MATERNAL PHYSIOLOGY DURING PREGNANCY
Gastrointestinal tract
· During pregnancy nutritional requirements are increased

· The mother's appetite usually increases, so food intake is greater

· Some women have a decreased appetite or experience nausea and vomiting 

· These symptoms may be related to relative levels of human chorionic gonadotropin (hCG). 

· In rare instances, women may crave bizarre substances such as clay, cornstarch, soap, or even coal.

Oral Cavity
· Salivation may seem to increase due to swallowing difficulty associated with nausea

· The gums may become hypertrophic and hyperemic; often, they are so spongy and friable that they bleed easily. 

· This may be due to increased systemic estrogen; similar problems sometimes occur with the use of oral contraceptives.

· Vitamin C deficiency also can cause tenderness and bleeding of the gums.
Gastrointestinal Motility
· Elevated estrogen concentrations mediate the effect by enhancing nitric oxide release from the nonadrenergic noncholinergic nerves that modulate gastrointestinal motility.

Stomach & Esophagus
· More commonly, gastric acidity is reduced. 

· Production of the hormone gastrin increases significantly, resulting in increased stomach volume and decreased stomach pH. 

· Gastric production of mucus may be increased. 

· Esophageal peristalsis is decreased, and is accompanied by gastric reflux because of the slower emptying time and dilatation or relaxation of the cardiac sphincter. 

· Gastric reflux is more prevalent in later pregnancy due to elevation of the stomach by the enlarged uterus.
Small & Large Bowel & Appendix
· As the uterus grows and the stomach is pushed upward, most parts of the large and small bowel move upward and laterally

· Gastrointestinal tone and motility are generally decreased.

Gallbladder
· Gallbladder function is also altered during pregnancy because of hypotonia of the smooth muscle wall. 
· Emptying time is slowed and emptying often incomplete.

Liver
· Serum alkaline phosphatase activity can double, probably because of increased placental alkaline phosphatase isozymes

· There is also a decrease in plasma albumin and a slight decrease in plasma globulins. Thus a decrease in the albumin: globulin ratio normally occurs in pregnancy.
Kidneys & urinary tract
Renal Dilatation
· During pregnancy, each kidney increases in length by 1-1.5 cm, with a concomitant increase in weight. 

· The renal pelvis is dilated up to 60 mL (10 mL is the normal volume in nonpregnant women).

· The ureters are dilated above the brim of the bony pelvis, more so on the right side than on the left. 

· The ureters also elongate, widen, and become more curved, although kinking is rare. 

· Thus there is an increase in urinary stasis.

· Although the cause of hydronephrosis and hydroureter in pregnancy is not known beyond doubt, there may be several contributing factors: 

1. Elevated progesterone levels may contribute to hypotonia of smooth muscle in the ureter. 

2. The ovarian vein complex in the suspensory (infundibulopelvic) ligament of the ovary may enlarge enough to compress the ureter at the brim of the bony pelvis, thus causing dilatation above that level. 

3. Dextrorotation of the uterus during pregnancy may explain why the right ureter is usually dilated more than the left. 

4. 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.
Renal Function
· The changes in renal function that occur during pregnancy are probably due to increased maternal and placental hormones, including adrenocorticotropic hormone (ACTH), antidiuretic hormone (ADH), aldosterone, cortisol, human chorionic somatomammotropin (hCS), and thyroid hormone. 

· An additional factor is the increase in plasma volume.

· The glomerular filtration rate (GFR) increases during pregnancy by about 50%; with normal values returning by 20 weeks postpartum

· The renal plasma flow (RPF) rate increases by as much as 25-50% throughout early and mid pregnancy

· Even though the GFR increases dramatically during pregnancy, the volume of urine passed each day is not increased

· The concentration of creatinine in serum is reduced in proportion to the increase in GFR, and the concentration of blood urea nitrogen is similarly reduced.

· In pregnant women, serum creatinine is 0.46 ± 0.13 mg/100 mL (nonpregnant values, 0.67 ± 0.14 mg/100 mL). 

· Blood urea nitrogen is also reduced in pregnancy (8.17 ± 1.5 mg/100 mL; nonpregnant values, 13 ± 3 mg/100 mL).

