
                               Physiological Changes in the Pregnancy 

     The physiological changes in pregnancy are aimed to maximize nutrition &oxygen 

to the developing fetus and help the maternal system adjust to the extra stress. 
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a- Volume : 

    Maternal blood volume expands during pregnancy to allow adequate perfusion of 

vital organs, including the placenta and fetus, and to anticipate blood loss associated 

with delivery. Blood volume expansion results from an increase in both plasma 

volume and erythrocytes mass. Although more plasma than erythrocytes is usually 

added to the maternal circulation. The rapid expansion of blood volume begins at 6–8 

weeks gestation and plateaus at 32–34 weeks gestation( max 40% above the non 

pregnant level). This increase in the erythrocyte production is related to increase to 

plasma erythropoietin level. The mechanisms responsible for fluid retention and 



changes in plasma volume are unclear. However, there is many factors may 

contribute to fluid retention: 

1- Sodium retention(3-4mmol/day) due to activation of renine-angiotonsine system. 

2- Resetting of osmostat. plasma osmolality decreases by about 10 mOsmol/kg. 

Whereas in the non-pregnant state such a decrease would be associated with a rapid 

diuresis in order to maintain volume homeostasis, the pregnant woman appears to 

tolerate this level of osmolality. 

3- ↓ Thirst threshold. so that pregnant women feel the urge to drink at a lower level of 

plasma osmolality than non-pregnant women. 

4-↓ Plasma oncotic pressure. Plasma oncotic pressure is mainly determined by albumin 

concentration, and this decreases by about 20 per cent during normal pregnancy to 

levels (28–37 g/L) that are considered abnormal outside pregnancy. This may 

contribute to develope peripheral oedema in pregnancy. 

Consequences of fluid retention: 

• ↓ Haemoglobin concentration.(heamodilution) The larger increase of plasma volume 

relative to erythrocyte volume results in haemodilution and decreased in maternal 

heamoglobuline and hematocrite. mean Hg conc. in 1st and 3rd pregnancy is 10.5g/dl, 

in 2nd trimester is 11g/dl. 

 

• ↓ Haematocrit. Normal pregnancy heamatocrite (32-34)% 

• ↓ Serum albumin concentration.( heamodilution) 

• ↑ Stroke volume. 

• ↑ Renal blood flow. 

b-blood cells: 

-RBC count is decreased due to heamodilution 

-WBC count is increase This is mainly because of increases in the numbers of 

polymorphonuclear leukocytes, observed as early as 3 weeks gestation and especially 

marked postpartum. 



-Platelets count unchanged ,their  reactivity is increase while their survival is reduced 

in pregnancy. An increase in platelate count have been reported in 1st week 

postpartum. 

c-Heamostasis: 

     Pregnancy is a hypercoagulable state, which returns to normal around 4 weeks after 

delivery. Changes in the haemostatic system are presumed to occur in preparation for 

delivery with placental separation. At term, around 500 mL of blood flows through the 

placental bed every minute. Without effective and rapid haemostasis, a woman could 

rapidly die from blood loss. Myometrial contractions first compress the blood vessels 

supplying the placental bed, followed by fibrin deposition over the placental site, with 

up to 10 per cent of circulating fibrinogen used up for this purpose. 

1-coagulation system: 

   Almost all procoagulant factors, including factors VII, VIII, IX, X and XIIand 

fibrinogen, are increased during pregnancy. Fibrinogen is increased by 50 per cent, 

from a mean of 300 mg/dL in the non-pregnant state to a mean of 450 mg/dL in 

pregnancy. Levels of von Willebrand factor, which serves as a carrier for factor VIII 

and plays a role in platelet adhesion, also increase in pregnancy. 

 

2- anticoagulant system 

- Antithrombin III levels remain unchanged 

- protein S activity decreases 

- activated protein C resistance increase. 

  

3-fibrinolytic and anti fibrinolytic system 

-Plasminogen levels are increased during pregnancy, whereas levels 

of α2-antiplasmin are decreased. 

- Maternal plasma D-dimer concentration increases progressively from conception 

until delivery, which limits the use of D-dimer testing to rule out suspected venous 

thromboembolism in symptomatic pregnant women. At the beginning of the second 



trimester, more than 50 per cent of pregnant women have a D-dimer concentration that 

exceeds 0.50 mg/L 

and by the third trimester, more than 90 per cent of women have a D-dimer 

concentration >0.50 mg/L. 

