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Preface

As in the previous editions, this text is a single-source reference for practitioners in both the inpatient and
outpatient setting focusing on the practical aspects of clinical diagnosis and patient management.

Contained within the text is a thorough review of all of obstetrics and gynecology, including medical advances up
to the time of publication. More than 1000 diseases and disorders are included.

A continued emphasis on disease prevention and evidence-based medicine remains paramount. In addition to
diagnosis and treatment of disease, pathophysiology is a major area of focus. The concise format facilitates quick
access.

A new and improved layout will certainly be appreciated, with more than 500 anatomic drawings, imaging studies,
and diagrams as part of the basic text.

Medical students will find CDTOG to be an authoritative introduction to the specialty and an excellent source for
reference and review. House officers will welcome the concise practical information for commonly encountered
health problems. Practicing obstetricians and gynecologists, family physicians, internists, nurse practitioners nurse
midwives, physician assistants, and other healthcare providers whose practice includes women's health can use
the book to answer questions that arise in the daily practice of obstetrics and gynecology.

Medicine, including OB/GYN, is undergoing rapid change and every attempt has been made to keep the Lange
Series current. A great deal of effort has gone into checking the sources to make sure that this book presents
standards of care and acceptable modes of treatment and diagnosis.

Just as the preface has been updated, modified, and modernized from the ninth edition, so has what lies between
the covers of the tenth edition of Current Diagnosis & Treatment Obstetrics & Gynecology.
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APPROACH TO THE PATIENT: INTRODUCTION

An effective relationship between health care provider and patient is based on the knowledge and skill
that qualify the provider for adequate communication between the individuals and for an appreciation of
the ethical standards that govern the conduct of the participants in the relationship.

THE KNOWLEDGE BASE

The health care of women encompasses all aspects of medical science and therapeutics. Physicians in the
practice of obstetrics and gynecology are called upon as consultants. In addition, they frequently act as
primary care providers for their patients. The special medical needs and concerns of women vary with the
patient's age, reproductive status, and desire to reproduce. Certainly the diagnostic possibilities and the
choice of diagnostic or therapeutic intervention will be influenced by the possibility of, or desire for,
pregnancy or, in some cases, by the patient's hormonal profile. In addition, the gynecologic or obstetric
assessment must include an evaluation of the patient's general health status and should be placed in the
context of the psychologic, social, cultural, and emotional status of the patient. In this day of e-medicine
and evidence-based medicine, the patient's and physician's knowledge base will be dependent on
information that is retrieved online. It will become the job of the physician to use the most up-to-date
evidence for medical decision making and to assist the patient in deciphering what Internet information is
true or false.

History

To offer each woman optimal care, the information obtained at each visit should be as complete as
possible. Whether the contact is a routine visit or is occasioned by a particular problem or complaint, the
woman should be encouraged to view the visit as an opportunity to participate in improving her health.
The clinical database should include general information about the patient and her goals in seeking care.
The history of the present problem, past medical history, family history, medications used, allergies,
social history, and review of systems should be concise but thorough. Portions of the history provided by
questionnaires or by other members of the health care team should be reviewed with the patient, in part
to verify the information but also to begin assessing the patient's personality and to determine her
attitude toward the health care system. The developmental history, menstrual history, sexual history,
and obstetric history obviously assume central importance for the gynecologic or obstetric visit. In
addition, the habit of systematically categorizing the nature of complaints such as pain, abnormal
bleeding, or vaginal discharge will usually narrow the differential diagnoses. For example, the
categorization of a complaint of pain should include its character, location, onset, radiation, intensity,
events associated, and palliative and provocative factors. Such thoroughness will permit assessment of
change as well as determination of the appropriate mode of investigation or therapy.

The initial contact with the patient, made while she is fully clothed and comfortable, may help in
decreasing her anxiety about the physical examination. Concerns about the examination may be elicited,
and a history of previous unfortunate experiences may alert the examiner to the need for extra attention,
time, and gentleness.




Physical Examination

The second component of the patient assessment, the physical examination, should also be directed
toward evaluation of the total patient. The patient again should be encouraged to view the examination
as a positive opportunity to gain information about her body, and she should be offered feedback
regarding the general physical examination and any significant findings. The examination should always
include a discussion of any concerns expressed by the patient. The breast examination provides a good
opportunity to reinforce the practice of breast self-examination. The pelvic examination is usually an
occasion of heightened anxiety for the patient, and every effort should be made to make the experience
a positive one. Starting from the beginning, with the correct positioning of the patient, the physician
should give the patient as much control over the process as possible, by asking if she is ready, asking for
feedback on whether the examination is painful, and seeking her cooperation in relaxation and muscle
control. Information about each step of the examination can be provided so that the patient is involved
and appropriately aware of the value of each maneuver.

Inspection of the external genitalia is followed by the gentle insertion of an appropriately sized, warmed
metal speculum or a plastic vaginal speculum with a small amount of water-soluble gel lubricant on the
outer inferior blade, to permit examination of the vagina and the cervix. For patients with pain or
increased anxiety, their cooperation must be continually reinforced by slow, gentle placement of the
instrument, maintaining downward pressure against the relaxed perineal body and away from the
urethral and anterior vaginal areas. Some women may wish to watch, using a mirror, as the genitalia are
inspected and may gain confidence from visualizing the cervix and vagina. The Papanicolaou (Pap) smear
may be uncomfortable for some women, so patients should be alerted when the test is being done. The
bimanual examination should also be explained to the patient. When the uterus is anteflexed, the woman
may want to appreciate the size and location of her uterus by feeling it with the guidance of the
examiner. The rectovaginal and rectal examinations, if performed while the patient relaxes her anal
sphincter, provide additional information and can be another source of reassurance for the normal patient
or a means of diagnosis for the patient with disease. If an ultrasound is indicated as part of the
gynecologic or obstetric examination, additional patient participation in the evaluation can be obtained by
providing explanations of the visualized anatomy.

Implications of Technology

The scientific knowledge base for obstetric and gynecologic care has grown in parallel with general
medical advances. In some cases this proliferation of information and technology has profoundly altered
the relationship between health care providers and their patients. For example, the change from an
intuitive management of labor and delivery to active monitoring and subsequent interpretation of data
has provided a more rational basis for decision making. This change of management style has also
created a potential for conflict or confusion in the relationship between patient and physician. In seeking
to obtain additional information, the physician can be perceived to be intervening unnecessarily. More
than ever before, issues of consumerism and participation in decision making require an understanding of
the expectations of each individual woman. Whether a woman perceives herself as a "client" or as a
"patient,” and the degree to which this perception coincides with the views of her physician, may alter
her acceptance of recommendations for care. Women are turning to the Internet for health information,
and the quality of this information is an important factor in determining whether it will have a negative or
positive impact on their health care experience. The fact that several options are available in the
management of many obstetric or gynecologic situations may further complicate the relationship.
However, this situation provides an opportunity to allow the patient to participate actively in choosing the
best therapy for her particular circumstance.




COMMUNICATION

If the first foundation of a strong therapeutic relationship is knowledge, the second is communication.
The ability to establish trust, to obtain and deliver complete and accurate information, and to ensure
compliance with recommendations depends in large measure on the health care provider's
communication skills. In some individuals these skills are innate, but for most the ability to become an
effective communicator in a variety of settings requires an active process of learning and a willingness to
be evaluated by peers. The information communicated in each encounter, whether by written material,
face-to-face discussion, telephone contact, or e-mail, extends beyond the factual content provided to
include a demonstration of the provider's willingness to be available to answer questions and to
encourage patient involvement in decision making.

One common barrier from the patient's perspective is that medical information is communicated via
medical jargon to the layperson. This medical jargon is often spoken in a hurried fashion, and the listener
is not given the opportunity to ask questions for clarification. The patient may also find it difficult to voice
her concerns within the traditional doctor—patient relationship. She may be embarrassed to reveal
intimate details about her personal life to a provider who does not take the time to show interest in her
story. By not allowing the patient to express her fears, concerns, or questions, the provider can miss
valuable clues to diagnosis and formulation of a treatment plan. Also, with the rapidly growing proportion
of minority groups within the United States (U.S.) population, the physician is faced with barriers such as
foreign languages and the use of translators.

Solutions to these communication barriers can be found by educating patients and providers. The
physician should provide a comfortable environment, encourage the patient to ask questions, listen
carefully to both her story and the way she tells it, explore with her the goals and expectations she has
about the treatment, and have interpreter services available for patients in need. Videotaped interviews
as well as more structured teaching programs in medical schools are very effective means of educating
providers about these skills. The patient should be asked to repeat instructions, and written material
should be provided whenever possible. For her part the patient can be asked to take notes and keep a
diary for review at subsequent visits.

To enhance women's health and to decrease the discontinuation of hormones taken to prevent
unintended pregnancy, clinicians need to focus on communication and counseling issues. In doing so,
physicians can provide patients with the knowledge of benefits of hormone therapy, dispel fears about
contraceptives, and promote the health benefits in an effort to increase adherence and continuance of
hormonal contraceptives. For the health care practitioner, the counterbalance of a litigious society that
may hold the physician responsible for treatment outcome places a high premium on documentation and
scientific justification for each intervention or nonintervention and can place the physician in an
adversarial position with respect to the patient's desires. The obligation to inform the patient, to obtain
surgical informed consent, or to advise about choices regarding pregnancy outcome is becoming in some
instances a matter of law rather than established medical practice. These legislative initiatives, while
offensive to many, are signals that the public feels it requires protection from manipulation at the hands
of those who have the power of knowledge and training not available to the layperson. Regardless of the
validity of this perception, it can only be countered by efforts to establish and maintain the trust of each
individual with whom the physician has a medical relationship. This trust is rooted in the physician's
medical knowledge and is maintained by conscientious structured lifetime learning, the frank assessment
and acknowledgment of areas of ignorance, and the willingness to discuss with the patient what is known
and what is uncertain.




ETHICS

If the bricks of the foundation of the relationship between physician and patient are knowledge and
communication, then the mortar that forms the basis for trust is the integrity and ethical behavior of all
participants in the relationship. Ethical dilemmas in obstetrics and gynecology are receiving increasing
recognition, particularly as they deal with the provocative issues surrounding the beginnings of life and
the control of individual patients over their own treatment plans, including their route of delivery (vaginal
versus elective cesarean section). Ethical dilemmas only arise when there are conflicting obligations,
rights, or claims. Because the delivery of health care involves multiple participants, a consensus of values
often must be sought when the patient is cared for by a team, even when significant pluralism of views
might be represented. To minimize potential ethical conflicts, to anticipate potential areas of difficulty,
and to achieve consistency in behavior, individuals may avail themselves of a number of resources for
ethical decision making. In addition to the growing literature in the field, many hospitals and practice
settings have formal consultation services for resolution of ethical dilemmas. Before seeking an external
framework, however, the practitioner should be aware of his or her own values and understand the basis
of these values. The values of the medical profession and of the institutions in which the physician
practices, as formulated by codes and standards but also as expressed indirectly through past actions,
usually are helpful in providing a decision-making framework. Finally, a familiarity with ethical theories
may permit decision making that achieves an acceptable consensus in the face of conflicting values.
Discussions based on consideration of the ethical principles of patient autonomy (respect for persons),
beneficence (doing good), nonmalfeasance (refraining from doing harm), and justice (consideration of
resources and fairness of opportunity) will prevent capricious and arbitrary decisions.

The principle of autonomy, or respect for each individual person, may form the underlying basis for
resolving many ethical questions and will determine appropriate attitudes toward confidentiality, privacy,
right to information, and the ultimate primacy of the patient in making treatment decisions. Because
caring for women necessarily involves information regarding sensitive and intimate relationships and
activities, as well as access to a woman's thoughts, feelings, and emotions, full disclosure of such
information by the patient places a burden of trust on the health care provider to protect the rights and
privacy of each patient. The relationship established at an initial gynecologic visit between a young
adolescent and the physician may potentially extend throughout the patient's adult life and include major
life events such as education about reproductive health, assistance in family planning and childbearing,
and preservation of physical fitness and well-being through the postmenopausal years. To successfully
establish such an enduring clinical relationship requires a sensitivity to the changing goals and needs of
the individual patient. Offering care to some patients or providing some types of services may not be
comfortable for all practitioners. For example, establishing a rapport with an adolescent seeking birth
control or providing health care to a lesbian may require a nonjudgmental approach when interviewing
the patient and a balanced consideration of lifestyle options. Recognition of these special needs has led
to a compartmentalization of health care in some regions such that specialty practices or clinics directed
toward adolescent health care, family planning, fertility, oncology, and menopausal care are frequently
available. These resources can best be utilized by referral, with guidance from the primary care provider,
so that appropriate use of such resources can be an integral part of the general health care of each
woman. In addition, we can integrate these multiple disciplines in a deliberate effort to expand the
concept of women's health beyond its traditional focus on reproductive health to more fully evaluate and
care for the female patient.
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Current OB/GYN >Chapter 2. Anatomy of the Female Reproductive System>

ABDOMINAL WALL
Topographic Anatomy

The anterior abdominal wall is divided into sections for descriptive purposes and to allow the physician to outline
the viscera in the abdominal cavity. The centerpoint of reference is the sternoxiphoid process, which is in the sal
tenth thoracic vertebra. The upper 2 sections are formed by the subcostal angle; the lower extends from the lov

of the ilium and forward to the anterior superior iliac spines. The base is formed by the inguinal ligaments and ti
pubica.

The viscera are located by dividing the anterolateral abdominal wall into regions. One line is placed from the lev¢
costal cartilage to the iliac crests. Two other lines are drawn from the middle of the inguinal ligaments to the car
rib. The 9 regions formed (Fig 2—1) are the epigastric, umbilical, hypogastric, and right and left hypochondriac, |
ilioinguinal.

Figure 2—1.
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Regions of the abdomen.

Within the right hypochondriac zone are the right lobe of the liver, the gallbladder at the anterior inferior angle,
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kidney deep within the region, and, occasionally, the right colic flexure.

The epigastric zone contains the left lobe of the liver and part of the right lobe, the stomach, the proximal duode

pancreas, the suprarenal glands, and the upper poles of both kidneys (Fig 2—-2).

Figure 2—2.
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Abdominal viscera in situ. Inset shows projection of fetus in situ.

The left hypochondriac region marks the situation of the spleen, the fundus of the stomach, the apex of the livel
flexure.

Within the right lumbar region are the ascending colon, coils of intestine, and, frequently, the inferior border of 1
of the right kidney.

The central umbilical region contains the transverse colon, the stomach, the greater omentum, the small intestir
third portions of the duodenum, the head of the pancreas, and parts of the medial aspects of the kidneys.

Located in the left lumbar region are the descending colon, the left kidney, and small intestine. Within the limits
ilioinguinal region are the cecum and appendix, part of the ascending colon, small intestine, and, occasionally, tt
the greater omentum.

The hypogastric region includes the greater omentum, loops of small intestine, the pelvic colon, and often part c
colon.

The left ilioinguinal region encloses the sigmoid colon, part of the descending colon, loops of small intestine, anc



greater omentum.

There is considerable variation in the position and size of individual organs due to differences in body size and cc
Throughout life, variations in the positions of organs are dependent not only on gravity but also on the moveme
viscera, which induce further changes in shape when filling and emptying. The need to recognize the relationshij
the abdominal regions becomes most apparent when taking into account the distortion that occurs during pregn
the appendix lies in the right ilioinguinal region (right lower quadrant) until the 12th week of gestation. At 16 we
level of the right iliac crest. At 20 weeks, it is at the level of the umbilicus, where it will remain until after delivel
displacement, the symptoms of appendicitis will be different during the 3 trimesters. Similarly, displacement will
problems involving the bowel.

Skin, Subcutaneous Tissue, & Fascia

The abdominal skin is smooth, fine, and very elastic. It is loosely attached to underlying structures except at the
it is firmly adherent. Beneath the skin is the superficial fascia (tela subcutanea) (Fig 2—3). This fatty protective f
entire abdomen. Below the navel, it consists principally of 2 layers: Camper's fascia, the more superficial layer c
the fat; and Scarpa's fascia (deep fascia), the fibroelastic membrane firmly attached to midline aponeuroses anc
Figure 2—3.
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Fascial planes of the pelvis.

(Modified after Netter. Reproduced, with permission, from Benson RC: Handbook of Obstetrics & Gynecology, 8t
1983.)

Arteries

The anterior cutaneous branches of the superficial arteries are grouped with the anterior cutaneous nerves (Fig :
cutaneous branches stem from the lower aortic intercostal arteries and the subcostal arteries. The femoral arter
superficial epigastric and the superficial circumflex iliac arteries. From its origin beneath the fascia lata at appro>
beyond the inguinal ligament, the superficial epigastric artery passes immediately through the fascia lata or thro



ovalis. From there, it courses upward, primarily within Camper's fascia, in a slightly medial direction anterior to 1
muscle almost as far as the umbilicus, giving off small branches to the inguinal lymph nodes and to the skin and
It ends in numerous small twigs that anastomose with the cutaneous branches from the inferior epigastric and i
arteries. Arising either in common with the superficial epigastric artery or as a separate branch from the femora
superficial circumflex iliac artery passes laterally over the iliacus. Perforating the fascia lata slightly to the lateral
ovalis, it then runs parallel to the inguinal ligament almost to the crest of the ilium, where it terminates in branc
fascia that anastomose with the deep circumflex iliac artery. In its course, branches supply the iliacus and sartoi
inguinal lymph nodes, and the superficial fascia and skin.

Figure 2—4.
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Superficial veins and arteries of abdomen.

\/eins

The superficial veins are more numerous than the arteries and form more extensive networks. Above the umbili
through the anterior cutaneous and the paired thoracoepigastric veins, the superficial epigastric veins, and the s
circumflex iliac veins in the tela subcutanea. A cruciate anastomosis exists, therefore, between the femoral and

Lymphatics

The lymphatic drainage of the lower abdominal wall (Fig 2-5) is primarily to the superficial inguinal nodes, 10-2
lie in the area of the inguinal ligament. These nodes may be identified by dividing the area into quadrants by int



and vertical lines that meet at the saphenofemoral junction. The lateral abdominal wall drainage follows the sup:
iliac vein and drains to the lymph nodes in the upper lateral quadrant of the superficial inguinal nodes. The drain
aspect follows the superficial epigastric vein primarily to the lymph nodes in the upper medial quadrant of the sL
nodes. Of major clinical importance are the frequent anastomoses between the lymph vessels of the right and le
abdomen.

Figure 2—5.
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Lymphatics of abdominal wall. Only one side is shown, but contralateral drainage occurs, ie, crosses midline to t|

Abdominal Muscles & Fascia

The muscular wall that supports the abdominal viscera (Fig 2—6) is composed of 4 pairs of muscles and their ap:
paired lateral muscles are the external oblique, the internal oblique, and the transversus. Their aponeuroses inte
midline to connect opposing lateral muscles, forming a thickened band at this juncture, the linea alba, which ext
xiphoid process to the pubic symphysis. Anteriorly, a pair of muscles—the rectus abdominis, with the paired pyr:
its inferior border with its sheath—constitute the abdominal wall.

Figure 2—6.
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Musculature of abdominal wall.

IEXTERNAL OBLIQUE MUSCLE

The external obligue muscle consists of 8 pointed digitations attached to the lower 8 ribs. The lowest fibers inset
half of the iliac crest and the inguinal ligament. At the linea alba, the muscle aponeurosis interdigitates with that
side and fuses with the underlying internal oblique.

INTERNAL OBLIQUE MUSCLE

The internal oblique muscle arises from thoracolumbar fascia, the crest of the ilium, and the inguinal ligament.
opposite oblique direction, the muscle inserts into the lower 3 costal cartilages and into the linea alba on either ¢
abdominis. The aponeurosis helps to form the rectus sheath both anteriorly and posteriorly. The posterior layer
rectus muscle rib insertions to below the umbilicus.

TRANSVERSUS MUSCLE

The transversus muscle, the fibers of which run transversely and arise from the inner surfaces of the lower 6 co:
thoracolumbar fascia, the iliac crest, and the inguinal ligament, lies beneath the internal oblique. By inserting int
the aponeurosis of the transversus fuses to form the posterior layer of the posterior rectus sheath. The terminat
called the arcuate line, and below it lie transversalis fascia, properitoneal fat, and peritoneum. Inferiorly, the thii
the transversus abdominis becomes part of the anterior rectus sheath.

RECTUS MUSCLES

The rectus muscles are straplike and extend from the thorax to the pubis. They are divided by the linea alba anc
by the linea semilunaris. Three tendinous intersections cross the upper part of each rectus muscle, and a fourth
present below the umbilicus. The pyramidalis muscle, a vestigial muscle, is situated anterior to the lowermost p:
muscle. It arises from and inserts into the pubic periosteum.

Beneath the superficial fascia and overlying the muscles is the thin, semitransparent deep fascia. Its extensions
the lateral muscles into coarse bundles.

Abdominal incisions are shown in Fig 2—7. The position of the muscles influences the type of incision to be made
adequately expose the operative field, avoiding damage to parietal structures, blood vessels, and nerves. The in
placed so as to create minimal tension on the lines of closure.

Figure 2—7.
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Abdominal incisions. Transverse incisions are those in which rectus muscles are cut. A Cherney incision is one in
taken off the pubic bone and then sewed back; the pyramidalis muscle is left on pubic tubercles.

Abdominal Nerves

The lower 6 thoracic nerves align with the ribs and give off lateral cutaneous branches (Fig 2—8). The intercostal
to the upturned rib cartilages and enter the abdominal wall. The main trunks of these nerves run forward betwe:
oblique and the transversus. The nerves then enter the rectus sheaths and the rectus muscles, and the terminat
emerge as anterior cutaneous nerves. The iliohypogastric nerve springs from the first lumbar nerve after the lat
by the communicating branch from the last (12th) thoracic nerve. It pierces the lateral border of the psoas and

the quadratus lumborum muscle but posterior to the kidney and colon. At the lateral border of the quadratus lur
the aponeurosis of origin of the transversus abdominis and enters the areolar tissue between the transversus an
oblique muscle. Here, it frequently communicates with the last thoracic and with the ilioinguinal nerve, which als
the first lumbar and last thoracic nerves. The iliohypogastric divides into 2 branches. The iliac branch pierces the
external oblique muscles, emerging through the latter above the iliac crest and supplying the integument of the
part of the thigh. The hypogastric branch, as it passes forward and downward, gives branches to both the trans\
and internal oblique. It communicates with the ilioinguinal nerve and pierces the internal oblique muscle near th:
spine. The hypogastric branch proceeds medially beneath the external oblique aponeurosis and pierces it just akt
subcutaneous inguinal ring to supply the skin and symphysis pubica.

Figure 2—8.
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Cutaneous innervation of the abdominal wall.

Abdominal Arteries

ARTERIES OF THE UPPER ABDOMEN

The lower 5 intercostal arteries and the subcostal artery accompany the thoracic nerves. Their finer, terminal br:
rectus sheath to anastomose with the superior and inferior epigastric arteries. The superior epigastric artery is tl
prolongation of the internal mammary artery. This artery descends between the posterior surface of the rectus r
sheath to form an anastomosis with the inferior epigastric artery upon the muscle. The inferior epigastric artery,
external iliac artery, usually arises just above the inguinal ligament and passes on the medial side of the round |
abdominal inguinal ring. From there, it ascends in a slightly medial direction, passing above and lateral to the sL
inguinal ring, which lies between the fascia transversalis and the peritoneum. Piercing the fascia transversalis, it
the linea semicircularis, turns upward between the rectus and its sheath, enters the substance of the rectus mus
superior epigastric artery. The superior epigastric supplies the upper central abdominal wall, the inferior supplies
part of the anterior abdominal wall, and the deep circumflex supplies the lower lateral part of the abdominal wal

ARTERIES OF THE LOWER ABDOMEN

The deep circumflex iliac artery is also a branch of the external iliac artery, arising from its side either opposite t
or slightly below the origin of that vessel. It courses laterally behind the inguinal ligament lying between the fas«
and the peritoneum. The deep circumflex artery perforates the transversus near the anterior superior spine of tr
continues between the transversus and internal oblique along and slightly above the crest of the ilium, finally rui
anastomose with the iliolumbar artery. A branch of the deep circumflex iliac artery is important to the surgeon b
anastomoses with branches of the inferior epigastric. The deep veins correspond in name with the arteries they
the umbilicus, these veins run caudad and medially to the external iliac vein; above that level, they run cephalac
the intercostal veins. Lymphatic drainage in the deeper regions of the abdominal wall follows the deep veins dire



superficial inguinal nodes.

The various incisions on the abdomen encounter some muscle planes and vasculature of clinical significance. The
requires separation of the external and internal oblique muscles and splitting of the transversus. The deep circur
be frequently encountered. The paramedian incision is made in the right or left rectus. Below the arcuate line, tt
external and internal oblique, as well as the transversus muscles when present, go over the rectus abdominis; a
line, the transversus and part of the internal oblique go under the rectus. The vasculature is primarily perforator
the thoracoabdominal vein. Inferiorly, the superficial epigastric may be encountered. In the Pfannenstiel incision
external and internal oblique go over the rectus muscle as well as the transversus muscle when present. After ti
rectus is incised, the muscles can be separated. The superficial epigastric artery and vein are encountered in Cal
Laterally, the superficial and deep circumflex iliac arteries may be at the margin of the incision. Lying under the
and entering the rectus approximately halfway to the umbilicus is the inferior epigastric artery.

In the transverse incision, the arcuate line may be encountered. As the rectus muscle is incised, the inferior epic
muscle and its anastomosis with the thoracoabdominal artery must be recognized.

In the Cherney incision, care should be taken to avoid the inferior epigastric artery, which is the primary blood s
abdominis.

Special Structures

There are several special anatomic structures in the abdominal wall, including the umbilicus, linea alba, linea ser
rectus sheath.

UMBILICUS

The umbilicus is situated opposite the disk between the third and fourth lumbar vertebrae, approximately 2 cm |
of a line drawn from the sternoxiphoid process to the top of the pubic symphysis. The umbilicus is a dense, wrin
fibrous tissue enclosed by and fused with a ring of circular aponeurotic fibers in the linea alba. Normally, it is the
the abdominal wall.

LINEA ALBA

The linea alba, a fibrous band formed by the fusion of the aponeuroses of the muscles of the anterior abdominal
medial side of the rectus abdominis; the linea semilunaris forms the lateral border, which courses from the tip o
cartilage to the pubic tubercle. The linea alba extends from the xiphoid process to the pubic symphysis, represet
umbilicus as a shallow median groove on the surface.

RECTUS SHEATH AND APONEUROSIS OF THE EXTERNAL OBLIQUE

The rectus sheath serves to support and control the rectus muscles. It contains the rectus and pyramidalis musc
branches of the lower 6 thoracic nerves and vessels, and the inferior and superior epigastric vessels. Cranially, v
widest, its anterior wall extends upward onto the thorax to the level of the fifth costal cartilage and is attached t
deeper wall is attached to the xiphoid process and the lower borders of the seventh to ninth costal cartilages ant
upward onto the anterior thorax. Caudally, where the sheath narrows considerably, the anterior wall is attached
the symphysis pubica. Above the costal margin on the anterior chest wall, there is no complete rectus sheath (F
the rectus muscle is covered only by the aponeurosis of the external oblique. In the region of the abdomen, the
the internal oblique aponeurosis splits at the lateral border of the rectus muscle into anterior and posterior lame
lamella passes in front of the external oblique and blends with the external oblique aponeurosis. The posterior w
formed by the posterior lamella and the aponeurosis of the transversus muscle. The anterior and posterior sheat
midline. The lower third of the internal oblique aponeurosis is undivided. Together with the aponeuroses of the €
transversus muscles, it forms the anterior wall of the sheath. The posterior wall is occupied by transversalis fasc
over the interior surfaces of both the rectus and the transversus muscles, separating them from peritoneum anc
inguinal and lacunar ligaments. The transition from aponeurosis to fascia usually is fairly sharp, marked by a cur
arcuate line.



Figure 2—9.
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Formation of rectus sheath.

IFUNCTION OF ABDOMINAL MUSCLES

In general, the functions of the abdominal muscles are 3-fold: (1) support and compression of the abdominal vi
external oblique, internal oblique, and transversus muscles; (2) depression of the thorax in conjunction with the
rectus abdominis, external oblique, internal oblique, and transversus muscles, as evident in respiration, coughin
defecation, and parturition; and (3) assistance in bending movements of the trunk through flexion of the vertebi
rectus abdominis, external oblique, and internal oblique muscles. There is partial assistance in rotation of the the
abdomen to the same side when the pelvis is fixed by the internal oblique and by the external oblique to the opj
addition, the upper external oblique serves as a fixation muscle in abduction of the upper limb of the same side
the upper limb of the opposite side. The pyramidalis muscle secures the linea alba in the median line.

Variations of Abdominal Muscles

Variations have been noted in all of the abdominal muscles.

RECTUS MUSCLE

The rectus abdominis muscle may differ in the number of its tendinous inscriptions and the extent of its thoracic
Aponeurotic slips or slips of muscle on the upper part of the thorax are remnants of a more primitive state in wt
extended to the neck. Absence of part or all of the muscle has been noted. The pyramidalis muscle may be miss
developed, double, or may extend upward to the umbilicus.

EXTERNAL OBLIQUE MUSCLE

The external oblique muscle varies in the extent of its origin from the ribs. Broad fascicles may be separated by
the main belly of the muscle, either on its deep or on its superficial surface. The supracostalis anterior is a rare 1
found on the upper portion of the thoracic wall. Transverse tendinous inscriptions may also be found.

INTERNAL OBLIQUE MUSCLE
The internal oblique deviates at times, both in its attachments and in the extent of development of the fleshy pa
Occasionally, tendinous inscriptions are present, or the posterior division forms an extra muscle 7—7.5 cm wide



the internal oblique by a branch of the iliohypogastric nerve and a branch of the deep circumflex iliac artery.

TRANSVERSUS MUSCLE

The transversus muscle fluctuates widely in the extent of its development but is rarely absent. Rarely, it extend:
the ligamentum teres uteri (round ligament), and infrequently it is situated superior to the anterior superior spin
generally occupies an intermediate position.

OTHER VARIATIONS
Several small muscles may be present.

1. The pubotransversalis muscle may extend from the superior ramus of the pubis to the transversalis fascia ne
ring.

2. The puboperitonealis muscle may pass from the pubic crest to the transversus near the umbilicus.

3. The posterior rectus abdominis (tensor laminae posterioris vaginae musculi recti abdominis) may spread from
ligament to the rectus sheath on the deep surface of the rectus muscle near the umbilicus.

4. The tensor transversalis (tensor laminae posterioris vaginae musculi recti et fasciae transversalis abdominis) |
the transversalis fascia near the abdominal inguinal ring to the linea semicircularis.

Hernias

A hernia (Fig 2—10) is a protrusion of any viscus from its normal enclosure, which may occur with any of the abc
especially the jejunum, ileum, and greater omentum. A hernia may be due to increased pressure, such as that r
strenuous exercise, lifting heavy weights, tenesmus, or increased expiratory efforts, or it may result from decrei
the abdominal wall (congenital or acquired), such as occurs with debilitating illness or old age, prolonged distent
tumors, pregnancy, corpulence, emaciation, injuries (including surgical incisions), congenital absence, or poor di
Hernias are likely to occur where the abdominal wall is structurally weakened by the passage of large vessels or
developmental peculiarities. Ventral hernias occur through the linea semilunaris or the linea alba. Umbilical hern
frequently and can be 1 of 3 types.

Figure 2—10.
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Hernia sites.

IDuring early fetal development, portions of the mesentery and a loop of the intestine pass through the opening -
the body cavity (the umbilical coelom) situated in the umbilical cord. Normally, the mesentery and intestine late
abdominal cavity. If they fail to do so, a congenital umbilical hernia results. Infantile umbilical hernias occur if th
fail to fuse completely in early postnatal stages. The unyielding nature of the fibrous tissue forming the margin ¢
predisposes to strangulation. Adult umbilical hernias occur frequently in females. When the hernia comes throug
is always at the upper part.

INGUINAL REGION

The inguinal region of the abdominal wall is bounded by the rectus abdominis muscle medially, the line connecti
superior iliac spines superiorly, and the inguinal ligament inferiorly. The region contains 8 layers of abdominal w:
from the most superficial inward, are (1) the skin, (2) the tela subcutanea, (3) the aponeurosis of the external c
the internal oblique muscle, (5) the transversus abdominis muscle (below the free border, the layer is incomplet
transversalis fascia, (7) the subperitoneal fat and connective tissue, and (8) the peritoneum. The tela subcutane
superficial fatty Camper's fascia, which is continuous with the tela subcutanea of the whole body, and the deepe
Scarpa's fascia, which covers the lower third of the abdominal wall and the medial side of the groin, both joining
ligament to form the fascia lata of the thigh.

Subcutaneous Inguinal Ring

A triangular evagination of the external oblique aponeurosis, the subcutaneous inguinal ring (external abdomina
by an aponeurosis at its edges and by the inguinal ligament inferiorly. The superior or medial crus is smaller anc
symphysis pubica. The inferior or lateral crus is stronger and blends with the inguinal ligament as it passes to th
The sharp margins of the ring are attributed to a sudden thinning of the aponeurosis. In the female, the ligamer
(round ligament) passes through this ring. The subcutaneous inguinal ring is much smaller in the female than in



abdominal wall is relatively stronger in this region.

Ligaments, Aponeuroses, & Fossae

The inguinal ligament itself forms the inferior thickened border of the external oblique aponeurosis, extending fr
superior iliac spine to the pubic tubercle. Along its inferior border, it becomes continuous with the fascia lata of t
medial portion of the inguinal ligament, a triangular band of fibers attaches separately to the pecten ossis pubis.
known as the lacunar (Gimbernat's) ligament. The reflex inguinal ligament (ligament of Colles or triangular fasci
by a small band of fibers, often poorly developed, and derived from the superior crus of the subcutaneous inguir
lower part of the linea alba. These fibers cross to the opposite side to attach to the pecten ossis pubis. The falx i
conjoined tendon is formed by the aponeurosis of the transversus abdominis and internal oblique muscles. Thesi
the inguinal ligament and arch downward and forward to insert on the pubic crest and pecten ossis pubis, behint
lacunar ligaments. The interfoveolar ligament is composed partly of fibrous bands from the aponeurosis of the tr
of the same and opposite sides. Curving medial to and below the internal abdominal ring, they attach to the lact
pectineal fascia.

Abdominal Inguinal Ring

The abdominal inguinal ring (internal abdominal ring) is the rounded mouth of a funnel-shaped expansion of trai
that lies approximately 2 cm above the inguinal ligament and midway between the anterior superior iliac spine a
pubica. Medially, it is bounded by the inferior epigastric vessels; the external iliac artery is situated below. The a
ring represents the area where the round ligament emerges from the abdomen. The triangular area medial to th
artery, bounded by the inguinal ligament below and the lateral border of the rectus sheath, is known as the trigc
(Hesselbach's triangle), the site of congenital direct hernias.

Inguinal Canal

The inguinal canal in the female is not well demarcated, but it normally gives passage to the round ligament of t
an artery from the uterus that forms a cruciate anastomosis with the labial arteries, and extraperitoneal fat. The
the testis, is an abdominal organ and possesses a gubernaculum that extends from its lower pole downward anc
corresponding to the abdominal inguinal ring, through which it continues into the labia majora. The processus ve
evagination of peritoneum at the level of the abdominal inguinal ring occurring during the third fetal month. In t
processus vaginalis descends with the testis. The processus vaginalis of the female is rudimentary, but occasion:
diverticulum of peritoneum is found passing partway through the inguinal region; this diverticulum is termed the
vaginalis peritonei (canal of Nuck). Instead of descending, as does the testis, the ovary moves medially, where i
to the uterus. The intra-abdominal portion of the gubernaculum ovarii becomes attached to the lateral border of
uterus, evolving as the ligament of the ovary and the round ligament of the uterus. The extra-abdominal portior
ligament of the uterus becomes attenuated in the adult and may appear as a small fibrous band. The inguinal ce
intermuscular passageway that extends from the abdominal ring downward, medially, and somewhat forward to
inguinal ring (about 3—4 cm). The canal is roughly triangular in shape, and its boundaries are largely artificial. Ti
inguinal ligaments form the base of the canal. The anterior or superficial wall is formed by the external oblique &
the lowermost fibers of the internal oblique muscle add additional strength in its lateral part. The posterior or de
is formed by transversalis fascia throughout and is strengthened medially by the falx inguinalis.

Abdominal Fossae

The abdominal fossae in the inguinal region consist of the foveae inguinalis lateralis and medialis. The fovea ingt
lateral to a slight fold, the plica epigastrica, formed by the inferior epigastric vessels, and just medial to the abd«
ring, which slants medially and upward toward the rectus muscle. From the lateral margin of the tendinous inset
muscle, upward toward the umbilicus, and over the obliterated artery extends a more accentuated fold, the plice
lateralis. The fovea inguinalis medialis lies between the plica epigastrica and the plica umbilicalis lateralis, the bc
facing the trigonum inguinale (Hesselbach's triangle). This region is strengthened by the interfoveolar ligament ¢



of the abdominal inguinal ring and the conjoined tendon lateral to the rectus muscle; however, these bands vary
are supportive.

Ligaments & Spaces

The inguinal ligament forms the roof of a large osseoligamentous space leading from the iliac fossa to the thigh.
space is formed by the superior ramus of the pubis medially and by the body of the ilium laterally. The iliopectin
extends from the inguinal ligament to the iliopectineal eminence, dividing this area into 2 parts. The lateral, larg
the muscular lacuna and is almost completely filled by the iliopsoas muscle, along with the femoral nerve medial
femoral cutaneous nerves laterally. The medial, smaller division is known as the vascular lacuna and is traversec
iliac (femoral) artery, vein, and lymphatic vessels, which do not completely fill the space. The anterior border of
is formed by the inguinal ligament and the transversalis fascia. The posterior boundary is formed by the ligamen
superius (Cooper's ligament), a thickening of fascia along the public pecten where the pectineal fascia and iliope
meet. The transversalis fascia and iliac fascia are extended with the vessels, forming a funnel-shaped fibrous im
femoral sheath. The sheath is divided into 3 compartments: (1) the lateral compartment, containing the femoral
intermediate compartment, containing the femoral vein; and (3) the medial compartment or canal, containing a
lymphatici inguinales profundi [node of Rosenmller or Cloquet]) and the lymphatic vessels that drain most of the
perineum. The femoral canal also contains areolar tissue, which frequently condenses to form the "femoral septt
the greater spread of the pelvis in the female, the muscular and vascular lacunae are relatively large spaces. Th
abdominal opening of the femoral canal is known as the femoral ring and is covered by the parietal peritoneum.

Arteries

In front of the femoral ring, the arterial branches of the external iliac artery are the inferior epigastric and the de
The inferior epigastric artery arises from the anterior surface of the external iliac, passing forward and upward o
abdominal wall between peritoneum and transversalis fascia. It pierces the fascia just below the arcuate line, en
abdominis muscle or coursing along its inferior surface to anastomose with the superior epigastric from the inter
inferior epigastric artery forms the lateral boundary of the trigonum inguinale (Hesselbach's triangle). At its origi
gives off a branch to the inguinal canal, as well as a branch to the pubis (pubic artery), which anastomoses with
obturator artery. The pubic branch of the inferior epigastric often becomes the obturator artery. The deep circun
arises laterally and traverses the iliopsoas to the anterior superior iliac spine, where it pierces the transversus m
between the transversus and the internal oblique, sending perforators to the surface. It often has anastomoses
branches of the inferior epigastric via its perforators through the rectus abdominis. The veins follow a similar cot

As the external iliac artery passes through the femoral canal, which underlies the inguinal ligament, it courses r
femoral vein and nerve, resting in what is termed the femoral triangle (Scarpa's triangle). The femoral sheath is
continuation of the inguinal ligament anterior to the femoral vessel and nerve.

The branches of the femoral artery supplying the groin are (1) the superficial epigastric, (2) the superficial circui
superficial external pudendal, and (4) the deep external pudendal. The superficial epigastric artery passes upwal
femoral sheath over the inguinal ligament, to rest in Camper's fascia on the lower abdomen. The superficial circt
arises adjacent to the superior epigastric, piercing the fascia lata and running parallel to the inguinal ligament as
crest. It then divides into branches that supply the integument of the groin, the superficial fascia, and the lympt
anastomosing with the deep circumflex iliac, the superior gluteal, and the lateral femoral circumflex arteries. The
external pudendal artery arises from the medial side of the femoral artery, close to the preceding vessels. It piel
sheath and fascia cribrosa, coursing medially across the round ligament to the integument on the lower part of t
the labium majus, anastomosing with the internal pudendal. The deep external pudendal artery passes medially
pectineus and adductor longus muscles, supplying theintegument of the labium majus and forming, together wit
pudendal artery, a rete with the labial arteries.

PUDENDUM



The vulva consists of the mons pubis, the labia majora, the labia minora, the clitoris, and the glandular structure
the vestibulum vaginae (Fig 2—11). The size, shape, and coloration of the various structures, as well as the hair
among individuals and racial groups. Normal pubic hair in the female is distributed in an inverted triangle, with t
over the mons pubis. Nevertheless, in approximately 25% of normal women, hair may extend upward along the
type of hair is dependent, in part, on the pigmentation of the individual. It varies from heavy, coarse, crinkly hai
to sparse, fairly fine, lanugo-type hair in Asian women. The length and size of the various structures of the vulvi
the pelvic architecture, as is the position of the external genitalia in the perineal area. The external genitalia of t
their exact counterparts in the male.

Figure 2—11.
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External genitalia of adult female (parous).

Labia Majora

SUPERFICIAL ANATOMY

The labia majora are comprised of 2 rounded mounds of tissue, originating in the mons pubis and terminating in
They form the lateral boundaries of the vulva and are approximately 7—9 cm long and 2—4 cm wide, varying in s
weight, race, age, parity, and pelvic architecture. Ontogenetically, these permanent folds of skin are homologou
the male. Hair is distributed over their surfaces, extending superiorly in the area of the mons pubis from one sid
lateral surfaces are adjacent to the medial surface of the thigh, forming a deep groove when the legs are togeth
surfaces of the labia majora may oppose each other directly or may be separated by protrusion of the labia minc
is formed by this opposition anteriorly is termed the anterior commissure. Posteriorly, the cleft is less clearly del
the posterior commissure. The middle portion of the cleft between the 2 labia is the rima pudendi.



DEEP STRUCTURES

Underlying the skin is a thin, poorly developed muscle layer called the tunica dartos labialis, the fibers of which ¢
most part, at right angles to the wrinkles of the surface, forming a crisscross pattern. Deep to the dartos layer i
fascia, most readily recognizable in the old or the young because of the large amount of adipose and areolar tiss
sweat glands are found in the labia majora, with the greater number on the medial aspect. In the deeper substa
majora are longitudinal bands of muscle that are continuous with the ligamentum teres uteri (round ligament) a
the inguinal canal. Occasionally, a persistent processus vaginalis peritonei (canal of Nuck) may be seen in the ug
labia. In most women, it has been impossible to differentiate the presence of the cremaster muscle beyond its a

ARTERIES

The arterial supply into the labia majora comes from the internal and external pudendals, with extensive anasto
labia majora is a circular arterial pattern originating inferiorly from a branch of the perineal artery, from the exte
artery in the anterior lateral aspect, and from a small artery of the ligamentum teres uteri superiorly. The inferic
perineal artery, which originates from the internal pudendal as it emerges from the canalis pudendalis (Alcock's
base of the rete with the external pudendal arteries. These arise from the medial side of the femoral and, occasi
deep arteries just beneath the femoral ring, coursing medially over the pectineus and adductor muscles, to whic
branches. They terminate in a circular rete within the labium majus, penetrating the fascia lata adjacent to the f
passing over the round ligament to send a branch to the clitoris.

VEINS

The venous drainage is extensive and forms a plexus with numerous anastomoses. In addition, the veins commit
dorsal vein of the clitoris, the veins of the labia minora, and the perineal veins, as well as with the inferior hemo
each side, the posterior labial veins connect with the external pudendal vein, terminating in the great saphenous
magna) just prior to its entrance (saphenous opening) in the fossa ovalis. This large plexus is frequently manife:
presence of large varicosities during pregnancy.

LYMPHATICS

The lymphatics of the labia majora are extensive and utilize 2 systems, one lying superficially (under the skin) a
deeper, within the subcutaneous tissues. From the upper two-thirds of the left and right labia majora, superficia
toward the symphysis and turn laterally to join the medial superficial inguinal nodes. These nodes drain into the
nodes overlying the saphenous fossa. The drainage flows into and through the femoral ring (fossa ovalis) to the
inguinales profundi (nodes of Rosenmller or Cloquet; deep subinguinal nodes), connecting with the external iliac
superficial subinguinal nodes, situated over the femoral trigone, also accept superficial drainage from the lower
gluteal region. This drainage may include afferent lymphatics from the perineum. In the region of the symphysis
lymphatics anastomose in a plexus between the right and left nodes. Therefore, any lesion involving the labia m
involvement of the lymphatic structures of the contralateral inguinal area. The lower part of the labium majus hs
deep drainage that is shared with the perineal area. The drainage passes, in part, through afferent lymphatics tc
subinguinal nodes; from the posterior medial aspects of the labia majora, it frequently enters the lymphatic plex
rectum.

NERVES

The innervation of the external genitalia has been studied by many investigators. The iliohypogastric nerve origil
L1 and traverses laterally to the iliac crest between the transversus and internal oblique muscles, at which point
branches: (1) the anterior hypogastric nerve, which descends anteriorly through the skin over the symphysis, st
superior portion of the labia majora and the mons pubis; and (2) the posterior iliac, which passes to the gluteal

The ilioinguinal nerve originates from L1 and follows a course slightly inferior to the iliohypogastric nerve, with w
frequently anastomose, branching into many small fibers that terminate in the upper medial aspect of the labiur

The genitofemoral nerve (L1-L2) emerges from the anterior surface of the psoas muscle to run obliquely downw
surface, branching in the deeper substance of the labium majus to supply the dartos muscle and that vestige of



present within the labium majus. Its lumboinguinal branch continues downward onto the upper part of the thigh

From the sacral plexus, the posterior femoral cutaneous nerve, originating from the posterior divisions of S1 anc
anterior divisions of S2 and S3, divides into several rami that, in part, are called the perineal branches. They sug
aspect of the thigh and the labia majora. These branches of the posterior femoral cutaneous nerve are derived f
plexus. The pudendal nerve, composed primarily of S2, S3, and S4, often with a fascicle of S1, sends a small nu
the medial aspect of the labia majora. The pattern of nerve endings is illustrated in Table 2—1.

Table 2—1. Quantitative Distribution of Nerve Endings in Selected Regions of the Femal
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Labia Minora

SUPERFICIAL ANATOMY

The labia minora are 2 folds of skin that lie within the rima pudendi and measure approximately 5 cm in length ¢
thickness. The width varies according to age and parity, measuring 2—3 cm at its narrowest diameter to 5—6 cm
multiple corrugations over the surface. The labia minora begin at the base of the clitoris, where fusion of the lab
with the prepuce, extending posteriorly and medially to the labia majora at the posterior commissure. On their r
superiorly beneath the clitoris, they unite to form the frenulum adjacent to the urethra and vagina, terminating .
on the right and left sides of the fossa navicularis and ending posteriorly in the frenulum of the labia pudendi, ju
posterior commissure. A deep cleft is formed on the lateral surface between the labium majus and the labium m
the labia minora is smooth and pigmented. The color and distention vary, depending on the level of sexual excit
pigmentation of the individual. The glands of the labia are homologous to the glandulae preputiales (glands of Li
portion of the male urethra.

ARTERIES

The main source of arterial supply (Fig 2—12) occurs through anastomoses from the superficial perineal artery, t
dorsal artery of the clitoris, and from the medial aspect of the rete of the labia majora. Similarly, the venous pa
are extensive.

Figure 2—12.
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Arteries and nerves of perineum.

VEINS
The venous drainage is to the medial vessels of the perineal and vaginal veins, directly to the veins of the labia |
inferior hemorrhoidals posteriorly, and to the clitoral veins superiorly.

LYMPHATICS

The lymphatics medially may join those of the lower third of the vagina superiorly and the labia majora laterally,
superficial subinguinal nodes and to the deep subinguinal nodes. In the midline, the lymphatic drainage coincide
clitoris, communicating with that of the labia majora to drain to the opposite side.

NERVES

The innervation of the labia minora originates, in part, from fibers that supply the labia majora and from branch
nerve as it emerges from the canalis pudendalis (Alcock’s canal) (Fig 2—12). These branches originate from the
labia minora and the vestibule area are homologous to the skin of the male urethra and penis. The short membi
approximately 0.5 cm of the male urethra, is homologous to the midportion of the vestibule of the female.

Clitoris

SUPERFICIAL ANATOMY

The clitoris is the homologue of the dorsal part of the penis and consists of 2 small erectile cavernous bodies, te
rudimentary glans clitoridis. The erectile body, the corpus clitoridis, consists of the 2 crura clitoridis and the glan
overlying skin and prepuce, a miniature homologue of the glans penis. The crura extend outward bilaterally to tt
anterior portion of the vulva. The cavernous tissue, homologous to the corpus spongiosum penis of the male, ag



vascular pattern of the labia minora in the female. At the lower border of the pubic arch, a small triangular fibro
onto the clitoris (suspensory ligament) to separate the 2 crura, which turn inward, downward, and laterally at th
the inferior rami of the pubic symphysis. The crura lie inferior to the ischiocavernosus muscles and bodies. The ¢
superiorly at the fused termination of the crura. It is composed of erectile tissue and contains an integument, hc
termed the prepuce. On its ventral surface, there is a frenulum clitoridis, the fused junction of the labia minora.

ARTERIES

The blood supply to the clitoris is from its dorsal artery, a terminal branch of the internal pudendal artery, which
division of the posterior portion of the internal iliac (hypogastric) artery. As it enters the clitoris, it divides into 2
and dorsal arteries. Just before entering the clitoris itself, a small branch passes posteriorly to supply the area o
urethral meatus.

VEINS

The venous drainage of the clitoris begins in a rich plexus around the corona of the glans, running along the ant
the deep vein and continuing downward to join the pudendal plexus from the labia minora, labia majora, and pe
the pudendal vein.

LYMPHATICS

The lymphatic drainage of the clitoris coincides primarily with that of the labia minora, the right and left sides he
contralateral nodes in the superficial inguinal chain. In addition, its extensive network provides further access dc
posteriorly to the external urethral meatus toward the anterior portion of the vestibule.

NERVES

The innervation of the clitoris is through the terminal branch of the pudendal nerve, which originates from the s:
previously discussed. It lies on the lateral side of the dorsal artery and terminates in branches within the glans,
prepuce. The nerve endings in the clitoris vary from a total absence within the glans to a rich supply primarily lo
prepuce (Table 2—1). A total absence of endings within the clitoris itself takes on clinical significance when one ¢
emphasis placed on the clitoris in discussing problems of sexual gratification in women.

Vestibule

SUPERFICIAL ANATOMY

The area of the vestibule is bordered by the labia minora laterally, by the frenulum labiorum pudendi (or posteri
posteriorly, and by the urethra and clitoris anteriorly. Inferiorly, it is bordered by the hymenal ring. The opening
junction of the vagina with the vestibule is limited by a membrane stretching from the posterior and lateral side:
surface of the external urethral orifice. This membrane is termed the hymen. Its shape and openings vary and ¢
parity, and sexual experience. The form of the opening may be infantile, annular, semilunar, cribriform, septate,
hymen may even be imperforate. In parous women and in the postcoital state, the tags of the hymenal integum
carunculae myrtiformes. The external urethral orifice, which is approximately 2—3 cm posterior to the clitoris, on
and irregular surface with depressed areas on the sides, may appear to be stellate or crescentic in shape. Itis c
many small mucosal folds around its opening. Bilaterally and on the surface are the orifices of the paraurethral &
glands (ductus paraurethrales [ducts of Skene and Astruc]). At approximately the 5 and 7 o'clock positions, just
hymenal rings, are 2 small papular elevations that represent the orifices of the ducts of the glandulae vestibular
larger vestibular glands (Bartholin) of the female (bulbourethral gland of the male). The fossa navicularis lies be
labiorum pudendi and the hymenal ring. The skin surrounding the vestibule is stratified squamous in type, with i
pegs and papillae.

ARTERIES

The blood supply to the vestibule is an extensive capillary plexus that has anastomoses with the superficial trans
artery. A branch comes directly from the pudendal anastomosis with the inferior hemorrhoidal artery in the regic
navicularis. The blood supply of the urethra anteriorly, a branch of the dorsal artery of the clitoris and the azygo
anterior vaginal wall, also contributes.



VEINS

Venous drainage is extensive, involving the same areas described for the arterial network.

LYMPHATICS

The lymphatic drainage has a distinct pattern. The anterior portion, including that of the external urethral meatu
and outward with that of the labia minora and the clitoris. The portion next to the urethral meatus may join that
urethra, which empties into the vestibular plexus to terminate in the superficial inguinal nodes, the superficial st
the deep subinguinal nodes, and the external iliac chain. The lymphatics of the fossa navicularis and the hymen
the posterior vaginal wall, intertwining with the intercalated lymph nodes along the rectum, which follow the infe
arteries. This pattern becomes significant with cancer. Drainage occurs through the pudendal and the hemorrhoi
through the vestibular plexus onto the inguinal region.

NERVES
The innervation of the vestibular area is primarily from the sacral plexus through the perineal nerve. The absenc
modalities of touch is noteworthy. The vestibular portion of the hymenal ring contains an abundance of free nen

Vestibular Glands

The glandulae vestibulares majores (larger vestibular glands or Bartholin glands) have a duct measuring approxi
diameter. The gland itself lies just inferior and lateral to the bulbocavernosus muscle. The gland is tubular and a
character, with a thin capsule and connective tissue septa dividing it into lobules in which occasional smooth mu
found. The epithelium is cuboid to columnar and pale in color, with the cytoplasm containing mucigen droplets a
with acidophilic inclusions. The epithelium of the duct is simple in type, and its orifice is stratified squamous like
secretion is a clear, viscid, and stringy mucoid substance with an alkaline pH. Secretion is active during sexual a
Nonetheless, after about age 30, the glands undergo involution and become atrophic and shrunken.

The arterial supply to the greater vestibular gland comes from a small branch of the artery on the bulbocaverno:
penetrating deep into its substance. Venous drainage coincides with the drainage of the bulbocavernosus body. -
drain directly into the lymphatics of the vestibular plexus, having access to the posterior vaginal wall along the i
hemorrhoidal channels. They also drain via the perineum into the inguinal area. Most of this minor drainage is al
vessels in the canalis pudendalis and explains, in part, the difficulty in dealing with cancer involving the gland.

The greater vestibular gland is homologous to the bulbourethral gland (also known as Cowper's glands, Duverne
Tiedemann's glands, or the Bartholin glands of the male). The innervation of the greater vestibular gland is fronr
the perineal nerve, which penetrates directly into its substance.

Muscles of External Genitalia

The muscles (Fig 2—13) of the external genitalia and cavernous bodies in the female are homologous to those of
they are less well developed.
Figure 2—13.
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Pelvic musculature (inferior view).

BULBOCAVERNOSUS MUSCLE

The bulbocavernosus muscle and deeper bulbus vestibuli or cavernous tissue arise in the midline from the poste
central tendon of the perineum, where each opposes the fibers from the opposite side. Each ascends around the
enveloping the bulbus vestibuli (the corpus cavernosum bodies of the male) to terminate in 3 heads: (1) the fibi
to the clitoris, (2) the tunica fibrosa of the corpus cavernosa overlying the crura of the clitoris, and (3) decussati
those of the ischiocavernosus to form the striated sphincter of the urethra at the junction of its middle and lowe
supply is derived from the perineal branch of the internal pudendal artery as it arises in the anterior part of the i
Deep to the fascia diaphragmatis urogenitalis inferior (Colles' fascia) and crossing between the ischiocavernosus
bulbocavernosus muscles, the pudendal artery sends 1-2 branches directly into the bulbocavernosus muscle anc
continuing anteriorly to terminate in the dorsal artery of the clitoris. The venous drainage accompanies the pude
addition, it passes posteriorly with the inferior hemorrhoidal veins and laterally with the perineal vein, a branch ¢
pudendal vein. The lymphatics run primarily with those of the vestibular plexus, with drainage inferiorly toward 1
nodes of the rectum and anteriorly and laterally with the labia minora and majora to the superficial inguinal nod
drainage in the upper portion of the muscle and body is evident.

ISCHIOCAVERNOSUS MUSCLE

The ischiocavernosus muscle and its attendant cavernous tissue arise from the ischial tuberosity and inferior ran
It envelops the crus of its cavernous tissue in a thin layer of muscle ascending toward and over the medial and i
the symphysis pubica to terminate in the anterior surface of the symphysis at the base of the clitoris. It then set
fibers to the region of the upper and middle thirds of the urethra, forming the greater part of the organ's volunt:
blood supply is through perforating branches from the perineal artery as it ascends between the bulbocavernosu
ischiocavernosus muscles to terminate as the dorsal artery of the clitoris. The innervation stems from an ischioc
of the perineal division of the pudendal nerve.

TRANSVERSUS MUSCLE



The transversus perinei superficialis muscle arises from the inferior ramus of the ischium and from the ischial tul
of the muscle extend across the perineum and are inserted into its central tendon, meeting those from the oppo
Frequently, the muscle fibers from the bulbocavernosus, the puborectalis, the superficial transverse perinei, and
external anal sphincter will interdigitate. The blood supply is from a perforating branch of the perineal division of
pudendal artery, and the nerve supply is from the perineal division of the pudendal nerve.

SENSORY CORPUSCLES
In the cavernous substances of both the bulbocavernosus and ischiocavernosus muscles, Vater-Pacini corpuscles
lamellosa) and Dogiel and Krause corpuscles (corpuscula bulboidea) are present.

INFERIOR LAYER OF UROGENITAL DIAPHRAGM

The inferior layer of urogenital diaphragm is a potential space depending upon the size and development of the |
parity of the female, and the pelvic architecture. It contains loose areolar connective tissue interspersed with fat
bulbocavernosus muscles, with the support of the superficial transverse perinei muscles and the puborectalis mt
point of fixation on each side for support of the vulva, the external genitalia, and the vagina.

SURGICAL CONSIDERATIONS

A midline perineotomy is most effective to minimize trauma to vital supports of the vulva, bulbocavernosus, and
transverse perinei muscles. Overdistention of the vagina caused by the presenting part and body of the infant fc
sacculation. If distention occurs too rapidly or if dilatation is beyond the resilient capacity of the vagina, rupture
musculature may occur, often demonstrated by a cuneiform groove on the anterior wall and a tonguelike protru
posterior wall of the vagina. Therefore, return of the vagina and vulva to the nonpregnant state is dependent ug
muscle and the degree of distention of the vagina during parturition.

BONY PELVIS

The pelvis (Fig 2—14) is a basin-shaped ring of bones that marks the distal margin of the trunk. The pelvis rests
extremities and supports the spinal column. It is composed of 2 innominate bones, one on each side, joined antt
articulated with the sacrum posteriorly. The 2 major pelvic divisions are the pelvis major (upper or false pelvis) i
minor (lower or true pelvis). The pelvis major consists primarily of the space superior to the iliopectineal line, inc
fossae and the region between them. The pelvis minor, located below the iliopectineal line, is bounded anteriorly
bones, posteriorly by the sacrum and coccyx, and laterally by the ischium and a small segment of the ilium.
Figure 2—-14.



|H|B|'W|I'Iiﬂl Shon postenior Anterior mﬂiﬂﬂ'
ligament ! sacroiliac igament ligament

' ; Anterior sacroiliac

ligament

Sacrolubercus  Dorsal sacrococcygeal
5 ligament Obturator membraneg
FPOSTERIOR VIEW ANTERIOR VIEW

Anterior langitudinal

ligament
Antarior
sacroiliac
ligament

Arcuate pubic 2
ligament Inguinal ligament Arcuale F'-'l""“
SUPERIOR VIEW INFERIOR VIEW

Copyright @2006& by The McGraw-Hill Companies, Inc
All rights rezerved,

The bony pelvis.

(Reproduced, with permission, from Benson RC: Handbook of Obstetrics & Gynecology, 8th ed. Lange, 1983.)

Innominate Bone

The innominate bone is composed of 3 parts: ilium, ischium, and pubis.

ILIUM

The ilium consists of a bladelike upper part or ala (wing) and a thicker, lower part called the body. The body forr
portion of the acetabulum and unites with the bodies of the ischium and pubis. The medial surface of the ilium p
concave area: the anterior portion is the iliac fossa; the smaller posterior portion is composed of a rough upper

tuberosity; and the lower part contains a large surface for articulation with the sacrum. At the inferior medial m:
fossa, a rounded ridge, the arcuate line, ends anteriorly in the iliopectineal eminence. Posteriorly, the arcuate lir
with the anterior margin of the ala of the sacrum across the anterior aspect of the sacroiliac joint. Anteriorly, it i



the ridge or pecten on the superior ramus of the pubis. The lateral surface or dorsum of the ilium is traversed by
posterior, anterior, and inferior gluteal lines. The superior border is called the crest, and at its 2 extremities are
posterior superior iliac spines. The principal feature of the anterior border of the ilium is the heavy anterior infer
Important aspects of the posterior border are the posterior superior and the inferior iliac spines and, below the |
sciatic notch, the inferior part of which is bounded by the ischium. The inferior border of the ilium participates in
the acetabulum.

The main vasculature (Fig 2—15) of the innominate bone appears where the bone is thickest. Blood is supplied tc
of the ilium through twigs of the iliolumbar, deep circumflex iliac, and obturator arteries by foramens on the cre:
and below the terminal line near the greater sciatic notch. The outer surface of the ilium is supplied mainly belov
gluteal line through nutrient vessels derived from the gluteal arteries. The inferior branch of the deep part of the
artery forms the external nutrient artery of the ilium and continues in its course to anastomose with the lateral ¢
Upon leaving the pelvis below the piriform muscle, it divides into a number of branches, a group of which passe:
Figure 2—-15.
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Blood supply to pelvis.

ISCHIUM

The ischium is composed of a body, superior and inferior rami, and a tuberosity. The body is the heaviest part o



joined with the bodies of the ilium and pubis to form the acetabulum. It presents 3 surfaces. (1) The smooth int
continuous above with the body of the ilium and below with the inner surface of the superior ramus of the ischiu
parts form the posterior portion of the lateral wall of the pelvis minor. (2) The external surface of the ischium is
enters into the formation of the acetabulum. (3) The posterior surface is the area between the acetabular rim ar
border. It is convex and is separated from the ischial tuberosity by a wide groove. The posterior border, with the
bony margin of the greater sciatic notch. The superior ramus of the ischium descends from the body of the bone
ramus at an angle of approximately 90 degrees. The large ischial tuberosity and its inferior portion are situated
this angle. The inferior portion of the tuberosity forms the point of support in the sitting position. The posterior <
into 2 areas by an oblique line. The lesser sciatic notch occupies the posterior border of the superior ramus betw
the tuberosity. The inferior ramus, as it is traced forward, joins the inferior ramus of the pubis to form the arcus
arch).

The ischium is supplied with blood from the obturator medial and lateral circumflex arteries. The largest vessels
between the acetabulum and the sciatic tubercle.

PUBIS

The pubis is composed of a body and 2 rami, superior and inferior. The body contributes to the formation of the
joining with the body of the ilium at the iliopectineal eminence and with the body of the ischium in the region of
notch. The superior ramus passes medially and forward from the body to meet the corresponding ramus of the ¢
symphysis pubica. The medial or fore portion of the superior ramus is broad and flattened anteroposteriorly. For
body," it presents an outer and an inner surface, the symphyseal area, and an upper border or "crest." Approxin
the medial edge of the ramus and in line with the upper border is the prominent pubic tubercle, an important lar
crest is the anterior surface and the posterior or deep surface. The medial portion of the superior ramus is contil
the inferior ramus, and the lateral part presents a wide, smooth area anterosuperiorly, behind which is an irregu
pecten ossis pubis. The pecten pubis forms the anterior part of the linea terminalis. In front of and below the pe
obturator crest, passing from the tubercle to the acetabular notch. On the inferior aspect of the superior ramus i
sulcus. The inferior ramus is continuous with the superior ramus and passes downward and backward to join the
the ischium, forming the "ischiopubic arch." The pubis receives blood from the pubic branches of the obturator &
branches of the medial and lateral circumflex arteries.

Sacrum

The sacrum is formed in the adult by the union of 5 or 6 sacral vertebrae; occasionally, the fifth lumbar vertebre
with it. The process of union is known as "sacralization" in the vertebral column. The sacrum constitutes the bas
column. As a single bone, it is considered to have a base, an apex, 2 surfaces (pelvic and dorsal), and 2 lateral |
faces upward and is composed principally of a central part, formed by the upper surface of the body of the first :
and 2 lateral areas of alae. The body articulates by means of a fibrocartilage disk with the body of the fifth lumb
alae represent the heavy transverse processes of the first sacral vertebra that articulate with the 2 iliac bones. T
of the body is called the promontory and forms the sacrovertebral angle with the fifth lumbar vertebra. The rour
margin of each ala constitutes the posterior part (pars sacralis) of the linea terminalis. The pelvic surface of the

and convex. In the midline is the median sacral crest (fused spinal processes), and on either side is a flattened
fused laminae of the sacral vertebrae. The laminae of the fifth vertebra and, in many cases, those of the fourth

the third are incomplete (the spines also are absent), thus leaving a wide opening to the dorsal wall of the sacre
the sacral hiatus. Lateral to the laminae are the articular crests (right and left), which are in line with the paired
processes above. The lateral processes articulate with the inferior articular processes of the fifth lumbar vertebre
extensions of the articular crests form the sacral cornua that bind the sacral hiatus laterally and are attached to
coccyx. The cornua can be palpated in life and are important landmarks indicating the inferior opening of the sa¢
sacral-caudal anesthesia). The lateral portions of the sacrum are formed by the fusion of the transverse process
vertebrae. They form dorsally a line of elevations called the lateral sacral crests. The parts corresponding to the
are particularly massive and present a large area facing laterally called the articular surface, which articulates wi



Posterior to the articular area, the rough bone is called the sacral tuberosity. It faces the tuberosity of the ilium.
small area formed by the lower surface of the body of the fifth part of the sacrum. The coccyx is formed by 4 (o
caudal or coccygeal vertebrae. The second, third, and fourth parts are frequently fused into a single bone that a
first by means of a fibrocartilage. The entire coccyx may become ossified and fused with the sacrum (the sacroc

The sacrum receives its blood supply from the middle sacral artery, which extends from the bifurcation of the ac
coccyx, and from the lateral sacral arteries that branch either as a single artery that immediately divides or as 2
from the hypogastric artery. The lowest lumbar branch of the middle sacral artery ramifies over the lateral parts
passing back between the last vertebra and the sacrum to anastomose with the lumbar arteries above and the s
artery below. The lateral sacral branches (usually 4) anastomose anteriorly to the coccyx with branches of the ir
artery that branch from the hypogastric artery. They give off small spinal branches that pass through the sacral
supply the sacral canal and posterior portion of the sacrum.

Sacroiliac Joint

The sacroiliac joint is a diarthrodial joint with irregular surfaces. The articular surfaces are covered with a layer ¢
cavity of the joint is a narrow cleft. The cartilage on the sacrum is hyaline in its deeper parts but much thicker tt
ilium. A joint capsule is attached to the margins of the articular surfaces, and the bones are held together by the
long and short posterior sacroiliac, and interosseous ligaments. In addition, there are 3 ligaments (Fig 2—16), cl:
to the pelvic girdle itself, which also serve as accessory ligaments to the sacroiliac joint: the iliolumbar, sacrotuk
sacrospinous ligaments. The anterior sacroiliac ligaments unite the base and the lateral part of the sacrum to the
with the periosteum of the pelvic surface and, on the ilium, reaching the arcuate line to attach in the paraglenoir
posterior sacroiliac ligament is extremely strong and consists essentially of 2 sets of fibers, deep and superficial,
and long posterior sacroiliac ligaments, respectively. The short posterior sacroiliac ligament passes inferiorly anc
tuberosity of the ilium, behind the articular surface and posterior interior iliac spine, to the back of the lateral pc
and to the upper sacral articular process, including the area between it and the first sacral foramen. The long po
ligament passes inferiorly from the posterior superior iliac spine to the second, third, and fourth articular tubercl
the sacrum. It partly covers the short ligament and is continuous below with the sacrotuberous ligament. The in
ligaments are the strongest of all and consist of fibers of different lengths passing in various directions between
extend from the rough surface of the sacral tuberosity to the corresponding surface on the lateral aspect of the :
behind the articular surface.

