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Introduction

At first, what is the embryonic and fetal period? The embryonic period extends through the eight gestational week. The fetus is approximately 2cm long. The fetal period extends from the ninth week onward. There are two other convenient measurements to remember: at 20 weeks gestation, the fetus has crown-rump length (CRL) of 16,5 cm and weighs approximately 450 g, and at 28 weeks gestation the fetus measures approximately 25cm CRL and weighs 1000g.

1. Normal Embryologic Development

1.1. Early development 

Fertilization take place within the first 12 hours of ovulation, ideally on day 14 of the menstrual cycle (Fig.1) The embryo then proceeds with cellular multiplication and, approximately 3 days after fertilization, the morula is propelled into the endometrial cavity by the rhythmic contractions of the tubal musculature. The separation of embryo (the inner cell mass) from its shell  (the future placenta) occurs in the endometrial cavity. It was first witnessed in a 6-day-old embryo, which was found to possess 5 embryonic and 53 trophoblastic cells. The major development that has taken place is the multiplication of the shell, the future placenta, while the embryo has experienced few cell divisions. 

1.1.1. Implantation

The developing blastocyst implants in the uterine cavity on about day 20 or 21 of the cycle, a stage that has not yet been visualized with sonography in human uteri. The entire blastocyst becomes embedded in the endometrium and remaining tiny hole is sealed with coagulum. The endometrium undergoes significant changes after embryo implantation. A period of hypaersecretory endometrium with Arias-Stella reaction is the first and followed by gradual decidualization. The decidua is composed of enlarged endometrial cells in which the endometrial glands undergo gradual atrophy, becoming very thin structures at the end of pregnancy. Decidualization commences around the implanting placenta first and is visualized as the first sonography evidence of pregnancy as a bright echogenic ring within the uterus between the fifth and sixth menstrual week. In the basal decidua, critical event occur at this time. Importantly, the invading trophoblast induces major alternations in vascular anatomy, destroying the walls of the spiral arteries, and appropriating maternal arterial circulation for nourishment of the conceptus. The intervillous spaces are formed, promoting further placental differentiation.

1.1.2. Cytotrophoblast and Syncytiotrophoblast Proliferation

Next, the cells of the blastocyst wall proliferate. The trophoblastic shell differentiates into an inner layer of cytotrophoblast and outer layer of syncytiotrophoblast. The latter cells invariable derive from the former cell type and line the entire maternal side of the intervillous space. They are regularly swept to the maternal lung by flow in the intervillous circulation.

1.1.3. Development of Embryonic Disc, Amnion, Chorion and Placental Villi

The extraembryonic cavity issues from the blastocyst space and contains jelly-like thin fluid in which the embryonic cells are located. The embryonic cells proliferate, and the three embryonic layers ( ectoderm, endoderm, and mesoderm) differentiate to become a trilaminar plate. At about 14 day’s gestation, the inner cell mass lengthens to become the embryonic disc. Two cavities develop quickly. The amniotic cavity has formed at about 7 day’s gestation. The amniotic cavity enlarges continuously by the accumulation of fetal fluids. The second, endodermal cavity commences development at 11 day’s gestation. Mesodermal cells of the embryonic disc form between the endoderm and ectoderm. The mesodermal cell proliferation is the forerunner of the chorionic membrane, from which proliferate columns of mesenchymal cells into the peripheral trophoblastic columns, like finger pushing into dough. Thus, they turn into the connective tissue cores of the placental villi.

1.1.4. Embryonic circulation

On embryonic days 14 to 15, primitive vessels begin to sprout, forming a contiguous network of tiny capillaries that coalesce in the endodermal foregut. Here the primitive heart takes its origin. The sluggish embryonic circulation  commences at approximately the end of 3 weeks embryogenesis. Embryonic tissues, and the placental tissues, are progressively perfused.

Fetal cardiac activity commences on about embryonic day 22 (5 weeks menstrual age). Rhythmic contractions of the cardiac tubes can be observed by endovaginal ultrasound at 5.9 to 6.3 week menstrual age. The fetoplacental circulation is established by the end of first month (6 weeks menstrual age) and is essentially completed by 2 month (10 menstrual weeks). The two allantoic arteries of the umbilical cord derive from branches of the iliac arteries and are well established by 21 days of development. The single umbilical vein, transversing the fetal abdomen to the hepatic hilus and connecting to the ductus venosus.

