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Physiological Changes in 
Pregnancy

→ Symptoms and physical findings of each organ system.
→ Physiologic versus pathologic changes.
→ Diagnostic tests and interpretations during physiological changes.
→ Discuss the maternal physiologic and anatomic adaptation to pregnancy related to the following: 

Cardiovascular, Respiratory, Renal, Endocrine systems and Weight gain.
→ Discuss the properties, functions and interactions of pregnancy related hormones.
→ Describe the mechanisms of maternal and-fetal transfer of substances across the placenta.
→ Describe the placental transfer of oxygen and CO2 of the fetal circulation.
→ Describe components of the fetal circulation.
→ Explain how the fetal circulation differs from the adult circulation.

Kaplan Video

https://docs.google.com/presentation/d/1LWOyH3XCG8nsp2Szdp_Mthrvwv08xVLybA8N1Rd37ms/edit
https://drive.google.com/file/d/1A4i7Wd5IhIQH2dg_2xbumudIsVCoVpUF/view?usp=drivesdk


Physiological Changes in Pregnancy

Changes in Pregnancy:

Changes in Pregnancy
begin at 6 weeks’ gestation

Anatomical Physiological

MSKDermatologicalGITEndocrineRespiratory RenalHematological Cardiovascular

1. Hematological Changes in Pregnancy

→ Pregnancy is a hypercoagulable state → reduces the risk of intrapartum blood loss (remember this).
→ Estrogen & vascular stasis (in case of IVC compression by gravid uterus).

→ We don’t have to give prophylactic anticoagulants to everyone.
→ Prophylactic anticoagulants given to:

→ Immobility (admission - bed rest - placental anomalies).
→ History of thrombosis. 

→ IVC compression management? turn the mom on to her left side)
→ ↑ risk for thromboembolic diseases (DVT – PE –Stroke):

→ ↑ fibrinogen (DIC: normal or borderline low).
→ ↑ all  coagulation factors except II, V, XII (↑ D-dimer → not used diagnostically in pregnancy).
→ ↓ protein S & sensitivity to Anti-Protein C (APC).
→ ↓ platelets (still within normal range 150 - 400) & factor XI and XIII.

→ Q: is a platelet count of 90 or 130 physiological ? No.
→ ↑ in WBC (still within normal range), 13 and above is pathological.

Hypercoagulability:

Hemoglobin & Physiological Anemia of Pregnancy:

→ ↑ Plasma volume: 50 -70 % (hemodilution (physiological) →  ↑ plasma volume + ↓ haemoglobin).
→ Extra reserve → tolerate hemorrhage & blood loss up to 1000 cc  (kills a healthy 18 y.o male). 
→ Beginning by: 6th week.
→ Maximum plasma volume: 30 weeks, even greater with multiple fetuses.
→ ↑ Plasma volume → ↓ hematocrit (at 30 – 34th wks) → dilutional anemia (Hgb rarely < 11 g/dL).

→ Normal pregnancy Hemoglobin (↓Hgb): 10 - 14 g/dL.
→ Initially: 12-16 g/dL initially (same).
→ Later with ↑ in demand: drop down to 10 g/dL (still be normal physiological anemia).

→ At least should be 10 in case the pregnant lady needs c-section.
→ Lowest Hgb: 28 - 30 weeks.

→ Normal pregnancy  Hematocrit  (↓ Hct): 38 - 47 % (15% ↓).
→ Later: 32 - 42 %.

→ ↑ RBC mass: 20 - 35 %. 
→ Beginning by: 8 - 10th or 12th week.



2. Cardiovascular Changes in Pregnancy

Normal Changes  of Heart Sounds in Pregnancy:

Transient diastolic 
murmur (20%)

In 2nd trimester → 
could be pathological 

→ do workup

↑ loudness S1 & S2

01
↑ splitting of mitral & 

tricuspid S1 
components.

02

No constant changes in 
s2.

03
Loud s3 

by 20 weeks’ (5th 
month).

04

S4 in <5% of pregnant 
women.