Figure 2—16.
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Ligaments of the pelvis.

Ligaments

The sacrotuberous ligament, in common with the long posterior sacroiliac ligament, is attached above to the cre
posterior iliac spine and to the posterior aspect of the lower 3 sacral vertebrae. Below, it is attached chiefly to tfr
the ischial tuberosity. Some of the fibers at the other end extend forward along the inner surface of the ischial ri
falciform process. Other posterior fibers continue into the tendons of the hamstrings.

The sacrospinous ligament is triangular and thin, extending from the lateral border of the sacrum and coccyx to
ischium. It passes medially (deep) to the sacrotuberous ligament and is partly blended with it along the lateral k
sacrum.

The iliolumbar ligament connects the fourth and fifth lumbar vertebrae with the iliac crest. It originates from the
of the fifth lumbar vertebra, where it is closely woven with the sacrolumbar ligament. Some of its fibers spread |
body of the fifth vertebra and others ascend to the disk above. It is attached to the inner lip of the crest of the il
approximately 5 cm. The sacrolumbar ligament is generally inseparable from the iliolumbar ligament and is rega

Pubic Symphysis

The pubic symphysis is a synarthrodial joint of the symphyseal surfaces of the pubic bones. The ligaments assoc
(1) the interpubic fibrocartilage, (2) the superior pubic ligament, (3) the anterior pubic ligament, and (4) the arc
interpubic fibrocartilage is thicker in front than behind and projects beyond the edges of the bones, especially or
aspect, blending intimately with the ligaments at its margins. Sometimes it is woven throughout, but often the i
fibrocartilage presents an elongated, narrow fissure with fluid in the interspace, partially dividing the cartilage in
interpubic cartilage is intimately adherent to the layer of hyaline cartilage that covers the symphyseal surface of
The superior pubic ligament extends laterally along the crest of the pubis on each side to the pubic tubercle, blel
line with the interpubic cartilage. The thick and strong anterior pubic ligament is closely connected with the fasci
muscles arising from the conjoined rami of the pubis. It consists of several strata of thick, decussating fibers of
obliquity, the superficial being the most oblique and extending lowest over the joint. The arcuate ligament is a tt
connected fibers that fills the angle between the pubic rami to form a smooth, rounded top to the pubic arch. Bc



and posterior aspects of the joint, the ligament gives off decussating fibers that, interlacing with one another, st

Hip Joint

The hip joint is a typical example of a ball-and-socket joint, the round head of the femur received by the deep c:
acetabulum and glenoid lip. Both articular surfaces are coated with cartilage. The portion covering the head of tt
above, where it bears the weight of the body, and thins out to a mere edge below. The pit in the femoral head r
ligamentum teres, the only part uncoated by cartilage. The cartilage is horseshoe-shaped on the acetabulum ani
the lunate surface, thicker above than below. The ligaments are the articular capsule, transverse acetabular liga
ligament, ischiocapsular ligament and zona orbicularis, pubocapsular ligament, and ligamentum teres.

ARTICULAR CAPSULE

The articular capsule is one of the strongest ligaments in the body. It is attached superiorly to the base of the ar
spine at the pelvis, posteriorly to a point a few millimeters from the acetabular rim, and inferiorly to the upper e
between the acetabulum and tuberosity of the ischium. Anteriorly, it is secured to the pubis near the obturator ¢
iliopectineal eminence, and posteriorly to the base of the inferior iliac spine. At the femur, the articular capsule i
anterior portion of the superior border of the greater trochanter and to the cervical tubercle. The capsule runs di
intertrochanteric line as far as the medial aspect of the femur, where it is on a level with the inferior part of the
It then runs superiorly and posteriorly along an oblique line, just in front of and above the lesser trochanter, anc
the back of the neck of the femur nearly parallel to and above the intertrochanteric crest. Finally, the capsule pa
medial side of the trochanteric fossa to reach the anterior superior angle of the greater trochanter. Some of the
retinacula, are attached nearer to the head of the femur. One corresponds to the upper and another to the lowe
intertrochanteric line; a third is present at the upper and back part of the trochanteric neck.

TRANSVERSE ACETABULAR LIGAMENT

The transverse ligament of the acetabulum passes across the acetabular notch. It supports the glenoid lip and is
the ligamentum teres and the capsule. The transverse ligament is composed of decussating fibers that arise fror
acetabulum on either side of the notch. Those fibers coming from the pubis are more superficial and pass to forr
the ligament at the ischium; those superficial at the ischium are deep at the pubis.

ILIOFEMORAL LIGAMENT

The iliofemoral ligament is located at the front of the articular capsule and is triangular. Its apex is attached to a
ilium immediately below and behind the anterior inferior spine; its base is fixed beneath the anterior edge of the
and to the intertrochanteric line. The upper fibers are almost straight whereas the medial fibers are oblique, givi
of an inverted Y.

ISCHIOCAPSULAR LIGAMENT

The ischiocapsular ligament, on the posterior surface of the articular capsule, is attached to the body of the isch
upper border of the notch. Above the notch, the ligament is secured to the ischial margin of the acetabulum. Th
incline superiorly and laterally and are fixed to the greater trochanter. The other fibers curve more and more up!
laterally to their insertion at the inner side of the trochanteric fossa. The deeper fibers take a circular course anc
back and lower parts of the capsule, where the longitudinal fibers are deficient. This ring, the zona orbicularis, e
of the femur.

PUBOCAPSULAR LIGAMENT
The pubocapsular ligament is fixed proximally to the obturator crest and to the anterior border of the iliopectine:

reaching as far down as the pubic end of the acetabular notch. Below, the fibers reach to the neck of the femur
above and behind the lowermost fibers of the iliofemoral band, blending with it.

LIGAMENTUM TERES
The ligamentum teres femoris extends from the acetabular fossa to the head of the femur. It has 2 bony attachi
either side of the acetabular notch immediately below the articular cartilage, with intermediate fibers springing f



surface of the transverse ligament. At the femur, the ligamentum teres femoris is fixed to the anterior part of th
to the cartilage around the margin of the depression.

Outlets of the True Pelvis

The true pelvis is said to have an upper "inlet" and a lower "outlet." The pelvic inlet to the pelvis minor is boundt
posteriorly, by (1) the promontory of the sacrum; (2) the linea terminalis, composed of the anterior margin of tt
arcuate line of the ilium, and the pecten ossis pubis; and (3) the upper border or crest of the pubis, ending med
symphysis. The conjugate or the anteroposterior diameter is drawn from the center of the promontory to the sy
with 2 conjugates recognized: (1) the true conjugate, measured from the promontory to the top of the symphys
diagonal conjugate, measured from the promontory to the bottom of the symphysis. The transverse diameter is
the greatest width of the pelvic inlet. The oblique diameter runs from the sacroiliac joint of one side to the iliope
the other. The pelvic outlet, which faces downward and slightly backward, is very irregular. Beginning anteriorly
(1) the arcuate ligament of the pubis (in the midline), (2) the ischiopubic arch, (3) the ischial tuberosity, (4) the
ligament, and (5) the coccyx (in midline). Its anteroposterior diameter is drawn from the lower border of the syi
the tip of the coccyx. The transverse diameter passes between the medial surfaces of the ischial tuberosities.

Musculature Attachments

ILIUM

The crest of the ilium gives attachment to the external oblique, internal oblique, transversus (anterior two-thirds
and quadratus lumborum (posteriorly), sacrospinalis (internal lip, posteriorly), and tensor fasciae latae and sartc
(anterior superior iliac spine) (Fig 2—17). The posterior superior spine of the ilium gives attachment to the multii
rectus femoris muscle is attached to the anterior inferior iliac spine. The iliacus muscle originates on the iliac fos
anterior inferior iliac spine and the iliopectineal eminence is a broad groove for the tendon of the iliopsoas muscl
of the gluteus maximus muscle originates between the posterior gluteus line and the crest. The surface of bone
anterior gluteal line and the crest gives origin to the gluteus medius muscle. The gluteus minimus muscle has its
the anterior and inferior gluteal lines.

Figure 2—17.



lliacus muscle

Psoas muscle
Inguinal Piriformis muscle
ligament
o Coceygeus muscle
Obturator
intermus Sacrotuberous
muscle ligament
: Gluteus maximus
Symphysis
pubica muscle
Sartorius
muscle
Gracilis Adductor magnus
muscle muscle

Capyright @2006 by The MeGraw-Hill Campanies, Inc
All rights rezerved.

Pelvic muscles.

ISCHIUM

The body and superior ramus of the ischium give rise to the obturator internus muscle on the internal surface. T
provides, at its root, attachments for the coccygeus and levator ani muscles on its internal surface and for the g
muscle externally. The outer surface of the ramus is the origin of the adductor magnus and obturator externus r
transversus perinei muscle is attached to the lower border of the ischium. The ischial tuberosity gives rise on its
to the semimembranosus muscles, the common tendon of the biceps, and semitendinosus muscles and on its in
the adductor magnus muscle. The superior border is the site of origin of the inferior gemellus and the outer borc
quadratus femoris muscle. The superior ramus of the pubis gives origin to the adductor longus and obturator ex
its anterior surface and to the levator ani and obturator internus muscles. The superior border provides attachm
abdominis and pyramidalis muscles. The pectineal surface gives origin at its posterior portion to the pectineus m
posterior surface of the superior ramus is the point of attachment of a few fascicles of the obturator internus mt
surface of the inferior ramus attaches to the abductor brevis, adductor magnus, and obturator externus muscles
surface attaches to the sphincter urogenitalis and the obturator internus.

SACRUM
The pelvic surface of the sacrum is the origin of the piriform muscle. The lateral part of the fifth sacral vertebra |
insertion of the sacrospinalis and gluteus maximus muscles. The ala is attached to fibers of the iliacus muscle.

COCCYX
The dorsal surface of the coccyx is attached to the gluteus maximus muscle and the sphincter ani externus mus
margins receive parts of the coccygeus and of the iliococcygeus muscles.

GREATER TROCHANTER
The lateral surface of the greater trochanter of the femur receives the insertion of the gluteus medius muscle. T



of the greater trochanter receives the tendon of the obturator externus in the trochanteric fossa, along with the
and the 2 gemelli. The superior border provides insertion for the piriformis and, with the anterior border, receive
minimus. The quadratus femoris attaches to the tubercle of the quadratus. The inferior border gives origin to the
muscle. The lesser trochanter attaches to the iliopsoas muscle at its summit. Fascicles of the iliacus extend beyc
and are inserted into the surface of the shaft.

Foramens

Several foramens are present in the bony pelvis. The sacrospinous ligament separates the greater from the less:
These foramens are subdivisions of a large space intervening between the sacrotuberous ligament and the femu
muscle passes out of the pelvis into the thigh by way of the greater sciatic foramen, accompanied by the gluteal
nerves. The internal pudendal vessels, the pudendal nerve, and the nerve to the obturator internus muscle also
this foramen, after which they enter the perineal region through the lesser sciatic foramen. The obturator intern
out of the pelvis by way of the lesser sciatic foramen.

The obturator foramen is situated between the ischium and the pubis. The obturator membrane occupies the ob
and is attached continuously to the inner surface of the bony margin except above, where it bridges the obturat
converting the latter into the obturator canal, which provides passage for the obturator nerve and vessels.

On either side of the central part of the pelvic surface of the sacrum are 4 anterior sacral foramens that transmi
nerves. Corresponding to these on the dorsal surface are the 4 posterior sacral foramens for transmission of the
rami of the first 4 sacral nerves.

Types of Pelves

Evaluation of the pelvis is best achieved by using the criteria set by Caldwell and Moloy, which are predicated ug
pelves: (1) the gynecoid type (from Greek gyne woman); (2) the android type (from Greek aner man); (3) the :
(from Greek anthropos human); and (4) the platypelloid type (from Greek platys broad and pella bowl) (Fig 2-1
Figure 2—18.



Platypelloid --

Capyright @2006 by The McGraw-Hill Campanies, Inc
All rights rezerved,

Types of pelves. White lines in the diagrams at right (after Steele) show the greatest diameters of the pelves at

(Reproduced, with permission, from Benson RC: Handbook of Obstetrics & Gynecology, 8th ed. Lange, 1983.)

GYNECOID

In pure form, the gynecoid pelvis provides a rounded, slightly ovoid, or elliptical inlet with a well-rounded forepe
segment). This type of pelvis has a well-rounded, spacious posterior segment, an adequate sacrosciatic notch, a
with a somewhat backward sacral inclination, and a Norman-type arch of the pubic rami. The gynecoid pelvis ha
and wide interspinous and intertuberous diameters. The bones are primarily of medium weight and structure.

ANDROID
The android pelvis has a wedge-shaped inlet, a narrow forepelvis, a flat posterior segment, and a narrow sacros
the sacrum inclining forward. The side walls converge, and the bones are medium to heavy in structure.

ANTHROPOID
The anthropoid pelvis is characterized by a long, narrow, oval inlet; an extended and narrow anterior and poster
wide sacrosciatic notch; and a long, narrow sacrum, often with 6 sacral segments. The subpubic arch may be an



type or rounded Norman type. Straight side walls are characteristic of the anthropoid pelvis, whose interspinous
diameters are less than those of the average gynecoid pelvis. A medium bone structure is usual.

PLATYPELLOID

The platypelloid pelvis has a distinct oval inlet with a very wide, rounded retropubic angle and a wider, flat poste
sacrosciatic notch is narrow and has a normal sacral inclination, although it is often short. The subpubic arch is \
side walls are straight, with wide interspinous and intertuberous diameters.

The pelvis in any individual case may be one of the 4 "pure" types or a combination of mixed types. When one d
intermediate pelvic forms, the posterior segment with its characteristics generally is described first and the ante
its characteristics next, eg, anthropoid-gynecoid, android-anthropoid, or platypelloid-gynecoid. Obviously, it is in
platypelloid-anthropoid pelvis or a platypelloid-android pelvis.

Pelvic Relationships

Several important relationships should be remembered, beginning with those at the inlet of the pelvis. The trans
the inlet is the widest diameter, where bone is present for a circumference of 360 degrees. This diameter stretct
line to pectineal line and denotes the separation of the posterior and anterior segments of the pelvis. In classic
vertical plane dropped from the transverse diameter of the inlet passes through the level of the interspinous diai
spine. These relationships may not hold true, however, in combination or intermediate (mixed type) pelves. The
diameter of the inlet reaches from pectineal prominence to pectineal prominence; a vertical plane dropped from
transverse passes through the ischial tuberosities. For good function of the pelvis, the anterior transverse diame
more than 2 cm longer than the transverse diameter (Fig 2—19).

Figure 2—19.
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Urogenital and anal triangles.

OBSTETRIC CONJUGATE

The obstetric conjugate differs from both the diagonal conjugate and the true conjugate. It is represented by a |
posterior superior portion of the pubic symphysis (where bone exists for a circumference of 360 degrees) towart
the sacrum. This point need not be at the promontory of the sacrum. The obstetric conjugate is divided into 2 se
anterior sagittal, originating at the intersection of the obstetric conjugate with the transverse diameter of the inl
at the symphysis pubica; and (2) the posterior sagittal, originating at the transverse diameter of the inlet to the
intersection with the sacrum.



INTERSPINOUS DIAMETER

A most significant diameter in the midpelvis is the interspinous diameter. It is represented by a plane passing fr
ischial spine. The posterior sagittal diameter of the midpelvis is a bisecting line drawn at a right angle from the r
interspinous diameter, in the same plane, to a point of intersection with the sacrum. This is the point of greatesi
midpelvis. It is sometimes said that the posterior sagittal diameter should be drawn from the posterior segment
line of the interspinous diameter, in a plane from the inferior surface of the symphysis, through the interspinous
sacrum. However, this configuration often places the posterior sagittal diameter lower in the pelvis than the inte
It is the interspinous diameter, together with the posterior sagittal diameter of the midpelvis, that determines w
is adequate room for descent and extension of the head during labor.

INTERTUBEROUS DIAMETER

The intertuberous diameter of the outlet will reflect the length of the anterior transverse diameter of the inlet, ie
be larger than the latter if convergent or straight side walls are present. Therefore, the intertuberous diameter c
space available in the anterior segment of the pelvis at the inlet, and, similarly, the degree of convergence influe
the biparietal diameter at the outlet.

POSTERIOR SAGITTAL DIAMETER

The posterior sagittal diameter of the outlet is an intersecting line drawn from the middle of the intertuberous di
sacrococcygeal junction and reflects the inclination of the sacrum toward the outlet for accommodation of the he
should be noted that intricate measurements of the pelvis are significant only at minimal levels. Evaluation of th
pregnancy, size of the fetus for a given pelvis, and conduct of labor engagement are far more important.

CONTENTS OF THE PELVIC CAVITY

The organs that occupy the female pelvis (Figs 2—20, 2—-21, and 2—22) are the bladder, the ureters, the urethra,
uterine (fallopian) tubes or oviducts, the ovaries, the vagina, and the rectum.* With the exception of the inferiol
rectum and most of the vagina, all lie immediately beneath the peritoneum. The uterus, uterine tubes, and ovar
completely covered with peritoneum and are suspended in peritoneal ligaments. The remainder are partially cov
do not completely fill the cavity; the remaining space is occupied by ileum and sigmoid colon.

* The rectum is not described in this chapter.
Figure 2—20.
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Female pelvic contents from above.

Figure 2—21.
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Pelvic viscera (sagittal view).

Figure 2—22.
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Pelvic organs (midsagittal view).

(Reproduced, with permission, from Benson RC: Handbook of Obstetrics & Gynecology, 8th ed. Lange, 1983.)

Bladder

The urinary bladder is a muscular, hollow organ that lies posterior to the pubic bones and anterior to the uterus
ligament. Its form, size, and position vary with the amount of urine it contains. When empty, it takes the form c
rounded pyramid, having a base, a vertex (or apex), a superior surface, and a convex inferior surface that may
median ridge into 2 inferolateral surfaces.

Relationships

The superior surface of the bladder is covered with peritoneum that is continuous with the medial umbilical fold,
paravesical fossae laterally. Posteriorly, the peritoneum passes onto the uterus at the junction of the cervix and
upward on the anterior surface to form the vesicouterine pouch. When the bladder is empty, the normal uterus |
superior surface. When the bladder is distended, coils of intestine may lie upon its superior surface. The base of
below the peritoneum and is adjacent to the cervix and the anterior fornix of the vagina. It is separated from th
areolar tissue containing plexiform veins. The area over the vagina is extended as the bladder fills. The inferolat
separated from the wall of the pelvis by the potential prevesical space, containing a small amount of areolar tiss
vessels. This surface is nonperitoneal and thus suitable for operative procedures. Posterolateral to the region fac
each of the inferolateral surfaces is in relation to the fascia of the obturator internus, the obturator vessels and 1
obliterated umbilical artery above, and the fascia of the levator ani below. Posteriorly and medially, the inferior ¢
from the base by an area called the urethrovesical junction, the most stationary portion of the bladder.

Fascia, Ligaments, & Muscle

The bladder is enclosed by a thin layer of fascia, the vesical sheath. Two thickenings of the endopelvic fascia, th:
pubovesical or puboprostatic ligaments, extend at the vesicourethral junction abutting the levator ani muscle fra



the anterior aspect of the bladder to the pubic bones. Similar fascial thickenings, the lateral true ligaments, exte
of the lower part of the bladder to the lateral walls of the pelvis. Posteriorly, the vesicourethral junction of the bl
against the anterior wall of the vagina.

A fibrous band, the urachus or medial umbilical ligament, extends from the apex of the bladder to the umbilicus.
represents the remains of the embryonic allantois. The lateral umbilical ligaments are formed by the obliterated
and are represented by fibrous cords passing along the sides of the bladder and ascending toward the umbilicus
vessels will be patent, thus forming the superior vesical arteries. The peritoneal covering of the bladder is limitec
surface. The reflections of the peritoneum to the anterior abdominal wall and the corresponding walls of the pel\
described as the superior, lateral, and posterior false ligaments. The muscle (smooth) of the bladder is represen
interdigitated pattern continuous with and contiguous to the inner longitudinal and anterior circumferential musc
No distinct muscle layers are apparent.

Mucous Membrane

The mucous membrane is rose-colored and lies in irregular folds that become effaced by distention. The 3 angle
trigone are represented by the orifices of the 2 ureters and the internal urethral orifice. This area is redder in col
plication. It is bordered posteriorly by the plica interureterica, a curved transverse ridge extending between the
ureters. A median longitudinal elevation, the uvula vesicae, extends toward the urethral orifice. The internal ure
normally situated at the lowest point of the bladder, at the junction of the inferolateral and posterior surfaces. I
circular elevation, the urethral annulus, approximately level with the center of the symphysis pubica. The epithe
bladder is transitional in type. The mucous membrane rests on the submucous coat, composed of areolar tissue
muscular coat. There is no evidence of a specific smooth muscle sphincter in the vesical neck.

Arteries, Veins, & Lymphatics

The blood supply to the bladder comes from branches of the hypogastric artery. The umbilical artery, a terminal
hypogastric artery, gives off the superior vesical artery prior to its obliterated portion. It approaches the bladder
middle and inferior vesical arteries) through a condensation of fatty areolar tissue, limiting the prevesical "space
to branch out over the upper surface of the bladder. It anastomoses with the arteries of the opposite side and tt
inferior vesical arteries below. The middle vesical artery may arise from one of the superior vessels, or it may cc
umbilical artery, supplying the sides and base of the bladder. The inferior vesical artery usually arises directly frc
artery—in common with or as a branch of the uterine artery—and passes downward and medially, where it divid
that supply the lower part of the bladder. The fundus may also receive small branches from the middle hemorrh
vaginal arteries.

The veins form an extensive plexus at the sides and base of the bladder from which stems pass to the hypogast

The lymphatics, in part, accompany the veins and communicate with the hypogastric nodes (Table 2—2). They al
laterally with the external iliac glands, and some of those from the fundus pass to nodes situated at the promon
The lymphatics of the bladder dome are separate on the right and left sides and rarely cross; but extensive ana:
present among the lymphatics of the base, which also involve those of the cervix.

Table 2—2. Lymphatics of the Female Pelvis.



A Superficial Lymphatics:

-f—_—__,_________—- Superficial nodes
£kin of abdomen (lateral)

Frequent anastomoses S-umrﬁc‘::ld{irﬂmﬂex
mna odes

Skin of abdomen [medial_l\

Thigh (medial) and perineal skin Superficial epigastric
/ 'lre'i“ al‘ld m

Thigh (lateral)

B. Deep Lymphatics:

< through labig
. . Majora — To respective superficial ingui-
Superior vestibular plexus / nal nodes (10-20along
inguinal ligament)
Superior network of fourchette {under internal oblique fascia)

Frequently cross to contralateral side

Abdomen Saphenous fossa —— Femoral nodes (3-4); E
nodes in deep inguinal
Inner rectum Superficial subinguinal ring [mg' ""magﬂan;f'
nodes (3-4) nguinaes pr
[modes of Rosenmuller
Lateral thigh or Cloguet])
Vagina
Inferiody Introitus Superficial Superficial ——— Femoral ¢
Mucosal plexus — Superficial vestibular inguinal nodes subinguinal nodes
plexus
Superiory Anastomaose with those
of cervix (see below)
Muscular plexus Laterally 4 trunks:
2 posterior trunks,
2 anterior trunks Hypogast
—— Posterior wall (intertwine——— Rectal stalk Upper part of vagina External i
with those of rectum) —— Lateral sa
Cervix
Vaginal plexus ———— Cenvical plexus Utterine plexus Lateral sacral nodes
3 trunks Broad ligament, Lurnbar
uterine pedicle
Lower portion of corpus — Isthmus External il

of uterus {portio of cervix)



Uterus

|‘- of _,.--"’f_ External iliac chain
Subperitoneal plexus Collecting trunks of lower—— lsthmus of cervix Sacral pedicle
Muscularis — uterine segment T Lateral sacral nodes
Mucusa—-.___‘___‘_‘
Peritoneum (serosa) Ligamentum teres uteri Superficial inguinal nodes —— Femoral External iliac chain
Lateral to suspensory Greater part is 3-6 trunks
ligament of avary (with
ovarian vessels)
Lumbar pedicle Retroperitoneal across and— Lumbar nodes:
antenior to ureter Lie alomg the aon
to the kidney (jux
position)
Uterine tubes
Trunks from tubes and
avaries
Owvaries
Rectum Posterior vag Rectal stalk Lateral sacral nodes
Rectum
(greater part) Middle hemorrhoidal Hypogastric nodes
\ Fﬁdiclf
Inferior hemomrhoidal Perineum ———————— Superficial —— Fer
pedicle subinguinal
nodes
Ureters
Lowier third Along hypogastric Along common iliag —————— Large nodes, sacral group————Peria
wessels vessels 0N promontony
Obliterated hypo- External iliac group
gastrics {a node is often present)
on umbilical artery)
Up the ureters to the Periaortic nodes interaortico-
middle portion caval nodes
Middle third, right Ureteral arteries Commen iliac ——————————— Lateral sacral nodes
depend on origin Hypogastric Hypogastric node
of vessel Aot Interaarticocaval chain (on top of vena
Onvarian cava) (near origin of ovarian artery)
Alang ureter External iliac chain
Middle third, left Similar to right except Right iliac chain
across sacral promontory
Along ureteral arteries -__________H_H Lumbar chain Preac
(more extensive spread) Owarian anw-m-_________h‘ ofl
Left lateral lumbar me
Upper third—————— Upward on the ureter—————— Renal pedicle
to the hilum of the
kidney to 3 nodes
Lateral lumbar nodes
Above kidney Thoracic duct Mode Heart

Interarticocaval nodes



Urethra

Anterior urethra— Vestibular——— Superficial inguinal —— Superficial subinguinal Femoral External ili:
plexus nodes nodes
Posterior urethra
1. Anterior superior Trunks Interior bladder wall———— Lateral inferior border Middle cha
part of umbilical artery
2. Anterolaterak Trunks Lateral bladder wall Internal chi
atthe ot
Posteriorly along node)
internal pundental
antery Hypogastri
ternal an
Ischiorectal = Canalis puden- — 3 nodes Greater sciatic= Aleng inferior gluteal artery=—— Onto obturator artery —— Lateral saci
fossa dalis (Alcock’s foramen nodes
canal)
3. Posterior aspect
Urethrovaginal Cervix Uterine Ower Aleng unmbilical ligaments=— Lower uterine pedicle=— Middle cha
septum plexus ureter hypogas
Bladder
Right and left 1. Anterior —— [Laterally along—————— One trunk near ureter——— (Frequent anastomoses — Nodes of p
sides remain bladder wall umbilical ligaments) between cervix, vagina, group
separate and fundus; large vessels
upper third, medium mid-
2. Posterior dle third, small lower
bladder wall third)
Nerves

The nerve supply to the bladder is derived partly from the hypogastric sympathetic plexus and partly from the s
sacral nerves (the nervi erigentes).

Ureters

Relationships

The ureter is a slightly flattened tube that extends from the termination of the renal pelvis to the lower outer col
the bladder, a distance of 26—28 cm. It is partly abdominal and partly pelvic and lies entirely behind the peritone
varies from 4—6 mm, depending on distention, and its size is uniform except for 3 slightly constricted portions. T
constrictions is found at the junction of the ureter with the renal pelvis and is known as the upper isthmus. The :
constriction—the lower isthmus—is at the point where the ureter crosses the brim of the pelvis minor. The third
constriction is at the terminal part of the ureter as it passes through the bladder wall. The pelvic portion of the L
ureter crosses the pelvic brim beneath the ovarian vessels and near the bifurcation of the common iliac artery. |
curvature of the lateral pelvic wall, inclining slightly laterally and posteriorly until it reaches the pelvic floor. The
anteriorly and medially at about the level of the ischial spine to reach the bladder. In its upper portion, it is relat
the sacroiliac articulation; then, lying upon the obturator internus muscle and fascia, it crosses the root of the ui
obturator vessels, and the obturator nerve. In its anterior relationship, the ureter emerges from behind the ovar
vessels to pass behind the uterine and superior and middle vesical arteries. Coursing anteriorly, it comes into clc
the lateral fornix of the vagina, passing 8—12 mm from the cervix and vaginal wall before reaching the bladder. '
reach the bladder, they are about 5 cm apart. They pass through the bladder wall on an oblique course (about 2
an anteromedial and downward direction. The ureters open into the bladder by 2 slitlike apertures, the urethral



cm apart when the bladder is empty.

Wall of Ureter

The wall of the ureter is approximately 3 mm thick and is composed of 3 coats: connective tissue, muscle, and r
The muscular coat has an external circular and an internal longitudinal layer throughout its course and an exterr
layer in its lower third. The mucous membrane is longitudinally plicated and covered by transitional epithelium. ~
peristaltic action of the ureteral musculature propels urine into the bladder in jets. The oblique passage of the ur
bladder wall tends to constitute a valvular arrangement, but no true valve is present. The circular fibers of the ir
the ureter possess a sphincterlike action. Still, under some conditions of overdistention of the bladder, urine ma
into the ureter.

Arteries, Veins, & Lymphatics

The pelvic portion of the ureter receives its blood supply from a direct branch of the hypogastric artery, anaston
its adventitia with branches from the iliolumbar and inferiorly with branches from the inferior vesical and middle
arteries. Lymphatic drainage passes along the hypogastric vessels to the hypogastric and external iliac nodes, cc
ureters to their middle portion where drainage is directed to the periaortic and interaorticocaval nodes (Table 2—

Nerves

The nerve supply is provided by the renal, ovarian, and hypogastric plexuses. The spinal level of the afferents is
same as the kidney (T12, L1, L2). The lower third of the ureter receives sensory fibers and postganglionic paras
from the Frankenhuser plexus and sympathetic fibers through this plexus as it supplies the base of the bladder.
ascend the lower third of the ureter, accompanying the arterial supply. The middle segment appears to receive
sympathetic and parasympathetic fibers through and from the middle hypogastric plexus. The upper third is sup
innervation as the kidney.

Urethra

Relationships

The female urethra is a canal 2.5-5.25 cm long. It extends downward and forward in a curve from the neck of tl
urethral orifice), which lies nearly opposite the symphysis pubica. Its termination, the external urethral orifice, is
and posteriorly from the lower border of the symphysis. Posteriorly, it is closely applied to the anterior wall of th
in the lower two-thirds, where it actually is integrated with the wall, forming the urethral carina. Anteriorly, the 1
separated from the prevesical "space" by the pubovesical (puboprostatic) ligaments, abutting against the levatol
and extending upward onto the pubic rami.

Anatomy of Walls

The walls of the urethra are very distensible, composed of spongy fibromuscular tissue containing cavernous vei
submucous and mucous coats. The mucosa contains numerous longitudinal lines when undistended, the most pr
located on the posterior wall and termed the crista urethralis. Also, there are numerous small glands (the homol
prostate, paraurethral and periurethral glands of Astruc, ducts of Skene) that open into the urethra. The largest
paraurethral glands of Skene, may open via a pair of ducts beside the external urethral orifice in the vestibule. 1
begins as transitional at the upper end and becomes squamous in the lower part. External to the urethral lumen
muscle coat composed of an outer circular layer and an inner longitudinal layer in the lower two-thirds. In the uj
muscle bundles of the layers interdigitate in a basketlike weave to become continuous with and contiguous to th
The entire urethral circular smooth muscle acts as the involuntary sphincter. In the region of the juncture of the
thirds of the urethra, decussating fibers (striated in type) form the middle heads of the bulbocavernosus and isc
muscles and encircle the urethra to form the sphincter urethrae (voluntary sphincter).

Arteries & Veins

The arterial supply is intimately involved with that ofthe anterior vaginal wall, with cruciate anastomoses to the |



side of the vagina are the vaginal arteries, originating in part from the coronary artery of the cervix, the inferior
direct branch of the uterine artery. In the midline of the anterior vaginal wall is the azygos artery, originating frc
circular artery of the cervix. Approximately 5 branches traverse the anterior vaginal wall from the lateral vaginal
azygos in the midline, with small sprigs supplying the urethra. A rich anastomosis with the introitus involves the
(urethral branches) as the artery divides into the dorsal and superficial arteries of the clitoris, a terminal branch
pudendal artery. The venous drainage follows the arterial pattern, although it is less well defined. In the upper ¢
vagina, it forms an extensive network called the plexus of Santorini (Table 2—3).

Table 2—3. Arterial Supply to the Female Pelvis.

! Owarian artery (left may be from renal artery)

Aorta Inferior Superficial
epigastric epigastric
arery anery
Common iliag— External iliac I Femoral
artery arery antery
Superficial circumflex
Middle iliac artery
sacral =reteral Deep circumflex Inguinal arteries
artery artery iliac artery External iliac arteries
Intermal iliac
(hypogastric)
artery Inferior gluteal artery (may arise from external iliac artery)
— Parietal Obturator Pubic artery
branches Obliterated hypogastric artery Inferior hemorrhoidal Transverse perineal
(umbilical artery, middle vesical artery) artery antery
Internal pudendal artery
Deep perineal Clitoral
Anterior artery artery
division
Posterior labial Ischiocavernosus
- Visceral Superior vesical artery arteries artery
branches (may arise from obliterated umbilical artery) Bulbocavernasus
Middle vesical artery artery
Posterior (may arise from obturator)
d'nrilsion Middle hemarrhoidal artery
Parietal Tubal branch
branches
Literine Crvarian branch
artery
Cervical Coronary artery of cervix
artery \
Anterior
vaginal
lolumbar  Lateral sacral  Superior gluteal Vaginal artery artery Anterior azygos
areries arteries artery Inferior vesical artery
artery
Posterior azygos
artery

Lymphatics

The lymphatics are richly developed (Fig 2—23). Those of the anterior urethra drain to the vestibular plexus, the
nodes, the superficial subinguinal nodes, and the femoral and external iliac chain. The lymphatic drainage of the
can be divided into 3 aspects: the anterior superior, anterolateral, and posterior. The anterior superior portion d
anterior bladder wall and up the lateral inferior border of the umbilical artery to the middle chain of the external
anterolateral portion drains in several directions. Part extends to the lateral bladder wall and onto the internal ct



iliacs at the obturator nerve or to the hypogastrics at the bifurcation of the external and internal iliacs. Another |
ischiorectal fossa and through the canalis pudendalis (Alcock's canal), following the inferior gluteal artery and ok
the lateral sacral and hypogastric nodes. The posterior aspect of the drainage is into the urethrovaginal septum,
and the uterine plexus, over the ureter, and along the umbilical ligaments to the middle chain of the external ilic
uterine pedicle and the hypogastrics.

Figure 2—23.
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Lymphatic drainage of pelvis.

Nerves

The nerve supply is parasympathetic, sympathetic, and spinal. The parasympathetic and sympathetic nerves are
hypogastric plexus; the spinal supply is via the pudendal nerve.

Uterus
Anatomy

The uterus is a pear-shaped, thick-walled, muscular organ, situated between the base of the bladder and the re:
each side by the 2 layers of the broad ligament, it communicates above with the uterine tubes and below with ti
divided into 2 main portions, the larger portion or body above and the smaller cervix below, connected by a trar
the isthmus. The body is flattened so that the side-to-side dimension is greater than the anteroposterior dimens
women who have borne children. The anterior or vesical surface is almost flat; the posterior surface is convex. 1
join the uterus at the superior (lateral) angles. The round portion that extends above the plane passing through
attachment of the 2 tubes is termed the fundus. This portion is the region of greatest breadth. The cavity of the
from the front or back, is roughly triangular with the base up. The communication of the cavity below with the c
corresponds in position to the isthmus and forms the internal orifice (internal os uteri). The cervix is somewhat |



lower end joining the vagina at an angle varying from 45-90 degrees. It projects into the vagina and is divided i
and a vaginal portion by the line of attachment. About one-fourth of the anterior surface and half of the posteric
cervix belong to the vaginal portion. At the extremity of the vaginal portion is the opening leading to the vagina,
(external os uteri), which is round or oval before parturition but takes the form of a transverse slit in women wh
children. It is bounded by anterior and posterior labia. The cavity of the cervix is fusiform in shape, with longituc
furrows, and extends from the internal to the external orifice.

The size of the uterus varies, under normal conditions, at different ages and in different physiologic states. In tr
who has never borne children, it is approximately 7—8 cm long and 4-5 cm at its widest point. In the prepuberte
considerably smaller. In women who have borne children, it is larger. Its shape, size, and characteristics in the |
become considerably modified depending on the stage of gestation.

Position & Axis Direction

The direction of the axis of the uterus varies greatly. Normally, the uterus forms a sharp angle with the vagina s
surface lies on the upper surface of the bladder and the body is in a horizontal plane when the woman is standir
bend in the area of the isthmus, at which the cervix then faces downward. This position is the normal anteversic
the uterus, although it may be placed backward (retroversion), without angulation (military position), or to one :
version). The forward flexion at the isthmus is referred to as anteflexion, or there may be a corresponding retrot
flexion. There is no sharp line between the normal and pathologic state of anterior angulation.

Relationships

Anteriorly, the body of the uterus rests upon the upper and posterior surfaces of the bladder, separated by the
of the peritoneum. The whole of the anterior wall of the cervix is below the floor of this pouch, and it is separate
the bladder only by connective tissue. Posteriorly, the peritoneal covering extends down as far as the uppermosi
vagina; therefore, the entire posterior surface of the uterus is covered by peritoneum, and the convex posterior
from the rectum by the rectouterine pouch (cul-de-sac or pouch of Douglas). Coils of intestine may rest upon th
of the body of the uterus and may be present in the rectouterine pouch. Laterally, the uterus is related to the ve
contained within the broad ligament: the uterine tubes, the round ligament and the ligament of the ovary, the u
veins, and the ureter. The relationships of the ureters and the uterine arteries are very important surgically. The
pass to the bladder, run parallel with the cervix for a distance of 8—12 mm. The uterine artery crosses the uretel
near the cervix, about 1.5 cm from the lateral fornix of the vagina. In effect, the ureter passes under the uterine
flows under a bridge."

Ligaments

Although the cervix of the uterus is fixed, the body is free to rise and fall with the filling and emptying of the bla
ligaments supporting the uterus consist of the uterosacral ligaments, the transverse ligaments of the cervix (car
cardinal supports, ligamentum transversum colli, ligaments of Mackenrodt), the round ligaments, and the broad
2-24). The cervix is embedded in tissue called the parametrium, containing various amounts of smooth muscle.
of structures continuous with the parametrium and with the wall of the cervix: the uterosacral ligaments and the
(cardinal) ligament of the neck, the latter of which is the chief means of support and suspends the uterus from t
the pelvis minor. The uterosacral ligaments are, in fact, the inferior posterior folds of peritoneum from the broac
consist primarily of nerve bundles from the inferior hypogastric plexus and contain preganglionic and postganglic
fibers of the sympathetic lumbar segments, parasympathetic in part from sacral components and in part from se
the spinal segments.

Figure 2—24.
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Ligamentous and fascial support of pelvic viscera.

(Redrawn from original drawings by Frank H. Netter, MD, that first appeared in Ciba Clinical Symposia, Copyrigh
Pharmaceutical Co. Reproduced with permission.)

IThe cardinal ligaments are composed of longitudinal smooth muscle fibers originating superiorly from the uterus
the vagina, fanning out toward the fascia visceralis to form, with the internal os of the cervix, the primary suppc
There is a natural defect in the muscle at its sides (hilum of the uterus) and at the cervical isthmus (internal os)
vasculature and nerve supply enter the uterus. The round ligaments of the uterus, although forming no real sup
maintaining the body of the uterus in its typical position over the bladder. They consist of fibrous cords containir
(longitudinal) from the outer layer of the corpus. From a point of attachment to the uterus immediately below tr
ligament, each round ligament extends downward, laterally, and forward between the 2 layers of the mesometri
abdominal inguinal ring that it traverses and the inguinal canal, to terminate in a fanlike manner in the labia ma
continuous with connective tissue. The round ligament is the gubernaculum (ligamentum teres uteri), vestigial ir
accompanied by a funicular branch of the ovarian artery, by a branch from the ovarian venous plexus, and, in tr
course, by a branch from the inferior epigastric artery, over which it passes as it enters the inguinal ring. Throuc
canal, it is accompanied by the ilioinguinal nerve and the external spermatic branch of the genitofemoral nerve.

The broad ligament, consisting of a transverse fold of peritoneum that arises from the floor of the pelvis betweel
the bladder, provides minimal support. In addition to the static support of these ligaments, the pelvic diaphragmn
provides an indirect and dynamic support. These muscles do not actually come in contact with the uterus, but tfF
supporting the vagina and maintain the entire pelvic floor in resisting downward pressure. The effectiveness of t
depends on an intact perineum (perineal body, bulbocavernosus muscle and body), for if it is lacerated or weake
will gradually stretch and the uterus will descend. The uterus and its components and the vagina are, in fact, on



Layers of Uterine Wall

The wall of the uterus is very thick and consists of 3 layers: serous, muscular, and mucous. The serous layer (pe¢
simply the peritoneal covering. It is thin and firmly adherent over the fundus and most of the body, then thicker
becomes separated from the muscle by the parametrium. The muscular layer (myometrium) is extremely thick ¢
that of the tubes and vagina. It also extends into the ovarian and round ligaments, into the cardinal ligaments a
minimally into the uterosacral ligaments. Two principal layers of the muscular coat can be distinguished: (1) the
is weaker and composed of longitudinal fibers; and (2) a stronger inner layer, the fibers of which are interlaced :
directions, having intermingled within them large venous plexuses. The muscle layer hypertrophies with the inte
sphincter. The cervix, from the internal os distally, progressively loses its smooth muscle, finally to be entirely d
muscle and elastic in its distal half. It is, in fact, the "dead-end tendon" of the uterus, at which point, during the
of labor, both the uterus and the vagina direct their efforts. The mucous layer (endometrium) is soft and spongy
tissue resembling embryonic connective tissue. The surface consists of a single layer of ciliated columnar epithel
rather delicate and friable and contains many tubular glands that open into the cavity of the uterus.

Arteries

The blood supply to the uterus is from the uterine and ovarian arteries. As a terminal branch of the hypogastric
artery runs downward and medially to cross the ureter near the cervix. It then ascends along the lateral border
tortuous course through the parametrium, giving off lateral branches to both uterine surfaces. Above, it anaston
the ovarian artery in the mesometrium, which creates the main accessory source of blood. The uterine arteries \
form a series of arches over the fundus, creating cruciate anastomoses with the opposite side. Branches of the &
(radial) penetrate the myometrium at right angles to terminate in the basilar arterioles for the basilar portion of
and in the spinal arteries of the endometrium. The spinal arteries are tortuous in structure, not because of endoi
because, ontogenically, an organ carries its arterial supply with it as it changes size and position. Therefore, the
able to maintain adequate arterial flow to the placenta while it is attached within the uterus. On the other hand,
endometrium are a series of small sinusoids that connect to the larger sinusoids of the myometrium, the latter c
larger veins of the uterine complex. It is useful here to note the significance of the muscular role of the uterus ir
venous bleeding during parturition.

The arterial supply to the cervix is primarily through the cervical branches of the right and left uterine arteries, \
around the cervix (coronary artery), creating the azygos artery in the midline anteriorly and posteriorly. Anastor
artery and the vaginal artery on both sides afford cruciate flow on the anterior wall, whereas on the posterior we
anastomoses occur with the right and left middle hemorrhoidal arteries as they supply the wall and the rectum.

Veins

The veins form a plexus and drain through the uterine vein to the hypogastric vein. There are connections with 1
and the inferior epigastric by way of the vein accompanying the round ligament.

Lymphatics

Lymphatic drainage involves several chains of lymph nodes (Table 2—2). From the subperitoneal plexus, the coll
lower uterine segment may drain by way of the cervix to the external iliac chain or by way of the isthmus to the
nodes. Drainage along the round ligament progresses to the superficial inguinal nodes, then to the femoral, and
external iliac chain. Drainage laterally to the suspensory ligament of the ovary involves the lumbar pedicle and ¢
retroperitoneal manner across and anteriorly to the ureter, to the lumbar nodes (interaorticocaval) that lie along
inferiorly to the kidney.

Nerves

The pelvic autonomic system can be divided into the superior hypogastric plexus (the presacral plexus and the u
the middle hypogastric plexus, and the inferior hypogastric plexus. The superior hypogastric plexus begins just k



mesenteric artery. It is composed of 1-3 intercommunicating nerve bundles connected with the inferior mesente
ganglia are an integral part of the plexus. The intermesenteric nerves receive branches from the lumbar sympat

SUPERIOR HYPOGASTRIC PLEXUS

The superior hypogastric plexus continues into the midhypogastric plexus. The presacral nerves spread out into
level of the first sacral vertebra, with connecting rami to the last of the lumbar ganglia. The greater part of the ¢
midhypogastric plexus may be found to the left of the midline.

INFERIOR HYPOGASTRIC PLEXUS

At the first sacral vertebra, this plexus divides into several branches that go to the right and left sides of the pel
form the beginning of the right and left inferior hypogastric plexus. The inferior hypogastric plexus, which is the
continuation of the midhypogastric plexus, the superior hypogastric plexus, the presacral nerve, and the uterinu
composed of several parallel nerves on each side. This group of nerves descends within the pelvis in a position f
common iliac artery and anterior to the sacral plexus, curves laterally, and finally enters the sacrouterine fold or
medial section of the primary division of the sacral nerves sends fibers (nervi erigentes) that enter the pelvic ple
sacrouterine folds. The plexus now appears to contain both sympathetic (inferior hypogastric plexus) and parasy
erigentes) components.

NERVI ERIGENTES

The sensory components, which are mostly visceral, are found in the nervi erigentes; however, if one takes into
amount of spinal anesthetic necessary to eliminate uterine sensation, one must assume that there are a numbel
in the sympathetic component.

COMMON ILIAC NERVES
The common iliac nerves originate separately from the superior hypogastric plexus and descend on the surface ¢
vein, one part going through the femoral ring and the remainder following the internal iliac, finally rejoining the

HYPOGASTRIC GANGLION

On either side of the uterus, in the base of the broad ligament, is the large plexus described by Lee and Franker
called hypogastric ganglion. The plexus actually consists of ganglia and nerve ramifications of various sizes, as v
the combined inferior hypogastric plexus and the nervi erigentes. It lies parallel to the lateral pelvic wall, its late
superficial to the internal iliac and its branches; the ureter occupies a position superficial to the plexus. The midc
perforates and supplies the plexus, its medial branches supplying the rectal stalk. The greater part of the plexus
branches that enter the uterus in the region of the internal os, while another smaller component of the plexus st
and the bladder. The branches of the plexus that supply the uterus enter the isthmus primarily through the sacr
ligament. In the isthmus, just outside the entrance to the uterus, ascending rami pass out into the broad ligame
body of the uterus at higher levels—besides supplying the uterine tubes. A part of the inferior hypogastric plexu:
to the uterus without involvement in the pelvic plexus.

Ganglia are in close proximity to the uterine arteries and the ureters, in the adventitia of the bladder and vagina
vesicovaginal septum. The nerve bundles entering the ganglia contain both myelinated and unmyelinated eleme
lamellosa (Vater-Pacini corpuscles) may be found within the tissues and are often observed within nerve bundle:
those in the lower divisions of the plexus. Both myelinated and unmyelinated nerves are present within the uter
enter along the blood vessels, the richest supply lying in the isthmic portion of the uterus. The fibers following tt
gradually diminish in number in the direction of the fundus, where the sparsest distribution occurs. The fibers ru
muscle bundles, and the nerves frequently branch to form a syncytium before terminating on the sarcoplasm as
endings.

Sensory Corpuscles

Vater-Pacini corpuscles (corpuscula lamellosa) are present outside the uterus. Dogiel and Krause corpuscles (cot
appear in the region of the endocervix. They may also be found in the broad ligament along with Vater-Pacini ca



juncture of the uterine arteries with the uterus. These corpuscles may act to modulate the stretch response that
stimulates uterine contractions during labor.

The innervation of the cervix shows occasional free endings entering papillae of the stratified squamous epithelit
vaginalis. The endocervix contains a rich plexus of free endings that is most pronounced in the region of the inte
endocervix and the isthmic portion of the uterus in the nonpregnant state both contain the highest number of ne
vessels of any part of the uterus. The presence here of a lamellar type of corpuscle has already been noted.

Nerves pass through the myometrium and enter the endometrium. A plexus with penetrating fibers involving the
region is present in the basal third of the endometrium, with branches terminating in the stroma, in the basilar ¢
the origin of the spiral arterioles. The outer two-thirds of the endometrium is devoid of nerves.

Uterine (Fallopian) Tubes (Oviducts)

Anatomy

The uterine tubes serve to convey the ova to the uterus. They extend from the superior angles of the uterus to 1
ovaries, running in the superior border of the broad ligament (mesosalpinx). The course of each tube is nearly h
and slightly backward. Upon reaching the lower (uterine) pole of the ovary, the tube turns upward, parallel with
(mesovarian) border, then arches backward over the upper pole and descends posteriorly to terminate in contac
surface. Each tube is 7—14 cm long and may be divided into 3 parts: isthmus, ampulla, and infundibulum. The is
narrow and nearly straight portion immediately adjoining the uterus. It has a rather long intramural course, and
the uterus, the uterine ostium, is approximately 1 mm in diameter. Following the isthmus is the wider, more tor
terminates in a funnel-like dilatation, the infundibulum. The margins of the infundibulum are fringed by numerot
processes, the fimbriae, the longest of which, the fimbria ovarica, is attached to the ovary. The funnel-shaped n
infundibulum, the abdominal ostium, is about 3 mm in diameter and actually leads into the peritoneal cavity, alt
closely applied to the surface of the ovary during ovulation.

Layers of Wall

The wall of the tube has 4 coats: serous (peritoneal), subserous or adventitial (fibrous and vascular), muscular,
tube is enclosed within a peritoneal covering except along a small strip on its lower surface, where the mesosalp
the margins of the infundibulum and the fimbriae, this peritoneal covering becomes directly continuous with the
lining the interior of the tube. The subserous tissue is lax in the immediate vicinity of the tube. The blood and ne
within this layer. The muscular coat has an outer longitudinal and an inner circular layer of smooth muscle fibers
and continuous with that of the uterus at the uterine end of the tube. The mucous coat is ciliated columnar epitt
longitudinal folds, simple in the region of the isthmus but becoming higher and more complex in the ampulla. Th
extends outward into the fimbriae. The ciliary motion is directed toward the uterus.

Ligament

The infundibulum is suspended from the pelvic brim by the infundibulopelvic ligament (suspensory ligament of tl
portion of the tube may adjoin the tip of the appendix and fuse with it.

Arteries & Veins

The blood supply to the tubes is derived from the ovarian and uterine arteries. The tubal branch of the uterine a
the lower surface of the uterine tube as far as the fimbriated extremity and may also send a branch to the ligam
ovarian branch of the uterine artery runs along the attached border of the ovary and gives off a tubal branch. B¢
cruciate anastomoses in the mesosalpinx. The veins accompany the arteries.

Lymphatics
The lymphatic drainage occurs through trunks running retroperitoneally across and anterior to the ureter, into tf
along the aorta, and inferior to the kidney.



Nerves

The nerve supply is derived from the pelvic plexuses (parasympathetic and sympathetic) and from the ovarian p
of the ampulla are given off from the branches passing to the ovary, whereas those of the isthmus come from tl
branches. The nerve fibers enter the muscularis of the tube through the mesosalpinx to form a reticular network
among the smooth muscle cells.

Ovaries

Anatomy

The ovaries are paired organs situated close to the wall on either side of the pelvis minor, a little below the brim
2.5-5 cm in length, 1.5-3 cm in breadth, and 0.7-1.5 cm in width, weighing about 4-8 g. The ovary has 2 surfe
lateral; 2 borders, anterior or mesovarian and posterior or free; and 2 poles, upper or tubal and lower or uterine
and adnexa are in the normal position, the long axis of the ovary is nearly vertical, but it bends somewhat medi:
the lower end so that the lower pole tends to point toward the uterus. The medial surface is rounded and, poste
numerous scars or elevations that mark the position of developing follicles and sites of ruptured ones.

Relationships

The upper portion of this surface is overhung by the fimbriated end of the uterine tube, and the remainder lies il
intestine. The lateral surface is similar in shape and faces the pelvic wall, where it forms a distinct depression, tt
This fossa is lined by peritoneum and is bounded above by the external iliac vessels and below by the obturator
its posterior boundary is formed by the ureter and uterine artery and vein, and the pelvic attachment of the bro:
located anteriorly. The mesovarian or anterior border is fairly straight and provides attachment for the mesovari
fold by which the ovary is attached to the posterosuperior layer of the broad ligament. Because the vessels, ner
enter the ovary through this border, it is referred to as the hilum of the ovary. Anterior to the hilum are embryo
male and female germ cell ducts. The posterior or free border is more convex and broader and is directed freely
rectouterine pouch. The upper or tubal pole is large and rounded. It is overhung closely by the infundibulum of t
and is connected with the pelvic brim by the suspensory ligament of the ovary, a peritoneal fold. The lower or ut
smaller and directed toward the uterus. It serves as the attachment of the ligament of the ovary proper.

Mesovarium

The ovary is suspended by means of the mesovarium, the suspensory ligament of the ovary, and the ovarian lig
mesovarium consists of 2 layers of peritoneum, continuous with both the epithelial coat of the ovary and the pos
of the broad ligament. It is short and wide and contains branches of the ovarian and uterine arteries, with plexu
pampiniform plexus of veins, and the lateral end of the ovarian ligament. The suspensory ligament of the ovary
of peritoneum and is actually the upper lateral corner of the broad ligament, which becomes confluent with the |
at the pelvic brim. It attaches to the mesovarium as well as to the peritoneal coat of the infundibulum medially,
both the ovary and the tube. It contains the ovarian artery, veins, and nerves after they pass over the pelvic bri
enter the mesovarium. The ovarian ligament is a band of connective tissue, with numerous small muscle fibers,
the 2 layers of the broad ligament on the boundary line between the mesosalpinx and the mesometrium, connec
(uterine) pole of the ovary with the lateral wall of the uterus. It is attached just below the uterine tube and abo\
of the round ligament of the uterus and is continuous with the latter.

Structure of Ovary

The ovary is covered by cuboid or low columnar epithelium and consists of a cortex and a medulla. The medulla
connective tissue fibers, smooth muscle cells, and numerous blood vessels, nerves, lymphatic vessels, and supp
cortex is composed of a fine areolar stroma, with many vessels and scattered follicles of epithelial cells within wi
definitive ova (oocytes) in various stages of maturity. The more mature follicles enlarge and project onto the fre
ovary, where they are visible to the naked eye. They are called graafian follicles. When fully mature, the follicle
the ovum and becoming transformed into a corpus luteum. The corpus luteum, in turn, is later replaced by scar



corpus albicans.

Arteries

The ovarian artery is the chief source of blood for the ovary. Though both arteries may originate as branches of
aorta, the left frequently originates from the left renal artery; the right, less frequently. The vessels diverge fror
they descend. Upon reaching the level of the common iliac artery, they turn medially over that vessel and uretel
tortuously into the pelvis on each side between the folds of the suspensory ligament of the ovary into the meso\
additional blood supply is formed from anastomosis with the ovarian branch of the uterine artery, which courses
border of the ovary. Blood vessels that enter the hilum send out capillary branches centrifugally.

The veins follow the course of the arteries and, as they emerge from the hilum, form a well-developed plexus (tl
plexus) between the layers of the mesovarium. Smooth muscle fibers occur in the meshes of the plexus, giving
the appearance of erectile tissue.

Lymphatics
Lymphatic channels drain retroperitoneally, together with those of the tubes and part of those from the uterus, 1

nodes along the aorta inferior to the kidney. The distribution of lymph channels in the ovary is so extensive that
system may also provide additional fluid to the ovary during periods of preovulatory follicular swelling.

Nerves

The nerve supply of the ovaries arises from the lumbosacral sympathetic chain and passes to the gonad along w
artery.

Vagina

The vagina is a strong canal of muscle approximately 7.5 cm long that extends from the uterus to the vestibule
genitalia, where it opens to the exterior. Its long axis is almost parallel with that of the lower part of the sacrum
cervix of the uterus at an angle of 45—-90 degrees. Because the cervix of the uterus projects into the upper porti
wall of the vagina is 1.5—2 cm shorter than the posterior wall. The circular cul-de-sac formed around the cervix i
fornix and is divided into 4 regions: the anterior fornix, the posterior fornix, and 2 lateral fornices. Toward its lov
pierces the urogenital diaphragm and is surrounded by the 2 bulbocavernosus muscles and bodies, which act as
(sphincter vaginae). In the virginal state, an incomplete fold of highly vascular tissue and mucous membrane, tt
closes the external orifice.

Relationships

Anteriorly, the vagina is in close relationship to the bladder, ureters, and urethra in succession. The posterior foi
the peritoneum of the rectovaginal pouch, which may contain coils of intestine. Below the pouch, the vagina resi
on the rectum, separated from it by a thin layer of areolar connective tissue. Toward the lower end of the vagin:
back sharply, and the distance between the vagina and rectum greatly increases. This space, filled with muscle 1
tissue, and fat, is known as the perineal body. The lateral fornix lies just under the root of the broad ligament ar
1 cm from the point where the uterine artery crosses the ureter. The remaining lateral vaginal wall is related to
anterior portion of the levator ani. The vagina is supported at the introitus by the bulbocavernosus muscles and
lower third by the levator ani (puborectalis), and superiorly by the transverse (cardinal) ligaments of the uterus.
epoophori longitudinalis (duct of Gartner), the remains of the lower portion of the wolffian duct (mesonephric du
found on the sides of the vagina as a minute tube or fibrous cord. These vestigial structures often become cystic
translucent areas.

Wall Structure

The vaginal wall is composed of a mucosal layer and a muscular layer. The smooth muscle fibers are indistinctly
layers: an outer longitudinal layer, circumferential layer, and a poorly differentiated inner longitudinal layer. In t



circumferential fibers envelop the urethra. The submucous area is abundantly supplied with a dense plexus of ve
lymphatics. The mucous layer shows many transverse and oblique rugae, which project inward to such an exten
transverse section resembles an H-shaped slit. On the anterior and posterior walls, these ridges are more promi
anterior column forms the urethral carina at its lower end, where the urethra slightly invaginates the anterior we
The mucosa of the vagina is lined throughout by stratified squamous epithelium. Even though the vagina has no
is a secretion present. It consists of cervical mucus, desquamated epithelium, and, with sexual stimulation, a dir

Arteries & Veins

The chief blood supply to the vagina is through the vaginal branch of the uterine artery. After forming the coron:
artery of the cervix, it passes medially, behind the ureter, to send 5 main branches onto the anterior wall to the
branches anastomose with the azygos artery (originating midline from the coronary artery of the cervix) and cor
supply the anterior vaginal wall and the lower two-thirds of the urethra. The uterine artery eventually anastomo:
branch of the clitoral artery. The posterior vaginal wall is supplied by branches of the middle and inferior hemort
traversing toward the midline to join the azygos artery from the coronary artery of the cervix. These branches ti
the perineum to the superficial and deep transverse perineal arteries.

The veins follow the course of the arteries.

Lymphatics

The lymphatics are numerous mucosal plexuses, anastomosing with the deeper muscular plexuses (Table 2—2).
of lymphatics joins those of the cervix and may follow the uterine artery to terminate in the external iliac nodes
anastomoses with the uterine plexus. The middle group of lymphatics, which drain the greater part of the vagin:
the vaginal arteries to the hypogastric channels. In addition, there are lymph nodes in the rectovaginal septum 1
responsible for drainage of the rectum and part of the posterior vaginal wall. The inferior group of lymphatics foi
anastomoses between the right and left sides and either courses upward to anastomose with the middle group ¢
and drains to the inguinal nodes.

Nerves

The innervation of the vagina contains both sympathetic and parasympathetic fibers. Only occasional free nerve
in the mucosa; no other types of nerve endings are noted.

STRUCTURES LINING THE PELVIS

The walls of the pelvis minor are made up of the following layers: (1) the peritoneum, (2) the subperitoneal or €
fibroareolar layer, (3) the fascial layer, (4) the muscular layer, and (5) the osseoligamentous layer (not further «
anatomy of the floor of the pelvis is comparable to that of the walls except for the absence of an osseoligamentc

Peritoneum

The peritoneum presents several distinct transverse folds that form corresponding fossae on each side. The mos
variable fold, the transverse vesical, extending from the bladder laterally to the pelvic wall. It is not the superfici
definitive structure. Behind it lies the broad ligament, which partially covers and aids in the support of the uteru:

Ligaments

The broad ligament extends from the lateral border on either side of the uterus to the floor and side walls of the
composed of 2 layers, anterior and posterior, the anterior facing downward and the posterior facing upward, cor
position of the uterus. The inferior or "attached" border of the broad ligament is continuous with the parietal per
floor and on the side walls of the pelvis. Along this border, the posterior layer continues laterally and posteriorly
region of the sacrum, forming the uterosacral fold. Another fold—the rectouterine fold—frequently passes from t
surface of the cervix to the rectum in the midline. The anterior layer of the broad ligament is continuous laterally
border with the peritoneum of the paravesical fossae and continuous medially with peritoneum on the upper sur



Both layers of the attached border continue up the side walls of the pelvis to join with a triangular fold of peritor
the brim of the pelvis to form the suspensory ligament of the ovary or infundibular ligament. This ligament cont:
vessels and nerves. The medial border of the broad ligament on either side is continuous with the peritoneal cov
uterine surfaces. The 2 layers of the ligament separate to partially contain the uterus, and the superior or "free"
laterally continuous with the suspensory ligament of the ovary, envelops the uterine tube.

The broad ligament can be divided into regions as follows: (1) a larger portion, the mesometrium, which is assor
with the lateral border of the uterus; (2) the mesovarium, the fold that springs from the posterior layer of the o
thin portion, the mesosalpinx, which is associated with the uterine tube in the region of the free border. The sup
of the broad ligament has been referred to as the suspensory ligament of the ovary, or infundibulopelvic ligamel
suspends the infundibulum as well as the ovary.

Fossae & Spaces

Corresponding to the peritoneal folds are the peritoneal fossae. The prevesical or retropubic space is a potential
crossed by the transverse vesical fold. It is situated in front of the bladder and behind the pubis. When the bladc
posteriorly, it becomes an actual space, anteriorly continuous from side to side and posteriorly limited by a cond
areolar tissue extending from the base of the bladder to the side wall of the pelvis. The vesicouterine pouch is a
between the anterior surface of the body of the uterus and the upper surface of the bladder when the uterus is i
anteflexed position. In the bottom of this pouch, the peritoneum is reflected from the bladder onto the uterus at
cervix and corpus. Therefore, the anterior surface of the cervix is below the level of the peritoneum and is conne
of the bladder by condensed areolar tissue. The peritoneum on the posterior surface of the body of the uterus e:
onto the cervix and onto the posterior fornix of the vagina. It is then reflected onto the anterior surface of the re
narrow cul-de-sac continuous with the pararectal fossa of either side. The entire space, bounded anteriorly by tr
fornix in the midline, the uterosacral folds laterally, and the rectum posteriorly, is the rectouterine pouch or cul-
Douglas).

Subperitoneal & Fascial Layers

The subperitoneal layer consists of loose, fatty areolar tissue underlying the peritoneum. External to the subperi
layer of fascia lines the wall of the pelvis, covering the muscles and, where these are lacking, blending with the

pelvic bones. This layer is known as the parietal pelvic fascia and is subdivided into the obturator fascia, the fasc
diaphragm, and the fascia of the piriformis. The obturator fascia is of considerable thickness and covers the obtt
muscle. Traced forward, it partially blends with the periosteum of the pubic bone and assists in the formation of
canal. Traced upward, it is continuous at the arcuate line with the iliac fascia. Inferiorly, it extends nearly to the
ischiopubic arch, where it is attached to the bone. In this lower region, it also becomes continuous with a double
sheet of fascia, the fasciae of the urogenital diaphragm, passing across the anterior part of the pelvic outlet. A n
portion of the parietal pelvic fascia covers the piriform and coccygeus muscles in the posterior pelvic wall. Media
fascia blends with the periosteum of the sacrum around the margins of the anterior sacral foramens and covers

branches of the sacral plexus. Visceral pelvic fascia denotes the fascia in the bottom of the pelvic bowl, which in
organs and forms a number of supports that suspend the organs from the pelvic walls. These supports arise in ¢
obturator part of the parietal fascia, along or near the arcus tendineus. This arc or line extends from a point nea
the symphysis pubica to the root of the spine of the ischium. From this common origin, the fascia spreads inwar
dividing into a number of parts classified as either investing (endopelvic) fascia or suspensory and diaphragmati

Muscular Layer

The muscles of the greater pelvis are the psoas major and iliacus. Those of the lesser pelvis are the piriformis, ¢
coccygeus, and levator ani; they do not form a continuous layer.

Greater Pelvis
PSOAS MAJOR



The fusiform psoas major muscle originates from the 12th thoracic to the fifth lumbar vertebrae. Parallel fiber bt
nearly vertically along the side of the vertebral bodies and extend along the border of the minor pelvis, beneath
ligament, and on toward insertion in the thigh. The medial border inserts into the lesser trochanter, whereas the
shares its tendon with the iliacus muscle. Together with the iliacus, it is the most powerful flexor of the thigh, ac
rotator of the femur when the foot is off the ground and free and as a medial rotator when the foot is on the grc
fixed. The psoas component flexes the spine and the pelvis and abducts the lumbar region of the spine. The pso
fibers than the iliacus, gives a quicker but weaker pull.

ILIACUS

The fan-shaped iliacus muscle originates from the iliac crest, the iliolumbar ligament, the greater part of the iliac
sacroiliac ligaments, and frequently the ala of the sacrum. It also originates from the ventral border of the ilium
anterior spines. It is inserted in a penniform manner on the lateral surface of the tendon that emerges from the
inguinal ligament and directly on the femur immediately distal to the lesser trochanter. The lateral portion of the
from the ventral border of the ilium is adherent to the direct tendon of the rectus femoris and the capsule of the

Lesser Pelvis

PIRIFORMIS

The piriformis has its origin from the lateral part of the ventral surface of the second, third, and fourth sacral ve
posterior border of the greater sciatic notch, and from the deep surface of the sacrotuberous ligament near the
bundles pass through the greater sciatic foramen to insert upon the anterior and inner portion of the upper bord
trochanter. The piriformis acts as an abductor, lateral rotator, and weak extensor of the thigh.

OBTURATOR INTERNUS

The obturator internus arises from the pelvic surface of the pubic rami near the obturator foramen, the pelvic su
ischium between the foramen and the greater sciatic notch, the deep surface of the obturator internus fascia, th
bounds the canal for the obturator vessels and nerves, and the pelvic surface of the obturator membrane. The fi
converge toward the lesser sciatic notch, where they curve laterally to insert into the trochanteric fossa of the fe
internus is a powerful lateral rotator of the thigh. When the thigh is bent at a right angle, the muscle serves as ¢
extensor.

COCCYGEUS

The coccygeus muscle runs from the ischial spine and the neighboring margin of the greater sciatic notch to the
sacral vertebrae and the coccyx. A large part of the muscle is aponeurotic. It supports the pelvic and abdominal
possibly flexes and abducts the coccyx.

LEVATOR ANI
The levator ani muscle forms the floor of the pelvis and the roof of the perineum. It is divisible into 3 portions: (
iliococcygeus, (2) the pubococcygeus, and (3) the puborectalis.

