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 Objective of this lecture 
1. Student understand physiological changes in pregnancy 
2. Student can differentiate between normal and abnormal changes in pregnancy  


 One of the most noticeable alterations in pregnancy is the gain in weight. Maternal physiological changes in pregnancy are the normal adaptations that a woman undergoes during pregnancy to better accommodate the embryo or fetus. They are physiological changes, that is, they are entirely normal, and include cardiovascular, hematologic, metabolic, renal and respiratory changes that become very important in the event of complications
	              	                                                                         	
1-Systemic changes

Volume homeostasis	
*One of the most fundamental systemic changes of normal pregnancy is fluid retention, which accounts for between 8 and 10 kg of the average maternal weight gain of   11-13 kg. The most marked expansion occurs in extracellular fluid volume, especially circulating plasma volume, which contributes to the increase in cardiac output and renal blood flow.
*plasma osmolality decreases by about 10 mosmol/kg.
*there is a net retention of sodium due to increase the concentration of aldosterone and deoxycorticosterone .
*the factors contributing to fluid retention are:
      -sodium retention
      -resetting of osmotic
     -decrease in thirst threshold
     -decrease in plasma oncotic pressure
*the consequences of fluid retention are:
      -haemoglobin concentration falls
     -haematocrit falls
     -serum albumin concentration falls
     -stroke volume increases
     -renal blood flow increases 


Blood

	Haematology
During pregnancy the plasma volume increases by 50% and the red blood cell volume increases only by 20-30% consequently, the hematocrit decreases on lab value; this is not a true decrease in hematocrit, however, but rather due to the dilution
Also there isDecreases in:
   -red cell count
   -haemoglobin concentration
   -plasma folate concentration ( as the renal clearance of  folic acid increases )
     Therefore pregnant women are often given prophylactic haematinics notably oral  iron , folic acid supplementation is also advocated.   A hemoglobin concentration below 11.0 g/dl, especially late in pregnancy, should be considered abnormal and usually due to iron deficiency rather than due to hypervolemia of pregnancy.

 

[image: ]
 



Increases in:
   -white cell count(due to increase the number of polymorphonuclear leukocytes mainly)
   -erythrocyte sedimentation rate
   -fibrinogen concentration

     The changes in coagulation during normal pregnancy produce a hypercoagulable state as there is an  increased  production of several procoagulant factors  and a reduction in plasma fibrinolytic activity .





Cardiovascular changes :
  
   -heart rate increases ( 10-20% )
   -stroke volume increases ( 10% )
   -cardiac output increases ( 30-50% ) cardiac output = stroke vol. * heart rate ( Increases from an average of less than 5 l/min before pregnancy to approximately  7 l/min at the 20th  week of pregnancy )                              
   -mean arterial pressure decreases ( 10% ). Arterial pressure usually decreases to a nadir at 24 to 26 weeks and rises thereafter. Diastolic pressure decreases more than systolic
   -peripheral  resistance decreases ( 35% ) as pregnancy is characterized by peripheral vasodilatation.

    During the third trimester the gravid uterus impairs venous return to the heart in the supine position , so a proportion of women will develop significant supine hypotension and loss of consciousness is possible . by rolling over on to the left side, cardiac output is almost instantly restored .
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Normal changes in heart sounds during pregnancy :
  -increased loudness of both s1 and s2.
  -increased splitting of mitral and tricuspid components of s1.
  -no constant changes in s2.
  -loud s3 by 20 weeks gestation.
  -<5 % develop s4.
  ->95 % develop a systolic murmur that disappears after delivery.
  - 20 % have a transient diastolic murmur.
  - 10 % develop continuous murmurs due to increased mammary blood flow.


The electrocardiographic ( ECG ) changes :
     ECG axis shifts superiorly in late pregnancy due to more horizontal position of the heart , small Q-waves and T-wave inversion in the right leads are common ,atrial and ventricular ectopics are common .




2- Reproductive organs :

The uterus

 -the uterus comprises three muscle layers , a thin inner layer of circular muscle fibres, a thin outer layer of longitudinal muscle fibres  and a thicker central layer of interlocking fibres ( after delivery of placenta this muscle layer occludes the blood vessels that were supplying the placenta so reduces the blood loss ).

 -high levels of maternal oestradiol and progesterone stimulate both hyperplasia and hypertrophy ( which is more important ) of myometrial cells , increasing the weight of uterus from 50 – 60  gm prior to pregnancy to 1000  gm by term.
	
 -Braxton-Hicks , irregular ,painless contractions that increased in the second half of pregnancy , where as labour contractions are painful , regular and fundal-dominant .

 -the uterus is divided into upper and lower segments . the lower segment lies between the attachment of peritoneum of uterovesical pouch superiorly and the level of internal cervical os inferiorly , it is thinner , less muscles and fewer blood vessels than the upper segment , so it is the site of incision for the majority of caesarean sections .
  - By the end of 12 weeks, the uterus has become too large to remain entirely within the pelvis. As the uterus continues to enlarge, it contacts the anterior abdominal wall, displaces the intestines laterally and superiorly reaching the umbilicus by 22 weeks and the xiphoid process by 36 weeks. With ascent of the uterus from the pelvis, it usually undergoes rotation to the right. This dextrorotation likely is caused by the rectosigmoid on the left side of the pelvis.
 - Uteroplacental blood flow increases progressively during pregnancy, with estimates ranging from 450 to 650 ml/min near term
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The cervix:
	                             - under the influence  of oestradiol and progesterone , the cervix becomes swollen and softer during pregnancy , and the columnar epithelium of the cervical canal becomes visible on the ectocervix ( which is lined with squamous epithelium ) , and is called ectropion .
  - the cervix looks bluer during pregnancy because of increased vascularity.
 - the mucous glands of the cervix become distended with increased mucous secretion (leucorrhea of pregnancy).
 