1.1.5. Formation of Amniotic Cavity

A gestational cavity is first observable by endovaginal probe on embryonic day 20. The yolk sac becomes visible on day 28 and persist through 9 menstrual weeks. When the sac measures more than 16 mm, one should always see an embryo. The amniotic membrane remains avascular in all mammals and presumably owes its subsistence to nutrients and gas exchange from amniotic fluid and underlying blood vessels in chorion and placenta, or the decidua capsularis in case of the membranes, the chorion leave. Amnionic sac gradually enlarges and, forms bubble around the embryo and secondary yolk sac. With ultrasound this appears to be a bubble within a sac. Amnion never truly fuses with the chorion and can be separated readily from the even the term. The entire embryonic cavity is initially surrounded by trophoblast. The portion closest to the myometrium ultimately becomes the placenta; that which herniates into the endometrial cavity forms the membranes (chorion laeve). It is important to realize, however, that the actual endometrial cavity is merely slit. The layers of placental membranes are then composed, from inside out as follows: amniotic epithelium, amniotic connective tissues, chorionic connective tissue with atrophied vessels, atrophied villi and remains of trophoblast and finally decidua capsularis with persistence of some maternal blood vessels. The membranes ultimately are thrust against the opposite uterine wall (decidua vera), but whether true cellular "fusion" ever occurs here is disputed. The future placenta develops from the connective tissue stem villi that invade the trophoblastic shell. Presumably a finite number of such stem villi proliferate initially. With the progressive growth of the uterus, theses stem villi are physically separated from one another, and secondary and tertiary villous sprouting fills the void. It is incorrect to assume that the placenta can proliferate much in a lateral direction after this stage. Determinants of its ultimate shape come largely from atrophy and from one margin, as in the case of placenta preavia, with hypertrophy at other margins. Abnormal cord insertions may thus ensue. The lateral atrophy was first observed sonographically when King described placental migration in the conversion of early placenta preavia to normal placentas.

1.2. Landmarks in Fetal Development

1.2.1. Nervous System

A neural plate forms on embryonic day 16, when the embryo is 0,4mm. A neural groove follows on day 20 (2mm), which then closes to form the neural tube on day 23. Anterior and posterior neuropores are still open The anterior pore closes soon afterward, on day 24 to 25 (2,5mm, 5.5 weeks menstrual age), while the posterior neuropore closes on about day 28 (6,0 menstrual weeks). Skin then covers the neural tissues but can do so only after the tube has permanently closed.

Numerous developmental anomalies may arise if the sequence of neural tube closure is disrupted. These include encephalocele (embryonic day 24), meningomyelocele (about day 26). holoprosencephaly (day 33), and arrhinencephaly (days 40 to 41). Generally, if neuropore closure fails to take place, the skin, muscle, and subcutaneous tissue cannot approximate, and a defect of variable size and complexity ensues. Although anencephaly (failure of development of the cerebrum) arises as part of the neural tube-closure failure sequence, its specific pathogenesis derives from disturbances in the formation of normal sphenoid bone. Its lateral wings fail to grow upright, preventing the formation of a bony skull. Only secondarily, the brain degenerates because of deficient protection by bone and skin.

1.2.2. Extremities

Arm buds begin their development on embryonic day 26 and flipper-shaped arms develop just 2 days later. Legs begin to develop as swellings on that day, and flipper-like legs are seen on day 30. Fingers are evident on day 37 and toes on day 45, but they are well defined only after day 45. Documentation of fetal extremities with ultrasound is possible by 8 to 9 weeks gestation. By 12 weeks gestation, digits on each extremity should be visible.

1.2.3. Mouth

Branchial arches are first recognizable in pathologic specimens on day 24, with a primitive mouth appearing on days 30 a 31. The originally bilaterally cleft palate and lips begin fusion at 9 weeks gestation, but complete fusion is not accomplished until 12 weeks´ gestation. With sonography, documentation of intact upper lip and palate should be routinely possible from 16 weeks onward.

1.2.4. Thyroid

Thyroid development plays an important role in embryogenesis. Fetally derived thyroid hormones have an important role in modulating fetal development, as is readily witnessed by iodine deficiency and congenital cretinism. 

1.2.5. Heart

After its initial delineation as bilateral tubes on embryonic day 22, the heart folds and the partitioning of the atrioventricular canal begins with the formation of endocardial cushions. This fuse at 7 weeks menstrual age, with right and left sides being delineated. The atria septate at the end of 7 weeks, with formation of the septum primum and secundum. The partitioning of the ventricles occurs much later and is not completed until the end of 9 weeks´ gestation.

1.2.6. Lungs

Lung development, evidenced by the formation of new alveoli, continues for years after birth. The respiratory tract first develops by the longitudinal separation of laryngotracheal tube from esophagus. This proceeds cranially after day 26, with the sprouting of bronchopulmonary buds at the end of 6 weeks gestation. Progressive branching ultimately leads to the development of alveoli. The next, pseudogranular, stage is characterized by acinus-like forerunners of alveoli and is present at 5 to 17 week’s gestation. Despite this anatomic immaturity, good evidence has been provided that respiratory motions already exist at this stage. Terminal respiratory sacs begin to develop after 23 weeks with simultaneous and gradual commencement of surfactant secretion. Before this period, alveolar development is minimal, and the respiratory epithelium is sited in the respiratory bronchioles. Finally, alveolar development proceeds progressively, increasing the surface area available for gas exchange.

In parallel with anatomic maturation of the lung, chemical maturation occur. At birth, not only must the alveoli be adequate in number and surface area, but the mechanical characteristic of the lung must be such that the effort of breathing does not exceed the gain on oxygenation. Toward this end, cells adjacent to the alveolar pneumocystes begin to secrete surfactants into the alveolar space, reducing the surface tension and collapsibility of the air sac. Whereas this process begins as early as 28 weeks gestation, full surfactant maturity is not complete until 35 to 36 weeks. In order to assess fetal functional pulmonary maturity, Gluck and Kulovich advocate the use of the amniotic fluid lung profile as the " chronicle of the interaction among the four most significant surfactant phospholipids during the course of gestation." In normal gestation, the amniotic fluid lecithin/sphyngomyelin (L/S) ratio rises to above the critical value of 2, which is attained after the 35 weeks gestation.