05
Systolic ejection 

murmur  in left sternal 
border (>95%) → 

disappear after delivery
Hyperdynamic state →↑cardiac 

output + ↑ plasma volume

06 07
↑ mammary blood flow 

→ continuous 
murmurs (10%)

(during pregnancy) 

08

01

02

↑ heart rate: 10 - 20%.
→ End of 1st trimester: 30%.
→ High normal range 90 -100 bpm.
→ Common complain: palpitations.
→ 3rd trimester: +20 bpm.

↑ stroke volume: 10%.

Cardiovascular Changes:

↑ cardiac output: 30 - 50%.
→ Major increase: by 20 weeks

03
04

05
↓ mean arterial pressure: 10%.
→ Never normally ↑ in pregnancy.
→ Diastolic falls > systolic ~15 mmHg. 
→ Early in 1st trimester.
→ Lowest: 24 – 28 weeks.
→ Gradually ↑ toward term, but never to 

prepregnancy baseline.

↓ peripheral resistance: 35%.
→ Contributes to hypercoagulable 

state. 
→ Lowest: 20 weeks.
→ ↑ progesterone → ↓ vascular tone 

→ ↓ peripheral vascular resistance 
→ ↓ afterload.

→ Be careful! eclampsia and preeclampsia → ↑ morbidity and mortality. 
→ Mid-trimester: slight ↓ blood pressure ‘still in normal range’ → postural hypotension + pop-fainting.
→ Labour: pain → a bit ↑ blood pressure. 

Blood Pressure & Eclampsia: skipped by the doctor



2. Cardiovascular Changes in Pregnancy

Normal Physiology of Pregnancy that Mimic Heart Disease:

EKG

Signs

Symptoms 

Auscultation 

Chest X-Ray

→ Peripheral edema:
→ Uterus compresses the 

lymphatic vessels.
→ May be pathological.
→ Compare both sides and monitor 

progress.
→ Advice: rise leg → circulate 

blood and lymphatics.

→ JVP.
→ CVP: unchanged.
→ Femoral venous pressure 

(FVP): ↑ 2 - 3 by 30 weeks.
→ Arrhythmia: pathological not a 

physiological finding.

→ Reduced exercise tolerance
→ Dyspnea

→ S3 gallop
→ Systolic  ejection murmur

→ Change in heart position & size
→ ↑ vascular markings

→ Nonspecific ST-T wave changes
→ Axis deviation
→ LVH



3. Renal Changes in Pregnancy

Renal Changes:

Filter Changes 
1. Renin:

→ Stimulated by: progesterone
→ Made by: placenta
→ Physiology: Angiotensinogen → 

Angiotensin I → Angiotensin II → 
Aldosterone

→ Aldosterone affects distal tubule:
→ Net absorption of Na+.
→ Excretion of K+.
→ Water retention: 6 - 8 L. 

2. ↑ Renal Blood Flow (50/60 - 75%):
→ GFR: ↑ 50%.
→  ↓ Albumin → ↓ colloid oncotic 

pressure → edema of lower limbs.
→ Pregnancy → ↓ resistance in afferent 

& efferent arterioles of renal arteries 
(vasorelaxation) → ↑ renal plasma flow 
→ hyperfiltration.

→ Induced by: relaxin - 
endothelin - nitric oxide.

Urinary Tract Changes
→ Ureteral dilation  (hydroureter): 

→ Progesterone → relaxation of smooth muscles of renal pelvis & ureters.
→ Later exacerbation by uterine obstruction.
→ Urinary stasis → more prone to infections.
→ Right side dilates more than the left side in 90% of patients.

→ Pelvis and calyces dilation
→ ↑ kidney size: + 1.5cm, which doesn’t reverse until 3 months postpartum.

Renal Function Changes

→ ↑ clearance of most substances.
→ ↓ plasma creatinine, urea and urate by 25%.
→ Glycosuria (normal): ↑ glomerular filtration → overload of glucose carrier (responsible for resorption).