    These changes are indicative of a substantial increase in fibrinolytic system 

activation, possibly to counterbalance increased coagulation factor. 

- Endothelial-derived PAI-1(plsminogen activator inhibitor) increases in late 

pregnancy, whereas placental-derived PAI-2,detectable in the plasma during the first 

trimester, increases throughout pregnancy.  

d-Heamatinic 

-Iron: Pregnant women require increased amounts of iron, and absorption of dietary 

iron from the gut is increased as a result. Despite this adaptation women who do not 

take supplementary iron during pregnancy show a reduction in iron in the bone 

marrow as well as a progressive reduction in mean red cell volume and serum ferritin 

levels, suggesting that pregnancy without iron supplementation leads to depletion of 

iron stores 

   

-  Folate: Renal clearance of folic acid increases substantially during normal pregnancy 

and plasma folate concentrations fall. However, red cell folate conc. do not decrease. 

 

Cardiovascular changes 

 

Functional changes: 

• ↑ Heart rate (10–20 per cent). A progressive increase in heart rate continues until 

the third trimester of pregnancy, when rates are typically10–15 beats per minute 

greater than those found in the non-pregnant state. 



• ↑ Stroke volume (10 per cent). There is also a progressive amplification of stroke 

volume during the first half of pregnancy, probably related to the changes in plasma 

volume at this time. 

• ↑ Cardiac output (30–50 per cent). In normal pregnancy, cardiac output increases as 

early as 5 weeks gestation (3 weeks after conception) and rises to around 40 per cent 

above the pre pregnancy baseline by 24 weeks. The increase in cardiac output is 

caused partly by an increase in heart rate, which is detected first as early as 5 weeks, 

and partly by an increase in stroke volume. The cardiac output is elevated further 

within labour, with a 30 per cent increase in demand in the final stage. This increase is 

due to the uterine contractions each of which squeezes 300–500 mL of blood into the 

maternal circulation. At delivery, a shift of blood from the empty uterus into the 

maternal circulation – called autotransfusion – causes an increase of 10–20 per cent in 

the cardiac output. cardiac output remain elevated for the first 2 days postpartum. 

Within the first 2 weeks after delivery the cardiac output falls rapidly, to reach half 

way at 6 weeks postpartum . 

• ↓ Peripheral resistance . A 70 per cent reduction in peripheral resistance has been 

demonstrated by 8 weeks gestation. The mechanisms responsible are uncertain, but 

alterations have been reported in production of vasoconstrictor and vasodilator agents 

that control peripheral arterial tone. 

• ↓ Mean arterial pressure (10 per cent). fall in mean arterial blood pressure at rest has 

been shown by 15 weeks gestation. 

• ↑Pulse pressure. Decreases in diastolic blood pressure (10–15 mmHg) are more 

marked during the antenatal period than the decrease in systolic pressure (5–10 

mmHg). Thus, early pregnancy is associated with a relative increase in pulse pressure. 

Later, diastolic blood pressure increases to levels that are at least equivalent to those 

found in the non-pregnant state. 

Ausculatory changes in pregnany : 

1-The first heart sound is loud and sometimes split  



2- a third heart sound is audible in 84 per cent of pregnant women by 20 weeks 

gestation.  

3- An ejection systolic murmur can be heard in 96 per cent of apparently normal 

pregnant women. 

4-diastolic murmur occurs transiently in only 20 percent of pregnant women 

5-10 per cent develop continuous or systolic murmurs due to increased 

mammary blood flow. 

Anatomical changes: As the diaphragm becomes progressively elevated, the heart is 

displaced to the left and upward and rotated somewhat on its long axis. As a result, the 

apex is moved somewhat laterally from its usual position, causing a larger cardiac 

silhouette on chest radiograph . Normal pregnancy induces slight left-axis deviation as 

a result of the altered heart position. 

Rrespiratory system: 

Anatomical changes: 

1- congestion and eodema of air way tract mucosa due to increase the vasculerity.this 

makes the mucosa is more prone to bleeding. nose mucosa is percieved as rhinitis. 

2- As pregnancy progresses, the diaphragm is elevated 4 cm by the enlarging uterus, 

and the lower ribcage circumference expands by 5 cm. 