2. Anatomy and Physiology of the Placenta, Fetal Membranes, and Amniotic Fluid.

2.1. Anatomy

2.1.1. Placenta

The zygote enters the uterine cavity approximately 3,5 days after fertilization. By the 7 day the blastocyst implants into the endometrium and is engulfed by maternal tissue. The blastocyst consist of an inner cell mass, which becomes the developing embryo, and outer cell layer, which becomes the trophoblast or future placenta. The trophoblast invades the endometrium progressively in a manner similar to that of invasive cancer, but stops upon reaching the decidua basalis. Encountering superficial blood vessels within the decidua, the trophoblast penetrates these maternal vessels, releasing blood into pools, which form into lacunae around the blastocyst. Maternal blood, which is in direct contact with the fetal trophoblastic tissue, provides nutrients for the developing products of conception. It is hemochorial type of placenta.

Trophoblastic differentiation

At the placental/maternal interface, the trophoblastic tissue stratifies into a multicellular inner layer, the cytotrophoblast, and a relative acellular outer layer syncytiotrophoblast. The cytotrophoblastic cells are discrete cells with single nuclei, pale cytoplasm, and miotic figures. The syncytiotrophoblast layer, multinucleated with no distinct intercellular walls, is the end stage of the cytotrophoblastic differentation. The syncytiotrophoblastic cytoplasm is full of complex intracellular components, whose primary function appears to be hormone production and transport. It is clear from this ultrastructural complexity that the syncytiotrophoblast plays the major role in placental hormone production, exchange and transport. Cytotrophoblastic cells outpouch into the syncytiotrophoblast to form trabeculae and primary villy by day 12 to 15 postfertilization. Some of this trabeculae grow into the basilar layer of the endometrium to form chorionic anchoring villi. Two days later, mesenchymal cells derived from the extraembryonic mesenchyme layer invaed the primary villi, transforming them into secondary villi. By day 19 postfertilization, fetal capillaries can be found within the villi, forming tertiary villi. This tertiary villus structure remains the essential villus structure until delivery. Throughout the remainder of gestation, placental area increases as small villi sprout off the major villi, always developing in a primary, secondary, and tertiary villus pattern as described above. With advancing gestation, thinning of the syncytiotrophoblast layer and decrease in the cytotrophoblastic and mesenchymal layers is observed. This thinning results in a shorter diffusional distance between maternal blood within intervillous space and fetal blood within the villous capillaries.

Umbilical and Villus Circulation

The inflowing maternal blood transits the decidua basalis via the spiral arteries and is injected in a pulsatile manner into intervillous space. The blood then moves through the intricate fetal villus network, allowing nutrient exchange, exiting by way of venous sinuses in the basilar region. A fibrin layer secreted by the trophoblast in the basilar region (Nitabuch´s layer) is the plane for placental separation at the time of delivery. Umbilical circulation is evident from approximately 5.5 weeks gestation. The umbilical arteries divide and ramify until they reach the villous capillaries, when a similar network forms, collecting fetal blood in the venous system to return in the umbilical vein. Under normal conditions, fetal blood within the placenta never mixes directly with maternal blood.

Placental Abnormalities

When the placenta implant completely over the cervix, it is called a complete placenta previa. If the placental edge approaches but does not completely cover the cervical os, a marginal placenta preavia is diagnosed. If the placenta preavia is present in the third trimester, life-threatening hemorrhage may result if the underlying cervix begins to dilate, releasing maternal blood. The normal term placenta is discoid in shape, with the umbilical cord inserting near the central portion of the placenta. Occasionally the umbilical cord inserts into the margin of the placenta, and is thus termed a marginal or Battledore insertion. Rarely in single gestations, but more commonly in multiple gestations, the umbilical cord inserts into the membranes (velamentous insertion) with the blood vessels running a short distance across the membranes to reach the body of the placenta. If theses exposed blood vessels cross the cervix os, vasa preavia exists. Fetal death may result secondary to hemorrhage when the membranes (and vessels) rupture. Occasionally an additional lobe of placenta tissue may be present, and the only connection to the main portion of the placenta is blood vessels within the fetal membranes. This type of succenturiate placenta may present a problem if the connecting blood vessel cross the cervix (vasa preavia) or if the accessory lobe of the placenta goes unnoticed and is left in the uterus after delivery. For this reason, all placentas should be examined closely after delivery for evidence of missing succenturiate lobe. Another placental abnormality is the circumvallate placenta. With this type of placenta, the chorion laeve does not insert into the placental edge but rather at some distance in, toward the insertion of the umbilical cord.