1

3

2



4. Respiratory Changes in Pregnancy

Respiratory Changes:

Mechanical 
→ Diaphragmatic excursion: diaphragm will change in position (4 cm upwards) and shape.
→ Gravid uterus → upward displacement of intraabdominal contents against the 

diaphragm → ↓ residual volume (RV) up to 20% by 3rd trimester → less negative 
intrathoracic pressure + ↓ functional residual capacity (FRC) + no change in vital 
capacity (VC)

Consumption
→ ↑ oxygen need/requirements/demand.
→ ↑ O 2  consumption by 15 - 20% .

→ 50% of this increase is required by the uterus. 
→ Despite ↑ oxygen requirements, ↑ Cardiac Output + ↑ alveolar ventilation → O 2 consumption > 

O 2 requirements → ↓ arteriovenous oxygen difference + ↓ arterial PCO2.

Stimulation

→ Progesterone:
→ Progesterone stimulates the respiratory centers in brain → hyperventilation (to eliminate 

fetal CO2 more efficiently) → physiological, chronic compensated respiratory alkalosis → 
renal compensatory bicarbonate excretion → final maternal blood pH of between 7.40 and 
7.45.

2

1

3
01

03

04

02

↑ PO2.

↑ in subcostal angle, & 
chest   circumference and 

diameter.

↑ blood supply → mucosal 
hyperemia.

Mild respiratory alkalosis.
→ PCO2: 30 - 40  mmHg. 
→ pH: 7.40 - 7.45

→ Compensation: ↑ renal loss of 
bicarbonate → alkalotic urine.

↓ PCO2.

↓ total lung capacity by 15%.

Tidal volume (Vt):  +30 – 40%.
→ The only lung volume that 

doesn’t ↓ with pregnancy.

Minute ventilation  (Ve) :  +30 – 40%. 
→ Causes respiratory alkalosis.

05

07

08

06



5. Endocrine Changes in Pregnancy

Endocrine Glands:

Pituitary Gland
→ Placenta → ↑ estrogen and progesterone → ↓ FSH and LH.
→ ↑ ACTH + thyrotrophin + melanocyte hormone (due to ↑ ACTH, result in pigmentation) + prolactin.

→ Prolactin: ↑ until 30th week of pregnancy, then more slowly to term.
→ Estrogen → lactotroph cell hyperplasia and hypertrophy → 3x or up to 40%  ↑ pituitary size 

(physiological) → susceptible to ischemic injury (Sheehan syndrome) from postpartum 
hypotension.

Adrenal Gland
→ 2-3x ↑ total corticosteroids progressively to term →  ↑ tendency to develop abdominal strine + 

glycosuria + hypertension.
→ CRH from placenta stimulates ACTH → ↑ free plasma cortisol → explains the stria.

Thyroid Gland
→ ↑ ability of kidneys to excrete → ↓ plasma iodine levels → colloid deposition → 2x ↑ thyroid gland 

size.
→ Oestrogen → ↑ secretion of thyroxine in binding globulin → ↑ T3 and T4 levels.

→ This rise will not indicate hyperthyroidism.
→ Why? By sharing the common a subunit with HCG it will give falsely high levels. 

→ ↑  TBG → ↑ total T4 and T3 (during the 1st trimester). 
→ Unchanged free T4 and T3 levels → never measure the total in pregnant ladies.

→ HCG suppresses TSH
→ ↑ TIBG (via liver).

2

1

3
Pancreas

→ Carbohydrate metabolism: insulin resistance.
→ Test for gestational diabetes after 24 week.
→ ↑ human placental lactogen + progesterone + prolactin + cortisol + placental cytokines → 

progressive insulin resistance during pregnancy (insulin antagonist).4



6. Gastrointestinal Changes in Pregnancy

Gastrointestinal Tract:

01

03

04

05

06

02

07

09

08

10

11

12

Progesterone → slow GI motility.
→ Constipation (Treatment: stool softeners - motility agent).
→ Early satiety.
→ ↑ stomach volume + upward displacement by the gravid uterus → aspiration pneumonia with general anesthesia at 

delivery.

