double sound resembling the tick of a watch under a
pillow. Because the fetus moves freely in amnionic fluid, the site on the maternal abdomen where fetal heart sounds can be
heard best will vary.

Instruments incorporating Doppler ultrasound are often used to easily detect fetal heart action (see Chap. 18, p. 445). Fetal
cardiac action can be detected almost always by 10 weeks with Doppler equipment. Using real-time sonography with a vaginal
probe, fetal heart action can be seen following as little as 5 weeks of amenorrhea.

In the later months of pregnancy, the examiner may often hear other sounds, the most common of which are:
1. The funic (umbilical cord) "souffle."

2. The uterine "souffle."

3. Sounds resulting from fetal movement.

4. Maternal pulse.

5. Sounds from maternal intestinal peristalsis.

The funic souffle is caused by the rush of blood through the umbilical arteries. It is a sharp, whistling sound that is
synchronous with the fetal pulse. It is not heard consistently, even in the same pregnancy. The uterine souffle is a soft,
blowing sound that is synchronous with the maternal pulse. It is usually heard most distinctly near the lower portion of the
uterus. This sound is produced by the passage of blood through the dilated uterine vessels. It also may be heard with any
condition in which uterine blood flow is greatly increased, for example, with large uterine myomas or ovarian tumors.

Frequently, the maternal pulse can be heard distinctly by auscultation of the abdomen, and in some women, the pulsation of
the aorta is unusually loud. Occasionally the pulse of the mother may become so rapid as to simulate fetal heart sounds.

PERCEPTION OF FETAL MOVEMENTS. At or about 20 weeks, the examiner can begin to detect fetal movements.

Chorionic Gonadotropin. Detection of hCG in maternal blood and urine provides the basis for endocrine tests of pregnancy.
This hormone is a glycoprotein with a high carbohydrate content. The molecule is a heterodimer composed of two dissimilar
subunits, designated o and B, which are noncovalently linked (see Chap. 3, p. 70). The a-subunit is similar to those of
luteinizing hormone (LH), follicle-stimulating hormone (FSH), and thyroid-stimulating hormone (TSH). HCG prevents involution
of the corpus luteum, the principal site of progesterone formation during the first 6 weeks.

Trophoblast cells produce hCG in amounts that increase exponentially following implantation. With a sensitive test, the
hormone can be detected in maternal plasma or urine by 8 to 9 days after ovulation. The doubling time of plasma hCG
concentration is 1.4 to 2.0 days. Levels increase from the day of implantation and reach peak levels at about 60 to 70 days.
Thereafter, the concentration declines slowly until a nadir is reached at about 14 to 16 weeks (Fig. 8-5).

MEASUREMENT OF hCG.

With the recognition that LH and hCG were both composed of an a- and a B-subunit, but that the B-subunits of each were
structurally distinct, antibodies were developed with high specificity for the p-subunit of hCG. This specificity is the basis for
detection of hCG in urine or blood. Numerous commercial immunoassays are available for measuring serum and urine levels of
hCG, each employing a slightly different combination of antibodies. Although each detects a slightly different mixture of
hormone, its free subunits, or its metabolites, all of these immunoassays are appropriate for normal pregnancy testing (Cole,
1998).

One commonly employed technique for detection and quantification of hCG is the sandwich-type immunoassay. This test uses
a monoclonal antibody against the B-subunit, which is bound to a solid-phase support. The bound antibody is then exposed to
hCG in the serum or urine specimen. A second antibody is then added to "sandwich" the bound hCG. In some assays, the
second antibody is linked to an enzyme, such as alkaline phosphatase. When substrate for the enzyme is added, a color
develops, the intensity of which is proportional to the amount of enzyme and thus to the amount of the second antibody
bound. This, in turn, is a function of the amount of hCG in the test sample. The sensitivity for the laboratory detection of hCG
in serum is as low as 1.0 mIU/mL using this technique. With extremely sensitive immunoradiometric assays, the detection limit
is even lower (Wilcox and associates, 2001).

False-positive hCG test results are rare (Braunstein, 2002). However, some women have circulating factors in their serum that
may interact with the hCG antibody. The most common are heterophilic antibodies, which are human antibodies directed
against animal-derived antigens used in immunoassays. Women who have worked closely with animals are more likely to
develop such heterophilic antibodies. The American College of Obstetricians and Gynecologists (2002a) has suggested
alternative laboratory techniques if heterophilic antibodies are suspected.

HOME PREGNANCY TESTS. In 1999, approximately 19 million over-the-counter pregnancy test kits were sold in the United



States, with sales of about $230 million (Wilcox and associates, 2001). Bastian and colleagues (1998) evaluated published
results of 16 home pregnancy test kits, of which only five met their inclusion criteria. If testing was done by volunteers, a
mean 91 -percent sensitivity was obtained. Importantly, however, actual patients obtained only 75-percent sensitivity.

Cole and colleagues (2004) also questioned the utility of home testing. They found that a detection limit of 12.5 mIU/mL would
be required to diagnose 95 percent of pregnancies at the time of missed menses. In their study of the accuracy of 18 different
home pregnancy tests, they also found that only one brand had this degree of sensitivity. Two other brands gave false-positive
or invalid results. In fact, clearly positive results were given by only 44 percent of the brands at an hCG concentration of 100
mIU/mL. A test capable of detecting this level would be expected to identify only about 15 percent of pregnancies at the time
of the missed menses.

Ultrasonic Recognition of Pregnancy. The use of transvaginal sonography has revolutionized imaging of early pregnancy
and its growth and development. A gestational sac may be demonstrated by abdominal sonography after only 4 to 5 weeks'
menstrual age (Fig. 8-6). By 35 days, all normal sacs should be visible, and after 6 weeks, a heartbeat should be detectable.
Up to 12 weeks, the crown-rump length is predictive of gestational age within 4 days. These measurements are discussed in
detail in Chapter 16 (see p. 392).

Q Figure 8-3. Scanning electron microscopy of cervical mucus obtained on day 11 of
; the menstrual cycle. (From Zaneveld and associates, 1975, with permission.)

canal of a woman pregnant at 32 to 33 weeks. The beaded pattern is characteristic
of progesterone action on the endocervical gland mucus composition. (Courtesy of

cb Figure 8-4. Photomicrograph of dried cervical mucus obtained from the cervical
I g b Dr. J. C. Ullery.)

g Figure 8-5. Mean concentration of chorionic gonadotropin (hCG) in serum of
J!ﬂ] ! women throughout normal pregnancy. The free B-subunit of hCG is in low
!,"\r\l/ concentration throughout pregnancy. (Data from Ashitaka and colleagues, 1980;
L Ji Selenkow and co-workers, 1971.)

Figure 8-6. Abdominal sonogram demonstrating a gestational sac at 4 to 5 weeks'
gestational (menstrual) age. (Courtesy of Dr. Diane Twickler.)

INITIAL PRENATAL EVALUATION. Prenatal care should be initiated as soon as there is a reasonable

likelihood of pregnancy. The major goals are:

1. To define the health status of the mother and fetus.
2. To estimate the gestational age of the fetus.

3. To initiate a plan for continuing obstetrical care.

Typical components of the initial visit are summarized in Table 8-3. The initial plan for subsequent care may range from
relatively infrequent routine visits to prompt hospitalization because of serious maternal or fetal disease.

Prenatal Record. Use of a standardized record within a perinatal health care system greatly facilitates antepartum and
intrapartum management. A prototype is provided by the American Academy of Pediatrics and the American College of
Obstetricians and Gynecologists (2002).

DEFINITIONS. There are several definitions pertinent to establishment of an accurate prenatal record:
Re Nulligravida: a woman who is not now and never has been pregnant.

Re Gravida: a woman who is or has been pregnant, irrespective of the pregnancy outcome. With the establishment of the first
pregnancy, she becomes a primigravida, and with successive pregnancies, a multigravida.

Re Nullipara: a woman who has never completed a pregnancy beyond 20 weeks' gestation. She may or may not have been



pregnant or may have had a spontaneous or elective abortion(s).

Re Primipara: a woman who has been delivered only once of a fetus or fetuses born alive or dead with an estimated length of
gestation of 20 or more weeks. In the past, a 500-g birthweight threshold was used to define parity. This threshold is no
longer as pertinent because of the survival of infants with birthweights less than 500 g.

Re Multipara: a woman who has completed two or more pregnancies to 20 weeks or more. Parity is determined by the number
of pregnancies reaching 20 weeks and not by the number of fetuses delivered. That is, parity is not greater if a single fetus,
twins, or quintuplets were delivered, nor lower if the fetus or fetuses were stillborn.

In some locales, the obstetrical history is summarized by a series of digits connected by dashes. These usually refer to the
number of term infants, preterm infants, abortions, and children currently alive. For example, a woman who is para 6-1-2-6
has had six term deliveries, one preterm delivery, and two abortions, and has six children living. Such shorthand is often
confusing because no one system is widely adopted.

Normal Pregnancy Duration. The mean duration of pregnancy calculated from the first day of the last normal menstrual
period is very close to 280 days, or 40 weeks. In a study of 427,581 singleton pregnancies abstracted in the Swedish Birth
Registry, Bergsjo and colleagues (1990) found that the mean duration of pregnancy was 281 days with a standard deviation of
13 days.

It is customary to estimate the expected date of delivery by adding 7 days to the date of the first day of the last normal
menstrual period and counting back 3 months (Naegele rule). For example, if the last menstrual period began on September
10, the expected date of delivery would be June 17. It is apparent that pregnancy is erroneously considered to have begun
about 2 weeks before ovulation if the duration is so calculated. Nonetheless, clinicians conventionally calculate gestational age
or menstrual age from the first day of the last menstrual period to identify temporal events in pregnancy. Embryologists and
other reproductive biologists more often employ ovulatory age or fertilization age, both of which are typically 2 weeks shorter.
Bracken and Belanger (1989) tested the accuracy of various "pregnancy wheels" provided by three pharmaceutical companies
and found that such devices were remarkably prone to error. Specifically, incorrect delivery dates were predicted in 40 to 60
percent of estimates, with a 5-day error being typical.

It has become customary to divide pregnancy into three equal trimesters of approximately 3 calendar months. Historically, the
first trimester extended through the completion of 14 weeks, the second trimester through 28 weeks, and the third trimester
included the 29th through 42nd weeks of pregnancy. Put another way, trimesters can be obtained by division of 42 into three
periods of 14 weeks each. There are certain major obstetrical problems that cluster in each of these time periods. For example,
the majority of spontaneous abortions take place during the first trimester, whereas most women with hypertensive disorders
due to pregnancy are diagnosed during the third trimester.

The clinical use of trimesters to describe the duration of a specific pregnancy is too imprecise. For example, it is inappropriate
in cases of uterine hemorrhage to categorize the problem temporally as "third-trimester bleeding." Appropriate management
for the mother and her fetus will vary remarkably, depending on whether the bleeding is encountered early or late in the third
trimester (see Chap. 35, p. 810). Precise knowledge of the age of the fetus is imperative for ideal obstetrical
management! Therefore, expert attention must be given to this important measurement. The clinically appropriate unit of
measure is weeks of gestation completed. Increasingly, clinicians designate gestational age using completed weeks and days,
for example, 33 3/7 weeks for 33 completed weeks and 3 days.

History. For the most part, the same essentials go into appropriate history-taking from the pregnant woman as elsewhere in
medicine. Detailed information concerning past obstetrical history is crucial because many prior pregnancy
complications tend to recur in subsequent pregnancies.

The menstrual history is extremely important. The woman who spontaneously menstruates regularly every 28 days or so is
most likely to ovulate at midcycle. Thus, the gestational age (menstrual age) becomes simply the number of weeks since the
onset of the last menstrual period. If her menstrual cycles were significantly longer than 28 to 30 days, ovulation more likely
occurred well beyond 14 days. Similarly, if the intervals were much longer and irregular, chronic anovulation is likely to have
preceded some of the episodes of vaginal bleeding identified as menses. Without a history of regular, predictable, cyclic,
spontaneous menses that suggest ovulatory cycles, accurate dating of pregnancy by history and physical
examination is difficuilt.

It is important to ascertain whether or not steroidal contraceptives were used before the pregnancy. Because ovulation may
not have resumed 2 weeks after the onset of the last withdrawal bleeding, and instead, may have occurred at an appreciably
later and highly variable date, using the time of ovulation for predicting the time of conception in this circumstance may be
erroneous. Use of ultrasonography in early pregnancy can clarify gestational age in these situations.

Psychosocial Screening. The American College of Obstetricians and Gynecologists (1999b) has concluded that addressing
psychosocial issues is an essential step toward improving women's health and birth outcomes. Shown in Table 8-4 is a
psychosocial screening tool, recommended for this purpose, that was developed by the Healthy Start Program of the Florida
Department of Health.

CIGARETTE SMOKING. Since 1984, the Surgeon General has required four specific, rotating health warnings on all cigarette
packages, including: "Smoking by pregnant women may result in fetal injury, premature birth, and low birthweight" (United
States Department of Health and Human Services, 2000). Information on maternal smoking during pregnancy has been
included on the birth certificate since 1989. According to this information, reported smoking during pregnancy has
progressively declined from 20 percent in 1989 to 12 percent in 2001 (Martin and colleagues, 2002b). In 2001, as in previous
years, the smoking rate of 19 percent was highest for older teenagers %*— those aged 18 to 19 years.

Various adverse outcomes have been linked to smoking during pregnancy. Included are spontaneous abortion, low birthweight
due to either preterm delivery or fetal growth restriction, infant and fetal deaths, and placental abruption (Ananth, 1996;
Centers for Disease Control and Prevention, 2002d; Lin and Santolaya-Forgas, 1998; Martin, 2002b; Ness, 1999, and all their
associates). Suggested pathophysiological mechanisms for these adverse pregnancy effects include increased fetal



carboxyhemoglobin, reduced uteroplacental blood flow, and fetal hypoxia (Jazayeri and colleagues, 1998; Monheit and co-
workers, 1983). To put the smoking problem into a national perspective, in 2001 the incidence of low birthweight among
infants born to American women who reported smoking during pregnancy was two-thirds higher than that for nonsmokers R?—
11.9 compared with 7.3 percent. Even among births to women who smoked only 1 to 5 cigarettes daily, 11.3 percent were low
birthweight, and this rate was more than 50-percent higher than for nonsmokers (Martin and co-workers, 2002b). Jacqz-
Aigrain and associates (2002) found that maternal cigarette consumption correlated directly with levels of cotinine measured in
neonatal hair samples.

The most successful efforts for smoking cessation during pregnancy involve interventions that emphasize how to stop smoking.
The Food and Drug Administration (FDA) classifies nicotine gum as category C (risk cannot be excluded), and transdermal
systems are rated category D (positive evidence of risk). The American College of Obstetricians and Gynecologists (2000) has
concluded, however, that it is reasonable to use these nicotine medications during pregnancy if prior nonpharmacological
attempts have failed. Optimally, smokers should be treated before conception. Wisborg and co-workers (2000) randomly
assigned 250 women who smoked at least 10 cigarettes per day after the first trimester to receive nicotine or placebo patches.
Overall, 26 percent stopped smoking, however, no significant differences in smoking cessation, birthweight, or preterm
delivery were detected between the nicotine and placebo groups. Of note, no serious adverse effects from the patches were
reported, but compliance with the assigned treatments was low.

ALCOHOL AND ILLICIT DRUGS DURING PREGNANCY. Ethanol is a potent teratogen and causes the fetal alcohol
syndrome, which is characterized by growth restriction, facial abnormalities, and central nervous system dysfunction (see
Chap. 14, p. 346). The Surgeon General recommends that women who are pregnant or considering pregnancy abstain from
using any alcoholic beverages.

Alcohol use is substantively underreported on the birth certificate "— less than 1 percent of women reported any alcohol use
during pregnancy in 2001 (Martin and colleagues, 2002b). According to the Centers for Disease Control and Prevention
(2002a), about 13 percent of pregnant women used alcohol in 1999, down from 16 percent in 1995. Unfortunately, rates of
binge and frequent drinking during pregnancy have not declined.

Chronic use of large quantities of illicit drugs, including opium derivatives, barbiturates, and amphetamines, is harmful to the
fetus. Fetal distress, low birthweight, and drug withdrawal soon after birth are well documented. Often the mother who uses
such drugs does not seek prenatal care, and even if she does, she may not admit to the use of such substances. EI-Mohandes
and associates (2003) have found that when women who use illicit drugs receive prenatal care, the risks for preterm birth and
low birthweight are reduced.

The effects of several illicit drugs are considered in detail in Chapter 14 (see p. 363). The American College of Obstetricians
and Gynecologists (1999b) has reviewed methods for screening women during pregnancy for use of illicit drugs and for alcohol
abuse.

DOMESTIC VIOLENCE SCREENING. The term domestic violence usually refers to violence against adolescent and adult
females within the context of family or intimate relationships. Such violence has been increasingly recognized as a major public
health problem (see also Chap. 42, p. 997). Unfortunately, the majority of abused women continue to be victimized during
pregnancy. With the possible exception of preeclampsia, domestic violence is more prevalent than any major medical condition
detectable through routine prenatal screening (American Academy of Pediatrics and the American College of Obstetricians and
Gynecologists, 2002). In their survey of 4750 women, Janssen and colleagues (2003) found that 1.2 percent were exposed to
physical violence by an intimate partner during pregnancy. This finding was associated with an approximate threefold
increased risk of antepartum hemorrhage and fetal growth restriction and an eightfold increased risk of perinatal death.

The American College of Obstetricians and Gynecologists (1999a) has provided methods for screening for domestic violence
and recommends their use at the first prenatal visit, then again at least once per trimester, and again at the postpartum
follow-up. Webster and Holt (2004) found that a simple, six-question self-report survey is an effective alternative to direct
questioning for identifying pregnant women who are experiencing partner violence. Physicians should be familiar with state
laws that may require reporting of domestic violence (American Academy of Pediatrics and the American College of
Obstetricians and Gynecologists, 2002).

Physical Examination. A thorough, general physical examination should be completed at the initial prenatal encounter.
Expected changes in physical examination findings resulting from normal pregnancy are addressed in Chapters 2 and 5.

PELVIC EXAMINATION. The cervix is visualized employing a speculum lubricated with warm water. Bluish-red passive
hyperemia of the cervix is characteristic, but not of itself diagnostic, of pregnancy (see p. 205). Dilated, occluded cervical
glands bulging beneath the exocervical mucosa, so-called nabothian cysts, may be prominent. The cervix is not normally
dilated above the level of the internal os. Next, to identify cytological abnormalities, a Pap smear is obtained and specimens for
identification of Neisseria gonorrhoeae and Chlamydia trachomatis are obtained if screening is indicated.

Digital pelvic examination is completed by palpation, with special attention given to the consistency, length, and dilatation of
the cervix; to the fetal presentation later in pregnancy; to the bony architecture of the pelvis; and to any anomalies of the
vagina and perineum, including cystocele, rectocele, and relaxed or torn perineum. The vulva and contiguous structures are
carefully inspected. All cervical, vaginal, and vulvar lesions are evaluated further by appropriate use of colposcopy, biopsy,
culture, or dark-field examination. The perianal region should be visualized and digital rectal examination performed.

Laboratory Tests. Recommended routine laboratory tests at the first prenatal encounter are listed in Table 8-3. The Institute
of Medicine recommended that a national policy of universal screening be developed for human immunodeficiency virus (HIV)
testing, with patient notification, as a routine part of prenatal testing. The American Academy of Pediatrics and the American
College of Obstetricians and Gynecologists (2002) support this recommendation. If a woman declines testing, this should be
noted in the prenatal record. All pregnant women should also be screened for hepatitis B virus infection. Based on their
prospective investigation of 1000 women, Murray and co-workers (2002) concluded that in the absence of hypertension,
routine urinalyses beyond the initial prenatal visit were not necessary.

High-Risk Pregnancies. There are many risk factors that can be identified and given appropriate consideration in pregnancy



management, and these are shown in Table 8-5. Some conditions may require the involvement of a maternal-fetal medicine
subspecialist, geneticist, pediatrician, anesthesiologist, or other medical specialist in the evaluation, counseling, and care of the
patient (American Academy of Pediatrics and the American College of Obstetricians and Gynecologists, 2002).

SU BSEQUENT PRENATAL VISITS. Traditionally, the timing of subsequent prenatal visits has been

scheduled at intervals of 4 weeks until 28 weeks, and then every 2 weeks until 36 weeks, and weekly thereafter. Women with
complicated pregnancies often require return visits at 1- to 2-week intervals. For example, Luke and co-workers (2003) found
that a specialized prenatal care program that emphasized nutrition and education and required return visits every 2 weeks
resulted in improved outcomes in twin pregnancies. In 1986, the Department of Health and Human Services convened an
expert panel to review the content of prenatal care (Rosen and associates, 1991). The panel recommended that the number of
prenatal visits be reduced in women at no apparent risk. They suggested that such women would best be served by return
visits targeted at specific times; an example is alpha-fetoprotein screening at 16 weeks. Parous women with normal obstetrical
histories are seen even less frequently.

The World Health Organization conducted a multicenter randomized trial with almost 25,000 women comparing routine
prenatal care with an experimental model designed to minimize visits (Villar and associates, 2001). In the new model, women
were seen once in the first trimester and screened for certain risk factors. Those without any anticipated complications ?— 80
percent of the women screened R— were seen again at 26, 32, and 38 weeks. Compared with routine prenatal care, which
required a median of eight visits, the new model required a median of only five visits. No disadvantages were found in women
with fewer visits. These results are consistent with other randomized trials (Clement and co-workers, 1999; McDuffie and
colleagues, 1996).

Prenatal Surveillance. At each return visit, steps are taken to determine the well-being of mother and fetus (see Table 8-3).
Certain information "— for example, assessment of gestational age and accurate measurement of blood pressure (Jones and
associates, 2003) R— is especially important.

Ne Fetal

Re Heart rate(s)

Re Size R— current and rate of change

Re Amount of amnionic fluid

Re Presenting part and station (late in pregnancy)

Re Activity

Re Maternal

Re Blood pressure %— current and extent of change

Re Weight ®— current and amount of change

Re Symptoms R— including headache, altered vision, abdominal pain, nausea and vomiting, bleeding, vaginal fluid leakage,
and dysuria

Re Height in centimeters of uterine fundus from symphysis

Re Vaginal examination late in pregnancy often provides valuable information:

Re Confirmation of the presenting part.

Re Station of the presenting part (see Chap. 17, p. 426).

Re Clinical estimation of pelvic capacity and its general configuration (see Chap. 2, p. 36).
Re Consistency, effacement, and dilatation of the cervix.

Assessment of Gestational Age. One of the most important determinations at prenatal examinations is assessment of fetal
age. Precise knowledge of gestational age is important because a number of pregnancy complications may develop for which
optimal treatment will depend on fetal age. Fortunately, it is possible to identify this with considerable precision through an
appropriately timed, carefully performed clinical examination, coupled with knowledge of the time of onset of the last
menstrual period.

FUNDAL HEIGHT. Between 20 and 31 weeks, the height of the uterine fundus, measured in centimeters, correlates closely
with gestational age in weeks (Jimenez and co-workers, 1983). Quaranta and associates (1981) and Calvert and colleagues
(1982) reported essentially identical observations up to 34 weeks. Obesity, however, may distort this relationship. The fundal
height should be measured as the distance over the abdominal wall from the top of the symphysis pubis to the top of the
fundus. The bladder must be emptied before making the measurement. Worthen and Bustillo (1980), for example,
demonstrated that at 17 to 20 weeks, fundal height was 3 cm higher with a full bladder.

FETAL HEART SOUNDS. The fetal heart can first be heard in most women between 16 and 19 weeks when carefully
auscultated with a DelLee fetal stethoscope. The ability to hear unamplified fetal heart sounds will depend on factors such as
patient size and the examiner's hearing acuity. Herbert and co-workers (1987) reported that the fetal heart was audible by 20
weeks in 80 percent of women. By 21 weeks audible fetal heart sounds were present in 95 percent, and by 22 weeks in all.



ULTRASOUND. When gestational age cannot be clearly identified, sonography is of considerable value. Compared with the
last menstrual period, Taipale and Hiilesmaa (2001) found that ultrasonography performed between 8 and 16 weeks was
slightly more accurate, by approximately 2 days, for predicting the actual date of delivery. Although controversial, as discussed
in Chapter 13 (see p. 326), routine ultrasound is not currently recommended in low-risk pregnancies by the American Academy
of Pediatrics and the American College of Obstetricians and Gynecologists (2002).

Subsequent Laboratory Tests. If the initial results were normal, most tests need not be repeated (see Table 8-3). Maternal
serum screening at 16 to 18 weeks (15 to 20 weeks is acceptable) is recommended for detecting open neural-tube defects and
some chromosomal anomalies (see Chap. 13, p. 319). Hematocrit (or hemoglobin) determination, along with syphilis serology
if it is prevalent in the population, should be repeated at about 28 to 32 weeks (Hollier and co-workers, 2003; Kiss and
colleagues, 2004).

Cystic fibrosis carrier screening should be offered to couples with a family history of cystic fibrosis and to Caucasian couples of
European or Ashkenazi Jewish descent planning a pregnancy or seeking prenatal care. Ideally, screening is performed before
conception or during the first or early second trimester. Information about cystic fibrosis screening also should be provided to
patients in other racial and ethnic groups who are at lower risk (see Chap. 13, p. 325).

ANCILLARY PRENATAL TESTS

Gestational Diabetes. All pregnant women should be screened for gestational diabetes mellitus, whether by history, clinical
risk factors, or routine laboratory testing. Although laboratory testing between 24 and 28 weeks is the most sensitive
approach, there may be pregnant women at low risk who are less likely to benefit from testing (American Academy of
Pediatrics and the American College of Obstetricians and Gynecologists, 2002). Gestational diabetes is discussed in Chapter 52
(see p. 1172).

Chlamydial Infection. Women at high risk for C trachomatis infection should be screened during the first prenatal visit
(American Academy of Pediatrics and the American College of Obstetricians and Gynecologists, 2002). Risk factors include
unmarried status, recent change in sexual partner or multiple concurrent partners, age under 25 years, inner-city residence,
history or presence of other sexually transmitted diseases, and little or no prenatal care. The United States Preventive Services
Task Force (2001) concluded that evidence that screening and treatment of women at risk for chlamydia improves pregnancy
outcome is "fair." They concluded that benefits of screening outweigh potential harms. A negative prenatal chlamydia or
gonorrhea test should not preclude postpartum screening (Mahon and associates, 2002).

Gonococcal Infection. Risk factors for gonorrhea are similar for those for chlamydia. The American Academy of Pediatrics
and the American College of Obstetricians and Gynecologists (2002) recommend that pregnant women with risk factors or
symptoms be cultured for N gonorrhoeae at an early prenatal visit and again in the third trimester. Treatment is given for
gonorrhea as well as possible coexisting chlamydial infection, as outlined in Chapter 59 (see p. 1305).

Fetal Fibronectin. Detection of this protein in vaginal fluid has been used to forecast preterm delivery in women with
contractions (see Chap. 36, p. 862). The American College of Obstetricians and Gynecologists (2001b) does not recommend
routine screening.

Group B Streptococcal (GBS) Infection. Universal prenatal screening for GBS carriage has been controversial. Based
largely on a retrospective study comparing risk-based and culture-based approaches (Schrag and co-workers, 2002), the
American College of Obstetricians and Gynecologists (2002c) and the Centers for Disease Control and Prevention (2002c) now
recommend that vaginal and rectal GBS cultures be obtained in all women between 35 and 37 weeks. Intrapartum
antimicrobial prophylaxis is given for those whose cultures are positive. Women with GBS bacteriuria or a previous infant with
invasive disease are given empirical intrapartum prophylaxis. These infections are discussed in detail in Chapter 58 (see p.
1284).

Special Screening for Genetic Diseases. Selected screening can be offered based on maternal age, family history, or the
ethnic or racial background of the couple (American College of Obstetricians and Gynecologists, 1995). Examples include
testing for Tay-Sachs disease for people of Eastern European Jewish or French Canadian ancestry; B-thalassemia for those of
Mediterranean, Southeast Asian, Indian, Pakistani, or African ancestry; a-thalassemia for people of Southeast Asian or African
ancestry; and sickle- cell anemia for people of African, Mediterranean, Middle Eastern, Caribbean, Latin American, or Indian
descent (see Chap. 7, p. 192).

NUTRITION

Meaningful studies of nutrition in human pregnancy are exceedingly difficult to design. For ethical reasons, experimental
dietary deficiency must not be produced deliberately. In those instances in which severe nutritional deficiencies have been
induced as a consequence of social, economic, or political disaster, coincidental events often have created many variables, the
effects of which are not amenable to quantification. Some past experiences suggest, however, that in otherwise healthy
women a state of near starvation is required to establish clear differences in pregnancy outcome.

During the severe European winter of 1944-1945, nutritional deprivation of known intensity prevailed in a well-circumscribed
area of the Netherlands occupied by the German military (Stein and associates, 1972). At the lowest point during the Hunger
Winter, rations reached 450 kcal/day, with generalized rather than selective malnutrition. Smith (1947) analyzed the outcomes
of pregnancies that were in progress during this 6-month famine. Median infant birthweights decreased about 250 g and rose
again after food became available. This indicated that birthweight can be influenced significantly by starvation during later
pregnancy. The perinatal mortality rate, however, was not altered, nor was the incidence of malformations significantly
increased. Interestingly, the frequency of pregnancy "toxemia" was found to decline.

Evidence of impaired brain development has been obtained in some animal fetuses whose mothers had been subjected to
intense dietary deprivation. Subsequent intellectual development was studied by Stein and associates (1972) in young Dutch
adults whose mothers had been starved during pregnancy. The comprehensive study was made possible because all males at
age 19 underwent compulsory examination for military service. It was concluded that severe dietary deprivation during



pregnancy caused no detectable effects on subsequent mental performance.

Conversely, there is evidence that maternal weight gain during pregnancy influences birthweight. This was studied by Martin
and colleagues (2002b) who used birth certificate data for 2001. As shown in Figure 8-7, nearly two thirds of pregnant women
gained 26 |b or more. The median weight gain was 30.5 Ib. Maternal weight gain had a positive correlation with birthweight,
and women with the greatest risk "%— 14 percent ®— for delivering an infant weighing less than 2500 g were those with
weight gains less than 16 Ib. This incidence was 20 percent in African-American women who gained 15 Ib or less. Cohen and
associates (2001) studied more than 4000 pregnant women and concluded that ethnic differences in pregnancy outcomes were
not explained by nutritional variations.

Figure 8-7. Maternal weight gain in the United States reported on the birth
certificate in 2001. (From Martin and colleagues, 2002b.)

RECOMMENDATIONS FOR WEIGHT GAIN. For the first half of the 20th century, it was

recommended that weight gain during pregnancy be limited to less than 20 Ib (9.1 kg). It was believed that such restriction
would prevent pregnancy hypertensive disorders and fetal macrosomia resulting in operative deliveries. By the 1970s,
however, women were encouraged to gain at least 25 Ib (11.4 kg) to prevent preterm birth and fetal growth restriction, a
recommendation that subsequent research continues to support (Ehrenberg and associates, 2003). In 1990, the Institute of
Medicine recommended a weight gain of 25 to 35 1b (11.5 to 16 kg) for women with a normal prepregnancy body mass index
(BMI). This index is easily calculated using the chart shown in Figure 43-1 (see p. 1008). Weight gains recommended by the
Institute of Medicine (1990) according to prepregnant BMI categories are shown in Table 8-6. The American Academy of
Pediatrics and the American College of Obstetricians and Gynecologists (2002) have endorsed these guidelines. Of note, in
2001, almost 1 in 3 women had weight gains outside the Institute of Medicine guidelines (Martin and colleagues, 2002b).

Feig and Naylor (1998) from Canada have challenged recommendations for liberal weight gain in industrial nations. They
concluded that these recommendations encourage women to overeat during pregnancy without addressing other causes of
low-birthweight infants such as adolescent pregnancy, drug abuse, and heavy smoking. They endorsed the recommendation by
the Committee on Medical Aspects of Food Policy (1991) in the United Kingdom that a pregnant woman with a normal BMI
should gain 15 to 25 Ib during pregnancy.

Disadvantages of excessive maternal weight gain and fetal macrosomia must be considered. Thorsdottir and associates (2002)
analyzed pregnancy outcome in relation to weight gain in 615 healthy women with a normal BMI before pregnancy. The
frequency of antepartum and intrapartum complications, including fetal macrosomia, was highest among women who gained
more than 44 Ib (20 kg) during pregnancy. Conversely, these complications were lowest among those whose weight gain was
within the range recommended by the Institute of Medicine. Similarly, Rhodes and co-workers (2003) found in their analysis of
1999-2000 United States birth certificate data that excessive weight gain ?%— defined as more than 40 |b R— correlated closely
with fetal macrosomia.

Weight Retention After Pregnancy. Not all the weight put on during pregnancy is lost during and immediately after
parturition (Hytten, 1991). The average-sized normal woman who gains 28 Ib (12.5 kg) in pregnancy is about 9 |Ib (4.4 kg)
above her prepregnant weight when discharged postpartum. Schauberger and co-workers (1992) studied prenatal and
postpartum weights in 795 women delivered in Wisconsin. Their average weight gain was 28.6 R+ 10.6 Ib (13.0 R+ 4.8 kg). As
shown in Figure 8-8, the majority of maternal weight loss was at delivery —about 12 Ib (5.5 kg) %— and in the ensuing 2
weeks thereafter %— about 9 Ib (4 kg). An additional 5.5 Ib (2.5 kg) was lost between 2 weeks and 6 months postpartum. The
average total weight loss resulted in an average retained weight of 3 %+ 10.5 |Ib (1.4 R+ 4.8 kg) due to pregnancy. Overall, the
more weight gained during pregnancy, the more that was lost postpartum. Parous women retained more of their pregnancy
weight, and this is linked to long-term obesity (see Chap. 43, p. 1012). The effect of breast feeding on maternal weight loss
was negligible.

Summary of Weight Gain. Perhaps the most remarkable finding about weight gain in pregnancy is that a wide range is
compatible with good clinical outcomes. Moreover, departures from "normal” are nonspecific for any outcome in a given
individual.

e e Figure 8-8. Cumulative weight loss from last antepartum visit to 6
e months postpartum. *Statistically different from 2-week weight loss,
maman **Statistically different from 6-week weight loss. (From Schauberger

and co-workers, 1992, with permission.)

Figure 43-1. Chart for estimating body mass index (BMI). To find the BMI category
is = [ (e.g., obese) for a particular subject, locate the point at which the height and



weight intersect. The BMI is the bold humber on the dashed line closest to this
point. The "High" category is now termed "Overweight."

RECOMMENDED DIETARY ALLOWANCES. Periodically, the Food and Nutrition Board of the

Institute of Medicine recommends dietary allowances for women, including those who are pregnant or lactating. Its latest
recommendations (2004) are summarized in Table 8-7. Certain prenatal vitamin-mineral supplements may lead to intakes well
in excess of the recommended allowances. Moreover, the use of excessive supplements *— for example, 10 times the
recommended daily allowances %— which often are self-prescribed, has led to concern about nutrient toxicities during
pregnancy. Nutrients that can potentially exert toxic effects include iron, zinc, selenium, and vitamins A, Bg, C, and D. Vitamin

and mineral intake more than twice the recommended daily dietary allowance shown in Table 8-7 should be avoided during
pregnancy (American Academy of Pediatrics and the American College of Obstetricians and Gynecologists, 2002).

Calories. As shown in Figure 8-9, pregnancy requires an additional 80,000 kcal, which are accumulated primarily in the last 20
weeks. To meet this demand, a caloric increase of 100 to 300 kcal per day is recommended during pregnancy (American
Academy of Pediatrics and the American College of Obstetricians and Gynecologists, 2002). Calories are necessary for energy,
and whenever caloric intake is inadequate, protein is metabolized rather than being spared for its vital role in fetal growth and
development. Total physiological requirements during pregnancy are not necessarily the sum of ordinary nonpregnant
requirements plus those specific to pregnancy. For example, the additional energy required during pregnancy may be
compensated in whole or in part by reduced physical activity (Hytten, 1991).