3-The increased relaxin levels of pregnancy allow the ligamentous attachments of the 

ribcage to relax, increasing the ribcage subcostal 

angle. 

functional changes: 

a-Ventilatory changes 

•  Minute ventilation is increase 30-50% due to ↑ in Tidal volume. The rise in tidal 

volume is largely driven by progesterone, which appears to decrease the threshold and 

increase the sensitivity of the medulla oblongata to carbon dioxide. 



• Residual volume, expiratory reserve volume and Functional residual capacity are 

decreased as result of elevation of  diaphragm. 

• Neither FEV1 nor peak expiratory flow rate are affected by pregnancy. 

b-Blood gas and acid–base changes  

• ↓ pCO2. reduced PCO2 from maternal hyperventilation aids carbon dioxide (waste) 

transfer from the fetus to the mother while also facilitating oxygen release to the fetus. 

Progesterone also increases erythrocyte [carbonic anhydrase], which will also lower 

Pco2. 

• ↑ pO2. The increased alveolar ventilation results in a much smaller proportional rise 

in Po2.This increase is offset by the rightward shift of the maternal oxyhaemoglobin 

dissociation curve caused by an increase in 2,3-diphosphoglycerate (2,3-DPG) in the 

erythrocytes. 

• pH alters little. 

• ↑ Bicarbonate excretion. 

• ↑ Oxygen availability to tissues and placenta 

Oxygen consumption increases by about 45 mL/min during the course of pregnancy, 

which represents an increase of about 20 per cent from oxygen consumption at rest 

(300 mL/min). Around one-third of the increase is necessary for the metabolic 

demands of placenta and fetus, and the remainder is needed for the extra metabolic 

work of the maternal organs. The rightward shifting of the maternal oxyhaemoglobin 

dissociation curve in the erythrocytes facilitates oxygen unloading to the fetus, which 

has both a much lower Po2  and a marked leftwards shift of the oxyhaemoglobin 

dissociation curve, due to the lower sensitivity of fetal haemoglobin to 2,3-DPG. 

 

The kidneys and urinary tract: 

Anatomic changes 

1-The kidneys increase in size in normal pregnancy, 

with a 1–2 cm change in length.  



2-The calyces, renal pelvis and ureters dilate, giving the usually incorrect impression 

of obstruction because of uterine pressure & relaxation affect of prgesterone. 

Functional changes 

1- Glomerular filtration rate (GFR) rises immediately after conception and increases 

by about 50 per cent overall, reaching its maximum at the end of the first trimester. 

GFR then falls by about 20 per cent in the third trimester, returning to pre-pregnancy 

levels within 12 weeks of delivery. 

2-Renal blood flow increases by up to 80 per cent in the second trimester, due to the 

combination of increased cardiac output and increased renal vasodilatation, but this is 

followed by a 25 per cent fall towards term . 

3-  ↑ Clearance of most substances. 

4-↓ Plasma creatinine, urea and urate. 

5- Glycosuria is normal. 

 

Gastrointestinal System 

Oral: 

-mucus membrane: 30 to 75 per cent of pregnant women develop erythema, oedema, 

hyperplasia and increased bleeding of the gingival tissue (pregnancy gingivitis) due to 

Elevated circulating oestrogen and progesterone. 

-salivary gland: salivary changes include a decrease in the PH &increase in protein 

conc. of saliva. 

Gut: 

-reduction of lower esophageal sphincter tone as result of elevated pregesterone levels. 

increasing gastric acidity as result of increase placental production of gastrine. This 

changes increase the incidence of reflux esophagitis & heart burn in the pregnancy. 

-delayed gastric emptying due to high level of progesterone and enlarging uterus. 

-prolonged gastrointestinal transit  time may lead to constipation 

Liver: 



-Physical findings such as telangiectasia and palmar erythema, otherwise suggestive of 

liver disease in non-pregnant women, appear in up to 60 per cent of normal 

pregnancies because of the hyperoestrogenic state of pregnancy. 

-hepatic protein production increases, serum albumin levels decline in pregnancy due 

to the increase in maternal plasma volume. 

-  an increase in serum alkaline phosphatase secondary to fetal and placental 

production is observed in pregnancy. 

-s. alanine transaminase &s.aspartate transaminase showan to be lower during 

pregnancy, 

-LDH unchanged 

-the increased production and plasma levels of fibrinogen and the clotting factors VII, 

VIII,X and XII.  

- plasma cholesterol levels rise by around 50 per cent in the third trimester and 

triglycerides may rise to two or three times normal levels. 