· Glucosuria may be explained by the increase in GFR with impairment of tubular resorption capacity for filtered glucose.
· Increased levels of urinary glucose also contribute to increased susceptibility of pregnant women to urinary tract infection

· Levels of the enzyme renin, which is produced in the kidney, increase early in the first trimester, and continue to rise until term
Bladder
· As the uterus enlarges, the urinary bladder is displaced upward and flattened in the anteroposterior diameter. 

· Pressure from the uterus leads to increased urinary frequency

· Bladder vascularity increases and muscle tone decreases, increasing capacity up to 1500 mL.

Hematologic system
Blood Volume
· Perhaps the most striking maternal physiologic alteration occurring during pregnancy is the increase in blood volume

· Plasma volume increases by 10 to 15 percent at 6 to 12 weeks of gestation, expands rapidly until 30 to 34 weeks, after which there is only a modest rise
· The total gain at term averages 1100 to 1600 mL and results in a plasma volume of 4700 to 5200 mL, 30 to 50 percent above that found in nonpregnant women
· The increase progresses until term; the average increase in volume at term is 45-50%.

· Aldosterone, which is elevated during pregnancy, may contribute to this effect, as may elevated levels of estrogen and progesterone. 
· During pregnancy, plasma renin activity tends to be increased and atrial natriuretic peptide levels are slightly reduced, suggesting that the increase in plasma volume represents underfilling due to systemic vasodilatation and the ensuing rise in vascular capacitance, rather than true blood volume expansion, which would produce the opposite hormonal profile (low plasma renin activity, elevated atrial natriuretic peptide)
· The increase is needed for extra blood flow to the uterus, extra metabolic needs of the fetus, and increased perfusion of other organs, especially the kidneys. 
· There is also extra blood flow to the skin, allowing dissipation of heat caused by the increased metabolic rate. 
· Extra volume also compensates for maternal blood loss at delivery. 
· The average blood loss with vaginal delivery is 500-600 mL, and with cesarean section 1000 mL.
· Plasma volume decreases immediately postpartum, then increases again two to five days after delivery, possibly because of a rise in aldosterone secretion, which occurs at this time. 
· Plasma volume then decreases; it is still elevated by 10 to 15 percent above nonpregnant levels at three weeks postpartum, but is usually at normal nonpregnant levels at six weeks postpartum.
Red Blood Cells
· Red blood cell mass begins to increase at 8 to 10 weeks of gestation and steadily rises by 20 to 30 percent (250 to 450 mL) above nonpregnant levels by the end of pregnancy in women taking iron supplements 
· Among women not on iron supplements, the red cell mass may only increase by 15 to 20 percent 
· Erythrocyte life span is slightly decreased during normal pregnancy
· The increase in red blood cell mass is about 33%, or approximately 450 mL of erythrocytes.
· Erythropoietin levels increase by 50 percent in normal pregnancies and vary according to the presence of pregnancy complications 
· The increased plasma erythropoietin induces the rise in red cell mass, which partially supports the higher metabolic requirement for oxygen during pregnancy
· Mean corpuscular volume (MCV) decreases during pregnancy and averages 80 to 84 fL in the third trimester
Iron
· With the increase in red blood cells, the need for iron for the production of hemoglobin naturally increases. 

· If supplemental iron is not added to the diet, iron deficiency anemia will result

· If iron is not readily available, the fetus uses iron from maternal stores.
Anemia 
· A greater expansion of plasma volume relative to the increase in hemoglobin mass and erythrocyte volume is responsible for the modest fall in hemoglobin levels (i.e. physiological or dilutional anemia of pregnancy) observed in healthy pregnant women. 
· The greatest disproportion between the rates at which plasma and erythrocytes are added to the maternal circulation occurs during the late second to early third trimester (lowest hematocrit is typically measured at 28 to 36 weeks). 
· Nearer to term, hemoglobin concentration increases due to cessation of plasma expansion and continuing increase in hemoglobin mass 
· Conversely, the absence of physiologic anemia appears to be a risk factor for stillbirth
· The Centers for Disease Control and Prevention has defined anemia as hemoglobin levels of less than 11 g/dL in the first and third trimesters and less than 10.5 g/dL in the second trimester

White Blood Cells
· The total blood leukocyte count increases during normal pregnancy from a prepregnancy level of 4300-4500/uL to 5000-12,000/uL in the last trimester

· The cause of the rise which primarily involves the polymorphonuclear forms seems likely to be caused by increased demargination of white cells.