2.1.2. Fetal Membranes

During villous differentiation, the trophoblast forms a shell around the developing embryo, termed the chorion frondosum. Shortly thereafter, trophoblast with a dedicated maternal blood supply thickens to become the true placenta, while the remainder regresses into a smooth membrane (the chorion laeve). The tertiary villi on the chorionic shell regress (by an unknown mechanism) everywhere except in that portion which is remain the placenta. Simultaneously, the amnion develops (at about 5 to 6 weeks gestation) as an ectodermal layer formed from and connected to the dorsal surface of the developing embryo. The amniotic sac forms as fluid enters the area between this membrane and the dorsal aspect of the embryo. As the embryo grows, the dorsal aspect lengthens more rapidly and the fetus fold inward in itself, taking the expanding amniotic membrane with it. The amnion continues to expand, ultimately filling the remainder of the cavity bounded by the chorion (the extraembryonic coelom). Continued amniotic expansion eventually obliterates the extraembryonic coelom, covering the placenta, umbilical cord, and chorion. The amnion is continuous with the fetal skin. Nutrients are supplied to the amnion by the amniotic fluid and underlying chorion. From 17 weeks until delivery, the fetal membranes are composed of an inner, avascular amniotic membrane, which is closely apposed to, but easily separated from, the outer chorion.

2.1.3. Endometrium

Under the influence of first ovarian then placental progesteron, the glandular endometrial lining of the uterus becomes the decidua. The decidua is separated into two components, the portion that underlies the placenta (decidua basalis) and the portion that lines the remainder of the uterine cavity, the decidua parietalis (vasa). The decidua has important endocrine functions, including the production of prolactin and prostaglandins. The uterine decidua, and the adjacent chorion, amnion and amniotic fluid, form an intimate fetal-maternal communications link, which probably plays an integral role in the initiation of labour.

2.2. Examination of the Placenta

A simple but complete examination of every placenta at the time of delivery is requirement that cannot be overemphasized. The fetal surface, and adjacent membranes should be shiny and translucent. A foul odor or opacity suggest infection. Umbilical cord length should be measured if it seems unusually short or long (normal length at term is 50 cm). The number of fetal blood vessels in the cord (normally, two arteries and one vein) should be counted by examining the cut surface of the cord. Two vessel umbilical cords are not infrequent, occurring in 1 percent of cases, and are associated with an increased incidence of congenital malformations and aneuploidy. This finding at birth requires a close examination of the newborn for other defects, especially genitourinary and cardiac. Blood vessels that course to the margin of the placenta and end abruptly may have connected with a succenturiate lobe. White or yellow streaks on vessel surface may represent thrombi, which are associated with intrauterine growth retardation and hypertension. The normal appearance of the maternal surface is dark red; pale color suggest fetal anemia. Abnormally thick or beefy cotyledons may suggest fetal plethora or hydrops. 

2.3. Placental Physiology

2.3.1. Nutrient Transport, Water transport, and Oxygen Transport

By delivery at term, the products of conception have grown from a single cell zygote to a 3300g fetus with 500g placenta surrounded by 800 ml of amniotic fluid. To provide for this rapid growth, the trophoblastic tissue develops early, before embryonic differentiation, and adopts the majority of cells from the developing blastocyst. The cardiovascular system is first organ system to function in the embryo, with pulsatile cardiac activity beginning on day 23 postfertilization. Primitive viteline circulation between the embryo and the yolk sac begins shortly thereafter. Subsequently, the umbilical circulation links with the developing capillary network in the tertiary villi of the trophoblast. With the connection the vascular system is able to transport nutrients from the remote trophoblastic surface to the embryo. From this stage of pregnancy until delivery, placental transport is comprised of one or more of four mechanism: simple diffusion (f.e. oxygen, carbon, dioxide, sodium), facilitated diffusion (f.e. glucose), active transport (f.e. some amnio acids, calcium), and pinocytosis (f.e. immonoglobulins). The fetus, placenta, and fluid are comprised almost entirely of water. One possible source of water for the fetus is metabolism of glucose and oxygen to form carbon dioxide and water. However, this source is insufficient to provide all the water required for fetal growth. There are two forces acting on the placental membrane to move water in either direction. The first is hydrostatic pressure, by which maternal blood is driven under arterial pressure into the intervillous space. The second force involved in water movement across the placenta is osmotic pressure exerted across semipermeable membranes. When a significant difference in solute concentration exists between maternal and fetal plasma, a fairly large movement of water can occur.

The human fetus not only survives but grows and thrives at an arterial blood oxygen pressure (PaO2) that would cause irreversible brain damage at the same levels in the mother. The growing fetus has several mechanism to compensate for this low oxygen tension and to assist in bringing oxygen across the placenta from the maternal circulation. Fetal blood has higher hemoglobin concentration and thus carries more oxygen per milliliter of blood than adult blood. The fetal hemoglobin (HbF) has a than adult hemoglobin and thus binds the oxygen more tightly. Finally, the fetus has a rapid heart rate that circulates the blood around the fetal body faster than the adult circulation. 

2.3.2. Hormone Production (Progesterone, Estrogen’s, Placental Lactogen)

The placenta is centrally involved in the endocrinology of pregnancy, starting as early as 9 days after fertilization with the release of human chorionic gonadotropin (hCG) to maintain the corpus luteum. By 7 weeks of gestation, the placenta begins producing progesterone, and by 9 weeks, it accounts for the vast majority of progesterone production. Progesteron is an important hormone in facilitating maternal adaptation to pregnancy, with a critical role in uterine relaxation, maternal cardiovascular changes, ad immune suppression.