 

 

 

Endocrinelogy 

 

pituitary gland 

1. Pituitary hypertrophy 

2. Increase prolactine (15 folds higher than non pregnant) 

3. Suppression of gonadotrophines  

thyroid gland 

1. Increase in the production of thyroid binding globulin. 

2. Increase in the total thyroid hormones. 

3. There is  a fall in TSH and arise in the fT4  in the 1
st
 trimester. 

4.  it is followed by a fall in fT4 with advanced gestations. 



5. Relative deficiency in the iodide. 

Adrenal gland 

-glucocorticoides:  

-↑ total cortisol 

-↑Free cortisol  

-Loss of diurnal variation of cortisol  

- This changes is due to production of placental  ACTH&↑CBG 

-Mineralocorticoides: 

-10 fold increase in aldosterone & deoxycocorticosterone  

due to  Increase activity of renin &angiotonsine 

ACTH&CRH: Increase the level of ACTH&CRH due to increase placental  

production of these hormones. One function of placental CRH expression is to 

stimulate the fetal adrenals to synthesize and release dihydroepiandrosterone (DHEA), 

which the placenta then converts to oestrogens. Another function is to stimulate the 

fetal adrenal gland (both directly and through stimulation of the fetal pituitary) to 

synthesize and release cortisol. Fetal cortisol drives the placental-fetal adrenal axis 

through positive feedback that results in increasing oestrogen production over 

gestation, and also works by maturing other fetal organs. 

Placenta hormones : placenta secrete many hormones include: 

-Pregnancy specific:Human chorionic gonadotrophin (hCG),,,, 

,,Human placental lactogen (hPL) 

-Hypothalamus: Gonadotrophin-releasinghormone (GnRH), 

Corticotrophin-releasing hormone (CRH) 

-Pituitary: Prolactin, Human growth hormone(hGH), Adrenocorticotrophic 

hormone (ACTH) 



-Steroids :Oestradiol &Progesterone 

-Other peptides: Insulin-like growth factor-Iand II,1,25 Dihydroxycholecalciferol, 

Parathyroid hormone-related 

peptide,Renin AngiotensinHuman 

      Chorionic gonadotrophin is produced by trophoblast cells. The B-subunit is 

pregnancy specific and used as a sensitive pregnancy test, being detectable within the 

maternal circulation in small quantities within days of implantation.It has a major role 

during early pregnancy in maintaining the function of the corpus luteum, which 

produces progesterone, but circulating hCG values  reach peak by 10 weeks & fall off 

after 12 weeks, as the placental production of progesterone becomes dominant. 

 

Metabolic changes 

Energy requirement: 

   Pregnancy is hypermetabolic state. BMR is increase by 10-20% during pregnancy 

above the non pregnant level and also total additional energy is increased by about 300 

kcal / day during pregnancy. 

Weight gain during pregnancy: 

- Weight gain during pregnancy consists of the products of conception  (fetus, 

placenta, amniotic fluid), the increase of various maternal tissues (uterus,breasts, 

blood, extracellular fluid), and the increase maternal fat stores 

-Rates of weight gain vary across the trimesters of pregnancy, with estimates of 1.6 kg 

gained in the first trimester, 0.45 kg per week in the second and 0.4 kg per week in the 

third trimester reported. 

-Ranges of weight gain recommended for women with low pre-pregnancy BMI (_20) 

are with normal pre-pregnancy BMI (20–26). However, 

12.5–18.0 kg, compared to 11.5–16.0 kg for those women with a lower BMI must gain 

more weight to produce infants with birthweights comparable to women with a normal 



BMI. Women with high BMI not only deliver infants with higher birthweights, but 

also can do so with lower gestational weight gains. 

Carbohydrates metabolism: 

In the first half of pregnancy: 

  1- fasting plasma glucose concentrations are reduced 

   2- little change in insulin levels 

In the 2
nd

 half of pregnancy:  

     1- an increase in glucose values 

      2- significant increases in plasma insulin concentrations 

ž  This suggests relative insuline resistance caused  by diabetogenic hormones of 

pregnancy to allow shunting of glucose to developing fetus 

Fatty metabolism: 

After 8
th

 week pregnancy, there is increase in circulating concentrations of: 

triacylglycerols, fatty acids, cholesterol & phospholipids .  