Protein. To the basic protein needs of the nonpregnant woman are added the demands for growth and repair of the fetus,
placenta, uterus, and breasts, and increased maternal blood volume (see Chap. 5, p. 127). During the second half of
pregnancy, about 1000 g of protein are deposited, amounting to 5 to 6 g/day (Hytten and Leitch, 1971). The concentrations of
most amino acids in maternal plasma fall markedly, including ornithine, glycine, taurine, and proline (Hytten, 1991).
Exceptions during pregnancy are glutamic acid and alanine, which rise in concentration.

Preferably, most protein should be supplied from animal sources, such as meat, milk, eggs, cheese, poultry, and fish, because
they furnish amino acids in optimal combinations. Milk and dairy products have long been considered nearly ideal sources of
nutrients, especially protein and calcium, for pregnant or lactating women.

Minerals. The intakes recommended by the Food and Nutrition Board of the Institute of Medicine (2004) for a variety of
minerals are presented in Table 8-7. With the exception of iron, practically all diets that supply sufficient calories for
appropriate weight gain will contain enough minerals to prevent deficiency if iodized food is used.

IRON. The reasons for increased iron requirements during pregnancy are discussed in Chapter 5 (see p. 130). Of the
approximately 300 mg of iron transferred to the fetus and placenta and the 500 mg incorporated, if available, into the
expanding maternal hemoglobin mass, nearly all is used after midpregnancy. During that time, iron requirements imposed by
pregnancy and maternal excretion total about 7 mg per day (Pritchard and Scott, 1970). Very few women have sufficient iron
stores to supply this amount, and the diet seldom contains enough iron to meet this demand. For these reasons, the American
Academy of Pediatrics and the American College of Obstetricians and Gynecologists (2002) endorse the recommendation by
the National Academy of Sciences that at least 27 mg of ferrous iron supplement be given daily to pregnant women. This
amount is contained in most prenatal vitamins.

Scott and co-workers (1970) established that as little as 30 mg of elemental iron, supplied as ferrous gluconate, sulfate, or
fumarate and taken daily throughout the latter half of pregnancy, provided sufficient iron to meet the requirements of
pregnancy and to protect any preexisting iron stores. This amount will also provide for iron requirements for lactation. The
pregnant woman may benefit from 60 to 100 mg of iron per day if she is large, has twin fetuses, begins supplementation late
in pregnancy, takes iron irregularly, or has a somewhat depressed hemoglobin level. The woman who is overtly anemic from
iron deficiency responds well to oral supplementation with iron salts (see Chap. 51, p. 1145).

Because iron requirements are slight during the first 4 months of pregnancy, it is not necessary to provide supplemental iron
during this time. Withholding iron supplementation during the first trimester of pregnancy avoids the risk of aggravating
nausea and vomiting. Ingestion of iron at bedtime or on an empty stomach facilitates absorption and appears to minimize the
possibility of an adverse gastrointestinal reaction.

Since 1997, the FDA has required that iron preparations containing 30 mg or more of elemental iron per tablet be packaged as
individual doses, such as in blister packages. This regulation is targeted at preventing accidental iron poisoning in children.

CALCIUM. As discussed in Chapter 5 (see p. 129), the pregnant woman retains about 30 g of calcium, most of which is
deposited in the fetus late in pregnancy (Pitkin, 1985). This amount of calcium represents only about 2.5 percent of total
maternal calcium, most of which is in bone, and which can readily be mobilized for fetal growth. Moreover, Heaney and
Skillman (1971) demonstrated increased calcium absorption by the intestine and progressive retention throughout pregnancy.
Efforts to prevent preeclampsia using calcium supplementation have not proven efficacious, and it is not recommended for
routine use during pregnancy (see Chap. 34, p. 780).

PHOSPHORUS. The ubiquitous distribution of phosphorus ensures an adequate intake during pregnancy. Plasma levels of
inorganic phosphorus do not differ appreciably from nonpregnant levels.

ZINC. Severe zinc deficiency may lead to poor appetite, suboptimal growth, and impaired wound healing. Profound zinc
deficiency may cause dwarfism and hypogonadism. It may also lead to a specific skin disorder, acrodermatitis enteropathica,
as the result of a rare, severe congenital zinc deficiency. Although the level of zinc supplementation that is safe for pregnant
women has not been clearly established, recommended daily intake during pregnancy is about 12 mg (see Table 8-7).

Goldenberg and colleagues (1995) randomly assigned 580 indigent women to zinc supplementation (25 mg) or placebo
beginning at a mean gestational age of 19 weeks. Plasma zinc levels were significantly higher in women who received



supplements. Infants born to zinc-supplemented women were slightly larger (mean 125 g) and had a slightly larger head
circumference (mean 4 mm). Later, Osendarp and colleagues (2001) randomly assigned 420 women in Bangladesh to receive
either zinc supplementation (30 mg daily) or placebo from 12 to 16 weeks' gestation until delivery. Although supplementation
did not improve birthweight, low-birthweight infants of mothers who received zinc had reduced risks of acute diarrhea,
dysentery, and impetigo. In a follow-up study of these infants at 13 months, zinc supplementation was not found to confer any
benefits on developmental outcome (Hamadani and co-workers, 2002).

IODINE. The use of iodized salt and bread products is recommended during pregnancy to offset the increased fetal
requirements and maternal renal losses. Despite this, iodine intake has declined substantially in the past 15 years, and it is
probably inadequate for some populations (see Chap. 53, p. 1196). Interest in increasing dietary iodine was heightened by
reports linking subclinical maternal hypothyroidism to adverse pregnancy outcomes and possible neurodevelopmental defects
in children studied at age 7 years (Casey and associates, 2004; Haddow and colleagues, 1999). Severe maternal iodine
deficiency predisposes offspring to endemic cretinism, characterized by multiple severe neurological defects (see Chap. 53, p.
1196). In parts of China and Africa where this condition is endemic, iodide supplementation very early in pregnancy prevents
cretinism (Cao and colleagues, 1994).

MAGNESIUM. Deficiency of magnesium as the consequence of pregnancy has not been recognized. Undoubtedly, during
prolonged illness with no magnesium intake, the plasma level might become critically low, as it would in the absence of
pregnancy. We have observed magnesium deficiency during pregnancy complicated by the consequences of previous intestinal
bypass surgery. Sibai and co-workers (1989) randomly assigned 400 normotensive primigravid women to 365 mg elemental
magnesium supplementation or placebo tablets from 13 to 24 weeks. Supplementation did not improve any measures of
pregnancy outcome.

COPPER. Enzymes that contain copper, such as cytochrome oxidase, play key roles in many oxidative processes and hence in
the production of most of the energy required for metabolism. Pregnancy has a major effect on maternal copper metabolism,
with marked increases in serum ceruloplasmin and plasma copper (Reyes and associates, 2000). Copper deficiency has not
been documented in humans during pregnancy. No studies of copper supplementation of pregnant women have been reported,
although several prenatal supplements currently marketed provide 2 mg of copper per tablet.

SELENIUM. This mineral is an essential component of the enzyme glutathione peroxidase, which catalyzes the conversion of
hydrogen peroxide to water. Selenium is an important defensive component against free radical damage. A severe
geochemical deficiency has been identified in a large area of China. Deficiency is manifested by a frequently fatal
cardiomyopathy in young children and women of childbearing age. Conversely, selenium toxicity resulting from
oversupplementation also has been observed. There is no reported need to supplement selenium in American women.

CHROMIUM. Trace amounts of chromium are believed to serve as a co-factor for insulin by facilitating attachment to
peripheral receptors. The extent to which chromium is important in human nutrition remains uncertain, and there are no data
suggesting that supplementation is advisable during pregnancy.

MANGANESE. This mineral serves as a co-factor for enzymes such as the glycosyltransferases, which are necessary for the
synthesis of polysaccharides and glycoproteins. Manganese deficiency has not been observed in human adults, and
supplements are not indicated during pregnancy.

POTASSIUM. The concentration of potassium in maternal plasma decreases by about 0.5 mEg/L by midpregnancy (Brown and
colleagues, 1986). Potassium deficiency develops in the same circumstances as when the woman is not pregnant. Prolonged
nausea and vomiting may lead to hypokalemia and metabolic alkalosis.

SODIUM. Deficiency during pregnancy is unusual unless diuretics are prescribed or dietary sodium intake is reduced
drastically. A normal diet provides an abundance of sodium. Although pregnancy is associated with increased total
accumulation of sodium, the serum concentration decreases slightly due to the expanded plasma volume. Sodium excretion
remains unchanged, and averages 100 to 110 mEqg/day (Brown and colleagues, 1986).

FLUORIDE. The value of supplemental fluoride during pregnancy has been questioned. Maheshwari and co-workers (1983)
found that fluoride metabolism is not altered appreciably during the course of pregnancy. Horowitz and Heifetz (1967)
investigated the prevalence of caries in temporary and permanent teeth of children with the same postnatal exposure to
optimally fluoridated water but different patterns of prenatal exposure. They concluded that there were no additional benefits
from maternal ingestion of fluoridated water if the offspring ingested such water from birth.

Fluoride supplementation during pregnancy has not been endorsed by the American Dental Association (Institute of Medicine,
1990). Supplemental fluoride ingested by the lactating woman does not increase the fluoride concentration in her milk
(Ekstrand and colleagues, 1981).

Vitamins. The increased requirements for vitamins during pregnancy shown in Table 8-7 usually are supplied by any general
diet that provides adequate calories and protein. The exception is folic acid during times of unusual requirements, such as
pregnancy complicated by protracted vomiting, hemolytic anemia, or multiple fetuses.

FOLIC ACID. In the United States, approximately 4000 pregnancies are affected by neural-tube defects each year; more than
half of these defects could be prevented with daily intake of 400 ng of folic acid throughout the periconceptional period
(Centers for Disease Control and Prevention, 1999). Since 1992, the Public Health Service has recommended that all women
capable of becoming pregnant consume 400 pg of folic acid daily throughout their childbearing years. The FDA (1996) later
established standards fortifying grain products such as cereal, bread, rice, and pasta with folic acid. By putting 140 ng of folic
acid into each 100 g of grain products, it was estimated that the folic acid intake of the average American woman of
childbearing age would increase 100 ug per day. Because nutritional sources alone are insufficient, however, folic acid
supplementation is still recommended (American College of Obstetrician and Gynecologists, 2003b).

Honein and co-workers (2001) compared birth certificate reports of neural-tube defects before and after mandatory
fortification. Although other factors may have contributed, they found that the prevalence of neural-tube defects declined
almost 20 percent following grain fortification. Ray and associates (2002) reported that the prevalence of neural-tube defects



in Ontario, Canada, declined from 1.13 to 0.58 per 1000 births following grain fortification.

There is also evidence that grain fortification is contributing to a rise in the serum folate levels of American women. The
Centers for Disease Control and Prevention (2002b) compared serum and red blood cell folate concentrations in childbearing-
aged women who participated in National Health and Nutrition Examination Surveys between 1988 and 1994 versus 1999 to
2000. Among the women in the latter group, the median serum folate concentration was increased approximately threefold,
and the median red blood cell folate concentration increased approximately twofold. The findings also indicated that a national
health objective for 2010 "— to increase the median red blood cell folate level among women of childbearing age to 220
ng/mL R— has been met for many ethnic groups, but not for African-Americans.

A woman with a prior pregnancy complicated by a neural-tube defect can reduce the 3-percent recurrence risk by more than
70 percent if she supplements her daily diet with 4 mg of folic acid for the month before conception and for the first trimester
of pregnancy. As emphasized by the American Academy of Pediatrics and the American College of Obstetricians and
Gynecologists (2002), this dose should be consumed as a separate supplement, not as multiple multivitamin tablets, to avoid
excessive intake of fat-soluble vitamins. Unfortunately, surveys continue to suggest that many women, especially among
minorities, remain unaware of the recommendations regarding folic acid supplementation (Perlow, 2001; Rinsky-Eng and
Miller, 2002).

The relationship of folic acid deficiency and neural-tube defects as well as other congenital malformations are discussed in
detail in Chapters 7 (see p. 192), 12 (see p. 302), and 14 (see p. 345).

VITAMIN A. Dietary intake of vitamin A in the United States appears to be adequate, and routine supplementation during
pregnancy is not recommended (American College of Obstetricians and Gynecologists, 1998b). A small number of case reports
suggest an association of birth defects with very high doses during pregnancy R— 10,000 to 50,000 IU daily. These
malformations are similar to those produced by the vitamin A derivative isotretinoin (Accutane), which is a potent teratogen in
humans (see Chap. 14, p. 350). Beta-carotene, the precursor of vitamin A found in fruits and vegetables, has not been shown
to produce vitamin A toxicity.

Radhika and colleagues (2002) examined the effects of vitamin A deficiency in 736 Indian women during the third trimester.
Overt deficiency, manifested as night blindness, was observed in approximately 3 percent of the women. Subclinical vitamin A
deficiency, defined as a serum retinol concentration below 20 pg/dL without clinical signs, was present in 27 percent. Vitamin A
deficiency, whether overt or subclinical, was associated with a significantly increased risk of both maternal anemia and
spontaneous preterm birth. The former likely reflected the need for vitamin A to facilitate iron absorption, and the latter
possibly reflected increased susceptibility to infection associated with vitamin A deficiency.

VITAMIN B,,. The level of vitamin B, in maternal plasma decreases variably in otherwise normal pregnancies (see Chap. 51,

p. 1147). This decrease is mostly from a reduction in plasma transcobalamins and is thus prevented only in part by
supplementation. Vitamin 512 occurs naturally only in foods of animal origin. It is now established that strict vegetarians may

give birth to infants whose vitamin B, stores are low. Likewise, because breast milk of a vegetarian mother contains little
vitamin B ,, the deficiency may become profound in the breast-fed infant (Higginbottom and associates, 1978). Excessive
ingestion of vitamin C also can lead to a functional deficiency of vitamin B,,.

VITAMIN Bs' Most clinical trials in pregnant women have failed to demonstrate any benefits of vitamin Bs supplements

(Institute of Medicine, 1990). For women at high risk for inadequate nutrition (e.g., substance abuse, adolescents, and those
with multifetal gestations), a daily supplement containing 2 mg is recommended.

VITAMIN C. The recommended dietary allowance for vitamin C during pregnancy is 80 to 85 mg/day, or about 20 percent

more than when nonpregnant (see Table 8-7). A reasonable diet should readily provide this amount. The maternal plasma
level declines during pregnancy, whereas the cord level is higher, a phenomenon observed with most water-soluble vitamins.

: Figure 8-9. Cumulative kilocalories of energy required for pregnancy. (From Hytten
i ] = and Chamberlain, 1991, with permission.)

PRAG MATIC NUTRITIONAL SU RVEILLANCE. Although the science of nutrition continues in its

perpetual struggle to identify the ideal amounts of protein, calories, vitamins, and minerals for the pregnant woman and her
fetus, those directly responsible for their care may best discharge their duties as follows:

1. In general, advise the pregnant woman to eat what she wants in amounts she desires and salted to taste.
2. Make sure that there is ample food to eat in the case of socioeconomically deprived women.

3. Monitor weight gain, with a goal of about 25 to 35 pounds in women with a normal BMI.

4. Periodically explore food intake by dietary recall to discover the occasional nutritionally absurd diet.

5. Give tablets of simple iron salts that provide at least 27 mg of iron daily. Give folate supplementation before and in the early
weeks of pregnancy.

6. Recheck the hematocrit or hemoglobin concentration at 28 to 32 weeks to detect any significant decrease.



COMMON CONCERNS

EXERCISE. In general, it is not necessary for the pregnant woman to limit exercise, provided she does not become
excessively fatigued or risk injury. Clapp (1989) reported that 18 conditioned pregnant women actually improved their
metabolic efficiency during exercise. Specifically, the amount of oxygen required to complete a treadmill exercise actually
decreased during pregnancy. Pivarnik and co-workers (1990) used invasive hemodynamic monitoring and compared
cardiovascular responses of seven healthy women to aerobic exercise (cycle or treadmill) during late pregnancy and again 3
months postpartum. Oxygen consumption, heart rate, stroke volume, and cardiac output all increased appropriately in
response to exercise. Pivarnik and associates (1994) later showed that pregnant women who exercised regularly had
significantly larger blood volumes.

Clapp and associates (2000) randomly assigned 46 women who did not exercise regularly to either no exercise or to weight-
bearing exercise beginning at 8 weeks. Exercise consisted of treadmill running, step aerobics, or stair stepper use for 20
minutes three to five times each week. They did this throughout pregnancy at an intensity between 55 and 60 percent of the
preconceptional maximum aerobic capacity. Both placental size and birthweight were significantly greater in the exercise
group. In contrast, Magann and colleagues (2002) prospectively collected information on exercise behavior in 750 healthy
women during their pregnancy. Among working women, exercise was associated with smaller infants, more dysfunctional
labors, and more frequent upper respiratory infections.

The American College of Obstetricians and Gynecologists (2002b) advises a thorough clinical evaluation be conducted before
recommending an exercise program. In the absence of contraindications (Table 8-8), pregnant women should be encouraged
to engage in regular, moderate-intensity physical activity 30 minutes or more a day. Each activity should be reviewed
individually for its potential risk. Activities with a high risk of falling or abdominal trauma should be avoided. Similarly, scuba
diving should be avoided because the fetus is at an increased risk for decompression sickness.

With some pregnancy complications, the mother and her fetus may benefit from a sedentary existence. For example, some
women with hypertensive disorders caused by pregnancy may benefit from being sedentary (see Chap. 34, p. 781), as may
some women pregnant with two or more fetuses (see Chap. 39, p. 936), those suspected of having a growth-restricted fetus
(see Chap. 38, p. 903), or those with severe heart disease (see Chap. 44, p. 1021).

EMPLOYMENT. The legal and social movements in the United States to provide equality of opportunity in the
workplace have reached women who are or might become pregnant. Annas (1991) reviewed the legal issues involved with
employment during pregnancy. Importantly, the United States Supreme Court buttressed the Pregnancy Discrimination Act of
1978 by ruling in 1991 that federal law prohibits employers from excluding women from job categories on the basis that they
are or might become pregnant. More than 120 nations around the world currently provide paid maternity leave and health
benefits by law, including most industrialized nations except the United States, Australia, and New Zealand (Luke and co-
authors, 1999).

The Family and Medical Leave Act (FMLA) was passed in 1993, however, a subsequent report to Congress found that because
this leave is without pay, eligible women did not take it for financial reasons. It is estimated that nearly half of childbearing-
aged women in the United States are in the labor force. For many, an additional financial strain stems from being pressured to
stop working during pregnancy. For example, Frazier and colleagues (2001) found that more than 27 percent of 1635 women
were advised to stop working. The most frequent reasons included hypertension, vaginal bleeding, and labor. More than half of
the women were instructed to stop working before the seventh month of gestation.

Teitelman and co-workers (1990) evaluated maternal work activity and pregnancy outcome in 4186 women delivered at Yale-
New Haven Hospital. Women were classified according to the type of jobs they held. Standing jobs, such as those of a cashier,
bank teller, or dentist, required standing in the same position for more than 3 hours per day. Active jobs, such as physicians,
waitresses, and real estate agents, involved continuous or intermittent walking. Sedentary jobs, such as librarians,
bookkeepers, or bus drivers, required less than 1 hour of standing per day. These authors found that pregnant women who
work at jobs that require prolonged standing are at greater risk for preterm delivery, but it did not have any effect on fetal
growth.

Mozurkewich and colleagues (2000) reviewed 29 studies with over 160,000 pregnancies. They confirmed a 20- to 60-percent
increase in preterm birth, fetal growth restriction, or hypertension associated with physically demanding work. In a prospective
study of more than 900 healthy primigravidas, Higgins and associates (2002) found that women who worked were about
fivefold more likely to develop preeclampsia. Newman and colleagues (2001) reported the relationship between occupational
fatigue and preterm birth in 2929 women with singleton pregnancies studied by the Maternal-Fetal Medicine Units Network.
They found that occupational fatigue %*— estimated by the number of hours standing, intensity of physical and mental
demands, and environmental stressors "— was associated with an increased risk of preterm membrane rupture. For those
women reporting the highest degrees of fatigue, the risk was 7.4 percent.

Common sense dictates that any occupation that subjects the pregnant woman to severe physical strain should be avoided.
Ideally, no work or play should be continued to the extent that undue fatigue develops. Adequate periods of rest should be
provided during the work period. Women with previous pregnancy complications that are likely to be repetitive, such as low-
birthweight infants, probably should minimize physical work. The American Academy of Pediatrics and the American College of
Obstetricians and Gynecologists (2002) have concluded that women with uncomplicated pregnancies usually can continue to
work until the onset of labor. Furthermore, although a period of 4 to 6 weeks generally is required for return of the
physiological condition to normal, they advise that individual circumstances should be considered when recommending
resumption of full activity.

TRAVEL. i» general, travel by the healthy woman has no harmful effect on pregnancy (Aerospace Medical Association,
2003). Travel in properly pressurized aircraft offers no unusual risk, and in the absence of obstetrical or medical complications,
the American College of Obstetricians and Gynecologists (2001a, 2004) has concluded that pregnant women can safely fly up
to 36 weeks. It is recommended that pregnant women observe the same precautions for air travel as the general population,



including periodic movement of the lower extremities, ambulation at least hourly, and use of seatbelts while seated. Perhaps
the greatest risks with travel, especially international travel, are acquiring an infectious disease or developing a complication
remote from facilities adequate to manage the complication (Ryan and associates, 2002).

The American College of Obstetricians and Gynecologists (1998a) has formulated guidelines for use of automobile passenger
restraints during pregnancy. There is no evidence that safety restraints increase the chance of fetal injury. Indeed, the leading
cause of fetal death in a motor accident is the death of the mother (see Chap. 42, p. 997). Therefore, pregnant women should
be encouraged to wear properly positioned three-point restraints throughout pregnancy while riding in automobiles. The lap
belt portion of the restraining belt should be placed under the woman's abdomen and across her upper thighs. The belt should
be as snug as comfortably possible. The shoulder belt also should be snualy applied and positioned between the breasts. Based
on limited existing information, the American College of Obstetricians and Gynecologists (1998a) has concluded that it does
not appear reasonable to recommend disabling airbags during pregnancy.

BATHING. There are no contraindications to bathing during pregnancy or the puerperium. One caveat is that early

pregnancy exposure to a hot tub or Jacuzzi at 100%°F or higher has been associated with an increased risk of miscarriage (Li
and co-workers, 2003). It also has been linked to neural-tube defects (see Chap. 13, p. 317). During late pregnancy, the
heavy uterus usually upsets the balance of the pregnant woman and increases the likelihood of her slipping and falling in the
bathtub. For that reason, showers at the end of pregnancy may be preferable.

CLOTHING. It generally has been recommended that the clothing worn during pregnancy be comfortable and
nonconstricting. According to fashion experts, however, pregnancy apparel has changed considerably in recent years (Morgan,
2000). One clothing designer stated: "It used to be about covering it up, and now it's about showing it off. Today's maternity
chic is body-hugging not body hiding."

The increasing mass of the breasts may make them pendulous and painful, and a well-fitting supporting brassiere may be
indicated for comfort. Constricting leg wear should be avoided.

BOWEL HABITS. Constipation is common, presumably because of prolonged transit time and compression of the
lower bowel by the uterus or by the presenting part (see Chap. 49, p. 1115). In addition to discomfort caused by passage of
hard fecal material, bleeding and painful fissures may develop in the edematous and hyperemic rectal mucosa. There is also
greater frequency of hemorrhoids and, much less commonly, prolapse of the rectal mucosa.

Women whose bowel habits are normal before pregnancy may prevent constipation during pregnancy. This is done by
ingesting sufficient quantities of fluid along with reasonable amounts of daily exercise. This regimen may be supplemented
when necessary by a mild laxative, such as prune juice, milk of magnesia, bulk-producing substances, or stool-softening
agents.

COITUS. whenever abortion or preterm labor threatens, coitus should be avoided. Otherwise it has been generally
accepted that in healthy pregnant women, sexual intercourse usually is not harmful. Nearly 10,000 women enrolled in a
prospective investigation by the Vaginal Infection and Prematurity Study Group were interviewed regarding sexual activity
during pregnancy. There was a significantly decreased frequency of sexual intercourse reported with advancing gestation
(Read and Klebanoff, 1993). By 36 weeks, 72 percent of these women reported intercourse less than once weekly. Bartellas
and colleagues (2000) reported that the decrease was attributed to decreased desire (58 percent) and fear of harm to the
pregnancy (48 percent).

Risks from intercourse late in pregnancy have not been clearly delineated. Grudzinskas and co-workers (1979) found no
association between gestational age at delivery and the frequency of coitus during the last 4 weeks of pregnancy. Similarly,
Sayle and colleagues (2001) found no increased R— and actually a decreased R— risk of delivery within 2 weeks of
intercourse.

On occasion, sexual drive in the face of admonishment against intercourse late in pregnancy has led to sexual practices with
disastrous consequences. Aronson and Nelson (1967) described a fatal case of air embolism late in pregnancy as a result of air
blown into the vagina during cunnilingus. Other near-fatal cases have been described (Bernhardt and associates, 1988).

DENTITION. Examination of the teeth should be included in the prenatal examination, and good dental hygiene is
encouraged. Dental caries are not aggravated by pregnancy. Likewise, pregnancy is not a contraindication to dental treatment.

IMMUNIZATION. Current recommendations for immunizations during pregnancy are summarized in Table 8-9.
The American College of Obstetricians and Gynecologists (2003a) stresses that current information on the safety of vaccines
given during pregnancy is subject to change and can be verified from the Centers for Disease Control and Prevention website
at www.cdc.gov/nip.

Women who are susceptible to rubella during pregnancy should receive MMR (measles-mumps-rubella) vaccination
postpartum. There is no contraindication to this vaccination while breast feeding (American College of Obstetricians and
Gynecologists, 2002d).

Biological Warfare and Vaccines. The tragic events of September 11, 2001, and the ongoing threat of bioterrorism require
familiarity with smallpox and anthrax vaccines during pregnancy. The smallpox vaccine is actually a live attenuated vaccinia
virus that is related both to smallpox and to cowpox viruses. Fetal infection from this vaccine, termed vaccinia, is a rare
complication, but it may result in abortion, stillbirth, or neonatal death. Therefore, in nonemergency circumstances, smallpox
vaccination is contraindicated both during pregnancy and in women who desire to become pregnant within 28 days of
vaccination (Centers for Disease Control and Prevention, 2003b). If, however, vaccination is inadvertently performed in early
pregnancy, this is not grounds for termination (Suarez and Hankins, 2002). If the pregnant woman is at risk because of
exposure to smallpox R— either as a direct victim of a bioterrorist attack or as a close contact of an individual case R— the



risks from clinical smallpox substantially outweigh any potential risk from vaccination (Suarez and Hankins, 2002).

Anthrax vaccination has been limited principally to individuals who are occupationally exposed, such as special veterinarians,
laboratory workers, and members of the armed forces. The vaccine contains no live virus and thus would not be expected to
pose significant risk to the fetus. Wiesen and Littell (2002) studied the reproductive outcomes of 385 women in the United
States Army who became pregnant after receiving the anthrax vaccine. They found no adverse effects on fertility or pregnancy
outcome.

Smallpox, anthrax, and other infections related to bioterrorism are discussed in Chapter 58 (see p. 1293).

CAFFEINE. In 1980, the FDA advised pregnant women to limit caffeine intake. The Fourth International Caffeine
Workshop concluded shortly thereafter that there was no evidence that caffeine caused increased teratogenic or reproductive
risks (Dews and colleagues, 1984). In small laboratory animals, caffeine is not a teratogen, but if given in massive doses it
potentiates mutagenic effects of radiation and some chemicals. When infused intravenously into sheep, caffeine decreases
uterine blood flow by 5 to 10 percent (Conover and colleagues, 1983).

The risk of spontaneous abortion related to caffeine consumption is controversial. Klebanoff and co-workers (1999) measured
paraxanthine as a biological serum marker of caffeine consumption. They estimated caffeine doses in 487 women with
spontaneous abortions and in 2087 controls. Only extremely high serum paraxanthine concentrations were associated with
abortion. Such high levels were equivalent to drinking more than 5 cups of coffee per day. Clausson and associates (2002)
found no association of moderate caffeine consumption of less than 500 ma daily with low birthweight, fetal arowth restriction,
or preterm delivery. The American Dietetic Association (2002) recommends that caffeine intake during pregnancy be limited to
less than 300 mg daily, or about three, 5-o0z cups of percolated coffee.

MEDICATIONS. A number of drugs commonly ingested during pregnancy, and their possible adverse fetal effects,
are considered in detail in Chapter 14. Based on interviews with 578 women, Glover and co-workers (2003) found that during
pregnancy more than 95 percent took prescription medications and 92 percent self-medicated with over-the-counter
preparations. With rare exceptions, any drug that exerts a systemic effect in the mother will cross the placenta to
reach the embryo and fetus. All physicians should develop the habit of ascertaining the likelihood of pregnancy before
prescribing drugs for any woman, because a number of medications in common use are potentially injurious to the embryo and
the fetus. Package inserts provided by pharmaceutical companies and approved by the FDA should be consulted before drugs
are prescribed for pregnant women.

NAUSEA AND VOMITING. These are common complaints during the first half of pregnancy. Erroneously

called morning sickness, symptoms usually commence between the first and second missed menstrual period and continue
until about 14 to 16 weeks. Although nausea and vomiting tend to be worse in the morning, they may continue throughout the
day. Lacroix and co-workers (2000) found that nausea and vomiting were reported by three fourths of pregnant women and
lasted an average of 35 days. Half had relief by 14 weeks, and 90 percent by 22 weeks. In 80 percent of the women, nausea
lasted all day. It was frequently described to have a character and intensity similar to that experienced by patients undergoing
cancer chemotherapy.

The genesis of pregnancy-induced nausea and vomiting is not clear, and it is discussed further in Chapter 49 (see p. 1113).
Although high levels of serum hCG have been implicated as causing nausea, this placental hormone is likely a surrogate for
increasing estrogen levels which are known to cause such symptoms. Huxley (2000) speculates that nausea and emesis in

early gestation have a functional role in promoting and maintaining early placental growth. Specifically, the reduced caloric
intake lowers maternal insulin and insulin growth factor-1 levels and suppresses maternal anabolic synthesis, ensuring that
nutrient partitioning favors placental growth.

Seldom is the treatment of nausea and vomiting of pregnancy so successful that the affected expectant mother is afforded
complete relief. Fortunately, the unpleasantness and discomfort usually can be minimized. Eating small feedings at more
frequent intervals but stopping short of satiation is of value. The smell of certain foods often precipitates or aggravates the
symptoms and should be avoided. In some women, vomiting may be so severe that dehydration, electrolyte and acid-base
disturbances, and starvation ketosis become serious problems. This condition is termed hyperemesis gravidarum, and its
management is described in Chapter 49 (see p. 1113).

BACKACHE. Low back pain to some extent is reported in nearly 70 percent of pregnant women (Wang and colleagues,
2004). Minor degrees follow excessive strain or fatigue and excessive bending, lifting, or walking. Orvieto and associates

(1994) studied 449 women and reported that back pain increased with duration of gestation. Prior low back pain and obesity
were risk factors.

Back pain can be reduced by having women squat rather than bend over when reaching down, providing back support with a
pillow when sitting down, and avoiding high-heeled shoes. Severe back pain should not be attributed simply to pregnancy until
a thorough orthopedic examination has been conducted. Muscular spasm and tenderness, which often are classified clinically
as acute strain or fibrositis, respond well to analgesics, heat, and rest. As discussed in Chapter 53 (see p. 1199), some women
with severe back and hip pain may have pregnancy-associated osteoporosis (Dunne and colleagues, 1993). Severe pain also
has other uncommon causes, such as disc disease, vertebral osteoarthritis, or septic arthritis.

Noren and co-workers (2002) studied the long-term outcomes of 231 women who had some type of back pain during
pregnancy. Residual pain 3 years after delivery was reported by approximately 20 percent. Women with combined lumbar back
and posterior pelvic pain were at greatest risk for disability, which was attributed to impaired back extensor and hip abductor
muscle functions.

VARICOSITIES. These enlarged veins generally result from congenital predisposition and are exaggerated by
prolonged standing, pregnancy, and advancing age. Usually varicosities become more prominent as pregnancy advances, as
weight increases, and as the length of time spent upright is prolonged. As discussed in Chapter 5 (see p. 134), femoral venous



pressure increases appreciably as pregnancy advances. The symptoms produced by varicosities vary from cosmetic blemishes
on the lower extremities and mild discomfort at the end of the day to severe discomfort that requires prolonged rest with the
feet elevated.

The treatment of varicosities of the lower extremities is generally limited to periodic rest with elevation of the legs, elastic
stockings, or both. Surgical correction of the condition during pregnancy generally is not advised, although occasionally the
symptoms may be so severe that injection, ligation, or even stripping of the veins is necessary. Vulvar varicosities may be
aided by application of a foam rubber pad suspended across the vulva by a belt of the type used with a perineal pad. Rarely,
large varicosities may rupture, resulting in profuse hemorrhage.

HEMORRHOIDS. Varicosities of the rectal veins may first appear during pregnancy. More often, pregnancy causes
an exacerbation or recurrence of previous hemorrhoids. Their development or aggravation during pregnancy undoubtedly is
related to increased pressure in the rectal veins. This is caused by obstruction of venous return by the large uterus as well as
by constipation during pregnancy. Pain and swelling usually are relieved by topically applied anesthetics, warm soaks, and
stool-softening agents. Thrombosis of a rectal vein can cause considerable pain, but the clot usually can be evacuated by
incising the vein wall under topical anesthesia.

HEARTBURN. This symptom is one of the most common complaints of pregnant women and is caused by reflux of
gastric contents into the lower esophagus. The increased frequency of regurgitation during pregnancy most likely results from
the upward displacement and compression of the stomach by the uterus, combined with relaxation of the lower esophageal
sphincter. In most pregnant women, symptoms are mild and are relieved by a regimen of more frequent but smaller meals and
avoidance of bending over or lying flat. Antacid preparations may provide considerable relief. Aluminum hydroxide, magnesium
trisilicate, or magnesium hydroxide alone or in combination are given. Management for symptoms that do not respond to these
simple measures is discussed in Chapter 49 (see p. 1114).

PICA. There has been considerable historical interest in the cravings (pica) of pregnant women for strange foods and, at
times, nonfoods such as ice (pagophagia), starch (amylophagia), or clay (geophagia). This desire has been considered by
some to be triggered by severe iron deficiency. Although some women crave these items, and although the craving usually is
ameliorated after correction of iron deficiency, not all pregnant women with pica are necessarily iron deficient. Indeed, if
strange "foods" dominate the diet, iron deficiency will be aggravated or will develop eventually, blurring the distinction
between cause and effect.

Patel and colleagues (2004) from the University of Alabama at Birmingham prospectively completed a dietary inventory on
more than 3000 women during the second trimester. The prevalence of pica was 4 percent. The most common nonfood items
ingested were starch (64 percent), dirt (14 percent), sourdough (9 percent), and ice (5 percent). The prevalence of anemia
was 15 percent in women with pica compared with 6 percent in those without it. Interestingly, the rate of spontaneous preterm
birth at less than 35 weeks was twice as high in women with pica.

PTYALISM. Women during pregnancy are occasionally distressed by profuse salivation. The cause of this ptyalism

sometimes appears to be stimulation of the salivary glands by the ingestion of starch. This cause should be looked for and
eradicated if found. Most cases are unexplained.

FATIGUE. Early in pregnancy, most women complain of fatigue and desire for excessive sleep. The condition usually

remits spontaneously by the fourth month of pregnancy and has no special significance. It may be due to the soporific effect of
progesterone(s).

HEADACHE. This complaint is common early in pregnancy. A few cases may result from sinusitis or ocular strain
caused by refractive errors. In the vast majority, however, no cause can be demonstrated. Treatment is largely symptomatic.
By midpregnancy, most headaches decrease in severity or disappear. The clinical and pathological significance of headaches as
the consequence of hypertensive disorders later in pregnancy is considered in Chapter 34 (see p. 776). Persistent or severe
headaches of other origins, for example, migraine, are discussed in Chapter 55 (see p. 1230).

LEUKORRHEA. Pregnant women commonly develop increased vaginal discharge, which in many instances is not
pathological. Increased mucus secretion by cervical glands in response to hyperestrogenemia is undoubtedly a contributing

factor. Occasionally, troublesome leukorrhea is the result of an infection caused by trichomonal or yeast vulvovaginal
infections.