Estrogen’s are produced in abundance by the placenta, with the greatest proportion entering the maternal circulation. Estrogen’s (estradiol, estriol) increase uterine blood flow and increase the frequency of uterine contractions.

Another major hormone, secreted by the placenta is human chorionic somatomammotrophin (hCS, previously termed human placental lactogen (hPL)). This hormone, similar in structure to growth hormone, has a primary role in mobilizing maternal glucose and fatty acids for utilization by the growing fetus. hCS has a diabetogenic effect on the mother.

2.4. Immunology of the Maternal- Placental Interface

2.4.1. Blocking Antibodies

Blocking antibodies are detected in women with successful pregnancy outcomes and noted to be absent or decreased in a group of women with multiple first trimester pregnancy losses. Theses blocking antibodies inhibit the production of migration inhibitory factor (MIF) in white blood cell cultures.

2.4.2. Local Factors

The major means by which the fetus prevents immune rejection by the mother, however, are local factors at the maternal-placental interface, rather than systemic ones. The fetal tissues in direct contact with maternal blood (the syncytiotrophoblast) do not express any HLA antigens that the maternal immune system could recognize. The syncytiotrophoblast is covered by a sialomucin coat, which further prevents maternal recognition and release progesterone in massive quantities too. Progesterone may be an important local modulator of immune response, because it locally suppressing the maternal immune system activity. 

2.5. Amniotic Fluid Volume Regulation and Composition
2.5.1. Physiology of Amniotic Fluid

Throughout gestation the developing embryo and fetus are surrounded by water. Fetal urination is believed to be the major source of amniotic fluid, after the fetal kidneys begin functioning. Another contributor to amniotic fluid volume is fetal lung fluid. Before fetal skin becomes keratinized at 24 weeks of gestation, fluid moves across the fetal skin between cutaneous capillaries and the amniotic cavity. After 24 weeks of gestation, the skin is impermeable to the bulk movement of water.

The main route by which fluid leaves the amniotic cavity is fetal swallowing. Two others routes by which fluid leave the amniotic cavity are by movement across the amniochorionic membranes and into the maternal circulation within the wall of the uterus (transmembranous), and by movement of fluid into the fetal circulation, which perfuses vessels on the fetal surface of the placenta (intramembranous) and umbilical cord.

The composition of the amniotic fluid changes throughout gestation. In early gestation it is consistent with a transudate of maternal or fetal plasma, with the amniotic osmolality, as well as sodium and chloride ion concentration, being similar to both. After 24 weeks of gestation the fetal skin becomes keratinized, and the amniotic fluid solute concentration decreases as the fetal kidney excretes a more dilute urine. This decrease in solute concentration results in an osmotic gradient between the amniotic fluid and maternal and fetal plasma.

2.5.2. Amniotic Fluid Volume Regulation 

Oligohydramnios

The definition of oligohydramnios has changed with the development of ultrasonography and attempts at amniotic fluid quantification. Oligohydramnios at any time in gestation is well correlated with increased perinatal morbidity and mortality, and is associated with many abnormal fetus states. Chronic fetal hypoxia, which can be associated with conditions such as preeclampsia, severe intrauterine growth retardation, and other sources of uteroplacental insufficiency, causes hemodynamic changes in fetus. Oligohydramnion may develop in the postdate fetus.

Polyhydramnios

An increased amniotic fluid volume results from increased production or decreased removal. Fetal gastrointestinal anomalies or maternal diabetes mellitus are commonly associated, but in a significant number of cases, the etiology is idiopathic. Congenital diaphragmatic hernia or cystic adenoid malformation of the lung may cause compression of the esophagus within the fetal chest, resulting in decrease in swallowing and polyhydramnios. Rarely, certain muscular dystrophies may inhibit fetal swallowing and result in increased amniotic fluid volume. Diabetes mellitus in pregnancy is complicated by polyhydramnion in 29 percent of cases and appears to be related to maternal glucose control. 

3. Maternal Physiology

Near the end of pregnancy, a woman may find that she has gain an average of 10 to 12 kg in weight, representing a 20 to 30 percent increase above her usual nonpregnant status. She may note that her ankles, hands, and face are noticeably swollen by the end of her working day and that she is short of breath during moderate physical exertion.

3.1. Alterations in maternal hormonal milieu

What is extremely important the trophoblast (syncytiotrophoblast) and decidua produce the majority of pregnancy hormones. Almost all the physiologic alterations experienced by the pregnant women are related directly to changes in hormone level and organ response. The trophoblast, first as the embryonic blastocyst, then as the early placenta, and finally as the mature fetal-placental-decidual unit, is responsible for the bulk of hormone production during pregnancy.

3.1.1. Progesterone

Progesterone synthesis, initially occurring in the corpus luteum, takes place in the placenta after the seventh week of gestation. Progesterone-induced changes in the endometrium are required for implantation of the blastocyst, and maternal vasodilatation, electrolyte and water retention, and relaxation of the myometrium are all important later effects of progesterone. Withdrawal of progesterone in early pregnancy (by failure of corpus luteum, oophorectomy, or administration of the progesterone antagonist RU-486) results in abortion. A fall in the progesterone/estrogen ratio has been postulated in human pregnancy to signal the onset of labour.