Iliococcygeus

The iliococcygeus arises from the arcus tendineus, which extends from the ischial spine to the superior ramus of
obturator canal and for a variable distance downward below the obturator canal. Its insertion is into the lateral
and the raphe that extends from the tip of the coccyx to the rectum. Many fiber bundles cross the median line.

Pubococcygeus

The pubococcygeus arises from the inner surface of the os pubis, the lower margin of the symphysis pubica to tt
and the arcus tendineus as far backward as the origin of the iliococcygeus. It passes backward, downward, and
urogenital organs and the rectum, inserting into the anterior sacrococcygeal ligament, the deep part of the anoc
and each side of the rectum. The pubococcygeus lies to some extent on the pelvic surface of the insertion of the

Puborectalis
The puborectalis arises from the body and descending ramus of the pubis beneath the origin of the pubococcyge



part of the obturator fascia, and the fascia covering the pelvic surface of the urogenital diaphragm. Many of the
interdigitate with those of the opposite side, and they form a thick band on each side of the rectum behind whic
side are inserted into the anococcygeal raphe.

The levator ani serves to slightly flex the coccyx, raise the anus, and constrict the rectum and vagina. It resists
pressure that the thoracoabdominal diaphragm exerts on the viscera during inspiration.

Pelvic Diaphragm

The pelvic diaphragm (Fig 2—25) extends from the upper part of the pelvic surface of the pubis and ischium to tl
passes through it. The pelvic diaphragm is formed by the levator ani and coccygeus muscles and covering fascia
diaphragmatic fasciae cloaking the levator ani arise from the parietal pelvic fascia (obturator fascia), the muscul
between the fasciae. As viewed from above, the superior fascia is the best developed and is reflected onto the r
"rectal sheath.” The coccygeus muscle forms the deeper portion of the posterolateral wall of the ischiorectal foss
bound the pelvic outlet. The diaphragm presents a hiatus anteriorly, occupied by the vagina and urethra. The pe
the main support of the pelvic floor; it suspends the rectum and indirectly supports the uterus.

Figure 2—25.
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Pelvic diaphragm from above.

Arteries & Veins

The blood supply to the muscles lining the pelvis is primarily from branches of the hypogastric artery, accompan
contributions from the external iliac artery. The iliolumbar branch of the hypogastric artery runs upward and late
common iliac artery, then beneath the psoas muscle to the superior aperture of the pelvis minor, where it divide
lumbar branches. The iliac supplies both the iliacus and psoas muscles. It passes laterally beneath the psoas anc
and, perforating the iliacus, ramifies in the iliac fossa between the muscle and the bone. It supplies a nutrient ar
and then divides into several branches that can be traced as follows: (1) upward toward the sacroiliac synchond



anastomose with the last lumbar artery, (2) laterally toward the crest of the ilium to anastomose with the latera
gluteal arteries, and (3) medially toward the pelvis minor to anastomose with the deep circumflex iliac from the
lumbar branch ascends beneath the psoas and supplies that muscle along with the quadratus lumborum. It then
the last lumbar artery.

Another branch of the hypogastric artery, the lateral sacral artery, may be represented as 2 distinct vessels. It
front of the sacrum and turns downward to run parallel with the sympathetic trunk. Crossing the slips of origin ¢
muscle, it sends branches to that muscle. On reaching the coccyx, it anastomoses in front of the bone with the r
and with the inferior lateral sacral artery of the opposite side. The obturator artery usually arises from the hypoc
occasionally it may stem from the inferior epigastric or directly from the external iliac artery. It runs forward anc
below the brim of the pelvis, lying between the peritoneum and endopelvic fascia. Passing through the obturatoi
and divides into anterior and posterior branches that curve around the margin of the obturator foramen beneath
externus muscle.

When the obturator artery arises from the inferior epigastric or external iliac artery, its proximal relationships ar
altered, the vessel coursing near the femoral ring where it may be endangered during operative procedures. The
the obturator artery runs around the medial margin of the obturator foramen and anastomoses with both its pos
the medial circumflex artery. It supplies branches to the obturator muscles. The internal pudendal artery is a ter
hypogastric artery that arises opposite the piriform muscle and accompanies the inferior gluteal artery downwar
border of the greater sciatic foramen. It leaves the pelvis between the piriform and coccygeus muscles, passing
spine to enter the ischiorectal fossa through the small sciatic foramen. Then, running forward through the canali
(Alcock’s canal) in the obturator fascia, it terminates by dividing into the perineal artery and the artery of the cli

Within the pelvis, the artery lies anterior to the piriform muscle and the sacral plexus of nerves, lateral to the ini
artery. Among the small branches that it sends to the gluteal region are those that accompany the nerve to the
Another of its branches, the inferior hemorrhoidal artery, arises at the posterior part of the ischiorectal fossa. Uy
obturator fascia, it immediately breaks up into several branches. Some of them run medially toward the rectum
levator ani muscle. The superior gluteal artery originates as a short trunk from the lateral and back part of the
associated in origin with the iliolumbar and lateral sacral and sometimes with the inferior gluteal or with the infe
internal pudendal. It leaves the pelvis through the greater sciatic foramen above the piriform muscle, beneath it
of the superior gluteal nerve. Under cover of the gluteus maximus muscle, it breaks into a superficial and a deeg

The deep portion further divides into superior and inferior branches. The inferior branch passes forward betweer
medius and minimus toward the greater trochanter, where it anastomoses with the ascending branch of the late
supplies branches to the obturator internus, the piriformis, the levator ani, and the coccygeus muscles and to th
deep circumflex iliac artery arises from the side of the external iliac artery either opposite the epigastric or a littl
of that vessel. It courses laterally behind the inguinal ligament, lying between the fascia transversalis and the pe
fibrous canal formed by the union of the fascia transversalis with the iliac fascia. It sends off branches that supp
iliacus muscles, as well as a cutaneous branch that anastomoses with the superior gluteal artery.

PLACENTA*

* This section is contributed by Robert C. Goodlin, MD.

At term, the normal placenta is a blue-red, rounded, flattened, meaty discoid organ 15—-20 cm in diameter and Z
weighs 400—-600 g, or about one-sixth the normal weight of the newborn. The umbilical cord arises from almost
fetal surface of the placenta, seemingly at random. The fetal membranes arise from the placenta at its margin.

pregnancy, one or more placentas may be present depending upon the number of ova implanted and the type o
occurs. The placenta is derived from both maternal and fetal tissue. At term, about four-fifths of the placenta is

The maternal portion of the placenta amounts to less than one-fifth of the total placenta by weight. It is compos
sheets of decidua basalis, remnants of blood vessels, and, at the margin, spongy decidua. Irregular grooves or ¢



placenta into cotyledons. The maternal surface is torn from the uterine wall at birth and as a result is rough, red

The fetal portion of the placenta is composed of numerous functional units called villi. These are branched termii
circulation and provide for transfer of metabolic products. The villous surface, which is exposed to maternal bloo
as 12 m2 (130 square feet). The fetal capillary system within the villi is almost 50 km (27 miles) long. Most villi
intervillous spaces, but an occasional anchor villus attaches the placenta to the decidua basalis. The fetal surface
covered by amniotic membrane and is smooth and shiny. The umbilical cord vessels course over the fetal surfac
the placenta.

Placental Types

CIRCUMVALLATE (CIRCUMMARGINATE) PLACENTAS

In about 1% of cases, the delivered placenta shows a small central chorionic plate surrounded by a thick whitish
composed of a double fold of amnion and chorion with fibrin and degenerated decidua in between. This circumve
predispose to premature marginal separation and second-trimester antepartum bleeding (Fig 2—26). This uncom
placenta is of uncertain origin. It is associated with increased rates of slight to moderate antepartal bleeding, ea
perinatal death. Older multiparas are more prone to its development. Low-birth-weight infants and extrachorial |
related.

Figure 2—26.
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Marked circumvallate or extrachorial placenta.

ISUCCENTURIATE LOBE

Occasionally there may be an accessory cotyledon, or succenturiate lobe, with vascular connections to the main
placenta. A succenturiate lobe may not always deliver with the parent placenta during the third stage of labor. T
postpartal hemorrhage. If a careful examination of the delivered membranes reveals torn vessels, immediate m
the uterus is indicated for removal of an accessory lobe (Fig 2—-27).

Figure 2—-27.
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Succenturiate placenta.

IBIPARTITE PLACENTA

A bipartite placenta is an uncommon variety. The placenta is divided into 2 separate lobes but united by primary
membranes. Retention of one lobe after birth will cause hemorrhagic and septic complications. Examine the vast
the completeness of membranes of a small placenta for evidence of a missing lobe, and recover the adherent pc
(Fig 2-28).

Figure 2—28.

Copyright @200& by The McGraw-Hill Companies, Inc
All rights reserved.

Bipartite placenta.

IMARGINAL INSERTION OF CORD (BATTLEDORE PLACENTA)

The umbilical cord may be found inserted into the chorionic plate at almost any point, but when it inserts at the
sometimes called a battledore placenta (Fig 2—29).

Figure 2—29.
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Marginal insertion of battledore placenta.

PLACENTA MEMBRANACEA
This type of placenta is one in which the decidua capsularis is so well vascularized that the chorion laeve does n«
are maintained. Hence, the entire fetal envelope is functioning placenta.

PLACENTA ACCRETA

In rare cases, the placenta is abnormally adherent to the myometrium, presumably because it developed where
deficiency of decidua. Predisposing factors include placenta previa in one-third of cases, previous cesarean in on
dilatation and curettage (D&C) in one-fourth, and grand multiparity. The adherence may be partial or total. Rare
may invade the myometrium deeply (placenta increta) or even perforate the uterus (placenta percreta). When a
to remove a placenta accreta manually, hemorrhage may be severe. The treatment is hysterectomy.

PLACENTA PREVIA

This abnormality is discussed in Chapter 20.

MULTIPLE PREGNANCY PLACENTA

In fraternal twins, the placentas may be 2 distinct entities or fused. There are 2 distinct chorions and amnions. |
identical twins, the picture may be more confusing. Depending upon the time of division of the fertilized ovum, 1
placentas and number of membranes will vary. If the division occurs soon after fertilization, 2 distinct placentas
membranes are the result. From that point on, many variations (eg, monochorionic monoamniotic fused placent
interchange of blood supply) may occur. Further variations may be noted when triplets or more are derived fron
the presence of identical twins is suspected, it is always wise to clamp the cord on the placental side at the time
the infant to minimize the chance of exsanguination of the uterine twin.
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Current OB/GYN >Chapter 3. The Role of Imaging Techniques in Gynecology>

CASE REPORT

C.0. is a 29-year-old white woman who presented with a history of infertility for several years, followed by a
history of recurrent pregnancy losses.

Her past medical and surgical histories were negative. Gynecologically, she was remarkable in that she reported
severe dysmenorrhea for several years that was relieved by nonsteroidal anti-inflammatory drugs. Her
gynecologist found a low luteal phase progesterone level and treated her with 50 mg of clomiphene citrate on dz
5-9 of the cycle.

She responded well to the medication, with a subsequent conception. The pregnancy resulted in a spontaneous
abortion 5 weeks later. No dilatation and curettage (D&C) was required, and the patient recovered well. She still
was unable to conceive on her own and was again given clomiphene citrate therapy. Again, she conceived and h
a spontaneous abortion—this time at 7 weeks' gestation. No D&C was performed.

The patient was evaluated for recurrent pregnancy losses. Karyotype was normal for both partners. Hormonal
evaluation was normal with the exception of a low midluteal phase progesterone level. Immunologic and infectic
screening failed to reveal a cause for the recurrent losses. The hysterosalpingogram (HSG) demonstrated a midl|
filling defect similar to that shown in Figure 3—1.

Figure 3—1.
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Mllerian anomaly as demonstrated by hysterosalpingogram.

(Reproduced, with permission, from Doyle MB: Magnetic resonance imaging in mllerian fusion defects. J Reprod
Med 1992;37:33.)

The patient was informed of the results and the potential for future miscarriages. The need for further evaluatioi
and possible repair performed hysteroscopically or abdominally, together with its risks and benefits, was carefull
explained to the patient. She elected to try clomiphene citrate therapy one more time and hoped to avoid surgel

At 8 weeks' gestation, vaginal ultrasonography (US) revealed positive fetal cardiac activity in an ovulation induc
by clomiphene citrate. While still taking micronized progesterone 100 mg 3 times daily, she was referred to her
gynecologist for routine obstetric care.

At 12 weeks' gestation, the patient had an incomplete abortion that required a D&C. She recovered uneventfully
and later returned to the office for further evaluation and treatment.

Several months were allowed to lapse before a hysteroscopy/laparoscopy was performed, which revealed a broe
based intrauterine septum and stage | endometriosis. To evaluate the depth and width of the septum, a

LaparoScan (EndoMedix, Irvine, CA) laparoscopic 7.5-Hz probe was used during the procedure. The septum was
removed with a hysteroscopic resectoscope loop on a 40-W setting. After the resection, the ultrasonic probe wa:



again used to measure the thickness of the myometrium and to verify the resection of the septum. A 30-mL 18F
Foley catheter with the distal tip resected was placed in the fundus and inflated. The patient was discharged and
placed on therapy consisting of a broad-spectrum antibiotic and conjugated estrogen 2.5 mg daily.

DISCUSSION

The new millennium saw a proliferation of imaging techniques used in medical practice. Research into the
development, refinement, and application of imaging in gynecology is apparent in the literature.

The HSG has been considered the gold standard for imaging the uterine corpus for benign disorders (submucous
myomas, submucous polyps, localization of tubal occlusion, and evaluation of mllerian fusion defects) and
malignant disease (endometrial carcinoma).

In the case reported, the standard scout film was obtained, and the cervix was prepared after the following were
assured: position of the uterus, absence of pelvic tenderness, and negative pregnancy test. The water-soluble
contrast medium was injected into the uterine cavity, and oblique and anteroposterior films were obtained. Thes
films showed a midline uterine filling defect of the type usually seen with septate or bicornuate uteri.

US performed on this patient during her pregnancies failed to show the filling defect. If suspected, the septum
might have been encountered by more careful scanning. The scans of the last pregnancy revealed only an
eccentrically placed pregnancy that might have been seen ultrasonographically even in normally structured uteri
Although not helpful at this point, ultrasonographic examination of the uterus between conceptions might have
been helpful if used with a distending medium. This is especially useful in patients allergic to iodine contrast
medium (Table 3—1). This technique of ultrasonic HSG is performed by occluding the cervix with a uterine inject
and distending the uterus. The method can demonstrate the separate cavities as well as the possible difference
between the septate and the bicornuate uterus while demonstrating tubal patency. The technique was adopted f
this patient during her uterine septum resection, with the addition of ultrasonic contrast between the endometrie
cavity and septum and the myometrium. Readers are referred to the many fine texts on diagnostic pelvic
ultrasound for instruction and further discussion of these techniques. The development of "sonicated" contrast
solutions may add greatly to the usefulness of US.

Table 3—1. Indications for Saline Infusion Sonohysterosalpingogram.

Abnormal x-ray hysterosalpingogram

Abnormal uterine bleeding

Allergies to iodine dyes

Amenorrhea

Infertility

Using 2 video cameras (1 for the resectoscope and the other for the laparoscope and the LaparoScan laparoscog
ultrasound probe), all aspects of the surgery were evaluated. This setup allowed the operating surgeon adequat:
visualization of the uterine cavity during the resection and enabled other personnel in the operating room to folls
the progress of surgery. The laparoscopic video allowed for careful monitoring of the uterine surface and assure«
the surgeon that there would be less likelihood of a uterine perforation, a complication that could result in bowel



injury.

The laparoscopic ultrasound probe with a picture within a picture was useful because it allowed visualization of tl
2 separate cavities and measurement of the length and width of the septum. It also enabled the operator to
demonstrate the complete removal of the septum (Fig 3-2).

Figure 3—2.

c D
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Uterine septum. A: Laparoscopic view showing a broad uterine fundus. B: Laparoscopic probe on the fundus of t
uterus showing the depth and width of the septum. C: Hysteroscopic view showing the resection of the uterine
septum. D: Laparoscopic probe on the fundus of the uterus showing the resected septum. (Note the echogenicit
of the debris in the fundus.)

IMAGING OF THE UTERUS & CERVIX

Plain radiographs are rarely the test of choice for identifying gynecologic pathology, but they can be used to det
calcified leiomyomas as well as an intrauterine device (IUD). Such films can help determine if an IUD has been



expelled from the uterine cavity or has penetrated the uterine wall and migrated to an ectopic location.

Pelvic US plays a significant role in the diagnosis of uterine leiomyomas (submucosal, intramural, and subserosa
and polyps. Occasionally, the detection and localization of myomas, assessment of size, and their differential
diagnosis are difficult. In these circumstances it is sometimes useful to perform magnetic resonance imaging (M
of the pelvis. MRI produces images with excellent soft-tissue resolution. MRI can be used for evaluation of
congenital abnormalities of the uterus, leiomyomas, adenomyosis, gestational trophoblastic disease, and
endometrial carcinoma diagnosis and staging. MRI can accurately measure the volume of the myoma, which aid
in determining whether medical management of myomas has resulted in shrinkage or whether conservatively
treated myomas are growing. Malignant degeneration of myomas visualized by MRI as described by some authao
allows for early and appropriate intervention.

MRI can effectively discern between the septate and the bicornuate uterus, thus avoiding the more costly
laparoscopy. MRI may provide a clear anatomic picture of complicated mllerian fusion defects (didelphys with
transverse vaginal septum or noncommunicating uterine segment) and allow for proper planning of surgical repe
If pelvic MRI had been performed on the patient in the opening case report, the image probably would have
appeared the same as the MRI shown in Figure 3—3. (See review of MRI findings of mllerian fusion defects in Ta
3-2.)

Figure 3—3.
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Complete uterine septum extending to the cervix.

(Reproduced, with permission, from Doyle MB: Magnetic resonance imaging in mllerian fusion defects. J Reprod
Med 1992;37:33.)

Table 3—2. Types of Mllerian Anomalies and Associated MRI Findings.

I: Segmental agenesis/hypoplasia



7 (24%)

Agenesis: no identifiable organ or small amorphous tissue remnant. Hypoplasia: uterus small for patient's age,
maintains adult body/cervix ratio of 2:1, reduced intercornual distance (< 2 cm), low signal intensity on T» -
weighted images with poor zonal differentiation, endometrial/myometrial width reduced

. Vaginal

. Cervical

A

0

B

0

C. Fundal
0

D. Tubal

0

E. Combined

7

I1: Unicornuate uterus

5 (17%)

Banana-shaped uterus, normal width of endometrium and myometrium, endometrial/myometrial ratio preservec
Al. Rudimentary horn with endometrium

(A) Communicating with main uterine cavity

0

(B) Not communicating with main uterine cavity
1

A2. Rudimentary horn without endometrium

1

B. No rudimentary horn

3

I11: Didelphys

5 (17%)

Double, separate uterus, cervix and upper vagina; each uterine cavity of normal volume; endometrium and
myometrium of normal width; endometrial/myometrial ratio normal

IV: Bicornuate uterus

10 (34%)

Uterine fundus concave or flattened outward, two horns visible with increased intercornual distance (> 4 cm),
high-signal-intensity septum myometrium on T, -weighted images at level of fundus; high-signal-intensity
myometrium (7 patients) or low-signal-intensity fibrous tissue at level of lower uterine segment (3 patients)

. Complete
. Partial

A
3
B
3
C. Arcuate

4

V: Septate

2 (7%)

Uterine fundus convex outward, normal intercornual distance (2—4 cm), each uterine cavity reduced in volume,
endometrial/myometrial width and ratio normal, low-signal-intensity septum on T; - and T, -weighted images

A. Complete

1

B. Incomplete
1



Class and Type No. Finding

Because of rounding, the percentages do not add up to 100.

Reproduced, with permission, from Doyle MB: Magnetic resonance imaging in mllerian fusion defects. J Reprod
Med 1992;37:33.

Currently, histopathologic evaluation of colposcopic biopsies is required to diagnose cervical cancer and its
precursor lesions. However, the technique is expensive and often requires a waiting period before histopatholog
results are available and necessary treatment can be scheduled. Several new imaging techniques that evaluate 1
cervical epithelium are under investigation. Optical techniques, such as elastic backscattering and fluorescence &
Raman spectroscopies, have been used to noninvasively examine tissue morphology and the biochemical
composition of the cervix. Optical coherence tomography (OCT) is a noninvasive imaging technique that uses
coherent light to form images of subsurface tissue structures with 10- to 20-Im resolution and up to 1-mm dept
A study by Zuluaga et al showed that simple quantitative analysis of images obtained with an OCT system can b
used for noninvasive evaluation of normal and abnormal cervical tissue in vivo. Optical coherence tomographic
imaging could have broad applications for screening and detection of cervical malignancies and their precursors.
also may aid in surgical planning by allowing surgeons to identify margins in vivo without obtaining frozen sectio

IMAGING OF THE ENDOMETRIUM

Pelvic ultrasound has been used to evaluate the uterine cavity, and endometrial thickness has been used as a
marker for endometrial pathology. The following guidelines should be used to obtain interobserver consistency ir
the evaluation of the endometrium. Obtain measurements from the midfundal region in the sagittal plane. Obtai
the maximal double-thickness dimension, remembering to exclude the hypoechoic area between the myometriui
and the endometrium. Any fluid between the anterior and posterior walls should be subtracted from the total
measurement. Endometrial thickness ranges from 4—8 mm during the follicular phase. The uterine lining ranges
from 7—14 mm during the luteal phase and has a uniform echogenic appearance.

Premenopausal women should be evaluated during the early follicular phase, immediately following the menses
when the endometrium has a uniform linear appearance.

Menopausal women usually have an endometrial stripe less than 4 mm. Menopausal women on hormone
replacement therapy (HRT) may have an endometrial thickness exceeding 8 mm and a small amount of fluid (<
mm).

Approximately one-fifth of patients with abnormal uterine bleeding have submucous myomas and/or polyps. The
lesions may be detected by irregularities in the endometrial stripe or by saline infusion sonohysterography (SIS)
technique that involves saline infusion to distend the uterine cavity. Using SIS, a polyp appears as a smoothly
marginated focal lesion that protrudes into the endometrial cavity. A study comparing transvaginal sonography ¢
SIS for detection of endometrial polyps found SIS had significantly greater sensitivity (93% versus 65%) and
specificity (94% versus 76%) than transvaginal sonography alone.

The sensitivity and specificity rates of ultrasound in detecting endometrial pathology reportedly increase when
color flow and power Doppler imaging are used. However, tissue sampling would be required to make a definitiv
diagnosis and to rule out malignancy in any patient noton HRT with a hyperechogenic endometrial stripe greater
than 4 mm.

Three-dimensional ultrasonography (3-D US) has been studied for evaluation of the endometrium. The ability of
D US to produce coronal images of the cornua may increase slightly the sensitivity of SIS for detecting lesions ir
this location that otherwise might be difficult to evaluate. Endometrial abnormalities that can be seen in women



with congenital malformations of the uterus may be imaged to greater advantage with 3-D US techniques. Three
dimensional ultrasonography has also been demonstrated to be a valid measurement technique for assessing
volume. However, hysteroscopy likely will become the new gold standard for evaluating the endometrium becau
of the ability of hysteroscopy to visualize directly the endometrium and perform biopsies as indicated. The
technique may become more cost-effective as use of office hysteroscopy becomes more widespread. Evaluation
the endometrium using transvaginal sonography as the initial screening tool, followed by endometrial biopsy or
possibly hysteroscopy, is likely to become the standard of care (Fig 3—4).

Figure 3—4.
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Proposed algorithm for evaluating women with abnormal vaginal bleeding.

(Reproduced, with permission, from Davidson KG et al: Ultrasonographic evaluation of the endometrium in
postmenopausal vaginal bleeding. Radiol Clin North Am 2003;41:769.)



IMAGING OF THE OVARIES

Approximately 12,000 women in the United States die annually of ovarian cancer. Unfortunately, the ability of tt
pelvic examination to detect early ovarian malignancy is poor. Cancer antigen (CA)-125 monoclonal marker for
ovarian cancer also is a poor predictor of early cases.

The flat plate of the abdomen may still be useful in the diagnosis of dermoid cysts of the ovary, which are
identified by the presence of calcified teeth. However, cystic and solid structures of the ovary now are better
evaluated by transabdominal ultrasonography, transvaginal ultrasonography (TVUS), computed tomography (CT
and MRI.

US is frequently used in the evaluation of ovarian pathology. TVUS combined with color flow and Doppler can be
used for evaluation of blood flow to the adnexal structures and for diagnosis of ovarian torsion. Venous and
lymphatic flow is occluded in early torsion, but arterial flow may be present. Arterial flow ceases completely late
the torsion. Torsion is diagnosed by Doppler study showing no venous or arterial flow, but a study showing arter
blood flow does not necessarily rule out the diagnosis.

In an attempt to discriminate between malignant and benign adnexal masses, morphologic criteria have been
assigned to increase suspicion concerning ultrasound findings when ovarian cancer is suspected. Cysts larger th:
4 cm, solid and cystic components, septa, and papillary nodules have all been described (Fig 3-5). In addition,
Doppler flow studies have been used to distinguish between benign and malignant masses (Table 3—-3).

Figure 3—5.



OVARIAN TUMOR ULTRASOUND-DOPPLER CLASSIFICATION
Circle all characteristics seen and add numbers in parentheses for a score.

Patient name Date Institution
FLUID INTERMAL BEORDERS SIZE
UNILOCULAR Clear 0y Smooth [u)]
Intermal echoes (1) Irregular  (2)
MULTILOCULAR Clzar (1) Smooth (1)
Internal echoes (1) Irregular  (2)
CYSTIC-SOLID Clear (1) Smocth (1)

Intermal echoes (2) Irregular  (2)

PAPILLARY PROJECTIONS Suspicious (1) Definite i2)

SOLID Homogenous (1) Echogenic  (2)
PERITONEAL FLUID Absent () Present (1)
LATERALITY Unilateral (D) Bilateral (1)
ULTRASOUND SCORE
=2 Benign

3—-4 Questionable
=4  Suspicious

COLOR DOPPLER Rl {resistance index)
Mo vessels seen Q) (a)
Reqular separate vessels (1) =040 (1)
Randomly dispersed vessels (2) =041 (2)

If suspected corpus luteum, repeat in next menstrual cycle in prolifarative phase.

COLOR DOPPLER SCORE

=2  Benign

3=4 Questionable
Copyright @2006 by The MoSraw-Hill Companies, Inc
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Scoring system used to evaluate the morphology of adnexal tumor. RI, resistance index.

(Reproduced, with permission, from Kurjak A et al: Transvaginal ultrasound, color flow, and Doppler waveform ¢
the postmenopausal adnexal mass. Obstet Gynecol 1992;80:917.)

Table 3—3. Histology and Blood Flow Characteristics.

Malignant

Papillary adenocarcinoma
13

12

0.39 0.04

Serous cystadenocarcinoma
3

3

0.30 0.04

Endometrioid adenocarcinoma
4



4
0.38 0.02
Metastatic carcinoma
7

7

0.37 0.07
Theca-granulosa cell
2

1

0.37

Total

29

27

0.37 0.08

Benign

Simple cyst

25

5

0.75 0.17
Papillary serous cyst
4

1

0.6

Mucinous cyst

5

3

0.62 0.09
Inflammatory mass
2

1

0.62

Parasitic cyst

1

0

(0]

Fibroma

4

3

0.56 0.03
Thecoma

2

2

0.60
Cystadenofibroma
1

1

0.56
Endometrioma

4

1

0.56

Cystic teratoma

1



1

0.36

Pseudo- and parovarian cyst
4

0

0

Brenner tumor
1

1

0.50

Total

54

19

0.62 0.111

Histology N Flow Detected RI

Data are presented as N or mean SD.
1p < .001.
RI, resistance index.

Reproduced, with permission, from Kurjak A et al: Transvaginal ultrasound, color flow, and Doppler waveform of
the post-menopausal adnexal mass. Obstet Gynecol 1992;80:917.

CT may be useful for preoperative staging of ovarian cancer or for planning second-look procedures. CT may be
useful for biopsy and drainage in patients with benign-appearing adnexal masses (ovarian cysts or tubo-ovarian
abscesses). Contraindications to needle biopsy and drainage include lack of a safe unobstructed path for the
needle, bleeding disorders, and lack of a motivated patient. Three-dimensional ultrasonography can be useful in
the evaluation of gynecologic diseases. It can reconstruct any plane of interest and is particularly valuable in
visualizing abnormalities in the coronal plane. In addition, 3-D US is better able to measure volumes than is 2-
dimensional ultrasonography and therefore is helpful when evaluating patients with conditions ranging from
fibroids to infertility. CT can be used in conjunction with pelvic US to diagnose and manage several conditions,
such as pelvic inflammatory disease, adnexal torsion, ovarian vein thrombosis, and hemorrhagic ovarian cysts. |
addition, MRI has been shown to be particularly useful in the evaluation of ovarian vein thrombosis.

IMAGING OF THE FALLOPIAN TUBES

Endoscopic techniques provide the best direct evaluation of the patency and architecture of the fallopian tubes.
HSG provides the best indirect evaluation of tubal function. HSG allows demonstration of tubal patency and
visualization of tubal rugations while avoiding the more costly laparoscopic surgery. Some disadvantages of HSC
are pelvic infection, dye allergies, failure to detect adnexal adhesions, and false-positive results for tubal occlusic
Hysterosalpingo-contrast sonography and MRI are alternatives to laparoscopy, as women with normal findings
probably have a normal pelvis. For example, transvaginal sonography may detect dilated fallopian tubes and tuk
ovarian complexes. (See the sections on pelvic inflammatory disease and tubo-ovarian abscess in Chapter 41 fo
more on the radiographic diagnosis and management of these conditions.)

IMAGING IN ECTOPIC PREGNANCY

Adnexal sonography is a valuable tool in assessing women with suspected ectopic pregnancy (Table 3—4). When
human chorionic gonadotropin (hCG) levels reach 6500 mlU/mL, most normal intrauterine pregnancies can be



detected as a gestational sac by transabdominal US. However, the sonographic appearance of a pseudogestatior
sac should not be confused with the gestational sac. In the latter, a double-ring sign resulting from the decidua
parietalis is seen abutting the decidua capsularis.

Table 3—4. Criteria for Diagnosis of Ectopic Pregnancy.

Extrauterine gestational sac with yolk sac or embryo
8-34

100

Adnexal ring

40-68

100

Complex adnexal mass separate from ovary
89-100

92-99

Any fluid

46-75

69-83

Moderate to large amount of free fluid
29-63

21-96

Echogenic fluid

56

96

Decidual cyst

21

92

Criteria Sensitivity (20) Specificity (26)

Reproduced, with permission, from Harrison BE et al: Imaging modalities in obstetrics and gynecology. Emerg M
Clin North Am 2003;21:711.

TVUS, on the other hand, has the advantage of earlier and better localization of the pregnancy, with less pelvic
discomfort because the bladder is not painfully distended. An hCG level of 1000—2000 mIU/mL is the
discriminatory zone in which an intrauterine pregnancy can be detected by TVUS. The double-ring sign and/or tt
yolk sac must be identified to ensure that the pregnancy is intrauterine. When an intrauterine pregnancy is not
visualized on TVUS and the hCG level exceeds 1000-2000 mlU/mL, then suspicion for an ectopic pregnancy sho
be high. Also, multiple gestations may take several more days to be identified, and heterotopic pregnancies are
encountered more frequently in patients using assisted reproductive techniques. Transvaginal sonography may
also detect dilated fallopian tubes and tubo-ovarian complexes.

CONCLUSION

The imaging techniques prevalent today have proved to be valuable tools in the diagnosis and early treatment o
benign and malignant gynecologic disorders. To provide the patient with the highest level of medical care, the
contemporary practicing gynecologist must constantly keep abreast of the new developments and applications o
diagnostic imaging.

No matter what technology is used today and in the future, the goal will always be the same: to provide quick,
low-risk, accurate diagnosis of gynecologic conditions while keeping in mind the cost-effectiveness of the care
delivered.
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Current OB/GYN >Chapter 4. Embryology of the Urogenital System & Congenital Anomalies of the Female Genital Tract>

EMBRYOLOGY OF THE UROGENITAL SYSTEM & CONGENITAL ANOMALIES OF
GENITAL TRACT: INTRODUCTION

In the urogenital system, knowledge of the embryology is crucial in understanding the functions and interconne:
reproductive and urologic systems. The adult genital and urinary systems are distinct in both function and anatc
the male urethra, where the two systems are interconnected. During development, these two systems are closel
developmental overlap of these systems occurs 4—12 weeks after fertilization. The complexity of developmental
evident by the incomplete separation of the 2 systems found in some congenital anomalies. For the sake of clari
the embryology of each system separately, rather than following a strict developmental chronology.

In view of the complexity and duration of differentiation and development of the genital and urinary systems, it

incidence of malformations involving these systems is one of the highest (10%) of all body systems. Etiologies ¢
are sometimes categorized on the basis of genetic, environmental, or genetic-plus-environmental (so-called poly
factors. Known genetic and inheritance factors reputedly account for about 20% of anomalies detected at birth,

for nearly 5%, and environmental factors for nearly 10%. The significance of these statistics must be viewed ag;
estimated one-third to one-half of human zygotes are lost during the first week of gestation and (2) the cause o
anomalies is unknown. Even so, congenital malformations remain a matter of concern because they are detecte«
and 20% of perinatal deaths are purportedly due to congenital anomalies.

The inherent pattern of normal development of the genital system can be viewed as one directed toward somati
development is directed by factors for "maleness.” The presence and expression of a Y chromosome (and its tes
normal 46,XY karyotype of somatic cells directs differentiation toward a testis, and normal development of the t
hormones for the selection and differentiation of the genital ducts. When male hormones are present, the mesot
persists; when male hormones are not present, the "female” paramesonephric (mllerian) ducts persist. Normal f
masculinization of the external genitalia is also a result of the respective timely absence or presence of androger

An infant usually is reared as female or male according to the appearance of the external genitalia. However, ge
immediately discernible, and the choice of sex of rearing can be an anxiety-provoking consideration. Unfortunate
is apparent, later clinical presentation may unmask disorders of sexual differentiation that can lead to problems
adjustment. Whether a somatic disorder is detected at birth or later, investigative backtracking through the dewv¢
necessary for proper diagnosis and treatment.

OVERVIEW OF THE FIRST FOUR WEEKS OF DEVELOPMENT™*

*Embryonic or fetal ages given in this chapter are relative to the time of fertilization and should be considered e:
absolutes.

Transformation of the bilaminar embryonic disk into a trilaminar disk composed of ectoderm, mesoderm, and
embryonic germ layers) occurs during the third week by a process called gastrulation (Fig 4—1). During this pr:
thickening of epiblast, the primitive streak, elongates through the midline of the disk. Some epiblastic cells be
which migrate peripherally between the epiblast and hypoblast, forming a middle layer of embryonic mesoder



migrate into the hypoblastic layer and form embryonic endoderm , which displaces the hypoblastic cells. The r
becomes the embryonic ectoderm.
Figure 4—1.
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Schematic overview of embryonic development of progenitory urinary and genital tissues and structures conside
embryonic ectoderm, mesoderm, or endoderm. Numbers indicate the weeks after fertilization when the indicatec
occurs.

By the end of the third week, 3 clusters of mesoderm are organized on both sides of the midline neural tube. Fr
clusters are paraxial mesoderm , which forms much of the axial skeleton; intermediate mesoderm, which is
urogenital ridge and, hence, much of the reproductive and excretory systems (Fig 4—2); and lateral plate m¢
takes part in body cavity formation. Rarely, degeneration of the primitive streak is incomplete after the fourth w
remnants form a teratoma in the sacrococcygeal region of the fetus (more common in females than in males). T
mesoderm is located between the paraxial and lateral plate mesoderm and is the origin of the urogenital ridg
reproductive and excretory systems (Fig 4—2). The primitive streak regresses after the fourth week. Rarely, deg
incomplete, and presumptive remnants form a teratoma in the sacrococcygeal region of the fetus (more commo



males).

Figure 4—2.
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Schematic drawing of formation of the definitive kidney and its collecting ducts. The pronephric duct is probably
participates in all 3 urinary systems, as its caudal portion continues to grow and is called the mesonephric duct \
system develops. (Explanatory symbols are given in Fig 4-1.)

Weeks 4 through 8 of development are called the embryonic period (the fetal period is from week 9 to term)
major internal and external structures, including the 2 primary forerunners of the urogenital system (urogenital
begins during this time. During this period the embryo is most likely to develop major congenital or acquired mc
response to the effects of various agents. During the fourth week, the shape of the embryo changes from that o



of a crescentic cylinder. The change results from "folding," or flexion, of the embryonic disk in a ventral directior
transverse and longitudinal planes. Flexion occurs as midline structures (neural tube and somites) develop and ¢
more lateral tissues (ectoderm, 2 layers of lateral plate mesoderm enclosing the coelom between them, and enc
transverse folding, the lateral tissues on each side of the embryo curl ventromedially and join the respective tiss
creating a midline ventral tube (the endoderm-lined primitive gut ), a mesoderm-lined coelomic cavity (the pri
cavity ), and the incomplete ventral and lateral body wall. Concurrent longitudinal flexion ventrally of the cauda
establishes the pouchlike distal end, or cloaca, of the primitive gut as well as the distal attachment of the cloaci
the allantois of the sac (Fig 4-3).

Figure 4—3.
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Urogenital
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Early stage in the formation of the mesonephric kidneys and their collecting ducts in the urogenital ridge. The ce
the nephrogenic cord, in which the mesonephric tubules are forming. The mesonephric ducts grow toward (arrov
cloaca. About 5 weeks' gestation.

A noteworthy point (see The Gonads) is that the primordial germ cells of the later-developing gonad initially are
and later migrate to the gonadal primordia. Subsequent partitioning of the cloaca during the sixth week results i
anorectal canal and the urogenital sinus, the progenitor of the urinary bladder, urethra, vagina, and other gen
Table 4—1; see Subdivision of the Cloaca & Formation of the Urogenital Sinus).

Table 4—1. Adult Derivatives and Vestigial Remains of Embryonic Urogenital Structures

Indifferent gonad
Cortex
Medulla

Testis
Seminiferous tubules

Rete testis



Ovary
Ovarian follicles

Medulla
Rete ovarii

Gubernaculum
Gubernaculum testis
Ovarian ligament

Round ligament of uterus

Mesonephric tubules
Ductus efferentes

Paradidymis
Epoophoron
Paroophoron

Mesonephric duct
Appendix of epididymis

Ductus epididymidis

Ductus deferens

Ureter, pelvis, calices, and collecting tubules
Ejaculatory duct and seminal vesicle
Appendix vesiculosa

Duct of epoophoron

Duct of Gartner

Ureter, pelvis, calices, and collecting tubules

Paramesonephric duct
Appendix of testis
Hydatid (of Morgagni)

Uterine tube
Uterus
Vagina (fibromuscular wall)

Urogenital sinus
Urinary bladder

Urethra (except glandular portion)
Prostatic utricle

Prostate gland

Bulbourethral glands

Urinary bladder

Urethra



Vagina
Urethral and paraurethral glands
Greater vestibular glands

Mllerian tubercle
Seminal colliculus
Hymen

Genital tubercle
Penis

Glans penis

Corpora cavernosa penis
Corpus spongiosum

Clitoris
Glans clitoridis

Corpora cavernosa clitoridis
Bulb of the vestibule

Urogenital folds
Ventral aspect of penis
Labia minora
Labioscrotal swellings
Scrotum

Labia majora

Embryonic Structure Male Female

Functional derivatives are in italics.

Modified and reproduced, with permission, from Moore KL, Persaud TVN: The Developing Human: Clinically Oriel
Saunders, 1993.

Embryonic folding also moves the intermediate mesoderm—the forerunner of the urogenital ridge —to its chai
locations as bilateral longitudinal bulges in the dorsal wall of the new body cavity and lateral to the dorsal meser
By the end of the fourth week of development, the principal structures (urogenital ridge and cloaca) and tissues
urogenital system are present.

Tables 4—-1 and 4-2 provide a general overview of urogenital development.
Table 4—2. Developmental Chronology of the Human Urogenital System.

2.5

1.5

Allantois present.

3.5

2.5

All pronephric tubules formed.

Pronephric duct growing caudad as a blind tube.
Cloaca and cloacal membrane present.

4
5



Primordial germ cells near allantois.

Pronephros degenerated.

Pronephric (mesonephric) duct reaches cloaca.
Mesonephric tubules differentiating rapidly.
Metanephric bud pushes into secretory primordium.

5
8
Mesonephros reaches its caudal limit.

Ureteric and pelvic primordia distinct.

6
12
Cloaca subdividing into urogenital sinus and anorectal canal.

Sexless gonad and genital tubercle prominent.
Paramesonephric duct appearing.
Metanephric collecting tubules begin branching.

7
17
Mesonephros at peak of differentiation.

Urogenital sinus separated from anorectal canal (cloaca subdivided).
Urogenital and anal membranes rupturing.

8
23
Earliest metanephric secretory tubules differentiating.

Testis (8 weeks) and ovary (9—10 weeks) identifiable as such.
Paramesonephric ducts, nearing urogenital sinus, are ready to unite a uterovaginal primordium.
Genital ligaments indicated.

10
40
Kidney able to excrete urine.

Bladder expands as sac.

Genital duct of opposite sex degenerating.
Bulbourethral and vestibular glands appearing.
Vaginal bulbs forming.

12
56
Kidney in lumbar location.

Early ovarian folliculogenesis begins.
Uterine horns absorbed.

External genitalia attain distinctive features.



Mesonephros and rete tubules complete male duct.
Prostate and seminal vesicle appearing.
Hollow viscera gaining muscular walls.

16
112
Testis at deep inguinal ring.

Uterus and vagina recognizable as such.
Mesonephros involuted.

20-38 (5—9 months)
160-350
Female urogenital sinus becoming a shallow vestibule (5 months).

Vagina regains lumen (5 months).
Uterine glands begin to appear (5 months).
Scrotum solid until sacs and testes descend (7—8 months).

Kidney tubules cease forming at birth.

Age in Weeks?! Size (C—R) in mm Urogenital Syste

1 After fertilization.

C—-R, crown—rump length.

Modified and reproduced, with permission, from Arey LB: Developmental Anatomy, 7th ed. Saunders, 1965.

THE URINARY SYSTEM

Three excretory "systems" form successively, with temporal overlap, during the embryonic period. Each system
"organ," but the 3 systems share anatomic continuity through development of their excretory ducts. The 3 syste
derivatives of the urogenital ridge (Figs 4—2 and 4-3), part of which becomes a longitudinal mass, the nephrog
pronephros, or organ of the first system, exists rudimentarily, is nonfunctional, and regresses during the fourtl
developing pronephric ducts continue to grow and become the mesonephric ducts of the subsequent kidney, the
paired mesonephroi exist during 4—8 weeks as simplified morphologic versions of the third, or permanent, set of
have transient excretory function. Although the mesonephroi degenerate, some of its tubules, called epigenital
persist to participate in formation of the gonad and male ductuli efferentes (Fig 4—4). The permanent kidney, th
form in response to an inductive influence of a diverticulum of the mesonephric ducts during the fifth week and |
10-13 weeks.

Figure 4—4.
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Schematic drawing of the formation of the gonads and genital ducts.

IDifferentiation of the caudal segment of the mesonephric ducts results in (1) incorporation of part of the ducts ir
urogenital sinus (early vesicular trigone, see following text), and (2) formation of a ductal diverticulum, which pl
formation of the definitive kidney. If male sex differentiation occurs, the major portion of each duct becomes the
deferens, and ejaculatory duct. Only small vestigial remnants of the duct sometimes persist in the female (Gart
epoophoron ).

Metanephros (Definitive Kidney)

COLLECTING DUCTS

By the end of the fifth week, a ureteric bud, or metanephric diverticulum, forms on the caudal part of the mes
cloaca. The bud gives rise to the collecting tubules, calices, renal pelvis, and ureter (Fig 4—2). The stalk of the el
the ureter when the ductal segment between the stalk and the cloaca becomes incorporated into the wall of the
a derivative of the partitioned cloaca, see text that follows; Figs 4-5, 4—6, 4-7, and 4-8). The expanded tip, or



into the adjacent metanephric mesoderm (blastema ) and subdivides successively into 12—-15 generations of bt
tubules. From weeks 10—14, dilatation of the early generations of tubular branches successively produces the r
calices, and the minor calices, while the middle generations form the medullary collecting tubules. The last se
collecting tubules grow centrifugally into the cortical region of the kidney between weeks 24 and 36.

Figure 4-5.
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Left-side view of urogenital system and cloacal region prior to subdivision of cloaca by urorectal septum (Tourne
Position of future paramesonephric duct is shown (begins in the sixth week). Gonad is in the indifferent stage (s

Figure 4—6.
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Left-side view of urogenital system. Urorectal septum nearly subdivides the cloaca into the urogenital sinus and
Paramesonephric ducts do not reach the sinus until the ninth week. Gonad is sexually undifferentiated. Note incc
segment of mesonephric duct into urogenital sinus (compare with Fig 4-5).

Figure 4—7.
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Left-side view of urogenital system at an early stage of male sexual differentiation. Phallic part of urogenital sint
to form the urethral plate and groove. Seminal vesicles and prostatic buds are shown at a more advanced stage



emphasis.

Figure 4—8.
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Left-side view of urogenital system at an early stage of female sexual differentiation. Paramesonephric (mllerian
(to form uterovaginal primordium) and contacted the pelvic part of the urogenital sinus.

Nephrons

Continued maintenance of the intimate relationship of the metanephric blastema and ampulla is necessary for ni
definitive excretory units (nephrons), which starts at about the eighth week. Formation of urine purportedly beg
when an estimated 20% of the nephrons are morphologically mature.

The last month of gestation is marked by interstitial growth, hypertrophy of existing components of uriniferous t
disappearance of bud primordia for collecting tubules. Opinions differ about whether formation of nephrons ceas
or 32 weeks or postnatally during the first several months. If the ureteric bud fails to form, undergoes early deg
into the nephrogenic mesoderm, aberrations of nephrogenesis result. These may be nonthreatening (unilateral
or even fatal (bilateral renal agenesis, polycystic kidney ).

POSITIONAL CHANGES

Figure 4-9 illustrates relocation of the kidney to a deeper position within the posterior body wall, as well as the :
medial rotation of the organ on its longitudinal axis. Rotation and lateral positioning probably are facilitated by tl
structures (axial skeleton and muscles). The "ascent" of the kidney between weeks 5 and 8 can be attributed lar
longitudinal growth of the rest of the lumbosacral area and to the reduction of the rather sharp curvature of the
embryo. Some migration of the kidney may also occur. Straightening of the curvature also may be attributable t
growth, especially the development of the infraumbilical abdominal wall. As the kidney moves into its final positi
12th week), its arterial supply shifts to successively higher aortic levels. Ectopic kidneys can result from abnorm
seventh week, the "ascending" metanephroi closely approach each other near the aortic bifurcation. The close a|



developing kidneys can lead to fusion of the lower poles of the kidneys, resulting in formation of a single horses
which would be arrested by the stem of the interior mesenteric artery. Infrequently, a pelvic kidney results fro
beneath the umbilical artery, which restricts passage out of the pelvis.

Figure 4—9.
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Positional changes of the definitive kidney at 5 different stages but projected on one cross-sectional plane.

THE GENITAL SYSTEM

Sexual differentiation of the genital system occurs in a basically sequential order: genetic, gonadal, ductal, and
determined at fertilization by the complement of sex chromosomes (ie, XY specifies a genotypic male and XX a 1
morphologic indications of the sex of the developing embryo do not appear until about the eighth or ninth week
there is a so-called indifferent stage, when morphologic identity of sex is not clear or when preferential differe
not been imposed on the sexless primordia. This is characteristic of early developmental stages for the gonads,
genitalia. When the influence of genetic sex has been expressed on the indifferent gonad, gonadal sex is estab
determining region of the Y chromosome ) gene in the short arm of the Y chromosome of normal genetic i
candidate for the gene encoding for the testis-determining factor (TDF ). TDF initiates a chain of events that
the gonad into a testis with its subsequent production of antimllerian hormone and testosterone, which influence
"maleness” (see Testis). Normal genetic females do not have the SRY gene, and the early undifferentiated medt
presumptive gonad does not produce the TDF (see Ovary).

The testis and ovary are derived from the same primordial tissue, but histologically visible differentiation toward
that toward an ovary. An "ovary" is first recognized by the absence of testicular histogenesis (eg, thick tunica al
presence of germ cells entering meiotic prophase between the 8th and about the 11th week. The different primc
genital ducts exist in each embryo during overlapping periods, but establishment of male or female ductal sex |
absence, respectively, of testicular products and the sensitivity of tissues to these products. The 2 primary testic
androgenic steroids (testosterone and nonsteroidal antimllerian hormone ) (see Testis). Stimulation by testc
persistence and differentiation of the "male" mesonephric ducts (wolffian ducts ), whereas antimllerian hormo
the "female" paramesonephric ducts (mllerian ducts ). Absence of these hormones in a nonaberrant condition
mllerian ducts and regression of wolffian ducts, ie, initiation of development of the uterus and uterine tubes. Ge
genitalia) subsequently develops according to the absence or presence of androgen. Thus, the inherent pattern «



genital system can be viewed as one directed toward somatic "femaleness" unless the system is dominated by ¢
"maleness"” (eg, gene expression of the Y chromosome, androgenic steroids, and antimllerian hormone).

THE GONADS
Indifferent (Sexless) Stage

Gonadogenesis temporally overlaps metanephrogenesis and interacts with tissues of the mesonephric system. F
summarized schematically in Fig 4—4.

Around the fifth week, the midportion of each urogenital ridge thickens as cellular condensation forms the gona
weeks, this ridge is an undifferentiated cell mass, lacking either testicular or ovarian morphology. As shown in F
consists of (1) primordial germ cells, which translocate into the ridge, and a mixture of somatic cells derivec
coelomic epithelial cells, (3) condensation of the underlying mesenchyme of part of the urogenital ridge, a
mesonephric-derived cells.

The end of the gonadal indifferent stage in the male is near the middle of the seventh week, when a basal lamin
epithelium and the developing tunica albuginea separates the coelomic epithelium from the developing testiculal
stage in the female ends around the ninth week, when the first oogonia enter meiotic prophase.

Primordial germ cells, presumptive progenitors of the gametes, become evident in the late third to early four
wall of the yolk sac and the mesenchyme around the allantois. The allantois is a caudal diverticulum of the yolk
into the primitive umbilical stalk and, after embryonic flexion, is adjacent proximally to the cloacal hindgut. The
translocated from the allantoic region (about the middle of the fourth week) to the urogenital ridge (between thi
and late in the sixth week). It is not known whether primordial germ cells must be present in the gonadal ridge -
gonad to occur. The initial stages of somatic development appear to occur independently of the germ cells. Latel
testis, but not in the ovary, is known to occur in the absence of germ cells. The germ cells appear to have some
differentiation at certain stages of development.

Testis

During early differentiation of the testis, there are condensations of germ cells and somatic cells, which have bet
groups, or sheets. These groups are at first distributed throughout the gonad and then become more organized
cords. The cords begin to form centrally and are arranged somewhat perpendicular to the long axis of the gona
these cords differentiate into Sertoli cells. The first characteristic feature of male gonadal sex differentiation is e\
when the tunica albuginea begins to form in the mesenchymal tissue underlying the coelomic epithelium. Ever
of tissue causes the developing testicular cords to be separated from the surface epithelium and placed deeper i
gonad. The surface epithelium re-forms a basal lamina and later thins to a mesothelial covering of the gonad. Tt
peripherally and thicken as their cellular organization becomes more distinct. A basal lamina eventually develops
although it is not known if the somatic cells, germ cells, or both are primary contributors to the lamina.

Throughout gonadal differentiation, the developing testicular cords appear to maintain a close relationship to the
mesonephric-derived cell mass. An interconnected network of cords, rete cords, develops in this cell mass and
testis. The rete testis joins centrally with neighboring epigenital mesonephric tubules, which become the effere
rete testis with the epididymis, a derivative of the mesonephric duct. With gradual enlargement of the testis anc
mesonephros, a cleft forms between the 2 organs, slowly creating the mesentery of the testis, the mesorchiurn

The differentiating testicular cords are made up of primordial germ cells (primitive spermatogonia) and somatic '
(sustentacular cells, or Sertoli cells ). Some precocious meiotic activity has been observed in the fetal testis.
usually does not begin until puberty; the cause of this delay is unknown. Besides serving as "supporting cells" fc
spermatogonia, Sertoli cells also produce the glycoprotein antimllerian hormone (also called mllerian-inhibit
Antimllerian hormone causes regression of the paramesonephric (mllerian) ducts, apparently during a very discr
sensitivity in male fetuses. At puberty, the seminiferous cords mature to become the seminiferous tubules, and



spermatogonia mature.

Shortly after the testicular cords form, the steroid-producing interstitial (Leydig ) cells of the extracordal com
differentiate from stromal mesenchymal cells, probably due to antimllerian hormone. Mesonephric-derived cells
source of Leydig cells. Steroidogenic activity of Leydig cells begins near the tenth week. High levels of testosterc
the period of differentiation of external genitalia (weeks 11-12) and maintained through weeks 16—18. Steroid I«
somewhat in accordance with changes in the concentration of Leydig cells. Both the number of cells and the leve
around the fifth month.

Ovary

DEVELOPMENT

In the normal absence of the Y chromosome or the sex-determining region of the Y chromosome (SRY gene; se
somatic sex cords of the indifferent gonad do not produce TDF. In the absence of TDF, differentiation of the gon:
subsequent production of antimllerian hormone and testosterone do not occur (see Testis). The indifferent gonai
Complete ovarian differentiation seems to require two X chromosomes (XO females exhibit ovarian dysgenesis,

precociously degenerated germ cells and no follicles and are present as gonadal "streaks™). The first recognition
around weeks 9-10 is based on the temporal absence of testicular-associated features (most prominently, the ti
presence of early meiotic activity in the germ cells.

Early differentiation toward an ovary involves mesonephric-derived cells "invading” the basal region (adjacent tc
region of the gonad (central and basal regions represent the primitive "medullary" region of the gonad). At the ¢
cells are displaced somewhat peripherally into the "cortical” region of the gonad. Some of the central mesonephi
system that subsequently forms a network of cords (intraovarian rete cords ) extending to the primitive cortit
extend peripherally between germ clusters, several epithelial cell proliferations extend centrally, and some mixir
apparently takes place around the germ cell clusters. These early cordlike structures are more irregularly distribi
testis and not distinctly outlined. The cords open into clusters of germ cells, but all germ cells are not confined t
that begin meiosis are located in the innermost part of the cortex and are the first germ cells to contact the intr:

Folliculogenesis begins in the innermost part of the cortex when the central somatic cells of the cord contact &
while an intact basal lamina is laid down. These somatic cells are morphologically similar to the mesonephric cell
intraovarian rete cords associated with the oocytes and apparently differentiate into the presumptive granulosa
Folliculogenesis continues peripherally. Between weeks 12 and 20 of gestation, proliferative activity causes the s
become a thickened, irregular multilayer of cells. In the absence of a basal lamina, the cells and apparent epithe
underlying tissues. These latter cortical cords often retain a connection to and appear similar to the surface epitt
of these cords probably differentiate into granulosa cells and contribute to folliculogenesis, although this occurs
under way in the central region of the gonad. Follicles fail to form in the absence of oocytes or with precocious I
oocytes not encompassed by follicular cells degenerate.

Stromal mesenchymal cells, connective tissue, and somatic cells of cords not participating in folliculogenesis forr
the late fetal ovary. Individual primordial follicles containing diplotene oocytes populate the inner and outer ct
rete ovarii may persist, along with a few vestiges of mesonephric tubules, as the vestigial epoophoron near the
to the testicular mesorchium, the mesovarium eventually forms as a gonadal mesentery between the ovary an
Postnatally, the epithelial surface of the ovary consists of a single layer of cells continuous with peritoneal mesot
hilum. A thin, fibrous connective tissue, the tunica albuginea, forms beneath the surface epithelium and separat
follicles.

ANOMALIES OF THE OVARIES

Anomalies of the ovaries encompass a broad range of developmental errors from complete absence of the ovarit
ovaries. The many variations of gonadal disorders usually are subcategorized within classifications of disorders o
Unfortunately, there is little consensus for a major classification, although most include pathogenetic considerati



of the different classifications are offered in the references to this chapter.

Congenital absence of the ovary (no gonadal remnants found) is very rare. Two types have been considered, ag
definition, agenesis implies that the primordial gonad did not form in the urogenital ridge, whereas agonadism
gonads that may have formed initially and subsequently degenerated. It can be difficult to distinguish one type 1
practical basis. For example, a patient with female genital ducts and external genitalia and a 46,XY karyotype cc
gonadal agenesis or agonadism. In the latter condition, the gonad may form but undergo early degeneration an
virilizing expression is made. Whenever congenital absence of the ovaries is suspected, careful examination of tl
genitalia, and the genital ducts must be performed.

Descriptions of agonadism usually have indicated that the external genitalia are abnormal (variable degree of fu:
swellings) and that either very rudimentary ductal derivatives are present or there are no genital ducts. The cau
unknown, although several explanations have been suggested, such as (1) failure of the primordial gonad to for
formation of ductal anlagen, and (2) partial differentiation and then regression and absorption of testes (accoun
mllerian ducts but lack of stimulation of mesonephric, or wolffian, ducts). Explanations that include teratogenic ¢
are more likely candidates in view of the associated incidence of nonsexual somatic anomalies with the disorder.
product of primordial gonadal formation and subsequent failure of differentiation, which can occur at various sta
appears as a fibrouslike cord of mixed elements (lacking germ cells) located parallel to a uterine tube. Streak gc
gonadal dysgenesis and a 45,X0 karyotype (Turner's syndrome; distinctions are drawn between Turner's sy
stigmata when consideration is given to the various associated somatic anomalies of gonadal dysgenesis). How
be consequent to genetic mutation or hereditary disease other than the anomalous karyotype.

Ectopic ovarian tissue occasionally can be found as accessory ovarian tissue or as supernumerary ovaries.
product of disaggregation of the embryonic ovary, and the latter may arise from the urogenital ridge as indepen

SUBDIVISION OF THE CLOACA & FORMATION OF THE UROGENITAL SINUS

The endodermally lined urogenital sinus is derived by partitioning of the endodermal cloaca. It is the precursor o
both sexes and the urinary and genital structures specific to each sex (Fig 4—1). The cloaca is a pouchlike enlarg
the hindgut and is formed by the process of "folding" of the caudal region of the embryonic disk between 4 and
Overview of the First Four Weeks of Development; Figs 4—1 and 4-3). During the "tail-fold" process, the posterir
allantoic diverticulum of the yolk sac, becomes an anterior extension of the cloaca (Figs 4—3 and 4-5). Soon afte
receives posterolaterally the caudal ends of the paired mesonephric ducts and hence becomes a junctional cister
hindgut, and the ducts. A cloacal membrane, composed of ectoderm and endoderm, is the caudal limit of the |
temporarily separates the cloacal cavity from the extraembryonic confines of the amniotic cavity (Fig 4-5).

Between weeks 5 and 7, 3 wedges of splanchnic mesoderm, collectively called the urorectal septum, proliferat
the caudal region of the embryo to eventually subdivide the cloaca (Figs 4-5, 4—6, 4—7, and 4—8). The superior"
Tourneux fold, is in the angle between the allantois and the primitive hindgut, and it proliferates caudally into 1
cloaca (Fig 4-5). The other 2 mesodermal wedges, called the Rathke folds, proliferate in the right and left wall
adjacent to the cloacal membrane, these laterally placed folds grow toward each other and the Tourneux fold. W
creating a urorectal septum, the once single chamber is subdivided into the primitive urogenital sinus (ventral
canal of the hindgut (dorsally; Figs 4-6, 4—7, and 4—8). The mesonephric ducts and allantois then open into the
primordium of the fused paramesonephric ducts will contact the sinusal wall between the mesonephric ducts ear
development. However, it can be noted that the junctional point of fusion of the cloacal membrane and urorecta
primitive perineum (later differentiation creates the so-called perineal body of tissue) and subdivides the cloac
urogenital membrane (anteriorly) and the anal membrane (posteriorly; Figs 4-5, 4-8, 4-10, and 4—-20).
Figure 4—10.
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Diagrammatic comparison between male and female differentiation of internal genitalia.

THE GENITAL DUCTS
Indifferent (Sexless) Stage

Two pairs of genital ducts are initially present in both sexes: (1) the mesonephric (wolffian) ducts, which giv
and a derivative, the seminal vesicles; and (2) the paramesonephric (mllerian) ducts, which form the ovidu¢
vagina. When the adult structures are described as derivatives of embryonic ducts, this refers to the epithelial lir
Muscle and connective tissues of the differentiating structures originate from splanchnic mesoderm and mesencl
Mesonephric ducts are originally the excretory ducts of the mesonephric "kidneys" (see previous text), and they
embryonic period, about 2 weeks before development of paramesonephric ducts (weeks 6—10). The 2 pairs of g
anatomic relationship in their bilateral course through the urogenital ridge. At their caudal limit, both sets contac
that is later separated as the urogenital sinus (Figs 4-5, 4—6, and 4—10). Determination of the ductal sex of the
ducts will continue differentiation rather than undergo regression) is established initially by the gonadal sex and
influence of hormones.

Formation of each paramesonephric duct begins early in the sixth week as an invagination of coelomic epitheliur
cranial end of the urogenital ridge and adjacent to each mesonephric duct. The free edges of the invaginated ep



duct except at the site of origin, which persists as a funnel-shaped opening, the future ostium of the oviduct.
paramesonephric duct grows caudally through the mesenchyme of the urogenital ridge and laterally parallel to a
inferiorly, the paramesonephric duct has a caudomedial course, passing ventral to the mesonephric duct. As it fc
bend of the caudal portion of the urogenital ridge, the paramesonephric duct then lies medial to the mesonephri
lies in close apposition to its counterpart from the opposite side (Fig 4—10). At approximately the eighth week, tl
right and left ducts fuse medially and their lumens coalesce to form a single cavity. This conjoined portion of the
paramesonephric ducts becomes the uterovaginal primordium, or canal.

Male: Genital Ducts

MESONEPHRIC DUCTS

The mesonephric ducts persist in the male and, under the stimulatory influence of testosterone, differentiate int
(epididymis, ductus deferens, and ejaculatory ducts). Near the cranial end of the duct, some of the mesonephric
mesonephric tubules) of the mesonephric kidney persist lateral to the developing testis. These tubules form a cc
efferentes, between the duct and the rete testis (Fig 4—10). The cranial portion of each duct becomes the conv
epididymis. The ductus deferens forms when smooth muscle from adjacent splanchnic mesoderm is added tc
the mesonephric duct. The seminal vesicle develops as a lateral bud from each mesonephric duct just distal to ti
the urogenital sinus (Fig 4—7). The terminal segment of the duct between the sinus and seminal vesicle forms tt
becomes encased by the developing prostate gland early in the 12th week (see Differentiation of the Urogenital
of the duct may persist cranially near the head of the epididymis as the appendix epididymis, whereas remna
near the inferior pole of the testis and tail of the epididymis may persist as the paradidymis (Fig 4—10).

PARAMESONEPHRIC DUCTS

The paramesonephric ducts begin to undergo morphologic regression centrally (and progress cranially and caudz
meet the urogenital sinus caudally (approximately the start of the ninth week). Regression is effected by nonste
produced by the differentiating Sertoli cells slightly before androgen is produced by the Leydig cells (see Testis).
produced from the time of early testicular differentiation until birth (ie, not only during the period of regression «
duct). However, ductal sensitivity to antimllerian hormone in the male seems to exist for only a short "critical” ti
signs of ductal regression. Vestigial remnants of the cranial end of the ducts may persist as the appendix testi:
the testis (Fig 4—10). Caudally, a ductal remnant is considered to be part of the prostatic utricle of the seminal c
urethra.

RELOCATION OF THE TESTES AND DUCTS

Around weeks 5—-6, a bandlike condensation of mesenchymal tissue in the urogenital ridge forms near the caude
Distally, this gubernacular precursor tissue grows into the area of the undifferentiated tissue of the anterior abdi
genital swellings. Proximally, the gubernaculum contacts the mesonephric duct when the mesonephros regress
to form. By the start of the fetal period, the mesonephric duct begins differentiation and the gubernaculum adhe
via the duct, which lies in the mesorchium of the testis. The external genitalia differentiate over the seventh to ¢
the 12th week, the testis is near the deep inguinal ring, and the gubernaculum is virtually at the inferior pole of
in the mesenchyme of the scrotal swellings, distally.

Although the testis in early development is near the last thoracic segment, it is still close to the area of the deve
With rapid growth of the lumbar region and "ascent" of the metanephric kidney, the testis remains relatively imr
gubernaculum, although there is the appearance of a lengthy transabdominal "descent" from an upper abdomin:
descends through the inguinal canal around the 28th week and into the scrotum about the 32nd week. Testicula
the testis is located on the dorsal body wall and retain their origin during the transabdominal and pelvic descent
mesonephric duct follows the descent of the testis and hence passes anterior to the ureter, which follows the ret
kidney (Fig 4-10).

Female: Uterus and Uterine Tubes
MESONEPHRIC DUCTS



Virtually all portions of these paired ducts degenerate in the female embryo, with the exception of the most caut
ureteric bud and the cloaca, which is later incorporated into the posterior wall of the urogenital sinus (Figs 4-5 a
the urinary bladder. Regression begins just after gonadal sex differentiation and is finished near the onset of 1
or tubular vestiges of mesonephric duct (Fig 4—11) may persist to variable degrees parallel with the vagina and |
Other mesonephric remnants of the duct or tubules may persist in the broad ligament (epoophoron ).

Figure 4—11.
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Female genital tract. Gubernacular derivatives and mesonephric vestiges are shown.

IPARAMESONEPHRIC DUCTS

Differentiation of mllerian ducts in female embryos produces the uterine tubes, uterus, and probably the fibromt
In contrast to the ductal/gonadal relationship in the male, ductal differentiation in the female does not require tt
Formation of the bilateral paramesonephric ducts during the second half of the embryonic period has been descr
(Sexless) Stage]. By the onset of the fetal period, the 2 ducts are joined caudally in the midline, and the fused ¢
shaped ductal structure is the uterovaginal primordium (Fig 4-8). The nonfused cranial part of each parames
the uterine tubes (oviducts), and the distal end of this segment remains open and will form the ostium of the

Early in the ninth week, the uterovaginal primordium contacts medianly the dorsal wall of the urogenital sinus. T
at a median position between the bilateral openings of the mesonephric ducts, which joined the dorsal wall durir
subdivision of the urogenital sinus from the cloaca occurred (Figs 4—8 and 4-9). A ventral protrusion of the dors
sinus forms at the area of contact of the uterovaginal primordium with the wall and between the openings of the
reference to its location, this protrusion is called the sinusal tubercle (sinus tubercle, paramesonephric tut
). This tubercle may consist of several types of epithelia derived from the different ducts as well as from the wal

Shortly after the sinusal tubercle forms, midline fusion of the middle and caudal portions of the paramesonephri
the vertical septum (apposed walls of the fused ducts) within the newly established uterovaginal primordium de¢
cavity or canal (Fig 4—12). The solid tip of this primordium continues to grow caudally, while a mesenchymal thit
surrounds the cervical region of the uterovaginal primordium. The primordium gives rise to the fundus, body, an
specifically the endometrial epithelium and glands of the uterus. The endometrial stroma and smooth muscle of
derived from adjacent splanchnic mesenchyme. The epithelium of the cervix forms from the lower aspect of the
of the various components of the uterus covers the 3 trimesters of gestation. The basic structure is generated di
first trimester. The initial formation of glands and muscular layer occurs near midgestation, whereas mucinous ¢
during the third trimester.

Figure 4—12.
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Sagittal cutaway view of female urogenital sinus and uterovaginal primordium (fused paramesonephric ducts). S
the tenth week.

