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A HISTORY OF TEN TEACHERS IN
OBSTETRICS

The book was first published under the title Mid-
wifery by Ten Teachers by Edward Arnold (Pub-
lishers) Ltd in 1917. Comyns Berkeley, a
consultant obstetrician and gynaecologist on the
staffs of the Middlesex Hospital, the City of
London Lying-in Hospital and the Chelsea Hospi-
tal for Women provided the inspiration; he was the
first Editor and Director and continued as such
until the fifth edition in 1935, remaining in an
editorial capacity until his death in 1942.

The aim was to produce a textbook for students
‘preparing for their final examination, and for
others who have passed beyond the stage of exam-
inations’. The original ten contributors, with
experience as examiners, were all teachers who
came from ‘eight general hospitals with medical
schools and three large lying-in hospitals’, all in
London. In order to achieve collective authorship,
reflecting the views of all the teacher—contributors,
the subjects were first portioned out among the ten
writers and their chapters were then ‘criticized,
amended and partly rewritten’ at numerous meet-
ings of all ten. In 1948 the editors ‘insisted on close
collaboration at all stages of composition so as to
express the unanimous opinion of the ten authors;
only on occasion was it necessary to accept the
views of a majority’. To each author representa-
tions and suggestions were made by the other nine
‘to assist him in the preparation of his manuscript’.
The pace of life today has meant that more respon-
sibility for the contents falls on the editors, but
meetings of all ten teachers are still held at which
contentious and debatable issues are raised.

In a book which has gone through 16 editions

spanning 76 years, the subjects dealt with reflect
the changing practice of obstetrics during this time.
For instance in the second edition in 1920, a
chapter on the new subject of ‘Ante-natal
Hygiene’ and a short account of recently dis-
covered ‘vitamines’ were added; in the third edi-
tion 1n 1925 ‘several skiagrams were reproduced to
emphasize the advances made in the application of
photography to obstetric diagnosis’. In the fourth
edition in 1931, ‘the time-honoured position of the
management of labour with pelvic disproportion
as a final lesson was discarded and put in its proper
place’; new matter on the medical induction of
labour and on blood transfusion was included. In
the fifth edition in 1935, endocrinology was intro-
duced in relation to the physiology of menstrua-
tion and the ovarian cycle. Illustrations of the
IOWCI' chmcnt caesarean Section OPeration
appeared for the first time in the sixth edition in
1938 when metric measures were inserted after the
English ones throughout. The classification of
abnormal pelves and their effect on labour, tonic
retraction of the uterus in obstructed labour and
the use of sulphonamides in obstetrics were new
topics introduced in the seventh edition in 1942.
With every edition there has been the rewriting
and rearrangement of chapters, and the removal of
redundant material and repetitions, although dif-
ferent points of view on subjects have been
retained. Illustrations have been removed and oth-
ers substituted. Modern work has been included.
Certain subjects such as pre-eclamptic toxaemia
(pregnancy induced hypertension) appear in every
edition but, with more recent information available



each time, alteration has been necessary reflecting
modern therapy and practice. Due notice was
taken in preparing new editions of letters from
students and obstetricians and of criticism in the
medical press. The three principles enunciated by
Comyns Berkeley in the first edition in 1917 have,
in the main, been adhered to. ‘First, that the book
should be written for medical students and young
practitioners; secondly that it expressed the col-
lective view of the ten contributors; and thirdly,
that all ten were actively engaged in teaching
obstetrics in the medical schools of hospitals in
London’ (ninth edition, 1955). However, in 1955
the editors decided that the section of the book
devoted to the health and disease of the newborn
infant should more properly be written by a
paediatrician than by an obstetrician, and this has
been the case in every edition since then.

In the eleventh edition in 1966 the title was
changed to Obstetrics. The editors ‘regretted the
loss of an English word but thought that the new
title was more in keeping with current usage’. They
tried to describe modern obstetric practice and to
keep abreast of recent advances in theoretical
knowledge. They reduced the length of the chap-
ters on major ‘mechanical complications of labour’
although they did not completely eliminate those
sections because some readers practised in coun-
tries where adequate obstetric services were not
generally available.

After more than 50 years of service to students
and practitioners the plan of the contents was re-
arranged. The twelfth edition in 1972 contained
new chapters on Placental Insufficiency and Fetal
Distress, Haemolytic Disease, Coagulation Dis-
orders, Oxytocic Drugs and Therapeutic Abor-
tion. New topics such as amniocentesis, fetal blood
sampling, fetal heart monitoring, ultrasonics and
prostaglandins were included.