BACTERIAL VAGINOSIS. Not an infection in the ordinary sense, bacterial vaginosis is a maldistribution of

normal vaginal flora. Numbers of lactobacilli are decreased, and overrepresented species tend to be anaerobic bacteria,
including Gardnerella vaginalis, Mobiluncus, and some Bacteroides species. The prevalence of vaginosis during pregnancy
varies from 10 to 30 percent, and it is associated with preterm birth. Treatment is reserved for symptomatic women who
usually complain of a fishy-smelling discharge. Metronidazole, 500 mg twice daily orally for 7 days, will achieve cure in about
90 percent of cases. Unfortunately, treatment does not reduce preterm birth, and routine screening is not recommended
(American College of Obstetricians and Gynecologists, 2001b). These relationships are discussed further in Chapters 36 (see p.
862) and 59 (see p. 1319).

TRICHOMONIASIS. In as many as 20 percent of women, Trichomonas vaginalis can be identified during
prenatal examination. Symptomatic infection is much less prevalent, and vaginitis is characterized by foamy leukorrhea with
pruritus and irritation. Trichomonads are demonstrated readily in fresh vaginal secretions as flagellated, pear-shaped, motile
organisms that are somewhat larger than leukocytes.

Metronidazole has proved effective in eradicating T vaginalis. The drug may be administered orally or vaginally, and it crosses



the placenta and enters the fetal circulation. The possibility of teratogenicity from first-trimester exposure was raised
previously. Rosa and colleagues (1987), however, found no increased frequency of birth defects in over 1000 women given
metronidazole during early pregnancy (see Chap. 14, p. 360). Even so, many recommend against its use in early pregnancy.
Some studies have linked trichomonal infection with preterm birth, however, treatment has not proven to decrease the risk
(see Chap. 36, p. 863). Thus, screening and treatment of asymptomatic women is not recommended during pregnancy.

CANDIDIASIS. candidia albicans can be cultured from the vagina in about 25 percent of women approaching term.
Asymptomatic colonization requires no treatment, but the organism may sometimes cause an extremely profuse, irritating
discharge associated with a pruritic, painfully tender, and edematous vulva. Miconazole, clotrimazole, and nystatin are effective
for the treatment of candidiasis during pregnancy (see Chap. 14, p. 359). In some women, infection is likely to recur, thereby
requiring repeated treatment during pregnancy. In these cases, symptomatic infection usually subsides after pregnancy.

REFERENCES

Aerospace Medical Association, Medical Guidelines Task Force: Medical guidelines for airline travel, 2nd ed. Aviat Space Environ
Med 74:5, 2003

American Academy of Pediatrics and the American College of Obstetricians and Gynecologists: Guidelines for perinatal care,
5th ed. October 2002

American College of Obstetricians and Gynecologists: Immunization during pregnancy. Committee Opinion No. 282, January
2003a

American College of Obstetricians and Gynecologists: Neural tube defects. Practice Bulletin No. 44, July 2003b

American College of Obstetricians and Gynecologists: Avoiding inappropriate clinical decisions based on false-positive human
chorionic gonadotropin test results. Committee Opinion No. 278, November 2002a

American College of Obstetricians and Gynecologists: Exercise during pregnancy and the postpartum period. Committee
Opinion No. 267, January 2002b

American College of Obstetricians and Gynecologists: Prevention of early-onset group B streptococcal disease in newborns.
Committee Opinion No. 279, December 2002c

American College of Obstetricians and Gynecologists: Rubella vaccination. Committee Opinion No. 281, December 2002d

American College of Obstetricians and Gynecologists: Air travel during pregnancy. Committee Opinion No. 264, December
2001a, Reaffirmed 2004

American College of Obstetricians and Gynecologists: Assessment of risk factors for preterm birth. Practice Bulletin No. 31,
October 2001b

American College of Obstetricians and Gynecologists: Smoking cessation during pregnancy. Education Bulletin No. 260,
September 2000

American College of Obstetricians and Gynecologists: Domestic violence. Educational Bulletin No. 257, December 1999a

American College of Obstetricians and Gynecologists: Psychosocial risk factors: Perinatal screening and intervention.
Educational Bulletin No. 255, November 1999b

American College of Obstetricians and Gynecologists: Obstetric aspects of trauma management. Educational Bulletin No. 251,
September 1998a

American College of Obstetricians and Gynecologists: Vitamin A supplementation during pregnancy. Committee Opinion No.
196, January 1998b

American College of Obstetricians and Gynecologists: Preconceptional care. Technical Bulletin No. 205, May 1995

American Dietetic Association: Position of the American Dietetic Association: Nutrition and lifestyle for a healthy pregnancy
outcome. ] Am Diet Assoc 102:1479, 2002

Ananth CV, Savitz DA, Luther ER: Maternal cigarette smoking as a risk factor for placental abruption, placenta previa, and
uterine bleeding in pregnancy. Am J Epidemiol 144:881, 1996

Annas GJ: Fetal protection and employment discrimination 2— the Johnson Controls case. N Engl J Med 325:740, 1991

Aronson ME, Nelson PK: Fatal air embolism in pregnancy resulting from an unusual sex act. Obstet Gynecol 30:127, 1967

Ashitaka Y, Nishimura R, Takemori M, et al: Production and secretion of hCG and hCG subunits by trophoblastic tissue. In
Segal S (ed): Chorionic Gonadotropins. New York, Plenum, 1980, p 151

Bartellas E, Crane JMG, Daley M, et al: Sexuality and sexual activity in pregnancy. Br J Obstet Gynaecol 107:964, 2000

Bastian LA, Nanda K, Hasselblad V, et al: Diagnostic efficiency of home pregnancy test kits. A meta-analysis. Arch Fam Med
7:465, 1998

Bergsjo P, Denman DW III, Hoffman HJ, et al: Duration of human singleton pregnancy. A population-based study. Acta Obstet



9. Abortion
INTRODUCTION

Abortion is the termination of pregnancy, either spontaneously or intentionally, before the fetus develops sufficiently to
survive. By convention, abortion is usually defined as pregnancy termination prior to 20 weeks' gestation or less than 500-g
birthweight. Definitions vary, however, according to state laws for reporting abortions, fetal deaths, and neonatal deaths.

SPONTANEOUS ABORTION

Abortion occurring without medical or mechanical means to empty the uterus is referred to as spontaneous. Another widely
used term is miscarriage.

PATHOLOGY. Hemorrhage into the decidua basalis, followed by necrosis of tissues adjacent to the bleeding, usually
accompanies abortion. If early, the ovum detaches, stimulating uterine contractions that result in its expulsion. When a
gestational sac is opened, fluid is commonly found surrounding a small macerated fetus, or alternatively no fetus is visible R—
the so-called blighted ovum.

In later abortions, several outcomes are possible. The retained fetus may undergo maceration, in which the skull bones
collapse, the abdomen distends with blood-stained fluid, and the internal organs degenerate. The skin softens and peels off in
utero or at the slightest touch. Alternatively, when amnionic fluid is absorbed, the fetus may become compressed and
desiccated, forming a fetus compressus. Occasionally, the fetus may become so dry and compressed that it resembles
parchment R— a fetus papyraceous.

ETIOLOGY. More than 80 percent of abortions occur in the first 12 weeks of pregnancy, and at least half result from
chromosomal anomalies. After the first trimester, both the abortion rate and the incidence of chromosomal anomalies decrease

(Fig. 9-1).

The risk of spontaneous abortion increases with parity as well as with maternal and paternal age (Warburton and Fraser, 1964;
Wilson and associates, 1986). The frequency of clinically recognized abortion increases from 12 percent in women younger
than 20 years to 26 percent in those older than 40 years (Fig. 9-2). For the same paternal ages, the frequency increases from
12 to 20 percent. Finally, the incidence of abortion increases if a woman conceives within 3 months following a term birth
(Harlap and Shiono, 1980).

The exact mechanisms responsible for abortion are not always apparent, but in the first 3 months of pregnancy, death of the
embryo or fetus nearly always precedes spontaneous expulsion of the ovum. For this reason, finding the cause of early
abortion involves ascertaining the cause of fetal death. In subsequent months, the fetus frequently does not die before
expulsion; therefore, other explanations for its expulsion should be sought.

Figure 9-1. Frequency of chromosomal anomalies in abortuses and stillbirths for

N each trimester compared with the frequency of chromosomal anomalies in liveborn
B infants. The percentage for each group is shown in parentheses. (Data adapted from
Pl 5 == Fantel, 1980; Warburton, 1980, and their associates.)

Figure 9-2. First- and second-trimester spontaneous abortions by maternal age.
(From Harlap and colleagues, 1980, with permission.)

FETAL FACTORS

Abnormal Zyqgotic Development. Early spontaneous abortions commonly display a developmental abnormality of the zygote,
embryo, early fetus, or at times the placenta. Of 1000 spontaneous abortions analyzed by Hertig and Sheldon (1943), half
demonstrated degenerated or absent embryos, that is, blighted ova (Fig. 9-3). Poland and co-workers (1981) identified
morphological disorganization of growth in 40 percent of abortuses that were expelled spontaneously before 20 weeks.

Aneuploid Abortion. Approximately 50 to 60 percent of embryos and early fetuses that are spontaneously aborted contain
chromosomal abnormalities, accounting for most of early pregnancy wastage (Table 9-1). Jacobs and Hassold (1980) reported
that approximately 95 percent of chromosomal abnormalities were due to maternal gametogenesis errors and 5 percent to
paternal errors.

Autosomal trisomy is the most frequently identified chromosomal anomaly associated with first-trimester abortions (see Table
9-1). Although most trisomies result from isolated nondisjunction, balanced structural chromosomal rearrangements are
present in one partner in 2 to 4 percent of couples with a history of recurrent abortions (American College of Obstetricians and
Gynecologists, 2001a). Trisomies for all autosomes except chromosome number 1 have been identified in abortuses, but
autosomes 13, 16, 18, 21, and 22 have been found most commonly.



Monosomy X (45,X), the second most frequent chromosomal abnormality, usually results in abortion and much less frequently
in liveborn female infants (Turner syndrome). Conversely, autosomal monosomy is rare and incompatible with life.

Triploidy is often associated with hydropic placental (molar) degeneration. Incomplete (partial) hydatidiform moles may
contain triploidy or trisomy for only chromosome 16. Although these fetuses frequently abort early, the few carried longer are
all grossly malformed. Advanced maternal and paternal age does not increase the incidence of triploidy.

Tetraploid abortuses rarely are liveborn and most often are aborted early in gestation.

Chromosomal structural abnormalities, identified only since the development of banding techniques, infrequently cause
abortion. Some of these infants who are liveborn with balanced translocations may appear normal.

Euploid Abortion. Euploid fetuses tend to abort later in gestation than aneuploid ones. Kajii and co-workers (1980) reported
that although three fourths of aneuploid abortions occurred before 8 weeks, euploid abortions peaked at about 13 weeks. Stein
and associates (1980) presented evidence that the incidence of euploid abortions increased dramatically after maternal age
exceeded 35 years.

Figure 9-3. Abnormal ovum. A cross-section of a defective ovum showing an empty
chorionic sac embedded within a polypoid mass of endometrium. (From Hertig and
Rock, 1944.)

MATERNAL FACTORS. The causes of euploid abortions are poorly understood, although a variety of medical

disorders, environmental conditions, and developmental abnormalities have been implicated.

Infections. Various infections are uncommon causes of abortion in humans (American College of Obstetricians and
Gynecologists, 2001a). Although Brucella abortus and Campylobacter fetus cause chronic abortion in cattle, they are not
significant in humans (Sauerwein and associates, 1993). Researchers also found no evidence that either Listeria
monocytogenes or Chlamydia trachomatis produced abortions in humans (Feist and associates, 1999; Osser and Persson,
1996; Paukku and associates, 1999). In the only prospective study of serological conversion, the herpes simplex virus did not
increase the incidence of abortion following infection in early pregnancy (Brown and colleagues, 1997).

Serological evidence supporting a role for Mycoplasma hominis and Ureaplasma urealyticum in abortion was provided by Quinn
and co-workers (1983). Conversely, Temmerman and associates (1992) found no link between genital mycoplasma and
spontaneous abortion. They did, however, report that spontaneous abortion was independently associated with maternal
serological evidence of syphilis and human immunodeficiency virus-1 (HIV-1), and with vaginal colonization with group B
streptococci. More recently, van Benthem and associates (2000) reported that women with HIV infection showed no greater
risk of spontaneous abortion after being diagnosed with HIV than before. Evidence that Toxoplasma gondii causes abortion in
humans remains inconclusive. In 2002, Oakeshott and associates reported an association between second- but not first-
trimester spontaneous abortion and bacterial vaginosis.

Chronic Debilitating Diseases. In early pregnancy, fetuses seldom abort secondary to chronic wasting diseases such as
tuberculosis or carcinomatosis. Celiac sprue, however, has been reported to cause both male and female infertility and
recurrent abortions (Sher and colleagues, 1994).

Endocrine Abnormalities

HYPOTHYROIDISM. Iodine deficiency may be associated with excessive miscarriages (Castaneda and co-workers, 2002). The
effects of clinical hypothyroidism on early pregnancy wastage have not been adequately studied (see Chap. 53, p. 1194).
Thyroid autoantibodies, however, were associated with an increased incidence of abortion despite the lack of overt
hypothyroidism (Dayan and Daniels, 1996; Stagnaro-Green and associates, 1990). Conversely, others have found that women
with recurrent abortions have no greater incidence of antithyroid antibodies than normal controls (Esplin and colleagues, 1998;
Pratt and associates, 1994). Moreover, Rushworth and colleagues (2000) studied a group of 870 women with recurrent
abortion and found that untreated women with antithyroid antibodies were as likely to achieve a live birth as women without
antibodies.

DIABETES MELLITUS. The rates of spontaneous abortion and major congenital malformations are both increased in women
with insulin-dependent diabetes (Greene, 1999). The risk appears related to the degree of metabolic control in the first
trimester. In a prospective study, Mills and associates (1988) reported that excellent glucose control within 21 days of
conception resulted in a spontaneous abortion rate similar to that in nondiabetic controls. Poor glucose control, however,
resulted in a marked increase in the abortion rate. Craig and co-workers (2002) have reported a higher incidence of insulin
resistance in women with recurrent pregnancy loss.

PROGESTERONE DEFICIENCY. Termed /uteal phase defect, insufficient progesterone secretion by the corpus luteum or
placenta has been suggested as a cause of abortion. Deficient progesterone production, however, may be the consequence
rather than the cause of early pregnancy failure (Salem and co-workers, 1984). Currently, the diagnostic criteria and efficacy
of therapy for this supposed disorder require validation (American College of Obstetricians and Gynecologists, 2001a). If the
corpus luteum is removed surgically, such as for an ovarian tumor, progesterone replacement is indicated in pregnancies less
than 8 to 10 weeks (see Chap. 40, p. 966).

Nutrition. Dietary deficiency of any one nutrient or moderate deficiency of all nutrients do not appear important causes of
abortion. Similarly, the nausea and vomiting that develop commonly during early pregnancy and any subsequent weight loss



are rarely followed by spontaneous abortion.

Drug Use and Environmental Factors. A variety of different agents has been reported to be associated with an increased
incidence of abortion.

TOBACCO. Smoking has been linked with an increased risk for euploid abortion (Harlap and Shiono, 1980). For women who
smoked more than 14 cigarettes a day, the risk was approximately twofold greater than the risk for controls (Kline and
associates, 1980). Armstrong and associates (1992) calculated that the abortion risk increased in a linear fashion by a factor of
1.2 for each 10 cigarettes smoked per day, consistent with the factor of 1.4 calculated by Chatenoud and colleagues (1998).
Two more recent studies, however, have failed to support this association (Rasch, 2003; Wisborg and colleagues, 2003).

ALCOHOL. Both spontaneous abortion and fetal anomalies may result from frequent alcohol use during the first 8 weeks of
pregnancy (Floyd and associates, 1999). Spontaneous abortion rates increased even when alcohol was consumed "in
moderation." Kline and co-workers (1980) reported that the abortion rate doubled in women who drank twice a week and
tripled in women who consumed alcohol daily compared with the rate for nondrinkers.

Armstrong and colleagues (1992) computed that abortion risk increased by an average of 1.3 for each drink per day. In
contrast, Cavallo and associates (1995) and Kesmodel and co-workers (2002) found that a low level of alcohol consumption
during pregnancy was not associated with a significant risk for abortion.

CAFFEINE. Armstrong and associates (1992) reported that women who consumed at least 5 cups of coffee per day exhibited a
slightly increased risk of abortion, and for those who drank above this daily 5-cup threshold, the risk correlated with the
number of cups consumed per day. Similarly, Cnattingius and colleagues (2000) observed a significantly increased abortion
risk only in women who consumed at least 500 mg of caffeine a day, or roughly equivalent to 5 cups of coffee. Klebanoff and
associates (1999) noted that pregnant women in whom paraxanthine (a caffeine metabolite) levels were extremely elevated
experience an almost twofold risk for spontaneous abortion. In their review of 15 studies, Signorello and McLaughlin (2004)
deemed the evidence for a causal link between spontaneous abortion and caffeine inconclusive.

RADIATION. In sufficient doses, radiation is a recognized abortifacient. As discussed in Chapter 41 (see p. 977), the human
dose to effect abortion is not precisely known.

CONTRACEPTIVES. Oral contraceptives or spermicidal agents used in contraceptive creams and jellies are not associated with
an increased incidence of abortion. When intrauterine devices fail to prevent pregnancy, however, the risk of abortion, and
specifically septic abortion, increases substantively (see Chap. 32, p. 739).

ENVIRONMENTAL TOXINS. Accurately assessing the relationship between environmental exposures and spontaneous
abortion poses challenges. Investigators may encounter difficulties in measuring the intensity and duration of exposure and in
establishing when and whether abortion actually occurred. Thus, in most instances, research provides little information to
conclusively indict (or absolve) any specific environmental agent. Although this is generally true, work by Barlow and Sullivan
(1982) implicated arsenic, lead, formaldehyde, benzene, and ethylene oxide as possible abortifacients. Video display terminals
and exposure to the accompanying electromagnetic fields do not adversely affect abortion rates (Schnorr and co-workers,
1991). Similarly, no effects were found with occupational exposure to ultrasound (Taskinen and colleagues, 1990). Rowland
and associates (1995) reported an increased risk of spontaneous abortion among dental assistants exposed to 3 or more hours
of nitrous oxide per day in offices without gas-scavenging equipment, but not in offices using such equipment. In a meta-
analysis of data from the prescavenging era, Boivin (1997) concluded that women occupationally exposed to anesthetic gases
exhibited an increased risk of spontaneous abortion.

Immunological Factors. Much attention has focused on the immune system as important in recurrent pregnancy loss. In
analyzing compiled studies, Kutteh and Pasquarette (1995) determined that 15 percent of more than 1000 women with
recurrent pregnancy loss had recognized autoimmune factors. Two primary pathophysiological models are the autoimmune
theory (immunity against self) and the alloimmune theory (immunity against another person).

AUTOIMMUNE FACTORS. Antiphospholipid antibodies are a family of autoantibodies that bind to negatively charged
phospholipids, phospholipid-binding proteins, or a combination of the two (Branch and Khamashta, 2003). They are discussed
in more detail in Chapter 54 (see p. 1215). Two of these, lupus anticoagulant and anticardiolipin antibody, have been
implicated in spontaneous abortion. Criteria for the diagnosis of the antiphospholipid syndrome have been specified by Levine
and associates (2002) and are discussed in Chapter 54 (see p. 1217). Recurrent abortion before 12 weeks along with
laboratory criteria for anticardiolipin antibodies or lupus anticoagulant satisfy the diagnosis.

Antiphospholipid antibodies can be an immunoglobulin G (IgG), IgA, or IgM isotype. The mechanism of pregnancy loss in
women with these antibodies involves placental thrombosis and infarction. In one postulated mechanism, antibodies may
inhibit the release of prostacyclin, a potent vasodilator and inhibitor of platelet aggregation. In contrast, platelets produce
thromboxane A,, a vasoconstrictor and platelet aggregator. They have also been shown to inhibit protein C activation,

resulting in coagulation and fibrin formation.

Women with both a history of early fetal loss and high levels of these antibodies may suffer a 70-percent abortion recurrence
(Dudley and Branch, 1991). In a prospective study of 860 women screened for anticardiolipin antibody in the first trimester,
Yasuda and colleagues (1995) reported that only 7 percent tested positive for antibodies. Spontaneous abortion occurred in 25
percent of the antibody-positive group compared with only 10 percent of the negative group. In another study, however,
Simpson and associates (1998) found no association between early pregnancy loss and the presence of either anticardiolipin
antibody or lupus anticoagulant.

Despite these controversies with early abortion, researchers agree regarding increased second-trimester pregnancy losses and
the antiphospholipid syndrome. As further discussed in Chapter 54, p. 1217, this autoimmune condition is characterized by
moderate to high levels of antiphospholipid IgG antibodies with variable incidence of thrombosis, thrombocytopenia, and fetal
loss (American College of Obstetricians and Gynecologists, 1998; Blumenfeld and Brenner, 1999; Cowchock, 1997; Simpson
and associates, 1998).



There are therapies for antiphospholipid syndrome that can increase live birth rates. Two randomized trials support the
premise that, compared with treatment with low-dose aspirin alone, treatment with a combination of heparin and low-dose
aspirin can improve the chance of live birth in a subsequent pregnancy in women with the syndrome. Kutteh (1996)
randomized 50 such women to receive either low-dose aspirin alone or low-dose aspirin with heparin. Women who received
both aspirin and heparin had significantly more viable infants R— 80 versus 44 percent. Rai and colleagues (1997) reported a
77-percent live birth rate with low-dose aspirin and low-dose heparin therapy (5000 units twice a day) versus one of 42
percent with low-dose aspirin alone. In contrast, Farquharson and associates (2002) observed a 72-percent live birth rate
using low-dose aspirin alone versus one of 78 percent using low-dose aspirin plus low-dose, low-molecular-weight heparin.

As emphasized by Branch and Khamashta (2003), the discrepant reports are confusing and therapeutic guidelines are blurred.
Because of this, we individualize therapy for women who meet the criteria for antiphospholipid syndrome and involve them in
the decision-making process. We recommend low-dose aspirin, 81 mg per day, given along with unfractionated heparin, 5000
units subcutaneously twice daily. This therapy, begun when pregnancy is diagnosed, is continued until labor or delivery.
Therapies are discussed further in Chapter 54 (see p. 1218).

ALLOIMMUNE FACTORS. Various alloimmune disorders have been posited to cause recurrent abortion, and a variety of
therapies to correct these disorders have been put forth. None, however, has withstood rigorous scrutiny, including use of
paternal cell immunization, third-party donor leukocytes, trophoblast membranes, and intravenous immunoglobulin (Scott,
2000). Accordingly, we do not endorse the use of immunotherapy for recurrent abortion outside the context of properly
conceived, designed, and executed randomized clinical trials.

Inherited Thrombophilia. Several genetic disorders of blood coagulation may increase the risk of thrombosis. Research with
the growing number of recognized inherited thrombophilias, such as factor V Leiden mutation, continues to evolve. Many
studies of aggregated thrombophilias "— including antiphospholipid antibodies R— cite excessive recurrent abortions (see
Chap. 47, p. 1078). Reports by Carp and associates (2002) and the review by Adelberg and Kuller (2002) cast doubt on the
importance of mutant-gene inherited thrombophilias in early spontaneous abortion. Even if these disorders do play an
etiological role in abortion, proper treatment trials have not been conducted to determine whether abortion might be
prevented.

Conversely, late abortions, viz., midpregnancy losses before 20 weeks, are linked to some of these thrombophilias. Although
controversial, treatment is thought by many to improve outcomes, as discussed in Chapter 47 (see p. 1074).

Laparotomy. Uncomplicated abdominal or pelvic surgery performed during early pregnancy does not appear to increase the
risk of abortion. Certain complications, for example peritonitis, may be the indication for, or the consequence of surgery (see
Chap. 41, p. 974). Ovarian tumors generally are removed without interfering with pregnancy. An important exception involves
early removal of the corpus luteum cyst or the ovary in which the corpus luteum resides. If performed prior to 10 weeks'
gestation, supplemental progesterone is indicated (Chap. 40, p. 966).

Physical Trauma. Clearly, major abdominal trauma can precipitate abortion. Determining the effect of minor trauma on
abortion rates, however, poses problems. Minor trauma that fails to interrupt a pregnancy is often forgotten, whereas minor
trauma temporally associated with abortion is more likely recalled. In general, trauma contributes minimally to the incidence of
abortion.

Uterine Defects

ACQUIRED UTERINE DEFECTS. Even large and multiple uterine leiomyomas usually do not cause abortion. When associated
with abortion, their location is more important than their size (see Chap. 40, p. 962). Asherman syndrome, characterized by
uterine synechiae, usually results from destruction of large areas of endometrium by curettage. If pregnancy follows, the
amount of remaining endometrium may be insufficient to support the pregnancy, and abortion may ensue. A
hysterosalpingogram that shows characteristic multiple filling defects may indicate Asherman syndrome, but hysteroscopy
most accurately and directly identifies this condition (Raziel and colleagues, 1994).

Recommended treatment consists of lysis of the adhesions via hysteroscopy and placement of an intrauterine contraceptive
device to prevent recurrence. Some practitioners also recommend continuous high-dose estrogen therapy for 60 to 90 days
following adhesiolysis. March and Israel (1981) reported that abortions decreased from 80 to 15 percent with this therapy.

DEVELOPMENTAL UTERINE DEFECTS. Abnormal mullerian duct formation or fusion defects may develop spontaneously or
may follow in utero exposure to diethylstilbestrol (see Chap. 40, p. 953). Controversy surrounds the question of whether
uterine defects cause abortion, and therefore, whether their correction prevents it (American College of Obstetricians and
Gynecologists, 2001a). Thus, corrective procedures of the uterus for the prevention of abortion, if done at all, should be
performed as a last resort, with a full understanding that they may lack efficacy.

Incompetent Cervix. Traditionally, the term incompetent cervix describes a discrete obstetrical entity. Classically, it is
characterized by painless cervical dilatation in the second trimester, with prolapse and ballooning of membranes into the
vagina, followed by expulsion of an immature fetus. Unless effectively treated, this sequence may repeat in future pregnancies.

Unfortunately, women with pregnancies that abort in the second trimester often have histories and clinical findings that make
it difficult to distinguish true cervical incompetence from other causes of midtrimester pregnancy loss. Almost 1300 women
with nonclassical histories of cervical incompetence were studied in a randomized trial that had as its primary outcome delivery
before 33 weeks. Cerclage was found to be beneficial, albeit marginally, in that 13 percent of women in the cerclage group
delivered prior to 33 weeks versus 17 percent in the noncerclage group (MacNaughton and colleagues, 1993). Thus, for every
25 cerclage procedures, one birth prior to 33 weeks was prevented.

Currently, interest is focused on the use of transvaginal ultrasound to aid in diagnosing cervical incompetence. Multiple studies
have demonstrated that certain features of the cervix, primarily cervical length, when measured in the mid-second trimester,
may predict preterm delivery. Another feature termed funneling R— ballooning of the membranes into a dilated internal os,
but with a closed external os %*—also has been assessed (Owen and associates, 2003).



The clinical relevance of these cervical features, however, is uncertain. Three randomized cerclage trials that included women
found by transvaginal ultrasound to have either cervical shortening or funneling reported conflicting results. Rust and
colleagues (2001) randomized 113 women with a cervical length of less than 25 mm, or with substantial funneling, to undergo
either cerclage or expectant management. The incidence of preterm birth was 35 percent in the cerclage group and 36 percent
in the control group. Similarly, To and colleagues (2004) reported that following their randomized trial involving cerclage
placement in 253 women, the risk of early preterm birth was not significantly reduced. The results of a smaller randomized
European trial of 35 women suggested that cerclage might be beneficial (Althuisius and colleagues, 2001).

Unless ongoing studies demonstrate compellingly that cerclage performed for ultrasonographically diagnosed cervical
abnormalities prevents preterm delivery, the use of ultrasound to diagnose cervical incompetence is not recommended.

ETIOLOGY. Although the cause of cervical incompetence is obscure, previous trauma to the cervix R— especially in the course
of dilatation and curettage, conization, cauterization, or amputation "— appears to be a factor in some cases. In other
instances, abnormal cervical development, including that following exposure to diethylstilbestrol in utero, may play a role (see
Chap. 40, p. 957).

TREATMENT. The treatment of classical cervical incompetence is cerclage. The operation is performed to surgically reinforce
the weak cervix by some type of purse-string suturing. Bleeding, uterine contractions, or ruptured membranes are usually
contraindications to cerclage.

Preoperative Evaluation. Sonography to confirm a living fetus and to exclude major fetal anomalies should precede
cerclage. Preoperatively, cervical specimens are tested for gonorrhea and chlamydia. If positive, or if there are other obvious
cervical infections, treatment is given. For at least a week before and after surgery, sexual intercourse should be restricted.

Cerclage may be performed prophylactically before cervical dilatation, or emergently after the cervix has dilated. Although
prophylactic surgery generally is performed between 12 and 16 weeks, experts disagree as to how late emergency cerclage
should be performed. The more advanced the pregnancy, the more likely the risk that surgical intervention will stimulate
preterm labor or membrane rupture. We usually do not perform cerclage after about 23 weeks, although others have done so
(Caruso and associates, 2000; Terkildsen and colleagues, 2003).

In a 10-year review of 75 emergency cerclage procedures, Chasen and Silverman (1998) reported that 65 percent of infants
were delivered at 28 weeks or later, and half delivered after 36 weeks. Only 44 percent of cases with bulging membranes at
the time of cerclage reached 28 weeks. Caruso and associates (2000) reported their experience with emergency cerclage from
17 to 27 weeks in 23 women, all with a dilated cervix and protruding membranes. Because only 11 liveborn infants resulted,
they concluded that success was unpredictable. Based on their 20-year experience with 116 women undergoing emergency
cerclage, Terkildsen and colleagues (2003) reported that nulliparous women and those with bulging membranes were
significantly more likely to be delivered before 28 weeks. Paradoxically, cerclage after 22 weeks was associated with a better
chance of delivery beyond 28 weeks.

If the clinical indication for cerclage is questionable, these women may be advised to decrease physical activity and abstain
from intercourse. Cervical examinations are performed each week or every 2 weeks to assess cervical effacement and
dilatation. Unfortunately, rapid effacement and dilatation can develop despite such precautions (Witter, 1984).

Cerclage Procedures. Two types of vaginal operations commonly are used during pregnancy. One is the simple procedure,
developed by McDonald (1963) and shown in Figure 9-4. The second, a more complicated operation shown in Figure 9-5, is a
modification of the original procedure described by Shirodkar (1955). Compared with historical controls, women with classical
histories of cervical incompetence have success rates approaching 85 to 90 percent when either technique is performed
prophylactically (Caspi and associates, 1990; Kuhn and Pepperell, 1977). For these reasons, most practitioners reserve the
modified Shirodkar procedure for women with a previous failure of the McDonald cerclage or those with structural cervical
abnormalities.

During emergency cerclage, moving the prolapsed amnionic sac back into the uterus may facilitate suture placement (Locatelli
and associates, 1999). In some cases, filling the bladder with 600 mL of sterile saline through an indwelling Foley catheter will
reduce prolapsing membranes. Unfortunately, this maneuver also can carry the cervix cephalad, away from the operating field.
Alternatively, placing a Foley catheter with a 30-mL balloon through the cervix and inflating the balloon will deflect the
amnionic sac cephalad. The balloon is then deflated gradually as the cerclage stitch is cinched tight.

Transabdominal cerclage with the suture placed at the uterine isthmus is used in some cases of severe anatomical defects of
the cervix or cases of prior transvaginal cerclage failure (Cammarano and colleagues, 1995; Gibb and Salaria, 1995). In a
review of 14 retrospective reports, Zaveri and associates (2002) concluded that when a prior transvaginal cerclage failed to
prevent preterm delivery, the risk of perinatal death or delivery prior to 24 weeks following transabdominal cerclage (6
percent) was only slightly lower than the risk following repeat transvaginal cerclage (13 percent). Importantly, 3 percent of
women who underwent transabdominal cerclage had serious operative complications, whereas there were none in women in
the transvaginal group. Although transabdominal cerclage has been performed through the laparoscope, it generally requires
laparotomy for initial suture placement and subsequent laparotomy for removal of the suture, for delivery of the fetus, or both.

COMPLICATIONS. Charles and Edward (1981) identified complications, especially infection, to be less frequent when cerclage
was performed by 18 weeks. In the large trial of MacNaughton and colleagues (1993), membrane rupture complicated only 1
of over 600 procedures. Cerclage was associated with higher rates of subsequent hospitalization and tocolysis, as well as a
doubling of the incidence of puerperal fever %— 6 percent versus 3 percent. Thomason and co-workers (1982) found that
prophylactic antimicrobials failed to prevent most infection and tocolytics failed to halt most labor. With clinical infection, the
suture should be cut, and labor induced or augmented if necessary. Similarly, if signs of imminent abortion or delivery develop,
the suture should be released at once. Failure to do so may enable vigorous uterine contractions to tear the uterus or cervix.

Membrane rupture during suture placement or within the first 48 hours following surgery is considered by some practitioners to
be an indication to remove the cerclage. Kuhn and Pepperell (1977) reported that membrane rupture in the absence of labor
increased the likelihood of serious fetal or maternal infection if the suture was left in situ and delivery delayed. Still, the range
of management options spans from observation, to removal of the cerclage and observation, to removal of the cerclage and



labor induction (Barth, 1995). Insufficient data limit firm recommendations, and the optimal management of such patients
remains controversial (O'Connor and associates, 1999).

Following the modified Shirodkar operation, the suture may be left in place, and delivery affected by cesarean. Conversely, it
may be removed, and vaginal delivery permitted.
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Figure 9-4. McDonald cerclage procedure for incompetent cervix. A. Start of the
cerclage procedure with a suture of number 2 monofilament being placed in the
body of the cervix very near the level of the internal os. B. Continuation of suture
placement in the body of the cervix so as to encircle the os. C. Completion of
encirclement. D. The suture is tightened around the cervical canal sufficiently to
reduce the diameter of the canal to 5 to 10 mm, and then the suture is tied. The
effect of the suture placement on the cervical canal is apparent. Placement
somewhat higher may be of value, especially if the first is not in close proximity to
the internal os.
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Figure 9-5. Modified Shirodkar cerclage for incompetent cervix. A. A transverse
P"j incision is made in the mucosa overlying the anterior cervix, and the bladder is
'E:_{ pushed cephalad. B. A 5-mm Mersiline tape on a Mayo needle is passed anteriorly to

the cervix. Allis clamps placed so as to bunch the cervical tissue to diminish the
distance the needle must travel submucosally facilitate placement of the tape. D.
The tape is snugly tied anteriorly, after ensuring that all slack has been taken up.
The cervical mucosa is then closed with a continuous chromic suture to bury the
anterior Mersilene knot.

g- posteriorly. C. The tape is then directed posteriorly to anteriorly on the other side of

PATE RNAL FACTORS. Little is known about paternal factors in the genesis of spontaneous abortion. Certainly,
chromosomal abnormalities in sperm have been associated with abortion (Carrell and colleagues, 2003).

CATEGORIES OF SPONTAN EOUS ABORTION. The clinical aspects of spontaneous abortion

separate into five subgroups: threatened, inevitable, complete or incomplete, missed, and recurrent abortion.

Threatened Abortion. The clinical diagnosis of threatened abortion is presumed when a bloody vaginal discharge or bleeding
appears through a closed cervical os during the first half of pregnancy. Occurring commonly, vaginal spotting or heavier
bleeding during early gestation may persist for days or weeks and may affect one out of four or five pregnant women. Overall,
approximately half of these pregnancies will abort, although the risk is substantially lower if fetal cardiac activity can be
documented (Tongsong and colleagues, 1995). Even without abortion, these fetuses are at increased risk for preterm delivery,
low birthweight, and perinatal death (Batzofin, 1984; Funderburk, 1980; Weiss, 2004, and their colleagues). Importantly, the
risk of a malformed infant does not appear to be increased.