The formation of the vagina is discussed in Differentiation of the Urogenital Sinus, even though the question of v
epithelium is a sinusal or paramesonephric derivative (or both) has not been resolved. The fibromuscular wall of
considered to be derived from the uterovaginal primordium (Fig 4-13).

Figure 4—13.
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Schematic drawing of differentiation of urogenital sinus and paramesonephric ducts in the female; formation of t
uterine tubes, uterus, and vagina. (Explanatory symbols are given in Fig 4—1.)

IRELOCATION OF THE OVARIES AND FORMATION OF LIGAMENTS

Transabdominal "descent" of the ovary, unlike that of the testis, is restricted to a relatively short distance, prest
because of attachment of the gubernaculum to the paramesonephric duct. Hence, relocation of the ovary appeal
passive rotatory movement of the ovary as its mesentery is drawn by the twist of the developing ductal mesentz
growth of the lumbosacral region of the fetus. The ovarian vessels (like the testicular vessels) originate or drain
development of the gonad, the arteries from the aorta just inferior to the renal arteries and the veins to the left
cava from the right gonad.

Initial positioning of the ovary on the anteromedial aspect of the urogenital ridge is depicted in Fig 4-10, as is tf
paramesonephric duct lateral to the degenerating mesonephros, the ovary, and the urogenital mesentery. The u
between the ridge and the dorsal body wall represents the first mesenteric support for structures developing in 1

Alterations within the urogenital ridge eventually result in formation of contiguous double-layered mesenteries si
segments of the paramesonephric ducts. Enlargement of the ovary and degeneration of the adjacent mesonephi
separated layers of coelomic mesothelium into near apposition, establishing the mesentery of the ovary, the me
mesonephric degeneration along the region of differentiation of the unfused cranial segment of the paramesone|



mesosalpinx. Caudally, growth and fusion ventromedially of these bilateral ducts "sweep" the once medially at
ducts toward the midline. These bilateral mesenteries merge over the fused uterovaginal primordium and extenc
to form a continuous double-layered "drape," the mesometrium of the broad ligament, between the upper p
and the posterolateral body wall. This central expanse of mesentery creates the rectouterine and vesicouterine |
fusion of the ducts also alters the previous longitudinal orientation of the upper free segments of the ducts (the
transverse orientation. During this alteration, the attached mesovarium is drawn from a medial relationship into
with the paramesonephric mesentery of the mesosalpinx and the mesometrium.

The suspensory ligament of the ovary, through which the ovarian vessels, nerves, and lymphatics traverse, -
degeneration of the mesonephric tissue and regression of the urogenital ridge adjacent to the ovary reduce thes
fold.

The round ligament of the uterus and the proper ovarian ligament are both derivatives of the gubernacu
mesenchymal condensation at the caudal end of the mesonephros and extends over the initially short distance t
wall (see Relocation of the Testes and Ducts). As the gonad enlarges and the mesonephric tissue degenerates, t
the gubernaculum appears to "shift" to the inferior aspect of the ovary. Distally, growth of the fibrous gubernact
inguinal region. However, the midportion of the gubernaculum becomes attached, inexplicably, to the parameso
uterotubal junction. Formation of the uterovaginal primordium by caudal fusion of the paramesonephric ducts af
attached gubernaculum medially within the cover of the encompassing mesentery of the structures (ie, the part:
ligament). This fibrous band of connective tissue eventually becomes 2 ligaments.

Cranially, the band is the proper ligament of the ovary, extending between the inferior pole of the ovary and the
just inferior to the oviduct. Caudally, it continues as the uterine round ligament from a point just inferior to the |
and extending through the inguinal canal to the labium majus.

ANOMALIES OF THE UTERINE TUBES (OVIDUCTS, FALLOPIAN TUBES)

The uterine tubes are derivatives of the cranial segments of the paramesonephric (mllerian) ducts, which differe
ridge between the sixth and ninth weeks (Fig 4-10). Ductal formation begins with invagination of the coelomic e
coelomic bay. The initial depression remains open to proliferate and differentiate into the ostium (Fig 4—10). Var
duplication of the ostium sometimes occur; in such cases, the leading edges of the initial ductal groove presu
completely or anomalous proliferation of epithelium around the opening occurred.

Absence of a uterine tube is very rare when otherwise normal ductal and genital derivatives are present. This
associated with (1) ipsilateral absence of an ovary and (2) ipsilateral unicornuate uterus (and probable anomaloi
Bilateral absence of the uterine tubes is most frequently associated with lack of formation of the uterus and ano
genitalia. Interestingly, absence of the derivatives of the lower part of the mllerian ducts with persistence of the
frequently than the reverse condition. This might be expected, as the mllerian ducts form in a craniocaudal direc

Partial absence of a uterine tube (middle or caudal segment) also has been reported. The cause of partial abse
several theories have been advanced. One theory holds that when the unilateral anomaly coincides with ipsilatel
"vascular accident” might occur following differentiation of the ducts and ovaries. Obviously, various factors rest
atresia could be proposed. From a different perspective, bilateral absence of the uterine tubes as an associated
external phenotype is characteristic of testicular feminization syndrome (nonpersistence of the rest of the pe
anomalous external genitalia, hypoplastic male genital ducts, and testicular differentiation with usual ectopic loci

ANOMALIES OF THE UTERUS

The epithelium of the uterus and cervix and the fibromuscular wall of the vagina are derived from the parameso
the caudal ends of which fuse medially to form the uterovaginal primordium. Most of the primordium gives rise t
Subsequently, the caudal tip of the primordium contacts the pelvic part of the urogenital sinus, and the interacti
bulbs) and primordium leads to differentiation of the vagina. Various steps in this sequential process can go awr
partial failure of one or both ducts to form (agenesis), (2) lack of or incomplete fusion of the caudal segments o



(abnormal uterovaginal primordium), or (3) failure of development after successful formation (aplasia or hypopl:
anomalies may occur because of the number of sites for potential error, the complex interactions necessary for -
mllerian derivatives, and the duration of the complete process.

Complete agenesis of the uterus is very rare, and associated vaginal anomalies are usually expected. Also, a
associated structural or positional abnormalities of the kidney has been reported; there has been speculation the
cases may be in the development of the urinary system and then in the formation of the paramesonephric ducts

Aplasia of the paramesonephric ducts (mllerian aplasia ) is more common than agenesis and could occur after
of the primordium with the urogenital sinus. A rudimentary uterus or a vestigial uterus (ie, varying degrees of fil
present) is most frequently accompanied by partial or complete absence of the vagina. As in uterine agenesis, e
a kidney is frequently associated with uterine aplasia (in about 40% of cases). Uterine hypoplasia variably yie
infantile uterus and is associated with normal or abnormal uterine tubes and ovaries. Unilateral agenesis or apla
to uterus unicornis, whereas unilateral hypoplasia may result in a rudimentary horn that may or may not be ct
the "normal” horn (uterus bicornis unicollis with one unconnected rudimentary horn; Fig 4—14 ). The status o
must be considered for potential hematometra, or blood in the uterus that cannot exit, at puberty.

Figure 4—14.
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Uterine anomalies.

(*Redrawn and reproduced, with permission, from Toaff R: A major genital malformation: Communicating uteri.
1974;43:221.)

IAnomanus unification caudally of the paramesonephric ducts results in many uterine malformations (Fig 4—14
defective fusion is estimated to be 0.1-3% of females. Furthermore, faulty unification of the ducts has been cite
responsible for most anomalies of the female genital tract. Partial or complete retention of the apposed walls of
produce slight (uterus subseptus unicollis ) to complete (uterus bicornis septus ) septal defects in the uter
unification of the paramesonephric ducts can result in a double uterus (uterus didelphys ) with either a single

ANOMALIES OF THE CERVIX

Because the cervix forms as an integral part of the uterus, cervical anomalies are often the same as uterine ano
hypoplasia of the cervix is rarely found with a normal uterovaginal tract. The cervix appears as a fibrous junctur
corpus and the vagina.

DIFFERENTIATION OF THE UROGENITAL SINUS

Until differentiation of the genital ducts begins, the urogenital sinus appears similar in both sexes during the mic
period. For purposes of describing the origin of sinusal derivatives, the sinus can be divided into 3 parts: (1) the
dilated segment superior to the entrance of the mesonephric ducts; (2) the pelvic part, or the narrowed tubula
level of the mesonephric ducts and the inferior segment; and (3) the phallic part, often referred to as the defir
anteroposteriorly elongated, transversely flattened inferiormost segment) (Fig 4—8). The urogenital membran
inferior limit of the phallic part. The superior limit of the vesical part becomes delimited by conversion of the onc
thick fibrous cord, the urachus, by about 12 weeks. After differentiation of the vesical part of the sinus to form
urinary bladder, the urachus maintains its continuity between the apex of the bladder and the umbilical cord a
as the median umbilical ligament. Various anomalies of urachal formation can present as urachal fistula, cy



the degree of patency that persists during obliteration of the allantois.

In both sexes, the caudal segments of each mesonephric duct between the urogenital sinus and the level of the
metanephric diverticulum (or ureteric bud) become incorporated into the posterocaudal wall of the vesical part (
sinus (Figs 4-5 and 4—6). As the dorsal wall of the bladder grows and "absorbs" these caudal segments, the ure
closer to the bladder and eventually open directly and separately into it, dorsolateral to the mesonephric ducts (
mesodermal segment of mesonephric duct incorporated into the bladder defines the epithelium of the trigone c
this mesodermal epithelium is secondarily replaced by the endodermal epithelium of the sinusal bladder. After fc
remainder of each mesonephric duct (ie, the portion that was cranial to the metanephric diverticulum) is joined
pelvic part of the urogenital sinus. Thereafter, the ducts either degenerate (in females) or undergo differentiatio

Male: Urinary Bladder and Urethra

(Fig 4—15) The urogenital sinus gives rise to the endodermal epithelium of the urinary bladder, the prostatic a
and most of the spongy (penile) urethra (except the glandular urethra). Outgrowths from its derivatives produce
prostate and bulbourethral glands (Fig 4—15). The prostatic urethra receives the ejaculatory ducts (derived frc
and arises from 2 parts of the urogenital sinus. The portion of this urethral segment superior to the ejaculatory ¢
inferiormost area of the vesical part of the sinus. The lower portion of the prostatic urethra is derived from the ¢
the entrance of the ducts and including the region of the sinusal tubercle—the latter apparently forming the sem
12th week, endodermal outgrowths of the prostatic urethra form the prostatic anlage, the prostatic buds, fron
epithelium of the prostate will arise. Differentiation of splanchnic mesoderm contributes other components to ti
and connective tissue), as is the case for mesodermal parts of the urinary bladder. The pelvic part of the sinus a
epithelium of the membranous urethra, which later yields endodermal buds for the bulbourethral glands. TI
of the urogenital sinus proliferates anteriorly as the external genitalia form (during weeks 9—12) and results in ir
part as the endodermal epithelium of the spongy (penile) urethra (the distal glandular urethra is derived fron
Figure 4—15.
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Schematic drawing of male differentiation of the urogenital sinus; formation of urinary bladder and urethra. (EXf
in Fig 4-1.)

Female: Urinary Bladder, Urethra, and Vagina

DEVELOPMENT

Differentiation of the female sinus is schematically presented in Fig 4—13 and illustrated in Figs 4-8, 4-12, 4-16
sinusal differentiation in the male, the vesical part of the female urogenital sinus forms the epithelium of the uri
urethra. Derivatives of the pelvic part of the sinus include the epithelium of the vagina, the greater vestibule
Controversy exists about how the vagina is formed, mainly because of a lack of consensus about the origin and

precursory tissues (mesodermal paramesonephric duct, endodermal urogenital sinus, or even mesonephric duct
theory is that 2 endodermal outgrowths, the sinovaginal bulbs, of the dorsal wall of the pelvic part of the urog
to and join with the caudal tip of the uterovaginal primordium (fused paramesonephric ducts) in the area of the

This cellular mass at the end of the primordium occludes the inferior aspect of the canal, creating an endoderma
mesodermal wall of the uterovaginal primordium. Eventually, the vaginal segment grows, approaching the vestit
process of growth has been described either as "downgrowth" of the vaginal segment away from the uterine car



sinus or, more commonly, as "upgrowth" of the segment away from the sinus and toward the uterovaginal cana
vaginal segment is extended between the paramesonephric-derived cervix and the sinus-derived vestibule (Figs
Near the fifth month, the breakdown of cells centrally in the vaginal plate creates the vaginal lumen, which is de
remaining cells of the plate as the epithelial lining of the vagina. The solid vaginal fornices become hollow soon ¢
vaginal lumen is complete. The upper one-third to four-fifths of the vaginal epithelium has been proposed to aris
primordium, whereas the lower two-thirds to one-fifth has been proposed as a contribution from the sinovaginal

Figure 4—16.
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Sagittal cutaway view of developing vagina and urethra.

Figure 4—17.
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Sagittal cutaway view of differentiated urogenital sinus and precanalization stage of vaginal development. The di
several theories about the relative contributions of paramesonephric ducts and sinovaginal bulbs to the vagina.

IThe fibromuscular wall of the vagina is derived from the uterovaginal primordium. The cavities of the vagina anc
temporarily separated by the thin hymen, which probably is a mixture of tissue derived from the vaginal plate &
sinusal tubercle. With concurrent differentiation of female external genitalia, inferior closure of the sinus does nc
week of development, as it does in the male. Instead, the remainder of the pelvic part and all of the inferior phe
sinus expand to form the vestibule of the vagina. Presumably, the junctional zone of pigmentation on the labi
distinction between endodermal derivation from the urogenital sinus (medially) and ectodermal skin (laterally).

ANOMALIES OF THE VAGINA

The vagina is derived from interaction between the uterovaginal primordium and the pelvic part of the urogenita
Development). The causes of vaginal anomalies are difficult to assess because integration of the uterovaginal pr
urogenital sinus in the normal differentiation of the vagina remains a controversial subject. Furthermore, an acci
of certain anomalous vaginal presentations, as with many anomalies of the external genitalia, would have to incl
factors of endocrine and genetic origin as well.

The incidence of absence of the vagina due to suspected vaginal agenesis is about 0.025%. Agenesis may be |
uterovaginal primordium to contact the urogenital sinus. The uterus is usually absent (Fig 4-18). Ovarian agene
with vaginal agenesis. The presence of greater vestibular glands has been reported with presumed vaginal agen
emphasizes the complexity of differentiation of the urogenital sinus.

Figure 4—18.
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Midsagittal view of vaginal agenesis and uterine agenesis with normal ovaries and oviducts.

(Reproduced, with permission, from Ingram JM: The Ingram technique for the management of vaginal agenesis
Surgeon 1981;2:1.)

Vaginal atresia, on the other hand, is considered when the lower portion of the vagina consists merely of fibro
contiguous superior structures (the uterus, in particular) are well differentiated (perhaps because the primary d¢
contribution to the vagina). In mllerian aplasia almost all of the vagina and most of the uterus are absent (Rol
syndrome, with a rudimentary uterus of bilateral, solid muscular tissue, was considered virtually the same as thi
with absence of the vagina (and normal external genitalia) are considered to have mllerian aplasia rather than v

Other somatic anomalies are sometimes associated with mllerian aplasia, suggesting multiple malformation sync
anomalies are much more prevalent than middle ear anomalies, eg, mllerian aplasia associated with Klippel-Fe
cervical vertebrae) is more common than mllerian aplasia associated with Klippel-Feil syndrome plus middle ear
deafness"). Winter's syndrome, which is thought to be autosomal recessive, is evidenced by middle ear anom:
those in the triad above), renal agenesis or hypoplasia, and vaginal atresia (rather than aplasia of the parameso
Dysgenesis (partial absence) of the vagina and hypoplasia (reduced caliber of the lumen) have also been des:

Transverse vaginal septa (Fig 4-19) are probably not the result of vaginal atresia but rather of incomplete ca
plate or discrete fusion of sinusal and primordial (ductal) derivatives. Alternative explanations are likely because
of septa is not consistent. A rare genetic linkage has been demonstrated. A single septum or multiple septa can
location may vary in upper or lower segments of the lumen. Longitudinal vaginal septa can also occur. A vari
been advanced, including true duplication of vaginal primordial tissue, anomalous differentiation of the uterovag
variation of the caudal fusion of the mllerian ducts, persistence of vaginal plate epithelium, and anomalous mesc
may be imperforate or perforated. A transverse septum creates the potential for various occlusive manifestation
hematometra, or hematocolpos, depending on the composition and location of the trapped fluid.

Figure 4—19.
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Transverse vaginal septa.

IAbnormaIities of the vagina are often associated with anomalies of the urinary system and the rectum because
urogenital sinus is involved in formation of the bladder and urethra as well as the vagina and vestibule. Furthern
cloaca into the sinus and anorectal canal is faulty, then associated rectal defects can occur. Compound anomalie
tract or rectum. The urethra may open into the vaginal wall; even a single vesicovaginal cavity has been describ
vagina can open into a persistent urogenital sinus, as in certain forms of female pseudohermaphroditism. Associ
include vaginorectal fistula, vulvovaginal anus, rectosigmoidal fistula, and vaginosigmoidal cloaca in the absence
Dysgenesis).

ANOMALIES OF THE HYMEN

The hymen is probably a mixture of tissue derived from remains of the sinusal tubercle and the vaginal plate. Us
or perforate, by puberty, although an imperforate hymen is not rare. The imperforate condition can be the res
lack of central degeneration or the result of inflammatory occlusion after perforation. Obstruction of menstrual fl
first sign (Fig 4-19).

CLOACAL DYSGENESIS (INCLUDING PERSISTENCE OF THE UROGENITAL SINUS)



Anomalous partitioning of the cloaca by abnormal development of the urorectal septum is rare, at least based ol
literature. As anticipated from a developmental standpoint, the incidence of associated genitourinary anomalies |
cloacal or anorectal malformations are summarized in Table 4-3.

Table 4—3. Cloacal Malformations.

Vestibule

Deformed; flanked by labia; clitoris in front, fourchette behind; anterior vestibule short, shallow, and moist; sinc
posterior half of vestibule (common conduit for urine, cervical mucus, and feces).
Bladder/urethra

Anterior; directed cranially and ventrally.

Vagina

Opens into the vault of cloaca.

Anus/rectum

Enters at highest and most posterior point; orifice is in midline and stenotic.
Disposition

Lengths of urethra and vagina are inversely proportionate to length of cloacal canal.
Rectovaginal Fistula

Vestibule

Normal anatomy (2 orifices: urethral & vaginal).

Bladder/urethra

Normal.

Vagina

May be septate or normal.

Anus/rectum

Internal in the midposterior vaginal wall.

Disposition

Anus absent from perineum.

Rectovestibular Fistula

Vestibule

Contains rectum, otherwise normal.

Urethra

Normal.

Vagina

Normal.

Anus/rectum

Small, sited at the fossa navicularis.

Disposition

Rectum is parallel with both vagina and urethra.

Covered Anus

Vestibule

Normal.

Urethra

Normal.

Vagina

(Probably normal.)

Anus

At any point between the normal site and the fourchette; anocutaneous; anovulvar.
Disposition

Genital folds are abnormally fused anterior and posterior to common orifice and give rise to hypertrophied perine
Ectopic Anus

Vestibule

Normal.



Urethra

Normal.

Vagina

Normal.

Anus

Anterior to the normal site; normal function.
Disposition

Fault lies in the development of the perineum.

Rectocloacal Fistula

Modified and reproduced, with permission, from Okonkwo JEN, Crocker KM: Cloacal dysgenesis. Obstet Gynecol

Rectocloacal fistula with a persistent cloaca provides a common canal or outlet for the urinary, genital, anc
distinction between a canal and an outlet is one of depth (deep versus very shallow, respectively) of the persiste
cloaca and, thus, the length of the individual urethral and vaginal canals emptying into the cloaca. The inverse n
(or length) of the cloaca and length of the vaginal and urethral canals is probably a reflection of the time when ¢
urorectal septum occurs. Although the bladder, the vagina, and the rectum can empty into a common cloaca as
unusual variations of persistent cloaca can also occur.

For example, the vagina and rectum develop, but the urinary bladder does not develop as a separate entity fron
vagina and rectum open separately into a "urinary bladder,” which has ureters entering posterolaterally to the vi
the "anatomic trigone" of the bladderlike structure). The external orifice from the base of this cloacal "bladder" i
One explanation for this variant might be that arrest of formation of the urorectal septum occurs much earlier tr
development of distal portions of the 3 tracts (urethra, vagina, and anorectum) to a more advanced (but still inc
urorectal septal formation ceases. The anomaly is probably rare.

With a rectovaginal fistula, the vestibule may appear anatomically normal, but the anus does not appear in th
probably results from anorectal agenesis due to incomplete subdivision of the cloaca (similar agenesis in the ma
rectourethral fistula). The development of the anterior aspect of the vagina completes the separation of the uret
there is not a persistent urogenital sinus. Anorectal agenesis is reputedly the most common type of anorectal
a fistula occurs. Rectovaginal, anovestibular (or rectovestibular; Table 4—-3), and anoperineal fistulas account for
malformations.

In the absence of the anorectal defect (normal anal presentation) but presence of a persistent urogenital sini
orifice, various irregularities of the urethra and genitalia can appear. The relative positions of urethral and vagin.
even change as the child grows. In the discussion of anomalies of the labia majora, there may be persistent uro
pseudohermaphroditism due to congenital adrenal hyperplasia. The vagina opens into the persisting pelvic part «
with the phallic part of the sinus to the external surface at the urogenital opening. The sinus can be deep and ne
approximating the size of a urethra, or it can be relatively shallow.

Urinary tract disorders associated with persistent urogenital sinus include duplication of the ureters, unilateral ur
or atresia, and lack of or abnormal ascent of the kidneys. Variations in the anomalies of derivatives of the uroge
related in part to the time of arrest of normal differentiation and development of the urogenital sinus, as well as
factors associated with abnormal sexual differentiation, such as the variable degrees of response to adrenal and
hyperplasia.

THE EXTERNAL GENITALIA
Undifferentiated Stage

The external genitalia begin to form early in the embryonic period, shortly after development of the cloaca. The



genitalia are common to both sexes, and the early stage of development is virtually the same in females and me
differentiation of the genitalia can begin around the onset of the fetal period if testicular differentiation is initiate
usually not clearly apparent until the 12th week. Formation of external genitalia in the male involves the influent
interaction of subepidermal mesoderm with the inferior parts of the endodermal urogenital sinus. In the female,
is absent.

The external genitalia form within the initially compact area bounded by the umbilical cord (anteriorly), the deve
(laterally), the embryonic tail (posteriorly), and the cloacal membrane (centrally). Two of the primordia for the ¢
bilaterally adjacent to the cloacal membrane (a medial pair of cloacal folds and a lateral pair of genital [labioscrc
cloacal folds are longitudinal proliferations of caudal mesenchyme located between the ectodermal epidermis a
endoderm of the phallic part of the urogenital sinus. Proliferation and bilateral anterior fusion of these folds crea
which protrudes near the anterior edge of the cloacal membrane by the sixth week (Figs 4-20, 4-21, and 4—-22)
forms the phallus, which at this stage is the same size in both sexes.

Figure 4—20.
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Schematic drawing of formation of male external genitalia. (Explanatory symbols are given in Fig 4-1.)

Figure 4—21.
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== Anal orifice

Schematic drawing of formation of female external genitalia. (Explanatory symbols are given in Fig 4-1.)

Figure 4—22.
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Development of external genitalia. A: Before sexual differentiation and just after the urorectal septum divides th
D: Male differentiation at about 10 weeks and near term, respectively. The urogenital folds fuse ventrally over tr
the spongy urethra and close the inferior phallic part of the urogenital sinus. The glandular urethra forms by can
ectoderm from the tip of the glans. C and E: Female differentiation at about 10 weeks and near term, respective
there is little difference in the appearance of female and male external genitalia. The urogenital folds fuse only a
posterior extremes, while the unfused remainder differentiates into the labia minor. (See also Figs 4-20 and 4—Z

By the seventh week, the urorectal septum subdivides the bilayered (ectoderm and endoderm) cloacal membrar
membrane (anteriorly) and the anal membrane (posteriorly). The area of fusion of the urorectal septum and
becomes the primitive perineum, or perineal body. With formation of the perineum, the cloacal folds are div
urogenital folds adjacent to the urogenital membrane and anal folds around the anal membrane. As the mes
folds thickens and elongates between the perineum and the phallus, the urogenital membrane sinks deeper into
folds. Within a week, this membrane ruptures, forming the urogenital orifice and, thus, opening the urogenita
Similar thickening of the anal folds creates a deep anal pit, in which the anal membrane breaks down to establis
anal canal (Figs 4—20 and 4-21).

Subsequent masculinization or feminization of the external genitalia is a consequence of the respective presence



and the androgenic sensitivity or insensitivity of the tissues. The significance of both of these factors (availability
sensitivity of target tissue) is exemplified by the rare condition (about 1 in 50,000 "females™) of testicular fem
are present (usually ectopic) and produce testosterone and antimllerian hormone. The antimllerian hormone sug
uterus and uterine tubes (from the paramesonephric ducts), whereas testosterone supports male differentiation
to form the epididymis and ductus deferens. The anomalous feminization of the external genitalia is considered 1
insensitivity of the precursor tissues consequent to an abnormal androgen receptor or postreceptor mechanism

Male

Early masculinization of the undifferentiated or indifferent genitalia takes place during the first 3 weeks of the fe
and is caused by androgenic stimulation. The phallus and urogenital folds gradually elongate to initiate developn
subjacent endodermal lining of the inferior part (phallic) of the urogenital sinus extends anteriorly along with the
an endodermal plate, the urethral plate. The plate deepens into a groove, the urethral groove, as the uroger
urethral folds ) thicken on each side of the plate. The urethral groove extends into the ventral aspect of the de
bilateral urethral folds slowly fuse in a posterior to anterior direction over the urethral groove to form the sponc
thereby closing the urogenital orifice (Figs 4—15 and 4—20). The line of fusion becomes the penile raphe on the
penis.

As closure of the urethral folds approaches the glans, the external urethral opening on this surface is eliminated
ectodermal glandular plate invaginates the tip of the penis. Canalization of the plate forms the distal end of t
glandular urethra. Thus, the external urethral meatus becomes located at the tip of the glans when closure of
completed (Fig 4—20). The prepuce is formed slightly later by a circular invagination of ectoderm at the tip of tt
cylindric ectodermal plate then cleaves to leave a double-layered fold of skin extending over the glans.

While the cloacal folds and phallic urogenital sinus were differentiating into the penis and the urethra, the genit:
swellings of the undifferentiated stage were enlarging lateral to the cloacal folds. Medial growth and fusion of the
the scrotum and scrotal raphe around the 12th week virtually complete the differentiation of the male externe
4-22).

Female

DEVELOPMENT OF EXTERNAL GENITALIA

Feminization of the external genitalia proceeds in the absence of androgenic stimulation (or nonresponsiveness ¢
primary distinctions in the general process of feminization versus masculinization are (1) the lack of continued g
(2) the near absence of fusion of the urogenital folds and the labioscrotal swellings. Female derivatives of the in
for the external genitalia are virtually homologous counterparts of the male derivatives. Formation of the female
presented in Fig 4-21.

The growth of the phallus slows relative to that of the urogenital folds and labioscrotal swellings and becomes th
anterior extreme of the urogenital folds fuses superior and inferior to the clitoris, forming the prepuce and fren
respectively. The midportions of these folds do not fuse but give rise to the labia minora. Lack of closure of the
orifice patent and results in formation of the vestibule of the vagina from the inferior portion of the pelvic pan
urogenital sinus at about the fifth month (Fig 4—21). Derivatives of the vesical part of the sinus (the urethra) ¢
the pelvic part of the sinus (vagina and greater vestibular glands ) then open separately into the vestibule. 1
minora is formed by fusion of the posterior ends of the urogenital folds. The mesoderm of the labioscrotal swell
the ectoderm and remains virtually unfused to create the labia majora lateral to the labia minora. The swelling
to form the anterior labial commissure and the tissue of the mons pubis, while the swellings posteriorly less
labial commissure. The distal fibers of the round ligament of the uterus project into the tissue of the labia maj

ANOMALIES OF THE LABIA MINORA
In otherwise normal females, 2 somewhat common anomalies occur—Ilabial fusion and labial hypertrophy. True |
developmental defect in the normally unfused midportions of the urogenital folds is purportedly less frequent th:



inflammatory-type reactions. Labial hypertrophy can be unilateral or bilateral and may require surgical correc

ANOMALIES OF THE LABIA MAJORA

The labia majora are derived from the bilateral genital (labioscrotal) swellings, which appear early in the embryc
unfused centrally during subsequent sex differentiation in the fetal period. Anomalous conditions include hypopl
labia as well as different gradations of fusion of the labia majora. Abnormal fusion (masculinization) of labioscrc
females is most commonly associated with ambiguous genitalia of female pseudohermaphroditism consequent tc
hyperplasia (adrenogenital syndrome ). Over 90% of females with congenital adrenal hyperplasia have a st
deficiency (autosomal recessive), resulting in excess adrenal androgen production. This enzyme deficiency has t
most common cause of ambiguous genitalia in genetic females.”" Associated anomalies include clitoral hypertropl
urogenital sinus. Formation of a penile urethra is extremely rare.

ANOMALIES OF THE CLITORIS

Clitoral agenesis is extremely rare and is due to lack of formation of the genital tubercle during the sixth week
could also result from atresia of the genital tubercle. The tubercle forms by fusion of the anterior segments of t
rarely, these anterior segments fail to fuse, and a bifid clitoris forms. This anomaly also occurs when unificatio
the folds is restricted by exstrophy of the cloaca or bladder. Duplication of the genital tubercle with consequent 1
clitoris is equally rare. Clitoral hypertrophy alone is not common but may be associated with various intersex

ANOMALIES OF THE PERINEUM

The primitive perineum originates at the area of contact of the mesodermal urorectal septum and the endoderm
cloacal membrane (at 7 weeks). During normal differentiation of the external genitalia in the fetal period, the pr
the separation of the urogenital folds and ruptured urogenital membrane from the anal folds and ruptured anal r
develops the perineal body. Malformations of the perineum are rare and usually associated with malformations ¢
development consequent to abnormal development of the urorectal septum. Imperforate anus has an incidence
simplest form (rare) is a thin membrane over the anal canal (the anal membrane failed to rupture at the end of
Anal stenosis can arise by posterior deviation of the urorectal septum as the septum approaches the cloacal mer
membrane to be smaller (with a relatively increased anogenital distance through the perineum). Anal agenesis v
ectopic anus is considered to be a urorectal septal defect. The incidence of agenesis with a fistula is only slightly
fistula. In females, the fistula commonly may be located in the perineum (perineal fistula) or may open into the
vestibule of the vagina (anovestibular fistula; see Cloacal Dysgenesis).
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MENDELIAN LAWS OF INHERITANCE
Types of Inheritance

Autosomal Dominant

In autosomal dominant inheritance, it is assumed that a mutation has occurred in 1 gene of an allelic pair and tf
the presence of this new gene produces enough of the changed protein to give a different phenotypic effect.
Environment must also be considered because the effect may vary under different environmental conditions. The
following are characteristic of autosomal dominant inheritance:

1. The trait appears with equal frequency in both sexes.
2. For inheritance to take place, at least 1 parent must have the trait unless a new mutation has just occurred.

3. When a homozygous individual is mated to a normal individual, all offspring will carry the trait. When a
heterozygous individual is mated to a normal individual, 50% of the offspring will show the trait.

4. If the trait is rare, most persons demonstrating it will be heterozygous (Table 5-1).

Table 5—1. Examples of Autosomal Dominant Conditions and Traits.

Achondroplasia

Acoustic neuroma

Aniridia

Cataracts, cortical and nuclear
Chin fissure

Color blindness, yellow-blue
Craniofacial dysostosis
Deafness (several forms)

Dupuytren's contracture



Ehlers-Danlos syndrome

Facial palsy, congenital

Huntington's chorea

Hyperchondroplasia

Intestinal polyposis

Keloid formation

Lipomas, familial

Marfan's syndrome

Mitral valve prolapse

Muscular dystrophy

Neurofibromatosis (Recklinghausen's disease)

Night blindness

Pectus excavatum

Adult polycystic renal disease

Tuberous sclerosis

Von Willebrand's disease

Wolff-Parkinson-White syndrome (some cases)

Autosomal Recessive

The mutant gene will not be capable of producing a new characteristic in the heterozygous state in this
circumstance under customary environmental conditions—ie, with 50% of the genetic material producing the ne'
protein, the phenotypic effect will not be different from that of the normal trait. When the environment is
manipulated, the recessive trait occasionally becomes dominant. The characteristics of this form of inheritance a



as follows:
. The characteristic will occur with equal frequency in both sexes.

. For the characteristic to be present, both parents must be carriers of the recessive trait.

1

2

3. If both parents are homozygous for the recessive trait, all offspring will have it.

4. If both parents are heterozygous for the recessive trait, 25% of the offspring will have it.
5

. In pedigrees showing frequent occurrence of individuals with rare recessive characteristics, consanguinity is
often present (Table 5-2).

Table 5—2. Examples of Autosomal Recessive Conditions and Traits.

Acid maltase deficiency
Albinism

Alkaptonuria

Argininemia
Ataxia-telangiectasia
Bloom's syndrome
Cerebrohepatorenal syndrome
Chloride diarrhea, congenital
Chondrodystrophia myotonia
Color blindness, total
Coronary artery calcinosis
Cystic fibrosis

Cystinosis

Cystinuria

Deafness (several types)

Dubowitz's syndrome



Dysautonomia

Fructose-1,6-diphosphatase deficiency

Galactosemia

Gaucher's disease

Glaucoma, congenital

Histidinemia

Homocystinuria

Laron's dwarfism

Maple syrup urine disease

Mucolipidosis I, 11, 111

Mucopolysaccharidosis 1-H, I-S, 111, IV, VI, VII

Muscular dystrophy, autosomal recessive type

Niemann-Pick disease

Phenylketonuria

Sickle cell anemia

17z-Hydroxylase deficiency

18-Hydroxylase deficiency

21-Hydroxylase deficiency

Tay-Sachs disease

Wilson's disease



Xeroderma pigmentosum

X-Linked Recessive

This condition occurs when a gene on the X chromosome undergoes mutation and the new protein formed as a

result of this mutation is incapable of producing a change in phenotype characteristic in the heterozygous state.
Because the male has only 1 X chromosome, the presence of this mutant will allow for expression should it occu
in the male. The following are characteristic of this form of inheritance:

1. The condition occurs more commonly in males than in females.

2. If both parents are normal and an affected male is produced, it must be assumed that the mother is a carrier
the trait.

3. If the father is affected and an affected male is produced, the mother must be at least heterozygous for the
trait.

4. A female with the trait may be produced in 1 of 2 ways. (A) She may inherit a recessive gene from both her
mother and her father; this suggests that the father is affected and the mother is heterozygous. (B) She may
inherit a recessive gene from 1 of her parents and may express the recessive characteristic as a function of the
Lyon hypothesis; this assumes that all females are mosaics for their functioning X chromosome. It is theorized tl
this occurs because at about the time of implantation, each cell in the developing female embryo selects 1 X
chromosome as its functioning X and that all progeny cells thereafter use this X chromosome as their functioning
chromosome. The other X chromosome becomes inactive. Because this selection is done on a random basis, it is
conceivable that some females will be produced who will be using primarily the X chromosome bearing the
recessive gene. Thus, a genotypically heterozygous individual may demonstrate a recessive characteristic
phenotypically on this basis (Table 5-3).

Table 5—3. Examples of X-Linked Recessive Conditions and Traits.

Androgen insensitivity syndrome (complete and incomplete)

Color blindness, red-green

Diabetes insipidus (most cases)

Fabry's disease

Glucose-6-phosphate dehydrogenase deficiency

Gonadal dysgenesis (XY type)

Gout (certain types)

Hemophilia A (factor VIII deficiency)

Hemophilia B (factor IX deficiency)



Hypothyroidism, X-linked infantile

Hypophosphatemia

Immunodeficiency, X-linked

Lesch-Nyhan syndrome

Mucopolysaccharidosis 11

Muscular dystrophy, adult and childhood types

Otopalatodigital syndrome

Reifenstein's syndrome

X-Linked Dominant

In this situation, the mutation will produce a protein that, when present in the heterozygous state, is sufficient t
cause a change in characteristic. The following are characteristic of this type of inheritance:

1. The characteristic occurs with the same frequency in males and females.

2. An affected male mated to a normal female will produce the characteristic in 50% of the offspring.

3. An affected homozygous female mated to a normal male will produce the affected characteristic in all offsprin
4. A heterozygous female mated to a normal male will produce the characteristic in 50% of the offspring.

5. Occasional heterozygous females may not show the dominant trait on the basis of the Lyon hypothesis (Table
5-4).

Table 5—4. Examples of X-Linked Dominant Conditions and Traits.

Acro-osteolysis, dominant type

Cervico-oculo-acoustic syndrome

Hyperammonemia

Orofaciodigital syndrome |

Applications of Mendelian Laws

Identification of Carriers



When a recessive characteristic is present in a population, carriers may be identified in a variety of ways. If the
gene is responsible for the production of a protein (eg, an enzyme), the carrier often possesses 50% of the
amount of the substance present in homozygous normal persons. Such a circumstance is found in galactosemia,
where the carriers will have approximately half as much galactose-1-phosphate uridyltransferase activity in red
cells as do noncarrier normal individuals.

At times, the level of the affected enzyme may be only slightly below normal, and a challenge with the substanc
to be acted upon may be required before the carrier can be identified. An example is seen in carriers of
phenylketonuria, in whom the deficiency in phenylalanine hydroxylase is in the liver cells, and serum levels may
not be much lower than normal. Nonetheless, when the individual is given an oral loading dose of phenylalanine
plasma phenylalanine levels may remain high because the enzyme is not present in sufficient quantities to act
upon this substance properly.

In still other situations where the 2 alleles produce different proteins that can be measured, a carrier state will
have 50% of the normal protein and 50% of the other protein. Such a situation is seen in sickle cell trait, where
gene is producing hemoglobin A and the other hemoglobin S. Thus, the individual has half the amount of
hemoglobin A as a normal person and half the hemoglobin S of a person with sickle cell anemia. An interesting
important problem involves the detection of carriers of cystic fibrosis. This is the most common autosomal
recessive disease in Caucasian populations of European background, occurring in 1 in 2500 births in such
populations but found in the carrier state in 1 in 25 Americans. By 1990, over 230 alleles of the single gene
responsible have been discovered. The gene is known as the cystic fibrosis transmembrane conductance regulat
(CFTR), and the most common mutation, delta F508, accounts for about 70% of all mutations, with 5 specific pc
mutations accounting for over 85% of cases. Because so many alleles are present, population screening poses
logistical problems that have yet to be worked out. Most programs screen for the most common mutations using
DNA replication and amplification studies.

Polygenic Inheritance

Polygenic inheritance is defined as the inheritance of a single phenotypic feature as a result of the effects of mar
genes. Most physical features in humans are determined by polygenic inheritance. Many common malformations
are determined in this way also. For example, cleft palate with or without cleft lip, clubfoot, anencephaly,
meningomyelocele, dislocation of the hip, and pyloric stenosis each occur with a frequency of 0.5—2 per 1000 in
white populations. Altogether, these anomalies account for slightly less than half of single primary defects noted
early infancy. They are present in siblings of affected infants—when both parents are normal—at a rate of 2-59%
They are also found more commonly among relatives than in the general population. The increase in incidence it
not environmentally induced because the frequency of such abnormalities in monozygotic twins is 4—8 times tha
of dizygotic twins and other siblings. The higher incidence in monozygotic twins is called concordance.

Sex also plays a role. Certain conditions appear to be transmitted by polygenic inheritance and are passed on m
frequently by the mother who is affected than by the father who is affected. Cleft lip occurs in 6% of the offsprir
of women with cleft lip, as opposed to 2.8% of offspring of men with cleft lip.

Many racial variations in diseases are believed to be transmitted by polygenic inheritance, making racial
background a determinant of how prone an individual will be to a particular defect. In addition, as a general rule
the more severe a defect, the more likely it is to occur in subsequent siblings. Thus, siblings of children with
bilateral cleft lip are more likely to have the defect than are those of children with unilateral cleft lip.

Environment undoubtedly plays a role in polygenic inheritance, because seasonal variations alter some defects ¢
their occurrence rate from country to country in similar populations.

EPIGENETIC



Epigenetic is the regulation of gene expression not encoded in the nucleotide sequence of the gene. Gene
expression can either be turned on or off by DNA methylation or histone modification (methylation, acetylation,
phosphorylation, ubiquitination, or ADP-ribosylation). Epigenetic can subsequently be inherited by its descendan

Genomic Imprinting

Genomic imprinting is an epigenetic process by which the male and female genomes are differently expressed. 1
imprinting mark on genes is either by DNA methylation or histone modification. The imprinting patterns are
different according to the parental origin of the genes. Genomic imprints are erased in primordial germ cells and
re-established again during gametogenesis. The imprinting process is completed by the time of round spermatid
formation in males and at ovulation of metaphase-I1 oocytes in females. The imprinted genes survive the global
waves of DNA demethylation and remethylation during early embryonic development. In normal children, 1 set
chromosomes is derived from the father and the other from the mother. If both sets of chromosomes are from
only 1 parent, the imprinted gene expression will be unbalanced. Prader-Willi syndrome and Angelman syndrom:
are examples of imprinting disorders. In Prader-Willi syndrome, both 15q13 regions are from the father, wherea
in Angelman syndrome both 15q13 regions are from the mother.

CYTOGENETICS
Identification of Chromosomes

In 1960, 1963, 1965, and 1971, international meetings were held in Denver, London, Chicago, and Paris,
respectively, for the purpose of standardizing the nomenclature of human chromosomes. These meetings resulte
in a decision that all autosomal pairs should be numbered in order of decreasing size from 1 to 22. Autosomes a
divided into groups based on their morphology, and these groups are labeled by the letters A—G. Thus, the A grc
is comprised of pairs 1-3; the B group, pairs 4 and 5; the C group, pairs 6—12; the D group, pairs 13—-15; the E
group, pairs 16—18; the F group, pairs 19 and 20; and the G group, pairs 21 and 22. The sex chromosomes are
labeled X and Y, the X chromosome being similar in size and morphology to the number 7 pair and thus frequen
included in the C group (C-X) and the Y chromosome being similar in morphology and size to the G group (G-Y)
(Fig 5-1).

Figure 5—1.
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Karyotype of a normal male demonstrating R banding.

The short arm of a chromosome is labeled p and the long arm q. If a translocation occurs in which the short arn
a chromosome is added to another chromosome, it is written p+. If the short arm is lost, it is p—. The same can
said for the long arm (g+ and g-).

It has been impossible to separate several chromosome pairs from one another on a strictly morphologic basis
because the morphologic variations have been too slight. However, there are other means of identifying each
chromosome pair in the karyotype. The first of these is the incorporation of 2 H-thymidine, known as the
autoradiographic technique. This procedure involves the incorporation of radioactive thymidine into growing cells
tissue culture just before they are harvested. Cells that are actively undergoing DNA replication will pick up the
radioactive thymidine, and the chromosomes will demonstrate areas of activity. Each chromosome will incorpore
thymidine in a different pattern, and several chromosomes can therefore be identified by their labeling pattern.
Nonetheless, with this method it is not possible to identify each chromosome, although it is possible to identify
chromosomes involved in pathologic conditions, eg, D; trisomy and Down syndrome.

Innovative staining techniques have made it possible to identify individual chromosomes in the karyotype and tc
identify small anomalies that might have evaded the observer using older methods. These involve identification
chromosome banding by a variety of staining techniques, at times with predigestion with proteolytic agents. Sor
of the more commonly used techniques are the following:



Q banding: Fixed chromosome spreads are stained without any pretreatment using quinacrine mustard,
quinacrine, or other fluorescent dyes and observed with a fluorescence microscope.

G banding: Preparations are incubated in a variety of saline solutions using any 1 of several pretreatments and
stained with Giemsa's stain.

R banding: Preparations are incubated in buffer solutions at high temperatures or at special pH and stained wit
Giemsa's stain. This process yields the reverse bands of G banding (Fig 5-1).

C banding: Preparations are either heated in saline to temperatures just below boiling or treated with certain
alkali solutions and then stained with Giemsa's stain. This process causes prominent bands to develop in the reg
of the centromeres.

Cell Division

Each body cell goes through successive stages in its life cycle. As a landmark, cell division can be considered as
the beginning of a cycle. Following this, the first phase, which is quite long but depends on how rapidly the
particular cell is multiplying, is called the G; stage. During this stage, the cell is primarily concerned with carryin
out its function. Following this, the S stage, or period of DNA synthesis, takes place. Next there is a somewhat
shorter stage, the G, stage, during which time DNA synthesis is completed and chromosome replication begins.
Following this comes the M stage, when cell division occurs.

Somatic cells undergo division by a process known as mitosis (Fig 5-2). This is divided into 4 periods. The first
prophase, during which the chromosome filaments shorten, thicken, and become visible. At this time they can
seen to be composed of 2 long parallel spiral strands lying adjacent to one another and containing a small clear
structure known as the centromere. As prophase continues, the strands continue to unwind and may be
recognized as chromatids. At the end of prophase, the nuclear membrane disappears and metaphase begins. T
stage is heralded by the formation of a spindle and the lining up of the chromosomes in pairs on the spindle.
Following this, anaphase occurs, at which time the centromere divides and each daughter chromatid goes to 1
the poles of the spindle. Telophase then ensues, at which time the spindle breaks and cell cytoplasm divides. A
nuclear membrane now forms, and mitosis is complete. Each daughter cell has received chromosome material
equal in amount and identical to that of the parent cell. Because each cell contains 2 chromosomes of each pair
and a total of 46 chromosomes, a cell is considered to be diploid. Occasionally, an error takes place on the
spindle, and instead of chromosomes dividing, with identical chromatids going to each daughter cell, an extra
chromatid goes to 1 daughter cell and the other lacks that particular member. After completion of cell division, t
leads to a trisomic state (an extra dose of that chromosome) in 1 daughter cell and a monosomic state (a missit
dose of the chromosome) in the other daughter cell. Any chromosome in the karyotype may be involved in such
process, which is known as mitotic nondisjunction. If these cells thrive and produce their own progeny, a new ce
line is established within the individual. The individual then has more than 1 cell line and is known as a mosaic.
variety of combinations and permutations have occurred in humans.

Figure 5—2
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Mitosis of a somatic cell.

Germ cells undergo division for the production of eggs and sperm by a process known as meiosis. In the female
is known as oogenesis and in the male as spermatogenesis. The process that produces the egg and the sperm fc
fertilization essentially reduces the chromosome number from 46 to 23 and changes the normal diploid cell to ar
aneuploid cell, ie, a cell that has only 1 member of each chromosome pair. Following fertilization and the fusion
the 2 pronuclei, the diploid status is reestablished.

Meiosis can be divided into several stages (Fig 5—-3). The first is prophase 1. Early prophase is known as the
leptotene stage, during which chromatin condenses and becomes visible as a single elongated threadlike
structure. This is followed by the zygotene stage, when the single threadlike chromosomes migrate toward the
equatorial plate of the nucleus. At this stage, homologous chromosomes become arranged close to one another
form bivalents that exchange materials at several points known as synapses. In this way, genetic material
located on 1 member of a pair is exchanged with similar material located on the other member of a pair. Next
comes the pachytene stage in which the chromosomes contract to become shorter and thicker. During this
stage, each chromosome splits longitudinally into 2 chromatids united at the centromere. Thus, the bivalent
becomes a structure composed of 4 closely opposed chromatids known as a tetrad. The human cell in the
pachytene stage demonstrates 23 tetrads. This stage is followed by the diplotene stage, in which the
chromosomes of the bivalent are held together only at certain points called bridges or chiasms. It is at these poi
that crossover takes place. The sister chromatids are joined at the centromere so that crossover can only take
place between chromatids of homologous chromosomes and not between identical sister chromatids. In the case



of males, the X and Y chromosomes are not involved in crossover. This stage is followed by the last stage of
prophase, known as diakinesis. Here the bivalents contract, and the chiasms move toward the end of the
chromosome. The homologs pull apart, and the nuclear membrane disappears. This is the end of prophase I.

Figure 5—3.
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Meiosis in the human.

IMetaphase I follows. At this time, the bivalents are now highly contracted and align themselves along the
equatorial plate of the cell. Paternal and maternal chromosomes line up at random. This stage is then followed k
anaphase I and telophase I, which are quite similar to the corresponding events in mitosis. However, the
difference is that in meiosis the homologous chromosome of the bivalent pair separates and not the sister



chromatids. The homologous bivalents pull apart, 1 going to each pole of the spindle, following which 2 daughte
cells are formed at telophase 1.

Metaphase, anaphase, and telophase of meiosis Il take place next. A new spindle forms in metaphase, the
chromosomes align along the equatorial plate, and, as anaphase occurs, the chromatids pull apart, 1 each goinc
a daughter cell. This represents a true division of the centromere. Telophase then supervenes, with reconstitutic
of the nuclear membrane and final cell division. At the end, a haploid number of chromosomes is present in eacl
daughter cell (Fig 5—-3). In the case of spermatogenesis, both daughter cells are similar, forming 2 separate
sperms. In the case of oogenesis, only 1 egg is produced, the nuclear material of the other daughter cell being
present and intact but with very little cytoplasm, this being known as the polar body. A polar body is formed at
the end of meiosis | and the end of meiosis Il. Thus, each spermatogonium produces 4 sperms at the end of
meiosis, whereas each oogonium produces 1 egg and 2 polar bodies.

Nondisjunction may also occur in meiosis. When it does, both members of the chromosome pair go to 1 daughte
cell and none to the other. If the daughter cell that receives the entire pair is the egg, and fertilization ensues, a
triple dose of the chromosome, or trisomy, will occur. If the daughter cell receiving no members of the pair is
fertilized, a monosomic state will result. In the case of autosomes, this is lethal, and a very early abortion will
follow. In the case of the sex chromosome, the condition may not be lethal, and examples of both trisomy and
monosomy have been seen in humans. Any chromosome pair may be involved in trisomic or monosomic
conditions.

Abnormalities in Chromosome Morphology & Number

As has been stated, nondisjunction may give rise to conditions of trisomy. In these cases, the morphology of the
chromosome is not affected, but the chromosome number is. Be this as it may, breaks and rearrangements in
chromosomes may have a variety of results. If 2 chromosomes undergo breaks and exchange chromatin materi
between them, the outcome is 2 morphologically new chromosomes known as translocations. If a break in a
chromosome takes place and the fragment is lost, deletion has occurred. If the deletion is such that the cell
cannot survive, the condition may be lethal. Nonetheless, several examples of deleted chromosomes in individug
who have survived have been identified. If a break takes place at either end of a chromosome and the
chromosome heals by having the 2 ends fuse together, a ring chromosome is formed. Examples of these have
been seen clinically in all of the chromosomes of the karyotype, and generally they exhibit a variety of phenotyp
abnormalities.

At times a chromosome will divide by a horizontal rather than longitudinal split of the centromere. This leaves ez
daughter cell with a double dose of 1 of the arms of the chromosome. Thus, 1 daughter cell receives both long
arms and the other both short arms of the chromosome. Such a chromosome is referred to as an
isochromosome, the individual being essentially trisomic for 1 arm and monosomic for the other arm of the
chromosome. Examples of this abnormality have been seen in humans.

Another anomaly that has been recognized is the occurrence of 2 breaks within the chromosome and rotation of
the center fragment 180 degrees. Thus, the realignment allows for a change in morphology of the chromosome
although the original number of genes is preserved. This is called an inversion. At meiosis, however, the
chromosome has difficulty in undergoing chiasm formation, and abnormal rearrangements of this chromosome,
leading to partial duplications and partial losses of chromatin material, do take place. This situation may lead to
several bizarre anomalies. If the centromere is involved in the inversion, the condition is called a pericentric
inversion.

Breaks occasionally occur in 2 chromosomes, and a portion of 1 broken chromosome is inserted into the body of
another, leading to a grossly abnormal chromosome. This is known as an insertion and generally leads to gross
anomalies at meiosis.



Methods of Study
Sex Chromatin (X-Chromatin) Body (Barr Body)

The X-chromatin body was first seen in the nucleus of the nerve cell of a female cat in 1949 by Barr and Bertrar
It has been found to be the constricted, nonfunctioning X chromosome. As a general rule, only 1 X chromosome
functions in a cell at a given time. All other X chromosomes present in a cell may be seen as X-chromatin bodies
a resting nucleus. Thus, if one knows the number of X chromosomes, one can anticipate that the number of Bar
bodies will be 1 less. If one counts the number of Barr bodies, the number of X chromosomes can be determine
by adding 1.

Drumsticks on Polymorphonuclear Leukocytes

Small outpouchings of the lobes of nuclei in polymorphonuclear leukocytes of females have been demonstrated
be the X-chromatin body in this particular cell. Hence, leukocyte preparations may be used to detect X-chromati
bodies in much the same way as buccal cells are used.

Chromosome Count

In the karyotypic analysis of a patient, it is the usual practice to count 20—-50 chromosome spreads for
chromosome number. The purpose of this practice is to determine whether mosaicism exists because if a mosair
pattern does exist, there will be at least 2 cell lines of different counts. Photographs are made of representative
spreads, and karyotypes are constructed so that the morphology of each chromosome can be studied.

Banding Techniques

As previously described, it is possible after appropriate pretreatment to stain metaphase spreads with special
stains and construct a karyotype that demonstrates the banding patterns of each chromosome. In this way, it is
possible to identify with certainty every chromosome in the karyotype. This is of value with problems such as
translocations and trisomic conditions. Another use depends on the fact that most of the long arm of the Y
chromosome is heterochromic and stains deeply with fluorescent stains. Thus, the Y chromosome can be identifi
at a glance, even in the resting nucleus.

APPLIED GENETICS & TERATOLOGY
Chromosomes & Spontaneous Abortion

An entirely new approach to reproductive biology problems became available with the advent of tissue culture ai
cytologic techniques that made it possible to culture cells from any tissue of the body and produce karyotypes tt
could be analyzed. In the early 1960s, investigators in a number of laboratories began to study chromosomes ol
spontaneous abortions and demonstrated that the earlier the spontaneous abortion occurred, the more likely it
was due to a chromosomal abnormality. It is now known that in spontaneous abortions occurring in the first 8
weeks, the fetuses have about a 50% incidence of chromosome anomalies.

Of abortuses that are abnormal, approximately one-half are trisomic, suggesting an error of meiotic
nondisjunction. One-third of abortuses with trisomy have trisomy 16. Although this abnormality does not occur i
liveborn infants, it apparently is a frequent problem in abortuses. The karyotype 45,X occurs in nearly one-fourtl
of chromosomally abnormal abortuses. This karyotype occurs about 24 times more frequently in abortuses than
liveborn infants, a fact that emphasizes its lethal nature. Over 15% of chromosomally abnormal abortuses have
polyploidy (triploidy or tetraploidy). These lethal conditions are seen only in abortuses except in extremely rare
circumstances and are due to a variety of accidents, including double fertilization and a number of meiotic errors
Finally, a small number of chromosomally abnormal abortuses have unbalanced translocations and other
anomalies.

Recurrent Pregnancy Loss



Couples who experience habitual abortion constitute about 0.5% of the population. The condition is defined as 2
more spontaneous abortions. Several investigators have studied groups of these couples using banding techniqu
and have found that 10-25% of them have a chromosome anomaly in either the male or female partner. Those
seen are 47,XXX, 47,XYY, and a variety of balanced translocation carriers. Those with sex chromosome
abnormalities frequently demonstrate other nondisjunctional events. Chromosome anomalies are thus a major
cause of habitual abortion, and the incorporation of genetic evaluation into such a work-up is potentially fruitful.

Lippman-Hand and Bekemans reviewed the world literature and studied the incidence of balanced translocation
carriers among 177 couples who had 2 or more spontaneous abortions. These studies suggest that in 2—3% of
couples experiencing early fetal loss, 1 partner will have balanced translocations. This percentage is not marked
increased when more than 2 abortions occur. Females had a somewhat higher incidence of balanced translocatic
than did males.

Chromosomal Disorders

This section is devoted to a brief discussion of various autosomal abnormalities. Table 5-5 summarizes some of
the autosomal abnormalities that have been diagnosed. They are represented as syndromes, together with som
of the signs typical of these conditions. In general, autosomal monosomy is so lethal that total loss of a
chromosome is rarely seen in an individual born alive. Only a few cases of monosomy 21-22 have been reportet
to date, which attests to the rarity of this disorder. Trisomy may occur with any chromosome. The 3 most commr
trisomic conditions seen in living individuals are trisomies 13, 18, and 21. Trisomy of various C group
chromosomes has been reported sporadically. The most frequently reported is trisomy 8. Generally, trisomy of
other chromosomes must be assumed to be lethal, because they occur only in abortuses, not in living individual:
To date, trisomy of every autosome except chromosome 1 has been seen in abortuses.

Table 5—5. Autosomal Disorders.

Monosomy

Monosomy 21-22

Moderate mental retardation, antimongoloid slant of eyes, flared nostrils, small mouth, low-set ears, spade hanc
Trisomy

Trisomy 13

Trisomy D: the "D; " syndrome

Severe mental retardation, congenital heart disease (77%), polydactyly, cerebral malformations (especially apla
of olfactory bulbs), eye defects, low-set ears, cleft lip and palate, low birth weight. Characteristic dermatoglyphic
pattern.

Trisomy 18

Trisomy E: the "E" syndrome, Edward's syndrome

Severe mental retardation, long narrow skull with prominent occiput, congenital heart disease, flexion deformitie
of fingers, narrow palpebral fissures, low-set ears, harelip and cleft palate. Characteristic dermatoglyphics, low
birth weight.

Trisomy 21

Down syndrome

Mental retardation, brachycephaly, prominent epicanthal folds. Brushfield spots, poor nasal bridge development,
congenital heart disease, hypotonia, hypermobility of joints, characteristic dermatoglyphics.

Translocations

15/21

Down syndrome

Same as trisomy 21.

21/21

Down syndrome

Same as trisomy 21.



21/22

Down syndrome

Same as trisomy 21.

Deletions

Short arm chromosome 4(4p-)

Wolf's syndrome

Severe growth and mental retardation, midline scalp defects, seizures, deformed iris, beak nose, hypospadias.
Short arm chromosome 5(5p-)

Cri-du-chat syndrome

Microcephaly, catlike cry, hypertelorism with epicanthus, low-set ears, micrognathism, abnormal dermatoglyphic
low birth weight.

Long arm chromosome 13(13g-)

Microcephaly, psychomotor retardation, eye and ear defects, hypoplastic or absent thumbs.
Short arm chromosome 18(18p-)

Severe mental retardation, hypertelorism, low-set ears, flexion deformities of hands.
Long arm chromosome 18(18qg-)

Severe mental retardation, microcephaly, hypotonia, congenital heart disease; marked dimples at elbows,
shoulders, and knees.

Long arm chromosome 21(21g-)

Associated with chronic myelogenous leukemia.

Type Synonym Signs

Translocations can occur between any 2 chromosomes of the karyotype, and a variety of phenotypic expression:
may be seen after mediocre arrangements. Three different translocation patterns have been identified in Down
syndrome: 15/21, 21/21, and 21/22.

Deletions may also occur with respect to any chromosome in the karyotype and may be brought about by a
translocation followed by a rearrangement in meiosis, which leads to the loss of chromatin material, or by a sim|
loss of the chromatin material following a chromosome break. Some of the more commonly seen deletion patter
are listed in Table 5-5.

The most frequent abnormality related to a chromosome abnormality is Down syndrome. Down syndrome serve
as an interesting model for the discussion of autosomal diseases. The 21 trisomy type is the most common form
and is responsible for approximately 95% of Down syndrome patients. There is a positive correlation between tr
frequency of Down syndrome and maternal age. Babies with Down syndrome are more often born to teenage
mothers and even more frequently to mothers over 35. Although the reason for these findings is not entirely cle
it may be that, in older women at least, the egg has been present in prophase of the first meiotic division from 1
time of fetal life and that as the egg ages there is a greater tendency for nondisjunction to occur, leading to
trisomy. A second theory is that coital habits are more erratic in both the very young and the older mothers, ant
this may lead to an increased incidence of fertilization of older eggs. This theory maintains that these eggs may
more likely to suffer nondisjunction or to accept abnormal sperm. Be this as it may, the incidence of Down
syndrome in the general population is approximately 1 in 600 deliveries and at age 40 approximately 1 in 100
deliveries. At age 45, the incidence is approximately 1 in 40 deliveries (Table 5-6). The other 5% of Down
syndrome patients are the result of translocations, the most common being the 15/21 translocation, but exampl
of 21/21 and 21/22 have been noted. In the case of 15/21, the chance of recurrence in a later pregnancy is



theoretically 25%. In practice, a rate of 10% is observed if the mother is the carrier. When the father is the
carrier, the odds are less because there may be a selection not favoring the sperm carrying both the 15/21
translocation and the normal 21 chromosome. In the case of 21/21 translocation, there is no chance for formatit
of a normal child because the carrier will contribute either both 21s or no 21 and, following fertilization, will
produce either a monosomic 21 or trisomic 21. With regard to 21/22 translocation, the chance of producing a be
with Down syndrome is 1 in 2.

Table 5—6. Estimates of Rates Per Thousand of Chromosome Abnormalities in Live Birt
by Single-Year Interval.
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< 0.1-0.1
0.4
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< 0.1-0.1
0.4

0.5

<0.1

0.2

2.1

27
0.8-1.0
0.1-0.2
< 0.1-0.1
0.4

0.5

<0.1

0.2

2.2

28
0.8-1.1
0.1-0.2
< 0.1-0.2
0.4

0.5

<0.1

0.2

2.3

29
0.8-1.2



0.1-0.2
< 0.1-0.2
0.5

0.5
<0.1
0.2

2.4

30
0.9-1.2
0.1-0.2
< 0.1-0.2
0.5

0.5
<0.1
0.2

2.6

31
0.9-1.3
0.1-0.2
< 0.1-0.2
0.5

0.5
<0.1
0.2

2.6

32
1.1-1.5
0.1-0.2
0.1-0.2
0.6

0.5
<0.1
0.2

3.1

33
1.4-1.9
0.1-0.3
0.1-0.2
0.7

0.5
<0.1
0.2

3.5

34
1.9-2.4
0.2-0.4
0.1-0.3
0.7

0.5
<0.1
0.2

4.1

35



2.5-3.9
0.3-0.5
0.2-0.3
0.9

0.5
<0.1
0.3

5.6

36
3.2-5.0
0.3-0.6
0.2-0.4
1.0

0.5
<0.1
0.3

6.7

37
4.1-6.4
0.4-0.7
0.2-0.5
1.1

0.5
<0.1
0.3

8.1

38
5.2-8.1
0.5-0.9
0.3-0.7
1.3

0.5
<0.1
0.3

9.5

39
6.6—-10.5
0.7-1.2
0.4-0.8
1.5

0.5
<0.1
0.3
12.4
40
8.5-13.7
0.9-1.6
0.5-1.1
1.8

0.5
<0.1
0.3
15.8



41
10.8-17.9
1.1-2.1
0.6-1.4
2.2

0.5

<0.1

0.3

20.5

42
13.8-23.4
1.4-2.7
0.7-1.8
2.7

0.5

<0.1

0.3

25.5

43
17.6-30.6
1.8-3.5
0.9-2.4
3.3

0.5

<0.1

0.3

32.6

44
22.5-40.0
2.3-4.6
1.2-3.1
4.1

0.5

<0.1

0.3

41.8

45
28.7-52.3
2.9-6.0
1.5-4.1
5.1

0.5

<0.1

0.3

53.7

46
36.6-68.3
3.7-7.9
1.9-5.3
6.4

0.5

<0.1

0.3



68.9

47
46.6-89.3
4.7-10.3
2.4-6.9
8.2

0.5

<0.1

0.3

89.1

48
59.5-116.8
6.0-13.5
3.0-9.0
10.6

0.5

<0.1

0.3

15.0

49
75.8-152.7
7.6-17.6
3.8-11.8
13.8

0.5

<0.1

0.3

49.3

Maternal |Down Edward's Patau's XXY | XYY |Turner's Other Clinically Tot:
Age Syndrome |Syndrome Syndrome Syndrome Significant
(Trisomy 18) |(Trisomy 13) Genotype Abnormality?

1 XXX is excluded.

2 calculation of the total at each age assumes rate for autosomal aneuploidies is at the midpoints of the ranges
given.

3 No range may be constructed for those under 20 years by the same methods as for those 20 and over.

Reproduced with permission, from Hook EB: Rates of chromosome abnormalities at different maternal ages.
Obstet Gynecol 1981;58:282.

In general, other trisomic states occur with greater frequency in older women, and the larger the chromosome
involved, the more severe the syndrome. Because trisomy 21 involves the smallest of the chromosomes, the
phenotypic problems of Down syndrome are the least severe, and a moderate life expectancy may be anticipate
Even these individuals will be grossly abnormal, however, because of mental retardation and defects in other
organ systems. The average life expectancy of patients with Down syndrome is much lower than for the general
population.

Prenatal Diagnosis



Currently the most common use for applied genetics in obstetrics and gynecology is in prenatal counseling,
screening, and diagnosis. Prenatal diagnosis first came into use in 1977 with the discovery of the significance of
serum z-fetoprotein (AFP). The United Kingdom Collaboration Study found that elevated AFP in maternal serum
drawn between 16 and 18 weeks of gestation correlated with an increased incidence of neural tube defects (NTC
Since that time, much research effort has been aimed at perfecting the technique. We now can screen not only -
NTDs but also for trisomy 21 and trisomy 18. In addition, cystic fibrosis, sickle cell disease, and Huntington's
disease, as well as many inborn errors of metabolism and other genetic disorders, can now be identified prenata

Neural Tube Disease

Most neural tube diseases, eg, anencephaly, spina bifida, and meningomyelocele, are associated with a
multifactorial inheritance pattern. The frequency of their occurrence varies in different populations (eg, rates as
high as 10 per 1000 births in Ireland and as low as 0.8 per 1000 births in the western United States). Ninety
percent are index cases, ie, they occur spontaneously without previous occurrence in a family. In general, if a
couple has a child with such an anomaly, the chance of producing another affected child is 2-5%. If they have F
2 such children, the risk can be as high as 10%. However, other diagnostic possibilities involving different mode:
of inheritance should be considered. Siblings also run greater risks of having affected children, with the highest
risk being to female offspring of sisters and the lowest to male offspring of brothers. Maternal serum screening i
now available to all mothers between 16 and 20 weeks of gestation. If an elevation of 2.5 or more standard
deviations above the mean is noted, amniocentesis for AFP should be done along with a careful ultrasound study
the fetus for structural anomalies. Evidence for an NTD noted on ultrasound and suspected by amniotic fluid AFF
elevation of 3.0 or more standard deviations indicates a diagnosis of an NTD and allows for appropriate counselil
and decision making for the parents.

Maternal serum AFP screening detects about 85% of all open NTDs, thus allowing detection of 80% of all open
NTDs and 90% of all anencephalic infants. Serum AFP screening does not detect skin-covered lesions or the clos
form of NTDs. Thus, most encephaloceles may be missed.

Approximately 5-5.5% of women screened will have abnormally elevated values (= 2.5 times the mean). Most ¢
these will be false-positive results (a repeat test should determine this) due to inaccurate dating of gestational
age, multiple gestation, fetal demise or dying fetus, or a host of other structural abnormalities. In most cases,
repeat AFP testing and ultrasound examination will identify the problem. If the serum AFP level remains elevate«
and ultrasound examination does not yield a specific diagnosis, amniotic fluid AFP levels should be measured as
well as amniotic fluid acetylcholinesterase levels. Further testing and counseling may be necessary before a final
diagnosis can be made. When the correct gestational age is used, the false-positive rate for second-trimester
maternal screening is 3—4%.