By 1980 (thirteenth edition) it was considered
that a third revolution in obstetric practice was
taking place. The first was a general adoption of
lower segment caesarean section permitting safe
intervention during labour, often in the fetal inter-
est; the second was the overcoming of puerperal
sepsis. This third phase meant the introduction of
many new methods of assessing the state (or well-
being) of the fetus, prolonged labour was being
prevented by the proper use of oxytocin and better
relief of pain was being achieved with extradural
anaesthesia. These advances were reflected by
improvements in maternal and perinatal mortality.

A History of Ten Teachers in Obstetrics  xi

While describing fully newer methods of obstetric
management, the editors took care to retain all that
was good in earlier practice, underlining the
importance to students of a proper understanding
of the principles on which critical decisions must
depend.

In 1990 (fifteenth edition) emphasis was placed
on modern imaging techniques and the assessment
of fetal well-being. Because of the increasing litiga-
tion that was taking place in medicine generally,
and in obstetrics in particular, a chapter on the
medico-legal aspects of obstetrics was included. A
haematologist wrote a chapter on coagulation dis-
orders; a psychiatrist with a special interest in
obstetrics wrote one on psychiatric disorders; and
a paediatrician revised the paediatric section
extensively.

The fourteenth edition (1985) was published for
the first time in paperback, though maintaining the
size and shape of the old hardback. The fifteenth
edition went even further by being published in
paperback in a new size and shape. It was pub-
lished also in the Educational Low-Priced Books
Scheme funded by the Overseas Development
Administration as part of the British Government
Overseas Aid Programme.

During the 76 years of its existence Ten Teachers
Midwifery/Obstetrics has had 43 contributors, of
whom 14 acted as editors. Six consultants wrote
special chapters on their own subjects (paediatrics,
psychiatric illness, blood coagulation and medico-
legal problems). They have all played a part in
achieving the undoubted success of the book, but
perhaps three individual editors had more influ-
ence on it than the rest. Comyns Berkeley master-
minded the concept of a book based on the
collaboration of ten London teachers from the
foundation in 1917 until his death in 1942; Freder-
ick Roques turned awkward phrases from 1948 to
1961 into good English throughout the book; and
Stanley Clayton made sure from 1955 to 1985 that
no statement was made by a contributor unless it
had good scientific support. Thus was achieved a
well-balanced and up-to-date view of current
obstetric practice written with the senior medical
student and young doctor in mind.

T.L.T. Lewis 1995
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PREFACE

This is the longest standing English textbook in
obstetrics. The sixteenth edition Eas been changed
and adapted to help undergraduates and those
working for the Diploma of the Royal College of
Obstetricians and Gynaecologists. We have
brought in many new methods 0? obstetrical man-
agement and our contents have changed in accord-
ance with alterations in the London medical scene.
We thank all our contributors for their work in
bringing this new edition to fruition.

We have taken the opportunity of asking Mr
T.L.T. Lewis, the Editor Emeritus and senior
contributor to this series of volumes, to write a
short history of the Obstetrics by Ten Teachers.
This we include for we think it would be of
interest to students joining the subject who can feel
they have some continuity with teaching back to

the time of the First World War when this book
was first published. We think that continuity in
medicine is important and would like to pay
tribute to the many previous editors and con-
tributors of Obstetrics by Ten Teachers over its 80
years’ existence.

We have lost some contributors by retirement
and moving from London teaching scene. We
welcome their replacements. We are most grateful
to all the production staff at Edward Arnold for
their courtesy and prompt help in publishing this
volume.

Geoffrey Chamberlain
London 1995



INTRODUCTION

The woman expecting her baby in the 1990s is very
different from the patients the student may have
met in other branches of medicine. The pregnant
woman is young and fit, while many others they
have met are patients who are older and have
disease processes. Most women in the obstetric
scene have no disease and are going through a
physiological process. This, however, can alter
sharply to pathology and the borderline between
the two must be watched carefully by obstetricians
and midwives.

Modern women having babies are much better
informed than they were years ago. They want to
know more about what is happening and they and
their partners have the right to be kept in the
picture. This is not just a feminist fad but common
sense, for the woman who knows what is likely to
happen will be better prepared for actions in late
pregnancy and labour. The mind is acutely attuned
during pregnancy to listening to others. Among
those who provide the woman with true informa-
tion and sound ideas must be the professionals as
well as the market-place, the magazines and broad-
casting that often feed the extremes of thought. It
is for everyone in obstetrics, from the professor to
the medical student, to help to support women and
their partners during the antenatal period, bringing
them to the highest preparation in body and mind
to the time of childbirth.