ž  In early pregnancy: oestrogen, progesterone and insulin promote the 

accumulation of maternal fat stores in early pregnancy and inhibit lipolysis. In late 

pregnancy: fat mobilization is enhanced to allow pregnant women: 

ž         - to use stored lipid for energy needs   

ž         - Minimize protein catabolism 

ž         - preserving glucose and amino acids for the fetus. 

Calicium metabolism: 

 Since plasma albumin concentrations decrease during pregnancy, total plasma calcium 

concentrations also decrease, which is not evidence of true hypocalcaemia. There is 

little change in the circulating concentration of unbound ionized calcium. The fetal 

demand for calcium is about 6.5 mmol per day. There are three potential methods of 

maternal adaptation: increasing gut absorption, mobilizing skeletal calcium reserves or 

restricting renal losses. The pregnant woman usually increases the rate or efficiency of 

gut absorption and slightly decreases excretion, thereby coping with little overall 



change in transfer rates into and out of bone stores. The increase in gut calcium 

absorption is a result of increased production of a metabolit of vitamin D3. 

Skin changes: 

 Hyperpigmentation. 

 Striae gravidarum. 

 Hirsuitism. 

 ↑ Sebaceous gland activity. 

Reproductive tracts: 

a-Uterus: 

1-Weight of uterus increases from 50–60 g prior to pregnancy to 1000 g by term and 

volume capacity of uterine cavity from 10ml or less prior to pregnancy to average of 

5L at term but may be 20 L or more. This is due to both hyperplasia and hypertrophy 

of the myometrium that are stimulated by high levels of maternal oestrogen 

&progesterone. The growing size of the uterine contents is an important stimulus, with 

individual muscle fibres increasing in length by up to 15-fold. 

 

2- By the third trimester, the uterus is described in lower and upper segments. The 

lower segment is the part of the uterus and upper cervix which lies between the 

attachment of the peritoneum of the uterovesical pouch superiorly and the level of the 

internal cervical os inferiorly. It is thinner, contains less muscle and fewer blood 

vessels. The formation of the lower segment is result from uterine stretch that occurs 

With increasing gestation. This has the effect of drawing the anatomical internal 

cervical os further from the histological internal cervical os. The retraction of the thick 

intermediate layer (IL) of muscle with increasing gestation thins the lower segment. 

 

3- Uterine blood flow increases 40-fold to approximately700 mL/min at term, with 80 

per cent of the blood distributed to the intervillous spaces of the placentae, and 20 per 



cent to the uterine myometrium. It occurs principally by means of vasodilation under 

unfluence of estrogen &progesteron that  modified the vascular resistance. 

 

4- Specialized cellular connections also develop with increasing gestation. These 

intercellular gap junctions allow changes in membrane potential to spread rapidly from 

one cell to another, facilitating the spread of membrane depolarization, and subsequent 

myometrial contractions 

 

b-Cervix:1-The cervix is described as looking bluer during pregnancy, which is due to 

its increased vascularity. 

2-It becomes swollen and softer during pregnancy under the influence of progesterone 

and oestradiol. Prostaglandins induce a remodeling of cervical collagen in late 

gestation, while collagenase  released from leukocytes locally also aids in softening the 

cervix. 

3-growth of the columnar epithelium of the cervical canal under influence of estrogen. 

This becomes visible on the ectocervix and is called an ectropion, which is prone to 

contact bleeding.  

3- the mucous glands of the cervix become distended and increase 

in complexity. 

 

 C-Vagina: 

Under the influence of oestrogens: 

a- the vaginal discharge increases becuase of increased vaginal epithelium vascularity 

and desquamation. 

b- This discharge has a more acid pH than non-pregnant vaginal secretions (4.5–5.0) 

and may protect against ascending infection. 

 

 

D-Breast and Lactation: 



1- Deposition of fat around glandular tissue occurs,and the number of glandular ducts 

is increased 

by oestrogen. 

2-the number of gland alveoli is increased by progesteron &human placental lactogen. 

3- Although prolactin concentration increases throughout pregnancy, it does not then 

result in lactation since it is antagonized at an alveolar receptor level by oestrogen. The 

rapid fall in oestrogen concentration over the first 48 hours after delivery removes this 

inhibition and allows lactation to begin. Lactation is initiated by early suckling, which 

stimulates the anterior and posterior pituitary to release prolactin and oxytocin, 

respectively. Prolactin induces milk production by the glandular tissue of the breast. 

Oxytocin causes contraction of the myoepithelial cells surrounding the glandular ducts, 

squeezing milk towards the nipple. 
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