Some bleeding near the time of expected menses may be physiological. Cervical lesions commonly bleed in early pregnancy,
especially after intercourse. Polyps presenting at the external cervical os and decidual reaction in the cervix also tend to bleed
in early gestation. Lower abdominal pain and persistent low backache do not accompany bleeding from these benign causes.

Bleeding usually begins first, and cramping abdominal pain follows a few hours to several days later. The pain of abortion may
manifest as anterior and clearly rhythmic cramps; as a persistent low backache, associated with a feeling of pelvic pressure; or
as a dull, midline, suprapubic discomfort. Whichever form the pain takes, the combination of bleeding and pain predicts a poor
prognosis for pregnancy continuation.

Because ectopic pregnancy, ovarian torsion, and the other types of abortion may mimic threatened abortion, the threshold to
examine women with vaginal bleeding and pain should be low. If the bleeding is persistent or heavy, a hematocrit should be
obtained. If blood loss is sufficient to cause significant anemia or hypovolemia, uterine evacuation is done.

There are no effective therapies for threatened abortion. Bed rest, although often prescribed, does not alter the course of
threatened abortion. Acetaminophen-based analgesia may be given to help relieve the pain. As discussed in Chapter 10 (see p.
259), vaginal sonography, serial serum quantitative human chorionic gonadotropin (hCG) levels, and serum progesterone
values, used alone or in various combinations, can help ascertain if the fetus is alive and its location. None of these tests,
however, especially early in gestation, is 100 percent accurate to confirm fetal death; thus, repeat evaluations over 1 or 2
weeks may be necessary. Ectopic pregnancy should always be considered in the differential diagnosis of threatened
abortion.

ANTI-D IMMUNOGLOBULIN. We as well as others recommend treatment of D-negative women with anti-D immunoglobulin
after abortion because up to 5 percent of D-negative women will become isoimmunized without it (see Chap. 29, p. 663). In D-
negative women with threatened abortion, this practice is controversial, because it lacks evidence-based support (American
College of Obstetricians and Gynecologists, 1999; Weissman and associates, 2002).

Inevitable Abortion. Gross rupture of the membranes, evidenced by leaking amnionic fluid, in the presence of cervical
dilatation signals almost certain abortion. Commonly, either uterine contractions begin promptly, resulting in abortion, or
infection develops. Rarely, a gush of fluid from the uterus during the first half of pregnancy is without serious consequence.
The fluid may have collected previously between the amnion and chorion. Thus, if a sudden discharge of fluid in early



pregnancy occurs before any pain, fever, or bleeding, the woman may be put to bed and observed. If after 48 hours no
additional amnionic fluid has escaped, and there is no bleeding, pain, or fever, she may resume her usual activities except for
any form of vaginal penetration. If, however, the gush of fluid is accompanied or followed by bleeding, pain, or fever, abortion
should be considered inevitable and the uterus emptied.

Complete and Incomplete Abortion. When the placenta, in whole or in part, detaches from the uterus, bleeding ensues.
Following complete detachment and expulsion of the conceptus, termed complete abortion, the internal cervical os closes.
During incomplete abortion, however, the internal cervical os remains open and allows passage of blood. The fetus and
placenta may remain entirely in utero or may partially extrude through the dilated os. Incomplete abortion may or may not
require additional cervical dilatation before curettage. In many cases, retained placental tissue simply lies loosely in the
cervical canal, allowing easy extraction from an exposed external os with ring forceps. Suction curettage, as described later,
effectively evacuates the uterus. In clinically stable women, expectant management also can be a reasonable option (Blohm
and colleagues, 2003).

Hemorrhage from the incomplete abortion of a more advanced pregnancy, though rarely fatal, is occasionally severe.
Therefore, in women with more advanced pregnancies or with heavy bleeding, evacuation should proceed promptly. Fever
should not prohibit curettage once appropriate antimicrobials have been administered (see p. 247).

Missed Abortion. In this case, the uterus retains dead products of conception behind a closed cervical os for days or even
weeks. In the typical instance, early pregnancy appears to be normal, with amenorrhea, nausea and vomiting, breast changes,
and growth of the uterus. After fetal death, there may or may not be vaginal bleeding or other symptoms of threatened
abortion. For days or weeks, the uterus remains stationary in size, but then gradually becomes smaller. Mammary changes
usually regress, and women often lose a few pounds. Many women have no symptoms during this period except persistent
amenorrhea. If the missed abortion terminates spontaneously, and most do, the process of expulsion is the same as in any
abortion.

After death of the conceptus, management can be individualized, depending on individual circumstances. Expectant, medical,
and surgical approaches can all be reasonable options, each with its own merits and disadvantages. Surgery is generally
definitive and predictable but is invasive and is not necessary for all women. Expectant and medical management spare some
women from curettage, but are associated with unpredictable bleeding and, in some women, the need for unscheduled
surgery. These approaches may require more follow-up, may cause significant pain, and may carry time delays, all or one of
which some women may not accept.

Nielsen and Hahlin (1995) performed a randomized study comparing expectant management with curettage for missed
abortions earlier than 13 weeks. Spontaneous resolution occurred within 3 days in 80 percent of women treated
conservatively, although vaginal bleeding averaged 1 day longer. Complications were similar between the groups. Luise and
colleagues (2002), in an observational study of almost 1100 women with suspected first-trimester abortion, reported
spontaneous resolution in 81 percent. In this study, compared with the report by Nielsen and Hahlin (1995), however,
pregnancies were aborted later, and only half of those with a fetal pole or gestational sac aborted within 2 weeks of diagnosis.

Muffley and colleagues (2002) randomized 50 women with pregnancy failure prior to 12 weeks either to dilatation and
curettage, or to 800 pg of misoprostol placed in the posterior vaginal fornix and repeated in 24 hours if necessary. Failure of
medical therapy, defined as retained gestational sac at 48 hours, occurred in 60 percent of those treated medically. There were
no differences between groups in hematocrit level changes or in the time to disappearance of serum hCG levels. One woman in
the misoprostol group returned 6 hours after initial dosing with profuse vaginal bleeding.

In another randomized trial, Chung and colleagues (1999) reported that approximately 50 percent of the group given medical
treatment subsequently required surgical evacuation. Following abortion completion with medical therapy, vaginal or
abdominal ultrasound can be used to document an empty uterine cavity. If significant amounts of material remain within the
uterine cavity, curettage should follow.

In some cases after prolonged retention of a dead fetus, serious coagulation defects develop and are more likely if there is
fetal death after midpregnancy. Coagulopathies may cause troublesome maternal bleeding from the nose, gums, and sites of
slight trauma. The pathogenesis and treatment of these defects are considered in Chapter 35 (see p. 843).

Recurrent Abortion. Defined by various criteria of humber and sequence, recurrent abortion in its generally accepted
definition refers to three or more consecutive spontaneous abortions. In the majority of cases, repeated spontaneous abortions
are likely to be chance phenomena. Accepting an independent risk of spontaneous abortion occurrence to be 15 percent, a
second loss could be calculated to occur at a rate of 2.3 percent and a third loss at a rate of 0.34 percent. Confirming this, a
study of women physicians reported the occurrences of one, two, and three miscarriages to be 10.4, 2.3, and 0.34 percent,
respectively (Alberman, 1988).

The American College of Obstetricians and Gynecologists (2001a) recognizes only two types of tests as having clear value in
the investigation of recurrent miscarriage: (1) parental cytogenetic analysis, and (2) lupus anticoagulant and anticardiolipin
antibodies assays (see p. 235). Cytogenetics, in addition to providing a potential explanation for the abortions, may identify
couples at risk of giving birth to an infant with a deleterious unbalanced chromosomal translocation. Thrombophilia antibody
assays rarely identify a treatable condition (see p. 236).

PROGNOSIS. The majority of women who attempt pregnancy after being diagnosed with recurrent abortion will have
successful outcomes, with or without treatment. Warburton and Fraser (1964) reported that the likelihood of recurrent
abortion was 25 to 30 percent regardless of the number of previous abortions. Poland and associates (1977) noted that if a
woman with this diagnosis had previously delivered a liveborn infant, the risk for subsequent recurrent abortion was
approximately 30 percent. If, however, a woman had no liveborn infants, and had at least one spontaneous fetal loss, the risk
of abortion was 46 percent.

INDUCED ABORTION



Induced abortion is the medical or surgical termination of pregnancy before the time of fetal viability. In 2000, a total of
857,475 legal abortions were reported to the Centers for Disease Control and Prevention (2003). These numbers are
underestimated because clinics inconsistently report medically induced abortions. Of those reported, about 20 percent involved
women aged 19 years or younger, and the majority were younger than 25 years, white, and unmarried. Almost 60 percent of
induced abortions were performed during the first 8 weeks, and 88 percent during the first 12 weeks of pregnancy.

HISTORY OF ABORTION. until the United States Supreme Court decision of 1973, only therapeutic

abortions could be performed legally in most states. The most common legal definition of therapeutic abortion until then was
termination of pregnancy before the period of fetal viability for the purpose of saving the life of the mother. A few states
extended their laws to read "to prevent serious or permanent bodily injury to the mother" or "to preserve the life or health of
the woman." Some states allowed abortion if a pregnancy was likely to result in the birth of an infant with grave
malformations.

The stringent abortion laws in effect prior to 1973 were of fairly recent origin. Abortion before quickening %*— the first definite
perception of fetal movement, which most often occurs between 16 and 20 weeks' gestation R"— was either lawful or widely
tolerated in both the United States and Great Britain until 1803. In that year, as part of a general restructuring of British
criminal law, a statute was enacted that made all induced abortions regardless of gestational age illegal. The Roman Catholic
Church's traditional prohibition of abortion did not receive the ultimate sanction of universal law (excommunication) until 1869
(Pilpel and Norwich, 1969).

In this country, it was not until 1821 that Connecticut enacted the first abortion law. Subsequently, abortion became illegal
throughout the United States except to save the life of the mother. Because therapeutic abortion to save the life of the woman
is rarely necessary or definable, it follows that the great majority of such operations previously performed in this country went
beyond legal boundaries. Borgmann and Jones (2000) have extensively reviewed these legal issues.

INDICATIONS. Some indications for therapeutic abortion are discussed with the diseases that commonly lead to
the operation. Well-documented indications include persistent heart disease after cardiac decompensation, advanced
hypertensive vascular disease, and invasive carcinoma of the cervix. In addition to medical and surgical disorders that may be
an indication for termination of pregnancy, there are others. Certainly, in cases of rape or incest, most authorities consider
termination to be indicated. Another commonly cited indication is to prevent a viable birth of a fetus with a significant
anatomical or mental deformity. The seriousness of fetal deformities is wide ranging and frequently defies social or legal
classification.

ELECTIVE (VOLU NTARY) ABORTION. Eective or voluntary abortion is the interruption of

pregnancy before viability at the request of the woman but not for reasons of impaired maternal health or fetal disease. Most
abortions performed today fall into this category. Approximately one pregnancy is electively aborted for every four live births
delivered in the United States (Ventura and colleagues, 2003). The Executive Board of the American College of Obstetricians
and Gynecologists (2000) supports the right of women to choose abortion and considers this a medical matter between the
woman and her physician.

In 1973, the United States Supreme Court legalized abortion. Several Supreme Court decisions in the history of abortion merit
explanation.

Roe v Wade. The legality of elective abortion was established by the Supreme Court in its 1973 decision in Roe v Wade. It
defined the extent to which states might regulate abortion:

1. For the stage prior to approximately the end of the first trimester, the abortion decision and its effectuation must be left to
the medical judgment of the attending physician.

2. For the stage subsequent to approximately the end of the first trimester, the State, in promoting its interest in the health of
the mother, may, if it chooses, regulate the abortion procedures in ways that are reasonably related to maternal health.

3. For the stage subsequent to viability, the State, in promoting its interest in the potential of human life, may, if it chooses,
regulate, and even proscribe, abortion, except where necessary, in appropriate medical judgment, for the preservation of the
life or health of the mother.

Webster v Reproductive Health Services. Since the Roe v Wade decision, many different pieces of legislation have been
introduced at both the state and national level, and some enacted, to regulate or even dismantle its three provisions. All such
attempts were unsuccessful until the United States Supreme Court ruled in the 1989 case Webster v Reproductive Health
Services that states could place restrictions interfering with the provision of abortion services on such items as waiting periods,
specific informed consent requirements, parental or spousal notification, and hospital requirements. Based on this decision,
numerous restrictions now limit choice and access to abortion services. A more recent choice-limiting decision is the federal
law banning the poorly defined "partial birth abortion" (see p. 243). At least two federal courts ®— June 2004 in San Francisco
and August 2004 in New York :*— have ruled the law unconstitutional.

In its statement on abortion policy, the American College of Obstetricians and Gynecologists (2000) affirmed: The intervention
of legislative bodies into medical decision making is inappropriate, ill advised, and dangerous.

Counseling Before Elective Abortion. Three choices available to a woman considering an abortion include continued
pregnancy with its risks and parental responsibilities; continued pregnancy with its risks and its responsibilities of arranged
adoption; or the choice of abortion with its risks. Knowledgeable and compassionate counselors should objectively describe and
provide information about these choices.

Abortion can be performed either medically or surgically (Table 9-2), and each has distinctive clinical features (Table 9-3).
Stubblefield and colleagues (2004) summarized in detail many abortion techniques.



Surgical Techniques for Abortion. A pregnancy may be removed surgically through an appropriately dilated cervix or
transabdominally by either hysterotomy or hysterectomy.

DILATATION AND CURETTAGE. Transcervical approaches to surgical abortion require first dilating the cervix and then
evacuating the pregnancy by mechanically scraping out the contents (sharp curettage), by suctioning out the contents (suction
curettage), or both. Vacuum aspiration, the most common form of suction curettage, requires a rigid cannula attached to an
electric-powered vacuum source. Alternatively, manual vacuum aspiration uses a similar cannula that attaches to a handheld
syringe for its vacuum source (Goldberg and associates, 2004). The likelihood of complications increases after the first
trimester. These include uterine perforation, cervical laceration, hemorrhage, incomplete removal of the fetus and placenta,
and infections. Accordingly, sharp or suction curettage should be performed before 14 to 15 weeks.

Beginning at 16 weeks, fetal size and structure dictate use of the dilatation and evacuation (D & E) technique. Wide mechanical
cervical dilatation, achieved with metal or hygroscopic dilators, precedes mechanical destruction and evacuation of fetal parts.
With complete removal of the fetus, a large-bore vacuum curette is used to remove the placenta and remaining tissue.

A dilatation and extraction (D & X) is similar to a dilatation and evacuation except that suction evacuation of the intracranial
contents after delivery of the fetal body through the dilated cervix facilitates extraction and minimizes uterine or cervical injury
from instruments or fetal bones. In political parlance, this procedure has been termed partial birth abortion.

Antimicrobial prophylaxis should be provided to all women undergoing a transcervical surgical abortion. Based on their review
of 11 randomized trials, Sawaya and associates (1996) concluded that antimicrobials decreased the risk of infection by
approximately 40 percent. No one regimen appears superior. One convenient, inexpensive, and effective regimen is
doxycycline, 100 mg orally before the procedure and 200 mg orally after.

In the absence of maternal systemic disease, abortion procedures do not require hospitalization. When abortion is performed
outside a hospital setting, capabilities for cardiopulmonary resuscitation and for immediate transfer to a hospital must be
available.

Hygroscopic Dilators. Trauma from mechanical dilatation can be minimized by using devices that slowly dilate the cervix.
These devices, called hygroscopic dilators, draw water from cervical tissues and expand, gradually dilating the cervix. One type
of hygroscopic dilators originates from the stems of Laminaria digitata or Laminaria japonica, a brown seaweed (Fig. 9-6). The
stems are cut, peeled, shaped, dried, sterilized, and packaged according to size R"— small, 3 to 5 mm in diameter; medium, 6
to 8 mm; and large, 8 to 10 mm. The strongly hygroscopic laminaria presumably act by drawing water from proteoglycan
complexes, causing the complexes to dissociate, and thereby allowing the cervix to soften and dilate.

Synthetic hygroscopic dilators, such as Lamicel, a polyvinyl alcohol polymer sponge impregnated with anhydrous magnesium
sulfate, also effectively dilate the cervix (Nicolaides and co-workers, 1983).

An interesting dilemma is presented by the woman who has a hygroscopic dilator placed overnight preparatory to elective
abortion, but who then changes her mind. Schneider and associates (1991) described this in 7 first-trimester and 14 second-
trimester pregnancies. Four patients returned to their original decision and aborted their pregnancies. Of the remaining 17,
there were 14 term deliveries, 2 preterm deliveries, and 1 spontaneous abortion 2 weeks later. None of the patients suffered
infectious morbidity, including three untreated women with cervical cultures positive for chlamydia. In spite of this generally
reassuring report, an attitude of irrevocability with regard to dilator placement and abortion seems prudent.

Technique for Insertion. The cervix is cleansed with povidone-iodine solution and is grasped anteriorly with a tenaculum. A
laminaria of the appropriate size is then inserted using a uterine packing forceps so that the tip rests at the level of the internal
os (see Fig. 9-6). After 4 to 6 hours, the laminaria will have swollen and will have dilated the cervix sufficiently to allow easier
mechanical dilatation and curettage. Cramping frequently accompanies expansion of the laminaria.

Prostaglandins. As an alternative to hygroscopic dilators, various prostaglandin preparations may be placed into the posterior
vaginal fornix to facilitate subsequent dilatation. MacIsaac and colleagues (1999) randomized women to 400 ug of misoprostol
placed vaginally 4 hours before first-trimester abortion versus laminaria placement. Misoprostol effected equal or greater
dilatation, caused less pain on insertion, and produced similar side effects. It is important to emphasize that this 400-ug dose
is far in excess of oral or vaginal dosing for labor induction (see Chap. 22, p. 538).

Technique for Dilatation and Curettage. A bimanual examination is performed to determine the size and orientation of the
uterus. After speculum insertion, the cervix is swabbed with povidone-iodine or equivalent solution and the anterior cervical lip
is grasped with a toothed tenaculum. A local anesthetic, such as 5 mL of 1 or 2 percent lidocaine, is injected bilaterally into the
cervix. Alternatively, a paracervical block may be used with dilute vasopressin added to the local anesthetic to decrease blood
loss (Keder, 2003).

If required, the cervix is further dilated with Hegar or Pratt dilators until a suction cannula of the appropriate diameter can be
inserted. Choosing the most appropriately sized cannula balances competing factors: small cannulas carry the risk of retained
intrauterine tissue postoperatively, whereas large cannulas risk cervical injury and more discomfort. The fourth and fifth
fingers of the hand introducing the dilator should rest on the perineum and buttocks as the dilator is pushed through the
internal os (Fig. 9-7). This technique minimizes forceful dilatation and provides a safeguard against uterine perforation. Uterine
sounding measures the depth and inclination of the uterine cavity prior to cannula insertion. The suction cannula is moved
toward the fundus, then back toward the os and is turned circumferentially to cover the entire surface of the uterine cavity.
When no more tissue is aspirated, a gentle sharp curettage should follow to remove any remaining placental or fetal
fragments.

Because uterine perforations rarely occur on the downstroke of instrumentation, and characteristically occur on the insertion of
any instrument into the uterus, manipulations should be carried out with the thumb and forefinger only (Fig. 9-8). If beyond
16 weeks' gestation, the fetus is extracted, usually in parts, using Sopher forceps and other destructive instruments. Risks
include uterine perforation, cervical laceration, and uterine bleeding due to the larger fetus and placenta and to the thinner
uterine walls. Morbidity can be minimized if (1) the cervix is adequately dilated before attempting to remove the products of
conception, (2) instruments are introduced into the uterus and manipulated without force, and (3) all tissue is removed.



Complications. The incidence of uterine perforation associated with elective abortion varies. Two important determinants are
the skill of the physician and the position of the uterus, with a much greater likelihood of perforation if the uterus is
retroverted. Accidental uterine perforation usually is recognized easily when the instrument passes without resistance deep
into the pelvis. Observation may be sufficient if the uterine perforation is small, as when produced by a uterine sound or
narrow dilator.

Considerable intra-abdominal damage can be caused by instruments, especially suction and sharp curettes, passed through a
uterine defect into the peritoneal cavity (Keegan and Forkowitz, 1982). In this circumstance, laparotomy to examine the
abdominal contents is often the safest course of action. Depending on the circumstances, laparoscopy may be substituted.
Unrecognized bowel injury can cause severe peritonitis and sepsis (Kambiss and associates, 2000).

Some women may develop cervical incompetence or uterine synechiae following dilatation and curettage. Rarely, abortion
performed by curettage on more advanced pregnancies may induce sudden, severe consumptive coagulopathy, which can
prove fatal. Those contemplating abortion should understand the potential for these rare but serious complications.

MENSTRUAL ASPIRATION. Aspiration of the endometrial cavity using a flexible 5- or 6-mm Karman cannula and attached
syringe within 1 to 3 weeks after a missed menstrual period has been referred to as menstrual extraction, menstrual induction,
instant period, traumatic abortion, and mini-abortion. At this early stage of gestation, pregnancy can be misdiagnosed, an
implanted zygote can be missed by the curette, ectopic pregnancy can be unrecognized, or infrequently, a uterus can be
perforated. Even so, Paul and associates (2002) reported a 98-percent success rate in more than 1000 women who underwent
this procedure. A positive pregnancy test will eliminate a needless procedure on a nonpregnant woman whose period has been
delayed for other reasons.

To identify placenta in the aspirate, Maclsaac and Darney (2000) recommend that the syringe contents be rinsed in a strainer
to remove blood, then placed in a clear plastic container with saline and examined with back lighting. Placental tissue
macroscopically appears soft, fluffy, and feathery. A magnifying lens, colposcope, or microscope also can improve visualization.

LAPAROTOMY. In a few circumstances, abdominal hysterotomy or hysterectomy for abortion is preferable to either curettage
or medical induction. If significant uterine disease is present, hysterectomy may provide ideal treatment. Either hysterotomy
with tubal ligation or, on occasion, hysterectomy may be indicated for women who desire pregnancy termination and
sterilization. At times, a failed medical induction during the second trimester may necessitate hysterotomy or hysterectomy.

Medical Induction of Abortion. Throughout history, many naturally occurring substances have been tried as abortifacients.
Most often, serious systemic illness or even death has resulted rather than abortion. Even today, only a few effective, safe
abortifacient drugs are used.

EARLY ABORTION. According to the American College of Obstetricians and Gynecologists (2001b), outpatient medical
abortion is an acceptable alternative to surgical abortion in appropriately selected women with pregnancies of less than 49
days' gestation. Beyond this point, the available data, though less robust, support surgical abortion as a preferable method of
early abortion. Three medications for early medical abortion have been widely studied and used: the antiprogestin
mifepristone, the antimetabolite methotrexate, and the prostaglandin misoprostol. These agents cause abortion by increasing
uterine contractility, either by reversing the progesterone-induced inhibition of contractions (mifepristone and methotrexate),
or by stimulating the myometrium directly (misoprostol).

Various dosing schemes have proven effective (Table 9-4). Mifepristone or methotrexate is administered initially, and followed
after some time interval by misoprostol. Methotrexate and misoprostol are teratogens. Their use thus requires a commitment
on the part of both patient and caregiver to complete the abortion, even if surgical evacuation becomes necessary.

Contraindications to medical abortion have evolved from the exclusion criteria of various medical abortion trials. In addition to
specific allergies to the medicines, they have included an in situ intrauterine device, severe anemia, coagulopathy or
anticoagulant use, and significant medical conditions, such as active liver disease, cardiovascular disease, and uncontrolled
seizure disorders. Additionally, because misoprostol can lower glucocorticoid activity, women with adrenal disease or with
disorders requiring glucocorticoid therapy should be excluded (American College of Obstetricians and Gynecologists, 2001b).
Women contemplating medical abortion should receive thorough counseling regarding the risks, benefits, and requirements of
both medical and surgical approaches.

With the mifepristone regimen, according to the Food and Drug Administration package labeling, the misoprostol is to be
provider-administered. Afterward, the woman typically remains in the office for 4 hours, although her activity is not restricted.
If the products of conception appear to have been expelled, she is examined to confirm expulsion. If during observation the
conceptus does not appear to have been expelled, a pelvic examination is performed before discharge and the woman is
rescheduled for an appointment in 1 to 2 weeks. At this later appointment, if both history and physical examination or
ultrasound fail to confirm completed abortion, a suction procedure usually is performed.

In regimens employing methotrexate, women typically are seen at least 24 hours after misoprostol administration, and
approximately 7 days after methotrexate administration, at which time an ultrasound examination is performed. If the
pregnancy persists, another dose of misoprostol is given, and the woman is seen again in 1 week if fetal cardiac activity is
present, or in 4 weeks if there is no fetal cardiac activity. If, by the second visit, abortion has not occurred, it usually is
completed by suction curettage (American College of Obstetricians and Gynecologists, 2001b).

Bleeding and cramping with medical termination can be significantly worse than symptoms experienced with menses. Adequate
pain medication, usually including a narcotic, should be provided. According to the American College of Obstetricians and
Gynecologists (2001b), soaking two pads or more per hour for at least 2 hours is a threshold at which the woman should be
instructed to contact her provider to determine whether she needs to be seen.

Early medical abortion is highly effective 3— 90 to 98 percent of women will not require surgical intervention (Kahn and
associates, 2000). According to Hausknecht (2003), when mifepristone was given with misoprostol to 80,000 women for
medical abortion, only 139 complications were reported to the manufacturer. Unnecessary surgical intervention in women



undergoing medical abortion can be avoided if ultrasound results are interpreted appropriately. Specifically, if no gestational
sac is present, in the absence of heavy bleeding, intervention in most women is unnecessary. This is true even when, as is
common, the uterus contains ultrasonographically evident debris (Cowett and associates, 2004).

SECOND-TRIMESTER ABORTION. Invasive means of second-trimester medical abortion have long been available (see Table
9-2). In the past decade, however, the ability to safely and effectively accomplish noninvasive second-trimester abortion has
evolved considerably. Principal among these noninvasive methods are high-dose intravenous oxytocin and vaginal
prostaglandin administration, including prostaglandin E2 suppositories and prostaglandin E1 (misoprostol) pills. Regardless of

method, laminaria placement as shown in Figure 9-6 will shorten the duration (Stubblefield and colleagues, 1975).

Oxytocin. Given as a single agent in high doses, oxytocin will effect second-trimester abortion in 80 to 90 percent of cases.
For more than 15 years, the regimen shown in Table 9-5 has been used with a high degree of safety and effectiveness at the
University of Alabama. By always mixing the oxytocin in an isotonic solution such as normal saline, and avoiding excessive
administration of dilute intravenous solutions, we have not observed hyponatremia or water intoxication.

Prostaglandin E2. Suppositories of 20-mg prostaglandin E2 placed in the posterior vaginal fornix are a simple and effective

means of effecting second-trimester abortion. This method is not more effective than high-dose oxytocin, and it causes more
frequent side effects such as nausea, vomiting, fever, and diarrhea (Owen and associates, 1992). If prostaglandin E, is used,

an antiemetic such as metoclopramide, an antipyretic such as acetaminophen, and an antidiarrheal such as
diphenoxylate/atropine are given either to prevent or to treat symptoms.

Prostaglandin E,. Misoprostol can be used easily and inexpensively as a single agent for second-trimester pregnancy

termination. In their randomized trial, Ramsey and co-workers (2004) administered misoprostol, 600 ug vaginally followed by
400 pg every 4 hours, and reported that this effected abortion significantly faster than concentrated oxytocin given in
combination with prostaglandin E,-median time to abortion 12 versus 17 hours, respectively. Misoprostol achieved abortion

within 24 hours in 95 percent of women compared with 85 percent in the other group. Importantly, only 2 percent of women in
the misoprostol group required curettage for retained placenta compared with 15 percent in the oxytocin/prostaglandin E,

group.

The safety of medically induced second-trimester abortion after a previous cesarean delivery was reported by Boulot and
associates (1993). At a mean gestational age of almost 24 weeks, 20 of 23 fetuses aborted. At hysterotomy in the three
treatment failures, there was one uterine rupture that was successfully repaired. Chapman and colleagues (1996) reported a
uterine rupture rate of 3.8 percent in 79 women with a prior cesarean delivery undergoing medical termination at a mean
gestational age of 21 weeks.

Figure 9-6. Insertion of laminaria prior to dilatation and curettage. A. Laminaria
immediately after being appropriately placed with its upper end just through the
internal os. B. Several hours later the laminaria is now swollen, and the cervix is
dilated and softened. C. Laminaria inserted too far through the internal os; the
laminaria may rupture the membranes. D. Laminaria not inserted far enough to
dilate the internal os.

Figure 9-7. Dilatation of cervix with a Hegar dilator. Note that the fourth and fifth
fingers rest against the perineum and buttocks, lateral to the vagina. This maneuver
is a most important safety measure because if the cervix relaxes abruptly, these
fingers prevent a sudden and uncontrolled thrust of the dilator, a common cause of
uterine perforation.

Figure 9-8. Introduction of a sharp curet. Note that the instrument is held with the
thumb and forefinger; in the upward movement of the curet, only the strength of
these two fingers should be used.

CONSEQUENCES OF ELECTIVE ABORTION

Maternal Mortality. Legally induced abortion, performed by trained gynecologists, especially when performed during the first
2 months of pregnancy, has a mortality rate of only 0.7 per 100,000 procedures (Bartlett and co-workers, 2004; Gissler and
associates, 2004; Grimes, 1994). The relative risk of dying as the consequence of abortion approximately doubles for each 2

weeks after 8 weeks' gestation.

Impact on Future Pregnancies. In a scholarly review of the impact of elective abortion on subsequent pregnancy outcome,
Hogue (1986) summarized data from more than 200 publications. Data relating abortion to subsequent pregnancy outcome
are observational, and therefore subject to bias and uncontrolled confounding factors. All studies on this topic must be
interpreted with these limitations in mind.



Fertility does not appear to be diminished by an elective abortion, except infrequently as a consequence of infection. Vacuum
aspiration does not increase the subsequent incidence of second-trimester spontaneous abortion or preterm delivery. Similarly,
subsequent ectopic pregnancies are not increased, except possibly in women with preexisting chlamydial infection or in those
who develop postabortion infections. Multiple sharp curettage abortion procedures may increase the subsequent risk of
placenta previa, whereas vacuum aspiration procedures likely do not (Johnson and co-workers, 2003).

Septic Abortion. Although serious complications of abortion most often occur with criminal abortion, even spontaneous
abortion and legal elective abortion continue to be associated with severe and even fatal infections (Barrett and colleagues,
2002). Severe hemorrhage, sepsis, bacterial shock, and acute renal failure have all developed in association with abortion but
at a much lower frequency. Uterine infection is the usual outcome, but parametritis, peritonitis, endocarditis, and septicemia
may all occur (Vartian and Septimus, 1991).

Among 300 women with septic abortions at Parkland Hospital, one fourth had a positive blood culture result. The organisms
were predominantly anaerobic bacteria and coliforms, but others, including Haemophilus influenzae, Campylobacter jejuni, and
group A streptococcus, also were noted (Denton and Clarke, 1992; Dotters and Katz, 1991; Pinhas-Hamiel and associates,
1991). Treatment of infection includes prompt intravenous administration of broad-spectrum antimicrobials followed by
evacuation of the products of conception. If sepsis and shock supervene, then supportive care is essential, as discussed in
Chapter 42 (see p. 993). Septic abortion also may lead to disseminated intravascular coagulopathy (see Chap. 35, p. 843).

RESUMPTION OF OVULATION AFTER ABORTION

Ovulation may resume as early as 2 weeks after an abortion. Lahteenma ki and Luukkainen (1978) detected surges of
luteinizing hormone (LH) 16 to 22 days in 15 of 18 women studied. Moreover, plasma progesterone levels, which had
plummeted after the abortion, increased soon after the LH surges. These hormonal events agree with histological changes
observed in endometrial biopsies (Boyd and Holmstrom, 1972). Therefore, if pregnancy is to be prevented, effective
contraception should be initiated soon after abortion. If contraception is not desired, Grossman and colleagues (2004)
concluded that a visit to assess for complications is not necessary for procedures done before 50 days' gestation.
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10. Ectopic Pregnancy
INTRODUCTION

The blastocyst normally implants in the endometrial lining of the uterine cavity. Implantation anywhere else is an ectopic
pregnancy. Almost 2 in 100 pregnancies in the United States are ectopic, and over 95 percent of these involve the oviduct. The
risk of death from an extrauterine pregnancy is greater than that for pregnancy that either results in a live birth or is
intentionally terminated. Moreover, the chance for a subsequent successful pregnancy is reduced after an ectopic pregnancy.
With earlier diagnosis, however, both maternal survival and conservation of reproductive capacity are enhanced.

GENERAL CONSIDERATIONS

RISK FACTORS. There are a number of risk factors for tubal damage and dysfunction (Table 10-1). Prior tubal
surgery, either to restore patency or to perform sterilization, confers the highest risk of obstruction (Ankum and colleagues,
1996). After one previous ectopic pregnancy, the chance of another is 7 to 15 percent (Ankum and colleagues, 1996; Coste
and associates, 1991). Prior salpingitis %— pelvic inflammatory disease *— is a common risk factor. Peritubal adhesions
subsequent to postabortal or puerperal infection, appendicitis, or endometriosis may cause tubal kinking and narrowing of the
lumen and thereby increase the risk of tubal pregnancy (Coste and associates, 1991). Previous cesarean delivery has been
linked to a small increase in ectopic pregnancy risk (Hemminki and Merilainen, 1996).

Hormonal perturbations have been implicated in tubal dysfunction. An increased relativeincidence of ectopic pregnancy has
been reported with use of progestin-only oral contraceptives, postovulatory high-dose estrogens to prevent pregnancy (the
"morning after pill"), and following ovulation induction (Morris and Van Wagenen, 1973; Ory, 1981; Sivin, 1991).

Assisted Reproduction. Rates of tubal pregnancy are increased following gamete intrafallopian transfer (GIFT) and in vitro
fertilization (IVF) to as high as 3 percent (Coste and associates, 1991; Guirgis and Craft, 1991). Moreover, "atypical"
implantations ®— cornual, abdominal, cervical, ovarian, and heterotypic (concomitant uterine and extrauterine pregnancy) R—
are more common following assisted reproductive procedures.

Failed Contraception. With any form of contraceptive, the absolute number of ectopic pregnancies is decreased because
pregnancy occurs less often. In some contraceptive failures, however, the relative number of ectopic pregnancies is increased.
Examples include some forms of tubal sterilization, intrauterine devices, and progestin-only minipills (Sivin, 1991).

EPIDEMIOLOGY. The rate of ectopic pregnancies per 1000 reported pregnancies increased fourfold in the United
States from 1970 to 1992. This increase was greater for nonwhite than for white women, and for both, the incidence increased
with age. In 1992, there were 108,800 ectopic pregnancies in the United States R— almost 2 percent of all pregnancies.
Importantly, ectopic pregnancy accounted for 10 percent of all pregnancy-related deaths (Koonin and colleagues, 1997).

The incidence of ectopic pregnancy for nonwhite women is higher in every age category compared with that for whites, and
this disparity increases with age (Fig. 10-1). Overall, in 1989 a nonwhite woman had a 1.4 times increased risk for ectopic
pregnancy compared with a white woman. Because of the increasing use of in-office medical therapy for ectopic pregnancy,
reliable data on the actual number of ectopic pregnancies in the United States are not available after 1990.

Increasing Ectopic Pregnancy Rates. The reasons for the increased number and rate of ectopic pregnancies in the United
States are not entirely clear. Similar increases for the 1970s and 1980s were reported from Eastern Europe, Scandinavia, and
Great Britain. Some likely causes include an increase in the following factors:

1. Prevalence of sexually transmitted tubal infection and damage (Brunham and associates, 1992; Maccato and colleagues,
1992).

2. Ascertainment through earlier diagnosis of some ectopic pregnancies otherwise destined to resorb spontaneously (Ong and
Wingfield, 1999).

3. Popularity of contraception that predisposes failures to be ectopic.

4. Use of tubal sterilization techniques that increase the likelihood of ectopic pregnancy.

5. Use of assisted reproductive techniques.

6. Use of tubal surgery, including salpingotomy for tubal pregnancy and tuboplasty for infertility.

Figure 10-1. Ectopic pregnancy rates for white and black women R— United
States, 1970 through 1990. (Data from Goldner and colleagues, 1993.)