Most people outside obstetrics consider the
essential part of having a baby is childbirth; this is a
great event of a new life coming into the world.
However, professionals know that life actually

started some 38 weeks before this at conception. A
most important part of obstetrics is the antenatal
period and the care given then. If this goes well, it
can remove many of the problems of childbirth
and ensure an easter, happier and safer time at birth
for both mother and baby. It is further probable
that many postnatal influences are laid down in the
fetus inside the uterus. This does not just apply to
the genetic changes associated with chromosomal
anomaly but to the functional structure and nutri-
tion of the fetus as it grows. For example, the
biggest single independent variable for raised
blood pressure in the 50 to 60 year-old man is his
birth weight and its ratio to placental weight, a
measure of what happened inside the uterus
between 14 and 20 weeks of gestation. This is more
important than any of the subsequent factors that
people pay so much attention to such as diet, high
and low density lipoproteins and exercise. The
nutrition of the mother and so of the fetus inside
the uterus is the major feature affecting blood
pressure (and therefore coronary artery disease
and stroke), obstructive respiratory disease, clot-
ting factors and the non-insulin dependent diabe-
tes in older age. Intrauterine life is the most
important time of existence and research is now
being carried out intensively in this area.

All who would wish to study obstetrics must
pay great attention to the antenatal period for it
has been an underinvestigated and regimental area
until the 1990s. If good antenatal care is carried
out, then the woman will avoid some of the major
problems that can make later pregnancy and
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labour hazardous. She will come to labour better  have a relatively painfree delivery of a healthy
prepared and with all the methods of modern baby.
anafgesia available for her choosing, will be able to



ANATOMY AND PHYSIOLOGY

THE EARLY DEVELOPMENT OF THE OVUM

An oocyte is released from the ovary during most
normal menstrual cycles.

The cycle is described in two phases: the first
half is known as the follicular or proliferative
phase, during which the ovarian follicle enlarges
and becomes distended with fluid. On about the
14th day of the cycle the follicle discharges an
oocyte into the uterine (Fallopian) tube. The sec-
ond half of the cycle is known as the /uteal or
secretory phase. In this phase the cells of the empty
follicle become swollen with yellow lipid, and the
follicle is now called the corpus luteum.

During the follicular phase the cells lining the
follicle secrete oestrogens which cause prolifera-
tion of the glands and stroma of the endometrium.
During the luteal phase the cells of the corpus
luteum secrete both oestrogens and progesterone,
and the combined action of these hormones causes
further proliferation of the endometrium and also
secretion of sugars, amino acids, mucus and
enzymes by the endometrial glands. The endomet-
rium reaches its maximum development in the late
luteal phase, forming a decidua into which the
oocyte, if it is fertilized, can embed.

The complex hormonal control and details of
the anatomical changes in the ovary and endomet-
rium during the menstrual cycle are described in
Gynaecology by Ten Teachers.

OVULATION

In the 4th week of life germ cells migrate from the
wall of the yolk sac to an area of mesenchyme on
the posterior wall of the coelom. These form the
primordial germ cells, which give rise to numerous
primary oocytes, large round cells with relatively
large, chromatin-rich nuclei. The primary oocytes
become surrounded by a single layer of smaller
flattened cells to form primordial follicles. At birth
each ovary contains up to 2 million follicles,
although many are lost before the menarche.

THE OVARIAN FOLLICLE

During maturation of the follicle the flat cells that
surround the primordial ovum multiply, become
rounded and arranged in several layers (the granu-
losa cells). Their growth is eccentric, so that the
oocyte comes to lie at one side of the mass of
granulosa cells, and eventually clear fluid appears
among these cells, so that a follicle is formed with
the oocyte placed to one side (see Fig. 1.1). The
clump of granulosa cells that is directly related to
the oocyte forms a hillock (the cumulus) that
projects into the cavity of the follicle, and at this
stage the oocyte is surrounded by a clear mem-
brane, the zona pellucida, within which it can
rotate. The granulosa cells that are immediately
related to the zona pellucida become arranged in a



2 Anatomy and Physiology

Liquor folliculi

Oocyte

Granulosa cells

Theca interna

Theca externa

Fig. 1.1 Ripe ovarian follicle

radial fashion and form the corona radiata. The
oocyte itself enlarges slightly during maturation of
the follicle, chiefly by increase in the volume of the
cytoplasm, and reaches a diameter of about
0.15 mm.