Chromosomal Abnormalities

In 1984, maternal serum AFP levels were found to be lower in patients who delivered infants with Down syndror
Using the AFP value with maternal age, 25—-30% of fetuses with Down syndrome were detected prenatally. In
1988, 2 additional tests were added to the maternal AFP: human chorionic gonadotropin (hCG) and unconjugate
estriol (UE3 ). Using the "triple screen™ a 60% detection rate for Down syndrome was accomplished. In addition,
the use of uEz allowed for detection of trisomy 18.

Fetuses with Down syndrome have low maternal AFP, low uEs , and high hCG. Fetuses with trisomy 18 have low
values across all of the serum markers. The false-positive rate for women less than 35 years of age is 5%. Abov
this age cutoff the false-positive rate is increased. The definitive diagnosis of a chromosomal abnormality must t
confirmed with a fetal karyotype.

The risk of fetal trisomies increases with increasing maternal age. At age 35 the risk of a trisomy is approximate
1 in 200. At age 40 the risk is 1 in 20 (Table 5-6). Prior to the discovery of serum markers, advanced maternal



age was used to guide which women received fetal karyotyping. Trisomies, however, are not the only abnormalri
increased in this population of women. Sex chromosome aneuploidies (47,XXY and 47,XXX) also occur at an
increased rate in women 35 years of age and older. Despite the advances in serum screening, fetal karyotyping
continues to be the gold standard for prenatal testing in this group of women. The use of maternal serum
screening in this subset of women is hindered by a high false-positive rate, less than 100% detection rate for
trisomy 18 and 21, and the lack of ability to screen for the sex chromosome aneuploidies.

Cystic Fibrosis

Cystic fibrosis affects 1 in 3300 individuals of European descent in the United States. The carrier frequency is 1 i
29 for North Americans of European descent and Ashkenazi Jewish descent and 1 in 60 for African Americans. A
deletion of phenylalanine at position 508 of the CFTR gene on chromosome 7 leads to the disease. All individuals
with a family history of cystic fibrosis or a high carrier frequency should be offered carrier testing. For couples w
are both carriers of the defective allele, fetal testing may be provided.

Future Advances in Prenatal Screening

In the detection of certain trisomies, the triple-marker screen provides better sensitivity than any single marker
alone. Nonetheless, the detection rate for trisomy 18 and trisomy 21 still remains quite low. According to the
Serum Urine and Ultrasound Screening Study (SURUSS), integration of nuchal translucency measurement and
pregnancy-associated plasma protein-A (PAPP-A) in the first trimester improves screening. This information in
conjunction with early second-trimester measurement of AFP, uks , free B-hce (or total hCG), and inhibin-A wit
maternal age provides the most effective method for screening of Down Syndrome, with an 85% detection rate
and 0.9% falsepositive rate. As the field of prenatal diagnostics continues to evolve, higher detection rates with
lower false-positive rates can be expected. With continued research and advancing technology, prenatal screenii
may move into the first trimester. It may involve new markers (proform of eosinophil major basic protein
[proMBP], nasal bone) and may even involve markers taken in both the first and second trimesters.

Fetal Karyotyping

AMNIOCENTESIS

Amniocentesis for prenatal diagnosis of genetic diseases is an extremely useful tool in the following circumstanc:
or classes of patients:

. Maternal age 35 years or above
. Previous chromosomally abnormal child
. Three or more spontaneous abortions

. Patient or husband with chromosome anomaly

1

2

3

a4

5. Family history of chromosome anomaly

6. Possible female carrier of X-linked disease

7. Metabolic disease risk (because of previous experience or family history)
8. NTD risk (because of previous experience or family history)

9. Positive second-trimester maternal serum screen

Currently, so many metabolic diseases can be diagnosed prenatally by amniocentesis that when the history elici
the possible presence of a metabolic disease, it is prudent to check with a major center to ascertain the availabil
of a diagnostic method.

Amniocentesis generally is carried out at 15 to 17 weeks of gestation but can be offered earlier (12—14 weeks).
The underlying risk of amniocentesis when performed at 15 weeks of gestation and beyond is increased risk of



miscarriage. This risk is estimated at 1 in 200 (0.5%), which is approximately the risk of Down syndrome in a 3!
year-old woman. When amniocentesis is performed prior to 15 weeks the miscarriage rate is slightly increased.
Table 5-7 lists some of the conditions that now can be diagnosed prenatally by biochemical means.

Table 5—7. Examples of Hereditary Diseases Diagnosable Prenatally.

Lipidoses: Gaucher's, Tay-Sachs, Fabry's, etc.

Mucopolysaccharidoses: Hurler's, Hunter's, etc.

Aminoacidurias: Cystinosis, homocystinuria, maple syrup urine disease, etc.

Diseases of carbohydrate metabolism: Glucose-6-phosphate dehydrogenase deficiency, glycogen storage diseas:
etc.

Miscellaneous: Adrenogenital syndrome, Lesch-Nyhan syndrome, sickle cell disease, cystic fibrosis, Huntington's
disease, etc.

CHORIONIC VILLUS SAMPLING

Chorionic villus sampling (CVS) is a technique used in the first trimester to obtain villi for cytogenetic testing. Mc
commonly, it is performed transcervically; however, transabdominal routes may also be attempted. The value o
CVS is that it can be performed earlier in the pregnancy, and thus the decision of pregnancy termination can be
made earlier. The downfall of CVS, however, is a slightly higher miscarriage rate of 1-5% and an association wit
distal limb defects. These risks appear to be dependent on operator experience, and lower numbers have been
reported when CVS is performed between 10 and 12 weeks of gestation.

Karyotyping & Fluorescence In Situ Hybridization Analysis

Once the fetal cells are obtained they must be processed. Formal karyotyping should be performed on all
specimens. This involves culturing the cells, replication, and eventually karyotyping. The entire process often tak
10-14 days until the final report becomes available. Fortunately, a quicker analysis can be obtained for some of
the most common chromosomal anomalies.

The fluorescence in situ hybridization (FISH) study is a rapid assay for the detection of specific chromosomal
aneuploidies using fluorescent-labeled DNA probes. Currently, probes exist for chromosomes 13, 18, 21, and 22
as well as the X and Y sex chromosomes among others. The average time to obtain a result is 24 hours. Howevs
certain chromosomal probes may return as quickly as 4 hours. The more rapid turnaround time can be attained
because the probes are mixed with uncultured amniocytes obtained from amniotic fluid or cells from CVS. If a
patient is late in gestation or if the ultrasound is highly suggestive of a certain chromosomal composite, FISH
analysis may be an appropriate study. With the development of multicolor FISH, all human chromosomes are
painted in 24 different colors, allowing identification of chromosome rearrangement.

Single Gene Defects

If 1 parent is affected and the condition is caused by an autosomal dominant disorder, the chances are 1 in 2 th
a child will be affected. If both parents are carriers of an autosomal recessive condition, the chances are 1 in 4
that the child will be affected and 1 in 2 that the child will be a carrier. Carrier status of both parents can be
assumed if an affected child has been produced or if a carrier testing program is available and such testing
determines that both parents are carriers. Tay-Sachs disease and sickle cell disease detection programs are



examples of the latter possibility.

When carrier testing is available and the couple is at risk, as with Tay-Sachs disease in Jewish couples and sickle
cell disease in blacks, the physician should order these carrier tests before pregnancy is undertaken, or
immediately if the patient is already pregnant. When parents are carriers and pregnancy has been diagnosed,
prenatal diagnostic testing is indicated if a test is available. If a physician does not know whether or not a test
exists or how to obtain the test, the local genetic counseling program, local chapter of the National
Foundation/March of Dimes, or state health department should be called for consultation. These sources may be
able to inform the physician about new research that may have produced a prenatal test. A new test may be like
because this area of research is very dynamic. If genetic counseling services are readily available, patients with
specific problems should be referred to those agencies for consultation. It is impossible for a physician to keep
track of all of the current developments in the myriad conditions caused by single gene defects.

X-linked traits are frequently amenable to prenatal diagnostic testing. When such tests are not available, the
couple has the option of testing for the sex of the fetus. If a fetus is noted to be a female, the odds are
overwhelming that it will not be affected, although a carrier state may be present. If the fetus is a male, the
chances are 1 in 2 that it will be affected. With this information, the couple can decide whether or not to continu
the pregnancy in the case of a male fetus. Again, checking with genetic counseling agencies may reveal a prena
diagnostic test that has only recently been described or information such as gene linkage studies that may apply
the individual case.

All options should be presented in a nonjudgmental fashion with no attempt to persuade, based on the best
information available at the time. The couple should be encouraged to decide on a course of action that suits the
particular needs. If the decision is appropriate, it should be supported by the physician and the genetic counselo
Very rarely, the patient will make a decision the physician regards as unwise or unrealistic. Such a decision may
based on superstition, religious or mystical beliefs, simple naivete, or even personality disorder. The physician
should make every attempt to clarify the issues for the patient. Rarely, other resources such as family members
spiritual leaders may be consulted in strict confidence. The physician and the genetic counselor must clearly set
forth the circumstances of the problem in the record, in case the patient undertakes a course of action that end:s
tragedy and perhaps attempts to blame the professional counselors for not preventing it.

Genetic Counseling

Genetic counseling involves interaction between the physician, the family, and the genetic counselor. It is the
physician’s responsibility to utilize the services of the genetic consultant in the best interest of the patient. The
genetic counselor will take a formal family history and construct a family tree (Fig 5—4). The assessment of the
underlying general population risk of a disease and the specific family risk should be provided. When a specific
diagnosis is known in the proband and the relatives are dead or otherwise not available, the counselor may ask
see photographs, which may show characteristics of the suspected condition. In many cases, when the pedigree
constructed, the inheritance pattern can be determined. If this can be done, the relative risks that future proger
will be affected can be estimated. This pedigree information is also useful in discussing the case with a genetic
counselor.

Figure 5—4.
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Pedigree showing unaffected offspring, carrier offspring, and affected offspring in a family with an autosomal
recessive trait (sickle cell anemia).

ITHE CHROMOSOMAL BASIS OF SEX DETERMINATION
Syngamy

The sex of the fetus normally is determined at fertilization. The cells of normal females contain 2 X chromosome
those of normal males contain 1 X and 1 Y. During meiotic reduction, half of the male gametes receive a Y
chromosome and the other half an X chromosome. Because the female has 2 X chromosomes, all female gamet
contain an X chromosome. If a Y-bearing gamete fertilizes an ovum, the fetus is male; conversely, if an X-beari
gamete fertilizes an ovum, the fetus is female.

Arithmetically, the situation described previously should yield a male/female sex ratio of 100—the sex ratio bein
defined as 100 times the number of males divided by the number of females. However, for many years, the
male/female sex ratio of the newborns in the white population has been approximately 105. Apparently the sex
ratio at fertilization is even higher than at birth; most data on the sex of abortuses indicate a preponderance of
males.

Abnormalities of Meiosis and Mitosis

The discussion in this section is limited to anomalies of meiosis and mitosis that result in some abnormality in th
sex chromosome complement of the embryo.

Chromosome studies in connection with various clinical conditions suggest that errors in meiosis and mitosis do

indeed occur. These errors result in any of the following principal effects: (1) an extra sex chromosome, (2) an

absent sex chromosome, (3) 2 cell lines having different sex chromosomes and arising by mosaicism, (4) 2 cell

lines having different sex chromosomes and arising by chimerism, (5) a structurally abnormal sex chromosome,
and (6) a sex chromosome complement inconsistent with the phenotype.

By and large, an extra or a missing sex chromosome arises as the result of an error of disjunction in meiosis | o
in either the male or the female. In meiosis I, this means that instead of each of the paired homologous sex



chromosomes going to the appropriate daughter cell, both go to 1 cell, leaving that cell with an extra sex
chromosome and the daughter cell with none. Failure of disjunction in meiosis Il simply means that the
centromere fails to divide normally.

A variation of this process, known as anaphase lag, occurs when 1 of the chromosomes is delayed in arriving at
the daughter cell and thus is lost. Theoretically, chromosomes may be lost by failure of association in prophase
and by failure of replication, but these possibilities have not been demonstrated.

Persons who have been found to have 2 cell lines apparently have experienced problems in mitosis in the very
early stage of embryogenesis. Thus, if there is nondisjunction or anaphase lag in an early (first, second, or
immediately subsequent) cell division in the embryo, mosaicism may be said to exist. In this condition, there ar¢
cell lines; 1 has a normal number of sex chromosomes, and the other is deficient in a sex chromosome or has a
extra number of sex chromosomes. A similar situation exists in chimerism, except that there may be a differenc
in the sex chromosome: 1 may be an X and 1 may be a Y. This apparently arises by dispermy, by the fertilizatio
of a double oocyte, or by the fusion, very early in embryogenesis, of 2 separately fertilized oocytes. Each of the:
conditions has been produced experimentally in animals.

Structural abnormalities of the sex chromosomes—deletion of the long or short arm or the formation of an
isochromosome (2 short arms or 2 long arms)—result from injury to the chromosomes during meiosis. How sucl
injuries occur is not known, but the results are noted more commonly in sex chromosomes than in
autosomes—perhaps because serious injury to an autosome is much more likely to be lethal than injury to an X
chromosome, and surviving injured X chromosomes would therefore be more common.

The situation in which there is a sex chromosome complement with an inappropriate genotype arises in special
circumstances of true hermaphroditism and XX males (see later sections).

The X Chromosome in Humans

At about day 16 of embryonic life, there appears on the undersurface of the nuclear membrane of the somatic c
of human females a structure 1 Im in diameter known as the X-chromatin body. There is genetic as well as
cytogenetic evidence that this is 1 of the X chromosomes (the only chromosome visible by ordinary light
microscopy during interphase). In a sense, therefore, all females are hemizygous with respect to the X
chromosome. However, there are genetic reasons for believing that the X chromosome is not entirely inactivate(
during the process of formation of the X-chromatin body. In normal females, inactivation of the X chromosome
during interphase and its representation as the X-chromatin body are known as the Lyon phenomenon (for Mary
Lyon, a British geneticist). This phenomenon may involve, at random, either the maternal or the paternal X
chromosome. Furthermore, once the particular chromosome has been selected early in embryogenesis, it is alwi
the same X chromosome that is inactivated in the progeny of that particular cell. Geneticists have found that the
ratio of maternal to paternal X chromosomes inactivated is approximately 1:1.

The germ cells of an ovary are an exception to the X inactivation concept in that X inactivation does not
characterize the meiotic process. Apparently, meiosis is impossible without 2 genetically active X chromosomes.
Although random structural damage to 1 of the X chromosomes seems to cause meiotic arrest, oocyte loss, and
therefore failure of ovarian development, an especially critical area necessary for oocyte development has been
identified on the long arm of the X. This essential area involves almost all of the long arm and has been specific:
located from Xq13 to Xg26. If this area is broken in 1 of the X chromosomes as in a deletion or translocation,
oocyte development does not occur. However, a few exceptions to this rule have been described.

It is a curious biologic phenomenon that if 1 of the X chromosomes is abnormal, it is always this chromosome tr
is genetically inactivated and becomes the X-chromatin body, regardless of whether it is maternal or paternal in
origin. Although this general rule seems to be an exception to the randomness of X inactivation, this is more

apparent than real. Presumably, random inactivation does occur, but the disadvantaged cells—ie, those left with



damaged active X—do not survive. Consequently, the embryo develops only with cells with a normal active X
chromosome (X-chromatin body) (Fig 5-5).

Figure 5-5.
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Relation of X-chromatin body to the possible sex chromosome components.

If there are more than 2 X chromosomes, all X chromosomes except 1 are genetically inactivated and become X
chromatin bodies; thus, in this case, the number of X-chromatin bodies will be equal to the number of X
chromosomes minus 1. This type of inactivation applies to X chromosomes even when a Y chromosome is prese
eg, in Klinefelter's syndrome.

Although the X chromosomes are primarily concerned with the determination of femininity, there is abundant
genetic evidence that loci having to do with traits other than sex determination are present on the X chromoson
Thus, in the catalog of genetic disorders given in the 10th edition of Mendelian Inheritance in Man, 320 traits are
listed as more or less definitely X-linked. Substantial evidence for X linkage has been found for about 160 of the
traits; the rest are only suspected of having this relationship. Hemophilia, color blindness, childhood muscular
dystrophy (Duchenne's dystrophy), Lesch-Nyhan syndrome, and glucose-6-phosphate dehydrogenase deficiency
are among the better known conditions controlled by loci on the X chromosome. These entities probably arise fr
the expression of a recessive gene due to its hemizygous situation in males.

X-linked dominant traits are infrequent in humans. Vitamin D-resistant rickets is an example.

At least 1 disorder can be classified somewhere between a structural anomaly of the X chromosome and a single
gene mutation. X-linked mental retardation in males is associated with a fragile site at 26, but a special culture
medium is required for its demonstration. Furthermore, it has been shown that heterozygote female carriers for
this fragile site have low IQ test scores.



The Y Chromosome in Humans

Just as the X chromosome is the only chromosome visible by ordinary light microscopy during interphase, the Y
chromosome is the only chromosome visible in interphase, after exposure to quinacrine compounds, by
fluorescence microscopy. This is a very useful diagnostic method.

In contrast to the X chromosome, few traits have been traced to the Y chromosome except those having to do
with testicular formation and those at the very tip of the short arm, homologous with those at the tip of the shoi
arm of the X. Possession of the Y chromosome alone, ie, without an X chromosome, apparently is lethal, becaus
such a case has never been described.

Present on the Y chromosome is an area that produces a factor which allows for testicular development. This fac
is termed testis-determining factor (TDF). Without the presence of TDF normal female anatomy will develop. Wt
TDF is present, testicular development occurs with subsequent differentiation of Sertoli cells. The Sertoli cells in
turn produce a second factor central to male differentiation, mllerian-inhibiting factor (MIF), also termed
antimllerian factor (AMF). The presence of MIF causes the regression of the mllerian ducts and thereby allows fo
the development of normal internal male anatomy.

ABNORMAL DEVELOPMENT
Ovarian Agenesis—Dysgenesis

In 1938, Turner described 7 girls 15—-23 years of age with sexual infantilism, webbing of the neck, cubitus valgu:
and retardation of growth. A survey of the literature indicates that "Turner's syndrome" means different things t
different writers. After the later discovery that ovarian streaks are characteristically associated with the clinical
entity described by Turner, "ovarian agenesis" became a synonym for Turner's syndrome. After discovery of the
absence of the X-chromatin body in such patients, the term ovarian agenesis gave way to "gonadal dysgenesis,’
"gonadal agenesis," or "gonadal aplasia."

Meanwhile, some patients with the genital characteristics mentioned previously were shown to have a normally
positive X-chromatin count. Furthermore, a variety of sex chromosome complements have been found in
connection with streak gonads. As if these contradictions were not perplexing enough, it has been noted that
streaks are by no means confined to patients with Turner's original tetrad of infantilism, webbing of the neck,
cubitus valgus, and retardation of growth but may be present in girls with sexual infantilism only. Since Turner's
original description, a host of additional somatic anomalies (varying in frequency) have been associated with his
original clinical picture; these include shield chest, overweight, high palate, micrognathia, epicanthal folds, low-s
ears, hypoplasia of nails, osteoporosis, pigmented moles, hypertension, lymphedema, cutis laxa, keloids,
coarctation of the aorta, mental retardation, intestinal telangiectasia, and deafness.

For our purposes, the eponym Turner's syndrome will be used to indicate sexual infantilism with ovarian streaks
short stature, and 2 or more of the somatic anomalies mentioned earlier. In this context, terms such as ovarian
agenesis, gonadal agenesis, and gonadal dysgenesis lose their clinical significance and become merely descriptic
of the gonadal development of the person. At least 21 sex chromosome complements have been associated witt
streak gonads (Fig 5—-6), but only about 9 sex chromosome complements have been associated with Turner's
syndrome. However, approximately two-thirds of patients with Turner's syndrome have a 45,X chromosome
complement, whereas only one-fourth of patients without Turner's syndrome but with streak ovaries have a 45,.
chromosome complement.

Figure 5—6.
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The 21 sex chromosome complements that have been found in patients with streak gonads.

Karyotype—phenotype correlations in the syndromes associated with ovarian agenesis are not completely
satisfactory. Nonetheless, if gonadal development is considered as 1 problem and if the somatic difficulties
associated with these syndromes are considered as a separate problem, one can make certain correlations.

With respect to failure of gonadal development, it is important to recall that diploid germ cells require 2 normal
active X chromosomes. This is in contrast to the somatic cells, where only 1 sex chromosome is thought to be
genetically active, at least after day 16 of embryonic life in the human, when the X-chromatin body first appears
the somatic cells. It is also important to recall that in 45,X persons no oocytes persist, and streak gonads are th
rule. From these facts, it can be inferred that failure of gonadal development is not the result of a specific sex
chromosome defect but rather of the absence of 2 X chromosomes with the necessary critical zones.

Karyotype—phenotype correlations with respect to somatic abnormalities are even sketchier than the correlation:
with regard to gonadal development. However, good evidence shows that monosomy for the short arm of the X
chromosome is related to somatic difficulties, although some patients with long-arm deletions have somatic
abnormalities.

History of Gonadal Agenesis

The histologic findings in these abnormal ovaries in patients with gonadal streaks are essentially the same
regardless of the patient's cytogenetic background (Fig 5-7).
Figure 5—7.
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Gonadal streaks in a patient with the phenotype of Turner's syndrome.

(Redrawn and reproduced, with permission, from Jones HW Jr, Scott WW: Hermaphroditism, Genital Anomalies
and Related Endocrine Disorders, 2nd ed. Williams & Wilkins, 1971.)

Fibrous tissue is the major component of the streak. It is indistinguishable microscopically from that of the normr
ovarian stroma. The so-called germinal epithelium, on the surface of the structure, is a layer of low cuboid cells;
this layer appears to be completely inactive.

Tubules of the ovarian rete are invariably found in sections taken from about the midportion of the streak.

In all patients who have reached the age of normal puberty, hilar cells are also demonstrated. The number of hil
cells varies among patients. In those with some enlargement of the clitoris, hilar cells are present in large
numbers. These developments may be causally related. Nevertheless, hilar cells are also found in many normal
ovaries. The origin of hilar cells is not precisely known, but they are associated with development of the medulla
portion of the gonad. Their presence lends further support to the concept that in ovarian agenesis the gonad
develops along normal lines until just before the expected appearance of early oocytes. In all cases in which
sections of the broad ligament have been available for study, it has been possible to identify the mesonephric dt
and tubules—broad ligament structures found in normal females.

Clinical Findings

SYMPTOMS AND SIGNS

In Newborn Infants

The newborn with streak ovaries often shows edema of the hands and feet. Histologically, this edema is associal
with large dilated vascular spaces. With such findings, it is obviously desirable to obtain a karyotype. However,
some children with streak ovaries—particularly those who have few or no somatic abnormalities—cannot be
recognized at birth.

In Adolescents

The arresting and characteristic clinical finding in many of these patients is their short stature. Typical patients
seldom attain a height of 1.5 m (5 ft) (Fig 5-8). In addition, sexual infantilism is a striking finding. As mentionet
earlier, a variety of somatic abnormalities may be present; by definition, if 2 or more of these are noted, the



patient may be considered to have Turner's syndrome. Most of these patients have only 1 normal X chromosom
and two-thirds of them have no other sex chromosome. Patients of normal height without somatic abnormalities
may also have gonadal streaks. Under these circumstances, there is likely to be a cell line with 2 normal sex
chromosomes but often a second line with a single X. The internal findings are exactly the same as in patients w
classic Turner's syndrome, however.

Figure 5—8.
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Patient with Turner's syndrome.

(Reproduced, with permission, from Jones HW Jr, Scott WW: Hermaphroditism, Genital Anomalies and Related
Endocrine Disorders, 2nd ed. Williams & Wilkins, 1971.)

ILABORATORY FINDINGS

An important finding in patients of any age—but especially after expected puberty, ie, about 12 years—is elevati
of total gonadotropin production. From a practical point of view, ovarian failure in patients over age 15 cannot b
considered a diagnostic possibility unless the serum follicle-stimulating hormone level is more than 50 mIU/mL ¢
luteinizing hormone level is more than 90 mlU/mL.

Nongonadal endocrine functions are normal. Urinary excretion of estrogens is low, and the maturation index anc
other vaginal smear indices are shifted well to the left.

Treatment

Substitution therapy with estrogen is necessary for development of secondary characteristics.

Therapy with growth hormone will increase height. Whether ultimate height will be greater than it otherwise wot
be is uncertain, but current evidence suggests that it will be.



The incidence of malignant degeneration is increased in the gonadal streaks of patients with a Y chromosome, a
compared with normal males. Surgical removal of streaks from all patients with a Y chromosome is recommendk

True Hermaphroditism

By classic definition, true hermaphroditism exists when both ovarian and testicular tissue can be demonstrated i
patient. In humans, the Y chromosome carries genetic material that normally is responsible for testicular
development; this material is active even when multiple X chromosomes are present. Thus, in Klinefelter's
syndrome, a testis develops with up to 4 Xs and only 1 Y. Conversely (with rare exceptions), a testis has not bes
observed to develop in the absence of the Y chromosome. The exceptions are found in true hermaphrodites and
XX males, in whom testicular tissue has developed in association with an XX sex chromosome complement.

Clinical Findings

SYMPTOMS AND SIGNS

No exclusive features clinically distinguish true hermaphroditism from other forms of intersexuality. Hence, the
diagnosis must be entertained in an infant with any form of intersexuality, except only those with a continuing
virilizing influence, eg, congenital adrenal hyperplasia. Firm diagnosis is possible after the onset of puberty, whe
certain clinical features become evident, but the diagnosis can and should be made in infancy.

In the past, most true hermaphrodites have been reared as males because they have rather masculine-appearir
external genitalia (Fig 5—9). Nevertheless, with early diagnosis, most should be reared as females.
Figure 5—9.
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External genitalia of a patient with true hermaphroditism.

(Reproduced, with permission, from Jones HW Jr, Scott WW: Hermaphroditism, Genital Anomalies and Related
Endocrine Disorders, 2nd ed. Williams & Wilkins, 1971.)

Almost all true hermaphrodites develop female-type breasts. This helps to distinguish male hermaphroditism fro
true hermaphroditism, because few male hermaphrodites other than those with familial feminizing
hermaphroditism develop large breasts.

Many true hermaphrodites menstruate. The presence or absence of menstruation is partially determined by the
development of the uterus; many true hermaphrodites have rudimentary or no development of the mllerian duc
(Fig 5-10).

Figure 5—10.
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Internal genitalia of a patient with true hermaphroditism.

(Reproduced, with permission, from Jones HW Jr, Scott WW: Hermaphroditism, Genital Anomalies and Related
Endocrine Disorders, 2nd ed. Williams & Wilkins, 1971.)

A few patients who had a uterus and menstruated after removal of testicular tissue have become pregnant and
delivered normal children.

SEX CHROMOSOME COMPLEMENTS

Most true hermaphrodites have X-chromatin bodies and karyotypes that are indistinguishable from those of norr
females. In contrast to these, a few patients who cannot be distinguished clinically from other true hermaphrodi
have been reported to have a variety of other karyotypes—eg, several chimeric persons with karyotypes of
46,XX/46,XY have been identified.

In true hermaphrodites, the testis is competent in its mllerian-suppressive functions, but an ovotestis may beha
as an ovary insofar as its mllerian-suppressive function is concerned. The true hermaphroditic testis or ovotestis
as competent to masculinize the external genitalia as is the testis of a patient with the virilizing type of male
hermaphroditism. This is unrelated to karyotype.

Deletion mapping by DNA hybridization has shown that most (but not all) XX true hermaphrodites have Y-specif
sequences. Abnormal crossover of a portion of the Y chromosome to the X in meiosis may explain some cases.
This latter is further supported by the finding of a positive H-Y antigen assay in some patients with 46,XX true
hermaphroditism.

In general, the clinical picture of true hermaphroditism is not compatible with the clinical picture in other kinds ¢
gross chromosomal anomalies. For example, very few true hermaphrodites have associated somatic anomalies,
and mental retardation almost never occurs.

Treatment

The principles of treatment of true hermaphroditism do not differ from those of the treatment of hermaphroditis
in general. Therapy can be summarized by stating that surgical removal of contradictory organs is indicated, anc



the external genitalia should be reconstructed in keeping with the sex of rearing. The special problem in this gro
is how to establish with certainty the character of the gonad. This is particularly difficult in the presence of an
ovotestis, because its recognition by gross characteristics is notoriously inaccurate, and one must not remove to
much of the gonad for study. In some instances the gonadal tissue of 1 sex is completely embedded within a
gonadal structure primarily of the opposite sex.

Klinefelter's Syndrome

This condition, first described in 1942 by Klinefelter, Reifenstein, and Albright, occurs only in apparent males. A<
originally described, it is characterized by small testes, azoospermia, gynecomastia, relatively normal external
genitalia, and otherwise average somatic development. High levels of gonadotropin in urine or serum are
characteristic.

Clinical Findings

SYMPTOMS AND SIGNS

By definition, this syndrome applies only to persons reared as males. The disease is not recognizable before
puberty except by routine screening of newborn infants. Most patients come under observation at 16—40 years ¢
age.

Somatic development during infancy and childhood may be normal. Growth and muscular development may alsc
be within normal limits. Most patients have a normal general appearance and no complaints referable to this
abnormality, which is often discovered during the course of a routine physical examination or an infertility study

In the original publication by Klinefelter and coworkers, gynecomastia was considered an essential part of the
syndrome. Since then, however, cases without gynecomastia have been reported.

The external genitalia are perfectly formed and in most patients are quite well developed. Erection and intercour
usually are satisfactory.

There is no history of delayed descent of the testes in typical cases, and the testes are in the scrotum. Neither i
there any history of testicular trauma or disease. Although a history of mumps orchitis is occasionally elicited, tr
disease has not been correlated with the syndrome. However the testes are often very small in contrast to the n
of the genitalia (about 1.5 x 1.5 cm).

Psychological symptoms are often present. Most studies of this syndrome have been performed in psychiatric
institutions. The seriousness of the psychological disturbance seems to be partly related to the number of extra
chromosomes—eg, it is estimated that about one-fourth of XXY patients have some degree of mental retardatiol

LABORATORY FINDINGS
One of the extremely important clinical features of Klinefelter's syndrome is the excessive amount of pituitary
gonadotropin found in either urine or serum assay.

The urinary excretion of neutral 17-ketosteroids varies from relatively normal to definitely subnormal levels. The
is a rough correlation between the degree of hypoleydigism as judged clinically and a low 17-ketosteroid excretit
rate.

HISTOLOGIC AND CYTOGENETIC FINDINGS
Klinefelter's syndrome may be regarded as a form of primary testicular failure.

Several authors have classified a variety of forms of testicular atrophy as subtypes of Klinefelter's syndrome. Be
this as it may, Klinefelter believed that only those patients who have a chromosomal abnormality could be said t
have this syndrome. Microscopic examination of the adult testis shows that the seminiferous tubules lack
epithelium and are shrunken and hyalinized. They contain large amounts of elastic fibers, and Leydig cells are
present in large numbers.



Males with positive X-chromatin bodies are likely to have Klinefelter's syndrome. The nuclear sex anomaly reflec
a basic genetic abnormality in sex chromosome constitution. All cases studied have had at least 2 X chromosom
and 1 Y chromosome. The most common abnormality in the sex chromosome constitution is XXY, but the literat
also records XXXY, XXYY, XXXXY, and XXXYY, and mosaics of XX/XXY, XY/XXY, XY/XXXY, and XXXY/XXXXY. In ¢
examples except the XX/XXY mosaic, a Y chromosome is present in all cells. From these patterns, it is obvious t
the Y chromosome has a very strong testis-forming impulse, which can operate in spite of the presence of as
many as 4 X chromosomes.

Thus, patients with Klinefelter's syndrome will have not only a positive X-chromatin body but also a positive Y-
chromatin body.

The abnormal sex chromosome constitution causes differentiation of an abnormal testis, leading to testicular
failure in adulthood. At birth or before puberty, such testes show a marked deficiency or absence of germinal ce

By means of nursery screening, the frequency of males with positive X-chromatin bodies has been estimated to
2.65 per 1000 live male births.

Treatment

There is no treatment for the 2 principal complaints of these patients: infertility and gynecomastia. No pituitary
preparation has been effective in the regeneration of the hyalinized tubular epithelium or the stimulation of
gametogenesis. Furthermore, no hormone regimen is effective in treating the breast hypertrophy. When the
breasts are a formidable psychological problem, surgical removal may be a satisfactory procedure. In patients w
have clinical symptoms of hypoleydigism, substitution therapy with testosterone is an important physiologic and
psychological aid. Donor sperm may be offered for treatment of infertility.

Double-X Males

A few cases of adult males with a slightly hypoplastic penis and very small testes but no other indication of
abnormal sexual development have been reported. These males are sterile. Unlike those with Klinefelter's
syndrome, they do not have abnormal breast development. They are clinically very similar to patients with Del
Castillo's syndrome (testicular dysgenesis). Nevertheless, the XX males have a positive sex chromatin and a
normal female karyotype. These may be extreme examples of the sex reversal that usually is partial in true
hermaphroditism.

Multiple-X Syndromes

The finding of more than 1 X-chromatin body in a cell indicates the presence of more than 2 X chromosomes in
that particular cell. In many patients, such a finding is associated with mosaicism, and the clinical picture is
controlled by this fact—eg, if 1 of the strains of the mosaicism is 45,X, gonadal agenesis is likely to occur. There
also are persons who do not seem to have mosaicism but do have an abnormal number of X chromosomes in all
cells. In such persons, the most common complement is XXX (triplo-X syndrome), but XXXX (tetra-X syndrome;
and XXXXX (penta-X syndrome) have been reported.

An additional X chromosome does not seem to have a consistent effect on sexual differentiation. The body
proportions of these persons are normal, and the external genitalia are normally female. A number of such pers:
have been examined at laparotomy, and no consistent abnormality of the ovary has been found. In a few cases,
the number of follicles appeared to be reduced, and in at least 1 case the ovaries were very small and the ovari:
stroma poorly differentiated. About 20% of postpubertal patients with the triplo-X syndrome report various
degrees of amenorrhea or some irregularity in menstruation. For the most part, however, these patients have a
normal menstrual history and are of proved fertility.

Almost all patients known to have multiple-X syndromes have some degree of mental retardation. A few have
mongoloid features. (The mothers of these patients tended to be older than the mothers of normal children, as i



true with Down syndrome.) Perhaps these findings are in part circumstantial, as most of these patients were
discovered during surveys in mental institutions. The important clinical point is that mentally retarded infants
should have chromosomal study.

Uniformly, the offspring of triplo-X mothers have been normal. This is surprising, because theoretically in such
cases meiosis should produce equal numbers of ova containing 1 or 2 X chromosomes, and fertilization of the
abnormal XX ova should give rise to XXX and XXY individuals. Nevertheless, the triplo-X condition seems selecti
for normal ova and zygotes.

The diagnosis of this syndrome is made by identifying a high percentage of cells with double X-chromatin bodies
the buccal smear and by finding 47 chromosomes with a karyotype showing an extra X chromosome in all cells
cultured from the peripheral blood. It should be noted that in the examination of the buccal smear, some cells
have a single X-chromatin body. Hence, based on the chromatin examination, one might suspect XX/XXX
mosaicism. Actually, in triplo-X patients, only a single type of cell can be demonstrated in cultures of cells from 1
peripheral blood. The absence of the second X-chromatin body in some of the somatic cells may result from the
time of examination of the cell (during interphase) and from the spatial orientation, which could have prevented
visualization of the 2 X-chromatin bodies (adjacent to the nuclear membrane). In this syndrome, the number of
cells containing either 1 or 2 X-chromatin bodies is very high—at least 60—80%, as compared with an upper limi
of about 40% in normal females.

Female Hermaphroditism Due to Congenital Adrenal Hyperplasia

Essentials of Diagnosis

m Female pseudohermaphroditism, ambiguous genitalia with clitoral hypertrophy, and, occasionally, persister
urogenital sinus.

m Early appearance of sexual hair; hirsutism, dwarfism.
m Urinary 17-ketosteroids elevated; pregnanetriol may be increased.
m Elevated serum 17-hydroxyprogesterone level.

m Occasionally associated with water and electrolyte imbalance—particularly in the neonatal period.

General Considerations

Female hermaphroditism due to congenital adrenal hyperplasia is a clearly delineated clinical syndrome. The
syndrome has been better understood since the discovery that cortisone may successfully arrest virilization. The
problem usually is due to a deficiency of a gene required for 21-hydroxylation in the biosynthesis of cortisol.

If the diagnosis is not made in infancy, an unfortunate series of events ensues. Because the adrenals secrete an
abnormally large amount of virilizing steroid even during embryonic life, these infants are born with abnormal
genitalia (Fig 5—11). In extreme cases, there is fusion of the scrotolabial folds and, in rare instances, even
formation of a penile urethra. The clitoris is greatly enlarged so that it may be mistaken for a penis (Fig 5-12). |
gonads are palpable within the fused scrotolabial folds, and their absence has sometimes given rise to the
mistaken impression of male cryptorchidism. Usually, there is a single urinary meatus at the base of the phallus
and the vagina enters the persistent urogenital sinus as noted in Figure 5-13.

Figure 5—-11.
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External genitalia of a female patient with congenital virilizing adrenal hyperplasia. Compare with Fig 5-12.

(Reproduced, with permission, from Jones HW Jr, Scott WW: Hermaphroditism, Genital Anomalies and Related
Endocrine Disorders, 2nd ed. Williams & Wilkins, 1971.)

Figure 5—-12.
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External genitalia of a female patient with congenital virilizing adrenal hyperplasia. This is a more severe deform
than that shown in Fig 5—-11.

Figure 5—-13.
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Sagittal view of genital deformities of increasing severity (A—E) in congenital virilizing adrenal hyperplasia.
(Redrawn and reproduced, with permission, from Verkauf BS, Jones HW Jr: Masculinization of the female genital
in congenital adrenal hyperplasia. South Med J 1970;63:634.)

During infancy, provided there are no serious electrolyte disturbances, these children grow more rapidly than
normal. For a time, they greatly exceed the average in both height and weight. Unfortunately, epiphyseal closur
occurs by about age 10, and as a result these people are much shorter than normal as adults (Fig 5-14).

Figure 5-14.
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Untreated adult with virilizing adrenal hyperplasia. Note the short stature and the relative shortness of the limbs

(Reproduced, with permission, from Jones HW Jr, Scott WW: Hermaphroditism, Genital Anomalies and Related
Endocrine Disorders, 2nd ed. Williams & Wilkins, 1971.)

The process of virilization begins at an early age. Pubic hair may appear as early as age 2 years but usually
somewhat later. This is followed by growth of axillary hair and finally by the appearance of body hair and a bear
which may be so thick as to require daily shaving. Acne may develop early. Puberty never ensues. There is no
breast development. Menstruation does not occur. During the entire process, serum adrenal androgens and 17-
hydroxyprogesterone levels are abnormally high.

Although our principal concern here is with this abnormality in females, it must be mentioned that adrenal
hyperplasia of the adrenogenital type may also occur in males, in whom it is called macrogenitosomia precox.
Sexual development progresses rapidly, and the sex organs attain adult size at an early age. Just as in the feme
sexual hair and acne develop unusually early, and the voice becomes deep. The testes are usually in the scrotur
however, in early childhood they remain small and immature, although the genitalia are of adult dimensions. In
adulthood, the testes usually enlarge and spermatogenesis occurs, allowing impregnation rates similar to those
a control population. Somatic development in the male corresponds to that of the female; as a child, the male
exceeds the average in height and strength, but (if untreated) as an adult he is stocky, muscular, and well belov
average height.

Both the male and the female with this disorder—but especially the male—may have the complicating problem ¢
electrolyte imbalance. In infancy, it is manifested by vomiting, progressive weight loss, and dehydration and ma
be fatal unless recognized promptly. The characteristic findings are an exceedingly low serum sodium level, low



CO, -combining power level, and high potassium level. The condition is sometimes misdiagnosed as congenital
pyloric stenosis.

A few of these patients have a deficiency in 11-hydroxylation that is associated with hypertension in addition to
virilization.

Adrenal Histology

The adrenal changes center on a reticular hyperplasia, which becomes more marked as the patient grows older.
some instances, he glomerulosa may participate in the hyperplasia, but the fasciculata is greatly diminished in
amount or entirely absent. Lipid studies show absence of fascicular and glomterular lipid but an abnormally stror
lipid reaction in the reticularis (Fig 5—-15).

Figure 5—15.
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Normal adrenal architecture and adrenal histology in congenital virilizing adrenal hyperplasia. Note the great
relative increase in the zona reticularis.

IOvarian Histology

The ovarian changes can be summarized by stating that in infants, children, and teenagers, there is normal
follicular development to the antrum stage but no evidence of ovulation. With increasing age, less and less
follicular activity occurs, andprimordial follicles disappear. This disappearance must not be complete, however,
because cortisone therapy, even in adults, usually results in ovulatory menstruation after 4—6 months of
treatment.



Developmental Anomalies of the Genital Tubercle & Urogenital Sinus Derivatives

The phallus is composed of 2 lateral corpora cavernosa, but the corpus spongiosum is normally absent. The
external urinary meatus is most often located at the base of the phallus (Fig 5-11). An occasional case may be
seen in which the urethra does extend to the end of the clitoris (Fig 5-12). The glans penis and the prepuce are
present and indistinguishable from these structures in the male. The scrotolabial folds are characteristically fuse:
in the midline, giving a scrotumlike appearance with a median perineal raphe; however, they seldom enlarge to
normal scrotal size. No gonads are palpable within the scrotolabial folds. When the anomaly is not severe (eg, ir
patients with postnatal virilization), fusion of the scrotolabial folds is not complete, and by gentle retraction it is
often possible to locate not only the normally located external urinary meatus but also the orifice of the vagina.

An occasional patient has no communication between the urogenital sinus and the vagina. In no case does the
vagina communicate with that portion of the urogenital sinus that gives rise to the female urethra or the prostat
urethra. Instead, the vaginal communication is via caudal urogenital sinus derivatives; thus, fortunately, the
sphincter mechanism is not involved, and the anomalous communication is with that portion of the sinus that
develops as the vaginal vestibule in the female and the membranous urethra in the male. From the gynecologist
point of view, it is much more meaningful to say that the vagina and (female) urethra enter a persistent urogeni
sinus than to say that the vagina enters the (membranous [male]) urethra. This conclusion casts some doubt or
the embryologic significance of the prostatic utricle, which is commonly said to represent the homologue of the
vagina in the normal male.

Hormone Changes

Important and specific endocrine changes occur in congenital adrenal hyperplasia of the adrenogenital type. The
ultimate diagnosis depends on demonstration of these abnormalities.

URINARY ESTROGENS

The progressive virilization of female hermaphrodites caused by adrenal hyperplasia would suggest that estroge!
secretion in these patients is low, and this hypothesis is further supported by the atrophic condition of both the
ovarian follicular apparatus and the estrogen target organs. Actually, the determination of urinary estrogens, bo
fluorometrically and biologically, indicates that it is elevated.

SERUM STEROIDS

The development of satisfactory radioimmunoassay techniques for measuring steroids in blood serum has result
in an increased tendency to measure serum steroids rather than urinary metabolites in diagnosing the condition
and monitoring therapy. Serum steroid profiles of many patients with this disorder show that numerous defects
the biosynthesis of cortisol may occur. The most common defect is at the 21-hydroxylase step. Less frequent
defects are at the 11-hydroxylase step and the 3F-ol-dehydrogenase step. Rarely, the defect is at the 17-
hydroxylase step. In the most common form of the disorder—21-hydroxylase deficiency—the serum 17-
hydroxyprogesterone level and, to a lesser extent, the serum progesterone level are elevated. This is easily
understandable when it is recalled that 17-hydroxyprogesterone is the substrate for the 21-hydroxylation step (!
5-16). Likewise, in the other enzyme defects, the levels of serum steroid substrates are greatly elevated.
Figure 5—-16.
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Enzymatic steps in cortisol synthesis. Localization of defects in congenital adrenal hyperplasia.

Pathogenesis of Virilizing Adrenal Hyperplasia

The basic defects in congenital virilizing adrenal hyperplasia are 1 or more enzyme deficiencies in the biosynthes
of cortisol (Fig 5-16). With the reduced production of cortisol, normal feedback to the hypothalamus fails, with t
result that increased amounts of adrenocorticotropic hormone (ACTH) are produced. This excess production of
ACTH stimulates the deficient adrenal gland to produce relatively normal amounts of cortisol—but also stimulate
production of abnormally large amounts of estrogen and androgens by the zona reticularis. In this overproductic
a biologic preponderance of androgens causes virilization. These abnormal sex steroids suppress the gonadotrog
so that untreated patients never reach puberty and do not menstruate.

Therefore, the treatment of this disorder consists in part of the administration of sufficient exogenous cortisol to
suppress ACTH production to normal levels. This in turn should reduce overstimulation of the adrenal so that the
adrenal will cease to produce abnormally large amounts of estrogen and androgen. The gonadotropins generally
return to normal levels, with consequent feminization of the patient and achievement of menstruation.

The pathogenesis of the salt-losing type of adrenal hyperplasia involves a deficiency in aldosterone production.

Diagnosis
Hermaphroditism due to congenital adrenal hyperplasia must be suspected in any infant born with ambiguous ot

abnormal external genitalia. It is exceedingly important that the diagnosis be made at a very early age if
undesirable disturbances of metabolism are to be prevented.

All patients with ambiguous external genitalia should have an appraisal of their chromosomal characteristics. In
instances of female pseudohermaphroditism due to congenital hyperplasia, the chromosomal composition is thai
a normal female. A pelvic ultrasound in the newborn to determine he presence of a uterus is very helpful and, if
positive, strongly suggests a female infant.

The critical determinations are those of the urinary 17-ketosteroid and serum 17-hydroxyprogesterone levels. If
these are elevated, the diagnosis must be either congenital adrenal hyperplasia or tumor. In the newborn, the
latter is very rare, but in older children and adults with elevated 17-ketosteroids the possibility of tumor must be
considered. One of the most satisfactory methods of making this different diagnosis is to attempt to suppress th
excess androgens by administration of dexamethasone. In an adult or an older child, a suitable test dose of



dexamethasone is 1.25 mg/45 kg (100 Ib) body weight, given orally for 7 consecutive days. In congenital adren
hyperplasia, there should be suppression of the urinary 17-ketosteroids on the seventh day of the test to less th
1 mg/24 h; in the presence of tumor, either there will be no effect or the 17-ketosteroid levels will rise.

Determination of urinary dehydroepiandrosterone (DHEA) or serum dehydroepiandrosterone sulfate (DHEAS)
levels can also be helpful in differentiating congenital adrenal hyperplasia from an adrenal tumor. Levels in patie
with congenital adrenal hyperplasia may be up to double the normal amount, whereas an adrenal tumor is usual
associated with levels that are much higher than double the normal level.

Determination of the serum sodium and potassium levels and CO, -combining power is also important to ascerte
whether electrolyte balance is seriously disturbed.

Treatment

The treatment of female hermaphroditism due to congenital adrenal hyperplasia is partly medical and partly
surgical. Originally, cortisone was administered; today, it is known that various cortisone derivatives are at least
effective. It is most satisfactory to begin treatment with relatively large doses of hydrocortisone divided in 3 dos
orally for 7—10 days to obtain rapid suppression of adrenal activity. In young infants, the initial dose is about 25
mg/d; in older patients, 100 mg/d. After the output of 17-ketosteroids has decreased to a lower level, the dose
should be reduced to the minimum amount required to maintain adequate suppression. This requires repeated
measurements of plasma 17-hydroxyprogesterone in order to individualize the dose.

It has been found that even with suppression of the urinary 17-ketosteroids to normal levels, the more sensitive
serum 17-hydroxyprogesterone level may still be elevated. It seems difficult and perhaps undesirable to suppre:
the serum 17-hydroxyprogesterone values to normal because to do so may require doses of hydrocortisone that
tend to cause cushingoid symptoms.

In the treatment of newborns with congenital adrenal hyperplasia who have a defect of electrolyte regulation, it
usually necessary to administer sodium chloride in amounts of 4—6 g/d, either orally or parenterally, in addition
cortisone. Furthermore, fludrocortisone acetate usually is required initially. The dose is entirely dependent on the
levels of the serum electrolytes, which must be followed serially, but it is generally 0.05-0.1 mg/d.

In addition to he hormone treatment of this disorder, surgical correction of the external genitalia is usually
necessary.

During acute illness or other stress, as well as during and after an operation, additional hydrocortisone is indicat
to avoid the adrenal insufficiency of stress. Doubling the maintenance dose is usually adequate in such
circumstances.

Female Hermaphroditism Without Progressive Masculinization

Females with no adrenal abnormality may have fetal masculinization of the external genitalia with the same
anatomic findings as in patients with congenital virilizing adrenal hyperplasia. Unlike patients with adrenogenital
syndrome, patients without adrenal abnormality do not have elevated levels of serum steroids or urinary 17-
ketosteroids, nor do they show precocious sexual development or the metabolic difficulties associated with adret
hyperplasia as they grow older. At onset of puberty, normal feminization with menstruation and ovulation may t
expected.

The diagnosis of female hermaphroditism not due to adrenal abnormality depends on the demonstration of a 46
karyotype and the finding of normal levels of serum steroids or normal levels of 17-ketosteroids in the urine. If
fusion of the scrotolabial folds is complete, it is necessary to determine the exact relationship of the urogenital
sinus to the urethra and vagina and to demonstrate the presence of a uterus by rectal examination or
ultrasonography or endoscopic observation of the cervix. When there is a high degree of masculinization, the
differential diagnosis between this condition and true hermaphroditism may be very difficult; an exploratory



laparotomy may be required in some cases.

Classification

Patients with this problem may be seen because of a variety of conditions.
1. Exogenous androgen:

a. Maternal ingestion of androgen

o

. Maternal androgenic tumor

o

. Luteoma of pregnancy

(o}

. Adrenal androgenic tumor

N

. Idiopathic: No identifiable cause.

3. Special or nonspecific: The same as condition 2 except that it is associated with various somatic anomalies an
with mental retardation.

4. Familial: A very rare anomaly.

Male Hermaphroditism

Persons with abnormal or ectopic testes may have external genitalia so ambiguous at birth that the true sex is n
identifiable (Fig 5-17). At puberty, these persons tend to become masculinized or feminized depending on facto
to be discussed. Thus, the adult habitus of these persons may be typically male, ie, without breasts, or typically
female, with good breast development. In some instances, the external genitalia may be indistinguishable from
those of a normal female; in others, the clitoris may be enlarged; and in still other instances there may be fusio
of the labia in the midline, resulting in what seems to be a hypospadiac male. A deep or shallow vagina may be
present. A cervix, a uterus, and uterine tubes may be developed to varying degrees; however, mllerian structur:
are often absent. Mesonephric structures may be grossly or microscopically visible. Body hair may be either
typically feminine in its distribution and quantity or masculine in distribution and of sufficient quantity as to requ
plucking or shaving if the person is reared as a female. In a special group, axillary and pubic hair is congenitally
absent. Although there is a well-developed uterus in some instances, all patients so far reported have been
amenorrheic—in spite of the interesting theoretic possibility of uterine bleeding from endometrium stimulated by
estrogen of testicular origin. There is no evidence of adrenal malfunction. In the feminized group, and less
frequently in the nonfeminized group, there is a strong familial history of the disorder. Male hermaphrodites real
as females may marry and be well adjusted to their sex role. Others, especially when there has been equivocatit
regarding sex of rearing in infancy, may be less than attractive as women because of indecisive therapy.
Psychiatric studies indicate that the best emotional adjustment comes from directing endocrine, surgical, and
psychiatric measures toward improving the person's basic characteristics. Fortunately, this is consonant with the
surgical and endocrine possibilities for those reared as females, because current operative techniques can produ
more satisfactory feminine than masculine external genitalia. Furthermore, the testes of male hermaphrodites a
nonfunctional as far as spermatogenesis is concerned. Only about one-third of male hermaphrodites are suitable
for rearing as males.



Figure 5—-17.
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External genitalia in male hermaphroditism.

(Reproduced, with permission, from Jones HW Jr, Scott WW: Hermaphroditism, Genital Anomalies and Related
Endocrine Disorders, 2nd ed. Williams & Wilkins, 1971.)

Classification

Since about 1970, considerable progress has been made in identifying specific metabolic defects that are
etiologically important for the various forms of male hermaphroditism. Details are beyond the scope of this text.
Nevertheless, it is important to point out that all cases of male hermaphroditism have a defect in either the
biologic action of testosterone or the MIF of the testis. Furthermore, it now seems apparent that nearly all—if nc
all—of these defects have a genetic or cytogenetic background. The causes and pathogenetic mechanisms of the
defects may vary, but the final common pathway is 1 of the 2 problems just mentioned; in the adult a study of 1
serum gonadotropins and serum steroids, including the intermediate metabolites of testosterone, can often
pinpoint a defect in the biosynthesis of testosterone. In other cases, the end-organ action of testosterone may k
defective. In children, the defect is sometimes more difficult to determine before gonadotropin levels rise at
puberty, but one may suspect a problem by observing abnormally high levels of steroids that act as substrates i
the metabolism of testosterone. A working classification of male hermaphroditism is as follows:

I. Male hermaphroditism due to a central nervous system defect

A. Abnormal pituitary gonadotropin secretion
B. No gonadotropin secretion

11. Male hermaphroditism due to a primary gonadal defect

A. Identifiable defect in biosynthesis of testosterone



1. Pregnenolone synthesis defect (lipoid adrenal hyperplasia)

2. 3B—Hydroxysteroid dehydrogenase deficiency

3. 17%-Hydroxylase deficiency

4. 17,20-Desmolase deficiency

5. 17P-Ketosteroid reductase deficiency

B. Unidentified defect in androgen effect

C. Defect in duct regression (Figs 5—18 and 5-19)

D. Familial gonadal destruction

E. Leydig cell agenesis

F. Bilateral testicular dysgenesis

111. Male hermaphroditism due to peripheral end-organ defect

A. Androgen insensitivity syndrome (Fig 5—20)

1. Androgen-binding protein deficiency

2. Unknown deficiency

B. 5:z-Reductase deficiency

C. Unidentified abnormality of peripheral androgen effect

1V. Male hermaphroditism due to Y chromosome defect

A. Y chromosome mosaicism (asymmetric gonadal differentiation) (Fig 5-21)

B. Structurally abnormal Y chromosome

C. No identifiable Y chromosome

Figure 5—-18.
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External genitalia in male hermaphroditism.

(Reproduced, with permission, from Jones HW Jr, Scott WW: Hermaphroditism, Genital Anomalies and Related
Endocrine Disorders, 2nd ed. Williams & Wilkins, 1971.)

Figure 5—-19.
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Internal genitalia of the patient whose external genitalia are shown in Fig 5-18.

(Reproduced, with permission, from Jones HW Jr, Scott WW: Hermaphroditism, Genital Anomalies and Related
Endocrine Disorders, 2nd ed. Williams & Wilkins, 1971.)



Figure 5—20.
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Androgen insensitivity syndrome.

Figure 5—-21.
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Internal genitalia in asymmetric gonadal differentiation.

(Reproduced, with permission, from Jones HW Jr, Scott WW: Hermaphroditism, Genital Anomalies and Related
Endocrine Disorders, 2nd ed. Williams & Wilkins, 1971.)

Differential Diagnosis in Infants with Ambiguous Genitalia

Accurate differential diagnosis is possible in most patients with ambiguous genitalia (Table 5-8). This requires a
complex history of the mother's medication use, a complex sex chromosome study, rectal examination for the
presence or absence of a uterus, measurement of serum steroid levels, pelvic ultrasonography, and information
about other congenital anomalies. The following disorders, however, do not yield to differentiation by the
parameters given in Table 5-8: (1) idiopathic masculinization, (2) the "special" forms of female hermaphroditisn
(3) 46,XX true hermaphroditism, and, occasionally, (4) the precise type of male hermaphroditism. For these
differentiations, laparotomy may be necessary for diagnosis and for therapy.

Table 5—8. Differential Diagnosis of Ambiguous External Genitalia.

Adrenal hyperplasia
46,XX

+

+

E

XX

Maternal androgen
46,XX

+

+



N

XX

Idiopathic masculinization
46,XX

+

N

XX

Special or nonspecific
46,XX

+
N

XX

Female familial

46,XX

+

+

+

N

XX

True hermaphroditism
46,XX; 46,XY; etc

+ or —

N

XX or other

Male hermaphroditism
46,XY

+

+ or —

N

XY or other

Streak gonad

45,X; 46,XX; 46,XY; etc
+

+ or —

N

XO or other

Diagnosis Karyotype History Uterus Anomalies 17-KS Sex Chromosome

+, positive, —, negative, N, normal, E, elevated; 17-KS, 17-ketosteroid level.

Treatment of Hermaphroditism

The sex of rearing is much more important than the obvious morphologic signs (external genitalia, hormone
dominance, gonadal structure) in forming the gender role. Furthermore, serious psychological consequences ma



result from changing the sex of rearing after infancy. Therefore, it is seldom proper to advise a change of sex af
infancy to conform to the gonadal structure of the external genitalia. Instead, the physician should exert efforts
complete the adjustment of the person to the sex role already assigned. Fortunately, most aberrations of sexual
development are discovered in the newborn period or in infancy, when reassignment of sex causes few problem:

Regardless of the time of treatment (and the earlier the better), the surgeon should reconstruct the external
genitalia to correspond to the sex of rearing. Any contradictory sex structures that may function to the patient's
disadvantage in the future should be eradicated. Specifically, testes should always be removed from male
hermaphrodites reared as females, regardless of hormone production. In cases of testicular feminization,
orchiectomy is warranted because a variety of tumors may develop in these abnormal testes if they are retainec
but the orchiectomy may be delayed until after puberty in this variety of hermaphroditism.

In virilized female hermaphroditism due to adrenal hyperplasia, suppression of adrenal androgen production by -
use of cortisone from an early age will result in completely female development. It is no longer necessary to
explore the abdomen and the internal genitalia in this well-delineated syndrome. The surgical effort should be
confined to reconstruction of the external genitalia along female lines.

Patients with streak gonads or Turner's syndrome, who are invariably reared as females, should be given
exogenous estrogen when puberty is expected. Those hermaphrodites reared as females who will not become
feminized also require estrogen to promote the development of the female habitus, including the breasts. In
patients with a well-developed system, cyclic uterine withdrawal bleeding can be produced even though
reproduction is impossible. Estrogen should be started at about age 12 and may be given as conjugated estroge
1.5 mg/d orally (or its equivalent). In some patients, after a period of time this dosage may have to be increase
for additional breast development. In patients without ovaries who have uteri and in male hermaphrodites in the
same condition, cyclic uterine bleeding can often be induced by the administration of estrogen for 3 weeks of ea
month. In other instances, this may be inadequate to produce a convincing "menstrual” period; if so, the 3 weel
of estrogen can be followed by 3—4 days of progestin (eg, medroxyprogesterone acetate) orally or a single
injection of progesterone. Prolonged estrogen therapy increases the risk of subsequent development of
adenocarcinoma of the corpus, so periodic endometrial sampling is mandatory in such patients.

Reconstruction of Female External Genitalia

The details of the operative reconstruction of abnormal external genitalia are beyond the scope of this chapter.
However, it should be emphasized that the procedure should be carried out at the earliest age possible so as to
enhance the desired psychological, social, and sexual orientation of the patient and to facilitate adjustment by tt
parents. Sometimes the reconstruction can be done during the neonatal period. In any case, operation should n
be delayed beyond the first several months of life. From a technical point of view, early operation is possible in ¢
but the most exceptional circumstances.
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Current OB/GYN >Chapter 6. Physiology of Reproduction in Women=>

PHYSIOLOGY OF REPRODUCTION IN WOMEN: INTRODUCTION

This chapter is concerned with the function of the female reproductive system from birth through puberty and
adulthood to the menopause.

After birth, the gonads are quiescent until they are activated by gonadotropins from the pituitary to bring about
the final maturation of the reproductive system. This period of final maturation is known as adolescence. It is
often called puberty, although strictly defined, puberty is the period when the endocrine and gametogenic
functions of the gonads first develop to the point where reproduction is possible. In girls, the first event is
thelarche, the development of breasts, followed by pubarche, the development of axillary and pubic hair, and
then menarche, the first menstrual period. The initial periods are generally anovulatory, and regular ovulation
begins about 1 year later. In contrast to the situation in adulthood, removal of the gonads during the period fror
soon after birth to puberty causes little or no increase in gonadotropin secretion, so gonadotropin secretion is nc
being held in check by the gonadal hormones. In children between the ages of 7 and 10, a slow increase in
estrogen and androgen secretion precedes the more rapid rise in the early teens (Fig 6—1).

Figure 6—1.
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Changes in plasma hormone concentrations during puberty in boys (top ) and girls (bottom ). Stage 1 of puber
is preadolescence in both sexes. In boys, stage 2 is characterized by beginning enlargement of the testes, stage
by penile enlargement, stage 4 by growth of the glans penis, and stage 5 by adult genitalia. The stages of puber
in girls are summarized in Fig 6-3.

(Reproduced, with permission, from Grumbach MM: Onset of puberty. In: Berenberg SR [editor]: Puberty: Biolo
and Psychosocial Components. HE Stenfoert Kroese BV, 1975.)

This chapter is based in large part on Chapter 23 in Ganong WF: Review of Medical Physiology, 22nd ed. McGrav
Hill, 2005.

PUBERTY

The age at the time of puberty is variable; in Europe and the United States, it has been declining at the rate of ]
months per decade for more than 175 years. In the United States in recent years, puberty has generally been
occurring between the ages of 8 and 13 in girls and 9 and 14 in boys.

Another event that occurs in humans at the time of puberty is an increase in the secretion of adrenal androgens
(Fig 6-2). The onset of this increase is called adrenarche. It occurs at age 8-10 years in girls and 10-12 years
boys. Dehydroepiandrosterone (DHEA) values peak at about 25 years of age and are slightly higher in boys. The
then decline slowly to low values after the age of 60.

Figure 6—2.
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Change in serum dehydroepiandrosterone sulfate (DHEAS) with age. The middle line is the mean, and the dashe
lines identify 1.96 standard deviations.

10

(Reproduced, with permission, from Smith MR et al: A radioimmunoassay for the estimation of serum
dehydroepiandrosteronesulfate in normal and pathological sera. Clin Chim Acta 1975;65:5.)

The increase in adrenal androgen secretion at adrenarche occurs without any changes in the secretion of cortiso
adrenocorticotropic hormone (ACTH). Adrenarche is probably due to a rise in the lyase activity of a 17z~
hydroxylase. Thereafter, there is a gradual decline in this activity as plasma adrenal androgen secretion declines

low levels in old age.

The adrenal androgens contribute significantly to the growth of axillary and pubic hair. The breasts develop unde
the influence of the ovarian hormones estradiol and progesterone, with estradiol primarily responsible for the
growth of ducts and progesterone primarily responsible for the growth of lobules and alveoli. The sequence of
changes that occur at puberty in girls is summarized in Fig 6—3.

Figure 6—3.
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Sequence of events at adolescence in girls. A: Stage 1: Preadolescent; elevation of breast papillae only. Stage 2
Breast bud stage (may occur between ages 8 and 13); elevation of breasts and papillae as small mounds, with
enlargement of areolar diameter. Stage 3: enlargement and elevation of breasts and areolas with no separation
contours. Stage 4: Areolas and papillae project from breast to form a secondary mound. Stage 5: Mature;
projection of papillae only, with recession of areolas into general contour of breast. B: Stage 1: Preadolescent; n
pubic hair. Stage 2: Sparse growth along labia of long, slightly pigmented, downy hair that is straight or slightly
curled (may occur between ages 8 and 14). Stage 3: Darker, coarser, more curled hair growing sparsely over
pubic area. Stage 4: Resembles adult in type but covers smaller area. Stage 5: Adult in quantity and type.

(Redrawn, with permission, from Tanner JM: Growth at Adolescence, 2nd ed. Blackwell, 1962.)

IControI of the Onset of Puberty

A neural mechanism is responsible for the onset of puberty. In children, the gonads can be stimulated by
gonadotropins, the pituitary contains gonadotropins, and the hypothalamus contains gonadotropin-releasing
hormone (GnRH). However, the gonadotropins are not secreted. In immature monkeys, normal menstrual cycle:
can be brought on by pulsatile injection of GnRH, and the cycles persist as long as the pulsatile injection is
continued. In addition, GnRH is secreted in a pulsatile fashion in adults. Thus, it seems clear that during the peri
from birth to puberty, a neural mechanism is operating to prevent the normal pulsatile release of GhRH. The
nature of the mechanism inhibiting the GnRH pulse generator is unknown.

Relation to Leptin

It has been argued for some time that normally a critical body weight must be reached for puberty to occur. Tht
for example, young women who engage in strenuous athletics lose weight and stop menstruating. So do girls wi



anorexia nervosa. If these girls start to eat and gain weight, they menstruate again, ie, they "go back through
puberty.” It now appears that leptin, the satiety-producing hormone secreted by fat cells, may be the link betwe
body weight and puberty. Obese ob/ob mice that cannot make leptin are infertile, and their fertility is restored b
injections of leptin. Leptin treatment also induces precocious puberty in immature female mice. However, how
leptin fits into the overall control of puberty remains to be determined.

Sexual Precocity

The major causes of precocious sexual development in humans are listed in Table 6—1. Early development of
secondary sexual characteristics without gametogenesis is caused by abnormal exposure of immature males to
androgen or of females to estrogen. This syndrome should be called precocious pseudopuberty to distinguish
from true precocious puberty due to an early but otherwise normal pubertal pattern of gonadotropin secretion fr
the pituitary (Fig 6—4).

Table 6—1. Classification of the Causes of Precocious Sexual Development in Humans

True precocious puberty
Constitutional

Cerebral: Disorders involving posterior hypothalamus

Tumors

Infections

Developmental abnormalities

Gonadotropin-independent precocity

Precocious pseudopuberty
(no spermatogenesis or ovarian development)

Adrenal

Congenital virilizing adrenal hyperplasia (without treatment in males; following cortisone treatment in females)

Androgen-secreting tumors (in males)

Estrogen-secreting tumors (in females)

Gonadal

Interstitial cell tumors of testis

Granulosa cell tumors of ovary

Miscellaneous



Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.

Figure 6—4.

Capyright @2006 by The McGraw-Hill Campanies, Inc
All rights rezerved.

Constitutional precocious puberty in a 31 /2-year-old girl. The patient developed pubic hair and started to
menstruate at the age of 17 months.

(Reproduced, with permission, from Jolly H: Sexual Precocity. Thomas, 1955.)

In 1 large series of cases, precocious puberty was the most frequent endocrine symptom of hypothalamic diseas
It is interesting that in experimental animals and humans, lesions of the ventral hypothalamus near the
infundibulum cause precocious puberty. The effect of the lesions may be due to interruption of neural pathways
that produce inhibition of the GnRH pulse generator. Pineal tumors are sometimes associated with precocious
puberty, but there is evidence that these tumors are associated with precocious puberty only when there is
secondary damage to the hypothalamus. Precocity due to this and other forms of hypothalamic damage probabl
occurs with equal frequency in both sexes, although the constitutional form of precocious puberty is more comm
in girls. In addition, it has now been proved that precocious gametogenesis and steroidogenesis can occur witho
the pubertal pattern of gonadotropin secretion (gonadotropin-independent precocity). At least in some cases of
this condition, the sensitivity of luteinizing hormone (LH) receptors to gonadotropins is increased because of an



activating mutation in the G protein that couples receptors toadenylyl cyclase.

Delayed or Absent Puberty

The normal variation in the age at which adolescent changes occur is so wide that puberty cannot be considered
be pathologically delayed until menarche has failed to occur by the age of 17. Failure of maturation due to
panhypopituitarism is associated with dwarfing and evidence of other endocrine abnormalities. Patients with the
XO chromosomal pattern and gonadal dysgenesis are also dwarfed. In some individuals, puberty is delayed and
menarche does not occur (primary amenorrhea), even though the gonads are present and other endocrine
functions are normal.

