
ABC of Antenatal Care

THE CHANGING BODY IN PREGNANCY

Geoffrey Chamberlain

Pregnancy causes physiological and
psychological changes, which all affect the
woman's life

Pregnancy is a load causing alterations not just in the mother's pelvic organs
but all over the woman's body. The fetus's physiology is different from that
of an adult, but it interacts with the mother's systems, causing adaptation
and change of function in her body. These adaptations generally move to
minimise the stresses imposed and to provide the best environment for the
growing fetus; they are usually interlinked smoothly so that the effects on
the function ofthe whole organism are minimised. The changes will be dealt
with briefly in this article.

Cardiovascular system
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Cardiac output in pregnancy. The
increase occurs very early and flattens
from 20 weeks.
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Body water increase during pregnanc
The main part of the increase goes to
products of conception.
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The heart becomes larger and rotates in a
clockwise fashion (seen from above),
unwinding on the roots of the great
vessels.

The increased load on the heart in pregnancy is
** due to greater needs for oxygen in the tissues.

* The fetus's body and organs grow rapidly and
inmaternal its tissues have an even higher oxygen
and bloodb consumption per unit volume than the mother's

inproduct * The hypertrophy of most maternal tissues,
,eption not just the breast and uterus, increases oxygen
40 requirements

* The mother's muscular work is increased to
cy. move her increased size and that of the fetus.
the

Cardiac output is the product of stroke volume
and heart rate. It is increased in pregnancy by a
rise in pulse rate with a small increase in stroke
volume. Cardiac muscle hypertrophy occurs so
that the heart chambers enlarge and output
increases by 40%; this occurs rapidly in the first
half of the pregnancy and steadies off in the
second. In the second stage of labour cardiac
output is further increased, with uterine effort
increasing output by a further 30% at the height
of the mother's pushing.

During pregnancy the heart is enlarged and
pushed up by the growing mass under the
diaphragm. The aorta is unfolded and so the
heart is rotated upwards and outwards. This
produces electrocardiographic and radiographic
changes, which, although normal for pregnancy,
may be interpreted as abnormal if a cardiologist
or radiologist did not know of the pregnancy.
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Left: Systolic and diastolic blood pressures during pregnancy. The mid-trimester dip
found in some women is seen more in the diastolic than in the systolic pressure.
Right: Increase in blood volume and its components in pregnancy.
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Blood pressure may be reduced in mid-
pregnancy, but pulse pressure is increased and
peripheral resistance generally decreased during
pregnancy.
Maternal blood volume increases, the changes

in plasma volume being proportionally greater
than the increase in red cell bulk. Hence
haemodilution occurs; this used to be called a
physiological anaemia, a bad phrase as it is
paradoxical to have a physiological pathological
process.

The heart sounds are changed:
* A systolic ejection murmur is common
* A third cardiac sound is commonly heard accompanying ventricular
filling
* Occasionally a fourth cardiac sound is heard: there may be a murmur
down the edge of the sternum over the course of the hypertrophied internal
mammary artery.

Changes in the heart sounds in pregnancy.

aVR VI V4

n aVL V2 V5

III aVF V3 V6

Rhythm strip: 11
25 mm/s; 1 cmtmV

Changes in an electrocardiogram in pregnancy due to the
enlargement of the heart and rotation on the axis of the root to the
great vessels. Hence apparent right axis deviation and inverted T
waves in V2.

The electrical activity of the heart on an

electrocardiogram changes.
* The ventricles become hypertrophied, the left to a

greater extent than the right and therefore left ventricular
preponderance is seen
* The unfolding of the heart on the aortic and pulmonary
tract results in inverted T waves in V2 and sometimes V3.

Heart valves and chamber volumes may change during
pregnancy. These changes can be visualised by cross
sectional echocardiography, which depends on the
reflection of high frequency sound from inside the heart.

Respiratory system

Changes in inspiratory and expiratory
volumes in pregnancy.

The rib cage is pushed upwards and
outwards as pregnancy advances.

In early pregnancy women breathe more
deeply but not more frequently under the
influence of progesterone. Hence alveolar
ventilation is increased by as much as a half above
prepregnant values.

Later the growing uterus increases
intra-abdominal pressure so that the lower ribs
flare out and the diaphragm is pushed up.
Expiratory reserve volume is decreased but the
vital capacity is maintained by a slight increase in
inspiratory capacity because of an enlarged tidal
volume.
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Changes in the glomerular filtration rate and renal blood flow in pregnancy.

Changes in ureters in pregnancy, during which
they lengthen and become more tortuous and
dilated.

Changes in clearance
Renal blood flow is increased during

pregnancy by 40%. The increase in glomerular
filtration rate (by 40%) is accompanied by
enhanced tubular reabsorption; plasma
concentrations of urea and creatinine decrease.

The muscle of the bladder is relaxed because of increased circulating
progesterone concentrations. Increased frequency of micturition due to
increased urine production is a feature of early pregnancy. Later the organ
is mechanically pressed on by the growing uterus and the same symptoms
occur but for a different reason.
The muscle walls of the ureters are relaxed by progesterone, the tubes

becoming larger, wider, and of lower tone. Stasis occurs in the ureters,
allowing proliferation of bacteria and the development of urinary infection.

Endocrine system

Pituitary gland showing secreting areas.
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Changes in prolactin concentrations in
pregnancy.

All the maternal endocrine organs are altered in pregnancy, largely because
of the increased secretion of trophic hormones from the pituitary gland.

Pituitary gland
The pituituary gland is increased in size during pregnancy, mostly because

of changes in the anterior lobe.