The cells of the ovarian stroma which surround
the granulosa cells also proliferate, becoming swol-
len by the accumulation of lipid. These cells form
the theca interna and play an important part in the
formation of the corpus luteum at a later stage. The
ovarian stromal cells outside the theca interna
become somewhat compressed by the growth of
the follicle and form the theca externa (see
Fig. 1.1).

As the follicle increases in size it approaches the
surface of the ovary, where it is seen as a trans-
parent vesicle up to 20 mm in diameter. The follicle
eventually projects from the surface of the ovary,
and at about the midpoint of the cycle the cell
layers dehisce and the oocyte, still surrounded by
the corona radiata, is discharged over 2-3 min-
utes.

CORPUS LUTEUM

After ovulation the walls of the follicle collapse
and are thrown into folds; there may be a little

haemorrhage into the now empty cavity. The
granulosa cells become swollen by the accumula-
tion of yellow lipid, and are now granulosa—lutein
cells. Similar changes also occur in the theca inter-
na, the cells of which are now termed theca—lutein
cells. 1f the oocyte that was discharged from the
follicle is not fertilized then degenerative changes
(luteolysis) begin in the corpus luteum at about the
22nd day of the cycle. If the oocyte is fertilized
some of its cells produce human chorionic gonado-
trophin (hCG), a hormone which causes the corpus
luteum to persist and enlarge further, maintainin
its production of oestrogen and progeéﬁ"rg&-fa%
about 12 weeks; around 10-13 weeks this function
is taken over by the placenta.

FORMATION OF DECIDUA

The changes in the endometrium during the men-
strual cycle occur in preparation for the possible
reception of the fertilized ovum. If the ovum is
fertilized and embeds in the endometrium all these
changes are accentuated and the endometrium is
described as the decidua of pregnancy. If fertiliza-
tion and embedding do not occur the endomet-
rium undergoes necrosis, except for the basal layer,



Fig. 1.2 Photomicrograph of endometrium at the end of
the secretory or phase of the menstrual cycle

from which its regeneration in the next cycle
OCccurs.

During the follicular, or proliferative phase of
the menstrual cycle, under the influence of oestro-
gen produced by the follicle, the endometrium
becomes more vascular, the cells of the glandular
epithelium and stroma proliferate and the endo-
metrium becomes thicker, with long straight
glands.

In the luteal, or secretory phase, when the corpus
luteum produces both oestrogen and progesterone,
the gland cells become tall and columnar and pour
out their secretions of glycogen and mucin into the
lumina of the glands. The glands become convolut-
ed (see Fig. 1.2) and the stromal cells swell. These
changes do not affect the deepest parts of the
endometrial glands; the stromal changes are most
marked in the superficial layer and result in a great
contrast between the basal layer of endometrium
with straight glands, the spongy intermediate layer
with distended convoluted glands and the super-
ficial compact layer. The arterioles have a spiral
arrangement, and there is a great increase in vas-
cularity.

MATURATION OF THE OVUM

The nucler of human body cells each contain 46
chromosomes; this number is maintained through-
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out successive divisions of the cells. The chromo-
somes are responsible for the transmission of all
inheritable qualities. The reproductive cells (the
oocyte and the spermatozoon) differ from the
ordinary body cells in that they each contain only
23 chromosomes. When fertilization occurs the
oocyte and spermatozoon unite and the total of 46
chromosomes is re-established. The male and
female cell each contribute half of the total, so that
some inherited qualities are derived from the father
and some from the mother. The number of chro-
mosomes in the germ cells is reduced during their
maturation by a special type of cell division called
meiosts.

In ordinary division of body cells (mitosis) each
chromosome replicates and the two halves of each
chromosome separate and pass into two daughter
cells.

In the meiotic division of germ cells the chromo-
somes first become arranged in pairs, then they
replicate and one member of each pair passes to
one of four daughter cells, so halving the number
of chromosomes in the mature germ cells.

The ovum undergoes the first maturation divi-
sion when it is still in the ovary. The primary
oocyte divides by meiosis into two cells of unequal
size — a large secondary oocyte and a small polar
body; the latter comes to lie in the perivitelline
space within the zona pellucida. After this meiotic
(reducing) division the secondary oocyte contains
only 23 chromosomes. The subsequent division of
the secondary oocyte, which takes place in the
uterine tube, 1s a mitotic division. At this division a
second polar body is extruded, but the final mature
ovum still contains only 23 chromosomes.