REPRODUCTIVE FUNCTION AFTER SEXUAL MATURITY

Menstrual Cycle

The anatomy of the reproductive system of adult women is described in Chapter 2. Unlike the reproductive systt
of men, this system shows regular cyclic changes that teleologically may be regarded as periodic preparation for
fertilization and pregnancy. In primates, the cycle is a menstrual cycle, and its most conspicuous feature is the
periodic vaginal bleeding that occurs with shedding of the uterine mucosa (menstruation ). The length of the
cycle is notoriously variable, but the average figure is 28 days from the start of 1 menstrual period to the start ¢
the next. By common usage, the days of the cycle are identified by number, starting with the first day of
menstruation.

Ovarian Cycle

From the time of birth, there are many primordial follicles under the ovarian capsule. Each contains an
immature ovum (Fig 6-5). At the start of each cycle, several of these follicles enlarge and a cavity forms arounc
the ovum (antrum formation). This cavity is filled with follicular fluid. In humans, 1 of the follicles in 1 ovary stal
to grow rapidly on about the sixth day and becomes the dominant follicle. The others regress, forming atretic
follicles. It is not known how 1 follicle is singled out for development during this follicular phase of the
menstrual cycle, but it seems to be related to the ability of the follicle to secrete the estrogen inside it that is
needed for final maturation. When women are given highly purified human pituitary gonadotropin preparations k
injection, many follicles develop simultaneously.

Figure 6—5.
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Diagram of a mammalian ovary, showing the sequential development of a follicle, formation of a corpus luteum,
and, in the center, follicular atresia. A section of the wall of a mature follicle is enlarged at the upper right. The
interstitial cell mass is not prominent in primates.

(After Patten B, Eakin RM. Reproduced, with permission, from Gorbman A, Bern H: Textbook of Comparative
Endocrinology. Wiley, 1962.)

The structure of a mature ovarian follicle (graafian follicle ) is shown in Fig 6-5. The cells of the theca intern
of the follicle are the primary source of circulating estrogens. The follicular fluid has a high estrogen content, anc
much of this estrogen comes from the granulosa cells.

At about the 14th day of the cycle, the distended follicle ruptures, and the ovum is extruded into the abdominal
cavity. This is the process of ovulation. The ovum is picked up by the fimbriated ends of the uterine tubes
(oviducts) and transported to the uterus. Unless fertilization occurs, the ovum degenerates or is passed on throt
the uterus and out the vagina.

The follicle that ruptures at the time of ovulation promptly fills with blood, forming what is sometimes called a
corpus hemorrhagicum. Minor bleeding from the follicle into the abdominal cavity may cause peritoneal irritat
and fleeting lower abdominal pain ("mittelschmerz"). The granulosa and theca cells of the follicle lining promptly
begin to proliferate, and the clotted blood is rapidly replaced with yellowish, lipid-rich luteal cells, forming the
corpus luteum. This is the luteal phase of the menstrual cycle, during which the luteal cells secrete estrogens
and progesterone. Growth of the corpus luteum depends on its developing an adequate blood supply, and there



evidence that vascular endothelial growth factor (VEGF) is essential for this process. If pregnancy occurs, the
corpus luteum persists, and there are usually no more menstrual periods until after delivery. If there is no
pregnancy, the corpus luteum begins to degenerate about 4 days before the next menses (day 24 of the cycle)
and is eventually replaced by fibrous tissue, forming a corpus albicans.

In humans, no new ova are formed after birth. During fetal development, the ovaries contain over 7 million gerr
cells; however, many undergo involution before birth, and others are lost after birth. At the time of birth, there
approximately 2 million primordial follicles containing ova, but approximately 50% of these are atretic. The millic
or so ova that are normal undergo the first part of the first meiotic division at about this time and enter a stage
arrest in prophase in which those that survive persist until adulthood. Atresia continues during development, anc
the number of ova in both the ovaries at the time of puberty is less than 300,000 (Fig 6—6). Normally, only 1 of
these ova per cycle (or about 500 in the course of a normal reproductive life) is stimulated to mature; the
remainder degenerate. Just before ovulation, the first meiotic division is completed. One of the daughter cells, tl
secondary oocyte, receives most of the cytoplasm, while the other, the first polar body, fragments and
disappears. The secondary oocyte immediately begins the second meiotic division, but this division stops at
metaphase and is completed only when a sperm penetrates the oocyte. At that time, the second polar body is
cast off, and the fertilized ovum proceeds to form a new individual. The arrest in metaphase is due, at least in
some species, to formation in the ovum of the protein pp39 ™M°S | which is encoded by the c-mos proto-oncogen
When fertilization occurs, the pp39™°s is destroyed within 30 minutes by calpain, a calcium-dependent cysteine

protease.
Figure 6—6.
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Number of primordial follicles per ovary in women at various ages. a, premenopausal women (regular menses)
, perimenopausal women (irregular menses for at least 1 year); &, postmenopausal women (no menses for at
least 1 year). Note that the vertical scale is a log scale and that the values are from 1 rather than 2 ovaries.

(Redrawn by Wise PM and reproduced, with permission, from Richardson SJ, Senikas V, Nelson JF: Follicular
depletion during the menopausal transition: evidence for accelerated loss and ultimate exhaustion. J Clin
Endocrinol Metab 1987;65:1231.)

IUterine Cycle

The events that occur in the uterus during the menstrual cycle terminate in the menstrual flow. By the end of e¢



menstrual period, all but the deep layer of the endometrium has sloughed. Under the influence of estrogens fror
the developing follicles, the endometrium regenerates from the deep layer and increases rapidly in thickness
during the period from the fifth to 16th days of the menstrual cycle. As the thickness increases, the uterine glan
are drawn out so that they lengthen (Fig 6—7), but they do not become convoluted or secrete to any degree. Th
endometrial changes are called proliferative, and this part of the menstrual cycle is sometimes called the
proliferative phase. It is also called the preovulatory or follicular phase of the cycle. After ovulation, the
endometrium becomes more highly vascularized and slightly edematous under the influence of estrogen and
progesterone from the corpus luteum. The glands become coiled and tortuous (Fig 6—7), and they begin to secr
a clear fluid. Consequently, this phase of the cycle is called the secretory or luteal phase. Late in the luteal
phase, the endometrium, like the anterior pituitary, produces prolactin, but the function of this endometrial
prolactin is unknown.

Figure 6—7.
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Changes in the endometrium during the menstrual cycle.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

The endometrium is supplied by 2 types of arteries. The superficial two-thirds of the endometrium that is shed
during menstruation, the stratum functionale, is supplied by long, coiled spiral arteries, whereas the deep layer,
the stratum basale, which is not shed, is supplied by short, straight basilar arteries.

When the corpus luteum regresses, hormonal support for the endometrium is withdrawn. The endometrium
becomes thinner, which adds to the coiling of the spiral arteries. Foci of necrosis appear in the endometrium, an
these coalesce. There is, in addition, necrosis of the walls of the spiral arteries, leading to spotty hemorrhages tl
become confluent and produce the menstrual flow.

Vasospasm occurs and probably is produced by locally released prostaglandins. There are large quantities of
prostaglandins in the secretory endometrium and in menstrual blood, and infusions of prostaglandin Fo5; (PGF2, )
produce endometrial necrosis and bleeding. One theory of the onset of menstruation holds that in necrotic
endometrial cells, lysosomal membranes break down with the release of enzymes that foster the formation of
prostaglandins from cellular phospholipids.

From the point of view of endometrial function, the proliferative phase of the menstrual cycle represents the
restoration of epithelium from the preceding menstruation, and the secretory phase represents the preparation «
the uterus for implantation of the fertilized ovum. The length of the secretory phase is remarkably constant, at
about 14 days, and the variations seen in the length of the menstrual cycle are mostly due to variations in the



length of the proliferative phase. When fertilization fails to occur during the secretory phase, the endometrium i
shed, and a new cycle starts.

Normal Menstruation

Menstrual blood is predominantly arterial, with only 25% of the blood being of venous origin. It contains tissue
debris, prostaglandins, and relatively large amounts of fibrinolysin from the endometrial tissue. The fibrinolysin
lyses clots, so menstrual blood does not normally contain clots unless the flow is excessive.

The usual duration of the menstrual cycle is 3-5 days, but flows as short as 1 day and as long as 8 days can occ
in normal women. The average amount of blood lost is 30 mL but normally may range from slight spotting to 80
mL. Loss of more than 80 mL is abnormal. Obviously, the amount of flow can be affected by various factors,
including thickness of the endometrium and medications and diseases that affect the clotting mechanism. After
menstruation, the endometrium regenerates from the stratum basale.

Anovulatory Cycles

In some instances, ovulation fails to occur during the menstrual cycle. Such anovulatory cycles are common for
the first 12—18 months after menarche and again before the onset of menopause. When ovulation does not occt
no corpus luteum is formed, and the effects of progesterone on the endometrium are absent. Estrogens continu
to cause growth, however, and the proliferative endometrium becomes thick enough to break down and begin t
slough. The time it takes for bleeding to occur is variable, but it usually occurs less than 28 days from the last
menstrual period. The flow is also variable and ranges from scanty to relatively profuse.

Cyclic Changes in the Uterine Cervix

Although it is contiguous with the body of the uterus, the cervix of the uterus is different in a number of ways. 1
mucosa of the uterine cervix does not undergo cyclic desquamation, but there are regular changes in the cervice
mucus. Estrogen makes the mucus thinner and more alkaline, changes that promote the survival and transport
sperms. Progesterone makes it thick, tenacious, and cellular. The mucus is thinnest at the time of ovulation, anc
its elasticity, or spinnbarkeit, increases so that by midcycle, a drop can be stretched into a long, thin thread th
may be 8—12 cm or more in length. In addition, it dries in an arborizing, fernlike pattern when a thin layer is
spread on a slide (Fig 6—8). After ovulation and during pregnancy, it becomes thick and fails to form the fern
pattern.

Figure 6—8.
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Patterns formed when cervical mucus is smeared on a slide, permitted to dry, and examined under the
microscope. Progesterone makes the mucus thick and cellular. In the smear from a patient who failed to ovulate
(bottom ), there is no progesterone to inhibit the estrogen-induced fern pattern.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

Vaginal Cycle

Under the influence of estrogens, the vaginal epithelium becomes cornified, and cornified epithelial cells can be
identified in the vaginal smear. Under the influence of progesterone, a thick mucus is secreted, and the epithelic
proliferates and becomes infiltrated with leukocytes. The cyclic changes in the vaginal smear in rats are particule
well known. The changes in humans and other species are similar but unfortunately not so clear-cut. However, 1
increase in cornified epithelial cells is apparent when a vaginal smear from an adult woman in the follicular phas:
of the menstrual cycle is compared, for example, with a smear taken from a prepubescent female (Fig 6-9).
Figure 6—9.
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Vaginal cytologic picture in various stages of life. Top: Graphic representation of the maturation of vaginal
epithelium. Bottom: Left to right: Epithelial maturation at birth; atrophic cell picture in childhood; beginning of
estrogenic influence in puberty; complete maturation in the reproductive period; regression in old age.

ICycIic Changes in the Breasts

Although lactation normally does not occur until the end of pregnancy, there are cyclic changes in the breasts
during the menstrual cycle. Estrogens cause proliferation of mammary ducts, whereas progesterone causes grov
of lobules and alveoli (see Actions of Progesterone). The breast swelling, tenderness, and pain experienced by
many women during the 10 days preceding menstruation probably are due to distention of the ducts, hyperemiz
and edema of the interstitial tissue of the breasts. All of these changes regress, along with the symptoms, durin
menstruation.

Cyclic Changes in Other Body Functions

In addition to cyclic breast swelling and tenderness, there is usually a small increase in body temperature during
the luteal phase of the menstrual cycle. This change in body temperature (see Indicators of Ovulation) probably
due to the thermogenic effect of progesterone.

Changes during Sexual Intercourse

During sexual excitation, the vaginal walls become moist as a result of transudation of fluid through the mucus
membrane. A lubricating mucus is secreted by the vestibular glands. The upper part of the vagina is sensitive to
stretch, while tactile stimulation from the labia minora and clitoris adds to the sexual excitement. The stimuli ar¢
reinforced by tactile stimuli from the breasts and, as in men, by visual, auditory, and olfactory stimuli; eventuall
the crescendo or climax known as orgasm may be reached. During orgasm, there are autonomically mediated
rhythmic contractions of the vaginal wall. Impulses also travel via the pudendal nerves and produce rhythmic
contractions of the bulbocavernosus and ischiocavernosus muscles. The vaginal contractions may aid in the
transport of spermatozoa but are not essential for it, as fertilization of the ovum is not dependent on orgasm.



Indicators of Ovulation

Knowing when during the menstrual cycle ovulation occurs is important in increasing fertility or, conversely, in
contraception. A convenient but retrospective indicator of the time of ovulation is a rise in the basal body
temperature (Fig 6—10). Accurate temperatures can be obtained by using a thermometer that is able to measur
temperature precisely between 96 and 100 F. The woman should take her temperature orally, vaginally, or recte
in the morning before getting out of bed. The cause of the temperature change at the time of ovulation is unkna
but probably is due to the increase in progesterone secretion, as progesterone is thermogenic. A rise in urinary |
occurs during the rise in circulating LH that causes ovulation, and this increase can be measured as another
indicator of ovulation. Kits using dipsticks or simple color tests for detection of urinary LH are available for home
use.

Figure 6—10.
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Basal body temperature and plasma hormone concentrations (mean standard error) during the normal human
menstrual cycle. Values are aligned with respect to the day of the midcycle LH peak.



(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

Ovulation normally occurs about 9 hours after the peak of the LH surge at midcycle (Fig 6—10). The ovum lives
approximately 72 hours after it is extruded from the follicle but probably is fertilizable for less than half this time
In a study of the relationship of isolated intercourse to pregnancy, 36% of women had a detected pregnancy
following intercourse on the day of ovulation, but with intercourse on days after ovulation, the percentage was
zero. Isolated intercourse on the first and second days before ovulation led to pregnancy in about 36% of the
women. A few pregnancies resulted from isolated intercourse on day 3, 4, or 5 before ovulation, although the
percentage was much lower, ie, 8% on day 5 before ovulation. Thus, some sperms can survive in the female
genital tract and produce fertilization for up to 120 hours before ovulation, but the most fertile period is clearly t
48 hours before ovulation. However, for those interested in the "rhythm method" of contraception, it should be
noted that there are rare but documented cases in the literature of pregnancy resulting from isolated coitus on
every day of the cycle.

OVARIAN HORMONES
Chemistry, Biosynthesis, & Metabolism of Estrogens

The naturally occurring estrogens are 170l-estradiol, estrone, and estriol (Fig 6—11). They are C1g steroids, i€
they do not have an angular methyl group attached to the 10 position or a &4 -3-keto configuration in the A ring
They are secreted primarily by the granulosa and the thecal cells of the ovarian follicles, the corpus luteum, and
the placenta. The biosynthetic pathway involves their formation from androgens. They are also formed by
aromatization of androstenedione in the circulation. Aromatase (CYP19) is the enzyme that catalyzes the
conversion of androstenedione to estrone (Fig 6—11). It also catalyzes the conversion of testosterone to estradic

Figure 6—11.
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Biosynthesis and metabolism of estrogens.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

Theca interna cells have many LH receptors, and LH acts on them via cyclic adenosine 3',5'-monophosphate
(cAMP) to increase conversion of cholesterol to androstenedione. Some of the androstenedione is converted to
estradiol, which enters the circulation. The theca interna cells also supply androstenedione to the granulosa cells
The granulosa cells only make estradiol when provided with androgens (Fig 6—12), and they secrete the estradic
that they produce into the follicular fluid. They have many follicle-stimulating hormone (FSH) receptors, and FSk
facilitates the secretion of estradiol by acting via cyclic AMP to increase the aromatase activity in these cells.
Mature granulosa cells also acquire LH receptors, and LH stimulates estradiol production.

Figure 6—12.
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Interactions between theca and granulosa cells in estradiol synthesis and secretion.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

IThe stromal tissue of the ovary also has the potential to produce androgens and estrogens. However, it probably
does so in insignificant amounts in normal premenopausal women. 17[-Estradiol, the major secreted estrogen, |
in equilibrium in the circulation with estrone. Estrone is further metabolized to estriol (Fig 6—11), probably mair
in the liver. Estradiol is the most potent estrogen of the three, and estriol is the least potent.

Two percent of the circulating estradiol is free. The remainder is bound to protein: 60% to albumin and 38% to -
same gonadal steroid-binding globulin (GBG) that binds testosterone (Table 6-2).
Table 6—2. Distribution of Gonadal Steroids and Cortisol in Plasma.

Testosterone
2

0

65

33
Androstenedione
7

0

8

85

Estradiol

2

0

38

60
Progesterone
2

18

0

80

Cortisol

4

90

0

6

Steroid

% Bound to

% Free

CBG




CBG, corticosteroid-binding globulin; GBG, gonadal steroid—binding globulin.

Courtesy of S Munroe.

In the liver, estrogens are oxidized or converted toglucuronide and sulfate conjugates. Appreciable amounts are
secreted in the bile and reabsorbed in the bloodstream (enterohepatic circulation). There are at least 10 differen
metabolites of estradiol in human urine.

Secretion of Estrogens

The concentration of estradiol in plasma during the menstrual cycle is shown in Fig 6—10. Almost all of the
estrogen comes from the ovary. There are 2 peaks of secretion: 1 just before ovulation and 1 during the midlute
phase. The estradiol secretion rate is 36 l-g/d (133 nmol/d) in the early follicular phase, 380 i-g/d just before
ovulation, and 250 kg/d during the midluteal phase (Table 6—3). After menopause, estrogen secretion declines t
low levels. For comparison, the estradiol production rate in men is about 50 Fg/d (184 nmol/d).

Table 6—3. Twenty-Four—Hour Production Rates of Sex Steroids in Women at Different
Stages of the Menstrual Cycle.

Progesterone (mg)
1.0

4.0

25.0
17-Hydroxyprogesterone (mg)
0.5

4.0

4.0
Dehydroepiandrosterone (mg)
7.0

7.0

7.0

Androstenedione (mg)
2.6

4.7

34

Testosterone (I'g)
144.0

171.0

126.0

Estrone (I-9)

50.0

350.0

250.0

Estradiol (ig)

36.0

380.0

250.0

Sex Steroids Early Follicular Preovulatory Midluteal

Modified and reproduced, with permission, from Yen SSC, Jaffe RB: Reproductive Endocrinology, 3rd ed. Saunde
1991.

Effects on Female Genitalia



Estrogens facilitate the growth of the ovarian follicles and increase the motility of the uterine tubes. Their role in
the cyclic changes in the endometrium, cervix, and vagina is discussed above. They increase uterine blood flow
and have important effects on the smooth muscle of the uterus. In immature and ovariectomized females, the
uterus is small and the myometrium atrophic and inactive. Estrogens increase the amount of uterine muscle anc
its content of contractile proteins. Under the influence of estrogens, the myometrium becomes more active and
excitable, and action potentials in the individual muscle fibers are increased. The "estrogen-dominated" uterus is

also more sensitive to oxytocin.

Prolonged treatment with estrogens causes endometrial hypertrophy. When estrogen therapy is discontinued,
there is some sloughing and withdrawal bleeding. Some "breakthrough" bleeding may also occur during
prolonged treatment with estrogens.

Effects on Endocrine Organs

Estrogens decrease FSH secretion. In some circumstances, estrogens inhibit LH secretion (negative feedback); i
others, they increase LH secretion (positive feedback). Estrogens also increase the size of the pituitary. Women
are sometimes given large doses of estrogens for 4—6 days to prevent conception during the fertile period
(postcoital or "morning-after" contraception). In this instance, pregnancy probably is prevented by interference
with implantation of the fertilized ovum rather than by changes in gonadotropin secretion.

Estrogens cause increased secretion of angiotensinogen and thyroid-binding globulin. They exert an important
protein anabolic effect in chickens and cattle, possibly by stimulating the secretion of androgens from the adren:
estrogens have been used commercially to increase the weight of domestic animals. They cause epiphyseal closi

in humans.

Effects on the Central Nervous System

Estrogens are responsible for estrus behavior in animals, and they may increase libido in humans. They apparen
exert this action by a direct effect on certain neurons in the hypothalamus (Fig 6—13).
Figure 6—13.
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Loci where implantations of estrogen in the hypothalamus affect ovarian weight and sexual behavior in rats,
projected on a sagittal section of the hypothalamus. The implants that stimulate sex behavior are located in the
suprachiasmatic area above the optic chiasm, whereas ovarian atrophy is produced by implants in the arcuate
nucleus and surrounding ventral hypothalamus just above the pituitary stalk. MB, mamillary body.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

Estrogens increase the proliferation of dendrites on neurons and the number of synaptic knobs in rats. In humar
they have been reported to slow the progression of Alzheimer's disease, but this role of estrogens remains



controversial.

Effects on the Breasts

Estrogens produce duct growth in the breasts and are largely responsible for breast enlargement at puberty in
girls. Breast enlargement that occurs when estrogen-containing skin creams are applied locally is due primarily t
systemic absorption of the estrogen, although a slight local effect is also produced. Estrogens are responsible fo
the pigmentation of the areolas. Pigmentation usually becomes more intense during the first pregnancy than it
does at puberty.

Effects on Female Secondary Sex Characteristics

The body changes that develop in girls at puberty—in addition to enlargement of the breasts, uterus, and
vagina—are due in part to estrogens, which are the "feminizing hormones," and in part simply to the absence of
testicular androgens. Women have narrow shoulders and broad hips, thighs that converge, and arms that diverc
(wide carrying angle ). This body configuration, plus the female distribution of fat in the breasts and buttocks,
also seen in castrated males. In women, the larynx retains its prepubertal proportions and the voice is high-
pitched. There is less body hair and more scalp hair, and the pubic hair generally has a characteristic flattop
pattern (female escutcheon ). Growth of pubic and axillary hair in the female is due primarily to androgens
rather than estrogens, although estrogen treatment may cause some hair growth. The androgens are produced
the adrenal cortex and, to a lesser extent, by the ovaries.

Other Actions of Estrogens

Normal women retain salt and water and gain weight just before menstruation. Estrogens can cause some degre
of salt and water retention. However, aldosterone secretion is slightly elevated in the luteal phase, and this also
contributes to premenstrual fluid retention.

Estrogens make sebaceous gland secretions more fluid and thus counter the effect of testosterone and inhibit
formation of comedones ("blackheads™) and acne. The liver palms, spider angiomas, and slight breast
enlargement seen in advanced liver disease are due to increased circulating estrogens. The increase appears to
due to decreased hepatic metabolism of androstenedione, making more of this androgen available for conversiol
to estrogens.

Estrogens have a significant plasma cholesterol-lowering action. They produce vasodilation and inhibit vascular
smooth muscle proliferation, possibly by increasing the local production of nitric oxide (NO). Estrogen has also
been shown to prevent expression of factors important in the initiation of atherosclerosis. These actions may
account for the low incidence of myocardial infarction and other complications of atherosclerotic-vascular diseast
in premenopausal women. There is considerable evidence that small doses of estrogen may reduce the incidenct
of cardiovascular disease after menopause. However, some recently published data do not support this conclusic
and additional research is needed. Large doses of oral estrogens also promote thrombosis, apparently because
they reach the liver in high concentrations in the portal blood and alter hepatic production of clotting factors.

Mechanism of Action

The 2 principal types of nuclear estrogen receptors are estrogen receptor-ii (ER-iz), which is encoded by a gene
chromosome 6, and estrogen receptor—E' (ER-B), which is encoded by a gene on chromosome 14. Both are
members of the nuclear receptor superfamily, which includes receptors for many different steroids. After bindinc
estrogen, the nuclear receptors dimerize and bind to DNA, altering its transcription (Fig 6—14). Some tissues
contain 1 type or the other, but there is also overlap, with some tissues containing both ER-z and ER-B. ER-z is
found primarily in the uterus, kidneys, liver, and heart, whereas ER-D is found primarily in the ovaries, prostate,
lungs, gastrointestinal tract, hemopoietic system, and central nervous system. The receptors also form
heterodimers, with ER- binding to ER-F. Male and female mice in which the gene for ER-% has been knocked o1



are sterile, develop osteoporosis, and continue to grow because their epiphyses do not close. ER-E female
knockouts are infertile, but ER-[' male knockouts are fertile even though they have hyperplastic prostates and Ic
of fat. Thus, the actions of the estrogen receptors are complex, multiple, and varied. However, this is not
surprising because it is now known that both receptors exist in various isoforms and, like thyroid receptors, can
bind to various activating and stimulating factors.

Figure 6—14.
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Mechanism of action of steroid hormones. The estrogen, progestin, androgen, glucocorticoid, mineralocorticoid,
and 1,25-dihydroxycholecalciferol receptors have different molecular weights, but all have a ligand-binding dome
and a DNA-binding domain that is exposed when the ligand binds. The receptor—hormone complex then binds to
DNA, producing increased or decreased transcription. H, hormone; R, receptor.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

IMost of the actions of estrogens are genomic, ie, mediated by actions on the nucleus. However, some effects ar
so rapid that it is difficult to believe they are mediated via increased expression of mMRNAs. These include effects
on neuronal discharge in the brain and possibly feedback effects on gonadotropin secretion. Their existence has
to the hypothesis that, in addition to genomic actions, there are nongenomic effects of estrogens that are
presumably mediated by membrane receptors. Similar rapid effects of progesterone, testosterone, and aldosterc
may also be produced by membrane receptors.

Synthetic Estrogen

The ethinyl derivative of estradiol (Fig 6—15) is a potent estrogen. Unlike naturally occurring estrogens, it is
relatively active when given orally because it has an ethinyl group in position 17, which makes it resistant to
hepatic metabolism. Naturally occurring hormones have low activity when given orally because the portal venou:
drainage of the intestine carries them to the liver, where they are largely inactivated before they can reach the
general circulation. Some nonsteroidal substances and a few compounds found in plants have estrogenic activity
Plant estrogens rarely affect humans but may cause undesirable effects in farm animals. Diethylstilbestrol (Fig
6—15) and a number of related compounds are strongly estrogenic, possibly because they are converted to
steroidlike ring structures in the body.

Figure 6—15.
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Synthetic estrogens.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

Estradiol reduces the hot flashes and other symptoms of the menopause, and it prevents the development of
osteoporosis. It may reduce the initiation and progression of atherosclerosis and the incidence of heart attack.
However, it also stimulates the growth of the endometrium and the breast, and it can lead to cancer of the utert
and probably of the breast. Therefore, there has been an active search for "tailor-made"estrogens that have the
bone and cardiovascular effects of estradiol but lack its growth-stimulating effects on the uterus and the breast.
Two compounds, tamoxifen and raloxifene, show promise in this regard. Neither combats the symptoms of tt
menopause, but both have the bone-preserving effects of estradiol. They may also have cardioprotective effects
but the clinical relevance of these effects has not been established. In addition, tamoxifen does not stimulate tht
breast, and raloxifene does not stimulate the breast or uterus. The clinical uses of these 2 drugs are discussed
elsewhere in this book.

Chemistry, Biosynthesis, & Metabolism of Progesterone

Progesterone (Fig 6—16) is a C»; steroid secreted in large amounts by the corpus luteum and the placenta. It is i
important intermediate in steroid biosynthesis in all tissues that secrete steroid hormones, and small amounts
enter the circulation from the testes and adrenal cortex. The 20z- and 20E-—hydroxy derivatives of progesterone
are formed in the corpus luteum. About 2% of the progesterone in the circulation is free (Table 6-2), whereas
80% is bound to albumin and 18% is bound to corticosteroid-binding globulin. Progesterone has a short half-life
and is converted in the liver to pregnanediol, which is conjugated to glucuronic acid and excreted in the urine (F
6—16).

Figure 6—16.
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Biosynthesis of progesterone and major pathway for its metabolism. Other metabolites are also formed.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

Secretion of Progesterone

The plasma progesterone level in women during the follicular phase of the menstrual cycle is approximately 0.9
ng/mL (3 nmol/L), whereas the level in men is approximately 0.3 ng/mL (1 nmol/L). The difference is due to
secretion of small amounts of progesterone by cells in the ovarian follicle. During the luteal phase, the large
amounts secreted by the corpus luteum cause ovarian secretion to increase about 20-fold. The result is an
increase in plasma progesterone to a peak value of approximately 18 ng/mL (60 nmol/L) (Fig 6—10).

The stimulating effect of LH on progesterone secretion by the corpus luteum is due to activation of adenylyl
cyclase and involves a subsequent step that is dependent on protein synthesis.
Actions of Progesterone

The principal target organs of progesterone are the uterus, the breasts, and the brain. Progesterone is responsik
for the progestational changes in the endometrium and the cyclic changes in the cervix and vagina described



above. It has antiestrogenic effects on the myometrial cells, decreasing their excitability, their sensitivity to
oxytocin, and their spontaneous electrical activity, while increasing their membrane potential. It decreases the
number of estrogen receptors in the endometrium and increases the rate of conversion of 17B-estradiol to less
active estrogens.

In the breast, progesterone stimulates the development of lobules and alveoli. It induces differentiation of
estrogen-prepared ductal tissue and supports the secretory function of the breast during lactation.

The feedback effects of progesterone are complex and are exerted at both the hypothalamic and the pituitary
level. Large doses of progesterone inhibit LH secretion and potentiate the inhibitory effects of estrogens,
preventing ovulation.

Progesterone is thermogenic and probably is responsible for the rise in basal body temperature at the time of
ovulation (Fig 6—10). Progesterone stimulates respiration, and the fact that alveolar Pco , in women during the
luteal phase of the menstrual cycle is lower than that in men is attributed to the action of secreted progesterone
In pregnancy, alveolar Pco , falls as progesterone secretion rises.

Large doses of progesterone produce natriuresis, probably by blocking the action of aldosterone on the kidney. 1
hormone does not have a significant anabolic effect.

Mechanism of Action

The effects of progesterone, like those of other steroids, are brought about by an action on DNA to initiate
synthesis of new mRNA. The progesterone receptor is bound to a heat shock protein in the absence of the steroi
and progesterone binding releases the heat shock protein, exposing the DNA-binding domain of the receptor. Tt
synthetic steroid mifepristone (RU-486 ) binds to the receptor but does not release the heat shock protein, ar
it blocks the binding of progesterone. As the maintenance of early pregnancy depends on the stimulatory effect
progesterone on endometrial growth and its inhibition of uterine contractility, mifepristone causes abortion. In
some countries, mifepristone combined with a prostaglandin is used to produce elective abortions.

Two isoforms of the progesterone receptor are produced by differential processing from a single gene.
Progesterone receptor A (PR ) is a truncated form that when activated is capable of inhibiting some of the actio
of progesterone receptor B (PRg ). However, the physiologic significance of the existence of the 2 isoforms rema
to be determined.

Substances that mimic the action of progesterone are sometimes called progestational agents, gestagens, o
progestins. They are used along with synthetic estrogens as oral contraceptive agents.

RELAXIN

Relaxin is a polypeptide hormone that is secreted by the corpus luteum in women and by the prostate in men.
During pregnancy, it relaxes the pubic symphysis and other pelvic joints and softens and dilates the uterine cerv
during pregnancy. Thus, it facilitates delivery. It also inhibits uterine contractions and may play a role in the
development of the mammary glands. In nonpregnant women, relaxin is found in the corpus luteum and the
endometrium during the secretory but not the proliferative phase of the menstrual cycle. Its function in
nonpregnant women is unknown.

In most species, there is only 1 relaxin gene, but in humans there are 2 genes on chromosome 9 that code for
structurally different polypeptides with relaxin activity. However, only 1 of these genes is active in the ovary anc
the prostate. The structure of the polypeptide produced in these 2 tissues is shown in Fig 6—17.

Figure 6—-17.
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Structure of human luteal and prostatic relaxin. Note the A and B chains are connected by disulfide bridges. Pca,
pyroglutamic acid residue at N-terminal of A chain.

(Modified and reproduced, with permission, from Winslow JW et al: Human seminal relaxin is a product of the
same gene as human luteal relaxin. Endocrinology 1992;130:2660.)

INHIBINS AND ACTIVINS

Polypeptides called inhibins that inhibit FSH secretion were first isolated from testes but soon were discovered 1
also be produced by the ovaries. There are 2 inhibins, and they are formed from 3 polypeptide subunits: a
glycosylated = subunit with a molecular weight of 18,000, and 2 nonglycosylated P subunits, Fa and g , each w
a molecular weight of 14,000. The subunits are formed from precursor proteins (Fig 6—18). The & subunit
combines with E'A to form a heterodimer and with EJB to form another heterodimer, with the subunits linked by
disulfide bonds. Both P, (inhibin A) and g (inhibin B) inhibit FSH secretion by a direct action on the pituitary,
although it now appears that inhibin B is the FSH-regulating hormone in adults. Inhibins are produced by Sertoli
cells in males and by granulosa cells in females.

Figure 6—18.
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Inhibin precursor proteins and the various inhibins and activins that are formed from them. SS, disulfide bonds.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

The heterodimer BA BB and the homodimers E-A BA and E'B E*B stimulate rather than inhibit FSH secretion and
consequently are called activins. Their function in reproduction is unsettled. However, the inhibins and activins
are members of the transforming growth factor-D superfamily of dimeric growth factors that also includes the
mllerian inhibitory substance (MIS) that is important in embryonic development of the gonads. Two activin
receptors have been cloned, and both appear to be serine kinases. Inhibins and activins are found not only in t
gonads but also in the brain and many other tissues. In the bone marrow, activins are involved in the developm
of white blood cells. In embryonic life, activins are involved in the formation of mesoderm. All mice in which a
targeted deletion of the iZ-inhibin gene was produced initially grew in a normal fashion but then developed gonas
stromal tumors, so the -inhibin gene is a tumor suppressor gene.

In plasma, £, -macroglobulin binds activins and inhibins. In tissues, activins bind to a family of 4 glycoproteins
called follistatins. Binding of the activins inactivates their biologic activity, but the relation of follistatins to inhit
and their physiologic function are unsettled.

PITUITARY HORMONES

Ovarian secretion depends on the action of hormones secreted by the anterior pituitary gland. The anterior
pituitary gland secretes 6 established hormones: ACTH, growth hormone, thyroid-stimulating hormone (TSH),
FSH, LH, and prolactin (Fig 6—19). It also secretes 1 putative hormone: B-Iipotropic hormone (B-LPH).
Figure 6—19.
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Anterior pituitary hormones. In women, FSH and LH act in sequence on the ovary to produce growth of the ovar
follicle, which secretes estrogen, then ovulation, followed by formation and maintenance of the corpus luteum,
which secretes estrogen and progesterone. In men, FSH and LH control the functions of the testes. Prolactin
stimulates lactation. B—LPH, B—Iipotropic hormone; ACTH, adrenocorticotropic hormone; TSH, thyroid-stimulating
hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

GONADOTROPINS

The gonadotropins FSH and LH act in concert to regulate the cyclic secretion of the ovarian hormones. They are
glycoproteins made up of @ and [ subunits. The @ subunits have the same amino acid composition as the i
subunits in the glycoproteins TSH and human chorionic gonadotropin (hCG); the specificity of these 4 glycoprote
hormones is imparted by the different structures of their B subunits. The carbohydrates in the gonadotropin
molecules increase the potency of the hormones by markedly slowing their metabolism. The half-life of human F
is about 170 minutes; the half-life of LH is about 60 minutes.

The receptors for FSH and LH are serpentine receptors coupled to adenylyl cyclase through Gs . In addition, eacl
has an extended, glycosylated extracellular domain.

Hypothalamic Hormones

Secretion of the anterior pituitary hormones is regulated by the hypothalamic hypophysiotropic hormones. Thest
substances are produced by neurons and enter the portal hypophysial vessels (Fig 6—20), a special group of bloc
vessels that transmit substances directly from the hypothalamus to the anterior pituitary gland. The actions of
these hormones are summarized in Fig 6—21. The structures of 6 established hypophysiotropic hormones are
known (Fig 6—22). No single prolactin-releasing hormone has been isolated and identified. However, several
polypeptides that are found in the hypothalamus can increase prolactin secretion, and 1 or more of these may
stimulate prolactin secretion under physiologic conditions.

Figure 6—20.
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Secretion of hypothalamic hormones. The hormones of the posterior lobe (PL) are released into the general
circulation from the endings of supraoptic and paraventricular neurons, whereas hypophysiotrophic hormones ar

secreted into the portal hypophysial circulation from the endings of arcuate and other hypothalamic neurons. AL
anterior lobe; MB, mamillary bodies; OC, optic chiasm.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005).

Figure 6—21.
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Effects of hypophysiotropic hormones on the secretion of anterior pituitary hormones. B-LPH, B—Iipotropic
hormone; ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing hormone; TRH, thyroid-releasing
hormone; TSH, thyroid-stimulating hormone; GnRH, gonadotropin-releasing hormone; FSH, follicle-stimulating
hormone; LH, luteinizing hormone; GRH, growth hormone-releasing hormone; GIH, growth-inhibiting hormone;
PRH, prolactin-releasing hormone; PIH, prolactin-inhibiting hormone.



(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

Figure 6—22.
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Structures of hypophysiotropic hormones in humans. The structure of somatostatin shown is the tetradecapeptic
(somatostatin 14). In addition, preprosomatostatin is the source of an N-terminal extended polypeptide containii
28 amino acid residues (somatostatin 28). Both forms are found in many tissues. TRH, thyroid-releasing hormor
GnRH, gonadotropin-releasing hormone; CRH, corticotropin-releasing hormone; GRH, growth hormone-releasing
hormone; PIH, prolactin-inhibiting hormone.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

The posterior pituitary differs from the anterior pituitary in that its hormones oxytocin and argininevasopressin a
secreted by neurons directly into the systemic circulation. These hormones are produced in the cell bodies of
neurons located in the supraoptic and paraventricular nuclei of the hypothalamus and transported down the axo
of these neurons to their endings in the posterior lobe of the pituitary. The hormones are released from the
endings into the circulation when action potentials pass down the axons and reach the endings. The structures ¢
the hormones are shown in Fig 6—23.

Figure 6—23.
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Structures of argininevasopressin and oxytocin.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)



CONTROL OF OVARIAN FUNCTION

FSH from the pituitary is responsible for early maturation of the ovarian follicles, and FSH and LH together are
responsible for final follicle maturation. A burst of LH secretion (Fig 6—10) triggers ovulation and the initial
formation of the corpus luteum. There is also a smaller midcycle burst of FSH secretion, the significance of whicl
uncertain. LH stimulates the secretion of estrogen and progesterone from the corpus luteum.

Hypothalamic Components

The hypothalamus occupies a key role in the control of gonadotropin secretion. Hypothalamic control is exerted
GnRH secreted into the portal hypophysial vessels. GnRH stimulates the secretion of FSH as well as LH, and it is
unlikely that there is an additional separate follicle-stimulating hormone—releasing hormone (FRH).

GnRH is normally secreted in episodic bursts (circhoral secretion ). These bursts are essential for normal
secretion of gonadotropins, which are also exerted in an episodic fashion (Fig 6—24). If GnRH is administered by
constant infusion, the number of GnRH receptors in the anterior pituitary decreases (downregulation ), and Lk
secretion falls to low levels. However, if GNRH is administered episodically at a rate of 1 pulse per hour, LH
secretion is stimulated. This is true even when endogenous GnRH secretion has been prevented by a lesion of tf

ventral hypothalamus.

Figure 6—24.
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Profertility and antifertility actions of GnRH and its agonists. The normal secretion of GnRH is pulsatile, occurring
30- to 60-minute intervals. This mode, which can be mimicked by timed injections, produces circhoral peaks of |
and FSH secretion and promotes fertility. If GnRH is administered by continuous infusion or if 1 of its long-acting
synthetic agonists is injected, there is initial stimulation of the pituitary receptors. However, this stimulation last:
for only a few days and is followed by receptor downregulation with inhibition of gonadotropin secretion
(antifertility effect).

(Reproduced, with permission, from Conn PM, Crowley WF Jr: Gonadotropin-releasing hormone and its analogue



N Engl J Med 1991;324:93.)

It is now clear not only that episodic secretion of GnRH is a general phenomenon but that fluctuationsin the
frequency and amplitude of the GnRH bursts are important in generating the other hormonal changes that are
responsible for the menstrual cycle. Frequency is increased by estrogens and decreased by progesterone and
testosterone. The frequency increases late in the follicular phase of the cycle, culminating in the LH surge. Durin
the secretory phase, the frequency decreases as a result of the action of progesterone, but when estrogen and
progesterone secretion decrease at the end of the cycle, frequency once again increases.

At the time of the midcycle LH surge, the sensitivity of the gonadotropes to GnRH is greatly increased because c
their exposure to GnRH pulses of the frequency that exist at this time. This self-priming effect of GnRH is
important in producing a maximum LH response.

The nature and the exact location of the GnRH pulse generator in the hypothalamus are still unsettled. However
is known in a general way that norepinephrine and possibly epinephrine in the hypothalamus increase GnRH pul:

frequencies. Conversely, opioid peptides such as the enkephalins and L-endorphin reduce the frequency of GnR}
pulses.

The downregulation of pituitary receptors and the consequent decrease in LH secretion produced by constantly
elevated levels of GNRH has led to the use of long-acting GnRH agonists to inhibit LH secretion in precocious
puberty and cancer of theprostate.

Feedback Effects

Changes in plasma levels of LH, FSH, sex steroids, and inhibin B during the menstrual cycle are shown in Fig 6—
and their feedback relations are diagrammed in Fig 6—25. At the start of the follicular phase, the inhibin B level i
low and the FSH level is modestly elevated, fostering follicular growth. LH secretion is held in check by the
negative feedback effect of the rising plasma estrogen level. At 36—48 hours before ovulation, the estrogen
feedback effect becomes positive, which initiates the burst of LH secretion (LH surge) that produces ovulation.
Ovulation occurs about 9 hours after the LH peak. FSH secretion also peaks, despite a small rise in inhibin B leve
probably because of the strong stimulation of gonadotropes by GnRH. During the luteal phase, secretion of LH a
FSH is low because of the elevated levels of estrogen, progesterone, and inhibin B.

Figure 6—25.
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Feedback regulation of ovarian function. The cells of the theca interna provide androgens to the granulosa cells,
and the thecal cells produce the circulating estrogens, which inhibit the secretion of LH, GnRH, and FSH. Inhibin
from the granulosa cells also inhibits FSH secretion. LH regulates thecal cells, whereas the granulosa cells are
regulated by both LH and FSH. The dashed arrows indicate inhibition, and the solid arrows indicate stimulation.
GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone; FSH, follicle-stimulating hormone.

(Reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd ed. McGraw-Hill, 2005.)

Ilt should be emphasized that a moderate, constant level of circulating estrogen exerts a negative feedback effec
on LH secretion, whereas an elevated estrogen level exerts a positive feedback effect and stimulates LH secretio
It has been demonstrated in monkeys that there is also a minimum time that estrogen levels must be elevated -
produce positive feedback. When the circulating estrogen level was increased about 300% for 24 hours, only
negative feedback was seen; but when it was increased about 300% for 36 hours or more, a brief decline in
secretion was followed by a burst of LH secretion that resembled the midcycle surge. When circulating levels of
progesterone were high, the positive feedback effect of estrogen was inhibited. There is evidence in primates thi
both the negative and the positive feedback effects of estrogen are exerted in the mediobasal hypothalamus, bu
exactly how negative feedback is switched to positive feedback and then back to negative feedback in the luteal
phase remains unknown.

Control of Menstrual Cycle

In an important sense, regression of the corpus luteum (luteolysis ) starting 3—4 days before menses is the ke
to the menstrual cycle. PGF,,4 appears to be a physiologic luteolysin, but this prostaglandin is only active when
endothelial cells producing endothelin-1 (ET-1) are present. Therefore, it appears that at least in some species
luteolysis is produced by the combined action of PGF,, and ET-1. In some domestic animals, oxytocin secreted t
the corpus luteum appears to exert a local luteolytic effect, possibly by causing the release of prostaglandins. Or
luteolysis begins, estrogen and progesterone levels fall, and secretion of FSH and LH increases. A new crop of
follicles develops, and then a single dominant follicle matures as a result of the action of FSH and LH. Near



midcycle, there is a rise in estrogen secretion from the follicle. This rise augments the responsiveness of the
pituitary to GnRH and triggers a burst of LH secretion. The resulting ovulation is followed by formation of a corpi
luteum. There is a drop in estrogen secretion, but progesterone and estrogen levels then rise together, along wi
inhibin B. The elevated levels inhibit FSH and LH secretion for a while, but luteolysis again occurs and a new cyc
starts.

Reflex Ovulation

Female cats, rabbits, mink, and certain other animals have long periods of estrus, or heat, during which they
ovulate only after copulation. Such reflex ovulation is brought about by afferent impulses from the genitalia ar
the eyes, ears, and nose that converge on the ventral hypothalamus and provoke an ovulation-inducing release
LH from the pituitary. In species such as rats, monkeys, and humans, ovulation is a spontaneous periodic
phenomenon, but afferent impulses converging on the hypothalamus can also exert effects. Ovulation can be
delayed for 24 hours in rats by administering pentobarbital or other neurally active drugs 12 hours before the
expected time of follicle rupture. In women, menstrual cycles may be markedly influenced by emotional stimuli.

Contraception

Methods commonly used to prevent conception, along with their failure rates, are listed in Table 6-4.
Contraception is considered in detail in Chapter 36. It is briefly reviewed here because the techniques used are
excellent examples of the practical application of the physiologic principles discussed in this chapter.

Table 6—4. Relative Effectiveness of Frequently Used Contraceptive Methods.

Vasectomy

0.02

Tubal ligation and similar procedures
0.13

Oral contraceptive
> 50 g estrogen and progestin
0.32

< 50 kg estrogen and progestin
0.27

Progestin only

1.2

IUD

Copper 7

1.5

Loop D

1.3

Diaphragm

1.9

Condom

3.6

Withdrawal

6.7

Spermicide

11.9

Rhythm

15.5

Method Failures per 100 Women—Years

Data from Vessey M, Lawless M, Yeates D: Efficacy of different contraceptive methods. Lancet 1982;1:841.




Reproduced with permission.

Among the most extensively used contraceptives are estrogens and/or progestins in varying doses and
combinations. They interfere with gonadotrophic secretion or, in some cases, inhibit the union of sperms with o\

Once conception has occurred, abortion can be produced by progesterone antagonists such as mifepristone.

Implantation of foreign bodies in the uterus causes changes in the duration of the sexual cycle in a number of
mammalian species. In humans, such foreign bodies do not alter the menstrual cycle, but they act as effective
contraceptive devices. Intrauterine implantation of pieces of metal or plastic (intrauterine devices [IUDs] ) hi
been used in programs aimed at controlling population growth. Although their mechanism of action is still
unsettled, they seem in general to prevent sperms from fertilizing ova.

Implants made up primarily of progestins are now being increasingly used in some parts of the world. The impla
are inserted under the skin and can prevent pregnancy for up to 5 years. They often produce amenorrhea but
otherwise appear to be well tolerated.

PROLACTIN

Chemistry of Prolactin

Prolactin is another anterior pituitary hormone that has important functions in reproduction and pregnancy. The
human prolactin molecule contains 199 amino acid residues and 3 disulfide bridges (Fig 6—26) and has
considerable structural similarity to human growth hormone and human chorionic somatomammotropin (hCS). 1
half-life of prolactin, like that of growth hormone, is about 20 minutes. Structurally similar prolactins are secrete
by the endometrium and by the placenta.

Figure 6—26.
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Structure of human prolactin.

(Reproduced, with permission, from Bondy PK, Rosenberg LE: Metabolic Control and Disease, 8th ed. Saunders,
1980.)

Receptors

The human prolactin receptor resembles the growth hormone receptor and is 1 of the superfamily of receptors t
includes the growth hormone receptor and receptors for many cytokines and hematopoietic growth factors. It
dimerizes and activates the JAK-STAT and other intracellular enzyme cascades.

Actions

Prolactin causes milk secretion from the breast after estrogen and progesterone priming. Its effect on the breasi
increased production of casein and lactalbumin. However, the action of the hormone is not exerted on the cell
nucleus and is prevented by inhibitors of microtubules. Prolactin also inhibits the effects of gonadotropins, possil
by an action at the level of the ovary. Consequently, it is a "natural contraceptive" that spaces pregnancies by
preventing ovulation in lactating women. The function of prolactin in normal males is unsettled, but excess
prolactin secreted by tumors causes impotence. An action of prolactin that has been used as the basis for bioass
of this hormone is stimulation of the growth and "secretion” of the crop sacs in pigeons and other birds. The pail
crop sacs are outpouchings of the esophagus that form, by desquamation of their inner cell layers, a nutritious
material ("milk™) that the birds feed to their young. However, prolactin, FSH, and LH are now regularly measure
by radioimmunoassay.

Regulation of Prolactin Secretion



The normal plasma prolactin concentration is approximately 5 ng/mL in men and 8 ng/mL in women. Secretion i
tonically inhibited by the hypothalamus, and section of the pituitary stalk leads to an increase in circulating
prolactin. Thus, the effect of the hypothalamic prolactin-inhibiting hormone (PIH) dopamine is greater than the
effect of the putative prolactin-releasing hormone. In humans, prolactin secretion is increased by exercise, surgi
and psychological stresses, and stimulation of the nipple (Table 6-5). The plasma prolactin level rises during sle
the rise starting after the onset of sleep and persisting throughout the sleep period. Secretion is increased durini
pregnancy, reaching a peak at the time of parturition. After delivery, the plasma concentration falls to nonpregn
levels in about 8 days. Suckling produces a prompt increase in secretion, but the magnitude of this rise graduall
declines after a woman has been nursing for more than 3 months.

Table 6—5. Factors Affecting the Secretion of Human Prolactin and Growth Hormone.

Sleep

1+

I+

Nursing

|++

N

Breast stimulation in nonlactating women
|

N

Stress

1+

1+
Hypoglycemia

|

I+

Strenuous exercise
|

|

Sexual intercourse in women
|

N

Pregnancy

|++

N

Estrogens

|

|
Hypothyroidism
|

N

TRH

1+

N
Phenothiazines, butyrophenones
1+

N

Opiates

|

|

Glucose

N



D
Somatostatin
N

D+

L —Dopa

D+

1+
Apomorphine
D+

1+
Bromocriptine and related ergot derivatives
D+

I

Factor Prolactin Growth Hormone

I, moderate increase; I+, marked increase; I++, very marked increase; N, no change; D, moderate decrease; [
marked decrease.

(Modified from Frantz and reproduced, with permission, from Ganong WF: Review of Medical Physiology, 22nd e
McGraw—Hill, 2005.)

L -Dopa decreases prolactin secretion by increasing the formation of dopamine, and bromocriptine and other
dopamine agonists inhibit secretion because they stimulate dopamine receptors. Chlorpromazine and related drt
that block dopamine receptors increase prolactin secretion. Thyroid-releasing hormone (TRH) stimulates the
secretion of prolactin in addition to TSH, and there are additional prolactin-releasing polypeptides in hypothalam
tissue. Estrogens produce a slowly developing increase in prolactin secretion as a result of a direct action on the
lactotropes.

It has now been established that prolactin facilitates the secretion of dopamine in the median eminence. Thus,
prolactin acts in the hypothalamus in a negative feedback fashion to inhibit its own secretion.

Hyperprolactinemia

Up to 70% of patients with chromophobe adenomas of the anterior pituitary have elevated plasma prolactin leve
In some instances the elevation may be due to damage to the pituitary stalk, but in most cases the tumor cells i
actually secreting the hormone. The hyperprolactinemia may cause galactorrhea, but in many individuals there ¢
no demonstrable abnormalities. Indeed, most women with galactorrhea have normal prolactin levels; definite
elevations are found in less than one-third of patients with this condition.

Another interesting observation is that 15—-20% of women with secondary amenorrhea have elevated prolactin
levels, and when prolactin secretion is reduced, normal menstrual cycles and fertility return. It appears that the
prolactin may produce amenorrhea by blocking the action of gonadotropins on the ovaries, but definitive proof o
this hypothesis must await further research. The hypogonadism produced by prolactinomas is associated with
osteoporosis due to estrogen deficiency.

Hyperprolactinemia in men is associated with impotence and hypogonadism that disappear when prolactin
secretion is reduced.

MENOPAUSE

The human ovary gradually becomes unresponsive to gonadotropins with advancing age and its function decline
so that sexual cycles and menstruation disappear (menopause). This unresponsiveness is associated with and



probably caused by a decline in the number of primordial follicles (Fig 6—6). The ovaries no longer secrete
progesterone and 17[-estradiol in appreciable quantities. Estrone is formed by aromatization of androstenedione
fat and other tissues, but the amounts are normally small. The uterus and vagina gradually become atrophic. As
the negative feedback effect of the estrogens and progesterone is reduced, secretion of FSH and LH is increased
and plasma FSH and LH rise to high levels. Old female mice and rats have long periods of diestrus and increasec
levels of gonadotropin secretion, but a clear-cut "menopause" has apparently not been described in experimente
animals.

In women, the menses usually become irregular and cease between the ages of 45 and 55. The average age at
onset of the menopause has increased since the turn of the century and is currently about 52 years.

Sensations of warmth spreading from the trunk to the face ("hot flushes," also called hot flashes), night sweats,
and various psychic symptoms are common after ovarian function has ceased. Hot flushes are said to occur in
75% of menopausal women and may last as long as 40 years. They are prevented by administration of estroger
They are not peculiar to the menopause; they also occur in premenopausal women and men whose gonads are
removed surgically or destroyed by disease. Their cause is unknown. However, it has been demonstrated that tr
coincide with surges of LH secretion. LH is secreted in episodic bursts at intervals of 30—60 minutes or more
(circhoral secretion), and in the absence of gonadal hormones, these bursts are large. Each hot flush begins witt
the start of a burst. However, LH itself is not responsible for the symptoms, as they can continue after removal
the pituitary. Instead, it appears that some event in the hypothalamus initiates both the release of LH and the
episode of flushing. The menopause and the clinical management of patients with menopausal symptoms are
discussed in more detail in Chapter 59.
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Current OB/GYN > Chapter 7. Maternal Physiology during Pregnancy >

MATERNAL PHYSIOLOGY DURING PREGNANCY: INTRODUCTION

Pregnancy involves a number changes in anatomy, physiology, and biochemistry, which can challenge
maternal reserves. A basic knowledge of these adaptations is critical for understanding normal laboratory
measurements, knowing the drugs likely to require dose adjustments, and recognizing women who are
predisposed to medical complications during pregnancy.

CARDIOVASCULAR SYSTEM

Anatomic Changes

With uterine enlargement and diaphragmatic elevation, the heart rotates on its long axis in a left-upward
displacement. As a result of these changes, the apical beat (point of maximum intensity) shifts laterally.
Overall, the heart size increases by about 12%, which results from both an increase in myocardial mass
and intracardiac volume (approximately 80 mL). Vascular changes include hypertrophy of smooth muscle
and a reduction in collagen content.

Blood Volume

Blood volume expansion begins early in the first trimester, increases rapidly in the second trimester, and
plateaus at about the 30th week (Fig 7—1). The approximately 50% elevation in plasma volume, which
accounts for most of the increment, results from a cascade of effects triggered by pregnancy hormones.
For example, increased estrogen production by the placenta stimulates the renin-angiotensin system,
which, in turn, leads to higher circulating levels of aldosterone. Aldosterone promotes renal Na™
reabsorption and water retention. Progesterone also participates in plasma volume expansion through a
poorly understood mechanism; increased venous capacitance is another important factor. Human
chorionic somatomammotropin, progesterone, and perhaps other hormones promote erythropoiesis,
resulting in the about a 30% increase in red cell mass.




Figure 7—1.
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Increases in maternal hormones (A, B), blood volume (C), and cardiac output (D) over gestation. %
control represents the increment relative to nonpregnant values.

(Modified from Longo LD: Maternal blood volume and cardiac output during pregnancy: A hypothesis of
endocrinologic control. Am J Physiol 1983;245:R720.)

The magnitude of the increase in blood volume varies according to the size of the woman, the number of
prior pregnancies, and the number of fetuses she is carrying. This hypervolemia of pregnancy
compensates for maternal blood loss at delivery, which averages 500—600 mL for vaginal and 1000 mL
for cesarean delivery.




Cardiac Output

Cardiac output increases approximately 40% during pregnancy, with maximum values achieved at 20-24
weeks' gestation. This rise in cardiac output is thought to result from the hormonal changes of pregnancy
as well as the arteriovenous-shunt effect of uteroplacental circulation.

Stroke volume increases 25—-30% during pregnancy, reaching peak values at 12—24 weeks' gestation (Fig
7-2). Thus, elevations in cardiac output after 20 weeks of gestation depend critically on the rise in heart
rate. Maximum cardiac output is associated with a 24% increase in stroke volume and a 15% rise in
heart rate. Cardiac output increases in labor in association with painful contractions, which increase
venous return and activate the sympathetic nervous system. Cardiac output is further increased, albeit
transiently, at delivery.

Figure 7-2.
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Increases in maternal stroke volume and heart rate. The % control represents increment relative to
measurements in patients who are not pregnant.

(Reproduced, with permission, from Koos BJ: Management of uncorrected, palliated, and repaired
cyanotic congenital heart disease in pregnancy. Prog Ped Cardiol 2004;19:250.)

Stroke volume is sensitive to maternal position. In lateral recumbency, stroke volume remains roughly
the same from 20 weeks' gestation until term, but in the supine position stroke volume decreases after
20 weeks and can even fall to nonpregnant levels by 40 weeks' gestation.

The resting maternal heart rate, which progressively increases over the course of gestation, averages at
term about 15 beats/min more than the nonpregnant rate (Fig 7—2). Of course, exercise, emotional
stress, heat, drugs, and other factors can further increase heart rate.




Multiple gestations have even more profound effects on the maternal cardiovascular system. In twin
pregnancies, cardiac output is about 20% greater than for singletons, because of greater stroke volume
(15%) and heart rate (3.5%). Other differences include greater left ventricular end-diastolic dimensions
and muscle mass.

Cardiac output is generally resistant to postural stress. For example, the fall in cardiac output that
develops immediately after standing does not occur in the middle of the third trimester, although some
reduction can occur earlier in pregnancy. In the third trimester, the supine position can reduce cardiac
output and arterial pressure caused by compression of the vena cava by the gravid uterus with an
associated reduction in venous return to the heart. About 8% of gravidas will develop supine hypotensive
syndrome, characterized by hypotension, bradycardia, and syncope. These women are particularly
sensitive to caval compression because of reduced capacitance in venous collaterals. Shifting the gravida
to a right or left lateral recumbent position will alleviate caval compression, increase blood return to the
heart, and restore cardiac output and arterial pressure.

Blood Pressure

Systemic arterial pressure declines slightly during pregnancy, reaching a nadir at 24—28 weeks of
gestation. Pulse pressure widens because the fall is greater for diastolic than for systolic pressures (Fig
7-3). Systolic and diastolic pressures (and mean arterial pressure) increase to prepregnancy levels by
about 36 weeks.

Figure 7—3.
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Changes in maternal peripheral vascular resistance and arterial pressures over gestation. Pressures
were measured in the left lateral recumbent position. The % control represents the relative change
from nonpregnant values.

(Modified from Thornburg KL et al: Hemodynamic changes in pregnancy. Semin Perinatol 2000;24:11;
Wilson M et al: Blood pressure, the renin-aldosterone system and sex steroids throughout normal
pregnancy. Am J Med 1980;68:97.)

Venous pressure progressively increases in the lower extremities, particularly when the patient is supine,
sitting, or standing. The rise in venous pressure, which can cause edema and varicosities, results from
compression of the inferior vena cava by the gravid uterus and possibly from the pressure of the fetal
presenting part on the common iliac veins. Lying in lateral recumbency minimizes changes in venous
pressure. As expected, venous pressure in the lower extremities falls immediately after delivery. Venous
pressure in the upper extremities is unchanged by pregnancy.

Peripheral Vascular Resistance

Vascular resistance decreases in the first trimester, reaching a nadir of about 34% below nonpregnancy
levels by 14 to O weeks of gestation with a slight increase toward term (Fig 7—3). The hormonal changes
of pregnancy likely trigger this fall in vascular resistance by enhancing local vasodilators, such as nitric
oxide, prostacyclin, and possibly adenosine. Delivery is associated with nearly a 40% fall in peripheral
vascular resistance, although mean arterial pressure is generally maintained because of the associated




rise in cardiac output.

Blood Flow Distribution

Blood flow to the uterus increases in a gestational age-dependent manner. Uterine blood flow can be as
high as 800 mL/min, which is about 4 times the nonpregnant value. The increased flow during pregnancy
results from the relatively low resistance in the uteroplacental circulation.

Renal blood flow increases approximately 400 mL/min above nonpregnant levels, and blood flow to the
breasts increases approximately 200 mL/min. Blood flow to the skin also increases, particularly in the
hands and feet. The increased skin blood flow helps dissipate heat produced by metabolism in the mother
and fetus.

In absolute terms, blood flow increases to the uterus, kidneys, skin, breast, and possibly other maternal
organs; the total augmented organ flow reflects virtually the entire increment in maternal cardiac output.
However, when expressed as a percentage of cardiac output, blood flow in some of these organs may not
be elevated compared to the nonpregnant state.

Strenuous exercise, which diverts blood flow to large muscles, has the potential to decrease
uteroplacental perfusion and thus O, delivery to the fetus. Women who are already adapted to an
exercise routine can generally continue the program in pregnancy; however, pregnant women should
discuss their exercise plans with the physician managing the pregnancy.

Heart Murmurs and Rhythm

The physiologic changes of pregnancy alter several clinical findings. For example, systolic ejection
murmurs, which result from increased cardiac output and decreased blood viscosity, can be detected in
90% or more gravidas. Thus, caution should be exercised in interpreting systolic murmurs in pregnant
women.

The first heart sound may be split, with increased loudness of both portions, and the third heart sound
may also be louder. Continuous murmurs or bruits may be heard at the left sternal edge, which arise
from the internal thoracic (mammary) artery.

Pregnancy decreases the threshold for reentrant supraventricular tachycardia. Normal pregnancy can also
be accompanied by sinus tachycardia, sinus bradycardia, and isolated atrial and ventricular premature
contractions.

Electrocardiographic changes can include a 15- to 20-degree shift to the left in the electrical axis.
Changes in ventricular repolarization can result in ST segment depression or T-wave flattening. However,
pregnancy does not alter the amplitude and duration of the P wave, QRS complex, or T wave.

PULMONARY SYSTEM
Anatomic Changes

Pregnancy alters the circulation of a number of tissues involved in respiration. For example, capillary
dilatation leads to engorgement of the nasopharynx, larynx, trachea, and bronchi. Prominent pulmonary
vascular markings observed on x-ray are consistent with increased pulmonary blood volume.

As the uterus enlarges, the diaphragm is elevated by as much as 4 cm. The rib cage is displaced upward,
increasing the angle of the ribs with the spine. These changes increase the lower thoracic diameter by
about 2 cm and the thoracic circumference by up to 6 cm. Elevation of the diaphragm does not impair its
function. Abdominal muscles have less tone and activity during pregnancy, causing respiration to be
more diaphragm dependent.




Lung Volumes and Capacities

Several lung volumes and capacities are altered by pregnancy (Table 7—1). Dead space volume increases
because of relaxation of the musculature of conducting airways. Tidal volume and inspiratory capacity
increase. Elevation of the diaphragm is associated with reduction in total lung capacity and functional
residual capacity. The latter involves a decrease in both expiratory reserve and residual volumes.

Table 7—1. Effects of Pregnancy on Lung Volumes and Capacities.

Definition Change

I. Volumes

Tidal Volume inspired and expired with each normal respiratory cycle + 35-50%

Inspiratory reserve | Maximum volume that can be inspired over normal end-tidal inspiration +

Expiratory reserve |Maximum volume that can be expired from resting end-tidal expiration |+ 20%

Residual Volume remaining in the lungs following maximum expiration + 20%

Il. Capacities

Total lung Total volume at the end of maximum inspiration 1 5%
Vital Maximum volume expired after maximum inspiration -
Inspiratory Maximum volume inspired from end-tidal expiration + 5-10%
Functional Volume at end-tidal expiration that mixes with tidal air upon inspiration |4+ 20%

Respiration

Pregnancy has little affect on respiratory rate. Thus, the increase in minute ventilation (approximately
50%) results from the rise in tidal volume. This increment in minute ventilation is disproportionately
greater than the rise (approximately 20%0) in total oxygen consumption in maternal muscle tissues
(cardiac, respiratory, uterine, skeletal) and in the products of the fetal genome (placenta, fetus), as
shown in Figure 7—4. This hyperventilation, which decreases maternal arterial Pco, to about 27—32 mm
Hg, results in a mild respiratory alkalosis (blood pH of 7.4—-7.5). The hyperventilation and hyperdynamic
circulation slightly increase arterial Po,.

Figure 7—4.
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Components of increased oxygen consumption during pregnancy.

(Reproduced, with permission, from Hytten FE, Leitch I: The Physiology of Human Pregnancy.
Blackwell, 1964.)

Increased levels of progesterone appear to have a critical role in the hyperventilation of pregnancy,
which develops early in the first trimester. As in the luteal phase of the menstrual cycle of nonpregnant
women, the increased ventilation appears to be caused by the action of progesterone on central neurons
involved in respiratory regulation. The overall respiratory effect appears to be a decrease in the threshold
and an increase in the sensitivity of central chemoreflex responses to CO,. Maternal hyperventilation may
be protective in that that it prevents the fetus from being exposed to high CO, tensions, which might
adversely affect the development of respiratory control and other critical regulatory mechanisms.

Functional measurement of ventilation can also change according to posture and duration of pregnancy.
For example, the peak expiratory rate, which declines throughout gestation in the sitting and standing
positions, is particularly compromised in the supine position.

RENAL SYSTEM

Anatomic Changes

During pregnancy, the length of the kidneys increases by 1-1.5 cm, with a proportional increase in
weight. The renal calyces and pelves are dilated in pregnancy, with the volume of the renal pelvis
increased up to 6-fold compared to the nonpregnant value of 10 mL. The ureters are dilated above the
brim of the bony pelvis, with more prominent effects on the right. The ureters elongate, widen, and
become more curved. The entire dilated collecting system may contain up to 200 mL of urine, which
predisposes to ascending urinary infections. Urinary tract dilatation disappears in virtually all women by
postpartum day 4.

Several factors likely contribute to the hydronephrosis and hydroureter of pregnancy: (1) Pregnancy
hormones (eg, progesterone) may cause hypotonia of ureteral smooth muscle. Against this possibility is
the observation that high progesterone levels in nonpregnant women do not cause hydroureter. (2)
Enlargement of the ovarian vein complex in the infundibulopelvic ligament may compress the ureter at
the brim of the bony pelvis. (3) Hyperplasia of smooth muscle in the distal one-third of the ureter may
cause reduction in luminal size, leading to dilatation in the upper two-thirds. (4) The sigmoid colon and
dextrorotation of the uterus likely reduce compression (and dilatation) of the left ureter relative to the
right.




Renal Function

Renal plasma flow increases 50—85% above nonpregnant values during the first half of pregnancy, with a
modest decrease in later gestation. The changes in renal plasma flow reflect decreases in renal vascular
resistance, which achieves lowest values by the end of the first trimester. Elevated renal perfusion is the
principal factor involved in rise in glomerular filtration rate (GFR), which is increased by approximately
25% in the second week after conception. GFR reaches a peak increment of 40—-65% by the end of the
first trimester and remains high until term (Fig 7-5). The fraction of renal plasma flow that passes
through the glomerular membrane (filtration fraction) decreases during the first 20 weeks of gestation,
which subsequently rises toward term.

Figure 7—5.
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Increases in glomerular filtration over gestation as reflected by changes in inulin and endogenous
creatinine clearances. The % control represents relative change from postpartum values.

(Data from Davison JM, Hytten FE: Glomerular filtration during and after pregnancy. J Obstet Gynaecol
Br Commonw 1974;81:558.)