MORTALITY. Deaths from ectopic pregnancy in the United States decreased from a total of 63 in 1970, to 46 in
1980, and to 30 in 1987. The proportion of all maternal deaths attributed to ectopic pregnancy, however, increased from 8
percent in 1970 to 11 percent in the 3-yearperiod ending 1990 (Koonin and associates, 1997). As shown in Figure 10-2, the
death rate from ectopic pregnancy declined markedly from 1970 to 1986 and then plateaued for both white and black women.



Over the same time period, the case-fatality rate decreased 10-fold, from 35 per 10,000 ectopic pregnancies in 1970 to 3.8
per 10,000 in 1989. This decrease is likely due to improved diagnosis and management. Anderson and colleagues (2004)
report that about one maternal death per year due to ectopic pregnancy occurred in Michigan from 1985 to 1999.
Concurrently, black women in the state had an ectopic pregnancy-related mortality ratio 18 times higher than white women. In
the United States, ectopic pregnancy is the most common cause of maternal mortality in the first trimester (Centers for
Disease Control and Prevention, 1995).

Figure 10-2. Death rate from ectopic pregnancy for white and black women R—
== United States, 1970 through 1989. (From Goldner and co-workers, 1993.)

PATHOGENESIS OF ECTOPIC PREGNANCIES

TUBAL PREG NANCY. The fertilized ovum may lodge in any portion of the oviduct, giving rise to ampullary,
isthmic, and interstitial tubal pregnancies (see Fig. 2-13, p. 27). In rare instances, the fertilized ovum may implant in the
fimbriated extremity. The ampulla is the most frequent site, followed by the isthmus. Interstitial pregnancy accounts for only
about 3 percent of all tubal gestations. From these primary types, secondary forms of tubo-abdominal, tubo-ovarian, and
broad-ligament pregnancies occasionally develop.

Because the tube lacks a submucosal layer, the fertilized ovum promptly burrows through the epithelium, and the zygote
comes to lie within the muscular wall. At the periphery of the zygote is a capsule of rapidly proliferating trophoblast that
invades and erodes the subjacent muscularis. At the same time, maternal blood vessels are opened, and blood pours into the
spaces lying within the trophoblast or between it and the adjacent tissue. The tubal wall in contact with the zygote offers only
slight resistance to invasion by the trophoblast, which soon burrows through it (Fig. 10-3). The embryo or fetus in an ectopic
pregnancy is often absent or stunted.

Figure 2-13. The oviduct of an adult woman with cross-sectioned illustrations of
the gross structure of the epithelium in several portions: (A) isthmus, (B) ampulla,
and (C) infundibulum.

Figure 10-3. Early tubal pregnancy. Amnionic sac (arrow) is surrounded by
chorionic villi, which in turn are encased in blood clot. (Courtesy of Dr. Richard
Voet.)

TUBAL ABORTION. The frequency of tubal abortion depends in part on the implantation site. Abortion is
common in ampullary tubal pregnancy, whereas rupture is the usual outcome with isthmic pregnancy. The immediate
consequence of hemorrhage is further disruption of the connection between the placenta and membranes and the tubal wall. If
placental separation is complete, all of the products of conception may be extruded through the fimbriated end into the
peritoneal cavity. At this point, hemorrhage may cease and symptoms eventually disappear. Some bleeding usually persists
aslong as products remain in the oviduct. Blood slowly trickles from the tubal fimbria into the peritoneal cavity and typically
pools in the rectouterine cul-de-sac. If the fimbriated extremity is occluded, the fallopian tube may gradually become
distended by blood, forming a hematosalpinx.

TU BAL RU PTU RE. The invading, expanding products of conception may rupture the oviduct at any of several
sites. Before sophisticated methods to measure chorionic gonadotropin were available, many cases of tubal pregnancy ended
in rupture during the first trimester. As a rule, whenever there is tubal rupture in the first few weeks, the pregnancy is situated
in the isthmic portion of the tube. When the fertilized ovum is implanted well within the interstitial portion, rupture usually
occurs later. Rupture is usually spontaneous, but it may be caused by trauma associated with coitus or bimanual examination.

With intraperitoneal rupture, the entire conceptus may be extruded from the tube, or if the rent is small, profuse hemorrhage
may occur without extrusion. In either event, the woman commonly shows signs of hypovolemia. If an early conceptus is
expelled essentially undamaged into the peritoneal cavity, it may reimplant almost anywhere, establish adequate circulation,
survive, and grow. This, however, occurs rarely. Most small conceptuses are resorbed. Occasionally, if larger, they may remain
in the cul-de-sac for years as an encapsulated mass, or even become calcified to form a /ithopedion (Fig. 10-4).

Abdominal Pregnancy. If only the fetus is extruded at the time of rupture, the effect on the pregnancy will vary, depending
on the extent of injury sustained by the placenta. The fetus dies if the placenta is damaged appreciably, but if the greater
portion of the placenta retains its tubal attachment, further development is possible. The fetus may then survive for some
time, giving rise to an abdominal pregnancy. Typically in such cases, a portion of the placenta remains attached to the tubal
wall and the periphery grows beyond the tube and implants on surrounding structures.

Broad-Ligament Pregnancy. When original zygote implantation is toward the mesosalpinx, rupture may occur at the portion
of the tube not immediately covered by peritoneum. The gestational contents may be extruded into a space formed between
the folds of the broad ligament and then become an intraligamentous or broad-ligament pregnancy.



Interstitial Pregnancy. Implantation within the tubal segment that penetrates the uterine wall results in an interstitial or
cornual pregnancy (Fig. 10-5). These account for about 3 percent of all tubal gestations. Although rupture may not occur until
up to 16 weeks, all 32 cases reported to the Society of Reproductive Surgeons were diagnosed before 12 weeks (Tulandi and
Al-Jaroudi, 2004). Because the implantation site is located between the ovarian and uterine arteries, there is severe
hemorrhage. Many fatal ectopic pregnancies are interstitial implantations (Dorfman and associates, 1984). Moon and
colleagues (2000) and Tulandi and Al-Jaroudi (2004) described a total of 56 women with an interstitial pregnancy treated with
uterus-sparing laparoscopic surgery or methotrexate. Katz and colleagues (2003) used a combined hysteroscopic and
laparoscopic approach to successfully treat two such cases.

Figure 10-4. Abdominal radiograph of a 78-year-old woman demonstrating a
lithopedion. (From Berman and Katsiyiannis, 2001, with permission.)

Figure 10-5. Right interstitial tubal pregnancy. Fetus weighed 55 g and measured
90 mm crown to rump (14 to 15 weeks' gestational age). Note abundant decidua
(arrow) filling the uterine cavity. The patient sought medical help because of sudden
severe abdominal pain with syncope following intercourse. Hysterectomy and 2000
mL blood transfusion were necessary.

MULTIFETAL ECTOPIC PREGNANCY

Heterotypic Ectopic Pregnancy. Tubal pregnancy may be accompanied by a coexisting uterine gestation. Until recently,
such heterotypic pregnancies were rare, with an incidence of 1 per 30,000 pregnancies. Currently, because of assisted
reproduction, the incidence is likely 1 in 7000 overall, and following ovulation induction it may be as high as 1 in 900 (Glassner
and associates, 1990). In vitro fertilization and embryo transfer also increase its incidence (Dimitry and colleagues, 1990;
Marcus and associates, 1995).

A heterotypic pregnancy is more likely, and should be considered:

1. After assisted reproductive techniques.

2. With persistent or rising chorionic gonadotropin levels after dilatation and curettage for an induced or spontaneous abortion.
3. When the uterine fundus is larger than menstrual dates.

4. With more than one corpus luteum.

5. With absence of vaginal bleeding in the presence of signs and symptoms of an ectopic pregnancy.

6. When there is ultrasonographic evidence of uterine and extrauterine pregnancy (Kouyoumdjian and Kirkpatrick, 1990;
Nugent, 1992).

Multifetal Tubal Pregnancy. Twin tubal pregnancy has been reported with both embryos in the same tube, as well as with
one in each tube (Rolle and colleagues, 2004).

TUBO-UTERINE, TUBO-ABDOMINAL, AND TUBO-OVARIAN

PREG NANCIES. These various forms of ectopic pregnancy are very uncommon. A tubo-uterine pregnancy results
from the gradual extension into the uterine cavity of products of conception that originally implanted in the interstitial portion
of the tube. Tubo-abdominal pregnancy is derived from a tubal pregnancy in which the zygote, originally implanted near the
fimbriated end of the tube, gradually extends into the peritoneal cavity. A tubo-ovarian pregnancy occurs when the fetal sac is
adherent partly to tubal and partly to ovarian tissue. Such cases arise from zygote development in a tubo-ovarian cyst or in a
tube, the fimbriated extremity of which was adherent to the ovary during or soon after fertilization.

CLINICAL FEATURES OF ECTOPIC PREGNANCY

Clinical manifestations of a tubal pregnancy are diverse and depend on whether rupture has occurred. Earlier presentation and
more precise diagnostic technology have enabled identification before rupture in most cases. Usually, the woman does not
suspect pregnancy, or thinks that she has a normal pregnancy, or that she is having a miscarriage. In contemporary
practice, symptoms and signs of ectopic pregnancy are often subtle or even absent.

In what used to be considered "classical" cases, normal menstruation is replaced by variably delayed slight vaginal bleeding, or
"spotting." With rupture, the woman suddenly is stricken with severe lower abdominal pain, frequently described as sharp,
stabbing, or tearing in character. Vasomotor disturbances develop, ranging from vertigo to syncope. There is tenderness on
abdominal palpation, and bimanual pelvic examination, especially cervical motion, causes exquisite pain. The posterior vaginal
fornix may bulge because of blood in the cul-de-sac, or a tender, boggy mass may be felt to one side of the uterus. Symptoms
of diaphragmatic irritation, characterized by pain in the neck or shoulder, especially on inspiration, develop in perhaps 50



percent of women with sizable intraperitoneal hemorrhage.

SYM PTOMS AND SIGNS. Because of earlier diagnosis, the presenting symptoms and physical findings in the

woman with an ectopic pregnancy have changed markedly over the past two decades.

Pain. The most frequently experienced symptoms of ectopic pregnancy are pelvic and abdominal pain (95 percent) and
amenorrhea with some degree of vaginal spotting or bleeding (60 to 80 percent). With more advanced gestation, Dorfman and
associates (1984) reported that gastrointestinal symptoms (80 percent) and dizziness or light-headedness (58 percent) were
common. With rupture, pain may be anywhere in the abdomen.

Abnormal Menstruation. Most women experience amenorrhea, however one fourth do not R— they mistake the uterine
bleeding that frequently occurs with tubal pregnancy for true menstruation. Although profuse vaginal bleeding is suggestive of
an incomplete abortion rather than an ectopic gestation, such bleeding occasionally is seen with tubal gestations.

Abdominal and Pelvic Tenderness. Exquisite tenderness on abdominal and vaginal examination, especially on motion of the
cervix, is demonstrable in over three fourths of women with ruptured or rupturing tubal pregnancies. Such tenderness,
however, may be absent prior to rupture.

Uterine Changes. The uterus may be pushed to one side by an ectopic mass, or if the broad ligament is filled with blood, the
uterus may be greatly displaced. In 25 percent of women, the uterus enlarges due to hormonal stimulation of pregnancy
(Stabile and Grudzinskas, 1990). The degree to which the endometrium is converted to decidua in the presence of ectopic
pregnancy is variable. The finding of uterine decidua without trophoblast suggests ectopic pregnancy but not absolutely, and
absence of decidual tissue does not exclude it. Uterine decidual casts are passed by only 5 to 10 percent of women. Their
passage may be accompanied by cramps similar to those occurring with a spontaneous abortion.

Blood Pressure and Pulse. Before rupture, vital signs generally are normal. Early responses to moderate hemorrhage range
from no change in vital signs to a slight rise in blood pressure, or a vasovagal response with bradycardia and hypotension.
Birkhahn and colleagues (2003) noted that in 25 women with ruptured ectopic pregnancy, the majority on presentation had a
heart rate of less than 100 beats per minute and a systolic blood pressure greater than 100 mm Hg. Blood pressure will fall
and pulse will rise only if bleeding continues and hypovolemia becomes significant. Stabile and Grudzinskas (1990) reviewed
several reports totaling almost 2400 women with surgically confirmed ectopic pregnancy. Almost one fourth presented in
shock, with a range of from 1 to 50 percent in various series.

Pelvic Mass. On bimanual examination, a pelvic mass, ranging in size from 5 to 15 cm, is palpable in about 20 percent of
women. The mass is almost always either posterior or lateral to the uterus, and typically is soft and elastic. With extensive
infiltration of blood into the tubal wall, however, the mass may be firm. Pain and tenderness often preclude identification of the
mass by palpation. Overzealous and unnecessary bimanual examinations should be avoided so as to avert iatrogenic rupture.

Culdocentesis. This simple technique is used to identify hemoperitoneum. The cervix is pulled toward the symphysis with a
tenaculum, and a long 16- or 18-gauge needle is inserted through the posterior fornix into the cul-de-sac. If present, fluid can
be aspirated, however, failure to do so is interpreted only as unsatisfactory entry into the cul-de-sac and does not exclude an
ectopic pregnancy, either ruptured or unruptured. Fluid containing fragments of old clots, or bloody fluid that does not clot, is
compatible with the diagnosis of hemoperitoneum resulting from an ectopic pregnancy. If the blood subsequently clots, it may
have been obtained from an adjacent blood vessel rather than from a bleeding ectopic pregnancy.

LABORATORY TESTS

Hemogram. After hemorrhage, depleted blood volume is restored toward normal by hemodilution over the course of a day or
longer. Even after substantive hemorrhage, hemoglobin or hematocrit readings may at first show only a slight reduction.
Hence, after an acute hemorrhage, a decrease in hemoglobin or hematocrit level over several hours is a more valuable index
of blood loss than is the initial reading. In about half of women with ruptured ectopic pregnancies, varying degrees of
leukocytosis up to 30,000/uL may be documented.

Chorionic Gonadotropin Assays. Ectopic pregnancy cannot be diagnosed by a positive pregnancy test alone. The key issue,
however, is whether the woman is pregnant. Current serum and urine pregnancy tests that use enzyme-linked immunosorbent
assays (ELISAs) are sensitive to levels of chorionic gonadotropin of 10 to 20 mIU/mL, and are positive in over 99 percent of
ectopic pregnancies (Kalinski and Guss, 2002; Olshaker, 1996).

Serum Progesterone Levels. A single progesterone measurement can be used to establish that there is a normally
developing pregnancy with high reliability. A value exceeding 25 ng/mL excludes ectopic pregnancy with 97.5-percent
sensitivity (Lipscomb and co-workers, 1999a; Pisarska and colleagues, 1998). Values below 5 ng/mL occur in only 0.3 percent
of normal pregnancies (Mol and colleagues, 1998). Thus, values this low suggest either an intrauterine pregnancy with a dead
fetus or an ectopic pregnancy. In many cases, however, progesterone levels range from 5 to 25 ng/mL and are inconclusive
(McCord and colleagues, 1996).

ULTRASOUND IMAGING. Ultrasonic imaging is indispensable to confirm the clinical diagnosis of suspected

ectopic gestation, its size, and its location.

Abdominal Sonography. Identification of pregnancy products in the fallopian tube is difficult using abdominal sonography. If
a gestational sac is clearly identified within the uterine cavity, ectopic pregnancy rarely coexists. Moreover, with sonographic
absence of a uterine pregnancy, a positive pregnancy test result, fluid in the cul-de-sac, and an abnormal pelvic mass, ectopic
pregnancy is almost certain (Romero and associates, 1988). Unfortunately, ultrasonic findings suggestive of early uterine
pregnancy may be apparent in some cases of ectopic pregnancy. A small sac suggestive of a very early pregnancy or a
collapsed sac suggesting a dead fetus may actually be a blood clot or decidual cast (Coleman and colleagues, 1985). A uterine
pregnancy usually is not recognized using abdominal ultrasound until 5 to 6 menstrual weeks or 28 days after timed ovulation
(Batzer and co-workers, 1983). Conversely, demonstration of an adnexal or cul-de-sac mass by sonography is not necessarily



helpful. Corpus luteum cysts and matted bowel can have the sonographic appearance of tubal pregnancies. Fetal heart action
clearly outside the uterine cavity provides firm evidence of an ectopic pregnancy.

Vaginal Sonography. There has been much improvement in the early diagnosis of ectopic pregnancy using vaginal
sonography. Its use results in earlier and more specific diagnoses of uterine pregnancy than abdominal sonography, and it has
become the imaging method of choice in early pregnancy. Using a vaginal transducer allows ultrasonic detection of a uterine
gestation as early as 1 week after missed menses. When serum chorionic gonadotropin (B-hCG) levels exceed 1000 mIU/mL, a
gestational sac is seen half the time (De Cherney and Eichhorn, 1996). Criteria include identification of a 1- to 3-mm or larger
gestational sac, eccentrically placed in the uterus, and surrounded by a decidual-chorionic reaction. A fetal pole within the sac
is diagnostic, especially when accompanied by fetal heart action.

Vaginal sonography also is used to detect adnexal masses. An ectopic pregnancy may be missed, however, when a tubal mass
is small or obscured by bowel (Cacciatore and colleagues, 1990). The reported sensitivity of vaginal sonography for the
diagnosis of ectopic pregnancy ranges widely, from only 20 percent to as high as 80 percent (Brown and Doubilet, 1994). Fluid
seen in the cul-de-sac increases the likely diagnosis of ectopic pregnancy, and depending on the amount, this likelihood may
exceed 50 percent if the fluid is echogenic (Dart and colleagues, 2002).

DIAGNOSIS OF ECTOPIC PREGNANCY
MULTI- MODALITY DIAGNOSIS. During the past three decades, as methods of identifying ectopic

pregnancy have evolved and been refined, the majority of ectopic pregnancies %— perhaps 80 percent %"— are diagnosed
before rupture. Concurrent with this evolution, the death rate from ectopic pregnancy has decreased appreciably (see Fig. 10-

2).

Several algorithms for the diagnosis of ectopic pregnancy have been proposed (Barnhart, 1994, 1999; Kaplan, 1996; McCord,
1996; Stovall, 1989, 1990, 1992, and all their colleagues). All use five key components:

1. Vaginal sonography.

2. Serum B-hCG %*— both the initial level and the pattern of subsequent rise or decline.
3. Serum progesterone.

4. Uterine curettage.

5. Laparoscopy and, less frequently, laparotomy.

All diagnostic strategies for the unruptured ectopic pregnancy involve trade-offs. For example, strategies that maximize
detection of ectopic pregnancy may result in the interruption of one normal pregnancy for every 100 women evaluated.
Conversely, those that reduce the potential for interruption of a normal uterine pregnancy will miss more ectopic pregnancies
(Gracia and Barnhart, 2001). Those that do not employ curettage result in unnecessary medical or surgical therapy for ectopic
pregnancy (Barnhart and colleagues, 2002).

The choice of diagnostic algorithm applies only to hemodynamically stable women; those with presumed rupture
should undergo prompt surgical therapy. In a woman in whom ectopic pregnancy is suspected because of pain, bleeding,
and a positive pregnancy test, performance of vaginal sonography is a logical first step. If a live uterine gestation is present,
ectopic pregnancy is extremely unlikely. A heterotypic pregnancy is, of course, the rare exception (Hirsch and associates,
1992). Alternatively, if the uterus is empty, an ectopic pregnancy can be diagnosed based on visualization of an adnexal mass
separate from the ovaries (Fig. 10-6).

In the event of a nondiagnostic study, subsequent management can be based on serial serum B-hCG values and repeat vaginal
sonography. A number of investigators have described discriminatory B-hCG levels (Bateman, 1990; Cacciatore, 1990;
Fossum, 1988; Goldstein, 1988; Nyberg, 1987, and all their associates). Above these levels, failure to visualize a uterine
pregnancy by transvaginal ultrasound indicates with high reliability that the pregnancy is either ectopic or nonviable. In a study
by Barnhart and colleagues (1994), an empty uterus with a serum B-hCG concentration of 1500 mIU/mL or higher was 100-
percent accurate in excluding a live uterine pregnancy. Thus, if the initial B-hCG exceeds the discriminatory level, and no live
intrauterine pregnancy is identified by vaginal sonography, the differential diagnosis is narrowed to a uterine pregnancy with a
dead fetus versus an ectopic pregnancy. Early multifetal gestation, of course, remains a possibility. Uterine curettage will
distinguish an ectopic from a nonliving uterine pregnancy. If an embryo, fetus, or placenta is identified, the diagnosis is
apparent. When none of these is identified, tubal pregnancy is a probability.

If the initial B-hCG level is below the discriminatory value, early uterine pregnancy is a possibility, and serial assays of B-hCG,
in conjunction with repeat vaginal sonography, may prove useful. Kadar and Romero (1987) confirmed earlier work and
demonstrated that in women with normal pregnancies, mean doubling time for B-hCG in serum was approximately 48 hours,
and the lowest normal value for this increase was 66 percent (Table 10-2). In a series of 287 pregnant women, Barnhart and
co-workers more recently (2004) reported a somewhat lower 48-hour minimum rise for a live intrauterine pregnancy of 53
percent, and a 24-hr minimum rise of 24 percent. Kadar and Romero concluded that failure to maintain this minimum rate of
increased B-hCG production, along with an empty uterus, was suagestive of an ectopic preanancy. Thus, appropriately selected
women in whom ectopic pregnancy is suspected, but whose initial B-hCG is below the discriminatory level, may be followed
expectantly. They are seen at 2- to 3-day intervals for further evaluation. If the B-hCG level rises inappropriately, plateaus, or
exceeds the discriminatory level without evidence of a uterine pregnancy by vaginal sonography, a live uterine pregnancy can
be excluded. Then, distinction between nonliving uterine versus an ectopic pregnancy is made by uterine curettage, or in some
cases, by endometrial biopsy. Barnhart and associates (2003) reported that biopsy was less sensitive than curettage.

A single measurement of serum progesterone may clarify the diagnosis when ectopic pregnancy is suspected (McCord and
colleagues, 1996; Stovall and associates, 1989, 1992). Its accuracy is crude, and customary thresholds of less than 5 ng/mL



and greater than 25 ng/mL neither absolutely refute nor confirm a living uterine pregnancy. Moreover, the capacity to
expeditiously measure serum progesterone is not available at all institutions. Another pitfall is that pregnancy using assisted
reproductive techniques may be associated with higher than usual serum progesterone levels (Perkins and associates, 2000).
This being said, serum levels of at least 25 ng/mL after spontaneous conception provide reassurance that an ectopic pregnancy
is unlikely. This finding may negate the need for vaginal sonography. Buckley and colleagues (2000), however, reported that
serum progesterone was conclusive in only one fourth of women undergoing evaluation for ectopic pregnancy.

Figure 10-6. Vaginal sonogram of an ectopic pregnancy. A. The uterus (Ut) is seen
with a normal endometrial stripe (ES). A small amount of free fluid (FF) is visible in
the posterior cul-de-sac. B. The tubal ectopic pregnancy (EP) with its yolk sac (YS)
is seen along with a corpus luteum (CL) cyst. (Photograph courtesy of Dr. Michelle
Robbin.)

SURGICAL DIAGNOSIS

Laparoscopy. Direct visualization of the fallopian tubes and pelvis by diagnostic laparoscopy offers a reliable diagnosis in most
cases of suspected ectopic pregnancy, and a ready transition to definitive operative therapy. Compared with laparotomy,
laparoscopy is more cost-effective, and there is a shorter postoperative recovery (Gray and colleagues, 1995).

At times, identification of an early unruptured tubal pregnancy may be difficult, even if the tube is fully visualized. In spite of
the low morbidity and quick recovery time, laparoscopy is not without risks or cost. Thus laparoscopy usually is performed
when, on the basis of noninvasive test or curettage results, the diagnosis of ectopic pregnancy is fairly certain and medical
therapy is not planned.

Laparotomy. Open abdominal surgery is preferred when the woman is hemodynamically unstable, or when laparoscopy is not
feasible. Laparotomy should not be delayed while laparoscopy is performed in a woman with obvious abdominal hemorrhage
that requires immediate definitive treatment.

TREATMENT AND PROGNOSIS

Over the past two decades, earlier diagnosis and treatment have allowed definitive management of unruptured ectopic
pregnancy even before the onset of symptoms. Importantly, early diagnosis, although contributing to a higher incidence, has
made many cases of ectopic pregnancy amenable to medical therapy, which is more cost-effective than surgical therapy
(Alexander and associates, 1996; Morlock and colleagues, 2000).

ANTI-D IMMUNOG LOBU LIN. D-negative women with an ectopic pregnancy who are not sensitized to D-

antigen should be given anti-D immunoglobulin.

SU RGICAL MANAGEMENT. Higher subsequent pregnancy and lower recurrent ectopic pregnancy rates are

observed in women in whom surgery is performed prior to rupture. Laparoscopy is preferred over laparotomy unless the
woman is unstable (Tulandi and Saleh, 1999). Even though reproductive outcome is similar, including rates of uterine and
recurrent ectopic pregnancies, laparoscopy is more cost-effective and has a shorter recovery time %— 1.3 versus 3.1 days
(Tay and colleagues, 2000).

Tubal surgery for ectopic pregnancy is considered conservative when there is tubal salvage. Examples include salpingostomy,
salpingotomy, and fimbrial expression of the ectopic pregnancy. Radical surgery is defined by salpingectomy. Conservative
therapy may increase the subsequent rate of uterine pregnancy at the expense, however, of higher rates of persistently
functioning trophoblast (Bangsgaard and colleagues, 2003).

Salpingostomy. This procedure is used to remove a small pregnancy that is usually less than 2 cm in length and located in
the distal third of the fallopian tube (Fig. 10-7). A linear incision, 10 to 15 mm in length or less, is made on the antimesenteric
border immediately over the ectopic pregnancy. The products usually will extrude from the incision and can be carefully
removed or flushed out. Small bleeding sites are controlled with needlepoint electrocautery or laser, and the incision is left
unsutured to heal by secondary intention. This procedure is readily performed through a laparoscope.

Salpingotomy. Seldom performed today, salpingotomy is essentially the same procedure as salpingostomy except that the
incision is closed with 7-0 Vicryl or similar suture. According to Tulandi and Saleh (1999), there is no difference in prognosis
with or without suturing.

Salpingectomy. Tubal resection can be performed through an operative laparoscope and may be used for both ruptured and
unruptured ectopic pregnancies. When removing the oviduct, it is advisable to excise a wedge of the outer third (or less) of the
interstitial portion of the tube. This so-called cornual resection is done in an effort to minimize the rare recurrence of
pregnancy in the tubal stump. Even with cornual resection, however, a subsequent interstitial pregnancy may not be prevented
(Kalchman and Meltzer, 1966).

Segmental Resection and Anastomosis. Resection of the ectopic mass and tubal reanastomosis is sometimes used for an
unruptured isthmic pregnancy because salpingostomy may cause scarring and subsequent narrowing of the small isthmic
lumen (Stangel and associates, 1976).

Persistent Trophoblast. Following salpingostomy, serum B-hCG levels usually fall quickly and are at about 10 percent of
preoperative values by day 12 (Hajenius and colleagues, 1995; Vermesh and associates, 1988). Persistent ectopic pregnancy



is the result of incomplete removal of trophoblast and complicates 5 to 20 percent of salpingostomies (Graczykowski and
Mishell, 1997). If the postoperative day 1 serum B-hCG value is less than 50 percent of the preoperative value, then persistent
ectopic trophoblast rarely is a problem (Spandorfer and co-workers, 1997). According to Seifer (1997), factors that increase
the risk of persistent ectopic pregnancy include:

1. Small pregnancies, viz., less than 2 cm.

2. Early therapy, viz., before 42 menstrual days.

3. B-hCG serum levels exceeding 3000 mIU/mL.

4. Implantation medial to the salpingostomy site.

In the face of persistent or increasing B-hCG, additional surgical or medical therapy is necessary.

/""’-\ Figure 10-7. Linear salpingostomy for ectopic pregnancy. A. Linear incision for
“r N, removal of a small tubal pregnancy in the distal third of the fallopian tube. B.
= “:*FE- Hemostasis is by cautery or laser, and the incision is not sutured. If the incision is

closed, the procedure is termed a salpingotomy.
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MEDICAL MANAGEMENT

Systemic Methotrexate. This antineoplastic drug acts as a folic acid antagonist and is highly effective against rapidly
proliferating trophoblast (see Chap. 11, p. 282). Tanaka and associates (1982) were first to recommend use of methotrexate
for an ectopic interstitial pregnancy. Since then, there have been numerous reports describing successful treatment of all
varieties of ectopic pregnancy using a number of methotrexate regimens. In the largest single-center series, Lipscomb and
colleagues (1999a) reported a 91-percent success rate in 350 women given methotrexate therapy. Of these, 283 women were
given a single dose of methotrexate, 60 women received two doses, six women, three doses, and one woman, four doses.

Active intra-abdominal hemorrhage is a contraindication to chemotherapy. The size of the ectopic mass is also important, and
Pisarska and colleagues (1998) recommend that methotrexate not be used if the pregnancy is more than 4 cm. Success is
greatest if the gestation is less than 6 weeks, the tubal mass is not more than 3.5 cm in diameter, the fetus is dead, and the B-
hCG is less than 15,000 mIU/mL (Lipscomb and colleagues, 1999a; Stovall, 1995). According to the American College of
Obstetricians and Gynecologists (1998), contraindications include breast feeding, immunodeficiency, alcoholism, liver or renal
disease, blood dyscrasias, active pulmonary disease, and peptic ulcer.

PATIENT SELECTION. Candidates for methotrexate therapy must be hemodynamically stable. They are instructed that:

1. Medical therapy fails in at least 5 to 10 percent of cases, and this rate is higher in pregnancies past 6 weeks' gestation or
with a tubal mass greater than 4 cm in diameter.

2. Failure of medical therapy requires retreatment, either medically or with elective surgery. If tubal rupture occurs ®%— a 5- to
10-percent chance R— emergency surgery is necessary.

3. If the woman is treated as an outpatient, rapid transportation must be reliably available.

4. Signs and symptoms of tubal rupture such as vaginal bleeding, abdominal and pleuritic pain, weakness, dizziness, or
syncope must be reported promptly.

5. Until the ectopic pregnancy is resolved, sexual intercourse is prohibited, alcohol avoided, and folic acid supplements R—
including prenatal vitamins "— should not be taken.

DOSE AND ADMINISTRATION. The two general schemes used for methotrexate administration for ectopic pregnancy are
shown in Table 10-3. Although single-dose treatment is easier to administer and monitor than variable-dose methotrexate

therapy, it is associated with a higher failure rate, defined as persistent ectopic pregnancy (Table 10-4). In most studies, the
methotrexate dose was 50 mg/m?2.

MONITORING TOXICITY. Most regimens are associated with minimal laboratory changes and symptoms, although toxicity
may be severe. Kooi and Kock (1992) reviewed 16 studies that reported side effects. All adverse effects were resolved by 3 to
4 days after methotrexate was discontinued. The most common were liver involvement (12 percent), stomatitis (6 percent),
and gastroenteritis (1 percent). One woman had bone marrow depression. Case reports also describe life-threatening
neutropenia and fever, transient drug-induced pneumonitis, and alopecia (Buster and Pisarska, 1999).

MONITORING EFFICACY OF THERAPY. Serum B-hCG levels are the most widely used marker to monitor response to both
medical and surgical therapy. Saraj and colleagues (1998) reported serum B-hCG data for women enrolled in their randomized
trial. After linear salpingostomy, serum B-hCG levels declined rapidly over days and then more gradually, with a mean
resolution time of 20 days. In contrast, after a single intramuscular injection of methotrexate, mean serum B-hCG levels rose
for the first 4 days, and then gradually declined, with a mean resolution time of 27 days (Fig. 10-8). Lipscomb and colleagues
(1998) treated 287 women successfully with methotrexate and found the average time to resolution, defined as serum hCG
level less than 15 mIU/mL, was 34 days. The longest time was 109 days.

As shown in Table 10-3, monitoring single-dose therapy calls for serum B-hCG determinations at 4 and 7 days. With variable-



dose methotrexate, levels are measured at 48-hour intervals until they fall more than 15 percent. After successful treatment,
weekly serum B-hCG determinations are measured until undetectable. Outpatient surveillance is preferred, but if there is any
question of safety or compliance, the woman is hospitalized. Failure is judged when the B-hCG level plateaus or rises or tubal
rupture occurs. Tubal rupture can occur in the face of declining -hCG levels.

PERSISTENT ECTOPIC PREGNANCY. Conservative therapy carries with it the risk of initial treatment failure, which requires
either additional methotrexate therapy or surgical removal. In three randomized trials, 5 to 14 percent of women treated
initially with systemic methotrexate ultimately required surgery, whereas 4 to 20 percent of those treated with laparoscopy
eventually received methotrexate for persistent trophoblast (Fernandez, 1998; Hajenius, 1997; Saraj, 1998, and their
associates).

An important observation is that 65 to 75 percent of women initially given methotrexate will have increasing pain beginning
several days after therapy. This separation pain generally is mild and relieved by nonnarcotic analgesics. In a series of 258
women treated with single-dose methotrexate, 53 (20 percent) had pain severe enough to require evaluation in the clinic or
emergency room. Ultimately, 10 of these 53 underwent surgical exploration (Lipscomb and colleagues, 1999b). In women with
worrisome pain after medical treatment for ectopic pregnancy, careful clinical observation %%— as an inpatient, if necessary R"—
is warranted. Assessment of serial hematocrits and serum B-hCG levels coupled with vaginal sonography can be used to
identify those who require surgical intervention.

Rupture of persistent ectopic pregnancy is the most catastrophic form of primary therapy failure. Its incidence is 5 to 10
percent in women initially treated medically. Lipscomb and associates (1998) described a 14-day mean time to rupture, but
one woman had tubal rupture 32 days after single-dose methotrexate therapy.

Figure 10-8. Comparative pattern of resolution of serum human chorionic
gonadotropin (B-hCG) levels after laparoscopic salpingostomy (LSC) and single-dose
T methotrexate (MTX) treatment of unruptured ectopic pregnancy. (From Saraj and

- colleagues, 1998, with permission.)
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OTHER TREATMENTS

Direct Injection. Various cytotoxic drugs have been injected directly into the ectopic mass, either by laparoscopy or
transvaginally by culdocentesis. However, because of the relative effectiveness of systemic therapy for ectopic pregnancy, its
ease of delivery, and widespread experience, direct injection is infrequently employed.

Oral Methotrexate Therapy. Recently Lipscomb and colleagues (2002) evaluated oral methotrexate for the treatment of

ectopic pregnancy in two divided doses 2 hours apart for a total dose of 60 mg/mz. They reported that the oral medication had
a lower success rate and a greater necessity for repeated dosing compared with the single-dose intramuscular regimen.

Expectant Management. Some practitioners choose to observe very early tubal pregnancies that are associated with stable
or falling serum B-hCG levels. As many as one third of women with ectopic pregnancies will present with declining B-hCG levels
(Shalev and colleagues, 1995). Stovall and Ling (1992) restrict expectant management to women with these criteria:

1. Decreasing serial B-hCG levels.
2. Tubal pregnancies only.

3. No evidence of intra-abdominal bleeding or rupture as assessed by vaginal sonography.

4. Diameter of the ectopic mass not greater than 3.5 cm.

Trio and colleagues (1995) reported spontaneous resolution of ectopic pregnancy in 49 of 67 selected women (73 percent)

treated expectantly. Resolution without treatment was more likely if the initial serum B-hCG level was less than 1000 mIU/mL.
In another study of 60 women managed expectantly, Shalev and associates (1995) reported spontaneous resolution in 28 (48
percent). The potentially grave consequences of tubal rupture, coupled with the established safety of medical and

surgical therapy, require that expectant therapy be undertaken only in appropriately selected and counseled
women.