A similar meiotic division takes place in the
spermatozoon, when the primary spermatocyte
divides into two equal secondary spermatocytes,
which each contain 23 chromosomes. By a further
mitotic division each of these divides to form two
spermatids, so that the original primary spermato-
cyte gives rise to four spermatozoa, each with 23
chromosomes.

The adult cells of a normal female contain two X
chromosomes, and after meiotic division each
oocyte will contain one X chromosome. The adult
cells of a normal male contain one X and one Y
chromosome; when meiotic division occurs these
separate so that each secondary spermatocyte con-
tains either an X or a Y chromosome, and even-
tually there will be two types of spermatozoa,
those with an X chromosome (gynaecogenic) and
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those with a Y chromosome (androgenic). During
fetilization, if conjugation of an X sperm and an X
oocyte occurs, the Enal combination will be XX,
and will give rise to female genetic structure; but if
conjugation of a Y sperm and an X oocyte occurs
the final combination will be XY, and will give rise
to male genetic structure. There are recognizable
sexual differences in the nuclei of adult cells,
particularly seen as a small club-shaped projection
of chromatin in the nuclei of polymorphonuclear
leucocytes, and as a peripherally placed coiled mass
of chromatin (Barr body) in other cells in the
female. This Barr body is the inactive X chromo-
some of the cell.

TRANSIT AND FERTILIZATION OF
THE OVUM

The mechanism by which the ovum reaches the
lumen of the Fallopian tube has been much dis-
cussed. The ciliated cells of the fimbriae at the
abdominal ostium of the tube set up a flow of fluid
which can carry small particles g’om the recto-
vaginal pouch into the tube. The fimbriated end of
the tube is brought into close contact with the
ovary at the time of ovulation so that they embrace
the ovarian surface around the ripe follicle; the
mechanism of this is uncertain. Once the ovum has
reached the cavity of the tube it is carried towards
the uterine cavity by ciliary action. The tubes show
peristaltic movements, but these are less important
than the current produced in the oviduct fluid by
the action of the cilia in moving the ovum down
the tube.

Successful fertilization depends on intercourse
occurring at the correct time in the cycle and
semen o? adequate quality being deposited in the
region of the cervix.

Semen is a suspension of spermatozoa in seminal
plasma, a combined secretion of the epididymis,
seminal vesicle and prostate gland. It contains,
among other substances, fructose (chiefly from the
vesicle and an essential nutrient for spermatozoa)
proteins, fibrinolytic and proteolytic enzymes
(chiefly from the prostate), and prostaglandins.
Immediately after ejaculation the semen coagu-
lates, and then after about 15 minutes reliqueﬁg:s;
these changes are caused by the prostatic enzymes.
Prostaglandins may cause tubal and uterine con-
tractions.

Spermatozoa contain hyaluronidase, which is
reacfily released into the seminal plasma. This

assists the sperm to penetrate the cervical mucus
and the corona radiata around the ovum.

Fertilization of the ovum normally takes place in
the ampullary portion of the Fallopian tube, and
spermatozoa reach the tube between 30 minutes
and 3 hours after intercourse. The transit of the
spermatozoa results partly from their own motil-
ity, and partly from uterine and tubal peristalsis,
the direction of which is reversed at the time of
ovulation. Some stimulation of action may be from
seminal prostaglandins.

Sperm are attracted to the ovum by chemotaxis,
and after intercourse many spermatozoa can be
found in the tubes. Several may penetrate the zona
pellucida, but as soon as one sperm makes its way
into the ovarian cytoplasm the ovum separates
from the zona pcl]uucf; and becomes impervious
to further penetration. The head of the spermato-
zoon represents the nucleus of the male cell, and it
fuses with the nucleus of the oocyte to form the
segmentation nucleus, whose complement of 46
chromosomes is again complete. The fertlized
ovum is carried down the tube by ciliary and
peristaltic action, and reaches the uterine cavity
5-6 days after ovulation.

EARLY DEVELOPMENT AND
EMBEDDING OF THE BLASTOCYST

After the formation of the segmentation nucleus
the zygote starts to divide, and soon a solid clump
of cells called the morula is formed. A cavity
appears among the cells of the morula so that it
becomes vesicular, and it is then termed the blas-
tocyst. This stage of development is reached while
the zygote is sull in the Fallopian tube.