3.1.2. Estrogen’s

Several estrogens are produced in pregnancy, and circulating levels of estrone, estradiol and estriol increase in maternal serum throughout gestation. Estrone and estradiol appear to play key roles in maternal cardiovascular adaptation. Elevated estrogen levels have significant effects on the cardiovascular system (increased sodium retention, decreased vascular resistance), on liver protein synthesis (increased binding proteins and clotting factors), and on the uterus (increased uterine blood flow).

3.1.3. Human Chorionic Somatomammotropin

hCS, a  peptide of exclusively placental origin, is produced in enormous quantities by the end of pregnancy. The physiologic effect of this hormone is primarily metabolic in that it antagonizes the effects of insulin.

3.1.4. Relaxin

Relaxin is produced by both the corpus luteum and placenta. It may have a role in maintaining uterine quietude as the conceptus grows and in promoting cervical softening as labour approaches.

3.1.5. Others Hormones

The placenta synthesizes a number of other hormones, which are similar in structure and function to those produced by the adult pituitary and hypothalamus. Pituitary like hormones include human chorionic gonadotropin (hCG), which is similar to luteinizing hormone; hCS, which is similar to growth hormone; growth hormone etc. The precise roles of these substances in regulation of fetal growth and homeostasis and in promoting maternal adaptation have not been elucidated.

3.2. Cardiovascular Adaptation

Alterations in the cardiovascular system during pregnancy provide a central paradigm for pregnancy-induced changes in other organ systems.  Normal gestational changes in cardiovascular function may appear to be pathologic, and yet failure of normal cardiovascular adaptation often becomes indeed pathologic.

3.2.1. Vascular Volume

Maternal vascular volume increases to 40 percent above baseline. Blood and plasma volume increase linearly during gestation, peaking at 28 to 32 weeks at approximately 40 percent above nonpregnant values. Given that the blood volume of a nonpregnant women is approximately 5 L, during the course of pregnancy approximately 2L of circulating volume is added to the vascular system. In twin or triplet pregnancy, limited observations suggest that vascular volume may increase by as much as 75 to 100 percent (up to a 10l total vascular volume). The early increase in estrogen level directly induces increased blood flow to the uterus. As a low-resistance circuit is added in parallel with the systematic circulation, overall systemic resistance fall. Mean arterial pressure falls concomitantly, and hypovolemia is detected by the kidney. The hypovolemia stimulates increased aldosterone levels. Elevated aldosterone activity promotes sodium and water retention at the renal tubular level. Aldosterone augments intravascular volume. Angiotensin augments PGI2 and PGE2 and the renal vascular resistance decreases, increased renal blood flow and glomerular filtration rate. Rising progesteron levels aid this process by further reducing systemic resistance through direct relaxation of vascular smooth muscle.

3.2.2. Arterial Pressure and Vascular Resistance

Despite the substantial increase in plasma volume, the gravida surprisingly does not become hypertensive. In fact, peripheral vascular resistance (PVR) actually falls during the major phase of volume increase. The precise mechanism by which this substantial fall in vascular resistance occur is not clear, but number of factors have been implicated. For example the vascular-relaxing effects of progesterone clearly predominate over the hypertensive influence of hyperaldosteronism and increased circulating volume. Angiotensin II. is blunted during normal pregnancy, which could result in an overall decrease in vascular tone.

3.2.3. Erytropoesis

The erythropoietic response to increasing plasma volume appears to follow rather than to lead the hypervolemia, as evidenced by the persistent lag in red cell mass. Indeed, the increment in plasma volume at each week of gestation exceed the rise in red cell mass throughout pregnancy, the point of greatest difference being reached at 28 to 30 weeks. This trend translates into a progressive fall in hematocrit throughout the first and second trimesters to a nadir of 15 to 20 percent below prepregnant values. In the third trimester, hematocrit rises somewhat but remains approximately 10 percent below prepregnant levels. This progressive hemodilution, which occurs in iron-replete women, is the so-called physiologic anemia of pregnancy. Hemodilution, evidenced by a modest decline in hematocrit, is important evidence of normal hemodynamic adaptation to pregnancy. Patients with insufficient augmentation of intravascular volume (e.g., patients with chronic hypertension) typically have abnormally high hematocrits and are subject to an increased incidence of intrauterine fetus growth retardation. In women with marginal iron stores, the erythropoietic demands of building the fetal erythron as well as augmenting maternal circulating red cell mass may result in significant anemia. Assessment of hematocrit and iron stores early in pregnancy and at least once in the third trimester is an important part of prenatal care.

