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Alterations in Pulmonary Physiology During Pregnancy

Pregnancy induces profound changes in the mother, resulting in significant alterations in normal physiclogy. The
anatomical and functional changes affect the respiratory and cardiovascular systems. Management of respiratory
diseases in pregnancy requires an understanding of these changes for interpretation of clinical and laboratory
manifestations of disease states.

An image depicting asthma consensus guidelines to manage chronic asthma can be seen below.

Asthma Trestment Scheme
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Pulmonary disease and pregnancy. Thé graph depicts asthma consensus guidelines fo manage chronic asthma. These guidelin
are also generally used to treat pregnant patients with asthma.

Respiratory physiology

Anatomical changes

Hormonal changes in pregnancy affect the upper respiratory tract and airway mucesa, producing hyperemia,
mucosal edema, hypersecretion, and increased mucosal friability. Estrogen is probably responsible for producing
tissue edema, capillary congestion, and hyperplasia of mucous glands.

The enlarging uterus and the hormanal effects produce anatomical changes to the thoracic cage. As the uterus
expands, the diaphragm is displaced cephalad by as much as 4 cm; the anteroposterior and transverse diameter of
the thorax increases, which enlarges chest wall circumference. Diaphragm function remains normal, and
diaphragmatic excursion is not reduced.

Puimonary function

Anatomical changes to the thorax produce a progressive decrease in functional residual capacity, which is reduced
10-20% by term. The residual volume can decrease slightly during pregnancy, but this finding is not consistent;
decreased expiratory reserve volume definitely changes. The increased circumference of the thoracic cage allows
the vital capacity to remain unchanged, and the total lung capacity decreases only minimally by term. Hormonal
changes do not significantly affect airway function. Pregnancy does not appear to change lung compliance, but che:
wall and total respiratory compliance are reduced at term.

Ventilafion

The minute ventilation increases sfgnificantly, beginning in the first trimester and reaching 20-40% above baseline 2
term. Alveolar ventilation increases by 50-70%. The increase in ventilation occurs because of increased metabolic
carbon dioxide production and because of increased respiratory drive due to the high serum progesterone level. Th
tidal volume increases by 30-35%. The respiratory rate remains relatively constant or increases slightly.

Arterial blood gases
Physiological hyperventilation results in respiratory alkalosis with compensatory renal excretion of bicarbonate. The

arterial carbon dioxide pressure reaches a plasma level of 28-32 mm Hg, and bicarbonate is decreased to 18-21
mmol/L, maintaining an arterial pH in the range of 7.40-7.47. Mild hypoxemia might occur when the patient is in the

http://emedicine.medscape.com/article/303852—overview 2011/08/15
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supine position. Oxygen consumption increases at the beginning of the first trimester and increases by 20-33% by
term because of fetal demands and increased maternal metabolic processes.

In active labor, hyperventilation increases and tachypnea caused by pain and anxiety might result in marked
hypocapnia and respiratory alkalosis, adversely affecting fetal oxygenation by reducing uterine blood flow. In some
patients, severe pain and anxiety can lead to rapid shallow breathing with alveolar hypoventilation, atelectasis, and
mild hypoxemia.

Alterations in Cardiac Physiology During Pregnancy

Hemodynamic changes

Cardiovascular changes begin in the first trimester of pregnancy and continue into the postpartum period. Maternal
blood volume increases progressively, peaking at a value of approximately 40% above baseline by the third
trimester, Plasma volume increases by 45-50%, and red cell mass increases by 20-30%, resulting in anemia of
pregnancy. :

The increased blood volume is associated with elevated cardiac output, which increases by 30-50% above baseline
levels by 25 weeks. The heart rate increases and reaches a maximal value of 10-30% above baseline values by 32
weeks.

Systemic blood pressure decreases slightly during pregnancy, with the diastolic pressure falling approximately 10-
20% and reaching a nadir at 28 weeks. Plasma colioid oncotic pressure decreases because of the dilution of plasm:
proteins; the critical pulmonary capillary pressure at which pulmonary edema forms alsc decreases. Systemic
vascular resistance and pulmonary vascular resistance decrease by 20-30%.

Structural and functional changes in the heart

The left atrial size increases, correlating with the change in blood volume; left ventricular end-diastolic dimension
increases; and left ventricular end-systolic dimension might decrease somewhat as a result of changes in cardiac
contractility. The left ventricular wall thickness increases by 28%, and the left ventricular mass increases by 52%.

Supine hypotension syndrome

Near term, the enlarged uterus can compress surrounding vascular structures, resulting in a decrease in venous
return and stroke volume and a decrease in cardiac output. Placing the patient in the left lateral position can reduce
these effects.

Labor and puerperium

The hemodynamic changes are most striking during labor and immediately postpartum. Cardiac output normally
increases during labor by 10-15% above third trimester levels. Uterine contractions result in increased preicad due i
autotransfusion of 300-500 mL of blood immediately postpartum. A further increase in blood volume occurs due to
the contracted uterus.

Fetal oxygenation

Oxygen delivered to the placenta and fetus is dependent on maternal arterial oxygen content and uterine biood flow
Any decrease in maternal cardiac output can adversely affect fetal oxygenation. Maternal hypotension and
endogenous catecholamines may constrict the uterine artery, decreasing blood flow to the fetus. This can also be
caused by maternal alkalosis.

The umbilical vein PaO, rarely exceeds 40 mm Hg, but the fetal oxygen content is refatively high. This is largely duc
to the marked left shift of the oxygen dissociation curve of fetal hemogiobin, which is 80-90% saturated at a PaO, o

30-35 mm Hg. The oxygenated umbilical vein blood mixes with deoxygenated blood in the fetal inferior vena cava,
decreasing fetal arterial PaO, to 20-25 mm Hg. The fetus has a high hemoglobin concentration (150 g/L) and an

increased systemic cardiac output, and both the left ventricle and the right ventricle (via ductus arteriosus) supply th
systemic circulation. Small changes in maternal Pa0,, can cause large changes in fetal oxygen saturation because

the fetus is operating on the steep portion of the oxygen dissociation curve.
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