ABDOMINAL PREGNANCY

Almost all cases of abdominal pregnancy follow early rupture or abortion of a tubal pregnancy into the peritoneal cavity. The
Centers for Disease Control and Prevention estimated that the incidence of abdominal pregnancy is 1 in 10,000 live births
(Atrash and co-workers, 1987). At Parkland Hospital, where ectopic pregnancy is common, advanced abdominal pregnancy is
rare and encountered in perhaps 1 in 25,000 births. Risk factors for abdominal pregnancy are the same as for ectopic
pregnancy in general.

Typically, the growing placenta, after penetrating the oviduct wall, maintains its tubal attachment but gradually encroaches
upon and implants in the neighboring serosa. Meanwhile, the fetus continues to grow within the peritoneal cavity. Occasionally,
the placenta is found in the general region of the oviduct and over the posterior aspect of the broad ligament and uterus (Fig._
10-9). In other cases, after tubal rupture, the conceptus reimplants elsewhere in the peritoneal cavity.

Figure 10-9. Abdominal pregnancy at term. The placenta is implanted on the
posterior wall of the uterus and broad ligament. The enlarged, flattened uterus is




located just beneath the anterior abdominal wall. The cervix and vagina are
dislodged anteriorly and superiorly by the large fetal head in the cul-de-sac.

DIAGNOSIS- Because early rupture or abortion of a tubal pregnancy is the usual antecedent of an abdominal
pregnancy, in retrospect, a suggestive history can usually be obtained. These include spotting or irregular bleeding along with
abdominal pain that usually was most prominent in one or both lower quadrants (Costa and associates, 1991). Women with an
established abdominal pregnancy are likely to be uncomfortable but not sufficiently so to warrant thorough evaluation. Nausea,
vomiting, flatulence, constipation, diarrhea, and abdominal pain may each be present in varying degrees. Multiparas may state
that the pregnancy does not "feel right." Late in pregnancy, fetal movements may cause pain.

Abnormal fetal positions frequently can be palpated, but the ease of palpating fetal parts is not a reliable sign. Fetal parts
sometimes feel exceedingly close to the examining fingers even in normal pregnancies, especially in thin, multiparous women.
As depicted in Figure 10-9, the cervix is usually displaced, depending in part on the fetal position, and it may dilate, but
appreciable effacement is unusual. The uterus may be outlined over the lower part of the pregnancy mass. Small parts or the
fetal head may occasionally be palpated through the vaginal fornices and identified as clearly outside the uterus.

Laboratory Tests. An unexplained transient anemia early in pregnancy may accompany the initial tubal rupture or abortion.
An otherwise unexplained increase in the serum alpha-fetoprotein value sometimes is found (Bombard, 1994; Costa, 1991; el
Kareh, 1993; Jackson, 1993, and their associates).

Sonography. Ultrasonic findings with an abdominal pregnancy most often do not allow an unequivocal diagnosis to be made.
Oligohydramnios is common but nonspecific. In some suspected cases, however, ultrasound findings may be diagnostic; for
example, if the fetal head is seen to lie immediately adjacent to the maternal bladder with no interposed uterine tissue (Kurtz
and associates, 1982). Even with ideal conditions, however, a sonographic diagnosis of abdominal pregnancy is missed in half
of cases (Costa and associates, 1991).

Magnetic Resonance Imaging. This technique can be used to confirm abdominal pregnancy following a suspicious
ultrasound examination. It has been described as very accurate and specific by some (Harris and associates, 1988; Wagner
and Burchardt, 1995). Even so, in our institutions, abdominal pregnancy has been incorrectly diagnosed as a placenta previa,
and an intrauterine pregnancy with degenerating fibroids has been misdiagnosed as an abdominal pregnancy.

Computed Tomography. Costa and associates (1991) maintain that computed tomography is superior to magnetic resonance
imaging, but its use is limited because of the concern for fetal radiation. In cases of fetal demise, however, computed
tomography may be diagnostic and should be considered (Glew and Sivanesaratnam, 1989).

FETAL OUTCOME. Fetal salvage in an abdominal pregnancy is much the exception rather than the rule, and
surviving fetuses may be abnormal. However, in his extensive review of abdominal pregnancies, Stevens (1993) found that
survival of infants born after 30 weeks was 63 percent. Moreover, fetal malformations and deformations were only 20 percent.
The most common deformations were facial or cranial asymmetry, or both, and various joint abnormalities. The most common
malformations were limb deficiency and central nervous system anomalies.

MANAGEMENT. An abdominal pregnancy is life-threatening, and clinical management depends on the gestational
age at diagnosis. Some practitioners await fetal viability with in-hospital expectant management if pregnancy is diagnosed
after 24 weeks (Cartwright and associates, 1986; Hage and colleagues, 1988). Such management carries a risk for sudden and
life-threatening intra-abdominal bleeding. Because of this risk, termination generally is indicated when the diagnosis of
abdominal pregnancy is made. In cases where amnionic fluid volume is minimal or absent, and in cases less than 24 weeks,
conservative treatment rarely is justified because fetal survival is extremely poor.

The natural history was described in older literature: If the fetus died after reaching a size too large to be resorbed, it would
undergo suppuration, mummification, or calcification. If bacteria gained access to the gestational products, particularly when
they were adherent to the intestines, this resulted in suppuration. Eventually, the abscess would rupture, and if the woman did
not die of peritonitis and septicemia, fetal parts would eventually be extruded through the abdominal wall or more commonly
into the intestine or bladder (Emembolu, 1989). In some cases, mummification and lithopedion formation would ensue, and
calcified products of conception would be carried for years (see Fig. 10-4). Much more rarely, the fetus would be converted
into a yellowish, greasy mass to which the term adipocere is applied.

Surgery for abdominal pregnancy may precipitate torrential hemorrhage due to the lack of constriction of hypertrophied blood
vessels after placental separation. Condition permitting, management of presumed abdominal pregnancy is best done in a
facility with trauma center capabilities. It is essential to have adequate blood immediately available. Preoperatively, two
intravenous infusion systems, each capable of delivering large volumes of fluid at a rapid rate, should be functioning.
Techniques for monitoring the adequacy of the circulation should be employed, as described in Chapter 35 (see p. 839). If time
allows, a mechanical bowel preparation should be done. For optimal exposure, laparotomy generally is performed through a
vertical midline incision. In general, the infant should be delivered, and the cord severed close to the placenta.

Management of the Placenta. Partial placental separation can develop spontaneously or, more likely, in the course of the
operation while attempting to locate the exact site of placental attachment. Therefore, it is best to avoid unnecessary
exploration of surrounding organs. If it is obvious that the placenta can be safely removed, or if there is already hemorrhage
from its implantation site, then removal begins immediately. When possible, blood vessels supplying the placenta should be
ligated first.

Often, leaving the placenta in place represents the lesser of two evils. This decreases the chance of immediate life-threatening
hemorrhage, but at the expense of long-term sequelae. Unfortunately, when left in the abdominal cavity, the placenta
commonly causes infection with abscesses, adhesions, intestinal obstruction, and wound dehiscence (Bergstrom and



colleagues, 1998; Martin and associates, 1988). Partial urethral obstruction with reversible hydronephrosis has been described
(Weiss and Stone, 1994). In another report, Piering and colleagues (1993) described persistent preeclampsia for 99 days until
the placenta was removed! In these cases, surgical removal becomes inevitable.

If the placenta is left, its involution may be monitored using ultrasound and serum B-hCG levels (France and Jackson, 1980;
Martin and McCaul, 1990). We have used color Doppler ultrasound to follow changes in blood flow to the placenta. In some
cases, and usually depending on its size, placental function rapidly declines, and the placenta is resorbed. In one case
described by Belfar and associates (1986), placental resorption took over 5 years. Methotrexate use is controversial. It has
been recommended to hasten involution but may cause accelerated placental destruction with accumulation of necrotic tissue
and infection with abscess formation (Rahman and associates, 1982).

Arterial Catheterization and Embolization. Percutaneous femoral artery catheterization and pelvic angiography, followed
by embolization of specific bleeding sites, is discussed in Chapter 35 (see p. 836). This has been lifesaving in some instances
of massive pelvic hemorrhage (Kivikoski and associates, 1988; Martin and colleagues, 1990). When the diagnosis is made
preoperatively, Kerr and associates (1993) advocate transcatheter embolization of major feeder vessels immediately prior to
surgical intervention.

Maternal Prognosis. Maternal mortality is increased substantively compared with normal pregnancy. With appropriate
preoperative planning, however, maternal mortality has been reduced from approximately 20 percent to less than 5 percent in
the past 20 years (Stevens, 1993).

OVARIAN PREGNANCY

Ectopic pregnancy implanted in the ovary is rare. Traditional risk factors for ovarian ectopic pregnancy are similar to those for
tubal pregnancy. Use of an intrauterine contraceptive device seems to be disproportionately associated with ovarian pregnancy
(Gray and Ruffolo, 1978; Pisarska and Carson, 1999). Although the ovary can accommodate itself more readily than the
fallopian tube to the expanding pregnancy, rupture at an early period is the usual consequence. Nonetheless, there are
recorded cases in which ovarian pregnancy went to term, and a few infants survived (Williams and associates, 1982).

DIAGNOSIS. Findings are likely to mimic those of a tubal pregnancy or a bleeding corpus luteum. Serious bleeding is
seen in about one third of cases. At surgery, early ovarian pregnancies are likely to be considered corpus luteum cysts or a
bleeding corpus Iuteum. Use of vaginal ultrasound has resulted in the more frequent diagnosis of unruptured ovarian
pregnancies (Marcus and Brinsden, 1993; Sidek and colleagues, 1994). Such early diagnosis may allow for a medical
approach.

MANAGEMENT. The classical management for ovarian pregnancies has been surgical. Early bleeding for small
lesions has been managed by ovarian wedge resection or cystectomy (Schwartz and colleagues, 1993). In the presence of
larger lesions, ovariectomy is most often performed. Recently, laparoscopy has been used to resect or to perform laser
ablation of ovarian pregnancies (Carter and colleagues, 1993; Goldenberg and associates, 1994). Finally, methotrexate has
been used successfully to treat unruptured ovarian pregnancies (Chelmow and associates, 1994; Raziel and Golan, 1993;
Shamma and Schwartz, 1992).

CERVICAL PREGNANCY

In the past, cervical pregnancy was a rare form of ectopic gestation. Dees (1966) estimated the incidence to be 1 in 18,000
pregnancies. The incidence is increasing as a result of assisted reproduction, especially after in vitro fertilization and embryo
transfer (Ginsburg, 1994; Pattinson, 1994; Peleg, 1994, and their associates). According to Pisarska and Carson (1999), prior
dilatation and curettage precedes 70 percent of cases.

In a typical case, the endocervix is eroded by trophoblast, and the pregnancy proceeds to develop in the fibrous cervical wall
(Fig. 10-10). The duration of pregnancy depends on the site of implantation. The higher the trophoblast is implanted in the
cervical canal, the greater is its capacity to grow and cause hemorrhage.

Painless vaginal bleeding is present in 90 percent of cervical pregnancies, and one third of these have massive hemorrhage
(Ushakov and colleagues, 1997). Only one fourth have abdominal pain with bleeding. As pregnancy progresses, a distended,
thin-walled cervix with a partially dilated external os may be evident. Above the cervical mass, a slightly enlarged uterine
fundus may be palpated. Cervical pregnancy rarely extends beyond 20 weeks and usually is surgically terminated because of
bleeding. Identification of cervical pregnancy is based on a high degree of clinical suspicion coupled with sonography (Frates
and colleagues, 1994; Kligman and associates, 1995). Findings include an empty uterus and a gestation filling the cervical
canal (Fig. 10-11). Magnetic resonance imaging can be used to confirm the diagnosis (Bader-Armstrong and associates, 1989;
Rafal and co-workers, 1990).

Figure 10-10. Cervical pregnancy in situ removed by hysterectomy nearly 3
months after the last normal menstrual period and 1 month after onset of vaginal
bleeding. (Courtesy of Drs. D. Rubell and A. Brekken.)

Figure 10-11. Sonogram showing longitudinal view of an 11-week cervical
pregnancy. (From Eblen and colleagues, 1999, with permission.)




SU RGICAL MANAGEMENT. In the past, hysterectomy was often the only choice available because of

profuse hemorrhage that accompanied attempts at removal of the cervical pregnancy. With hysterectomy, the risk of urinary
tract injury is increased because of the enlarged barrel-shaped cervix. To avoid the morbidity of surgery, and in some cases to
preserve fertility, other approaches have been developed.

Cerclage. Bernstein and associates (1981) and Bachus and colleagues (1990) successfully managed cervical pregnancy by
placing a heavy silk ligature around the cervix, similar to a McDonald cerclage (see Chap. 9, p. 238). More recently, Mashiach
and colleagues (2002) described the successful management and resolution of four cervical pregnancies using a Shirodkar
cerclage. In one of these cases, a concurrent uterine pregnancy progressed to term and a healthy infant was delivered
vaginally.

Curettage and Tamponade. Nolan and associates (1989) and Thomas and co-workers (1991) recommend placement of
hemostatic cervical sutures at 3 and 9 o'clock. Suction curettage is then performed, followed immediately by insertion of a
Foley catheter into the cervical canal. The 30-mL catheter bulb is inflated, and the vagina is packed tightly with gauze to
further tamponade bleeding. A suction catheter tip may be left above the vaginal packing to ensure adequate drainage and to
monitor blood loss.

Arterial Embolization. Successful selective preoperative uterine artery embolization using Gelfoam has been described by
Lobel and colleagues (1990), Saliken and co-workers (1994), and others. This technique, detailed in Chapter 35 (see p. 836),
also has been used successfully to control bleeding after medical therapy (Cosin and associates, 1997; Wong and colleagues,
1999). Kung and colleagues (2004) employed a combination of laparoscopically assisted uterine artery ligation followed by
hysteroscopic endocervical resection to successfully treat six cervical pregnancies.

MEDICAL MANAGEMENT. To avoid the risks of uncontrolled hemorrhage, methotrexate and other drug

treatments have been used successfully for treatment of cervical pregnancies. In many centers, including ours, chemotherapy
is now the first line of therapy in the stable woman. The general guidelines for methotrexate use for ectopic pregnancy are as
described earlier (see p. 263). The drug has been injected directly into the gestational sac, with or without potassium chloride
to induce fetal death. It has been given systemically in single high-dose therapy with folinic acid rescue, in lower-dose
prolonged courses, and as a single low-dose regimen. It also has been given in various combinations, for example, intra-
amnionically, after failure of systemic therapy (Kaplan, 1990; Marcovici, 1994; Roussis, 1992; Timor-Tritsch, 1994; Wong,
1999, and their colleagues).

Pregnancies of more than 6 weeks' duration generally require induction of fetal death with potassium chloride or high-dose and
prolonged methotrexate therapy. Kung and Chang (1999) reviewed 62 methotrexate-treated cases. The 35 women in whom
the fetus was alive had a higher failure rate with single-dose methotrexate. Almost half of these required a surgical procedure
compared with 4 percent in the group with a dead fetus.

OTHER SITES OF ECTOPIC PREGNANCY

Primary splenic pregnancy was reported by Mankodi and associates (1977). A similar case was reported by Cormio and
associates (2003). A few cases of primary hepatic pregnancy have been described, including one with a lithopedion (Barbosa
Junior Ade A and associates, 1991; Borlum and Blom, 1988; Schlatter and colleagues, 1988). At least four cases of
retroperitoneal pregnancy have been reported. In the two described by Ferland and associates (1991) and Reid and Steel
(2003), pregnancy followed in vitro fertilization and embryo transfer. Varma and co-workers (2003) described the live birth at
35 weeks of an infant whose placenta implanted exclusively on the omentum. Fishman and co-workers (1998) described
implantation of a 6-week diaphragmatic pregnancy in a women with abdominal and shoulder pain, dyspnea, and a
hemothorax. Fylstra and colleagues (2002) recently described an ectopic cesarean scar pregnancy. We have also encountered
these, and they are in many ways similar to a placenta increta with all of its proclivity to cause torrential hemorrhage (see

Chap. 35, p. 830).
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11. Gestational Trophoblastic Disease
INTRODUCTION

The term gestational trophoblastic disease refers to pregnancy-related trophoblastic proliferative abnormalities. In the past,
classification of these abnormalities was confusing because it was defined by histological criteria as well as by clinical findings.
As experience accrued, it became evident that a histological diagnosis was not necessary to provide effective treatment. Thus,
a system has been adopted based principally on clinical findings and serial measurement of serum human chorionic
gonadotropin (hCG) levels (Hammond and colleagues, 1973).

In 1983, the World Health Organization Scientific Group on Gestational Trophoblastic Diseases published recommendations for
the definition, classification, and staging of trophoblastic disease. This classification was recently updated by the International
Federation of Gynecology and Obstetrics (FIGO Oncology Committee, 2002). Gestational trophoblastic disease is divided into
two groups, hydatidiform mole and postmolar gestational trophoblastic neoplasia (Table 11-1). The latter is termed malignant
gestational trophoblastic disease by the American College of Obstetricians and Gynecologists (2004).

HYDATIDIFORM MOLE (MOLAR PREGNANCY)

Molar pregnancy is characterized histologically by abnormalities of the chorionic villi that consist of trophoblastic proliferation
and edema of villous stroma. Moles usually occupy the uterine cavity, however, occasionally they develop in the oviduct and
even the ovary (Chauhan and colleagues, 2004; Stanhope and associates, 1983). The absence or presence of a fetus or
embryonic elements has been used to describe them as complete and partial moles (Table 11-2). As emphasized by

Benirschke and Kaufmann (2000), in many cases classification may be difficult.

COM PLETE HYDATIDI FORM MOLE. In complete hydatiform mole, the chorionic villi transform into a

mass of clear vesicles (Fig. 11-1). The vesicles vary in size from barely visible to a few centimeters and often hang in clusters
from thin pedicles. The histological structure typically shows:

1. Hydropic degeneration and swelling of the villous stroma.

2. Absence of blood vessels in the swollen villi.

3. Proliferation of the trophoblastic epithelium to a varying degree (Fig. 11-2).
4. Absence of fetus and amnion.

Of note, hydropic or molar degeneration, which may be confused histologically with a true mole, is not considered trophoblastic
disease (Berkowitz and associates, 1991).

The chromosomal composition in 85 percent of complete molar pregnancies is 46,XX, with both chromosomes being of paternal
origin (Wolf and Lage, 1995). This phenomenon is termed androgenesis. Typically, the ovum has been fertilized by a haploid
sperm, which then duplicates its own chromosomes after meiosis. The chromosomes of the ovum are either absent or
inactivated. Occasionally, the chromosomal pattern in a complete mole may be 46,XY due to dispermic fertilization (Bagshawe
and Lawler, 1982; Lawler and colleagues,1991).

Lawler and colleagues (1991) described 200 hydatidiform moles %— 151 were complete and 49 partial moles (Table 11-3).
Whereas almost 85 percent of complete moles are diploid, 85 percent of partial moles are triploid. Other variations also have
been identified, such as 45,X. Thus, a morphologically complete mole can result from a variety of chromosomal patterns (Wolf
and Lage, 1995).

] Figure 11-1. A complete or classical hydatidiform mole is characterized grossly by
an abundance of edematous enlarged chorionic villi but no fetus or fetal
membranes. There are theca-lutein cysts in both ovaries (arrows).

<] Figure 11-2. Photomicrograph of a hydatidiform mole with slight to moderate
trophoblastic hyperplasia confined to the syncytium and considered probably benign.
(From Smalbraak, 1957.)

PARTIAL HYDATIDIFORM MOLE. When the hydatidiform changes are focal and less advanced, and

some element of fetal tissue is seen, the term partial hydatidiform mole is used. There is slowly progressive swelling within the
stroma of characteristically avascular chorionic villi, whereas other vascular villi with a functioning fetal-placental circulation
are spared (Shapter and McLellan, 2001).

As shown in Table 11-3, the karyotype typically is triploid %— 69,XXX, 69,XXY, or 69,XYY R— these are each composed of one
maternal and two paternal haploid sets of chromosomes (Berkowitz and colleagues, 1986, 1991; Wolf and Lage, 1995).
Although nontriploid partial moles have been reported, some have questioned whether they exist (Genest and colleagues,
2002). The nonviable fetus of a triploid partial mole typically has multiple malformations (Phillip and co-workers, 2004).
Abnormal growth is also common, and in the review by Jauniaux (1999), 82 percent of fetuses had symmetrical growth
restriction.

A twin gestation of a complete mole and a normal fetus and placenta is sometimes misdiagnosed as a diploid partial mole (Fig.



11-3). It is important to distinguish between the two, because twin pregnancies consisting of a normal fetus and a complete
mole have a substantively increased risk of developing subsequent gestational trophoblastic neoplasia (Bruchim and
associates, 2000). Generally, gestational trophoblastic neoplasia follows 20 percent of complete moles, whereas it develops in
only 0.5 percent of women after a partial mole (Hancock and Tidy, 2000). In their recent review of 77 such cases, Sebire and
colleagues (2002b) reported that 16 percent of women whose pregnancies were terminated, versus 21 percent of those with
continued pregnancies, required chemotherapy for gestational trophoblastic neoplasia. In another review, Vejerslev (1991)
found that of 113 pregnancies with a hydatidiform mole coexistent with a normal fetus, 45 percent of fetuses progressed to 28
weeks, and fetal survival was 70 percent. Thus, when providing counseling for women with a coexistent mole and a fetus, both
cytogenetic and high-resolutionultrasonographic studies are of paramount importance. The risk of choriocarcinoma arising from
a partial mole is also low (see Table 11-2). Seckl and associates (2000) described 3000 cases of partial mole and documented
only three cases of choriocarcinoma.

E Figure 11-3. Molar placenta on the left and normal placenta on the right (white
arrow). The molar placenta was identified by ultrasonography late in pregnancy
when the mother developed preeclampsia. She underwent cesarean delivery of a
healthy fetus near term. Most likely, these were twins consisting of a placenta with a
fetus from one ovum and a complete mole developing from the other ovum.

HISTOLOGICAL DIAGNOSIS OF HYDATIDIFORM MOLES. Attempts to relate the

histological structure of individual complete hydatidiform moles to their subsequent malignant potential have generally been
disappointing. For example, Novak and Seah (1954) could not precisely establish such a relationship in 120 cases of
uncomplicated hydatidiform mole or in 26 cases of choriocarcinoma that developed after a molar pregnancy.

TH ECA' LUTEIN CYSTS. In many cases of hydatidiform mole, the ovaries contain multiple theca-lutein cysts.

These may vary from microscopic size to 10 cm or more in diameter. Their surfaces are smooth, often yellowish, and lined with
lutein cells. The incidence of obvious cysts in association with a mole is reported to be from 25 to 60 percent. They are thought
to result from overstimulation of lutein elements by large amounts of hCG secreted by proliferating trophoblastic cells. Montz
and colleagues (1988) reported that gestational trophoblastic neoplasia was more likely in women with theca-lutein cysts,
especially if bilateral. Cysts, however, are not limited to cases of hydatidiform mole and may be associated with fetal hydrops
and placental hypertrophy or with multifetal pregnancy. They may undergo torsion, infarction, and hemorrhage. Because the
cysts regress after delivery, oophorectomy should not be performed unless the ovary is extensively infarcted. Large ovarian
cysts may be decompressed by aspiration if symptomatic (Berkowitz and Goldstein, 1996).

INCIDENCE AND RISK FACTORS. Hydatidiform mole develops in approximately 1 in 1000 pregnancies

in the United States and Europe. Although it has been reported to be more frequent in other countries, especially in parts of
Asia, much of this information was obtained from hospital studies (Schorge and associates, 2000). When derived from
population studies, the incidence in most of the world is probably similar to that in the United States (Miller and colleagues,
1989; Semer and Macfee, 1995). The role of gravidity, estrogen status, oral contraceptives, and dietary factors in the risk of
gestational trophoblastic disease is unclear (Semer and Macfee, 1995).

Age. Sebire and colleagues (2002a) found the incidence of molar pregnancy highest in women aged 15 years or younger, and
those aged 45years or older. In the latter group, the relative frequency of the lesion is at least 10 times greater than that at
ages 20 to 40 years (Schorge and colleagues, 2000).

Previous Mole. Women with molar pregnancies are at increased risk of developing either a complete or a partial mole in a
future pregnancy (Garner and colleagues, 2002). In a review of 12 series totaling almost 5000 deliveries, the frequency of
recurrent moles was 1.3 percent (Loret de Mola and Goldfarb, 1995). Garner and colleagues (2002) reported a 1.4 percent
frequency of repeat moles in women with a prior complete mole and 2.4 percent in those with a prior partial mole. Repetitive
hydatidiform moles in women with different partners would suggest that an oocyte problem leads to molar development
(Garner and colleagues, 2002; Tuncer and colleagues, 1999).

CLINICAL COURSE. The clinical presentation of molar pregnancy has changed appreciably during the past 20
years (Coukos and colleagues, 1999; Hancock and Tidy, 2002). The availability of ultrasonography and quantitative
measurement of serum hCG levels now allows earlier diagnosis. Symptoms are more likely to be dramatic with a complete
mole than with a partial mole.

Bleeding. Uterine bleeding is almost universal, and may vary from spotting to profuse hemorrhage. It may begin just before
abortion or, more often, these women may bleed intermittently for weeks and even months. At times there may be
considerable hemorrhage concealed within the uterus. Iron-deficiency anemia is common, and a dilutional effect from
appreciable pregnancy-induced hypervolemia is present in some women with larger moles.

Uterine Size. The growing uterus often enlarges more rapidly than usual, exceeding in about half of cases that expected from
the gestational age. The uterus may be difficult to identify precisely by palpation because of its soft consistency. At times,
ovarian theca-lutein cysts are difficult to distinguish from the enlarged uterus.

Fetal Activity. Even though the uterus is enlarged sufficiently to extend well above the symphysis, typically no fetal heart
motion is detected. Infrequently, there may be extensive but incomplete molar degeneration in the placenta accompanied by a
living fetus.

Gestational Hypertension. Because hypertension caused by pregnancy is rarely seen before 24 weeks, preeclampsia that
develops before this gestational age may be from hydatidiform mole or extensive molar degeneration.

Hyperemesis. Significant nausea and vomiting may develop. Of interest, none of the 24 complete moles reported by Coukos



and colleagues (1999) were associated with preeclampsia, hyperemesis, or clinical hyperthyroidism.

Thyrotoxicosis. Plasma thyroxine levels in women with molar pregnancy are often elevated, but clinically apparent
hyperthyroidism is unusual (see Chap. 53, p. 1194). According to Amir (1984) and Curry (1975) and their colleagues,
hyperthyroidism is identified in about 2 percent. In these cases, serum free thyroxine is elevated as the consequence of the
thyrotropin-like effect of hCG (Mann and colleagues, 1986).

Embolization. Variable amounts of trophoblastic cells with or without villous stroma escape from the uterus into the venous
outflow at the time of molar evacuation (Hankins and colleagues, 1987). The volume may be such as to produce signs and
symptoms of acute pulmonary embolism or edema. Embolization with a large amount of trophoblastic tissue is probably

uncommon, although fatalities have been described (Delmis and co-workers, 2000). This tissue, though, can subsequently
invade the pulmonary parenchyma to establish metastases.

DIAGNOSTIC FEATU RES. Spontaneous expulsion is most likely around 16 weeks and is rarely delayed

beyond 28 weeks. The greatest diagnostic accuracy is obtained from the characteristic ultrasonographic appearance of
hydatidiform mole (Fig. 11-4). Occasionally, other structures may have an appearance similar to that of a mole, including
uterine myoma and multifetal pregnancy.

To summarize, the clinical and diagnostic features of a complete hydatidiform mole are:

1. Continuous or intermittent brown or bloody discharge evident by about 12 weeks and usually not profuse.

2. Uterine enlargement out of proportion to the duration of pregnancy in about half of the cases.

3. Absence of fetal parts and fetal heart motion.

4. Characteristic ultrasonographic appearance.

5. Serum hCG level higher than expected for the stage of gestation.

6. Preeclampsia-eclampsia developing before 24 weeks.

7. Hyperemesis gravidarum.

E Figure 11-4. A. Longitudinal sonogram demonstrating a complete hydatidiform

mole that fills a uterus enlarged to well above the umbilicus. A large theca-lutein
cyst (tl) is seen above the uterus. B. Transverse sonogram of the same woman.
(Courtesy of Dr. R. Santos.)

PROGNOSIS. Current mortality from molar pregnancies has been practically reduced to zero by prompt diagnosis
and appropriate therapy. Earlier evacuation, however, has not reduced the 20 percent risk for gestational trophoblastic
neoplasia (Schorge and co-workers, 2000). The report by Lurain and colleagues (1983) consisted of follow-up of 738 women
from 1962 to 1978 after evacuation of a hydatidiform mole. Spontaneous regression was documented in 81 percent, while the
remainder developed gestational trophoblastic neoplasia.

TREATMENT. as a result of greater awareness, and certainly of better technology for diagnosis, moles now are
terminated more often when they are small. There is time for adequate evaluation of the woman who may be anemic,
hypertensive, or hypovolemic. Hydatidiform mole treatment consists of two phases. The first is immediate evacuation of the
mole, and the second is subsequent evaluation for persistent trophoblastic proliferation or malignant change. Unless there is
other evidence of extrauterine disease, computed tomography or magnetic resonance imaging to evaluate the liver or brain is
not performed routinely.

The rare circumstance of twinning with a complete hydatidiform mole plus a fetus and placenta presents an unusual
therapeutic dilemma, especially in the absence of karyotypic aberrations or gross fetal anomalies. Neither the risks to the
mother nor the likelihood of a healthy offspring have been established if pregnancy is continued (Suzuki and associates, 1980;
Vejerslev, 1991).

Prophylactic Chemotherapy. The role of prophylactic chemotherapy for women with a hydatidiform mole is controversial
(Bloss and Miller, 1995; Goldstein and Berkowitz, 1995). Such therapy does not improve the long-term prognosis. Moreover,
the toxicity from prophylactic chemotherapy may be significant, including death (Bloss and Miller, 1995). Chemoprophylaxis
may be considered in women with high-risk complete moles, particularly if serum hCG testing is unavailable or follow-up is
impossible (Berkowitz and Goldstein, 1996).

Vacuum Aspiration. Suction evacuation is the treatment of choice for hydatidiform mole, regardless of uterine size (Bloss
and Miller, 1995). For large moles, compatible blood should be available and an intravenous system established for its rapid
infusion, if needed. Cervical dilating agents may be necessary (see Chap. 9, p. 243). The cervix may be further dilated under
anesthesia to a diameter sufficient to allow insertion of a 10- to 12-mm plastic suction curet. After most of the molar tissue
has been removed by aspiration, oxytocin is given. After the myometrium has contracted, thorough but gentle curettage with a
large sharp curet usually is performed. Intraoperative ultrasonographic examination may help document that the uterine cavity
has been emptied.

Oxytocin, Prostaglandins, and Hysterotomy. In the United States, labor induction rarely is used for evacuation of
hydatidiform moles. In fact, there are many who feel that medical termination and hysterotomy have no role in its
management (Miller and co-workers, 1989).



Hysterectomy. If no further pregnancies are desired, then hysterectomy may be preferred to suction curettage.
Hysterectomy is a logical procedure in women aged 40 and older, because at least one third develop gestational trophoblastic
neoplasia (Tow, 1966; Xia and colleagues, 1980). Although hysterectomy does not eliminate recurrent disease, it appreciably
reduces its likelihood.

FOLLOW-UP EVALUATION OF MOLAR PREGNANCY. close and consistent follow-up for

these women is imperative with the following aims:
1. Prevent pregnancy for a minimum of 6 months using hormonal contraception.

2. Monitor serum hCG levels every 2 weeks. Serial measurement of serum hCG is important to detect trophoblastic neoplasia,
and even small amounts of trophoblastic tissue can be detected by the assay. These levels should progressively fall to an
undetectable level (Fig. 11-5).

3. Chemotherapy is not indicated as long as these serum levels continue to regress. A rise or persistent plateau in the level
demands evaluation for gestational trophoblastic neoplasia and usually treatment. An increase signifies trophoblastic
proliferation that is most likely malignant unless the woman is again pregnant.

4. Once the hCG level falls to a normal level, test the patient monthly for 6 months; then follow-up is discontinued and
pregnancy allowed.

Estrogen-progestin contraceptives or depot-medroxyprogesterone usually are used to prevent a subsequent pregnancy during
the period of surveillance. Deicas and associates (1991) studied the effect of contraception on subsequent development of
gestational trophoblastic neoplasia in 162 women with hydatidiform mole and 137 with trophoblastic tumor. Oral
contraceptives were found to be superior to barrier methods or use of an intrauterine device in decreasing the risk of
developing gestational trophoblastic neoplasia. During follow-up, 33 percent of oral contraceptive users developed gestational
trophoblastic neoplasia compared with about half who used other methods.

B Figure 11-5. The mean value and 95-percent confidence limits describing the
normal postmolar B-subunit chorionic gonadotropin regression curve. (From
Schlaerth and associates, 1981, with permission.)

GESTATIONAL TROPHOBLASTIC NEOPLASIA

Also called malignant gestational trophoblastic disease, this term refers to invasive mole, choriocarcinoma, and placental site
trophoblastic tumor. Any of these may follow molar pregnancy or normal pregnancy, or develop after abortive outcomes,
including ectopic pregnancy. The criteria for diagnosis of postmolar gestational trophoblastic neoplasia are shown in Table 11-
1.

ETIOLOGY. Gestational trophoblastic neoplasia almost always develops with or follows some form of pregnancy.
Approximately half of cases follow a hydatidiform mole, 25 percent follow an abortion, and 25 percent develop after an
apparently normal pregnancy. Of 48 fatal cases from the Brewer Trophoblastic Disease Center, only one third developed in
association with a hydatidiform mole (Lurain and co-workers, 1982). The remainder were associated with term or near-term
pregnancies, abortions, or ectopic pregnancies. Bailey and colleagues (2003) recently described choriocarcinoma arising from a
primary abdominal pregnancy. Rarely, choriocarcinoma may arise from a teratoma.

Malignancy is rarely identified in the placenta of a seemingly normal pregnancy. In a case described by Brewer and Mazur
(1981), widespread malignant trophoblastic invasion was evident at 18 weeks, and a primary choriocarcinoma of the placenta
was detected. A case in which malignant trophoblastic tissue metastasized to the fetus also has been described (Kruseman and
colleagues, 1977). Others have reported intraplacental choriocarcinoma associated with a live fetus (Aonahata and co-workers,
1998; Jacques and associates, 1998).

PATHOLOGY. The diagnosis of gestational trophoblastic neoplasia is made primarily by persistently elevated serum
hCG levels. In most cases, there is no tissue to submit for pathological study. Thus, an unusual situation exists in that clinical
management is not always dictated by histological findings.

Choriocarcinoma. This extremely malignant form of gestational trophoblastic neoplasia may be considered a carcinoma of the
chorionic epithelium. In its growth and metastasis, however, it often behaves like a sarcoma. The characteristic gross picture is
that of a rapidly growing mass invading both myometrium and blood vessels that causes hemorrhage and necrosis (Fig. 11-
6A). The tumor is dark red or purple and ragged or friable. If it involves the endometrium, then bleeding, sloughing, and
infection of the surface usually occur early. Masses of tissue buried in the myometrium may extend outward, appearing on the
uterus as dark, irregular nodules that eventually penetrate the peritoneum.

Although cytotrophoblastic and syncytial elements are involved, one or the other may predominate. Microscopically, columns
and sheets of these trophoblastic cells penetrate the muscle and blood vessels, sometimes in plexiform arrangement and at
other times in complete disorganization, interspersed with clotted blood (Fig. 11-6B). An important diagnostic feature of
choriocarcinoma, in contrast to hydatidiform mole or invasive mole, is absence of a villous pattern. Cellular anaplasia exists,
but it is not a valuable criterion of malignancy. Factors involved in malignant transformation of the chorion are unknown. In
choriocarcinoma, the predisposition of normal trophoblast to invasive growth and erosion of blood vessels is greatly
exaggerated.

Metastases often develop early and are generally blood-borne because of the affinity of trophoblastic cells for blood vessels.



The most common sites of metastasis are the lungs, in more than 75 percent of cases, and the vagina, in about 50 percent.
The vulva, kidneys, liver, ovaries, brain, and bowel also may contain metastases (Fig. 11-7). Ovarian theca-lutein cysts are
identified in over one third of cases.