The outermost cells of the blastocyst form the
trophoblast, which has the power of eroding and
digesting the surface epithelium of the decidua.
The fertilized ovum sinks into the thickness of the
decidua, lying in a cavity in the stroma between
adjacent endometrial glands. The glands are dis-
torted and pushed aside by the enlargement of the
growing zygote. The aperture through which the
zygote entered the decidua is sealed over with a
plug of fibrin. Maternal blood vessels are invaded
and eroded by the trophoblast, and extravasation
of maternal blood occurs around the zygote.

The structure of the blastocyst is indicated in
Fig. 1.3(a). The inner cell mass, from which the
embryo will develop, is seen projecting into the
blastocyst, and two small cavities appear in the
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which it becomes continuous with the embryonic
ectoderm at the umbilicus.

Very soon, while eroding into the maternal
decidua, the trophoblast becomes arranged in pro-
jecting masses, at first in a labyrinthine formation,
but later arranged as villi which grow and branch.
Maternal blood vessels are opened by the cytolytic
action of the trophoblast, so that maternal blood
lies in the intervillous spaces, and the embryo starts
to secure its nutrition fF:'om this.

The trophoblast becomes differentiated into two
layers. There is a thick outer layer of syncyto-
trophoblast, in which the nuclei are scattered in a
mass of cytoplasm that has no evident division into
separate cells (see Fig.1.4). The inner layer of
cytotrophoblast (Langhans’ layer) is thinner, and
consists of a single layer of rounded cells.

The blastocyst is lined with extraembryonic

Extraembryonic mesoderm

Primitive yolk sac (exocoelom)

Embryonic endoderm &

Embryonic ectoderm

Amniotic cavity

Syncytiotrophoblast

Maternal blood vessel

mesoderm, and it will be seen from the diagrams
(see Fig.1.4) that this is continuous with the
mesoderm of the embryo itself. The extraem-
bryonic mesoderm is continuous with the central
tissue of the villi, so that each villus has an outer
covering of trophoblast and a central mesodermal
core. Lacunae appear in the mesoderm and grad-
ually become joined to form a pattern of primitive
blood vessels, extending through both the body of
the embryo and the extraembryonic mesoderm. By
this arrangement the placental circulation is ulu-
mately formed; the fetal heart not only pumps
blood through the tissues of the fetus itself, but
also through the tissues of the placenta.

The combined layer of trophoblast and under-
lying mesoderm is termed the chorion. Within it is
the amniotic membrane that bounds the amniotic
cavitry.

Operculum Cytotrophoblast

Artificial space
between the
cytotrophoblast
and the
extraembryonic
mesoderm

Lacuna of
trophoblast

Uterine gland

Fig. 1.4 Section of human embryo of 10-11 days’ development
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Fig. 1.5 Uterus containing an embryo of about 9 weeks

The zygote embeds in the stratum compactum
of the decidua, the most frequent site of implanta-
tion being the upper and posterior part of the
uterine cavity; it produces a slight projection into
the uterine lumen. According to its relations to the
embryo three parts of the decidua are distin-
guished (see Fig. 1.5):

Decidua basalis

This is the portion of the decidua which lies
between the embryo and the muscular wall of the
uterus. It bounds the deeper half of the implanta-
tion cavity and later on forms the site of attach-
ment of the definitive placenta. A number of
thin-walled sinuses pass through it, bringing blood

to the intervillous spaces. It is the future placental

bed.

Decidua capsularis

This component of the decidua intervenes between
the embryo and the uterine cavity and bounds the
superficial half of the implantation cavity. As the
ovum grows it bulges into the cavity, and by the
12th week the growing embryo fills the cavity, so
that the decidua capsularis becomes fused with the
decidua vera.

Decidua vera

This decidua is not related to the site of implanta-
tion and lines the rest of the cavity of the uterus.

Two other terms need definition. The decidual
space is the space bounded by the decidua vera and
the decidua capsularis. It is obliterated by the 12th
week of pregnancy. The choriodecidual space is the
space between the chorionic villi and the decidua
basalis. It contains maternal blood.

Ultrasound appearances

The early pregnancy can be well seen on ultra-
sound, especially if a vaginal probe is used. The
gestation sac of 8—9 mm diameter is visible by 5
weeks menstrual age, and the fetus itself by 6
weeks. By 7 weeks the scan will detect fetal heart
pulsations.