Progesterone → relaxation/ ↓ tone of lower esophageal sphincter (LES) → GERD & heartburn.
→ Treatment: PPI

Nausea & vomiting, often proportional to HCG level. 
→ Causes of high HCG level? molar pregnancy  - twin pregnancy.
→ Treatment: ondansetron

Liver & gallbladder:
→ Biliary stasis – cholesterol saturation – prolonged emptying time → more stones. 

→ If you have to remove the gallbladder as urgent or Emergent do it in 2nd trimester.
→ Bile salt buildup → itching.
→ Coagulation factors.
→ ↑ binding proteins (thyroid, steroid, vitamin D).

Progesterone → digestive system slows.

Ptyalism: ↑ salivation.

Displacement of the stomach and intestines.

Appendix can be displaced to reach the right flank.

Hormonal and mechanical factors → delayed gastric emptying and intestinal transit times.

Reflux of secretions → pyrosis.

Vascular swelling of the gums.

Dilated blood vessels + ↑ pressure in veins → hemorrhoids.
→ Progesterone → dilated blood vessels.
→ Uterus presses against the pelvic veins and vena cava → impaired venous return.
→ Never ever intervene unless you have complications (strangulation - thrombosis)!



7. Dermatological Changes in Pregnancy

Dermatological Changes:

Striae 
gravidarum

Stretch Marks 
→ In genetically predisposed women.
→ Location: abdomen & buttocks.

→ ↑ pigmentation.
→ Location: lower abdominal midline from 

the pubis to the umbilicus.

→ Blotchy pigmentation of the nose and face. 

Linea nigra

Chloasma or 
melasma 

gravidarum

8. Musculoskeletal Changes in Pregnancy

Musculoskeletal Changes:

→ ↑ skin vascularity → spider angiomata & palmar erythema.
→ Chadwick sign: 

→ Bluish or purplish discoloration of the vagina and cervix.
→ Cause: ↑ vascularity. 

Musculoskeletal consequence that ensues result of hormonal 
changes and weight gain (28 lbs ave) include:

2x ↑ force across a joint.

01
Relaxin (placenta - 

produced hormone) → joint 
laxity in anterior & 

posterior longitudinal 
ligaments of lumbar 

spine → put strain on 
the lumbar spine.

02
Widening + ↑ mobility 
of sacroiliac joints and 

pubic symphysis → 
facilitate baby's 

passage through birth 
canal.

03

Significant ↑ in 
anterior tilt of pelvis + 
↑ use of hip extensor, 
abductor, and ankle 

plantar flexor muscles.

04



9. Weight Changes in Pregnancy

Weight Changes:

10. Anatomical Changes in Pregnancy

Anatomical Changes:

→ ↑ weight : approximately 12.5 kg at term.
→ 1st trimester: 1 kg.
→ 2 nd trimester: 5 kg.
→ 3 rd trimester: 5 kg.

→ Main ↑ occurs in the 2nd half of the pregnancy (0.5 kg/week).
→ No change in weight → check the baby’s growth!
→ Not all numbers are important, just know that the total is 11 - 16.

→ Thicker vaginal mucosa.
→ Vaginal muscle hypertrophy.
→ Alteration in the composition of the connective tissue → vagina dilates more easily to 

accommodate fetus during delivery.
→ Oestrogen → desquamation of superficial vaginal mucosal cells + ↑ vaginal discharge 

when pathogenesis enter vagina (candida - trichomonas) → flourish rapidly.
→ Progesterone + estrogen → ↑ vaginal blood supply → ↑ bartholin gland secretions.

Cervix

Vagina

→ Softer & swollen → columnar epithelium of cervix is exposed to vaginal secretions.
→ Last week of pregnancy: prostaglandins act on collagen fibres → leukocytes release 

collagenase → break down collagen → cervix becomes softer & dilatable (ripening of cervix).

→ Uterine muscle length: 15x ↑ than pre-pregnancy.
→ Uterine weight: ↑ 50 g (before pregnancy) to 950 g (at term).