Invasive Mole. The distinguishing features of invasive mole are excessive trophoblastic overgrowth and extensive penetration
by the trophoblastic cells, including whole villi. These structures penetrate into the depths of the myometrium, sometimes to
involve the peritoneum, adjacent parametrium, or vaginal vault. Such moles are locally invasive, but generally lack the
pronounced tendency to widespread metastasis typical of choriocarcinoma.

Placental Site Trophoblastic Tumor. Rarely, trophoblastic neoplasia arises from the placental implantation site following a
normal term pregnancy, spontaneous or induced abortion, ectopic pregnancy, or molar pregnancy (Feltmate and colleagues,
2001; Moore-Maxwell and Robboy, 2004). The tumor is characterized histologically by predominantly cytotrophoblastic cells,
and immunohistochemical staining reveals many prolactin-producing cells and few gonadotropin-producing ones (Miller and
associates, 1989). Thus, serum hCG levels may be normal to elevated. Bleeding is the main presenting symptom. Brewer and
colleagues (1992) described a placental site trophoblastic tumor associated with erythrocytosis that resolved after
hysterectomy. Nigam and co-workers (2004) described a tumor in a postmenopausal woman.

A placental site trophoblastic tumor was detected by Ichikawa and colleagues (2003) at the time of hysterectomy for a large
uterine arteriovenous fistula. In another unusual presentation, Wright and colleagues (2002) reported a case of placental site
trophoblastic tumor in a woman at 37 weeks' gestation who presented with a pneumothorax caused by a bullous metastatic
tumor.

E Figure 11-6. A. Choriocarcinoma (arrow) invading the uterus. Persistent
trophoblastic disease was demonstrated by curettage subsequent to the expulsion of

a hydatidiform mole. When repeated courses of chemotherapy failed to destroy the
malignancy, hysterectomy and bilateral salpingo-oophorectomy were performed.
The woman was alive without detectable chorionic gonadotropin 10 years later. B.
Histological characteristics of the same choriocarcinoma. Malignant
syncytiotrophoblast and cytotrophoblast without villous stroma invade the
myometrium and vascular spaces (arrow), accompanied by necrosis and

hemorrhage.
] Figure 11-7. Metastatic choriocarcinoma. A chest radiograph (A) and a computed
tomographic (CT) scan (B) demonstrate a left lower lobe metastatic lesion having

poorly defined, irregular borders ("alveolar type") thought to be secondary to
peripheral hemorrhage. (C) Abdominal CT scan at the level of the liver shows
multiple low-density hepatic metastasis. (D) Cranial CT scan of the brain performed
without contrast shows a large hemorrhagic metastasis in the left parietal lobe.
(From DeBaz and Lewis, 1995, with permission.)

CLINICAL COURSE. The most common finding is irregular bleeding associated with uterine subinvolution. The
bleeding may be continuous or intermittent, with sudden and sometimes massive hemorrhage. Uterine perforation caused by
invasive trophoblastic growth may cause intraperitoneal hemorrhage (Hancock and Tidy, 2002).

In some cases, the woman presents with a metastatic lesion of the vagina or vulva. Occasionally, it has been impossible to
locate choriocarcinoma in the uterus or pelvis because the original lesion has disappeared, leaving only distant metastases. If
untreated, choriocarcinoma is invariably fatal.

DIAGNOSIS. Recognition of the possibility of gestational trophoblastic neoplasia is the most important
factor in diagnosis. Any case of unusual bleeding after term pregnancy or abortion should be investigated by curettage, and
especially with measurements of serum hCG. Solitary or multiple nodules seen in the chest radiograph are suggestive of
choriocarcinoma (see Fig. 11-7). Persistent or rising hCG levels in the absence of pregnancy also are indicative of gestational
trophoblastic neoplasia.

Anatomical staging before treatment includes pelvic examination, chest radiograph, and computed tomography (CT) scanning
of the abdomen and pelvis. CT scanning of the chest and head is recommended only if the chest radiograph is abnormal.
Moodley and Moodley (2004) deseribed three women with normal chest radiograph readings but who had lung metastases
identified with CT-scanning.

PROGNOSTIC SCORING SYSTEM- The International Federation of Gynecology and Obstetrics recently

revised the World Health Organization Prognostic Scoring System (FIGO Oncology Committee, 2002). Scores of 0 to 4 are
given according to age; type of antecedent pregnancy and interval from it; serum hCG concentration; size of tumor, site, and
number of metastases; and whether previous chemotherapy was given. Low-risk neoplasia generally includes scores of 0 to 6.

Several other prognostic scoring systems and at least one anatomical staging system have been described (Bagshawe, 1976;
Kohorn, 2002; Lurain and associates, 1991; Pettersson and colleagues, 1985).

TREATMENT. Single-agent chemotherapy is given for nonmetastatic or low-risk metastatic neoplasia. Methotrexate
and other agents effective against malignant tumors, especially actinomycin D, are usually curative. Several regimens have



been used with success. Methotrexate has been used with good results when given orally, by intravenous infusions, or by
intramuscular injections (Garrett, 2002; Khan, 2003; Soper, 1994, and their colleagues). Single-dose actinomycin D is also
highly effective in women with nonmetastatic disease (Lurain and Elfstrand, 1995; Petrilli and associates, 1987). In the
ongoing Gynecological Oncology Group Protocol 174, women with low-risk disease are randomized to receive either
methotrexate or actinomycin D. Suzuka and colleagues (2001) treated 37 women who had low -risk gestational trophoblastic
neoplasia and reported that adjuvant hysterectomy decreased the total dose of chemotherapy needed to achieve primary
remission. In some cases, such as with brain metastases, chemotherapy is given along with radiotherapy (Evans and
associates, 1995).

High-Risk Trophoblastic Neoplasia. Patients are classified as high risk when the modified WHO prognostic score is 7 or
greater. In these women, combination chemotherapy *— with its increased toxicity %"— has produced the highest cure rates.
According to Schorge and colleagues (2000) and Lurain (2002), the EMA-CO regimen results in response rates of about 90
percent and survival rates of 80 to 100 percent. This regimen is a combination of etoposide, methotrexate, actinomycin,
cyclophosphamide, and Oncovin (vincristine). Similar results with EMA-CO were reported recently from the Netherlands by
Houwen and associates (2004).

Placental Site Tumors. Hysterectomy is the most efficacious treatment for confirmed placental site trophoblastic tumor
(Feltmate and associates, 2001; Miller and colleagues, 1989). It is not necessary to remove the ovaries if they appear normal
(Ajithkumar and associates, 2003). Although chemotherapy is recommended for metastatic disease, it is not as effective as for
other gestational trophoblastic neoplasias (Gillespie and colleagues, 2000).

Randall and colleagues (2000) described a woman with a 3-year prolonged remission following recurrent metastatic placental
site tumor and chemotherapy. Gillespie and colleagues (2000) treated three women successfully with only hysterectomy for
tumor confined to the uterus. Another four were given chemotherapy for metastases, and although two responded, the other
two died. Papadopoulos and colleagues (2002) reviewed their 25-year experiences with 34 cases of placental site tumors. Half
of these followed a normal pregnancy, 20 percent followed a molar pregnancy, and 15 percent developed after a missed
abortion. Of these 34 women, 20 percent died. The two most common factors associated with death were metastatic lung
disease and an interval of 4 years or longer between the antecedent pregnancy and diagnosis.

PROGNOSIS. The recent overall cure rate for gestational trophoblastic neoplasia of all severities is about 90 percent.
Women with nonmetastatic tumors or low-risk gestational trophoblastic neoplasia are cured virtually 100 percent of the time if
single-agent chemotherapy is started as soon as persistent disease is identified (Schorge and colleagues, 2000). Previously
cited on page 277 were the remarkable results of Lurain and colleagues (1983) for women treated at the Brewer Trophoblastic
Disease Center of Northwestern University. From 1962 to 1978, 738 women with molar pregnancy were managed as generally
outlined above. Chemotherapy was given to 142 women (19 percent) for gestational trophoblastic neoplasia. Of this group, 17
percent had an invasive mole and 2 percent had choriocarcinoma. All were living and disease-free 4 to 18 years later.

Women with low-risk metastatic gestational trophoblastic neoplasia who are treated aggressively with single- or multiagent
chemotherapy do almost as well as those with honmetastatic disease (Hammond and colleagues, 1980; Jones, 1987). Women
with high-risk metastatic neoplasia have appreciable mortality rates that depend on which factors placed them at high risk
(Soper and associates, 1988). Remission rates vary from 45 to 65 percent. Lurain (1987) analyzed 53 deaths from the Brewer
Trophoblastic Center and concluded that the three risk factors primarily responsible were: (1) extensive choriocarcinoma at
initial diagnosis, (2) lack of appropriately aggressive initial treatment, and (3) failure of currently used chemotherapy to effect
neoplasia regression.

PREGNANCY AFTER GESTATIONAL TROPHOBLASTIC DISEASE. rollow-up

surveillance is minimally 6 months for molar pregnancy, 1 year for gestational trophoblastic neoplasia, and up to 2 years for
cases with metastases other than to the lung. There is no difficulty with fertility or normal pregnancy outcome following
successfully treated gestational trophoblastic disease (Schorge and associates, 2000; Woolas and co-workers, 1998). Women
who have been given chemotherapy do not have an increased risk for anomalous fetuses in subsequent pregnancies (Rustin
and colleagues, 1984; Song and associates, 1988). The primary concern is that women who had gestational trophoblastic
disease are at increased risk for developing it again in a subsequent pregnancy. Berkowitz and colleagues (1987) reported that
1.3 percent of 1048 women treated at the New England Trophoblastic Disease Center developed a second molar pregnancy.
Kim and associates (1998) reported that 4.3 percent of 115 Korean women had a second tumor.
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12. Genetics
INTRODUCTION

Genetics is the study of biological variation. Medical genetics is the study of individual variation in the incidence of and
susceptibility to medical disorders and birth defects. Disease mechanisms, response to therapy, and genetic testing also are
included in this field.

Genetic disease is common. Between 2 and 3 percent of neonates are born with a recognized congenital structural defect,
another 3 percent have a defect diagnosed by age 5, and another 8 to 10 percent are discovered to have one or more
functional or developmental abnormalities by age 18. In addition, susceptibility to many common diseases often has a genetic
basis, and most cancers develop as the result of cumulative mutations. Thus, two thirds of the population will experience a
disease with a genetic component in their lifetime. If cancers are included, 91 percent will be affected (Rimoin and colleagues,
1997). The types and estimated frequencies of various categories of genetic conditions by age at diagnosis are listed in Table
12-1. Tests available to diagnose some genetic diseases antenatally and the rationale accompanying their use in pregnancy are
described throughout Chapter 13.

The Human Genome Project, supported principally by the National Human Genome Research Institute, had the goal of
mapping the complete human genome. Sequencing was essentially complete by 2000, and finalized in 2003. Mapping the
approximately 40,000 genes that comprise the haploid human genome will no doubt aid studies of normal and abnormal gene
function to provide the basis for future diagnosis and therapy. Within our professional lifetimes, it is likely that consideration of
each patient's genetic background and specific traits and susceptibilities will become part of routine medical care. Knowledge of
genetic principles will thus be essential for all practitioners.

ETIOLOGY OF BIRTH DEFECTS

Birth defects can arise in at least three ways. This is illustrated by Figure 12-1, which shows three similar looking defects that
actually arose by three different mechanisms. The first limb defect caused by fusion of the lower extremities is a malformation,
meaning that the limb was "programmed" to develop abnormally and is thus intrinsically genetically abnormal. In contrast, a
deformation occurs when a genetically normal structure develops an abnormal shape because of mechanical forces imposed by
the uterine environment. An example is an otherwise normal limb that develops contractures because of prolonged
oligohydramnios. A disruption is a more severe change in form or function that occurs when genetically normal tissue is
modified as the result of a specific insult. An example is early amnion rupture causing limb deformities. There are some
identical-appearing abnormalities, referred to as phenocopies, that have widely varying etiologies, which can make the
diagnosis of even relatively simple defects difficult.

Multiple structural defects or developmental abnormalities can occur together in one individual. A cluster of several anomalies
or defects can be a syndrome, meaning that all the abnormalities have the same cause %*— for example, trisomy 18.
Anomalies also may comprise a sequence, meaning that all abnormalities developed sequentially as the result of one initial
insult ®— for example, oligohydramnios leading to pulmonary hypoplasia, limb contractures, and facial deformities. Finally, a
group of anomalies may be considered an association, meaning that these particular anomalies occur together frequently, but
do not seem to be linked etiologically R— for example, CHARGE association, which is a combination of coloboma, heart
defects, atresia choanae, mental retardation, growth deficiency, and ear anomalies. It is readily apparent that classification of
anomalies can be challenging, and reclassification often is required.

™ Figure 12-1. Examples of three major types of dysmorphogenesis. A. Malformation
o \ sequence: sirenomelia or fused lower extremities. B. Deformation sequence:
i s i !-ﬁ clubbed feet from prolonged oligohydramnios. C. Disruption sequence: cephalocele,

cleft lip, amputated right arm, and bilateral arm bands from amnionic bands
(Photographs courtesy of Dr. Ron Ramus and Dr. Diane Twickler.)

CHROMOSOMAL ABNORMALITIES
STAN DARD NOMENCLATU RE. By convention, karyotypes are reported using nomenclature agreed upon

by the genetics community and codified in 1985 by the International System for Human Cytogenetic Nomenclature (ISCN). The
total number of chromosomes is listed first and corresponds to the number of centromeres present. This is followed by the sex
chromosomes (XX or XY), and then by a description of any variation or abnormality detected. Specific abnormalities are
indicated by standard abbreviations, such as dup (duplicated), der (derivative), t (translocated), and many more. Each
chromosome has a short arm ®*— the "p" or petit arm %— and a long arm R— the "q" arm %— named for the next letter in the
alphabet. The arms are separated by a centromere. These letters further identify the affected chromosomal components. The
standard nomenclature for writing a karyotype is shown in Table 12-2.

Chromosomal abnormalities figure prominently in assessments of the impact of genetic disease, accounting for 50 percent of
embryonic deaths, 5 to 7 percent of fetal losses, 6 to 11 percent of stillbirths and neonatal deaths, and 0.9 percent of liveborn
children (Hook, 1992; Tolmie, 1995).

ANEU PLOIDY. There are a total of 44 autosomes, arranged in pairs numbered from 1 to 22, and one pair of sex
chromosomes. The most obvious or easily recognized chromosomal abnormalities are numerical. In these, the affected
individual inherits an extra chromosome R— trisomy, is missing a chromosome %*— monosomy; or has an abnormal number of
haploid chromosomal complements R— polyploidy. The estimated incidence of aneuploidy and other chromosomal
abnormalities in newborns is shown in Table 12-3.



Trisomy. Most trisomies and nhonmosaic monosomies result from meiotic nondisjunction. Chromosomes fail to pair up initially,
or they pair properly but then fail to separate or separate prematurely (Gardner and Sutherland, 1996; Sherman and
colleagues, 1991). The risk of nondisjunction increases with maternal age (Table 12-4). Oocytes are held suspended in
midprophase of meiosis I from birth until ovulation ®—in some cases for 50 years. Aging is thought to break down chiasmata
that keep paired chromosomes aligned. When meiosis is completed at the time of ovulation, nondisjunction leads to one
resulting gamete receiving two copies of the chromosome in question. This leads totrisomy if fertilized. The other gamete
receives no copies and is thus monosomic when fertilized. Although 3 to 4 percent of sperm and 10 to 20 percent of oocytes
are aneuploid as the result of meiotic errors, natural selection against these abnormal gametes makes them less likely to result
in conception than normal gametes. If fertilization does occur, most aneuploid conceptuses die early.

Although each of the 23 chromosome pairs is equally likely to be involved in a segregation error, only a few trisomies are
identified (Kamiguchi and associates, 1993). Some trisomies are associated with such severe abnormalities that they always
result in loss before or shortly after implantation. For example, trisomy 1 has never been reported. Trisomy 16 accounts for 16
percent of all first-trimester deaths, but is never seen later. Only autosomal trisomies 13, 18, and 21 result in viable term
pregnancies. Even so, the majority of these fetuses are lost before term (Table 12-5). In their review, McIntosh and colleagues
(1995) confirmed that one third of Down syndrome fetuses in women aged 35 years and older are lost in the interval between
chorionic villus sampling at 10 weeks and amniocentesis at 16 weeks, and half die before term.

Monosomy. Although nondisjunction leads to an equal number of nullisomic and disomic gametes, there is no clinically
recognized association between maternal age and monosomy. The most likely explanation is that monosomy is almost
universally incompatible with life, and monosomic conceptuses die prior to implantation (Garber and co-workers, 1996). As a
rule, missing chromosomal material is much more devastating to the organism than having extra chromosomal material. One
exception is monosomy X, or Turner syndrome, discussed later. Although it accounts for about 20 percent of first-trimester
fetal deaths, a small proportion of cases survive until term.

Polyploidy. Abnormalities of ploidy account for about 20 percent of abortions and are rarely seen in later pregnancies. Two
thirds of triploidy cases result from fertilization of one egg by two sperm. The remainder are caused by failure of one of the
meiotic divisions, resulting in a diploid chromosomal complement in either the egg or, more frequently, the sperm. The origin
of the extra set of chromosomes determines the phenotype. If the extra chromosomes are paternal (diandric), the result is
usually a partial hydatidiform mole with abnormal fetal structures (see Chap. 11, p. 275). Rarely, a relatively normal-sized
fetus develops but the placenta is abnormally large and cystic. These pregnancies frequently are complicated by midtrimester
severe preeclampsia. If the extra set of chromosomes is maternal (digynic), a fetus and placenta develop but the fetus is
severely growth restricted. Triploid fetuses of either kind are frequently dysmorphic. If a woman had a triploid pregnancy with
a fetus that survived past the first trimester, the recurrence risk is 1 to 1.5 percent (Gardner and Sutherland, 1996). This risk
justifies offering prenatal diagnosis in subsequent pregnancies (see Chap. 13, p. 315).

Tetraploidy always results in 92,XXXX or 92,XXYY, indicating a postzygotic failure to complete an early cleavage division
(Thompson and colleagues, 1991). The recurrence risk for tetraploidy is minimal.

PATE RNAL EFFECTS. There is no association between aneuploidy and paternal age, probably because

aneuploid sperm cannot fertilize an egg. Advanced paternal age does, however, logarithmically increase the risk of
spontaneous new mutations causing autosomal dominant diseases such as neurofibromatosis or achondroplasia (Friedman,
1981). These new mutations also may be a factor in early pregnancy loss. The incidence of new autosomal dominant mutations
among newborns whose fathers are 40 years old is at least 0.3 percent. There is some evidence that paternal age also may
affect the incidence of isolated structural abnormalities (McIntosh and colleagues, 1995).

Chromosome abnormalities are increased when conception is induced by intracytoplasmic sperm injection (ICSI). A study
including 2083 such pregnancies evaluated with fetal karyotyping identified 72 chromosomal abnormalities, a rate of 3.5
percent (Van Steirteghem and co-workers, 2002). Of these, 30 were inherited, 15 involved sex chromosome abnormalities,
and 28 involved autosomes. In addition, these fetuses are at increased risk to have inherited Y chromosome deletions (In't Velt
and colleagues, 1997).

AUTOSOMAL TRISOMIES

Trisomy 21. This trisomy also is called Down syndrome after J.L.H. Down, who described it in 1866. A trisomy 21 karyotype,
shown in Figure 12-2, isfound in 1 in 800 to 1000 newborns. Because it is the most common nonlethal trisomy, this condition
is the focus of most genetic screening and testing protocols (see Chap. 13, p. 323). Approximately 95 percent of Down
syndrome cases result from maternal nondisjunction of chromosome 21 R— 75 percent during meiosis I and 25 percent during
meiosis II. The remaining cases result from mosaicism or translocation.

The Down syndrome phenotype includes marked hypotonia, tongue protrusion, a small head with flattened occiput, flat nasal
bridge, and epicanthal folds with up-slanting palpebral fissures. There is frequently loose skin at the nape of the neck, short
fingers, a single palmar crease, and absence or hypoplasia of the middle phalanx, causing clinodactyly (inward curving) of the
fifth finger, and the "sandal toe" gap (Fig. 12-3). Associated major abnormalities include heart defects (particularly endocardial
cushion defects) in 30 to 40 percent of cases and gastrointestinal atresias. These children also have a high incidence of
neonatal or childhood leukemia and thyroid disease. The intelligence quotient (IQ) ranges from 25 to 50, with a few individuals
testing higher, and most affected children have social skills averaging 3 to 4 vears ahead of their mental age. The chromosome
region responsible for the mental deficit is located at 21g22.13 to 22.2.

RECURRENCE RISK. Once a woman has had a pregnancy complicated by trisomy 21 resulting from nondisjunction, her risk to
have another pregnancy with any trisomy is 1 percent until her age-related risk exceeds this; then her age-related risk
predominates. This risk justifies offering invasive prenatal diagnosis. Parental chromosomal studies are not necessary unless
the trisomy was due to a translocation (approximately 3 percent of cases). Females with Down syndrome are fertile, and
approximately one third of their offspring will have Down syndrome (Scharrer and colleagues, 1975). Males are almost always
sterile, and only a few cases of reproduction have been reported (Sheridan and associates, 1989; Zuhlke and co-workers,
1994).



Trisomy 18. Also known as Edwards syndrome, trisomy 18 occurs in 1 in 8000 newborns and is three to four times more
common in females. The incidence is much higher in the first trimester, but 85 percent of fetuses with this syndrome die
between 10 weeks and term. Moreover, trisomy 18 fetuses usually are growth restricted, with a mean birthweight of 2340 g
(Snijders and colleagues, 1995).

Striking facial features include prominent occiput, rotated and malformed auricles, short palpebral fissures, and a small mouth.
The hands are often held clenched with the second and fifth fingers overlapping the third and fourth (Jones, 1997). Virtually
every organ system can be affected by trisomy 18. Almost 95 percent of affected individuals have cardiac defects, most
commonly ventricular or atrial septal defect or patent ductus arteriosus. Horseshoe kidney, radial aplasia, hemivertebrae,
hernias, diastasis, or imperforate anus may be evident. These infants are usually frail and have frequent apneic spells. In a
recent report from the National Center on Birth Defects and Developmental Disabilities, Rasmussen and associates (2003)
described a median survival of 14 days. Up to 10 percent survive to 1 year, and rare reports describe survivors to age 10 or
older. Those who survive are profoundly retarded.

In view of the extremely poor outcome, prenatal diagnosis should prompt discussion of pregnancy termination. If the
pregnancy is continued, the mode of delivery must be discussed. Fetuses with trisomy 18 commonly have fetal heart rate
abnormalities during labor, and more than half of all undiagnosed cases are delivered by cesarean for "fetal

distress" (Schneider and colleagues, 1981). Because it is extremely unlikely that cesarean delivery will change the outcome, it
is reasonable to avoid unnecessary maternal operative morbidity by planning a vaginal delivery regardless of whether the fetus
tolerates labor, recognizing that intrapartum fetal demise may occur.

Trisomy 13. Known as Patau syndrome, trisomy 13 occurs in approximately 1 in 20,000 births. Common abnormalities
include cardiac defects in 80 to 90 percent of cases, and holoprosencephaly in 70 percent. Holoprosencephaly may be
accompanied by microcephaly, hypotelorism, and pronounced abnormalities of the orbits, nose, and palate. Affected fetuses
also may have abnormal ears, omphalocele, polycystic kidneys, radial aplasia, cutis aplasia, and polydactyly. Rasmussen and
colleagues (2003) recently reviewed outcomes of 70 liveborn infants with trisomy 13. They found that the median survival for
trisomy 13 liveborn neonates was 7 days. Up to 10 percent survived to 1 year. Counseling regarding prenatal diagnosis and
delivery is approached as previously described with trisomy 18.

Other Trisomies. 1t is rare to see liveborn neonates with other autosomal trisomies, although mosaicism involving a few other
autosomal chromosomes has been reported.

MU o Figure 12-2. Abnormal female karyotype with trisomy 21, consistent with Down

,:_ wH un s Syndrome; 47,XX+21. (Courtesy of Dr. Nancy R. Schneider.)
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] Figure 12-3. Trisomy 21 Down syndrome. A. Prominent nuchal tissue redundancy.
4 ‘ B. Transverse palmar crease. C. Sandal toe gap. (Photographs courtesy of Dr.
“ Charles Read and Dr. Lewis Waber.)

SEX CHROMOSOME ABNORMALITIES

XXX and XXY. There have been studies in which children with sex chromosome abnormalities are identified through early
screening and then followed prospectively. These studies aid the identification of each specific phenotype. One such study
between 1964 and 1974 identified 43 of 40,000 newborns ®—1 in 930 R— with sex chromosome aneuploidy (Robinson and
colleagues, 1991). They were followed until age 24. Both females with 47,XXX and males with 47,XXY (Klinefelter syndrome)
had very similar phenotypes. Both tended to be tall. XXX females displayed normal pubertal development and fertility. XXY
males, however, did not virilize and required testosterone replacement therapy. They were more likely to be infertile as the
result of gonadal dysgenesis and to have gynecomastia and small testicles.

Neither XXX nor XXY is strongly associated with mental retardation, but there is wide variability in intellectual function. The IQ
scores ranged from 71 to 122; the mean IQ of XXY males was 95, whereas that of XXX females was 87 R— both within normal
limits, but lower than controls. Most XXX and XXY study subjects had some type of developmental problem or speech
disability, neuromotor, or learning disability.

Females with more than three X chromosomes R— 48,XXXX or 49, XXXXX R— are likely to have physical abnormalities that are
apparent at birth and to exhibit varying degrees of mental retardation. For both males and females, IQ drops with each
additional X chromosome.

47,XYY. These males are phenotypically normal but tall. They generally have normal intelligence, although their IQs may be
lower than those of their siblings, and they often have learning disabilities. Early reports indicating that XYY was associated
with criminal or violent behavior suffered from ascertainment bias because prisoners or men with serious psychological
dysfunction were tested preferentially. In their prospective study, Robinson and colleagues (1997) found only an increased risk
of emotional difficulties, including mild depression and increased hyperactivity and aggressiveness in XYY men. Males with
more than two Y chromosomes R— 48,XYYY R— or with both additional X and Y chromosomes R—48,XXYY or 49,XXXYY R—
have obvious physical abnormalities and significant mental retardation.



45,X. Called Turner syndrome, this is the only monosomy compatible with life. It is the most common aneuploidy in abortuses
and accounts for 20 percent of chromosomally abnormal first-trimester abortions. Its prevalence in liveborn neonates is about
1 in 5000 births (Sybert and McCauley, 2004).

There are three distinct phenotypes seen with 45,X. At least 98 percent of conceptuses are so abnormal that they abort in the
first trimester. In the majority of the remainder, abnormal ultrasonographic findings such as cystic hygromas (see Fig. 16-8, p.
395) may be detected later, and these findings may be accompanied by hydrops and fetal demise. The third, least common
phenotype comprises liveborn individuals, who may have only minor problems. Features of this last group include short
stature, broad chest with widely spaced nipples, congenital lymphedema with puffy fingers and toes, low hairline with webbed
posterior neck, and minor bone and cartilage abnormalities. Between 30 and 50 percent have a major cardiac malformation,
usually aortic coarctation or bicuspid aortic valves. Intelligence is generally in the normal range. 45,X females, however,
frequently have visual-spatial organization deficits and difficulty with nonverbal problem solving and with interpretation of
subtle social cues (Jones, 1997). Over 90 percent also have ovarian dysgenesis and require life-long hormone replacement
beginning just before adolescence.

The tremendous range of phenotypes of Turner syndrome may be explained by a high incidence of mosaicism, with two or
more populations of cells identified. About half are 45,X nonmosaic which results from an error in meiosis. The mosaic Turner
syndrome stems from an error in mitosis, with one or more populations of cells missing an X chromosome. The live-born
infants will have karyotypes like 45,X /46,XX or 45,X /46,XY (Saenger, 1996; Sybert and McCauley, 2004). As many as half of
women with Turner syndrome display mosaicism in peripheral blood cells; the remainder may have mosaicism expressed only
in tissues that are not routinely tested (Fernandez, 1996; Kim, 1999; Nazarenko, 1999, and their colleagues). If ultimately the
majority of cells are 45,X, that individual will have the Turner phenotype, but modified by the presence of the other cell
populations (Koeberl and co-workers, 1995). The missing X chromosome does not appear to be lost randomly %®*— the
maternal X is retained in 80 percent of surviving cases (Cockwell and colleagues, 1991; Hassold and associates, 1991).

Figure 16-8. Large, septated cystic hygromas in a 17-week fetus with Turner
syndrome. (Courtesy of Dr. Jodi Dashe.)

CH ROMOSOMAL DELETIONS. A deletion means that a portion of a chromosome is missing. These errors

usually are described by the location of the two break points within the chromosome or, if the deletion is common, by an
eponym; for example, del 5p also is called cri du chat syndrome. Most deletions occur during meiosis and result from
malalignment or mismatching during pairing of homologous chromosomes. If the two chromosomes are not aligned properly,
the unaligned loop may be deleted (Fig. 12-4). If the mismatch remains and the two chromosomes recombine, the result may
be a deletion in one and a duplication in the other. If a deletion is identified in a fetus or child, the parents should be tested to
determine whether either carries a balanced translocation that would increase the recurrence risk.

Chromosome Banding. Recognition of a deletion during cytogenetic analysis is facilitated by various staining methods used
to create light and dark chromosomal bands. These banding patterns are unique and allow identification of each chromosome
and recognition of missing segments. Several genetic conditions have been identified that are caused by microdeletions *—
deletions too small to be detected by older methods.

Genes in a deleted chromosomal segment often control several different traits. Thus, contiguous gene deletion syndromes
usually involve serious but unrelated phenotypic and functional abnormalities. Deletions can occur in any area of any
chromosome. Several specific deletions, however, are found more frequently than expected by chance alone, probably because
certain regions are predisposed to breakage.

Deletion 4p. Known as Wolf-Hirschhorn syndrome, this deletion involves material from the short arm of chromosome number
4. It is characterized by fetal growth restriction, hypotonia, a unique facial appearance, severe mental deficiency, polydactyly,
and cutis aplasia. Affected children often have severe seizures and seldom survive childhood. Approximately 85 percent of 4p

deletions occur de novo, and in 80 percent the deleted chromosomal material is paternal.

Deletion 5p. Partial deletion of the short arm of chromosome 5 causes cri du chat syndrome. Affected infants are growth
restricted, hypotonic, and severely retarded. They are sometimes identified by their mewling, high-pitched, catlike cry,
attributed to abnormal laryngeal development.

Shprintzen and DiGeorge Phenotypes. These phenotypes both result from the same 22q11.2 microdeletion (Driscoll and
colleagues, 1993). Botto and colleagues (2003) recently described a population-based study from the National Center on Birth
Defects and Developmental Disabilities. They found the prevalence of 22q11.2 microdeletion to be about 1 in 6000 among
whites, blacks, and Asians, and 1 in 3800 among Hispanics. More than 80 percent had heart defects, and one third had major
extracardiac anomalies. The deletion accounted for at least 1 in 68 cases of a major heart defect. Shprintzen phenotype also is
called velo-cardio-facial syndrome. Individuals with this deletion may have cleft palate, velopharyngeal incompetence,
prominent nose, a long face with retruded mandible, cardiac defects, learning difficulties, and short stature. By contrast, the
DiGeorge phenotype is characterized by thymus hypo- or aplasia, parathyroid hypo- or aplasia, and aortic arch malformations.
Typical facies includes short palpebral fissures, micrognathia with a short philtrum, and ear anomalies. Mental development is
usually normal.

It has been hypothesized that DiGeorge and Shprintzen phenotypes represent two extremes of a spectrum of abnormalities
associated with the identical deletion. It is also possible that each condition represents a separate contiguous gene deletion
syndrome of genes located at 22q11.2, but that current cytogenetic methods cannot distinguish differences between the two.
Recent data indicate that the 22q11.2 microdeletion also accounts for a large proportion of heart defects in individuals without
the extracardiac features of either DiGeorge or Shprintzen syndromes. These include interrupted aortic arch, truncus



arteriosus, and Fallot tetralogy.

Figure 12-4. One mechanism to produce a duplication and a deletion. Similar
FiLl © L B 5 sequences (crosshatched segments) exist at numerous places along the

il | || chromosome. Misalignment of two nonhomologous sequences, followed by

i . . | lllegitimate recombination within these two sequences (X), produces recombinant
..... - - - + products that are reciprocally imbalanced: one with a duplication of the chromatin
between the two sequences, and the other with a deficiency. (From Gardner and
Sutherland, 1996, with permission.)

CHROMOSOMAL TRANSLOCATIONS

Reciprocal Translocations. A reciprocal or double-segment translocation is a rearrangement of chromosomal material in
which breaks occur in two different chromosomes, and the fragments are exchanged before the breaks are repaired. The
rearranged chromosomes are called derivative (der) chromosomes. If no chromosomal material is gained or lost in this
process, it is a balanced translocation. Although the transposition of chromosomal segments can cause abnormalities due to
repositioning of specific genes, in most cases gene function is not affected and the balanced carrier is phenotypically normal.
Offspring who inherit either the two normal chromosomes or the two translocated chromosomes also usually have a normal
phenotype. Fryns and associates (1992) reported a 6.4 percent total risk (including background) for anomalies with a balanced
translocation.

Carriers of a balanced translocation can produce unbalanced gametes that result in abnormal offspring. As shown in Figure 12-
5, if one of the translocated chromosomes and one of the normal co-chromosomes are included in the oocyte or sperm,
following fertilization, the result is monosomy for part of one chromosome and trisomy for part of another. The observed risk
of many specific translocations can be estimated by a genetic counselor, but in general, translocation carriers identified after
the birth of an abnormal child have a 5 to 30 percent risk of having unbalanced liveborn offspring. Carriers identified for other
reasons, for example, during an infertility workup, only have up to 5 percent risk, probably because their gametes and thus
conceptions are so abnormal as to be nonviable.

Robertsonian Translocations. These translocations result when the long arms of two individual acrocentric chromosomes
R— for example, chromosomes 13 and 14 R— fuse at the centromere to form one. Translocations may involve any of the
acrocentric chromosomes shown in Figure 12 -2. These include chromosomes 13, 14, 15, 21, and 22, but almost all involve
chromosome 14 (Levitan, 1988). Fusion at the centromeres results in the loss of one centromere and the satellite regions
which comprise the short arms of each chromosome. These regions contain only genes coding for ribosomal RNA, which also
are present in multiple copies on other acrocentric chromosomes. As long as the fused g arms are intact, the translocation
carrier is usually phenotypically normal. Because the number of centromeres determines the chromosome count, the typical
carrier of a Robertsonian translocation will have only 45 chromosomes.

Robertsonian carriers have reproductive difficulties. If the fused chromosomes are homologous R— from the same
chromosome pair R"— the carrier makes only unbalanced gametes. Each egg or sperm contains either both copies of the
translocated chromosome, which would result in trisomy if fertilized, or no copy, which would result in monosomy. If the fused
chromosomes are nonhomologous, four of the six possible gametes (66 percent) would be abnormal. Because some of these
abnormal gametes would be nonviable, however, the actual observed incidence of abnormal offspring is only 15 percent if the
translocation is carried by the mother, and 2 percent if carried by the father.

Robertsonian translocations are common. Their incidence in newborns is approximately 1 in 1000, which is equal to all other
translocations combined. Robertsonian translocations, however, are not a major cause of miscarriage and occur in fewer than
5 percent of couples with recurrent pregnancy loss (Smith and Gaha, 1990). Still, identification of these translocations has
tremendous impact on reproductive plans and may have implications for other family members. When a fetus or child is found
to have a translocation trisomy, chromosomal studies of both parents should be performed. If neither parent is a carrier and
the translocation occurred spontaneously, the recurrence risk is low.