3.2.4. Hemodynamics

Vascular volume rises to 40 percent above baseline by 28 to 30 week’s gestation, and cardiac output follows. The augmentation of cardiac output is accomplished by combination of increased heart rate and stroke volume, but 60 percent of the increase is mediated by stroke volume, the mean value of which rises from 66 to 86 ml. There are several clinical correlates of theses observations.

a) Maternal heart rate increases by a maximum of 15 to 20 percent during pregnancy but rarely exceeds 100 bpm in normal women. Thus presence of resting tachycardia (heart rate more 100) is distinctly abnormal and should prompt a search for pathologic cause.

b) Because the maternal heart responds to increased vascular preload primarily by augmenting stroke volume, pathologic circumstance that limit diastolic flow through the ventricles are poorly tolerated. Stenotic or restrictive lesions - including mitral, aortic, and pulmonic stenoses, cardiomyopathy, and primary pulmonary hypertension - carry a high risk of poor pregnancy outcome and maternal mortality. Conversely, regurgitant lesions (e.g., mitral regurgitation, ventricular septal defect)are usually well tolerated.

c) In patients with cardiovascular disease, the period of highest risk is at the peak of vascular volume increase (28 to 32 weeks). Patients who reach 34 weeks with good cardiac homeostasis usually perform well during labour and the puerperium. Patients who present with cardiac decompensation before 20 weeks are very difficult to manage as the pregnancy progress because the inevitable increase in vascular volume in the following weeks cannot be adequately controlled with diuretics.

The increase in cardiac output during pregnancy is not uniformly distributed. Blood flow to maternal brain, gastrointestinal organs, and musculoskeletal structures is unchanged; however, renal perfusion rises by 40 percent, uteroplacental flow increase 15-fold, and circulation to the skin and breasts is augmented significantly.

3.2.5. Posture

Maternal hemodynamics are profoundly affected by maternal posture, particularly in the third trimester. With the patient supine, the uterine fundus obstructs the inferior vein cava flow, resulting in reduced cardiac return, compromised cardiac output, and systemic hypotension. The supine hypotension syndrome is particularly severe in patients with hydramnios or multifetal gestation near the end of pregnancy. Maternal syncope and fetal distress may ensue. Similar but less dramatic effects on cardiac output are associated with maternal standing or sitting. In labor, left-sided recumbency improves uterine perfusion and is the preferred be turned to her left side. Compression of the vein cava by the gravid uterus during maternal standing or ambulation not only reduces maternal blood pressure but compromises uterine blood flow, thereby limiting fetal oxygen and nutrient uptake.

3.3. Pulmonary adaptation

3.3.1. Chest Anatomy

Optimal oxygen uptake and delivery require that ventilation and circulation be closely matched. Thus an increase in ventilation should ideally accompany the augmentation of cardiac output during pregnancy. While causal observation of pregnant women in the ninth month of pregnancy may suggest breathlessness and ventilatory compromise, in fact the opposite is true. In late pregnancy the diaphragms are significantly elevated above nonpregnant positions, the chest diameter is substantially wider, and the cardiac silhouette is enlarged and shifted to the left. The mechanical effects of the uterus on respiration are minimal because the progesterone induced the relaxation of diaphragmatic muscle and fascia. High progesterone levels may soften the fibrous and cartilaginous attachments of the ribs, resulting in widening of the chest diameter and increased vital capacity. The apparent enlargement of the heart is due in part to the left shift associated with diaphragmatic elevation but also to cardiac chamber enlargement with increased stroke volume.

3.3.2. Lung Capacities

a) Functional residual capacity and residual volume decrease by 20 percent as a result of upward movement of the diaphragm.

b) Vital capacity (maximum inspiration/expiration) is unchanged in pregnancy, despite the 20 percent loss of residual volume, primarily because of a compensatory increase in chest width.

c) Total lung capacity actually increases by 25 percent in pregnancy (4.0 versus 3.2 L).

3.3.3. Pulmonary Dynamics

Functionally, respiration during pregnancy is augmented to match cardiovascular dynamics. Under the influence of progesterone, tidal volume increases by 40 percent (450ml nonpregnant to 600ml pregnant)resulting in a net increase in  minute ventilation. Respiratory rate is unchanged (average 16 breaths/minute). The 40 percent increase in tidal volume and minute ventilation is one of the earliest physiologic events of pregnancy, detectable by 6 weeks of gestation. The increased ventilation causes carbon dioxide tension to fall. The functional benefit of gestational hyperventilation is evident when fetal blood gas values are compared with maternal parameters. Excretion of fetal carbon dioxide is favored by improving the fetal-maternal gradient.

3.4. Renal and Urinary Adaptation

3.4.1. Volume Homeostasis and Renal Hemodynamics

Changes in the urinary tract during pregnancy are mediated by placental hormone levels and the compensatory cardiovascular adjustments discussed above. Renal blood flow (RBF) and renal plasma flow (RPF) increase by 30 to 40 percent in pregnancy, and most of this rise is complete by the end of the first trimester. A decrease in systemic vascular resistance, mediated by the placental hormones, leads to an "underfilled" signal at the juxtaglomerular apparatus. Intravascular volume adjustments follow under the influence of increased aldosterone secreted during activation of the renin-angiotensin system. Despite the rise in intravascular volume, there is a drop in renal vascular resistance mediated by prostacyclin and progesterone, and RBF increases. The net effect is to keep the portion of the cardiac output directed to the renal circulation during pregnancy equal to that observed in the nonpregnant state (approximately 15 percent). The elevation in RBF and RPF is sustained throughout the remainder of pregnancy. Glomerular filtration rate (GFR), as measured by the creatinine clearance, rises from 122 to 170 ml/min, which represents an increase of 39 percent over baseline. This level is reached by the start of the second trimester.