· Basophils decrease slightly

Platelets
· An apparent increase in the production of platelets (thrombocytopoiesis) during pregnancy is accompanied by progressive platelet consumption.

· Levels of prostacyclin (PGI2), a platelet aggregation inhibitor, and thromboxane A2, an inducer of platelet aggregation and a vasoconstrictor, both increase during pregnancy.

Clotting Factors
· During pregnancy, levels of several essential coagulation factors increase. 

· There are marked increases in fibrinogen (factor I) and factor VIII. 

· Factors VII, IX, X, and XII also increase but to a lesser extent

· Prothrombin (factor II) is only slightly affected by pregnancy, if at all.

Cardiovascular system
Position & Size of Heart
· As the uterus enlarges and the diaphragm becomes elevated, the heart is displaced upward and somewhat to the left with rotation on its long axis, so that the apex beat is moved laterally. 
· Cardiac capacity increases by 70-80 mL; this may be due to increased volume or to hypertrophy of cardiac muscle. 
· The size of the heart appears to increase by about 12%.

Heart Rhythms & Murmurs

· As many as 90% of pregnant women may have a late systolic or ejection murmur attributable to the increase in stroke volume and the decrease in blood viscosity

Cardiac Output
· Cardiac output increases approximately 40% during pregnancy
· In early pregnancy, increased stroke volume accounts for nearly all of the increase in cardiac output

· The heart rate increases with lengthening gestation and by term is 15 beats/min higher than the nonpregnant rate

· Stroke volume increases 25-30% during pregnancy

Blood Pressure
· Systemic blood pressure declines slightly during pregnancy. 
· There is little change in systolic blood pressure, but diastolic pressure is reduced (5-10 mm Hg) from about 12-26 weeks.

Peripheral Resistance

· Pregnancy-induced changes in maternal arterial pressure (decreased or unchanged) and cardiac output (increased) contribute to the approximately 20% reduction in maternal systemic vascular resistance.

Pulmonary system
Anatomic & Physiologic Changes

· Early in pregnancy, capillary dilatation occurs throughout the respiratory tract, leading to engorgement of the nasopharynx, larynx, trachea, and bronchi, which can make breathing difficult.

· As the uterus enlarges, the diaphragm is elevated as much as 4 cm, and the rib cage is displaced upward and widens, increasing the lower thoracic diameter by 2 cm and the thoracic circumference by up to 6 cm

· Abdominal muscles have less tone and are less active during pregnancy, causing respiration to be more diaphragmatic

Lung Volumes & Capacities
· Dead space volume increases due to relaxation of the musculature of conducting airways. 
· Tidal volume increases gradually (35-50%) as pregnancy progresses. 
· Total lung capacity is reduced (4-5%) by the elevation of the diaphragm.

· Functional residual capacity, residual volume, and expiratory reserve volume all decrease by about 20%. 

· Larger tidal volume and smaller residual volume cause increased alveolar ventilation (about 65%) during pregnancy
· Inspiratory capacity increases 5-10%, reaching a maximum at 22-24 weeks' gestation.

· Functional respiratory changes include a slight increase in respiratory rate, a 50% increase in minute ventilation, a 40% increase in tidal volume, and a progressive increase in oxygen consumption of up to 15-20% above nonpregnant levels by term. 

· The increase in oxygen consumption is caused by the increased metabolic needs of the mother (cardiac and respiratory muscles) and fetus
· As the respiratory minute volume increases, hyperventilation of pregnancy occurs, causing a decrease in alveolar CO2.

· Maternal hyperventilation is probably due to the action of progesterone on brain neurons that regulate respiration. 

· Maternal hyperventilation is considered a protective measure that prevents the fetus from being exposed to excessive levels of CO2.
Metabolism
· As the fetus and placenta grow and place increasing demands on the mother, phenomenal alterations in metabolism occur.
· The most obvious physical changes are weight gain and altered body shape. 

· Weight gain is due not only to the uterus and its contents but also to increased breast tissue, blood volume, and water volume (about 6.8 L) in the form of extravascular and extracellular fluid. 

· 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 lb).

· Plasma albumin levels are decreased and fibrinogen levels increased.

· Pregnancy is associated with insulin resistance which can lead to diabetes mellitus (gestational diabetes) in susceptible women.