→ Early weeks of pregnancy: growth by hyperplasia (more) + hypertrophy (partially).
→ By 20 weeks: growth ceases → uterus expands by distension.
→ First half of pregnancy: hypertrophy of uterine blood vessels → increasingly coiled in but 

no further growth after that.
→ Lower uterine segment: part of the lower uterus and upper cervix lying between the line 

of attachment of the peritoneum of the uterovesical pouch superiorly and the histological 
internal os interiorly.

B. Genital Tract Changes A. Breast Changes 

Uterus



Summary

Physiological Changes in Pregnancy:

Hypercoagulable state

→ ↑ ~25% RBC mass
→ ↑ ~50% plasma volume
→ Dilutional physiological 

anemia  
→ Hg > 10 with no symptoms

↑ WBC & ESR

Coagulation profile changes:
→ ↑ factors 6,7,10
→ ↑ fibrinogen
→ ↓  protein C & S

1

2

3

4

Hematology:

2

05

06

04
Normal changes in heart sounds:

→ Loud S1 & S2 
→ Systolic murmurs that disappear after delivery

→ ↑ heart rate (20%)
→ ↑ stroke volume (10%) 
→ ↑ cardiac output (50%)

↓ peripheral vascular resistance → postural hypotension.

↑ O2  consumption

Glucosuria

→ ↑ total T3 & T4
→ Unchanged free T3 & T4

↑ insulin resistance.

Other

Cardiovascular:

Other:



Quiz

Question 1:
→ In normal pregnancy:

A. Blood pressure falls in the second trimester.
B. Plasma volume decreases throughout gestation.
C. There is a reduction in erythrocyte production.
D. 50 per cent of women have a transient diastolic murmur.
E. There is an increase in the number of polymorphonuclear leukocytes.

Question 2:
→ Maternal effects on the physiology of the kidney include:

A. There is a 40 per cent increase in renal blood flow.
B. There is an increase in the glomerular filtration rate.
C. The urea and creatinine are higher than the non-pregnant state.
D. The upper limit of protein excretion in pregnancy is 0.6 g per day.
E. The kidneys increase in size.

Question 3:
→ You are called in to evaluate the heart of a 19-year-old primigravida at term. Listening carefully to 

the heart, you determine that there is a split S1, normal S2, S3 easily audible with a 2/6 systolic 
ejection murmur greater during inspiration, and a soft diastolic murmur. You immediately 
recognize which of the following?

A. The presence of the S3 is abnormal.
B. The systolic ejection murmur is unusual in a pregnant woman at term.
C. Diastolic murmurs are rare in pregnant women.
D. The combination of a prominent S3 and soft diastolic murmur is a significant abnormality.
E. All findings recorded are normal changes in pregnancy.

1 2 3 4

A+E B+E C A

Answer Explanation

https://docs.google.com/presentation/d/1l7ykJjtjZzs4HdZy2nqiA5_eS7l5sxWG4yaLQkyjBVQ/edit?usp=sharing


Quiz

Question 1:
→ What is the skin pigmentation on face called during pregnancy?

A. Chloasma 
B. Colostrum
C. Linea nigra 
D. Striae gravidarum 

Question 2:
→ What will be the weight of uterus during pregnancy by full term?

A. 50 gms 
B. 100 gms 
C. 500 gms 
D. 1000 gms 

Question 3:
→ Which of the physiological changes are expected during pregnancy?

A. Decreased plasma volume 
B. Decreased minute ventilation 
C. Increase in fibrinogen 
D. Increase in glucose utilization 

Question 4:
→ Thromboembolic disease in pregnancy?

A. Caused by a combination of increased venous capacitance, venous stasis by uterine 
compression and hypercoagulable state due to increased factors and relative or absolute 
decreased in proteins C & S.

B. Treated in the standard way with heparin, followed by coumadin
C. Should prompt evaluation with dimers when suspected.
D. Contraindication to thrombolysis.

1 2 3 4

A D C A

Answer Explanation

https://docs.google.com/presentation/d/1aJou2xJzRONGnwCgd2HnNi5WAIoJwXTQnxKIuMBcVao/edit?usp=sharing
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