* Anterior lobe
Prolactin-Within a few days of conception the rate of prolactin production

increases. Concentrations rise to term following the direct stimulation of the
lactotrophs by oestrogens. Human placental lactogen, which shows shared
biological activity, exerts an inhibitory feedback effect. Prolactin affects water
transfer across the placenta and therefore fetal electrolyte and water balance. It
is later concerned with the production of milk, both initiating and maintaining
milk secretion.

Gonadotrophins-The secretions of both follicular stimulating hormone and
luteinising hormone are inhibited during pregnancy.
Growth hormone-The secretion of growth hormone is inhibited during

pregnancy, probably by human placental lactogen. Metabolism in the
acidophil cells returns to normal within a few weeks after delivery and is
unaffected by lactation.

Adrenocorticotrophic hormone concentration increases slightly in pregnancy
despite the rise in cortisol concentrations. The normal feedback mechanism
seems to be inhibited.

Thyrotrophin secretion seems to be the same as that in non-pregnant women.
The main changes in thyroid activity in pregnancy come from non-pituitary
influences.

0 Posterior lobe
The posterior pituitary gland provides an increase in release of hormones in

pregnancy. These, however, are produced in the hypothalamus, carried to the
pituitary gland in the portal venous system, and stored there. The most
important is oxytocin, which is released in spurts from the pituitary gland
during labour to stimulate uterine contractions. Its secretion may also be
stimulated by stretching of the lower genital tract. Oxytocin is also released
during suckling and is an important part of the let down reflex.
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Thyroid gland

Control of thyroxine secretion in pregnancy.

Thyroid gland
Pregnancy is a hyperdynamic state and so the clinical features of

hyperthyroidism may be seen sometimes. The basal metabolic rate is raised
and the concentrations of thyroid hormone in the blood are increased, but
thyroid function is essentially normal in pregnancy.

In pregnancy the renal clearance of iodine is greatly increased but thyroid
clearance also rises so absolute iodine intake remains in the normal range.

Adrenal gland
The adrenal cortex synthesises cortisol from acetate or cholesterol. In

pregnancy there is an increase in adrenocorticotrophic hormone concentration
along with an increase in total plasma cortisol concentration. The cortex also
secretes an increased amount of renin, possibly because of the increased
oestrogen concentrations. This enzyme produces angiotensin I, which is
associated with maintaining blood pressure. Some renin also comes from the
uterus and the chorion, which together produce a large increase in renin
concentrations in the first 12 weeks of gestation. There is little change in
deoxycorticosterone concentrations despite the swings in electrolyte balance in
pregnancy.
The adrenal medulla secretes adrenaline and noradrenaline. The

metabolism seems to be the same during pregnancy as before, although the
concentrations of both hormones rise in labour.

Placenta
The oestrogen, progesterone, and cortisol endocrine functions of the

placenta are well documented.

Genital tract
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Myometrial cells from a non-pregnant uterus (top), a uterus in pregnancy
(middle), and a uterus after pregnancy (bottom). The cells hypertrophy in
length up to 20 times in pregnancy. After pregnancy they never quite return to
their former size.

The uterus changes in pregnancy; the increase
in bulk is due mainly to hypertrophy of the
myometrial cells, which do not increase much in
number but grow much larger. Oestrogens
stimulate growth, and the stretching caused by
the growing fetus and liquor volume provides an
added stimulus to hypertrophy.
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Changes in uterine blood flow in pregnancy.

The blood supply through the uterine and ovarian arteries is greatly
increased so that at term a maximum of I 0-1 5 1 ofblood are perfused every
minute. The placental site has a preferential blood supply, about 85% of the
total uterine blood flow going to the placental bed.
The cervix, which is made mostly of connective tissue, becomes softer

after the effect of oestrogen on the ground substance of connective tissue
encourages an accumulation of water. The ligaments supporting the uterus
are similarly stretched and thickened.
The figures showing the changes in heart sounds and murmurs during pregnancy and the

control of thyroid secretion are reproduced by permission of Blackwell Scientific Publications
from Clinical Physiology in Obstetrics edited by F Hytten and G Chamberlain. The figure
showing prolactin secretion during pregnancy is reproduced by permission of the American
Journal ofObstetrics and Gynecology (Rigg LA, Lein A, Yen SCC, 1977;129:454-6).

Professor Geoffrey Chamberlain, FRCOG, is chairman of the department of obstetrics and
gynaecology at St George's Hospital Medical School, London.

ANY QUESTIONS

Is there any evidence that heterosexual rapists are more or less likely to indulge in
homosexual activity, forcible or otherwise, if, as in prison, they are denied access
to the opposite sex? Would it be sensible for such an individual to be in a cell with
a mentally retarded prisoner?

Men imprisoned for rape are a heterogeneous group of individuals.
Though some may have a high sexual drive and some a deviant one, neither
characteristic is typical of the majority. When deviance does exist it is
usually heterosexual in direction, but what evidence there is suggests that
deviant sexual behaviour is no more common in imprisoned rapists than it

is in prisoners generally.' I am unaware of any studies that have compared
the sexual activity of rapists while in prison with that of other groups,
which would in any case involve formidable methodological problems. But
there is no reason to believe that homosexual behaviour will be any more or
less common among men imprisoned for rape. There is therefore no
general reason why a man convicted of rape should not share a cell with a
mentally retarded prisoner. When appropriate, assessment of individuals
should be carried out regardless of the index offence. -D GRUBIN, Institute
ofPsychiatry
1 Scully D. Understanding sexual violence: a study ofconvicted rapists. Boston: Unwin Hyman, 1990.
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