3.4.2. Tubular Function

Because glomerular filtration increase during pregnancy while maternal muscle mass and nitrogenous wastes remain unchanged, blood ,urea nitrogen (BUN) and creatinine concentrations in the blood fall by 40 percent (from approximately 13 and 0,8 mg/dl to 8 and 0,5 mg/dl, respectively). Increased glomerular flow also affects the concentration of the other substances. Plasma uric acid, which is freely filtered by the glomerulus and subsequently reabsorbed in the proximal tubule, falls by 40 percent. Glucose, which is almost completely reabsorbed from the filtrate in the nonpregnant state, overwhelms the tubular transport system during pregnancy, resulting in detectable glycosuria in as many as 50 percent of gravidas by the end of pregnancy.

3.4.3. Colloid Osmotic Pressure

The major determinant of colloid osmotic pressure (COP) is serum albumin concentration. During pregnancy hepatic production of albumin is constant; therefore as vascular volume rises, plasma albumin concentration falls, and with it COP. By midpregnancy COP measures 277 mOsm/kg, compared with 288 mOsm/kg in the prepregnant state. While this decrease is numerically small (5 percent), it carries significant clinical implications for patients with heart disease, pneumonitis, or systemic sepsis, in whom a small decrease in COP may seriously threaten pulmonary capillary integrity and predispose to pulmonary edema.

3.4.4. Anatomic Changes in the Urinary Tract

Smooth muscle relaxation induces the majority of anatomic changes in the urinary tract. Many of theses findings are apparent by ultrasonography as early as 8 week’s gestation. Pyelographically detected hydroureter and hydronephrosis persist up to 3 month postpartum. The gravid uterus compress the ureters against the bones of pelvic brim, contributing to the hydroureter and hydronephrosis of pregnancy. This effect is more pronounced on the right, since the right ureter does not have the protective sigmoid colon overlying it. Nevertheless, the relaxing effects of progesterone on smooth muscle are considered to be the predominant factor inducing hydroureter and hydronephrosis, since the anatomic changes are noted before the uterus has attained sufficient size to physically obstruct the ureters. Decreased urethral sphincter and urinary bladder tone contribute to the urinary incontinence noted increasingly as pregnancy progresses. Relaxation of the urethra sphincter and bladder tone may also contribute to the increased frequency of cystitis.

3.5. Gastrointestinal Adaptation

The predominant effects of pregnancy on the gastrointestinal organs are related to the effects of progesterone on smooth muscle activity. Esophageal reflux and heartburn, which are common complaints, are due as much to hormonal relaxation of the gastroesophageal sphincter as to upward pressure by the uterus. Clinically, the gravida at increased risk for vomiting and aspiration of gastric contents. Most anesthesiologist consider pregnant patients to be at high risk for regurgitation of retained gastric contents during the induction of general anesthesia. Accordingly, preoperative antacids and rapid-sequence induction techniques are used to minimize this risk. Also, colonic transit times are prolonged, which results in the common complaint of constipation.

3.5.1. Biliary System

Progesterone effects on the biliary system result in delayed and sluggish emptying of the gallbladder, predisposing to stone formation. Sluggish flow of bile through the hepatic canaliculi may contribute to the occurrence of cholestatic jaundice of pregnancy.

3.5.2. Hepatic Function

Liver function changes in pregnancy are complex. Estrogen stimulation of hepatic protein synthesis is responsible for significant increases in serum binding proteins and clotting factors. Estrogen-induced increases in clotting factors are principal reason for the increased risk of venous thrombosis during pregnancy.

3.6. Musculoskeletal Adaptation

The major body changes noted by the pregnant patient involve alterations in posture. In the first trimester the sacroiliac and pubic symphysis joints become more pliable and mobile, resulting in the complaint of low back pain. Later, the enlarging uterus increases the lordosis of the lumbar spine, causing further difficulties with prolonged standing.

3.7. Integumentary Changes

3.7.1. Dermal Structure
Pregnancy-associated changes in the skin and its appendages involve vascular, pigmentary, and hair alterations. An exception is the occurrence of striae gravidarum, commonly called "stretch marks", which are atrophic pink, white or purple streaks. These are typically distributed over the abdomen and lower breasts, but whether or not they are caused by stretching of the skin is unproven. Since similar striae are observed in non-pregnant individuals with hypercortisolism, a hormonal etiology is more likely.

3.7.2. Pigmentation

In general,  activity is increased. Darkening of the areolae, skin in the line from the umbilicus to the pubis (linea nigra), areas of the face and neck (melasma), and the vulva occurs to some extent in 90 percent of women. Nevi may become more pigmented, but the effect on the incidence or progression of melanoma is probably unchanged.

3.7.3. Vascular Changes

Superficial varicosities arise in 40 percent of women, primarily in the lower extremities but sometimes also involving the vulva and rectum (hemorrhoids). Spider angiomata, characterized by a dilated central artery with smaller radiating branches, are distributed over the upper chest, extensor surface of the hands and arms, and the face.

3.7.4. Hair

Hair loss occurs after hair has been in the resting, or telogen, phase. Ordinarily telogen hair represents a small proportion of the total follicles present. During pregnancy many hairs are stimulated into the growth, or anagen, phase. Many women note increased hair growth during pregnancy. After delivery, these hairs enter the telogen phase, and 4 to 6 weeks postpartum the telogen hairs are shed (telogen effluvium).