THE PLACENTA, CORD AND MEMBRANES

In the primitive mammalian placenta the feral
chorion is merely applied to the surface of the
maternal decidua, so that exchange of nutrients and
excretory products betrween maternal and fetal
blood takes place through several layers (epithe-
liochorial placenta).

In the human placenta the trophoblast erodes
into the decidua, so that the endothelium of the
maternal blood vessels is destroyed and maternal
blood is in direct contact with the chorion, without
the intervention of any decidual tissue (haemo-
chorial placenta).

At first the syncytiotrophoblast forms an open
reticulated network, whose lacunae are filled with
maternal blood, and so, in part, the trophoblast
replaces the maternal endothelium. The tropho-
blast soon becomes arranged in trabeculae, which
are covered by syncytiotrophoblast and have a
core of cytotrophoblast. When the embryonic
mesoderm appears it extends into each of these
trabeculae and finally the vascularization of the
mesoderm completes the formation of chorionic
villi by about the 16th day after fertilization.

At some points the trophoblast comes into
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Fig. 1.6 Microscopical section of placenta at term X170

direct contact with the decidua, thus anchoring the
main villi to the maternal tissues at the junctional
zone. Here, lying between the invading tropho-
blast and the decidua, a wavy layer of fibrin - the
fibrinous layer of Nitabuch — can be seen. The
number of anchoring villi is small but, by budding
from both them and the chorion, true chorionic
villi are formed. These differ from the anchoring
villi in that their outer ends protrude free into the
intervillous space. The capillaries in the terminal
parts of the villi are very convoluted, but adjacent
villi are not joined, i.e. the villi do not form a
reticulum (see Fig. 1.6).

The trophoblast extends for a variable distance
into the maternal spiral arterioles where they enter
the intervillous space, partly replacing the maternal
vascular endothelium. The vessels in the tropho-
blast are converted into funnel-shaped deltas, so
that the peripheral resistance to maternal blood
flow is reduced and the flow to the placental bed is
increased. Conversely, if this extension of tropho-
blast does not occur, there is a reduction in pla-
cental bed blood flow. This may lead to
intrauterine growth retardation, pre-eclampsia or
hypoxia in labour.

Structure of chorionic villus

A villus has a core of mesoderm and a covering of
trophoblast; there are numerous fetal blood vessels
in the mesoderm core. In the main villous stems
the arteries and veins have connective tissue walls,
but in the terminal villi only capillaries are present.
The arteries are branches of the umbilical arteries.
They end as capillaries in the terminal villi, from
where oxygenated blood is collected into venous
radicals and passed back into the veins of the main
villous stems, and from there to the umbilical vein
of the cord (see Fig. 1.7).

From the time of their formation in the third
week until the end of the first trimester the villi are
covered by a single layer of cytotrophoblast and an
outer layer of syncytiotrophoblast which is in
immediate contact with the blood in the inter-
villous space. After the 20th week the cytotropho-
blast begins to disappear until finally only a thin
layer of syncytium remains.

Further development of the placenta

The chorionic villi are formed in immense num-
bers and constitute the bulk of the placental area.
They form an arrangement over a great surface, so
that thin-walled vessels carrying fetal blood are
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Fig. 1.7 The structure of the placenta. For clarity of only the fetal arterioles are shown in the mid section. The real

villi are much more finely branched

only separated from the maternal blood by thin
layers of villous connective tissue and syncitio-
trophoblast.

At first villi are formed all over the surface of the
gestation sac, so that an ovum of 4 weeks’ growth
appears as a translucent, thin-walled sac covered
by a spherical halo of soft villi (see Fig. 1.8). As
growth proceeds the decidua capsularis becomes
thinner, and between the 12th and 16th weeks the
villi on the capsular surface of the embryo degen-
erate rapidly, leaving this side of the chorion
smooth (chorion laeve). In compensation, the villi
on the surface opposed to the decidua basalis
undergo a great deal of hypertrophy (chorion
frondosum) and become matted into a solid disc,
which is the fully developed placenta. This is
formed by the 12th week, though proportionately

it then comprises a much larger part of the ovular
surface than it does at term.

Increase in size of the placenta

From the end of the 4th week, when the villi have
penetrated towards the decidua basalis, there is no
further invasion from the villi. Further growth in
thickness of the placenta is now due to growth of
the chorionic villi with an accompanying expan-
sion of the intervillous sinuses. Until the end of the
16th week, the placenta grows both in thickness
and circumference. Subsequently it continues to
increase in size circumferentially until near term.
The growth is proportionate with that of the fetus
and of that part of the wall of the uterus to which
the placenta is attached.
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Fig. 1.8 Embryo showing chorionic villi

The placenta at term

The placenta at term is circular in shape, forming a
spongy disc 20 cm in diameter, and about 3 cm
thick. Its weight is usually about 500 g but there is
a direct relationship with the fetal weight.