Hormones involved in these changes in renal vascular resistance may include progesterone and relaxin
(via upregulation of vascular matrix metalloproteinase-2). Agents elaborated by the endothelium, such as
endothelin (ET) (via activation of ETg receptor subtype) and nitric oxide (via increased cyclic guanosine
—3',5'-monophosphate), are likely to be critically involved in the reduction of renal vascular resistance.
An additional factor is the increased cardiac output, which permits increased renal perfusion without
depriving other organs of blood flow.




Urinary flow and sodium excretion rates in late pregnancy are increased 2-fold in lateral recumbency
compared to the supine position. Thus, measurements of urinary function must take into account
maternal posture. Collection periods should be at least 12—24 hours to allow for errors caused by the
large urinary dead space. However, reasonable estimates of urinary excretion of a particular substance
over shorter time periods generally can be calculated by referencing the level to the creatinine
concentration in the same sample of urine (substance/creatinine ratio) with the assumption that a
pregnant woman excretes 1 g of creatinine per day. Creatinine production (0.7-1.0 g/day) by skeletal
muscle is virtually unchanged by pregnancy.

Up to 80% of the glomerular filtrate is reabsorbed by the proximal tubules, a process that is independent
of hormonal control. Aldosterone regulates sodium reabsorption in the distal tubules, while

arginine vasopressin activity, which regulates free water clearance, determines the ultimate urine
concentration. Pregnancy is associated with increased circulating concentrations of aldosterone. Even
though the GFR increases dramatically during gestation, the volume of urine excreted per day is
unchanged.

Renal clearance of creatinine increases as the GFR rises, with maximum clearances approximately 50%
more than nonpregnant levels. The creatinine clearance decreases somewhat after about 30 weeks of
gestation. The rise in GFR lowers mean serum creatinine concentrations (pregnant, 0.46 = 0.13 mg/100
mL; nonpregnant, 0.67 = 0.14 mg/100 mL) and blood urea nitrogen (pregnant, 8.17 + 1.5 mg/100 mL;
nonpregnant, 13 = 3 mg/100 mL) concentrations.

Increased GFR with saturation of tubular resorption capacity for filtered glucose can result in glucosuria.
In fact, more than 50% of women have glucosuria sometime during pregnancy. Increased urinary
glucose levels contribute to increased susceptibility of pregnant women to urinary tract infection.

Urinary protein loss normally does not exceed 300 mg over 24 hours, which is similar to the nonpregnant
state. Thus, proteinuria of more than 300 mg over 24 hours suggests a renal disorder.

Renin activity increases early in the first trimester, and continues to rise until term. This enzyme is
critically involved in the conversion of angiotensinogen to angiotensin I, which subsequently forms the
potent vasoconstrictor angiotensin Il. Angiotensin Il levels also increase in pregnancy, but the
vasoconstriction and hypertension that might be expected do not occur. In fact, normal pregnant women
are very resistant to the pressor effects of elevated levels of angiotensin Il and other vasopressors; this
effect is likely mediated by increased vascular synthesis of nitric oxide and other vasodilators.

Angiotensin Il is also a potent stimulus for adrenocortical secretion of aldosterone, which, in conjunction
with arginine vasopressin, promotes salt and water retention in pregnancy. The net effect is a decrease
in plasma sodium concentrations by approximately 5 mEg/L and a fall in plasma osmolality by nearly 10
mOsm/kg. These effects on electrolyte homeostasis likely involve a resetting of the pituitary osmostat. In
pregnancy, the increased pituitary secretion of vasopressin is largely balanced by placental production of
vasopressinase. Pregnant women who are unable to sufficiently augment vasopressin secretion can
develop a diabetes insipidus—like condition characterized by massive diuresis and profound
hypernatremia. Cases have been described with maternal sodium levels reaching 170 mEq/L.

Bladder

As the uterus enlarges, the urinary bladder is displaced upward and flattened in the anteroposterior
diameter. One of the earliest symptoms of pregnancy is increased urinary frequency, which may be
related to pregnancy hormones. In later gestation, mechanical effects of the enlarged uterus may
contribute to the increased frequency. Bladder vascularity increases and muscle tone decreases, which
increases bladder capacity up to 1500 mL.




GASTROINTESTINAL SYSTEM

Anatomic Changes

As the uterus grows, the stomach is pushed upward and the large and small bowels extend into more
rostrolateral regions. The appendix is displaced superiorly in the right flank area. These organs return to
their normal positions in the early puerperium.

Oral Cavity

Salivation appears to increase although this may be caused in part by swallowing difficulty associated
with nausea. Pregnancy does not predispose to tooth decay or to mobilization of bone calcium.

The gums may become hypertrophic and hyperemic; often, they are so spongy and friable that they
bleed easily. This may be caused by increased systemic estrogen because similar problems sometimes
occur with the use of oral contraceptives.

Esophagus and Stomach

Reflux symptoms (heartburn) affect 30—80% of pregnant women. Gastric production of hydrochloric acid
is variable and sometimes exaggerated but more commonly reduced. Pregnancy is associated with
greater production of gastrin, which increases stomach volume and acidity of gastric secretions. Gastric
production of mucus also may be increased. Esophageal peristalsis is decreased. Most women first report
symptoms of reflux in the first trimester (52% vs 24% in the second trimester vs 8.8% in the third
trimester), although the symptoms can become more severe with advanced gestation.

The underlying predisposition to reflux in pregnancy is related to hormone-mediated relaxation of the
lower esophageal sphincter (Fig 7—6). With advancing gestation, the lower esophageal sphincter has
decreased pressure as well as blunted responses to sphincter stimulation. Thus, decreased motility,
increased acidity of gastric secretions, and reduced function of the lower esophageal sphincter contribute
to the increased gastric reflux. The increased prevalence of gastric reflux and delayed gastric emptying of
solid food make the gravida more vulnerable to regurgitation and aspiration with anesthesia. The rate of
gastric emptying of solid foods is slowed in pregnancy, but the rate for liquids remains generally the
same as in the nonpregnant state.

Figure 7—6.
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Lower esophageal sphincter pressures for 3 periods of pregnancy and the postpartum state. The shaded
area represents the normal range in nonpregnant women. The horizontal bars show the mean + SE for
measurements in 4 women. The rectangles show the mean + SE for each gestational age.

(Modified from Van Theil DH, Gravaler JS, Joshi SN et al: Heartburn in pregnancy. Gastroenterology
1977;72:666.)

Intestines

Intestinal transit times are decreased in the second and third trimesters (Fig 7—7), whereas first
trimester and postpartum transit times are similar. Transit times return to normal within 2 to 4 days

postpartum.
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Small-bowel transit times measured by the lactulose hydrogen breath method in a single woman in the
third trimester and postpartum. Hydrogen concentrations in maternal breath were determined after
administration of a lactulose meal. Hydrogen is released when bacteria in the colon break down
lactulose.

(Modified from Wald A, Van Thiel DH, Hoeschstetter L et al: Effect of pregnancy on gastrointestinal
transit. Dig Dis Sci 1982;27:1015.)




I
The reduced gastrointestinal motility during pregnancy has been thought to be caused by increased

circulating concentrations of progesterone. However, experimental evidence suggests that elevated
estrogen concentrations are critically involved through an enhancement of nitric oxide release from the
nonadrenergic, noncholinergic nerves that modulate gastrointestinal motility. Other factors may also be
involved.

The slow transit time of food through the gastrointestinal tract potentially enhances water absorption,
predisposing to constipation. However, diet and cultural expectations may be more important factors in
this disorder.

Gallbladder

The emptying of the gallbladder is slowed in pregnancy and often incomplete. When visualized at
cesarean delivery, the gallbladder commonly appears dilated and atonic. Bile stasis of pregnancy
increases the risk for gallstone formation, although the chemical composition of bile is not appreciably
altered.

Liver

Liver morphology does not change in normal pregnancy. Plasma albumin levels are reduced to a greater
extent than the slight decrease in plasma globulins. This fall in the albumin/globulin ratio mimics liver
disease in nonpregnant individuals. Serum alkaline phosphatase activity can double as the result of
alkaline phosphatase isozymes produced by the placenta.

HEMATOLOGIC SYSTEM
Red Blood Cells

The red cell mass expands by about 33%, or by approximately 450 mL of erythrocytes for the average
pregnant woman (Fig 7—1). The increase is greater with iron supplementation. The greater increase in
plasma volume accounts for the anemia of pregnancy. For example, maternal hemoglobin levels average
10.9 + 0.8 (SD) g/dL in the second trimester and 12.4 = 1.0 g/dL at term.

Iron

The enhanced erythropoiesis of pregnancy increases utilization of iron, which can reach 6 to 7 mg per
day in the latter half of pregnancy. Many women begin pregnancy in an iron-deficient state, making them
vulnerable to iron deficiency anemia. Thus, supplemental iron is commonly given to pregnant women.
Because the placenta actively transports iron from the mother to the fetus, the fetus generally is not
anemic even when the mother is severely iron deficient.

White Blood Cells

The total blood leukocyte count increases during normal pregnancy from a prepregnancy level of
4,300—4,500/F-L to 5000—12,000/L in the last trimester, although counts as high as 16,000/)-L have been
observed in the last trimester. Counts in the 20,000—-25,000/F-L range can occur during labor. The cause
of the rise in the leukocyte count, which primarily involves the polymorphonuclear forms, has not been
established.

Polymorphonuclear leukocyte chemotaxis may be impaired in pregnancy, which appears to be a cell-
associated defect. Reduced polymorphonuclear leukocyte adherence has been reported in the third
trimester. These observations may predispose pregnant women to infection. Basophil counts decrease
slightly as pregnancy advances. Eosinophil counts, although variable, remain largely unchanged.

Platelets




Some studies have reported increased production of platelets (thrombocytopoiesis) during pregnancy
that is accompanied by progressive platelet consumption. Platelet counts fall below 150,000A'L in 6% of
gravidas in the third trimester. This pregnancy-associated thrombocytopenia, which appears to be caused
by increased peripheral consumption, resolves with delivery and is of no pathologic significance. Levels of
prostacyclin (PGl,), a platelet aggregation inhibitor, and thromboxane A, an inducer of platelet
aggregation and a vasoconstrictor, increase during pregnancy.

Clotting Factors

Circulating levels of several coagulation factors increase in pregnancy. Fibrinogen (factor 1) and factor
VIl levels increase markedly, whereas factors VII, IX, X, and XlI increase to a lesser extent.

Plasma fibrinogen concentrations begin to increase from nonpregnant levels (1.5—4.5 g/L) during the
third month of pregnancy and progressively rise by nearly 2-fold by late pregnancy (4-6.5 g/L). The high
estrogen levels of pregnancy may be involved in the increased fibrinogen synthesis by the liver.

Prothrombin (factor I1) is only nominally affected by pregnancy. Factor V concentrations are mildly
increased. Factor Xl decreases slightly toward the end of pregnancy, and factor X1l (fibrin-stabilizing
factor) is appreciably reduced, up to 50% at term. The free form of protein S declines in the first and
second trimesters and remains low for the rest of gestation.

Fibrinolytic activity is depressed during pregnancy through a poorly understood mechanism. Plasminogen
concentrations increase concomitantly with fibrinogen, but there is still a net procoagulant effect of
pregnancy.

Coagulation and fibrinolytic systems undergo major alterations during pregnancy. Understanding these
physiologic changes is critical for the management of some of the more serious pregnancy disorders,
including hemorrhage and thromboembolic disease.

SKIN

Anatomic Changes

Hyperpigmentation is one of the well-recognized skin changes of pregnancy, which is manifested in the
linea nigra and melasma, the mask of pregnancy. The latter, which is exacerbated by sun exposure,
develops in up to 70% of pregnancies and is characterized by an uneven darkening of the skin in the
centrofacial-malar area. The hyperpigmentation is probably because of the elevated concentrations of
melanocyte-stimulating hormone and/or estrogen and progesterone effects on the skin. Similar
hyperpigmentation of the face can be seen in nonpregnant women who are taking oral contraceptives.

Striae gravidarum consist of bands or lines of thickened, hyperemic skin. These "stretch marks" begin to
appear in the second trimester on the abdomen, breasts, thighs, and buttocks. Decreased collagen
adhesiveness and increased ground substance formation are characteristically seen in this skin condition.
A genetic predisposition appears to be involved because not every gravida develops these skin changes.
Effective treatment (preventive or therapeutic) has yet to be found.

Other common cutaneous changes include spider angiomas, palmar erythema, and cutis marmorata
(mottled appearance of skin secondary to vasomotor instability). The development or worsening of
varicosities accompanies nearly 40% of pregnancies. Compression of the vena cava by the gravid uterus
increases venous pressures in the lower extremities, which dilates veins in the legs, anus (hemorrhoids),
and vulva.

The nails and hair also undergo changes. Nails become brittle and can show horizontal grooves (Beau's
lines). Thickening of the hair during pregnancy is caused by an increased number of follicles in anagen




(growth) phase, and generalized hirsutism can worsen in women who already have hair that is thick or
has a male pattern of distribution. The thickening of the hair ends 1 to 5 months postpartum with the
onset of the telogen (resting) phase, which results in excessive shedding and thinning of hair. Normal
hair growth returns within 12 months.

METABOLISM

Pregnancy increases nutritional requirements, and several maternal alterations occur to meet this
demand. Pregnant women tend to rest more often, which conserves energy and thereby enhances fetal
nutrition. The maternal appetite and food intake usually increase, although some have a decreased
appetite or experience nausea and vomiting (see Chapter 9). In rare instances, women with pica may
crave substances such as clay, cornstarch, soap, or even coal.

Pregnancy is associated with profound changes in structure and metabolism. The most obvious physical
changes are weight gain and altered body shape. Weight gain results not only from the uterus and its
contents, but also from increased breast tissue, blood volume, and water volume (about 6.8 L) in the
form of extravascular and extracellular fluid (Table 7—2). Deposition of fat and protein and increased
cellular water are added to maternal stores. The average weight gain during pregnancy is 12.5 kg (27.5
Ib). Distribution of weight gain over gestation is shown in Figure 7—8.

Table 7—2. Estimate of Extracellular and Intracelluar Water Added during
Pregnancy.

Total Water (mL) |Extracellular (mL) |Intracellular (mL)
Fetus 2343 1360 983
Placenta 540 260 280
Amniotic fluid 792 792
Uterus 743 490 253
Mammary glands 304 148 156
Plasma 920 920
Red cells 163 C 163
Extracellular, extravascular water 1195 1195
Total 7000 5165 1835

Reproduced, with permission, from Hytten FE, Leitch I: The Physiology of Human Pregnancy. Blackwell,
1964.
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Components of weight gain during pregnancy.

(Reproduced, with permission, from Hytten FE, Leitch I: The Physiology of Human Pregnancy.
Blackwell, 1964.)

Protein accretion accounts for about 1 kg of maternal weight gain, which is evenly divided between the
mother (uterine contractile protein, breast glandular tissue, plasma protein, and hemoglobin) and the
fetoplacental unit.

Total body fat increases during pregnancy, but the amount varies with the total weight gain. During the
second half of pregnancy, plasma lipids increase (plasma cholesterol increases 50%, plasma triglyceride
concentration may triple), but triglycerides, cholesterol, and lipoproteins decrease soon after delivery.
The ratio of low-density lipoproteins (LDLs) to high-density lipoproteins (HDLS) increases during
pregnancy. It has been suggested that most fat is stored centrally during midpregnancy and that as the
fetus extracts more nutrition in the latter months, fat storage decreases.

Metabolism of carbohydrates and insulin during pregnancy is discussed in Chapter 18. Pregnancy is
associated with insulin resistance, which can lead to hyperglycemia (gestational diabetes) in susceptible
women. This metabolic disorder usually disappears after delivery, but may arise later in life as type Il
diabetes.
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MATERNAL-PLACENTAL-FETAL UNIT; FETAL & EARLY NEONATAL PHYSI
INTRODUCTION

Fetal genetics, physiology, anatomy, and biochemistry can now be studied with ultrasonography, fetoscopy, cho
sampling, amniocentesis, and fetal cord and scalp blood sampling. Embryology and fetoplacental physiology mus
considered when providing direct patient care. Currently, some medical centers measure fetal pulse oximetry, fe
electroencephalograms, and fetal heart rate monitoring to make sure the fetus is not hypoxic or asphixic. As the
improves, we are reaching further into the early perinatal period to determine abnormal physiology and growth.

THE PLACENTA

A placenta may be defined as any intimate apposition or fusion of fetal organs to maternal tissues for physiolog
The basic parenchyma of all placentas is the trophoblast; when this becomes a membrane penetrated by fetal
called the chorion.

In the evolution of viviparous species, the yolk sac presumably is the most archaic type of placentation, having ¢
the egg-laying ancestors of mammals. In higher mammals, the allantoic sac fuses with the chorion, forming th
placenta, which has mesodermal vascular villi. When the trophoblast actually invades the maternal endometriun
pregnancy is largely composed of decidua), a deciduate placenta results. In humans, maternal blood comes into
with the fetal trophoblast. Thus, the human placenta may be described as a discoid, deciduate, hemochorial cho
placenta.

DEVELOPMENT OF THE PLACENTA

Soon after ovulation, the endometrium develops its typical secretory pattern under the influence of progesteront
corpus luteum. The peak of development occurs at about 1 week after ovulation, coinciding with the expected ti|
implantation of a fertilized ovum.

Pregnancy occurs when healthy spermatozoa in adequate numbers penetrate receptive cervical mucus, ascend t
uterotubal tract, and fertilize a healthy ovum within about 24 hours following ovulation. The spermatozoa that p:
favorable mucus travel through the uterine cavity and the uterine tubes at a rate of about 6 mm/min. During thi
enzymatic change occurs that renders the spermatozoa capable of fertilizing the ovum. This process is called ca
cellular union between the sperm and the egg is referred to as syngamy. The tip of the sperm head (acrosome
membrane and probably releases a lytic enzyme that facilitates penetration of the zona pellucida surrounding th
the sperm head containing all of the paternal genetic material enters the cytoplasm of the ovum, a zona reacti
prevents the entrance of a second sperm. The first cleavage occurs during the next 36 hours. As the conceptus
divide and grow, the peristaltic activity of the uterine tube slowly transports it to the uterus, a journey that requ
Concomitantly, a series of divisions creates a hollow ball, the blastocyst, which then implants within the endom
cells in the wall of the blastocyst are trophoblastic; only a few are destined to become the embryo. This evolutio
understanding of conception is critical to the success of artificial reproductive technology, the treatment of infert
emergence of preimplantation genetic diagnoses as acceptable medical procedures.



Within a few hours after implantation, the trophoblast invades the endometrium and begins to produce human «
gonadotropin (hCG ), which is thought to be important in converting the normal corpus luteum into the corpus
pregnancy. As the cytotrophoblasts (Langhans' cells ) divide and proliferate, they form transitional cells that al
ultrastructurally more mature and a likely source of hCG. Next, these transitional cells fuse, lose their individual
and form the multinucleated syncytiotrophoblast. Mitotic division then ceases. Thus, the syncytial layer becon
of the invading fetal tissue. Maternal capillaries and venules are tapped by the invading fetal tissue to cause ext
maternal blood and the formation of small lakes (lacunae), the forerunners of the intervillous space. These lacur
maternal blood by reflux from previously tapped veins. An occasional maternal artery then opens, and a sluggist
established (hematotropic phase of the embryo).

The lacunar system is separated by trabeculae, many of which develop buds or extensions. Within these branchi
the cytotrophoblast forms a mesenchymal core.

The proliferating trophoblast cells then branch to form secondary and tertiary villi. The mesoblast, or central st
formed from the original trophoblast, invades these columns to form a supportive structure within which capillar
The embryonic body stalk (later to become the umbilical cord) invades this stromal core to establish the fetop
circulation. If this last step does not occur, the embryo will die. Sensitive tests for hCG suggest that at this stage

die than live.

Where the placenta is attached, the branching villi resemble a leafy tree (the chorion frondosum ), whereas tf
placenta covering the expanding conceptus is smoother (chorion laeve ). When the latter is finally pushed agai
wall of the uterus, the villi atrophy, leaving the amnion and chorion to form the 2-layered sac of fetal membrane

Figure 8—1.
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Relationships of structures in the uterus at the end of the seventh week of pregnancy.

(Reproduced, with permission, from Benson RC: Handbook of Obstetrics & Gynecology, 8th ed. Lange, 1983.)



Around 40 days after conception, the trophoblast has invaded approximately 40—60 spiral arterioles, of which 1Z
called major arteries. The pulsatile arterial pressure of blood that spurts from each of these major vessels pushe
plate away from the decidua to form 12—-15 "tents," or maternal cotyledons. The remaining 24—45 tapped arter
vascular units that become crowded between the larger units. As the chorionic plate is pushed away from the bs
anchoring villi pull the maternal basal plate up into septa (columns of fibrous tissue that virtually surround the
cotyledons). Thus, at the center of each maternal vascular unit there is 1 artery that terminates in a thin-walled
are numerous maternal veins that open through the basal plate at random. The human placenta has no periphe
collecting system. Within each maternal vascular unit is the fetal vascular "tree," with the tertiary free-floating v
area for physiologic exchange) acting as thousands of baffles that disperse the maternal bloodstream in many d
cross-sectional diagram of the mature placenta is shown in Fig 8-2.

Figure 8—2.

Amnion
Seplum
Umbilical arteries

Umbilical
vein =5

S -

O i

Umbilical cord

Chorion

Villus

Intervillous
space

Spiral arteriole “ 1\

Basal plate
Chorionic plate %l
Endometrium I

Myometrium

Copyright @2006 by The McGraw-Hill Companies, Inc
All rights rezerved,

Schematic cross section of the circulation of the mature placenta.

(Reproduced, with permission, from Benson RC: Handbook of Obstetrics & Gynecology, 8th ed. Lange, 1983.)

Table 8—1 summarizes the major morphologic-functional correlations that take place during placental developme
Table 8—1. Development of the Human Placenta.l

6—7
Implantation of blastocyst.



7-8

Trophoblast proliferation and invasion. Cytotrophoblast gives rise to syncytium.

9-11

Lacunar period. Endometrial venules and capillaries tapped. Sluggish circulation of maternal blood.

13-18

Primary and secondary villi form; body stalk and amnion form.

18-21

Tertiary villi, 2-3 mm long, 0.4 mm thick. Mesoblast invades villi, forming a core. Capillaries form in situ and tag
vessels, which spread through blastoderm. Fetoplacental circulation established. Sluggish lacunar circulation.
21-40

Chorion frondosum; multiple anchored villi, which form free villi shaped like "inverted trees." Chorionic plate forr
40-50

Cotyledon formation:

(€

Cavitation. Trophoblast invasion opens 40—60 spiral arterioles. Further invasion stops. Spurts of arterial blood fo
hollows in chorion frondosum. Maternal circulation established.

&)
Crowning and extension. Cavitation causes concentric orientation of anchoring villi around each arterial spurt, se
chorionic plate from basal plate.

3)
Completion. Main supplying fetal vessels for groups of second-order vessels are pulled from the chorioallantoic r
form first-order vessels of fetal cotyledons.

4)
About 150 rudimentary cotyledons with anchoring villi remain, but without cavitation and crowning ("tent format
low-pressure (5—8 mm Hg) flow of maternal blood around them.

80-225

Continued growth of definitive placenta. Ten to 12 large cotyledons form, with high maternal blood pressures (4!
the central intervillous spaces; 40-50 small to medium—sized cotyledons and about 150 rudimentary ones are d¢
plate pulled up between major cotyledons by anchoring villi to form septa.

225-267 (term)

Cellular proliferation ceases, but cellular hypertrophy continues.

Days After Ovulation Important Morphologic-Functional Correlations
|

1 Adapted from Reynolds SRM: Formation of fetal cotyledons in the hemichorial placenta. Am J Obstet Gynecol 1

(Reproduced, with permission, from Page EW, Villee CA, Villee DB: Human Reproduction. Saunders, 1976.)

FUNCTIONS OF THE MATERNAL-PLACENTAL-FETAL UNIT

The placenta is a complex organ of internal secretion, releasing numerous hormones and enzymes into the mate
bloodstream. In addition, it serves as the organ of transport for all fetal nutrients and metabolic products as wel
exchange of oxygen and CO» . Although fetal in origin, the placenta depends almost entirely on maternal blood 1
nourishment.

The arterial pressure of maternal blood (60—70 mm Hg) causes it to pulsate toward the chorionic plate into the |
mm Hg) intervillous space. Venous blood in the placenta tends to flow along the basal plate and out through the
into maternal veins. The pressure gradient within the fetal circulation changes slowly with the mother's posture,
movements, and physical stress. The pressure within the placental intervillous space is about 10 mm Hg when tl
woman is lying down. After a few minutes of standing, this pressure exceeds 30 mm Hg. In comparison, the fet:
pressure is 20—40 mm Hg.



Clinically, placental perfusion can be altered by many physiologic changes in the mother or fetus. When a precip
maternal blood pressure occurs, increased plasma volume improves placental perfusion. Increasing the materna
saline infusion increases the fetal oxygen saturation. An increased rate of rhythmic uterine contractions benefits
perfusion, but tetanic labor contractions are detrimental to placental and fetal circulation as they do not allow a
which normal flow resumes to the fetus. An increased fetal heart rate tends to expand the villi during systole, bt
aid in circulatory transfer.

Circulatory Function

UTEROPLACENTAL CIRCULATION

The magnitude of the uteroplacental circulation is difficult to measure in humans. The consensus is that total ute
near term is 500—700 mL/min. Not all of this blood traverses the intervillous space. It is generally assumed that
the uterine blood flow goes to the cotyledons and the rest to the myometrium and endometrium. One may assu
flow in the placenta is 400—500 mL/min in a patient near term who is lying quietly on her side and is not in laboi

As the placenta matures, thrombosis decreases the number of arterial openings into the basal plate. At term, th
to arteries is 2:1 (approximately the ratio found in other mature organs).

Near their entry into the intervillous spaces, the terminal maternal arterioles lose their elastic reticulum. Becaust
portions of these vessels are lost with the placenta, bleeding from their source can be controlled only by uterine
Thus, uterine atony causes postpartum hemorrhage.

PLASMA VOLUME EXPANSION AND SPIRAL ARTERY CHANGES

Structural alterations occur in the human uterine spiral arteries found in the decidual part of the placental bed. #
consequence of the action of cytotrophoblast on the spiral artery vessel wall, the normal musculoelastic tissue is
mixture of fibrinoid and fibrous tissue. The small spiral arteries are converted to large tortuous channels, creatin
channels or arteriovenous shunts.

In dogs, when a surgically created arteriovenous shunt is opened, a marked increase in plasma volume, cardiac
retention of sodium soon appears. An apparent anemia occurs, as the red blood cell mass is slower to expand. T
happens when the shunt is closed. This situation is similar to that of early normal pregnancy, when there is an e
plasma volume and resulting physiologic anemia as the red blood cell mass slowly expands. Immediately after d
closure of the placental shunt, diuresis and natriuresis occur. When the spiral arteries fail to undergo these phys
fetal growth retardation often occurs with preeclampsia. Campbell and colleagues (1983) and more recently Voi¢
(1992) used gated, pulsed Doppler ultrasound to study the uterine arcuate arteries serving the spiral arteries an
pregnant women. Among the patients who showed evidence of failure of the spiral arteries to dilate and increase
resistance, subsequently a high frequency of proteinuric hypertension, poor fetal growth, and fetal hypoxia occu
Becker (1992) also noted that Doppler ultrasound profiles correlated well with the histologic findings on subsequ
the placental bed.

Fleischer and colleagues (1986) reported that normal pregnancy is associated with a uterine artery Doppler velo
systolic/diastolic ratio of less than 2:6. With a higher ratio and a notch in the waveform, the pregnancy is usuall
stillbirth, premature birth, intrauterine growth retardation, or preeclampsia.

Wells and coworkers (1984) demonstrated that decidual spiral arteries that have been attacked by the cytotropt
fibrinoid matrix that develops amniotic antigens, apparently to maintain the structural integrity of the vessel wal
are histologic and immunologic explanations for the presence or absence of the marked increase in uterine blooc
plasma volume expansion seen in human pregnancies.

Goodlin and associates (1984) believed that failure of the spiral arteries to dilate and adequately expand plasma
increased maternal venous reactivity and multiple organ dysfunction. This disorder probably cannot be corrected
therapy, but therapy may modify secondary effects. Delivery may be the correct medical decision if the intrautel



is determined to be irreversibly detrimental to the fetus. The exact primary cause(s) remain unknown, thus extr
environment into the neonatal nursery may be justified.

FETOPLACENTAL CIRCULATION
At term, a normal fetus has a total umbilical blood flow of 350—400 mL/min. Thus, the maternoplacental and fet
have a similar order of magnitude.

The villous system is best compared with an inverted tree. The branches pass obliquely downward and outward
intervillous spaces. This arrangement probably permits preferential currents or gradients of flow and undoubtedl
intervillous fibrin deposition, commonly seen in the mature placenta.

Cotyledons (subdivisions of the placenta) can be identified early in placentation. Although they are separated b
septa, some communication occurs via the subchorionic lake in the roof of the intervillous spaces.

Before labor, placental filling occurs whenever the uterus contracts (Braxton Hicks contractions ). At these times
venous exits are closed but the thicker-walled arteries are only slightly narrowed. When the uterus relaxes, bloo
through the maternal veins. Hence, blood is not squeezed out of the placental lake with each contraction, nor dc
placental lake in appreciably greater amounts during relaxation.

During the height of an average first-stage contraction, most of the cotyledons are devoid of any flow and the re
only partially filled. Thus, intermittently—for periods of up to a minute—maternoplacental flow virtually ceases. 1
should be evident that any extended prolongation of the contractile phase, as in uterine tetany, could lead to fet

Maternal Circulation

Aortocaval compression is a common cause of abnormal fetal heart rate during labor. In the third trimester, the
uterus obstructs its own blood supply to the level of L3—4 (Poseiro effect ) when the mother is supine. This ob:
completely relieved by turning the patient on her side. Although only about 30% of pregnant women will demon
compression when supine, women in labor (particularly after epidural anesthesia) should not be maintained in a
and should be placed on their left side.

In all supine pregnant women at term, obstruction of the inferior vena cava by uterine pressure is relatively corr
only about 10% have inadequate collateral circulation (intervertebral venous plexus, lumbar venous plexus, abd
superficial and deep veins, hemorrhoidal plates, vertebral azygous and portal system) and develop maternal st
hypotension syndrome. This syndrome is characterized by decreased cardiac output, bradycardia, and hypote
obtained when the woman is placed in the lateral position. Most pregnant women near term sleep on their sides
avoid such problems.

Uterine blood flow and placental perfusion values are directly correlated with the pregnancy-related increase in r
volume. Relative maternal hypovolemia is found in association with many complications of pregnancy, including
small-for-gestational age (SGA) fetus, premature labor, and various fetal anomalies.

Endocrine Function

SECRETIONS OF THE MATERNAL-PLACENTAL-FETAL UNIT

The placenta and the maternal-placental-fetal unit produce increasing amounts of steroids late in the first trimes
importance are the steroids required in fetal development from 7 weeks' gestation through parturition. Immedia
conception and until 12—-13 weeks' gestation, the principal source of circulating gestational steroids (progesteror
one) is the corpus luteum of pregnancy.

After 42 days, the placenta assumes an increasingly important role in the production of several steroid hormone
production by the embryo occurs even before implantation is detectable in utero. Before implantation, productio
progesterone by the embryo may assist ovum transport.

Once implantation occurs, trophoblastic hCG and other pregnancy-related peptides are secreted. A more sophist



fetoplacental steroids is produced during organogenesis and with the development of a functioning hypothalamic
adrenal axis. Adrenohypophyseal basophilic cells first appear at about 8 weeks in the development of the fetus ¢
presence of significant quantities of adrenocorticotropic hormone (ACTH). The first adrenal primordial structures
approximately 4 weeks, and the fetal adrenal cortex develops in concert with the adenohypophysis.

The fetus and the placenta acting in concert are the principal sources of steroid hormones controlling intrauterin
maturation of vital organs, and parturition. The fetal adrenal cortex is much larger than its adult counterpart. Fri
until term, the large inner mass of the fetal adrenal gland (80% of the adrenal tissue) is known as the fetal zor
supported by factors unique to the fetal status and regresses rapidly after birth. The outer zone ultimately becor
the postnatal and adult cortex.

The trophoblastic mass increases exponentially through the seventh week, after which time the growth velocity
increases to an asymptote close to term. The fetal zone and placenta exchange steroid precursors to make poss
complement of fetoplacental steroids. Formation and regulation of steroid hormones also take place within the fi

In addition to the steroids, another group of placental hormones unique to pregnancy are the polypeptide hormc
which has an analogue in the pituitary. These placental protein hormones include hCG and human chorionic
somatomammotropin. The existence of placental human chorionic corticotropin also has been suggested.

A summary of the hormones produced by the maternal-placental-fetal unit is shown in Table 8-2.
Table 8—2. Summary of Maternal-Placental-Fetal Endocrine-Paracrine Functions.

Peptides of exclusively placental origin
Human chorionic gonadotropin (hCG)

Human chorionic somatomammotropin (hCS)

Human chorionic corticotropin (hCC)

Pregnhancy-associated plasma proteins (PAPP)

PAPP-A

PAPP-B

PAPP-C

PAPP-D (hCS)

Pregnancy-associated By macroglobulin (Bl PAM)

Pregnancy-associated iy macroglobulin (Zx PAM)

Pregnancy-associated major basic protein (pMBP)

Placental proteins (PP) 1 through 21



Placental membrane proteins (MP) 1 through 7.

MP1 also known as placental alkaline phosphatase (PLAP)

Hypothalamic-like hormone (B—endorphin, ACTH-like)

Steroid of mainly placental origin
Progesterone

Hormones of maternal-placental-fetal origin
Estrone

Estradiol 50% from maternal androgens

Hormone of placental-fetal origin
Estriol

Hormone of corpus luteum of pregnancy
Relaxin

Fetal hormones
Thyroid hormone

Fetal adrenal zone hormones
rZz-Melanocyte-stimulating hormone
Corticotropin intermediate lobe peptide (CLIP)
Anterior pituitary hormone
Adrenocorticotropic hormone (ACTH)

Tropic hormones for fetal zone of placenta
E--Endorphin

[*-Lipotropin




PLACENTAL SECRETIONS

Human Chorionic Gonadotropin

hCG was the first of the placental protein hormones to be described. Its molecular weight is 36,000-40,000 Da.
glycoprotein that has biologic and immunologic similarities to the luteinizing hormone (LH) from the pituitary. Re
suggests that hCG is produced by the syncytiotrophoblast of the placenta. hCG is elaborated by all types of tropl
including that of hydatidiform moles, chorioadenoma destruens, and choriocarcinoma. As with all glycoprotein he
follicle-stimulating hormone [FSH], thyroid-stimulating hormone [TSH]), hCG is composed of 2 subunits, alpha ¢
alpha subunit is common to all glycoproteins, and the beta subunit confers unique specificity to the hormone. Ty
subunit is active by itself; only the intact molecule exerts hormonal effects.

Antibodies have been developed to the beta subunit of hCG. This specific reaction allows for differentiation of hC
LH. hCG is detectable 9 days after the midcycle LH peak, which occurs 8 days after ovulation and only 1 day afte
This measurement is useful because it can detect pregnancy in all patients on day 11 after fertilization. Concenti
rise exponentially until 9—10 weeks' gestation, with a doubling time of 1.3—-2 days.

Concentrations peak at 60—90 days' gestation. Afterward, hCG levels decrease to a plateau that is maintained ul
half-life of hCG is approximately 32—37 hours, in contrast to that of most protein and steroid hormones, which h
measured in minutes. Structural characteristics of the hCG molecule allow it to interact with the human TSH rec:
activation of the membrane adenylate cyclase that regulates thyroid cell function. The finding of hCG-specific ad
stimulation in the placenta may mean that hCG provides "order regulation" within the cell of the trophoblast.

Human Chorionic Somatomammotropin

Human chorionic somatomammotropin (hCS) is a protein hormone with immunologic and biologic similarities to
growth hormone. It has also been designated human placental lactogen (hPL ) and is synthesized in the
syncytiotrophoblastic layer of the placenta. It can be found in maternal serum and urine in both normal and mol
However, it disappears so rapidly from serum and urine after delivery of the placenta or evacuation of the uteru:
be detected in the serum after the first postpartum day. The somatotropic activity of hCS is 3%, which is less th
human growth hormone (hGH). In vitro, hCS stimulates thymidine incorporation into DNA and enhances the act
insulin. It is present in microgram-per-milliliter quantities in early pregnancy, but its concentration increases as
progresses, with peak levels reached during the last 4 weeks. Prolonged fasting at midgestation and insulin-indu
hypoglycemia are reported to raise hCS concentrations. Amniotic instillation of prostaglandin PGF, causes a mar
hCS levels. hCS may exert its major metabolic effect on the mother to ensure that the nutritional demands of tr

It has been suggested that hCS is the "growth hormone" of pregnancy. The in vivo effects of hCS owing to its gi
hormonelike and anti-insulin characteristics result in impaired glucose uptake and stimulation of free fatty acid r
resultant decrease in insulin effect. The maternal metabolism appears to be directed toward mobilization of mat¢
furnish substrate for the fetus.

Human Chorionic Corticotropin

Human chorionic corticotropin (hCC) is another pituitary-like hormone. The physiologic role of hCC and its regul:
unknown.

Placental Proteins

A number of proteins thought to be specific to the pregnant state have been isolated. The most commonly know
pregnancy-associated plasma proteins (PAPPs) designated as PAPP-A, PAPP-B, PAPP-C, and PAPP-D. PAPP-D is t
(described earlier). All these proteins are produced by the placenta and/or decidua. The physiologic role of these
except for PAPP-D, are at present unclear. Numerous investigators have postulated various functions ranging frc
fetal "allograft" survival and the regulation of coagulation and complement cascades to the maintenance of the |
regulation of carbohydrate metabolism in pregnancy. A host of other pregnancy-specific and pregnancy-associat
since been isolated. The greatest challenge, however, lies in the identification of their function. Such knowledge



important insights into placental function and hopefully allow us to understand more completely the pregnant st:

FETOPLACENTAL SECRETIONS

The placenta may be an incomplete steroid-producing organ that must rely on precursors reaching it from the fe
circulations (an integrated maternal-placental-fetal unit). The adult steroid-producing glands can form progestin:
and estrogens, but this is not true of the placenta. Estrogen production by the placenta is dependent on precurs
from both the fetal and maternal compartments. Placental progesterone formation is accomplished in large part
maternal cholesterol.

In the placenta, cholesterol is converted to pregnenolone and then rapidly and efficiently to progesterone. Prodt
progesterone approximates 250 mg/d by the end of pregnancy, at which time circulating levels are on the order
To form estrogens, the placenta, which has an active aromatizing capacity, uses circulating androgens obtained
the fetus but also from the mother. The major androgenic precursor is dehydroepiandrosterone sulfate (DHI
compound comes from the fetal adrenal gland. Because the placenta has an abundance of sulfatase (sulfate-cle:
DHEA-S is converted to free unconjugated DHEA when it reaches the placenta, then to androstenedione, testost
finally estrone and 17B-estradiol.

The major estrogen formed in pregnancy is estriol. Ninety percent of the estrogen in the urine of pregnant wom:
excreted into the urine as sulfate and glucuronide conjugates. Excretion rates increase with advancing gestation
approximately 2 mg/24 h at 16 weeks to 35—40 mg/24 h at term. Estriol is formed during pregnancy by a uniqu
process that demonstrates the interdependence of the fetus, placenta, and mother. DHEA-S is quantitatively the
produced by the fetal adrenal gland, with most of it being produced in the fetal zone. When DHEA-S of the fetus
reaches the placenta, estrone and estradiol are formed. However, little of either is converted to estriol by the pl:
some of the DHEA-S undergoes 16z-hydroxylation, primarily in the fetal liver. When the 16-hydroxydehydroepie
sulfate (16-OHDHEA-S) reaches the placenta, the placental sulfatase enzyme acts to cleave the sulfate side chai
unconjugated 16-OHDHEA-S is aromatized to form estriol. The estriol is then secreted into the maternal circulati
reaches the maternal liver, it is conjugated to estriol sulfate and estriol glucosiduronate in a mixed conjugate. Tl
excreted into the maternal urine.

Circulating progesterone and estriol are thought to be important during pregnancy because they are present in ¢
amounts. Progesterone may play a role in maintaining the myometrium in a state of relative quiescence during 1
pregnancy. A high local (intrauterine) concentration of progesterone may block cellular immune responses to for
Progesterone appears to be essential for maintaining pregnancy in almost all mammals examined. This suggests
progesterone may be instrumental in conferring immunologic privilege to the uterus.

The functional role of estriol in pregnancy is the subject of wide speculation. It appears to be effective in increas
uteroplacental blood flow, as it has a relatively weak estrogenic effect on other organ systems. Indeed, estroger
their effect on blood flow via prostaglandin stimulation.

Placental Transport

The placenta has a high rate of metabolism, with consumption of oxygen and glucose occurring at a faster rate 1
Presumably, this high metabolism requirement is caused by multiple transport and biosynthesis activities.

The primary function of the placenta is the transport of oxygen and nutrients to the fetus and the reverse transf
and other catabolites back to the mother. In general, those compounds that are essential for the minute-by-min
of the fetus (eg, oxygen, CO, , water, sodium) are transported very rapidly by diffusion. Compounds required fc
of new tissues (eg, amino acids, enzyme cofactors such as vitamins) are transported by an active process. Subs
certain maternal hormones, which may modify fetal growth and are at the upper limits of admissible molecular ¢
very slowly, whereas proteins such as IgG immunoglobulins probably reach the fetus by the process of pinocyto:
takes place by at least 5 mechanisms: simple diffusion, facilitated diffusion, active transport, pinocytosis, and lei

MECHANISMS OF TRANSPORT



Simple Diffusion

Simple diffusion is the method by which gases and other simple molecules cross the placenta. The rate of transg
the chemical gradient, the diffusion constant of the compound in question, and the total area of the placenta av:
transfer (Fick's law). The chemical gradient (ie, the differences in concentration in fetal and maternal plasma) is
by the rates of flow of uteroplacental and umbilical blood. Simple diffusion is also the method of transfer for exo
compounds such as drugs.

Facilitated Diffusion

The prime example of a substance transported by facilitated diffusion is glucose, the major source of energy for
transfer of glucose from mother to fetus occurs more rapidly than can be accounted for by Fick's equation. Prest
system operates with the chemical gradient (as opposed to active transport, which operates against the gradien
become saturated at high glucose concentrations. In the steady state, the glucose concentration in fetal plasma
thirds that of the maternal concentration, reflecting the rapid rate of fetal utilization. Substances of low molecule
minimal electric charge, and high lipid solubility diffuse across the placenta with ease.

Active Transport

When compounds such as the essential amino acids and water-soluble vitamins are found in higher concentratio
than in maternal blood, and when this difference cannot be accounted for by differential protein-binding effects,
is that the placenta concentrates the materials during passage by an active transport system. This has been pro
of selected amino acids in human subjects by observing that the natural L forms are transferred with greater rap
unnatural b forms, which are simply optical isomers of identical molecular size. Thus, the selective transport of s
nutrients is accomplished by enzymatic mechanisms.

Pinocytosis

Electron microscopy has shown pseudopodial projections of the syncytiotrophoblastic layer that reach out to suri
amounts of maternal plasma. These particles are carried across the cell virtually intact to be released on the oth
whereupon they promptly gain access to the fetal circulation. Certain other proteins (eg, foreign antigens) may |
immunologically rejected. This process may work both to and from the fetus, but the selectivity of the process h
determined. Complex proteins, small amounts of fat, some immunoglobulins, and even viruses may traverse the
way. For the passage of complex proteins, highly selective processes involving special receptors are involved. Fc
maternal antibodies of the IgG class are freely transferred, whereas other antibodies are not.

Leakage

Gross breaks in the placental membrane may occur, allowing the passage of intact cells. Despite the fact that th
pressure gradient is normally from fetus to mother, tagged red cells and white cells have been found to travel in
Such breaks probably occur most often during labor or with placental disruption (abruptio placentae, placenta pr
trauma), cesarean section, or intrauterine fetal death. It is at these times that fetal red cells can most often be «
the maternal circulation. This is the mechanism by which the mother may become sensitized to fetal red cell ant
the D (Rh) antigen.

PLACENTAL TRANSPORT OF DRUGS

The placental membranes are often referred to as a "barrier" to fetal transfer, but there are few substances (eg,
not cross the membranes at all. A few compounds, such as heparin and insulin, are of sufficiently large molecule
that minimal transfer occurs. This lack of transfer is almost unique among drugs. Most medications are transferr
maternal to the fetal circulation by simple diffusion, the rate of which is determined by the respective gradients

These diffusion gradients are influenced in turn by a number of serum factors, including the degree of drug-prot
(such as sex hormone binding globulin). Because serum albumin concentration is considerably lower during prec
that bind almost exclusively to plasma albumin (eg, warfarin, salicylates) may have relatively higher unbound cc
and, therefore, an effectively higher placental gradient. By contrast, a compound such as carbon monoxide may
strongly to the increased total hemoglobin that there will be little left in the plasma for transport.



The placenta also acts as a lipoidal resistance factor to the transfer of water-soluble foreign organic chemicals; &
chemicals and drugs that are readily soluble in lipids are transferred much more easily across the placental barri
water-soluble drugs or molecules. lonized drug molecules are highly water soluble and are therefore poorly tran
the placenta. Because ionization of chemicals depends in part on their pH-pK relationships, multiple factors dete
"simple diffusion™ of drugs across the placenta. Obviously, drug transfer is not simple, and one must assume the
of almost any drug will cross the placenta.

PLACENTAL TRANSFER OF HEAT

The core temperature of the human fetus is only about 0.5 C above that of the maternal colon (core temperatur
C above that of the amniotic fluid. There is a further temperature gradient of approximately 0.1 C between the ¢
and the uterine wall. Given these low fetomaternal temperature gradients, it appears that virtually all fetal heat
umbilical flow through the placenta, as the thermal diffusion capacity of the placental villous surface is considera
that of the fetal body surface.

ANATOMIC DISORDERS OF THE PLACENTA

Observation of structural alterations within the placenta may indicate fetal and maternal disease that otherwise |
undetected.

Twin-Twin Transfusion Syndrome

Nearly all monochorionic twin placentas show an anastomosis between the vessels of the 2 umbilical circulations
involve the major branches of the arteries and veins in the placental surface. Artery-to-artery communications a
most common, but the less frequent venovenous anastomosis may also occur. Of great pathologic significance &
arteriovenous communications between the 2 circulations. This occurs when there are shared lobules supplied b
arterial branch from one fetus and drained by an umbilical vein branch of the other fetus. Fortunately, one-way
shared lobule may be compensated for by reverse flow through a superficial arterioarterial or venovenous anast
coexist.

Twin-twin transfusion syndrome (TTS) is believed to arise when shared lobules causing blood flow from one twir
not compensated for by the presence of superficial anastomosis or by shared lobules causing flow in the opposit
syndrome occurs in 15-30% of cases of monochorial placentation and is defined, at birth, in terms of a differenc
hemoglobin between the pair of greater than 5 g/dL. The twin receiving the transfusion is plethoric and polycyth
show cardiomegaly. The donor twin is pale and anemic and may have organ weights similar to those seen in the
malnutrition form of SGA. Criteria for TTS diagnosed in utero differ substantially, but the underlying mechanism

The exchange of blood flow in multiple gestations is very important, as the death of one may affect the neuroloc
the living either because the shared blood flow allows thrombi to invade the affected twin or because the survivi
into the dead twin. Treatment of TTS in utero via fetoscopic laser ablation of the communicating vessels is now 1

Placental Infarction

A placental infarct is an area of ischemic necrosis of placental villi resulting from obstruction of blood flow throuc
arteries as a result of thrombosis. The lesions have a lobular distribution. However, the spiral arteries are not tri
and if there is adequate flow through the arteries supplying adjacent lobules, sufficient circulation will be mainta
necrosis. Thus, ischemic necrosis of one placental lobule probably indicates not only that the spiral artery supply
lobule is thrombosed but that flow through adjacent spiral arteries is severely impaired. Placental infarction may
mechanism allowing the fetus to redistribute blood flow to those placental lobules that are adequately supplied t
circulation. The infarct is usually extensive before the fetus is physiologically impaired.

Chorioangioma of the Placenta

A benign neoplasm composed of fetoplacental capillaries may occur within the placenta. It is grossly visible as a
apparently encapsulated mass, variable in size, and occasionally multicentered. Placental hemangioma, or "chori



be linked with maternal, fetal, and neonatal complications. Many placental tumors are accompanied by hydramn
have been associated with preeclampsia-eclampsia. The developing fetus may be subjected to hypoxia, resulting
weight, because blood within the tumor fails to reach the placental villi (and become oxygenated). The tumor m
arteriovenous shunt requiring increased fetal cardiac output, with resulting cardiomegaly. Fetal hydrops may occ
hypoalbuminemia and a microangiopathic type of hemolytic anemia. Neonatal thrombocytopenia has been assoc
disseminated intravascular coagulation secondary to the liberation of thromboplastic substances.

Amniotic Bands

Close inspection of the fetal membranes, particularly near the umbilical cord insertion, may reveal band or string
segments that are easily lifted above the placental surface. Such amniotic bands appear to be the result of a tee
early in pregnancy. They may cause constriction of the developing limbs or other fetal parts. Amputation has be
result. Syndactyly, clubfoot, and fusion deformities of the cranium and face may also be explained in certain insi
basis of amniotic bands. Myometrial bands also have been found within the intrauterine cavity but do not appeat
same amount of tension on fetal anatomy as do amniotic bands.

Amnion Nodosum

Examination of the fetal surface of the placental peripheral membranes after delivery may disclose small elevate
several millimeters in diameter. Microscopic examination of these nodules may reveal areas of ulceration of amn
covered with deposits of celluloid debris probably representing vernix caseosa. These nodules reflect severe olig
regardless of cause. They frequently occur in association with underlying congenital anomalies of the fetal genitc
With this information, one is alerted to the possibility that Potter's syndrome or a variant with pulmonary hypopl
the infant.

Chronic Intrauterine Infection

Chronic intrauterine infection may have a deleterious effect on organogenesis and interfere with organ developn
such as toxoplasmosis, rubella, cytomegalovirus, herpes, and syphilis are seen most frequently. Only in the pasi
chronic inflammation within placental villi been recognized and linked with intrauterine infection. Such inflammat
incidence of approximately 20% in referral institutions. Usually, no causative organism is found, and the term ct
unknown etiology is used. This is an inflammatory lesion that focuses on placental villi. It has a significant cor
unexplained stillbirth and a considerable association with fetal morbidity and SGA newborns. An increased risk o
associated adverse pregnancy outcome is suggested.

The placenta should be sent to the pathology laboratory for examination in the following cases: (1) perinatal de
malformation, edema, or anemia; (3) extremes of amniotic fluid volume; (4) extreme SGA; (5) unexpected sevi
asphyxia; (6) preterm birth; (7) multiple gestation; (8) abnormal placenta; and (9) perinatal infection.

Placental Pathology

Any infant born with a complication may benefit from histologic evaluation of the placenta and umbilical cord. Hi
features of a placenta with uteroplacental insufficiency include nonmarginal infarcts, shrunken placental villi, inci
knots, increased perivillous fibrin, and multifocal and diffuse fibrin deposition. Similarly, if the ratio of nucleated
to leukocytes exceeds 2:3, this indicates fetal hypoxic stress. Chorangiosis is a pathologic change that indicates
placental hypoperfusion or low-grade tissue hypoxia.

The presence of meconium and its location can also give insight into the possible time of the presumed insult. U
observation, meconium will stain the placenta and cord after just 3 hours of exposure. Stained infant fingernails
meconium exposure for at least 6 hours. Stained vernix equates with exposure of meconium for 15 hours or lon

Microscopic evaluation also sheds light on the timing of the release of meconium. Meconium-laden macrophages
surface of the placenta can be seen when meconium has been present for 2—3 hours. When these macrophages
within the extraplacental membranes, meconium has been present for at least 6—12 hours.



Lastly, when evaluation of the umbilical cord demonstrates necrobiotic and necrotic arterial media with surround
laden macrophages, the release of meconium occurred more than 48 hours before delivery.

Abnormalities of Placental Implantation

Normally the placenta selects a location on the endometrium that benefits the growing fetus. However, there ar¢
instances when the placental implantation site is not beneficial.

Placenta previa, or the implantation of the placenta over the cervical os, is the most common. The incidence a
gestation is about 6% because of the advancement of transvaginal imaging (Taipale et al., 1997). Fortunately, r
placenta previa resolve by the time of delivery (reported incidence of 5/1,000 births in Ananth et al., 2001). A n
previa occurs when the edge of the placenta lies within 2—3 cm of the cervical os; the prevalence ranges from 1
less accurate abdominal ultrasonogram is used.

Associated consequences of these abnormal placentation sites include increased risk for bleeding, both for the r
fetus; increased need for cesarean delivery; and possible risk of placenta accreta and increta or percreta, abrupi
restriction. Once the placental edge moves beyond 2—-3 cm from the cervical os, these risks are minimized.

Placenta accreta is the most dangerous consequence of placenta previa. It involves abnormal trophoblastic iny
the Nitabuch's layer. Placenta increta is the term used to describe invasion into the myometrium. Placenta percr
invasion through the serosa with possible invasion into surrounding tissues such as the bladder. Placenta accret:
with life-threatening postpartum hemorrhage and increased need for immediate hysterectomy.

The risk factors for placenta previa and placenta accreta are similar. Advanced maternal age, increased parity, a
surgery are common risk factors for both entities. The strongest correlation appears to exist with prior uterine si
prevalence of placenta previa after one prior cesarean delivery reaches 0.65% versus 0.26% in the unscarred ut
after 4 or more cesarean deliveries the prevalence reaches 10%. Similarly, the frequency of accreta in the prese
previa increases as the number of uterine surgeries increases. In patients with one prior uterine surgery, accret:
of placenta previas, whereas after 4 or more surgeries the frequency of placenta accreta may be as high as 67%

Placenta accreta may be suspected with certain ultrasound findings such as loss of the hypoechoic retroplacenta
zone, thinning or disruption of the hyperechoic uterine serosa-bladder interface or with visualization of an exoph
cases of placenta previa, and especially if placenta accreta is suspected, the patient must be counseled that hysi
be needed to control excessive bleeding after delivery. Blood products must be available before delivery of the i
prompt replacement.

THE UMBILICAL CORD

Development

In the early stages, the embryo has a thick embryonic stalk containing 2 umbilical arteries, 1 large umbilical veil
and the primary mesoderm. The arteries carry blood from the embryo to the chorionic villi, and the umbilical vei
to the embryo. The umbilical vein and 2 arteries twist around one another.

In the fifth week of gestation, the amnion expands to fill the entire extraembryonic coelom. This process forces 1
against the embryonic stalk and covers the entire contents with a tube of amniotic ectoderm, forming the umbili
cord is narrower in diameter than the embryonic stalk and rapidly increases in length. The connective tissue of t
is called Wharton's jelly and is derived from the primary mesoderm. The umbilical cord can be found in loops ¢
baby's neck in approximately 23% of normal spontaneous vertex deliveries.

At birth, the mature cord is about 50—60 cm in length and 12 mm in diameter. A long cord is defined as more tr
a short cord as less than 30 cm. There may be as many as 40 spiral twists in the cord, as well as false knots anc
When umbilical blood flow is interrupted at birth, the intra-abdominal sections of the umbilical arteries and vein
become fibrous cords. The course of the umbilical vein is discernible in the adult as a fibrous cord from the umbi



(ligamentum teres) contained within the falciform ligament. The umbilical arteries are retained proximally as the
arteries and give off the superior vesicle arteries and the medial umbilical ligaments within the medial umbilical -
umbilicus. When the umbilical cord is cut and the end examined at the time of delivery, the vessels ordinarily ar
8-3A), but if a segment of cord is fixed while the vessels are distended, the characteristic appearance is as shov
Figure 8—3.

Umbilical arteries

Umbilical vein
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Drawings of cross-sections of umbilical cord (A ) after blood vessels are empty and (B ) while they are filled, as
central vein and 2 arteries occupy most of the space.

(Based on photography by SRM Reynolds.)

Analysis of the Umbilical Cord in Fetal Abnormalities

A segment of umbilical cord should be kept available as a source of umbilical cord blood for blood gas measuren
of delivery. Cord blood gases are a more objective measure of oxygenation than Apgar scores, especially in dark

The umbilical cord has recently become a means of evaluating the fetus in utero. Umbilical cord sampling under
guidance has opened new vistas in perinatal physiology, teratology, genetics, and therapeutic endeavors to corr
isoimmunization.

ABNORMALITIES OF THE UMBILICAL CORD

Velamentous Insertion

In velamentous insertion, the umbilical vessels divide to course through the membranes before reaching the chc
Velamentous insertion occurs in about 1% of placentas. When these vessels present themselves ahead of the fe
previa), they may rupture during labor or before to cause fetal exsanguination. When painless vaginal bleeding «
may be tested to determine if it is of fetal origin (Apt test). In practical terms, a high index of suspicion for vasa
needed because the time to fetal collapse with bleeding from vasa previa is often too rapid to allow test interpre

Short Umbilical Cord

It appears from indirect evidence in the human fetus that the length of the umbilical cord at term is determined
of amniotic fluid present during the first and second trimesters and by the mobility of the fetus. If oligohydramn
bands, or limitation of fetal motion occur for any reason, the umbilical cord will not develop to an average lengtt
performed to produce oligohydramnios in pregnant rats at 14—16 days results in significant reduction of umbilice
The length of the umbilical cord does not vary with fetal weight, presentation, or placental size. Simple mechani
determine the eventual length of the cord.

Knots in the Umbilical Cord



True knots occur in the cord in 1% of deliveries, leading to a perinatal loss of 6.1% in such cases. False knots ar
variations with no clinical importance.

Loops of the Umbilical Cord

Twisting of the cord about the fetus may be the reason for excessive cord length. One loop of cord is present ab
21% of deliveries, 2 loops in 2.5%, and 3 loops in 0.2%. When 3 loops are present, the cord is usually longer tr
study of 1000 consecutive deliveries found 1 or more loops of cord around the neck in approximately 24% of ca
multiple loops of umbilical cord around the neck caused no fetal morbidity or mortality in that series, but Naeye'
illustrates that cord entanglement may be an important cause of stillbirth.

Torsion of the Umbilical Cord

Torsion of the cord occurs counterclockwise in most cases. If twisting is extreme, fetal asphyxia may result.

Single Artery

A 2-vessel cord (absence of one umbilical artery) occurs about once in 500 deliveries (6% of twins). The cause 1
or atrophy of the missing vessel. The anomaly is more common in blacks than whites but equally frequent in pri
multiparas. In older studies, about 30% of these infants were found to have structural defects. Because many a
anomalies are detected on ultrasound antenatally, the main clinical question at present is the association of the
isolated single umbilical artery (SUA) and fetal anomalies. In this setting the risk of anomalies is much lower, bu
should still prompt a careful search. There is also a strong association between fetal structural anomalies and pl¢
occlusion or thrombosis. Perinatal examination for such vascular defects should be routine.

THE FETUS

The human fetus is born about 40 weeks after the first day of the last menstrual period (LMP). The gestational
measured from the first day of the LMP, although obviously conception can not occur until 2 weeks after the bec
calculation. The 9.5 calendar months are divided into trimesters for convenient classification of certain obstetric
term fetus is born 9.5 lunar cycles (29.53 days each) after conception, and the postconceptional age in weeks is
the stage of development of the embryo.

Because of the error in estimating the date of conception from the LMP, early ultrasound using the crown rump |
measurement is widely used in clinical practice to correct and confirm the gestational age.

GROWTH & DEVELOPMENT

During the first 8 weeks, the term embryo is used to denote the developing organism because it is during this t
major organs are formed (Table 8-3). After the eighth week, the word fetus is proper; this is a period when fur
organ maturation occur. The loss of a fetus weighing less than 500 g (about 22 weeks' gestational age) is called
abortion. A fetus weighing 500—1000 g (22—28 weeks) is called immature. From 28-36 weeks, it is referred tc
A term fetus is arbitrarily defined as one that has attained 37 weeks' gestational age. An alternative means of «
premature fetus is widely used in clinical practice: 500-750 g, extremely low birth weight; 750-1500 g, very lov
1500-2500, low birth weight. The growth of the fetus may be conveniently described in units of 4 weeks' gestat
beginning with the first day of the LMP:

8 weeks: The embryo is 2.1-2.5 cm long and weighs 1 g, and the head makes up almost half the bulk. The heg
be recognized. Red blood cells are forming in the yolk sac and liver and contain hemoglobin. The kidneys are be¢

16 weeks: The length is 14—-17 cm and the weight about 100 g. The sex is discernible. Hemoglobin F is present
of hemoglobin A begins.

20 weeks: The weight is about 300 g. Movements may have been perceived by the mother for 2—-3 weeks. The
is near the level of the umbilicus.

24 weeks: The weight is 600 g. Some fat is beginning to be deposited beneath the wrinkled skin. Viability is re¢



24th week with approximately 50% survival.

28 weeks: The weight is about 1050 g and the length about 37 cm. The lungs are now capable of breathing, bu
content is low; survival is 90%.

32 weeks: The weight is about 1700 g and the length about 42 cm. If born at this stage, 99% of infants survive
36 weeks: The weight is about 2500 g and the length about 47 cm. The skin has lost its wrinkled appearance.

40 weeks: The term fetus averages 50 cm in length and 3200-3500 g in weight. The head has a maximal trans
(biparietal) diameter of 9.5 cm, and when the neck is well flexed, the diameter from the brow to a point beneatt
(suboccipitobregmatic) is also 9.5 cm. The average fetus, therefore, requires cervical dilatation of almost 10 cm
descend into the vagina.

Table 8—3. Embryonic and Fetal Growth and Development.

Embryonic stage

1

0.5 mm

0.5 mm

?

Minute clone free in uterus.

Early morula. No organ differentiation.

2

2 mm

2 mm

?

Ovoid vesicle superficially buried in endometrium.

External trophoblast. Flat embryonic disk forming 2 inner vesicles (amnio-ectomesodermal and endodermal).

3

3 mm

3 mm

?

Early dorsal concavity changes to convexity; head, tail folds form; neural grooves close partially.

Optic vesicles appear. Double heart recognized. Fourteen mesodermal somites present.

4

4 mm

4 mm

0.4¢9

Head is at right angle to body; limb rudiments obvious, tail prominent.

Vitelline duct only communication between umbilical vesicle and intestines. Initial stage of most organs has begt
8

3cm

3.5cm

29

Eyes, ears, nose, mouth recognizable; digits formed, tail almost gone.

Sensory organ development well along. Ossification beginning in occiput, mandible, and humerus (diaphysis). Sr
coil within umbilical cord. Pleural pericardial cavities forming. Gonadal development advanced without differentia
Fetal stage

12

8cm

11.5cm

199

Skin pink, delicate; resembles a human being, but head is disproportionately large.

Brain configuration roughly complete. Internal sex organs now specific. Uterus no longer bicornuate. Blood formi



Upper cervical to lower sacral arches and bodies ossify.

16

13.5cm

19 cm

100 g

Scalp hair appears. Fetus active. Arm-leg ratio now proportionate. Sex determination possible.
External sex organs grossly formed. Myelination. Heart muscle well developed. Lobulated kidneys in final situatic
bowel. Vagina and anus open. Ischium ossified.

20

18.5 cm

22 cm

300 g

Legs lengthen appreciably. Distance from umbilicus to pubis increases.

Sternum ossifies.

24

23 cm

32 cm

600 g

Skin reddish and wrinkled. Slight subcuticular fat. Vernix. Primitive respiratory-like movements.
Os pubis (horizontal ramus) ossifies.

28

27 cm

36 cm

1100 g

Skin less wrinkled; more fat. Nails appear. If delivered may survive with optimal care.

Testes at internal inguinal ring or below. Talus ossifies.

32

31 cm

41 cm

1800 g

Fetal weight increased proportionately more than length.

Middle fourth phalanges ossify.

36

34 cm

46 cm

2200 g

Skin pale, body rounded. Lanugo disappearing. Hair fuzzy or wooly. Ear lobes soft with little cartilage. Umbilicus
body. Testes in inguinal canals; scrotum small with few rugae. Few sole creases.

Distal femoral ossification centers present.

40

40 cm

52 cm

3200+ g

Skin smooth and pink. Copious vernix. Moderate to profuse silky hair. Lanugo hair on shoulders and upper back.
stiffened by thick cartilage. Nasal and alar cartilages distinguishable. Nails extend over tips of digits. Testes in fu
rugous scrotum (or labia majora) well developed. Creases cover sole.

Proximal tibial ossification centers present. Cuboid, tibia (proximal epiphysis) ossify.

Fertilization Age Crown-Rump Crown-Heel Weight|Gross Interne
(weeks) Length Length Appearance Develo|

FETAL & EARLY NEONATAL PHYSIOLOGY



During the past 2 decades, improved neonatal care has led to increased survival rates for very low—birth-weight
those as young as 23—-24 weeks. Obviously, an understanding of fetal and early neonatal physiology is critical in
management of these babies.

Hematology

The fetal circulation is established at about 25 postconceptional days. At that time, the major sources of red blot
blood islands in the body stalk. By 10 weeks, the liver assumes the major role in erythropoiesis, but the spleen
marrow gradually take over this function. At term, the bone marrow is the source of at least 90% of the red cell
erythropoietin is produced in considerable quantities by 32 weeks, but levels fall almost to zero during the first v
unless the infant is anemic, in which case the values are higher.

Erythrocytes are the first blood cells produced by the fetus and have a life span of 120 days. The earliest erytr
megaloblastic and circulate as nucleated cells. Mean red cell values change as the fetus grows (Table 8—4).
Table 8—4. Mean Red Cell Values during Gestation.

12
8-10
33
1.5
180
60
34
5-8
40
10.5
16
10
35

2
140
45
33
2-4
10-25
9.5
20
11
37
2.5
135
44
33

1
10-20
9

24
14
40
3.5
123
38
31



5-10
8.8
28
14.5
45

120
40
31
0.5
5-10
8.7
34
15
47
4.4
118
38
32
0.2
3-10
8.5

Age
(weeks)

Hemoglobin
(gzdL)

Hematocrit
(20)

Red
Blood
Cells

Mean
Corpuscle
Volume (

Mean
Corpuscle
Hemoglobin

Mean
Corpuscle
Hemoglobin

Nucleated
Red Blood
Cells (96

Reticuloc
(%0)

or red
blood

cells)
]

Concentration
(gs/dL)

(108
/i)

km3 /L) | (p9)

Reproduced, with permission, from Oskl FA, Naiman JL: Hematologic Problems in the Newborn, 3rd ed, Saunder

After the first week of life, erythrocyte concentrations begin to decline gradually, reaching zero by 6—12 weeks &
hemoglobin concentration decreases to about 10 g/dL and by term to as low as 7-8 g/dL (physiologic anemia
newborn ).

The synthesis of hemoglobin occurs in the proerythroblast, normoblast, and reticulocyte, but not in the mature
Types of fetal hemoglobin present before 12 weeks are Gower | and Il and Portland I. There are at least 7 types
chains. The synthesis of each chain is under the genetic control of a separate structural gene locus. The complet
sequences of the 7 normal globin chains have been determined. A functional hemoglobin molecule is a tetramer
globin chains and 4 heme groups. From the eighth week of gestation to term, hemoglobin F is the major hema
fetus, but a small amount of hemoglobin A can also be detected. The ratio of beta to gamma synthesis remains
1:10 during this period and until term (Fig 8—4). Around the time of birth, the ratio changes because of the grac
synthesis of gamma chains and increased synthesis of beta chains (Table 8-5).

Figure 8—4.
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Hemoglobin chains.

Table 8-5. Embryonic, Fetal, and Adult Hemoglobin Concentrations.