Isochromosomes. These abnormal chromosomes are composed of either two q arms or two p arms of one chromosome
fused together. Isochromosomes are thought to arise when the centromere breaks transversely instead of longitudinally during
meiosis II or mitosis. They also may result from a meiotic error in a chromosome with a Robertsonian translocation. An
isochromosome made of the g arms of an acrocentric chromosome behaves like a homologous Robertsonian translocation,
because no important genetic material is lost. However, such a carrier could produce only abnormal unbalanced gametes.
When an isochromosome involves nonacrocentric chromosomes that have p arms containing functional genetic material, the
fusion and abnormal centromere break results in two isochromosomes 3— one composed of both p arms and one composed of
both g arms. Because one of these isochromosomes is likely to be lost during cell division, resulting in the deletion of all the
genes located on the lost chromosome arm, the carrier is usually phenotypically abnormal and produces abnormal gametes. An
example is isochromosome X, which causes the full Turner syndrome phenotype.

B = M= Figure 12-5. Gametes produced by a balanced translocation carrier. (From
Ao G Greenwood Genetics Center, 1995, with permission.)

i

CH ROMOSOMAL INVERSIONS. Inversions result when two breaks occur in the same chromosome, and

the intervening genetic material is inverted before the breaks are repaired. Although no genetic material is lost or duplicated,
the rearrangement may alter gene function. Paracentric inversions are those in which the inverted material is from only one



arm, and the centromere is not within the inverted segment (Fig. 12-6). The carrier makes either normal (balanced) gametes
or gametes that are so abnormal as to preclude fertilization. Thus, although infertility may be a problem, the risk of abnormal
offspring is extremely low.

Pericentric inversions occur when the breaks are in each arm of the chromosome, so that the inverted chromosome material
includes the centromere. Because such inversions cause problems in chromosomal alignment during meiosis, the carrier is at
high risk to produce abnormal gametes and thus abnormal offspring. The risk can be calculated for each unique inversion, but
in general, the observed risk is 5 to 10 percent if ascertainment was prompted after the birth of an abnormal child, and 1 to 3
percent if ascertainment was prompted by some other reason (Gardner and Sutherland, 1996).

] : 1, N Figure 12-6. Meiosis in chromosomes with pericentric and paracentric inversions.
(Adapted from Greenwood Genetics Center, 1995, with permission.)

RING CH ROMOSOMES. When there are deletions from both ends of a chromosome, the ends may unite,

forming a ring chromosome. If the deletions are substantial, the carrier is phenotypically abnormal. For example, ring X
chromosome is associated with the Turner syndrome phenotype.

Telomeres are the physical ends of linear chromosomes. They are specialized nucleoprotein complexes that have important
functions, primarily in the protection, replication, and stabilization of the chromosomal ends. If only the telomeres are lost, all
important genetic material is retained and the carrier is essentially balanced. The ring, however, prevents normal chromosome
alignment during meiosis and thus produces abnormal gametes. It also disrupts cell division, causing abnormal growth of many
tissues and leading to small stature, borderline to moderate mental deficiency, and minor dysmorphisms (Gardner and
Sutherland, 1996).

A ring chromosome may form de novo or may be inherited from a carrier parent. In all cases of parent-to-child transmission,
the mother is the carrier, possibly because a ring chromosome somehow compromises spermatogenesis.

CHROMOSOMAL MOSAICISM. This finding is defined as two or more cytogenetically distinct cell lines in

the same individual. In many cases, mosaicism is a cell-culture artifact that must be differentiated from true mosaicism
(Claussen and co-workers, 1984). The phenotypic expression of mosaicism depends on many factors, including whether the
cytogenetically abnormal cells involve the placenta, the fetus, parts of the fetus, or some combination. Although true
mosaicism rarely is encountered in either a fetus or amniocytes, chorionic villus sampling has shown that 2 percent of
placentas are mosaic, even though the associated fetus is usually normal (Henderson and associates, 1996). This finding is
called confined placental mosaicism, and it likely results from nondisjunction during early mitotic divisions in one or more cells
destined to become the placenta. It could also result from partial "correction" of a trisomy resulting from a meiotic error, with
the extra chromosome lost from all cells destined to become the fetus, but retained in some cells destined to become the
placenta. The mechanism causing mosaicism seems to be chromosome specific. Mosaicism involving chromosomes 2, 7, 8, 10,
and 12 is usually caused by a mitotic error, whereas that involving chromosomes 9, 16, and 22 tends to result from partial
correction of a meiotic error (Robinson and colleagues, 1997).

Confined placental mosaicism may have either positive or negative effects. It may play a role in the survival of some
cytogenetically abnormal fetuses. For example, trisomy 13 and 18 fetuses who survive to term may do so only because of
early trisomic "correction" in some cells that become trophoblasts. This would favor more normal placental function (Kalousek
and co-workers, 1989). Conversely, some cytogenetically normal fetuses may have severe growth restriction because the
placenta contains a population of aneuploid cells that impair function (Kalousek and Dill, 1983). It now appears that growth
restriction also is influenced by which chromosome is lost during the trisomic "correction." If the fetus retains two normal
copies of the chromosome in question, but both copies came from the same parent, growth also may be impaired. This event
is referred to as uniparental disomy and is discussed later.

Gonadal mosaicism is confined to the gonads. It likely arises as the result of a mitotic error in cells destined to become the
gonad, resulting in a population of abnormal germ cells. Because spermatogonia and oogonia divide throughout fetal life, and
spermatogonia continue to divide throughout adulthood, gonadal mosaicism also could occur as the result of a meiotic error in
previously normal dividing germ cells. Gonadal mosaicism may explain de novo autosomal dominant mutations in the offspring
of normal parents, causing such diseases as achondroplasia or osteogenesis imperfecta, or X-linked diseases such as Duchenne
muscular dystrophy. It also explains the recurrence of such diseases in more than one child in a previously unaffected family.
It is because of the potential for gonadal mosaicism that the recurrence risk after the birth of a child with a disease caused by
a "new" mutation is approximately 6 percent.

SINGLE-GENE (MENDELIAN) DISORDERS

A mendelian disorder is caused by a mutation or alteration in a single locus or gene, in one or both members of a gene pair.
Approximately 0.4 percent of the population has a genetic abnormality caused by a single-gene mutation discovered by age
25, and 2 percent will have a single-gene disorder diagnosed during their lifetime (see Table 12-1). As of 2004, 15,566
monogenic disorders had been identified. Although they are classified according to their mode of inheritance R— 14,589
autosomal, 868 X-linked, 54 Y-linked, and 61 mitochondrial R— it must be emphasized that it is the phenotype that is
dominant or recessive, not the genes. In some dominant diseases, for example, the normal gene may still be directing the
production of normal protein, but the phenotype is determined by protein produced by the abnormal gene. Likewise, the
heterozygous carrier of some recessive diseases may produce detectable levels of the abnormal gene product, but he or she
does not display features of the disease because the phenotype is directed by the product of the normal co-gene. Some
common "single-gene disorders" affecting adults are listed in Table 12-6.

Although transmission patterns of these diseases are consistent with mendelian inheritance, their phenotypes are strongly



influenced by modifying genes and environmental factors. Ironically, although single-gene (mendelian) disorders were the first
genetic conditions identified, diseases caused solely by single genes are actually relatively rare.

AUTOSOMAL DOMINANT. If only one member of a gene pair determines the phenotype, that gene is

considered to be dominant. Likewise, a gene with a dominant mutation specifies the phenotype in preference to the normal
gene. The carrier of a gene causing an autosomal dominant disease has a 50-percent chance of passing on the affected gene
with each conception.

Penetrance. This term describes whether or not the mutant gene is expressed at all. A dominant gene with some kind of
recognizable phenotypic expression in all individuals who carry the gene has 100 percent penetrance. If the carrier of the
abnormal gene displays no features of the associated disease, the gene is not penetrant. Incomplete penetrance, the situation
in which some gene carriers express the gene but some do not, is quantitatively expressed by the ratio of gene carriers who
have any phenotypic characteristics associated with the altered gene to the total number of gene carriers. A gene that is
expressed in some way in 80 percent of individuals who have that gene is 80-percent penetrant. Incomplete or reduced
penetrance may explain why some autosomal dominant diseases appear to "skip" generations.

Some mechanisms responsible for reduced penetrance have been identified. For example, in retinoblastoma, reduced
penetrance is explained by the fact that an individual carrying the abnormal allele must also acquire a somatic mutation
affecting the normal retinoblastoma allele in order to develop the disease. If the normal allele is not mutated, the disease is
not penetrant. Another mechanism is delayed onset of disease. For example, because symptoms of Huntington disease may
not become apparent until age 40, if the individual carrying the gene died before it had been expressed, the gene would
appear to have skipped that generation.

Expressivity. This term refers to the degree to which the phenotypic features are expressed. If all individuals carrying the
affected gene do not have identical phenotypes, the gene has variable expressivity. Expressivity of a gene can range from
complete or severe manifestations to only mild features of the disease. An example of a disease with variable expressivity is
neurofibromatosis.

Anticipation. This term describes a phenomenon observed in certain chromosomal diseases such as fragile X syndrome and
myotonic dystrophy. Disease symptoms seem to be more severe and to appear at an earlier age in each successive
generation. In these cases, the progressively more severe phenotype corresponds to progressively larger gene mutations
(discussed later). Other cases of apparent anticipation likely result from ascertainment bias. When an individual with a severe
phenotype is identified, the search for other affected family members often reveals milder cases in previous generations.

AUTOSOMAL RECESSIVE. These traits usually are expressed only when both copies of the gene function

identically. Thus, autosomal recessive diseases develop only when both gene copies are abnormal. Phenotypic alterations in

gene carriers R— that is, heterozygotes 92— usually are undetectable clinically but may be recognized at the biochemical or

cellular level. For example, many enzyme deficiency diseases are autosomal recessive. The enzyme level in a carrier will be

about half of normal, but because enzymes are made in great excess, this reduction usually does not cause disease. It does,
however, represent a phenotypic alteration and can be used for screening purposes (see Chap. 13, p. 318). Other recessive
conditions do not produce any phenotypic changes in the carrier and can be identified only by molecular methods.

Unless they are screened for a specific disease, such as cystic fibrosis, carriers usually are recognized only after the birth of an
affected child or the diagnosis of an affected family member (see Chap. 13, p. 317). A couple whose child has an autosomal
recessive disease has a 25-percent recurrence risk with each conception. The likelihood that a normal sibling of an affected
child is a carrier of the gene is two out of three; 1/4 of offspring will be homozygous normal, 2/4 will be heterozygote carriers,
and 1/4 will be homozygous abnormal R— thus, three of four children will be phenotypically normal and two of these three will
be carriers.

The carrier child will not have affected children, unless his or her partner is also a carrier (heterozygous) or has the disease
(homozygous). Because genes leading to rare autosomal recessive conditions have a low prevalence in the general population,
the chance that a partner will be a gene carrier is low unless the couple is related or part of an isolated population (American
College of Obstetricians and Gynecologists, 2004).

Inborn Errors of Metabolism. Most of these autosomal recessive diseases result from the absence of a crucial enzyme
leading to incomplete metabolism of proteins, sugars, or fats. The metabolic intermediates that build up are toxic to a variety
of tissues, resulting in mental retardation or other abnormalities.

PHENYLKETONURIA (PKU). This classical example of an autosomal recessive defect results from diminished or absent
phenylalanine hydroxylase activity. Homozygotes are unable to metabolize phenylalanine to tyrosine. If the diet is unrestricted,
incomplete protein metabolism leads to abnormally high phenylalanine levels that cause neurological damage and mental
retardation. There also is hypopigmented hair, eyes, and skin because phenylalanine competitively inhibits tyrosine hydrolase,
which is essential for melanin production. The disease is rare and affects 1 in 10,000 to 15,000 white newborns. There is
tremendous geographical and ethnic variation, with incidences ranging from 5 to 190 cases per million.

PKU is notable for two reasons. First, it is one of the few metabolic disorders for which treatment exists. Homozygotes who
ingest a phenylalanine-free diet can avoid many of the clinical consequences of the disease. Early diagnosis and limitation of
dietary phenylalanine beginning in infancy are essential to prevent neurological damage. Accordingly, all states and many
countries now mandate newborn screening for PKU, and about 100 cases per million births have been identified worldwide. The
special diet should be continued indefinitely, as patients who abandon the phenylalanine-free diet may have some decline in

1Q.

Women with PKU who plan to conceive and are not already on a phenylalanine -restricted diet should be counseled to adhere to
the diet before conception and throughout pregnancy. Phenylalanine readily crosses the placenta, and high maternal serum
levels can result in damage to the fetus or pregnancy loss (National Institutes of Health, 2000). Hyperphenylalaninemia causes
microcephaly with mental retardation and cardiac defects in the heterozygote fetus who otherwise would not be affected.
Importantly, these defects can be prevented with maternal dietary treatment (Williamson and associates, 1981). The Maternal



Phenylketonuria Collaborative Study, which enrolled nearly 600 women during 12 years, found that maintenance of serum
phenylalanine levels in the 160 to 360 pmol/L (2 to 6 mg/dL) range significantly reduced the risk of fetal abnormalities (Platt
and colleagues, 2000).

CONSANGUINITY. Two individuals are considered consanguineous if they have at least one ancestor in common.
The term usually refers to an individual mating with a third-degree relative such as a first cousin, a half-uncle or aunt, or a
half-niece or nephew, or a more distantly related individual. First-degree relatives share half, second-degree relatives share
one fourth, and third-degree relatives (cousins) share one eighth of their genes. Because of the potential for shared deleterious
genes, consanguineous unions are at increased risk to produce children with autosomal recessive or multifactorial diseases.

First-cousin marriages, the most frequent consanguineous mating, carry a twofold increased risk of abnormal offspring (4 to 6
percent risk instead of the 2 to 3 percent background risk) if there is no family history of genetic disease. If one of the partners
has a sibling with an autosomal recessive disease, the risk of affected offspring is many times higher than if he or she had
chosen an unrelated partner. First-cousin marriage is legal in 30 states and is actually preferred in some countries, for
example, some parts of the Middle East (Bennett, 1987; Shami and colleagues, 1991). Despite this, there are significant
medical, societal, and legal ramifications to first-cousin marriages in the United States. All of these should be addressed by the
couple before childbearing with each other.

Incest is defined as a sexual relationship between first-degree relatives such as parent and child or brother and sister and is
universally illegal. Progeny of such unions carry the highest risk of abnormal outcome, and up to 40 percent of offspring are
abnormal as a result of both recessive and multifactorial disorders (Friere-Maia, 1984; Nadiri, 1979).

CO'DOMINANT GENES. If alleles in a gene pair are different from each other, but both are expressed in the

phenotype, they are considered to be co-dominant. An example is the genes responsible for hemoglobinopathies. The
individual with one gene directing production of sickle hemoalobin and the other directing production of hemoaglobin C produces
both S and C hemoglobins. Genes determining human blood type are also co-dominant; both A and B red-cell antigens can be
expressed simultaneously in one individual.

X-LINKED AND Y-LINKED GENES. X-linked diseases are usually recessive. The best known X-linked

recessive diseases are color blindness, hemophilia A, and Duchenne muscular dystrophy. Women carrying an X-linked
recessive gene generally are unaffected, unless unfavorable lyonization %*— inactivation of one X chromosome in every cell R—
results in the majority of cells expressing the abnormal gene. When a woman carries a gene causing an X-linked recessive
condition, there is a 50 percent chance of passing the gene with each conception. Thus, each son has a 50 percent risk of
being affected and each daughter has a 50 percent chance of being a carrier.

Men carrying an X-linked recessive gene usually are affected because they lack a second X chromosome to express the normal
dominant gene. When a man has an X-linked disease, none of his sons will be affected because they cannot receive the
abnormal X-linked gene from him. As subsequently discussed, for complex reasons, fragile X syndrome does not conform to
these rules of X-linked inheritance.

X-linked dominant disorders affect females predominantly because they tend to be lethal in male offspring. Examples include
focal dermal hypoplasia, vitamin D-resistant rickets, and incontinentia pigmenti.

The Y chromosome carries genes important for sex determination and a variety of cellular functions such as spermatogenesis
and bone development. Deletion of genes on the long arm of the Y chromosome results in severe spermatogenic defects,
whereas genes at the tip of the short arm are critical for chromosomal pairing during meiosis and for fertility.

NONMENDELIAN PATTERNS OF INHERITANCE
HEREDITARY UNSTABLE DNA. Mendel's first law states that genes are passed unchanged from parent

to progeny. Barring the occurrence of new mutations, that law still applies to many genes or traits. Certain genes, however,
are unstable, and their size and consequently their function may be altered as they are transmitted from parent to child.

Fragile X Syndrome. Also called Martin-Bell syndrome, fragile X syndrome is the most common form of familial mental
retardation. By contrast, Down syndrome is the most common genetic cause of mental retardation, but it is usually not
familial. Fragile X syndrome accounts for 4 to 8 percent of all retardation in males and females in all ethnic and racial groups.
The incidence of the full fragile X syndrome is generally cited as 1 in 1000 males and 1 in 2000 females (Rousseau and co-
workers, 1995; Turner and colleagues, 1996).

The fragile X mutation is a region of unstable DNA on the X chromosome. The region is best described as a series of CGG
(cytosine-guanine-guanine) triplet repeats at Xq27. If the number of repeats and thus the region reaches a critical size, it can
be methylated and thus inactivated (Migeon, 1993). When the gene is inactivated, fragile X mental retardation-1 (FMR-1)
protein is not produced. Although the function of this protein is unknown, it is highly conserved in all species and is most active
in brain and testes.

The number of repeats and the degree of methylation determine whether or not an individual is affected (Cutillo, 1994). The
absolute number of repeats is less important than whether the number exceeds either of two important thresholds. Individuals
carrying 2 to 49 repeats are usually phenotypically normal. Those carrying 50 to 199 repeats have a premutation, and
although they were previously considered to be normal, three distinct phenotypes have recently been characterized (Hagerman
and Hagerman, 2004). These include mild cognitive and behavioral deficits, premature ovarian failure, and a
neurodegenerative disorder that affects older adults and has been termed the fragile X-associated-tremor/ataxia syndrome
(FXTAS). Those with more than 230 repeats have the full mutation and, if methylation occurs, are usually affected.

The number of repeats usually remains stable when the gene is transmitted by a male. When transmitted by a female with a
premutation, however, the gene can expand during meiosis. The risk of expansion with maternal transmission generally



correlates with the number of repeats in the maternal premutation. Thus, if a woman carries a premutation that increases in
size as she transmits it to her offspring, it is possible for her child to manifest fragile X syndrome (Cutillo, 1994).

Approximately 80 percent of males and 50 to 70 percent of females carrying the full mutation are mentally handicapped (de
Vries and co-workers, 1996; Jones, 1997). Males are moderately to severely affected, with an IQ of 35 to 45, whereas the IQ
in females is generally higher (Nelson, 1995). Affected individuals also may have autistic behavior, attention-
deficit/hyperactivity disorder, and speech and language problems. The physical phenotype includes a narrow face with large
jaw, long prominent ears, and macroorchidism in postpubertal males. Surprisingly, 20 percent of males and 10 percent of
females carrying the expanded gene either are unaffected or have a mild phenotype. This phenotypic variability is caused by
lyonization (in females) or mosaicism for the size of the expansion, the degree of methylation, or both (Cutillo, 1994).

With the use of restriction endonuclease digestion and Southern blot analysis, as discussed on page 308, the number of CGG
repeats and the methylation status of the gene can be accurately determined. Amniocentesis may be preferred for prenatal
diagnosis because methylation status may be difficult to determine in chorionic villus cells. It is reasonable to refer individuals
with a history of mental retardation, developmental delay of unknown etiology, or autism for genetic evaluation because 2 to 6
percent will be determined to have fragile X (Curry and colleagues, 1997; Wenstrom and associates, 1999). Screening
rationale is discussed further in Chapter 13 (see p. 326).

Myotonic Dystrophy. This is the most common form of adult myopathy (Jones, 1997). Affected family members tend to have
successively earlier and more severe symptoms with each generation. The affected gene on the long arm of chromosome 9
contains a region of unstable trinucleotide (cytosine-thymine-guanine; CTG) repeats (Buxton and co-workers, 1992). Normal
individuals have 3 to 30 repeats, and although they can expand up to 3000, an increase to as few as 40 has been associated
with myotonic dystrophy.

There are three distinct myotonic dystrophy phenotypes, depending on the number of repeats. The severity of the phenotype
increases as the number of repeats increases from generation to generation, thus accounting for "anticipation." With about 100
repeats there is mild disease, characterized by mild facial muscle weakness and wasting, frontal balding, and cataract
formation. With 1300 repeats there is a 90-percent chance of having the full syndrome, which includes proximal muscle
weakness, cardiomyopathy, mental retardation, endocrine dysfunction, abnormal facies, and cataract development. Individuals
with an intermediate number of repeats, from 200 to 800, have an intermediate phenotype (Gennarelli and colleagues, 1996).
The most severe manifestations develop in the congenital form of the disease, which is associated with huge expansions of at
least 10 kb. Affected infants are thin and have hypotonia, facial muscle weakness, decreased cry and suck, and respiratory
insufficiency, and rarely survive to adulthood. Hydramnios, which results from decreased fetal swallowing, and decreased fetal
movement in a patient with facial muscle weakness or frontal balding should arouse suspicion. In contrast to fragile X
syndrome, the number of repeats can increase with transmission by either parent and also can decrease when transmitted by
a male.

Huntington Disease. This disorder is characterized by progressive chorea, bradykinesia, and rigidity with an insidious
deterioration of intellectual function. The mean age at diagnosis is about 40 years. The gene on chromosome 4 contains a
region of CAG (cytosine-adenine-guanine) triplet repeats. Normal individuals have 10 to 35 CAG repeats, whereas those with
the disease have 36 to 121 repeats. Like myotonic dystrophy, there is a significant correlation between the number of repeats
and the age of onset (Andrew and colleagues, 1993). Interestingly, there is also a correlation between paternal inheritance and
early disease (Clarke, 1990). Thus, the gene appears to be most unstable when transmitted by the father.

Other DNA-Triplet Repeat Diseases. These include Friedreich ataxia, X-linked spinal and bulbar muscular atrophy (Kennedy
disease), spinocerebellar ataxia types 1 and 2, dentato-rubro-pallido-luysian atrophy, and Machado-Joseph disease.

IMPRI NTING. This term describes the process by which certain genes are inherited in an inactivated or
transcriptionally silent state (Hall, 1990). This type of gene inactivation is determined by the gender of the transmitting parent
and may be reversed in the next generation. Imprinting affects gene expression by epigenetic control, that is, it changes the
phenotype by altering gene expression and not by permanently altering the genotype. When a gene is inherited in an
imprinted state, gene function is necessarily directed entirely by the co-gene inherited from the other parent. Thus, imprinting
exerts an effect by controlling the "dosage" of specific genes.

Certain important genes appear to be monoallelic. Thus, under normal circumstances only one member of the gene pair is
functioning :%— as opposed to most genes in the genome, which are biallelic. Most of the monoallelic genes identified so far
regulate tissue growth. Genes normally expressed only from the paternal allele, such as insulin growth factor 2, tend to be
associated with tissue overgrowth and tumor formation, whereas genes normally expressed exclusively from the maternal
allele, such as H19, result in growth suppression (Tycko, 1994).

The genes inherited from each parent express the parental imprinting in all fetal cells. Then, in the immediate post-zygote
period, the inherited methylation pattern in the fetal germ cells only is erased, and a new imprinting pattern, corresponding to
the gender of the fetus, is imposed. When the fetus reaches adulthood, during reproduction it will pass on the imprinting
pattern unique to its own gender.

One example of the effect of imprinting concerns a chromosome deletion at 15q11-13, which causes two very different
diseases:

1. Prader-Willi syndrome is characterized by obesity and hyperphagia; short stature; small hands, feet, and external genitalia;
and mild mental retardation.

2. Angelman syndrome includes normal stature and weight, severe mental retardation, absent speech, seizure disorder, ataxia
and jerky arm movements, and paroxysms of inappropriate laughter.

Both syndromes are associated with the same deletion, but which of the two different phenotypes occurs depends on whether
the missing genetic material was inherited from the mother or the father. If the deleted genetic material was maternal in
origin, the result is Angelman syndrome, but if the deleted material was paternally derived, Prader-Willi syndrome results.



There are a number of other examples of imprinting important to obstetricians-gynecologists. Complete hydatidiform mole,
which has a paternally derived, diploid chromosomal complement, is characterized by the abundant growth of placental tissue,
but no fetal structures (see Chap. 11, p. 274). Conversely, ovarian teratoma, which has a maternally derived, diploid
chromosomal complement, is characterized by the growth of various fetal tissues but no placental structures (Porter and Gilks,
1993). It thus appears that paternal genes are vital for placental development and maternal genes are essential for fetal
development, but both must be present in every cell for normal fetal growth and development. Imprinting also is operative in
some growth disorders and malignancies.

UNIPARENTAL DISOMY. In this situation, both members of one pair of chromosomes are inherited from the

same parent (Fig. 12-7). This appears to result from the "correction" of a trisomic zygote by loss of a chromosome. The
chromosome transmitted by one parent is lost, and the two chromosomes transmitted by the other parent are retained.

Isodisomy is the unique situation in which an individual receives two identical copies of one chromosome in a pair from one
parent. This mechanism explains some cases of cystic fibrosis, in which only one parent was a carrier but the fetus inherited
two copies of the same abnormal chromosome from that parent (Spence and co-workers, 1988; Spotila and colleagues, 1992).
It also has been implicated in abnormal growth related to placental mosaicism (Robinson and colleagues, 1997).

Bt Figure 12-7. Diagrammatic representation of how uniparental disomy may arise.

MITOCHON DRIAL INHERITANCE. Each human cell contains hundreds of mitochondria, each

containing its own genome and associated replication systems. In this sense, mitochondria behave autonomously.
Interestingly, these organelles are derived exclusively from the mother. Whereas human oocytes contain approximately
100,000 mitochondria, sperm contain only 100, and these are destined for destruction after fertilization. Each mitochondrion
contains multiple copies of a 16.5-kb circular DNA molecule. This DNA encodes 13 peptides that are subunits of proteins
required for oxidative phosphorylation, as well as ribosomal and transfer RNAs.

Because mitochondria contain genetic information, mitochondrial inheritance allows the transmission of genes from mother to
offspring without the possibility of recombination. If a mitochondrial mutation occurs, it may segregate into a daughter cell
during cell division and thus be propagated. Over time, the percentage of mutant mitochondrial DNAs in different cell lines can
drift toward either normal or pure mutant (Wallace, 1995). If an oocyte containing largely mutant mitochondrial DNAs is
fertilized, the offspring might have a mitochondrial disease. These have a characteristic transmission pattern %%— individuals of
both sexes can be affected, but transmission is only through females. Mitochondrial genetic diseases include myoclonic
epilepsy with ragged red fibers (MERRF), Leber hereditary optic neuropathy, Leigh syndrome, and pigmentary retinopathy.

POLYGENIC AND MULTIFACTORIAL INHERITANCE. roiygenic traits are determined by

the combined effects of many genes. Multifactorial traits are determined by multiple genes and environmental factors. It is now
believed that the majority of inherited traits are multifactorial or polygenic. Birth defects caused by such inheritance are
recognized by their tendency to recur in families, but not according to a mendelian inheritance pattern. The empirical
recurrence risk for first-degree relatives usually is quoted as 2 to 3 percent (Thompson and colleagues, 1991). Multifactorial
traits can be classified in several ways, but the most logical is to categorize them as continuously variable traits, threshold
traits, or complex disorders of adult life.

Continuously Variable Traits. These traits have a normal distribution in the general population. By convention, abnormality
is defined as a trait or measurement greater than two standard deviations above or below the population mean. These are
typically measurable or quantitative traits such as height or head size and are believed to result from the individually small
effects of many genes combined with environmental factors. Such traits tend to be less extreme in the offspring of affected
individuals, because of the statistical principle of regression to the mean.

Threshold Traits. These traits do not appear until a certain threshold of liability is exceeded (Fig. 12-8). Factors creating
liability to the malformation are assumed to be continuously distributed, and only individuals at the extreme of this distribution
exceed the threshold and have the trait or defect. The phenotypic abnormality is thus an all-or-none phenomenon. Individuals
in high-risk families have enough abnormal genes or environmental influences that their liability is close to the threshold.
Usually for unknown reasons, some factor(s) further increase the liability for certain family members, and the threshold is
crossed. Cleft lip and palate and pyloric stenosis are examples of threshold traits.

Certain threshold traits have a predilection for one gender, indicating that males and females have a different liability
threshold. An example is pyloric stenosis, which is more common in males. If a female has pyloric stenosis, she or her parents
have even more abnormal genes or predisposing factors than is usually necessary to produce pyloric stenosis in males. The
recurrence risk for her siblings or for her future children is thus higher than the expected 2 to 3 percent. Male siblings or
offspring would have the highest liability, because they not only will inherit more than the usual number of predisposing genes,
but also are the more susceptible sex.

Finally, the recurrence risk of threshold traits is also higher if the defect is severe, again suggesting the presence of more
abnormal genes or influences. For example, the recurrence risk after the birth of a child with bilateral cleft lip and palate is 8
percent, compared with only 4 percent associated with unilateral cleft lip without cleft palate (Melnick and associates, 1980).

Complex Disorders of Adult Life. These are traits in which many genes determine the susceptibility to environmental



factors, with disease resulting from the most unfavorable combination of both. Examples include common disorders such as
heart disease or hypertension. These disorders are usually familial and behave as threshold traits, but with environmental
influence as an important cofactor. The genetic mechanisms of many common adult diseases have not yet been elucidated,
although in most cases, several associated genes have been identified. In some diseases, the identity of the associated gene
provides a clue to pathogenesis, whereas in others the related gene may simply serve as a disease marker. For example,
premature cardiovascular disease is associated with the gene for apolipoprotein E, which likely influences the pathology of the
disease. In contrast, the association of type 1 diabetes mellitus with HLA-DR3/4 is less clear. Some multifactorial adult-onset
diseases and associated genes are listed in Table 12-7.

Examples of Multifactorial or Polygenic Defects. Various isolated structural birth defects and common diseases exhibit
multifactorial or polygenic inheritance. All of these traits have certain characteristics that help to distinguish them from
disorders with other modes of inheritance, which can be cited in counseling (Table 12-8). When counseling patients regarding
risks for a familial multifactorial trait, it is important to consider the degree of relatedness of the affected relative to the fetus,
not the parents. An affected first-degree relative (the parents or siblings of the fetus) results in a substantial risk increase, but
risk declines exponentially with successively more distant relationships. Two examples are neural-tube and cardiac defects.

NEURAL-TUBE DEFECTS. The neural plate extends down the dorsum of the 18-day embryo. It folds and closure is believed to
occur in five separate regions, which then fuse (Fig. 12-9). Neural-tube defects likely result from either failure of closure at one
or more sites, or failure of two sites to fuse (Golden and Chernoff, 1995).

Isolated or nonsyndromic neural-tube defects are the second most common congenital structural abnormalities after cardiac
defects. Worldwide their incidence is 1.4 to 2 per 1000 live births. They also can develop as part of a genetic syndrome or
constellation of abnormalities. They are a major cause of stillbirth and neonatal and infant death. With treatment, 80 to 90
percent of infants with isolated spina bifida survive with varying degrees of handicap. Factors that influence eventual
neurological function include the size and location of the defect, trauma to exposed neural tissue, timing of surgical closure,
degree of associated ventriculomegaly, and occurrence of complications such as infection.

Anencephaly is the most severe defect (Fig. 12-10). It is always lethal and results in stillbirth or early neonatal demise. Spina
bifida occurs when one or more vertebral arches fail to fuse, so that meninges (meningocele) or neural tissue plus meninges
(meningomyelocele) are exposed (Fig. 12-11). Rachischisis describes the lethal situation in which none of the vertebral arches
fuse, and the entire spine is open. These lesions, as well as some of their ultrasonographic appearances, are discussed in
Chapter 16 (see p. 393).

Neural-tube defects are classical examples of multifactorial inheritance. Their development is influenced by environment, diet,
physiological abnormalities such as hyperthermia or hyperglycemia, teratogen exposure, family history, ethnic origin, fetal
gender, amnionic fluid nutrients, and various genes. The fact that certain defects are associated with specific risk factors
suggests that many genes are likely to be involved in neural-tube development. For example, those associated with type 1
diabetes mellitus are likely to be cranial or cervical-thoracic defects; hyperthermia has been associated with anencephaly; and
valproic acid exposure with lumbosacral defects (Becerra and colleagues, 1990; Hunter, 1984; Lindhout and associates, 1992).

Although Hibbard and Smithells (1965) postulated more than 30 years ago that abnormal folate metabolism was responsible
for many neural-tube malformations, a specific gene defect only recently has been implicated. A thermolabile variant of the
enzyme 5,10-methylene tetrahydrofolate reductase (MTHFR), which plays a key role in folate metabolism, has been associated
with neural-tube defects. This enzyme transfers a methyl group from folic acid to convert homocysteine to methionine. One
abnormal form of MTHFR carries a mutation at position 677 and has reduced enzymatic activity. Folic acid supplementation
likely works by overcoming this relative enzyme deficiency. Because some defects develop in fetuses with normal 677 CR—>T
alleles, and because folic acid supplementation does not prevent all cases, other unknown genes or factors are presumed to be
involved. Without folic acid supplementation, the empirical recurrence risk after one affected child is 3 to 4 percent, and after
two affected children it is 10 percent. With supplementation, the risk after one affected child decreases by 70 percent to less
than 1 percent (Czeizel and Dudas, 1992; MRC Vitamin Study Research Group, 1991).

Importantly, folic acid supplementation may also significantly decrease the incidence of first occurrences of neural-tube
defects. Since 1998 the Food and Drug Administration has required fortification of cereal grain products calculated so that the
average woman ingests daily an extra 200 ng of folic acid (American College of Obstetricians and Gynecologists, 2003). In the
United States, the incidence of neural-tube defects has decreased by one fourth following folic acid fortification (Centers for
Disease Control and Prevention, 2004; De Wals and associates, 2003). This relatively small decrease is probably the result of
inadequate fortification. Wald (2004) estimates that folic acid supplementation with 5 mqg per day would decrease the incidence
of neural-tube defects by 85 percent.

CARDIAC DEFECTS. Cardiac anomalies are the most common birth defects worldwide, with an incidence of 8 per 1000 births.
They outnumber all other isolated structural defects combined (Burn and Goodship, 1996). The majority of isolated cardiac
malformations have traditionally been considered multifactorial, with genetic aspects that were difficult to evaluate. In the
past, women with severe heart defects often did not reproduce, and many parents whose child had a serious heart defect
chose not to have more children. Certain cardiac defects are much more likely to recur than others, and first-degree relatives
with heart defects are likely to have the same or similar defect regardless of environmental exposures (see Chap. 13, p. 316).

More than 100 genes believed to be involved in cardiovascular morphogenesis have been identified, including those directing
production of various transcription factors, secreted proteins, extracellular proteins, and protein receptors (Chin, 1998). These
gene products are likely involved in the development of specific cardiac tissues and structures. For example, clinical and
laboratory data indicate that folic acid and the same MTHFR 677 CR—T mutation associated with neural-tube defects influence
the development of cardiac defects (Wenstrom and co-workers, 2001). As discussed, folic acid provides methyl groups for a
number of important cellular processes. One study showed that myocyte DNA in hypoplastic left ventricles was significantly
hypomethylated compared with that of normal controls (Wenstrom and co-workers, 2002). Moreover, preconceptional folic acid
supplementation appears to reduce their incidence (Czeizel, 1996).

Many other genes likely to be involved in normal and abnormal cardiac development have not yet been identified. Gene
deletion syndromes that include cardiac defects provide clues to the function and location of some of these unknown genes.
For example, an association between the DiGeorge deletion and conotruncal cardiac defects has prompted a search for the



causative genes within a small region of chromosome 22gq11.2.

Observed recurrence risks, which likely reflect both genetic and environmental influences, for some common congenital heart
defects are shown in Table 12-9. For counseling, if the exact nature of the defect is known, the most specific risk should be
quoted. Otherwise, couples can be informed of the empirical risk of having a child with a cardiac defect. This is 5 to 6 percent if
the mother has the defect, and 2 to 3 percent if the father has the defect (Burn and associates, 1998). Specific defects, which
have recurrence risks four- to sixfold higher, include hypoplastic left heart, bicuspid aortic valve, and aortic coarctation (Lin
and Garver, 1988; Nora and Nora, 1988).

. Figure 12-8. Example of a threshold trait. Liability to a trait is distributed normally,
1| e . with a threshold dividing the