The vagina :

 Under the influence of oestrogens ,the vaginal epithelium becomes thicker during pregnancy , and there is an increased rate of desquamation resulting in increased vaginal discharge , which has more acid  pH than non-pregnant vaginal secretions  ( 4.5 – 5.0 ) and may protect against ascending infection .
  The vagina also becomes more vascular with increasing gestation .


3 – Breast and lactation :
  - the number of glandular ducts is increased by oestrogen , whilst progesterone and human placental lactogen (hPL ) increase the number of gland alveoli .
  - although the serum prolactin concentration increases through out pregnancy , it does not result in lactation as its effect is antagonized by oestrogen , so after birth when oestrogen concentration falls lactation will begin .
  - colostrum (a thick yellowish fluid) produced towards the end of pregnancy and in the early puerperium.
   - In the early weeks of pregnancy, women often experience breast tenderness and paresthesias. After the second month, the breasts increase in size, and delicate veins become visible just beneath the skin 

 - during pregnancy , the areola becomes darker and broader (secondary areola) and the sebaceous glands become prominent ( Montgomery s tubercles ). 
 



4- The urinary tract and renal function :

  -renal blood flow increases (60 – 75 % )
  -glomerular filtration rate increases GFR( 50 % )
  -clearance of most substances is enhanced due to increased GFR
  -plasma creatinine ,urea and urate are reduced 
  -glycosuria is normal
  -an increase in total protein excretion ( upper limit is 0.3  g per day )
  
    An increase in frequency of micturition during the first trimester when the enlarging uterus is still a pelvic organ  , improved when the uterus becomes  an abdominal organ and return later in pregnancy with engagement of the presenting part .

   The renal pelvis and ureters are dilated due to the relaxant effect of progesterone and by the third trimester most pregnant women will have some evidence of stasis or hydronephrosis  , which predisposes to ascending urinary tract infection , this dilatation resolves after delivery .


 5- changes in the alimentary tract :

   - constipation is usually blamed on the effect of progesterone in slowing gut motility but the physical weight of the gravid uterus on the rectum may contribute , as may oral iron intake .
   - haemorrhoids due to progesterone relaxant effect and venous stasis caused by the weight of the pregnant uterus .
  - nausea and vomiting are often most pronounced in the first trimester .
  - heart burn is very common caused by the weight of pregnant uterus and the relaxation of the oesophageal sphincter .
  - appetite and thirst are increased .
  - delayed gastric emptying .
  - altered taste sensation .
  - The gums may become hyperemic and softened during pregnancy and may bleed when mildly traumatized, as with a toothbrush

6- Respiratory tract :

  Dyspnoea is a common symptom during normal pregnancy   

Ventilatory changes :
  - thoracic anatomy changes as the ribcage is displaced upwards and increases in transverse diameter .
   -the enhanced ventilation of pregnancy appears to result from increased tidal volume rather than from an increase in respiratory rate (due to progesterone ).
  - vital capacity decreases .
  - functional residual capacity decreases ( which is the sum of  residual volume and the expiratory reserve volume ).

Blood gas and acid-base changes :
   *Pco2 decreases ( 15-20 % )
   *Po2 increases ( slight )
   *Oxygen availability to tissues and placenta improves 
   *pH alters little 
   *Bicarbonate excretion increases     
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7- Endocrinological changes :

Hormones produced within the  pregnant uterus :
 Pregnancy specific:
  - human chorionic gonadotrophin (hCG)
   - human placental lactogen (hPL)
		Hypothalamus related :
  -gonadotrophin-releasing hormone (GnRH)
  -corticotrophin-releasing factor (CRF)
Pituitary related :
  -prolactin
  -human growth hormone (hGH)
  -adrenocorticotrophic hormone (ACTH )

Steroids :
   -oestradiol
   -progesterone
Other peptides :
  -insulin-like growth factor 1 & 2 (IGF )    
[bookmark: _GoBack]   -dihydroxycholecalciferol
  -parathyroid hormone-related peptide
  -renin
  -angiotensin 2
 
Endocrine changes :

  *prolactin increases markedly 
  *human growth hormone is suppressed
  *insulin resistance develops
  *thyroid function changes little (marked increase in thyroid-binding  globulin and in the bound forms of T3 and T4,unbound forms altered less)        
  *transplacental calcium transport is enhanced
  *corticosteroid concentrations increase

8- Skin

    Hyperpigmentation of the umbilicus, nipples, abdominal midline (linea nigra) and face (chloasma) are common due to the hormonal changes of pregnancy.
    Hyperdynamic circulation and high levels of oestrogen may cause spider naevi and palmar erythema.
    Striae gravidarum ('stretch marks') are common
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