Embryo

Gower |

Zeta-2, epsilon-2
Gower 11

Alpha-2, epsilon-2
Portland |
Zeta-2, gamma-2
Portland 11
Zeta-4

Fetus

Bart's

Gamma-4

<1

Hemoglobin F
Alpha-2f, gamma-2
60—-85

Adult
Hemoglobin A
Alpha-2, beta-2
15-40
Hemoglobin A,

Alpha-2, delta-2
<1

Hemoglobin |Globin Polypeptides Percent in Cord Blood

Fortuitously, blood in the fetus has a 50% higher hemoglobin concentration than in the adult and a greater oxyg
maternal blood. Even though fetal oxygen tension is less, fetal blood carries an amount of oxygen comparable tt




maternal blood. The resistance of hemoglobin F to acid digestion makes it possible to demonstrate hemoglobin F
cells in the maternal circulation (Kleihauer-Betke test ).

The higher affinity of hemoglobin F for oxygen is accentuated by 2 ,3-diphosphoglycerate (2 ,3-DPG ), whict
adult red cells. Fetal and maternal blood have different oxygen saturation curves, mostly because 2, 3-DPG com
oxygen for binding sites on adult cells.

Immunology

There are 3 basic types of leukocytes found in the blood: granulocytes, monocytes, and lymphocytes. The ¢
leukocytes are subdivided into 3 types, based on the sustaining characteristics of the acidic plasma granules anc
function—eosinophilic, basophilic, and neutrophilic granulocytes. A functional difference also exists among the ly
which are divided into 2 broad groups designated as T cells and B cells. The functions of monocytes vary great
maturation or with environmental influences; thus, it is not currently possible to divide them into distinct subgro
these cells are generally regarded as white blood cells, they should be viewed as cell types that merely use the t
means of transportation from sites of production to sites of function. Both the sites of production and (for the m
function are extravascular. The fetus presents with relative leukocytosis, the white count being 15,000—20,000/(

Circulating white cells constitute the first line of defense against pathogenic bacteria, as outlined in Table 8—6. L
appear in the fetal circulation after 2 months' gestation. The prothymocytes migrate from the fetal liver or bone
the embryonic thymus at approximately 8 weeks' gestation. Soon after, the splenic anlage begins to mature. Bo
lymphocytes, a major source of the antibodies that constitute the second line of defense against harmful foreign
antibody-mediated immunity and cell-mediated immunity depend on the activity of small lymphocytes derived fi
marrow precursors. The stem cells, which during the early embryonic stage originate in the yolk sac, in later sta
development in the liver, and in adults in the bone marrow, differentiate to form 2 distinct lymphocyte populatio
thymus-derived (T lymphocytes ) and the other is bone marrow-derived (B lymphocytes ). T lymphocyte
detected in the thymus after 11 weeks' gestation; they appear in the peripheral blood, spleen, and lymph nodes
weeks, and by 30—32 weeks the fetus has a near-adult number of circulating T lymphocytes.

Table 8—6. Defense Mechanisms Against Infectious Pathogens.

General
Complement system

Properdin system
Granulocytes

Monocytes
Reticuloendothelial system

Immune
Immunoglobulins
Lymphocytes

Humoral Defense Cellular Defense

The life span of lymphocytes is not uniform. Recent studies suggest that B- and T-cell populations contain simila
long- and short-lived lymphocytes. The T lymphocytes constitute 65—-85% of the lymphocytes present in the tho
blood, and lymph nodes. The long-lived lymphocytes represent the major portion (90%) of the thoracic duct cell
short-lived lymphocytes are located mainly in the thymus, spleen, and bone marrow. The T cells are effector cel
sensitivity reactions and elimination of foreign tissues. They also play an important role in the expression of som
immune responses. The T cells can release a variety of nonspecific chemical mediators called lymphokines (eg.
transfer factor , mitogenic factor , migration and inhibition factors , and cytotoxic and growth inhibitc



B lymphocytes originate in the bone marrow of most mammals. B cells seem to be more sessile than T cells. B ¢
primarily in the perilymphoid organs, lymph nodes, and thymic-independent areas around germinal centers. The
present in very small amounts in the peripheral blood. They seem to be short-lived. B cells differentiate into pla
which are ultimately responsible for the synthesis and secretion of all forms of antibody and all circulating immui
average life span of plasma cells is 0.5—2 days.

Immunoglobulins (Ig ) are serum globulins with antibody activity as their primary property. The 5 classes of |
designated 1gG, IgM, IgA, IgD, and IgE. In the human newborn, plasma cells are absent from the bone marrow
propria of the ileum and appendix. They appear only 4—6 weeks after birth. However, beginning at 20 weeks' ge
spleen synthesizes IgG and IgM but not IgA or IgD (Fig 8-5).

Figure 8—5.
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Development of 1gG levels with age. Relationship of development of normal serum levels of 1IgG during fetal and
stages, and maternal contribution.

(Modified from Allansmith M et al: The development of immunoglobulin levels in man. J Pediatr 1968;72:289.)

IIgG is normally produced only in trace amounts prenatally, with its full synthesis beginning 3—4 weeks after birt
found in small amounts in the fetus, primarily in the circulation but not diffused into extravascular spaces. They
in lymphocytoid plasma cells and reticular cells of the spleen and lymph nodes. Fetal production of IgG and IgM
in comparison with adult production. The fetal spleen synthesizes relatively more IgM than IgG. IgM is the first ¢
the circulation after initial immunization and is the predominant class produced by infants in the neonatal period
plasma level of IgM is about 5% of the normal adult level, with most, if not all, of this antibody being of fetal ori
days after birth, the rate of IgM synthesis increases rapidly. IgM, unlike 1gG, does not cross the human placenta
life of IgM is 5 days.

This comparison between IgG and IgM is important in determining possible intrauterine infection. The fetal 1gG ¢



concentration at term equals the maternal concentration because IgG crosses the placenta. 1gG constitutes 90%
antibodies in the fetus because of the maternal contribution. IgM is predominantly of fetal origin and, therefore,
determine whether fetal infection is present, but there are many false-positive and false-negative results. After |
half-life in the newborn circulation is 3—4 weeks. IgE does not cross the placenta, and cord levels are only 10%
levels.

The fetus and newborn are not as well equipped immunologically as the adult to combat infection. The primary ¢
cellular and humoral. T lymphocytes do not respond to specific antigens, and B lymphocytes do not develop into
This results in IgG levels that are below maternal levels until late in the third trimester, and complement and prt
which are necessary for opsonization of bacteria, are consistently reduced.

IgA production does not begin until several weeks after birth. BecauselgA is produced in response to the antiger
organisms, the newborn is particularly susceptible to intestinal infections.

The response of the fetus to antigens of maternal origin depends on the level of immunologic competence achie
During the first trimester, for example, rubella virus elicits no response from the embryo, whose tissues are thei
damage.

Endocrinology

The thyroid is the first endocrine gland to develop in the fetus. As early as the fourth postconceptional week, the
synthesize thyroxine. The pancreas develops early as an outgrowth of the duodenal endoderm, and as early as
gestation, insulin may be extracted from the B cells of the pancreas. Maternal insulin is not transferred to the f
physiologic quantities, so the fetus must supply whatever is needed for metabolizing glucose. Insulin is thus the
hormone regulating the rate of fetal growth. The beta cells of the normal fetal pancreas respond poorly to hyper
the stimulus is repeated many times (eg, diabetes in the mother may cause hyperplasia of fetal beta cells so the
quantities of insulin will be produced). This may be why some infants of diabetic mothers grow to an excessive ¢
evidence of hyperinsulinism immediately after birth.

All the tropic hormones synthesized by the anterior pituitary gland are present in the fetus, although the prec
protein hormones in fetal growth and metabolism is not well understood. ACTH plays a vital role, however, in st
of the adrenal cortex because the tropic hormones are too large for placental transfer from the mother in signific

The fetal adrenal cortex consists mainly of a fetal zone that disappears about 6 months after birth. The cortex
endocrine organ that produces large quantities of steroid hormones. There is evidence that the steadily increasir
fetal zone triggers the sequence of events that leads to the initiation of labor. Atrophy of the fetal adrenal gland
anencephalic fetuses) may result in marked prolongation of pregnancy. The fetal adrenal cortex is larger in pren
when the cause of labor is unknown, than when the pregnancy is terminated by placental abruption or by electi\
labor. The fetal adrenal gland is an important source of catecholamines, which will respond to stress placed on tl
myocardium. There is a preferential blood flow to the fetal adrenal in acidosis, unlike the adult response to acidc

CIRCULATORY FUNCTION IN THE FETUS & NEWBORN

The abrupt transition from intrauterine life to independent existence necessitates circulatory adaptations in the r
include diversion of blood flow through the lungs, closure of the ductus arteriosus and foramen ovale, and oblite
ductus venosus and umbilical vessels.

Infant circulation has 3 phases: (1) the intrauterine phase, in which the fetus depends on the placenta; (2) the 1
which begins immediately after delivery with the infant's first breath; and (3) the adult phase, which is normally
during the first few months of life.

Intrauterine Phase

The umbilical vein carries oxygenated blood from the placenta to the fetus (Figs 8—6 and 8-7). In the abdomen,



branches and enters the liver; a small branch bypasses the liver as the ductus venosus to enter the inferior ven:

Figure 8—6.
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The fetal circulation. Numbers represent approximate values of the percentage of oxygen saturation of the blooc

(Reproduced, with permission, from Parer JT: Handbook of Fetal Heart Rate Monitoring. WB Saunders, 1983.)

Figure 8—7.
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Schematic diagram of the placental circulation. (1) Shunting of maternal blood away from exchange surfaces. (2
space. (3) Fetal capillaries of chorionic villi. (4) Shunting of fetal blood away from capillary exchange surfaces.

(Modified and reproduced, with permission, from Parer JT: Handbook of Fetal Heart Rate Monitoring. WB Saunde

IAImost all the blood from the superior vena cava is directed through the tricuspid valve into the right ventricle, \
the pulmonary trunk. Most of this relatively deoxygenated blood then passes directly through the ductus arterios
descending aorta and on to the placenta. Blood from the inferior vena cava, which includes the oxygenated umk
blood, largely passes directly through the foramen ovale into the left atrium and left ventricle to be ejected into
aorta. The left ventricle ejects about one-third of the combined ventricular output of the fetus. Most of the left v
passes to the fetal head, whereas the right ventricle, with blood of lower oxygen content, ejects mainly into the
aorta. The aortic oxygen saturation difference is related not only to superior and inferior vena caval flow pattern
flow of the umbilical venous blood as it enters the inferior vena cava. The well-oxygenated blood preferentially
cerebral and coronary circulations. This system preferentially supplies better-oxygenated blood (saturation 65%
and brain, whereas the less well-oxygenated (postductal saturation 60%) blood supplies the less vital structures
abdomen and the lower extremities. Both ventricles pump in parallel, unlike the situation in adults.

The fetal cardiovascular responses to stress represent a complex interplay between state of arousal, changes in
hydrogen ion concentration, reflex effects initiated by chemoreceptor or baroreceptor stimulation, and hormonal

Superficially, the fetal hypoxemic-asphyxial response is much like the response in an adult when diving into wat
involve selective vasoconstriction and the baroreceptor reflex, a primitive reflex involving changes in heart rate,
venous dilatation, and cardiac performance. This reflex is evoked by changes in mean blood pressure and is mot
gas levels. The ability of some mammals to remain submerged for long periods of time remained a mystery unti
recognized that there is a "heart-brain™ preparation through selective vasoconstriction.

In diving mammals, lactic acid is washed out of hypoperfused tissues after relief of the vasoconstriction. The sar
occurs with the hypoxic fetus, producing a brief period of acidemia after birth or after oxygenation. While selecti
vasoconstriction provides a "heart-brain" preparation, at the same time it disturbs the flow of oxygenated blood
essential organs.



A depressed central nervous system often produces a relatively constant heart rate with lack of beat-to-beat var
beat-to-beat variability is mediated through autonomic stimulation resulting from the push-and-pull nature of th
parasympathetic systems. Such central nervous system activity reflects general fetal arousal levels and is decre:
fetus is immature, asleep, drugged, or asphyxiated. Lack of fetal heart rate variability plus other signs of fetal st
ominous sign. The central nervous system and cardiovascular system respond differently to hypoxia according t
age.

The umbilical vessels are relatively nonreactive, but the systemic and pulmonary circulations respond, when stre
vasoconstriction. The fetal pulmonary circulation receives a small portion (8—10%) of the fetal cardiac output, ai
does not play a central role in the fetal cardiovascular hypoxia response. Changes in fetal arterial pressure tend
by fetal umbilical-placental circulation. Likewise, the decrease in fetal cardiac output seen during bradycardia is
redistribution of cardiac output to vital organs such as the brain, heart, placenta, and adrenal gland, so that the
reflex may not be as effective during fetal life. The response of the fetus to hypoxia is even more complex, with
reflex stimulation from the aortic receptors, baroreceptor reflexes, and direct myocardial depression. Fetal tachy
result from sympathetic nervous stimulation and circulating catecholamines. Because the capacity to respond to
these different stimuli varies with gestational age, arousal levels, general health, and the presence of drugs and
there are no universal, precise fetal heart rate responses to distress.

When placental transfer of oxygen is inadequate, anaerobic glycolysis leads to the accumulation of excessive ar
acid in the fetus. There is then an associated accumulation of CO, and hydrogen ion (H* ), which results in decr
Although the maternal and fetal H* values maintain a relatively constant gradient, differences in the bicarbonate
variation in fetal pH. Thus, determination of fetal scalp or cord blood gases can be useful in assessing fetal well-
fetal distress (seriously altered homeostasis), fetal blood levels of prostaglandins, catecholamines, steroids, end
pituitary hormones are often elevated (Table 8-7).

Table 8—7. Average ""Normal’ Fetal Scalp® and Cord Acid-Base Values.?

Scalp

pH

7.37

7.3

CO; pressure (mm HQ)

38

43

Bicarbonate (mmol/L)
21

21

Base excess (mmol/L)
-3

-5

Umbilical Vein
Umbilical Artery
Cord

pH

7.32

7.26

Po 2

38.9
17.7
Pco »



37.1

40

Base deficit
6.8

6.7

Before Labor ‘Second Stage of Labor

1 population unrelated to cord sample population.

2 Related to babies 28—43 weeks with Apgar scores greater than 7 at 1.5 minutes.

When the fetus shows signs of distress during labor, placental transfer can be improved by use of several manel
vaginal examination should be performed, and if prolapse of the umbilical cord has occurred, compression of the
relieved immediately by lifting the presenting fetal part off the cord. The second maneuver is to roll the mother -
the other to check for maternal aortocaval compression. Third, it may be helpful to administer oxygen to the mc
this only slightly increases the oxygen content of the uterine arterial blood because the arterial hemoglobin is ali
saturated. Fourth, discontinuing oxytocin and possibly administering a tocolytic agent may inhibit uterine activity
maneuver is to rapidly administer 1 L of intravenous fluids to acutely expand the maternal plasma volume; a col
such as 5%albumin is preferred, but a balanced salt solution is acceptable and usually more readily available.

Blood from the umbilical vein reflects uteroplacental status and is influenced by maternal and placental problem:
the umbilical arteries, on the other hand, reflects uteroplacental status plus fetal status. The umbilical artery shc
shortly after birth with a needle inserted into the cord or one can use the placenta for both venous and arterial <
arteries run over the veins). Most newborns have umbilical venous and arterial blood gas samples accurately ref
status. Fetal blood samples are more accurate than Apgar scores in determining fetal status (Pomerance, 2004)

Transition Phase

At birth, 2 events occur that alter the fetal hemodynamics: (1) ligation of the umbilical cord causes an abrupt th
rise in arterial pressure, and (2) a rise in plasma CO, and a fall in blood Po » help to initiate regular breathing.

With the first few breaths, the intrathoracic pressure of the newborn remains low (—40 to —-50 mm HQ); after dis
airways, however, the pressure rises to the normal adult level (-7 to —8 mm Hg). The initially high vascular resi:
pulmonary bed is probably reduced by 75-80%. Pressure in the pulmonary artery falls by at least 50%, wherea:
left atrium doubles.

In the fetus, the high resistance of the pulmonary bed causes most of the deoxygenated blood in the pulmonary
the descending aorta via the ductus arteriosus. At birth, expansion of the lungs occurs in the newborn, and mos
from the right ventricle then enters the lungs via the pulmonary artery. Furthermore, increased systemic arteria
reverses the flow of blood through the ductus arteriosus. Neonatal blood flows from the high-pressure aorta to t
pulmonary artery.

The increased pressure in the left atrium would normally result in backflow into the right heart through a patent
However, the anatomic configuration of the foramen is such that the increased pressure causes closure of the fo
valvelike fold situated in the wall of the left atrium.

The neonatal circulation is complete with closure of the ductus arteriosus and foramen ovale, but adjustments cc
months, until the adult phase begins.

Adult Phase

The ductus arteriosus usually is obliterated in the early postnatal period, probably by reflex action secondary to



tension and the interaction of prostaglandins. If the ductus remains open, a systolic crescendo murmur that dim
diastole (""machinery murmur™ ) is often heard over the second left interspace.

Obliteration of the foramen ovale is usually complete in 6—8 weeks, with fusion of its valve to the left interatrial
foramen may remain patent in some individuals, however, with few or no symptoms. The obliterated ductus ver
liver to the vena cava becomes the ligamentum venosum. The occluded umbilical vein becomes the ligamentum
liver.

The hemodynamics of the normal adult differ from those of the fetus in the following respects: (1) venous and &
longer mix in the atria; (2) the vena cava carries only deoxygenated blood into the right atrium, where it goes t
ventricle and then is pumped into the pulmonary arteries and finally to the pulmonary capillary bed; and (3) the
veins deliver oxygenated blood to the left heart for distribution to the rest of the body via the aorta.

RESPIRATORY FUNCTION IN THE FETUS & NEWBORN

Gas exchange in the fetus occurs in the placenta. Transfer of gases is proportionate to the difference in partial p
gas and surface area and inversely proportionate to membrane thickness. Thus, the placenta can be viewed as 1
in utero."

Until about 12 weeks, placental permeability is low because of the small surface area of the placental "lake" and
relative thickness of the trophoblastic membrane. From 12—-32 weeks, the membrane thins and the surface area
increases. However, placental oxygen utilization makes accurate quantitation of oxygen transfer difficult.

The Po » of fetal blood is less than that of maternal blood. Although not compatible with extrauterine life, the Po
for the fetus, as there is a higher concentration of hemoglobin in fetal blood, much of which is hemoglobin F. He
a much greater affinity for oxygen than adult hemoglobin A, resulting in greater fetal oxygen saturation. Howewv¢
ability of the fetus to deliver oxygen to the peripheral tissues seems primarily dependent on a cardiac output the
greater than in the adult.

Both the Pco » and the CO, contents of fetal blood are slightly greater than levels in the mother's blood. As a re:
from fetus to mother for elimination.

The central and motor pathways of the fetal respiratory system are active, and respiration at birth is the culmine
processes. Two main types of fetal breathing movements are recognized. One is a paradoxic irregular sequence,
abdominal wall moves outward as the chest wall moves inward. The other is a regular gentle movement, in whic
abdominal wall move outward and inward together. Fetal respiratory activity permits neuromuscular and skeleta
well as development of the respiratory epithelium. As term approaches, the fetal diaphragm is usually active onl
rapid eye movement (REM) sleep. Without such activity, the lungs would be hypoplastic and inadequate for gas
Curiously, the alveolar membrane does excrete chloride into tracheal fluid and perhaps absorbs nutrients from a
Consequently, it has been proposed that, like the fish gill, the fetal alveolar membrane functions as an organ of
In sheep, prolactin acts on both the fetal lung and amniotic membrane in facilitating sodium transport, and this
mechanism of control of fetal blood volume.

Hypoxia or maternal cigarette smoking reduces fetal breathing movements, whereas hyperglycemia increases fe
movements. In general, these movements are governed by the same central nervous system patterns that cont
fetal heart rate and body movements. The greatest clinical accuracy in the biophysical identification of the abnot
achieved when multiple variables are considered (eg, fetal breathing, general movements, heart rate patterns, ¢
stimuli). In both sheep and humans, fetal breathing movements diminish or cease 24—36 hours before the onseil
In preterm labor with intact membranes, the presence of fetal breathing movements may indicate that pregnanc
while fetal apnea may indicate early delivery.

The first breath of the newborn normally occurs within the first 10 seconds after delivery. The first breath usuall
result of central nervous system reaction to sudden pressure, temperature change, and other external stimuli. V



breath, the slight increase in Po , may activate chemoreceptors to send impulses to the central nervous system
center and then to the respiratory musculature. As a result, a rhythmic but rapid breathing sequence occurs, wh
the neonatal period. The amniotic fluid usually drains from the respiratory tract or is absorbed. If meconium is p
be aspirated; if it is not cleared shortly after birth, it will migrate peripherally as continued respiration is establis
or partial obstruction of the respiratory tract or chemical pneumonitis may result.

Contrary to popular belief, the fetal lungs are not highly plastic. As development progresses, tissue elastin probe
density of tissue to potential air space decreases. At the same time, liquid and future air space is enriched with |
surfactants secreted by maturing type 2 saccular alveolar cells. When air breathing begins at birth, dispersion of
surfactant-rich liquid of the mature lungs results in formation of stable alveoli. Overall, a mature volume-pressui
developed, characterized by relatively low opening pressures, high maximal volume, wide hysteresis, and retent
volumes at end deflation or expiration.

With the onset of breathing, pulmonary vascular resistance is reduced and the capillaries fill with blood. Normall
ovale closes and pulmonary circulation is established.

Surfactant-poor lungs do not have the capacity to produce alveolar stability. As a consequence, initial aeration rt
opening pressure, achieves a smaller maximal volume, and results in little hysteresis and gas retention during d
the underlying pathophysiologic mechanism of neonatal respiratory distress syndrome.

GASTROINTESTINAL FUNCTION IN THE FETUS & NEWBORN

The gastrointestinal tract is not truly functional until after birth, because the placenta is the organ of alimentatio
life. Nevertheless, when contrast medium is injected into the amniotic fluid as early as the fourth month of gest:
promptly observed within the stomach and small intestine.

The full development of proteolytic activity does not develop until after birth, but the fetal gastrointestinal tract i
of absorbing amino acids, glucose, and other soluble nutrients.

Meconium is produced during late pregnancy, but the amount is small. Passage of meconium in utero probably c
asphyxia, which increases intestinal peristalsis and relaxation of the anal sphincter. Passage of meconium is alsc
increasing frequency as the fetus reaches term and moves beyond term. Meconium is rarely seen in fetuses bef
Between 36 and 42 weeks, meconium may be found in 25% of births. After 42 weeks meconium may be seen ir
deliveries. In many circumstances, the passage of meconium may simply represent a mature gastrointestinal tre
an indicator of an acute hypoxic event.

Intrahepatic erythropoiesis begins during the eighth week in the embryo, and the liver is well developed histolog
midpregnancy. During fetal life, the liver acts as a storage depot for glycogen and iron. Reasonably complete livi
achieved until well after the neonatal period has passed. Liver deficiencies at birth are many, including reduced |
production of fibrinogen and coagulation factors 11, VII, IX, XI, and XII.

Vitamin K stored in the liver is deficient at birth because its formation depends on bacteria in the intestine. Thes
predispose the newborn to hemorrhage during the first few days of life.

The formation of glucose from amino acids (gluconeogenesis) in the liver and adequate storage of glucose are n
established in the newborn. Moreover, levels of carbohydrate-regulating hormones such as cortisol, epinephrine,
may be initially insufficient. As a consequence, neonatal hypoglycemia is common after stressful stimuli such as
or malnutrition.

Glucuronidation is limited during the early neonatal period, with the result that bilirubin is not readily conjugatec
bile. After physiologic hemolysis of excess red blood cells in the first week of life or with pathologic hemolysis in
newborns, jaundice occurs. If marked hyperbilirubinemia develops, kernicterus may ensue.

Metabolism of drugs by the liver is poor in the newborn period (eg, sulfonamides and chloramphenicol). Moreove



inborn errors of metabolism (eg, galactosemia) may be diagnosed soon after birth. Neonatal liver function gradt
assuming proper food, freedom from infection, and a favorable environment.

Secretory and absorptive functions are accelerated after delivery. Most digestive enzymes are present, but the ¢
are neutral at birth, although acidity soon develops. The initial neutrality may briefly delay the growth in the bov
necessary for the formation of vitamin K in the intestine. The newborn can assimilate simple solutions and breas
immediately after birth but cannot digest cow's milk as well until the second or third day after elimination of exc
mucus. Slow progress of milk through the stomach and upper intestine is usual during the early neonatal period

Normally, some air enters the stomach during feedings. Pocketing of air in the upper curvature of the stomach c
newborn is lying flat. Hence, turning the infant and "burping” with the infant upright are necessary.

Large bowel peristalsis promptly increases after delivery, and 1-6 stools per day are passed. Absence of stool wi
after birth is indicative of intestinal obstruction or imperforate anus.

RENAL FUNCTION IN THE FETUS & NEWBORN

During uterine growth and development, the placenta serves as the major regulator of fluid and electrolyte balai
are unnecessary for fetal growth and development, as demonstrated by the rare neonate born with renal agenes
placenta and maternal lungs and kidneys normally maintain fetal fluid and electrolyte balance. When the connec
fetal circulation and the placenta is interrupted during delivery, the kidneys are called on to assume the homeos
demands of extrauterine life.

The placenta (the major homeostatic organ) receives 40—65% of the fetal cardiac output. Renal blood flow in fet
constant when expressed per gram of renal tissue, and renal vascular resistance is maintained at a constant val
birth, renal blood flow increases significantly and renal vascular resistance decreases by about 25%. However, r
is low and vascular resistance high when compared with adult levels.

The high neonatal vascular resistance may be attributable to increased renal adrenergic activity in the newborn.
renal vasculature is sensitive to catecholamines, and the kidneys have a high density of high-affinity alpha-adrel
birth, a greater percentage of blood perfuses the deeper cortical nephrons. With maturation, the rise in blood flc
cortical region increases faster than the rise to the inner cortex.

The glomerular filtration rate (GFR ) in fetal animals, particularly lambs, increases proportionately with grow
(GFR expressed per gram of kidney weight) and rises significantly after birth. Renal blood flow has a similar patt
first 24 hours of life, measurements of the GFR reflect the status of renal function during intrauterine life; at lea:
needed for the GFR to adapt to the extrauterine environment. The GFR and renal blood flow follow a similar post
with values more than doubling during the first 2 weeks of life. This is also true in preterm neonates, although v
lower levels.

Preterm infants have a negative sodium balance during the first 1-3 weeks of life. The mechanism for sodium w
premature infants probably involves proximal and distal tubule function. Preterm infants have a lower rate of so«
in the proximal tubule than term infants. Newborns also have a limited ability to excrete a salt load when compe
The functional tubular immaturity of the kidney in newborns is also demonstrated by increased renal excretion o
amino acids and by decreased ability to concentrate, dilute, and acidify the urine. A normal serum bicarbonate I
preterm infant may be as low as 14-16 mmol/L, but this level increases to 21 mmol/L during the first week of li
similar in term newborns). Thus, newborn infants have a limited ability to excrete an acid load as well as a lowel
for bicarbonate. Preterm infants do not concentrate urine as well as term infants. Most infants do not concentrat
as adults until 6—12 months of age. Maximal urine osmolality in preterm newborns is 500-600 mOsm/kg water;
maximum osmolality is 500—-700 mOsm/kg water.

Formation of urine is thought to begin at 9-12 weeks' gestation. By 32 weeks, fetal production of urine approacl
and by term, 28 mL/h. From midgestation, urine is the major component of amniotic fluid. As mentioned before



amounts of amniotic fluid can provide information on the status of fetal renal function. Oligohydramnios may be
renal hypoplasia, dysplasia, or obstructive uropathy. A normal amount of amniotic fluid indicates that there is so
at least one kidney. Moreover, oligohydramnios is a most clinically useful determinant of hypoxia and asphyxia &
Biophysical Profile and the Modified Biophysical Profile. A profound decrease in amniotic fluid may indicate chron
decreased urinary output in the stressed state.

Ninety-three percent of all infants, either term or preterm, will void within the first 24 hours of life; 99% will voir
hours. Inadequate urine formation by the neonate can be associated with intravascular volume depletion, hypox
nephrotic syndrome, tubular necrosis, renal agenesis, bilateral renal arterial or venous thrombosis, or obstructiv
Normal infants may have transient glycosuria or proteinuria and a urine pH of 6.0-7.0.

Ultrasonography allows diagnosis of hydronephrosis prenatally and has stimulated research into therapeutic use
urinary aspiration or diversion techniques.

CENTRAL NERVOUS SYSTEM FUNCTION IN THE FETUS & NEWBORN

It has been known for at least a century that the fetus is capable of sustained motor activity well before quicken
eighth week of gestation, nearly 95% of responses are contralateral. Ipsilateral responses (torso stimulus) begir
much greater frequency during the ninth week. By 12—13 weeks, local reflexes have almost completely replaced
pattern of response. Recent ultrasonographic evaluations have followed motor activity in utero and all confirm a
simple whole body movements to complex motor responses. Thus, the sensation of fetal movement is an increa
sensory input to the brainstem.

The cortex begins to develop during the eighth week. The neural maturational events that have been evaluated
transitional periods: (1) a possible consolidation of brainstem influence over motor activity and sensory input ne
first trimester, and (2) establishment of the sensory input channel to the neothalamocortical connection around
However, it is apparent that the brainstem is only partially developed and functional at term.

The functional development of the human central nervous system is too complex to summarize. Nevertheless, a
correlates must be mentioned. An individual's development neither begins nor ends at birth. Abnormal neuronal
the developing human brain are generally early gestational events induced by genetic factors, teratogens, or infi
Although the major neuronal migrations have formed the cortical plate by 16 weeks' gestation, late migrations f
germinal matrix into the cerebral cortex continue until 5 months postnatally. The external granular layer of the ¢
continues to migrate until age 1 year. Thus, ample opportunity exists for disturbances of these migratory proces
postnatal period. Moreover, myelination is only rudimentary in the cerebral cortex of term infants. Axons of the |
cells of the motor cortex are myelinated only as far cortically as the cerebral peduncles of the midbrain, as demc
light microscopy, and pyramidal tract axons in the medulla oblongata have only 1 or 2 turns of myelin, as seen «
microscopy.

Neurologic development not only implies acquisition of perceptual, motor, linguistic, and intellectual skills, but al
progressive organization of the anatomic and physiologic substrates of those achievements. Formation of the ne
begins with the embryonic neural plate and terminates with completion of the final myelination cycle in the brair
temporal association bundle at age 32—34 years). It is obvious that there are many things that can interrupt the
migration, such as a premature infant who suffers a subependymal hemorrhage affecting the radial glial process
a neuron to the surface. The neuron may retract from the cortical surface after its cell origin is destroyed. The n
situ, but the migrating neuron is unable to establish the intended synaptic relations with the cortex. Perhaps the
circuitry of this "incidental finding" at autopsy contributes to the development of an epileptic focus. Another mec
prenatal or postnatal cerebral dysgenesis involves toxins that destroy the cytoskeletal elements of glial and nenv
methylmercury poisoning). Methylmercury chloride abruptly arrests the active movement of migrating neurons i
damage to the neural membrane of the growth zone, interferes with DNA synthesis, and ultimately compromise:
proteins.



Psychiatrists and psychologists have long recognized in utero modifying influences, and Freud stated that "each
endowed from the beginning with its own peculiar disposition and tendencies.” For example, maternal anxiety le
fetal development, and intrauterine stimuli determine, to a degree, the maturation of nerve cells and structural |
developing brain. Maternal emotional stress can have immediate and long-term effects on fetal development, bL
whether these effects are predictable.

Between 10 and 20 weeks' gestational age, the fetus displays several basic motor patterns that are later integra
actions. The first jerky patterns of the second trimester become the functional movement patterns that allow the
about in utero. After midpregnancy, these motor patterns mature in a manner similar to the mature repertoire ¢
Clues to future central nervous system development may be found in the study of these various fetal motor pati
to progress at various stages seems to indicate subsequent cerebral dysfunction. Real-time ultrasonic examinati
motor patterns may lead to improved care in high-risk situations.

The fetus demonstrates various sleep-wake patterns throughout its development in utero. During most of its ani
electrocortical activity is of low voltage, associated with REMs, slow heart rate, and fetal breathing activity. In th
trimester, high-voltage activity is associated with more-lively activity. Finally, near term, the fetus appears to be
30% of the time. These fetal states may be discerned by ultrasonic study of eye movements, which may be alte
maternal anxiety levels. These, in turn, affect fetal heart rate responses to stress.

The term fetus has high endorphin levels that may modify the behavioral state, including heart rate responses.
levels may be responsible for the primary apnea of the newborn and for the lack of heart rate reactivity in other
intrapartum fetuses. The fetus probably suffers pain, as does any other individual, and high endorphin levels ma
other effects of stress. The near-term fetus, then, has nearly all the neurologic attributes of the newborn infant.

INTRAUTERINE NUTRITION

Maternal diet among mammals is incredibly varied. For instance, the female black bear hibernates during her pri
she supplies metabolites to her fetus while neither eating nor drinking. In contrast, the pregnant guinea pig eats
Obviously, forced fasting may have different effects on these different species during pregnancy. As shown in Fi
maternal and placental modifications of nutrients occur before the nutrients reach the fetus. The mother and the
first priority in use of these nutrients. Although vitamin B accumulates in greater concentrations in fetal blood th
blood, the placental release of most vitamins to the fetus seems to depend on the degree of saturation of the vi
the placenta. Because these nutrient-modifying factors differ markedly in different species, it is hazardous to int
from laboratory animals to humans. The human newborn is 16% fat. Normally, the human fetus has a large acc
high-calorie fat, which during the last few weeks of gestation represents more than 80% of the fetal caloric accr
2 components of fetal caloric intake: the building-block, or accretion, component and the growth, or heat produs
component. Starvation and protein-turnover studies suggest that the fetus uses calories primarily for maintenan
growth.

Figure 8—8.
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Schematic diagram showing the pathway of nutrients in the mother as they are broken down into different conce
maternal portal vein and, finally, the umbilical vein.

(Modified and reproduced, with permission, from Battaglia FC: The comparative physiology of fetal nutrition. Am
Gynecol 1984;148:850.)

In pregnant sheep at term (pregnancy in sheep and humans is comparable in terms of relative fetal/maternal w
third of the maternal glucose is used by the uterus; of this amount, two-thirds is consumed by the uteroplacent:
only one-third by the fetus. In sheep, the placenta rather than the fetus is clearly the primary intrauterine gluco
This large glucose uptake by the placenta is partially explained by its high rate of lactate production. Laboratory
shown that when the human fetus is well oxygenated, the umbilical arterial lactate concentration and the umbili
difference are positive, indicating that lactate is also an important nutrient for the human fetus.

Ammonia is another compound produced in large quantities by the placenta and, like lactate, is released into the
circulation. In humans, ketones and free fatty acids play a large role in fetal nutrition. The fetus actively synthes
in the liver, brain, and lung, which have special requirements for myelin and surfactant. Although fatty acids can
across the placenta, their oxidation does not seem to add much to the total energy economy of the fetus. The fe
uses protein for oxidative metabolism. The metabolism of the human brain is very active during the perinatal pe
brain is an obligatory consumer of glucose. Ketone bodies may partially replace glucose during periods of hypogl|
also be a source of carbon for central nervous system lipids and proteins.

The placenta transports more water than any other substance. Because maternal hydrostatic and serum colloid «
pressures vary significantly during a normal day, unknown placental mechanisms protect the fetus against rapid
which could cause either hydrops or dehydration. It may be that placental water transport is a passive process r
active solute transfer, as in the intestine.

The most widely recognized fetal hormone known to modify the rate of fetal growth is insulin. Fetuses with anon
preclude the availability of fetal growth hormone, thyroxine, adrenocortical steroids, or sex steroids achieve nori
weights. Inasmuch as maternal insulin is not transferred to the fetus in physiologic quantities, the fetal pancreas
sufficient insulin for the oxidation of glucose. Under the stimulus of recurring hyperglycemia—as with maternal c
mellitus—the B cells of the fetal pancreas may become hyperplastic and secrete larger quantities of insulin.

THE AMNIOTIC FLUID

There is a vital need for a nonrestricting intrauterine environment, which develops before the fetus. This enviror
be ensured if it is part of the development of the fetus. Every fetus is surrounded by a protective cushion of ami
whether the fetus develops inside the mother as a viviparous species or in an egg. In the first half of pregnancy,



volume appears to increase in association with growth of the fetus, and the correlation between fetal weight anc
very close. The serum osmolality and sodium, urea, and creatinine content of maternal serum and amniotic fluid
significantly different. This suggests that amniotic fluid is an ultrafiltrate of maternal serum. Ultrasonographic ev
the first half of pregnancy reveals that the fetus does empty its bladder during the first half of gestation.

The average volume of amniotic fluid at term is 800 mL, and the sodium concentration is fairly constant. The vo
sodium concentration remain the same despite the fact that a normal fetus will swallow some of the fluid and wi
urine, which concentrates sodium. Analysis of amniotic fluid provides unique information about the fetus. In the
pregnancy, amniotic fluid appears to maintain the extracellular fluid chemistry of the fetus. In the second half, a
reflects the development of renal function and, by virtue of the cells it sheds, the morphologic development of s
membranes. Amniotic fluid has a low specific gravity (1.008) and a pH of 7.2. Pathways of solute and water exc
amniotic fluid are shown in Fig 8-9.

Figure 8—9.
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Solute and water exchange in amniotic fluid.

In the past decade, morphologic chromosomal abnormalities and more than 100 inborn errors of metabolism ha
identified. The amniotic fluid collects cells shed from the skin, amnion, and gastrointestinal and genitourinary tre
fluid obtained by amniocentesis at about 16 weeks, 30—80% of these cells are usually alive. Recent cytotechnolc
may allow karyotyping from amniotic fluid as early as 11 weeks of gestation. The total number of cells increases
of gestation, but the proportion of viable cells does not increase, and at about 24 weeks, only 10-15% of the to
cells are viable. The live cells are induced to adhere to the bottom of a tissue culture vessel after 3—4 days in cu
develop either an epithelial or fibroblastic morphology. The cells eventually form a monolayer, and when introdu



suitable culture medium (containing nutrients and supplied with serum) are induced to divide. The dividing cells
metaphase with colchicine to prevent formation of the mitotic spindle. The advantage of this method is that a nt
can be prepared, so that specific stain methods can be used and the chromosome preparation can be banded sa

There is no simple or accurate method currently available to measure amniotic fluid volume. Oligohydramnios
the presence of some abnormality. Polyhydramnios may occur in normal pregnancy but is also often associated
abnormality of mother or fetus.

Oligohydramnios may be more objectively determined by identification of the largest pocket of fluid measuring I
2 cm or the total of 4 quadrants less than 5 cm. However, this definition is associated with many false-positive ¢
negative readings.

Oligohydramnios is associated with an SGA fetus, renal tract abnormalities such as renal agenesis, and urinary t
The clinical manifestation of oligohydramnios is a direct result of the impairment of urine flow to the amniotic flu
part of the first half of pregnancy or during the second and third trimesters.

Amniotic fluid inhibits bacterial growth; the phosphate to zinc ratio is a predictor of inhibitory activity. In cases o
fluid infection, "inorganic phosphorus” levels in amniotic fluid are often elevated.

Amniotic Fluid Markers

Alpha-fetoprotein (AFP) is of fetal origin, and concentrations in amniotic fluid and maternal serum are of value ir
diagnosis of neural tube defects and other fetal malformations. Fetal serum contains AFP in a concentration 150
maternal serum. High levels of maternal serum AFP are associated with an elevated level of amniotic fluid protei
subsequent findings of open neural tube defects.

In neural tube defects where there is an open lesion (even when covered with a membrane) in the spinal canal,
cerebrospinal fluid passes into the amniotic fluid. A suitable neural marker to determine whether cerebrospinal fl
into the amniotic fluid would be a protein of molecular size so large that it would not normally be excreted in the
enzyme acetylcholinesterase has a molecular weight on the order of 300,000. Acetylcholinesterase levels in amn
appear to be more specific than the AFP test in predicting neural tube defects.

The clinical importance of low levels of AFP in maternal serum has also been recognized. Low levels of AFP in co
estriol and comparatively high levels of hCG (roughly twice normal for given gestational age) have been shown 1
for Down syndrome. As an illustration, if one assumes a base rate of diagnostic amniocentesis of 5% (the appro
proportion of pregnancies occurring beyond age 35), the likelihood of detecting Down syndrome using only mate
risk factor would be only 30%. However, if amniocentesis were to be performed on the basis of age, AFP, estriol
levels, the yield would rise to almost 60%. Down syndrome is the most common congenital cause of severe mer
occurring with an incidence of about 1.3 per 1000 live births. Advanced maternal age is the most common consi
selecting women for diagnostic amniocentesis. This policy derives from the fact that the risk of Down syndrome
advancing maternal age. The greatly improved detection rate (Fig 8-10) afforded by combining serum screening
screening criteria is fast establishing this method as the screening test of choice in many centers throughout the
Figure 8—10.
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Maternal age 35 (MA 35) identifies about 20% of Down syndrome pregnancies. Low alpha fetoprotein (AFP) brin
about 50%. Double or triple screening (for HcG or estriol) raises that number to about 60% of the total and qua
(including inhibin A) brings that number of identified cases to 80%, which is over half of those occurring in wom
35. MS = maternal serum.

ISome proteins enter the amniotic fluid by transudation of placental components, but they also enter from other
including maternal uterine decidua; fetal skin; amnion; chorion; the umbilical cord; amniotic fluid cells; fetal urii
and fetal nasopharyngeal, oral, and lacrimal secretions. It is assumed that the relative contribution of these tissi
during pregnancy. The major proportion of soluble proteins in amniotic fluid between 10 weeks' gestation and te
be (1) of serum type and (2) of maternal origin entering the fluid by diffusing through the chorion. The observec
gradient for AFP between fetal serum and amniotic fluid should not be taken to imply that the presence of ti-fetc
amniotic fluid is explained largely by permeation. Indeed, the concentration of AFP in fetal urine during the seco
comparable with levels of AFP in amniotic fluid at this time.

The amniotic fluid serves a number of important functions besides being a valuable source for analysis of fetal ti
It cushions the fetus against severe injury; provides a medium in which the fetus can move easily; may be a sol
nutrients; and, in early pregnancy, is essential for fetal lung development. The amniotic fluid is continuously exc
rapid rate. Indeed, it is possible, at least on a temporary basis, to increase amniotic fluid volume by rapid expan
plasma volume with an intravenous infusion of colloid fluid such as 5%albumin. After 34—-36 weeks, determinatit
fluid volume becomes even more complicated because the larger fetus swallows more fluid, upsetting the relatic
fetal size and fluid volume. After 38 weeks, both amniotic fluid and maternal plasma volume decrease. These re
are even more apparent in postmature pregnancy.

Studies have shown that the fetus near term drinks 400-500 mL of amniotic fluid per day; this is about the sam
of milk consumed by a newborn infant. To maintain a reasonable stability of volume, the fetus must excrete abc
volume of urine into the amniotic fluid each day.

During late pregnancy, the amniotic fluid contains increasing quantities of particulate material, including desqual
fetal origin; lanugo and scalp hairs; vernix caseosa; a few leukocytes; and small quantities of albumin, urates, a
and inorganic salts. The calcium content of amniotic fluid is low (5.5 mg/dL), but the electrolyte concentration is
equivalent to that of maternal plasma. As mentioned previously, meconium is ordinarily absent but is excreted k
response to vagal activity.
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Current OB/GYN >Chapter 9. Normal Pregnancy & Prenatal Care>Normal Pregnancy>

NORMAL PREGNANCY: INTRODUCTION

Pregnancy (gestation) is the maternal condition of having a developing fetus in the body. The human conceptus
from fertilization through the eighth week of pregnancy is termed an embryo; from the eighth week until delive
it is a fetus. For obstetric purposes, the duration of pregnancy is based on gestational age: the estimated age
the fetus is calculated from the first day of the last (normal) menstrual period (LMP), assuming a 28-day cycle.
Gestational age is expressed in completed weeks. This is in contrast to developmental age (fetal age ), whict
the age of the offspring calculated from the time of implantation.

The term gravid means pregnant, and gravidity is the total number of pregnancies (normal or abnormal). Par
is the state of having given birth to an infant or infants weighing 500 g or more, alive or dead. In the absence o
known weight, an estimated duration of gestation of 20 completed weeks or more (calculated from the first day
the LMP) may be used. From a practical clinical viewpoint, a fetus is considered viable when it has reached a
gestational age of 23—24 weeks and a weight of 500-600 g or more. However, only very rarely will a fetus of
20-23 weeks weighing 500 g or less survive, even with optimal care. With regard to parity, a multiple birth is a
single parous experience.

Live Birth

Live birth is the complete expulsion or extraction of a product of conception from the mother, regardless of the
duration of pregnancy, which, after such separation, breathes or shows other evidence of life (e.g., beating of tr
heart, pulsation of the umbilical cord, or definite movements of the involuntary muscles) whether or not the cort
has been cut or the placenta detached. An infant is a live-born individual from the moment of birth until the
completion of 1 year of life.

In the most recent nomenclature, a preterm infant is defined as one born prior to the 37th week of gestation
(259 days). Unfortunately, for purposes of evaluating statistical data, this definition does not specify that there :
great differences among fetuses in this group. Therefore, it is useful to preserve the classification by weight or
duration of gestation still used by many (Fig 9—1). Using the latter system, an abortion is the expulsion or
extraction of all (complete) or any part (incomplete) of the placenta or membranes, without an identifiable fetus
with a fetus (alive or dead) weighing less than 500 g. In the absence of known weight, an estimated duration of
gestation of under 20 completed weeks (139 days) calculated from the first day of the LMP may be used.
Figure 9—1.
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Graphic display of perinatal nomenclature.

IAn immature infant weighs 500-1000 g and has completed 20 to less than 28 weeks of gestation. A prematu
infant is one with a birthweight of 1000—2500 g and a duration of gestation of 28 to less than 37 weeks. A low
birthweight infant is any live-born infant weighing 2500 g or less at birth. An undergrown or small-for-
gestational-age infant is one who is significantly undersized (< 2 SD) for the period of gestation. A mature
infant is a live-born infant who has completed 37 weeks of gestation (and usually weighs more than 2500 g). A
postmature infant is one who has completed 42 weeks or more of gestation. The postmaturity syndrome is
characterized by prolonged gestation, sometimes an excessive-size fetus (see Large-for-Gestational-Age
Pregnancy in Chapter 16), and diminished placental capacity for sufficient exchange, associated with cutaneous
and nutritional changes in the newborn infant.

Significantly increased morbidity and mortality rates may be associated with the relative dystocia created by the
large fetus. Approximately 10% of newborn infants weigh more than 4000 g and 1.5% of infants weigh in exces
of 4500 g. With better nutrition and heavier infants, there has not been a commensurate increase in maternal
pelvic dimensions. Excessive fetal size should be suspected in women who have previously delivered a large bak
and in those with diabetes mellitus.

Predicting the end of pregnancy constitutes a major problem of perinatal care. The factors that lead to the
initiation of labor and the subsequent termination of pregnancy remain unknown. This is the case for both pretel
and postterm deliveries. A prolonged pregnancy (postterm) has traditionally been defined as gestation that has
advanced 2 weeks past the due date (294 days). Because the perinatal mortality rate increases dramatically as
gestation advances past the due date and because the cesarean rate is not increased with induction at 41 weeks
it is now common practice to offer induction of labor to all women at 7 days past the due date.

Birth Rate & Fertility Rate

Birth rate is commonly expressed in terms of the number of live births per 1000 population. The fertility rate
expressed as the number of live births per 1000 women ages 15—44 years and is thus a more sensitive measure
the reproductive activity of a given population. There were an estimated 4,115,590 live births in the United Stat
in 2004. The birth rate is currently 14.0 per 1000 total population, which is slightly increased compared to its na
of 13.9 in 2002. The general fertility rate is currently 66.3 births per 1000 women aged 15-44. Indeed, the ferti
rate appears to have peaked in 1990 at 71.1, after having been 67.1 in 1988.*



* These data are provisional and are from National Vital Statistics Report v54 #8, the preeminent source of date
concerning births, marriages, divorces, and deaths. It is available on a monthly basis from the National Center fi
Health Statistics (Centers for Disease Control, Public Health Service), U.S. Department of Health and Human
Services.

Neonatal Interval

The neonatal interval is from birth until 28 days of life. During this interval, the infant is referred to as a
newborn. The interval may be divided into 3 periods:

Neonatal period I: birth through 23 hours, 59 minutes.
Neonatal period Il1: 24 hours of life through 6 days, 23 hours, 59 minutes.

Neonatal period Il1: seventh day of life through 27 days, 23 hours, 59 minutes.

Perinatal Period

The perinatal period is the time from 28 weeks of completed gestation to the first 7 days of life, spanning the
fetal and early neonatal interval.

Perinatal Mortality Rates

Jeopardy to life is greatest during the perinatal period than at any subsequent time. Current data indicate that ti
number of lives lost during the 5-month period from the 20th week of gestation to the 7th day after birth is alm:
equal to the number lost during the next 40 years of life. One half of these deaths occur in utero . In addition,
70% of deaths occurring in the first year of life will occur in the first 28 days of life (the neonatal period). Thus i
one adds the neonatal loss rate to the fetal loss rate, it is the period of greatest threat to life for a given interval
There are gender and racial differences in mortality rates; the pertinent data are available through the Monthly
Vital Statistics Report.

There are many causes of death during the perinatal period. The relative importance of each can only be assessi
in the context of overall mortality rates and appraisal of those factors that present the greatest hazard to the fel
and infant.

DIAGNOSIS

The diagnosis of pregnancy is usually made on the basis of a history of amenorrhea and a positive pregnancy te
Nausea and breast tenderness are also often present. It may be crucial to diagnose pregnancy before the first
missed menstrual period to prevent exposure of the fetus to hazardous substances (e.g., x-rays, teratogenic
drugs), to manage ectopic or nonviable pregnancies, and to provide better health care for the mother.

The manifestations of pregnancy are classified into three groups: presumptive, probable, and positive.

Presumptive Manifestations

SYMPTOMS

Amenorrhea

Cessation of menses is caused by increasing estrogen and progesterone levels produced by the corpus luteum.
Thus, amenorrhea is a fairly reliable sign of conception in women with regular menstrual cycles. In women with
irregular cycles, amenorrhea is not a reliable sign. Delayed menses may also be caused by other factors such as
emotional tension, chronic disease, opioid and dopaminergic medications, endocrine disorders, and certain
genitourinary tumors. Spotting caused by bleeding at the implantation site may occur from the time of
implantation (about 6 days after fertilization) until 29—-35 days after the LMP in many women. Some women hav
unexplained cyclic bleeding throughout pregnancy.

Nausea and Vomiting



This common symptom occurs in approximately 50% of pregnancies and is most marked at 2—12 weeks'
gestation. It is usually most severe in the morning but can occur at any time and may be precipitated by cookin
odors and pungent smells. Extreme nausea and vomiting may be a sign of multiple gestation or molar pregnanc
Protracted vomiting associated with dehydration and ketonuria (hyperemesis gravidarum ) may require
hospitalization and relief of symptoms with antiemetic therapy.

Treatment for uncomplicated nausea consists of light, dry foods, small, frequent meals, and emotional support.
Some improvement can be seen with the addition of high-dose vitamin Bg therapy and the preconceptional use
prenatal vitamins. Antiemetic medications and alternative therapies, such as acupressure or ginger, are used for
women whose symptoms interfere with daily life. The nausea is probably related to rapidly rising serum levels of
human chorionic gonadotropin (hCG), although the mechanism is not understood.

Breasts
MASTODYNIA

Mastodynia, or breast tenderness, may range from tingling to frank pain caused by hormonal responses of the
mammary ducts and alveolar system. Circulatory increases result in breast engorgement and venous prominenc
Similar tenderness may occur just before menses.

ENLARGEMENT OF CIRCUMLACTEAL SEBACEOUS GLANDS OF THE AREOLA (MONTGOMERY'S TUBERCLES)
Enlargement of these glands occurs at 6—8 weeks' gestation and is a result of hormonal stimulation.

COLOSTRUM SECRETION
Colostrum secretion may begin after 16 weeks' gestation.

SECONDARY BREASTS
Secondary breasts may become more prominent both in size and in coloration. These occur along the nipple line
Hypertrophy of axillary breast tissue often causes a symptomatic lump in the axilla.

Quickening

The first perception of fetal movement occurs at 18—20 weeks in primigravidas and at 14—16 weeks in
multigravidas. Intestinal peristalsis may be mistaken for fetal movement; therefore, perceived fetal movement
alone is not a reliable symptom of pregnancy, although it may be useful in determining the duration of pregnanc

Urinary Tract
BLADDER IRRITABILITY, FREQUENCY, AND NOCTURIA
These conditions occur because of increased bladder circulation and pressure from the enlarging uterus.

URINARY TRACT INFECTION

Urinary tract infection must always be ruled out because pregnant women are more likely than nonpregnant
women to have significant bacteriuria which may be asymptomatic (7% versus 3%). Asymptomatic bacteruria ci
also lead to pyelonephritis, which is associated with miscarriage, preterm birth, and intrauterine fetal demise.

SIGNS

Increased Basal Body Temperature

Persistent elevation of basal body temperature over a 3-week period usually indicates pregnancy if temperature:
have been carefully charted.

Skin

CHLOASMA

Chloasma, or the mask of pregnancy, is darkening of the skin over the forehead, bridge of the nose, or
cheekbones and is most marked in those with dark complexions. It usually occurs after 16 weeks' gestation and
intensified by exposure to sunlight.

LINEA NIGRA
Linea nigra is darkening of the nipples and lower midline of the abdomen from the umbilicus to the pubis



(darkening of the linea alba). The basis of these changes is stimulation of the melanophores by an increase in
melanocyte-stimulating hormone.

STRETCH MARKS

Stretch marks, or striae of the breast and abdomen, are caused by separation of the underlying collagen tissue
and appear as irregular scars. This is probably an adrenocorticosteroid response. These marks generally appear
later in pregnancy when the skin is under greater tension.

SPIDER TELANGIECTASES

Spider telangiectases are common skin lesions that result from high levels of circulating estrogen. These vascula
stellate marks blanch when compressed. Palmar erythema is often an associated sign. Both of these signs are al
seen in patients with liver failure.

Probable Manifestations
SYMPTOMS
Symptoms are the same as those discussed under Presumptive Manifestations, above.

SIGNS
Pelvic Organs

Many changes in the pelvic organs are perceivable to the experienced physician, including the following.

CHADWICK'S SIGN
Congestion of the pelvic vasculature causes bluish or purplish discoloration of the vagina and cervix.

LEUKORRHEA

An increase in vaginal discharge consisting of epithelial cells and cervical mucus is due to hormone stimulation.
Cervical mucus that has been spread on a glass slide and allowed to dry no longer forms a fernlike pattern but h
a granular appearance.

HEGAR'S SIGN
This is widening of the softened area of the isthmus, resulting in compressibility of the isthmus on bimanual
examination. This occurs by 6—8 weeks.

BONES AND LIGAMENTS OF PELVIS

The bony and ligamentous structures of the pelvis also change during pregnancy. There is slight but definite
relaxation of the joints. Relaxation is most pronounced at the pubic symphysis, which may separate to an
astonishing degree.

Abdominal Enlargement

There is progressive abdominal enlargement from 7—28 weeks. At 16—22 weeks, growth may appear more rapid
as the uterus rises out of the pelvis and into the abdomen (Fig 9-2).

Figure 9—-2.
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Height of fundus at various times during pregnancy.

IUterine Contractions

As the uterus enlarges, it becomes globular and often rotates to the right. Painless uterine contractions (Braxto
Hicks contractions ) are felt as tightening or pressure. They usually begin at about 28 weeks' gestation and
increase in regularity. These contractions usually disappear with walking or exercise, whereas true labor
contractions become more intense.

Positive Manifestations

The various signs and symptoms of pregnancy are often reliable, but none is diagnostic. A positive diagnosis mu



be made on objective findings, many of which are not produced until after the first trimester. However, more
methods are becoming available to diagnose pregnancy at an early stage.

FETAL HEART TONES (FHTS)

It is possible to detect FHT by hand held Doppler as early as 10 weeks' gestation. The normal fetal heart rate is
120-160 beats per minute. It may be detected by fetoscope by 18—20 weeks' gestation, although this device is
rarely used at present.

PALPATION OF FETUS
After 22 weeks, the fetal outline can be palpated through the maternal abdominal wall. Fetal movements may b
palpated after 18 weeks. This may be more easily accomplished by a vaginal examination.

ULTRASOUND EXAMINATION OF FETUS
Sonography is one of the most useful technical aids in diagnosing and monitoring pregnancy. Cardiac activity is
discernible at 5-6 weeks, limb buds at 7—8 weeks, and finger and limb movements at 9-10 weeks. At the end o
the embryonic period (10 weeks by LMP), the embryo has a human appearance. Fetal well-being can be monitot
by ultrasound as the pregnancy progresses.

Pregnancy Tests

Sensitive, early pregnancy tests measure changes in levels of hCG. There is less cross-reaction with luteinizing
hormone (LH), follicle stimulating hormone (FSH), and thyrotropin, which all share a common &z subunit with hC
when the [ subunit of hCG is measured. hCG is produced by the syncytiotrophoblast 8 days after fertilization an
may be detected in the maternal serum after implantation occurs, 8—11 days after conception. hCG levels peak i
approximately 10—12 weeks of gestation. Levels gradually decrease in the second and third trimesters and
increase slightly after 34 weeks. The half-life of hCG is 1.5 days (Fig 9—3). After termination of pregnancy, level:
drop exponentially. Normally, serum and urine hCG levels return to nonpregnant values (< 5 mlU/mL) 21-24 d:
after delivery.

Figure 9-3.
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Regression of hCG following delivery, assuming a 1.5-day half-life.

IURI NE PREGNANCY TEST
This is the most common method used to confirm pregnancy. Using antibodies, the test identifies the B subunit
hCG, minimizing cross-reaction with similarly structured hormones. The test is affordable, reliable and fast (1-5



minutes to obtain results) tool to diagnose pregnancy in the office. The urine pregnancy test is
qualitative—positive or negative, based on color change, with the level of hCG detection ranging between 5 and
mlU/mL, depending on the kit used.

HOME PREGNANCY TESTS

hCG is detected in a first-voided morning urine sample. A positive test is indicated by a color change or
confirmation mark in the test well. Because the accuracy of the home pregnancy test depends on technique and
interpretation, it should always be repeated in the office.

SERUM PREGNANCY TEST

hCG can be detected in the serum as early as a week after conception. The serum pregnancy test can be
quantitative or qualitative with a threshold as low as 2—4 mlU/mL, depending on the technique used. The serum
pregnancy test is a reliable method to diagnose an early pregnancy; it is widely used in the evaluation of
threatened abortion, ectopic pregnancy, and other conditions.

CALCULATION OF GESTATIONAL AGE & ESTIMATED DATE OF DELIVERY

After the diagnosis of pregnancy is made, it is imperative to determine the duration of pregnancy and the
estimated date of confinement (EDC).

Calculation of Gestational Age

PREGNANCY CALENDAR OR CALCULATOR

Normally, human pregnancy lasts 280 days or 40 weeks (9 calendar months or 10 lunar months) from the last
normal menstrual period (LNMP). This may also be calculated as 266 days or 38 weeks from the last ovulation ir
normal 28-day cycle. The easiest method of determining gestational age is with a pregnancy calendar or
calculator. The estimated date of delivery (EDD) can be determined mathematically using Ngele's rule: subtract
months from the month of the LNMP, and add 7 to the first day of the LNMP. Example: With an LNMP of July 14,
the EDC is April 21.

CLINICAL PARAMETERS OF GESTATIONAL AGE

Ultrasonography

Ultrasonography is now the most widely used technique for determination of gestational age. Fetal crown to run
length can be measured at 5-13 weeks and is the most accurate means to determine gestational age. Beyond 1
weeks, measurement of fetal biparietal diameter is used in conjunction with the femur length and abdominal
circumference to assess gestational age and/or interval fetal growth. Beyond 30 weeks, the accuracy of
gestational age assessment by ultrasound is much less.

Ultrasound is used to measure fetal growth parameters, to estimate fetal weight, to access fetal anatomy, and t
measure amniotic fluid volume. Fetal well-being can also be evaluated by measuring biophysical characteristics.

Uterine Size

An early first-trimester examination usually correlates well with the estimated gestational age. The uterus is
palpable just at the pubic symphysis at 8 weeks. At 12 weeks, the uterus becomes an abdominal organ and at 1
weeks is usually at the midpoint between the pubic symphysis and the umbilicus. The uterus is palpable at 20
weeks at the umbilicus. Fundal height (determined by measuring the distance in centimeters from the pubic
symphysis to the curvature of the fundus) correlates roughly with the estimated gestational age at 26—34 weeks
(Fig 9-2). After 36 weeks, the fundal height may decrease as the fetal head descends into the pelvis.

Quickening
The first fetal movement is usually appreciated at 17 weeks in the average multipara and at 18 weeks in the
average primipara.

Fetal Heart Tones



FHTs may be heard by fetoscope at 20 weeks, whereas Doppler ultrasound usually detects heart rates by 10
weeks.

DIAGNOSIS OF PREGNANCY AT TERM

A term fetus has reached a stage of development that will allow the best chance for extrauterine survival (37—
weeks). Whether a fetus has reached this stage can be determined by the methods outlined above for ascertain
fetal age and EDD.

At term, a fetus usually weighs more than 2500 g. Depending on maternal factors such as obesity and diabetes,
amniotic fluid volume, and genetic and racial factors, the baby may be larger or smaller than expected; therefor
the clinician must rely on objective data to determine fetal maturity.

Amniotic Fluid Analysis

The most accurate test of fetal maturity is analysis of amniotic fluid obtained by amniocentesis. This is discussec
Chapter 13.

Ultrasonography

Early ultrasound examination is the most accurate means of determining gestational age and indirectly confirmir
maturity. Because of the variation in late-pregnancy ultrasound parameters, they are not helpful in confirming
maturity.

DIAGNOSIS OF FETAL DEATH
The accepted method of diagnosing pregnancy failure early is ultrasound.

Early in pregnancy, failure to visualize a fetal pole with cardiac activity at the appropriate gestational age sugges
fetal death. Serial measurements of serum F-hCG may be helpful when the ultrasound findings are equivocal.

In late pregnancy, the first sign of fetal death is usually absence of fetal movement noted by the mother. This is
followed by absence of FHTs. Real-time ultrasonography is virtually 100% accurate in determining the absence ¢
fetal heart motion.

Hypofibrinogenemia may rarely develop 4-5 weeks after fetal death as thromboplastic substances are release
from the degenerating products of conception. Coagulation studies should be started 2 weeks after intrauterine
death, and delivery should be attempted by 4 weeks or if serum fibrinogen falls below 200 mg/mL. This is only
clinically applicable in the case of death of one of twins; otherwise, the singleton demise would be delivered
promptly.

PRENATAL CARE: INTRODUCTION

Prenatal care as we know it today is a relatively new development in medicine. It originated in Boston in the firs
decade of the 20th century. Before that time, the patient who thought she was pregnant may have visited a
physician for confirmation but did not visit again until delivery was imminent. The nurses of the Instructive Nurs
Association in Boston, thinking they might contribute to the health of pregnant mothers, began making house ce
on all mothers registered for delivery at the Boston Lying-In Hospital. These visits were so successful that the
principle behind them was gradually accepted by physicians, and our present system of prenatal care, which
stresses prevention, evolved.

Pregnancy is a normal physiologic event that is complicated by pathologic processes dangerous to the health of
the mother and fetus in only 5—-20% of cases. The physician who undertakes care of pregnant patients must be
familiar with the normal changes that occur during pregnancy, so that significant abnormalities can be recognize
and their effects minimized.

Prenatal care should have as a principal aim the identification and special treatment of the high-risk patient—the



one whose pregnancy, because of some factor in her medical history or an issue that develops during pregnancy
is likely to have a poor outcome.

The purpose of prenatal care is to ensure, as much as possible, an uncomplicated pregnancy and the delivery of
live, healthy infant. There is evidence that mothers and offspring who receive prenatal care have a lower risk of
complications. There is also evidence that the mother's emotional state during pregnancy may have a direct effe
on fetal outcome. In one study, it was reported that anxiety in labor is positively correlated with plasma
epinephrine levels, which, in turn, seem to result in abnormal fetal heart rate patterns and low Apgar scores.
Similarly, another study, which measured anxiety in women in the third trimester, noted that in newborns of
anxious women, the 5-minute Apgar score was significantly lower.

Ideally, a woman planning to have a child should have a medical evaluation before she becomes pregnant. This
allows the physician to establish by history, physical examination, and laboratory studies the patient's overall
fitness for undertaking pregnancy. This is the ideal time to stress the dangers of cigarette smoking, alcohol and
drug use, and exposure to teratogens. Instruction on proper diet and exercise habits can also be given. Vitamins
especially folic acid, taken 3 months before conception may be beneficial (decreasing the incidence of open neur
tube defects). Unfortunately, most patients do not seek preconceptional care, and the initial prenatal visit is
scheduled well after pregnancy is under way.

Common reasons why preghant women may not receive adequate prenatal care are inability to pay for health
care, fear of or lack of confidence in health care professionals, lack of self-esteem, delays in suspecting pregnan
or in reporting pregnancy to others, different individual or cultural perceptions of the importance of prenatal car¢
adverse initial feelings about being pregnant, and religious or cultural prohibitions. These factors should be
screened for and addressed.

INITIAL OFFICE VISIT

The purpose of the first visit to the physician is to identify all risk factors involving the mother and fetus. Once
identified, high-risk pregnancies require individualized specialized care. The diagnosis of pregnancy is made on t
basis of physical signs and symptoms and the results of laboratory tests discussed earlier in this chapter.

History

PRESENT PREGNANCY

The interview should begin with a full discussion of the symptoms. The patient should have time to express her
ideas on childbearing and parenting and to discuss the effect of pregnancy on her life situation.

The patient with regular menses may be able to accurately calculate the EDC using the first day of the LMP and
Ngele's rule (see above). The EDC may also be determined if the patient knows the probable date of conception

PREVIOUS PREGNANCY

Outcomes of all prior pregnancies provide important clues to potential problems in the current gestation. The
following information should be obtained: length of gestation, birthweight, fetal outcome, length of labor, fetal
presentation, type of delivery, and complications (prenatal, during labor, postpartum). If a cesarean section was
performed, an operative report details the type of uterine incision and allows the physician to estimate the
patient's subsequent risk for uterine scar dehiscence.

MEDICAL HISTORY

Many medical disorders are exacerbated by pregnancy. Many cardiovascular, gastrointestinal, and endocrine
disorders require careful evaluation and counseling concerning possible deleterious effects on the mother. A
history of previous blood transfusion may suggest the rare possibility of associated hemolytic disease of the
newborn because of maternal antibodies from a minor blood group mismatch. Knowledge of drug sensitivities is
also important.



A history of maternal infections during pregnancy should be obtained. If possible, current infections should be
treated to prevent hazardous fetal effects. Review of the patient's knowledge about avoiding infectious and
teratogenic risks (see Chapter 14) is prudent.

The prenatal history should include important social aspects, such as the number of sexual partners, the history
sexually transmitted diseases, and possible contact with intravenous drug users. Human immunodeficiency virus
(HIV) testing should be offered to all patients.

SURGICAL HISTORY

Of special importance is a history of previous gynecologic surgery. Prior uterine surgery may necessitate cesaree
delivery. A history of multiple induced abortions or midtrimester losses may suggest an incompetent cervix.
Patients with previous cesarean deliveries may be candidates for vaginal delivery if they are adequately counselt
and meet established guidelines.

FAMILY HISTORY

A family history of diabetes mellitus should alert the physician to possible gestational diabetes, especially if the
patient has a history of large or anomalous babies or previous stillbirths. Glucose tolerance testing must be done
to determine current endocrine function.

A