The placenta has a fetal and a maternal surface.
The fetal surface is covered by smooth amnion
underneath the chorion. The blood vessels are
visible beneath this as they radiate from the inser-
tion of the umbilical cord.

The maternal surface is rough and spongy, and
presents a number of polygonal areas known as
cotyledons, each being somewhat convex and sepa-
rated from those adjoining it by a shallow groove.
Each cotyledon is formed by, and corresponds to,
a main villous stem and its system of branch villi.
The number of cotyledons, between 15 and 20,
depends on the number of end arteries into which
the umbilical artery divides. A cotyledon is made
up of between 10 and 20 lobules, each lobule
corresponding to the opening of a maternal utero-
placental vessel and is the functioning unit of the
placenta. The colour is a dull red, with a thin,
greyish, somewhat shaggy layer on the surface,
which is the remnant of that part of the decidua
basalis which has come away with the placenta.
Numerous small grey spots are frequently seen on
the maternal surface. These are due to the deposi-
tion of calcium in degenerate areas and are the

result of normal senescence. They are more numer-
ous in placentae after term, often amounting to 30
per cent of the surface. These deposits do not occur
in the villi nor do they interfere with the maternal
circulation in the intervillous spaces; they are of no
apparent significance.

The chorion spreads away from the edge of the
placenta to form the outer layer of the two mem-
branes which enclose the fetus and amniotic fluid.
Though the line of demarcation between the pla-
cental edge and the chorion is sharp they are
essentially one structure, for the placenta is a
specialized part of the chorion. The amnion, a
thinner membrane which lines the fetal sac, can be
separated from the chorion after birth; it can be
stripped back to the root of the umbilical cord
while the amnion stops at the edge of the pla-
centa.

The umbilical cord usually reaches the fetal
surface of the placenta at about the middle of its
disc, although sometimes it is at its edge (squash
racket placenta). It brings with it two umbilical
arteries and one umbilical vein.

The area supplied by each umbilical artery
varies. However, shortly after they have reached
the placenta, there is always a communication
between the two which serves to equalize the
pressure in the two systems. Except for this com-
munication, the main trunks into which the arter-
ies divide are terminal, and each ends in a tuft of
capillary vessels which drains into the correspond-
ing tributary of the umbilical vein.

The substance of the placenta is made up almost
entirely of a multitude of chorionic villi, most of
which protrude in an arborescent manner into the
intervillous blood spaces. Thus the placenta as a
functioning organ 1is really a space containing
maternal blood, bounded on the maternal side by a
decidual plate, and on the fetal side by a chorionic
plate from which the chorionic villi branch into the
maternal blood (see Fig. 1.7).

The intervillous space is a lake of maternal blood
which has left the maternal vessels to flow round
in a space bounded by fetal trophoblast. To supply
and drain this space arteries and venous sinuses
perforate the decidual plate. It was formerly main-
tained that the blood flows to the edge of the
placenta to be collected in a marginal sinus before
leaving the intervillous space, but vessels serving
the arterial inflow and venous drainage are now
known to be scattered over the entire decidual
plate.



The lobules of each coyledon consist of a group
of villi which are based on one large fetal artery
which branches and rebranches to supply the villi.
The maternal blood enters the intervillous space
via about 200 spiral arteries which perforate the
decidual plate to spurt a jet of blood into the centre
of a corresponding fetal lobule. The blood perco-
lates through the branching villi of the lobule and
then returns to the basal plate where it flows out
through the decidual veins.

Placental bed

The placental bed is covered with decidua which
the spiral arteries pierce to deliver blood to the
maternal lake which bathes the villi. The ends of
the arteries are narrow at first, but from about the
6th week after conception trophoblastic cells
invade their walls and the arterial ends open out
like river deltas. By 16 weeks, in the normal
woman, this process of invasion is complete and
each of the 200-o0dd spiral arteries ends in a funnel-
like delta. This results in a much lower pressure at
the distal end of the blood vessel, allowing greater
flow. The trophoblast invasion may be absent in
those who subsequently develop intrauterine
growth retardation and pre-eclampsia.

FUNCTIONS OF THE PLACENTA

The placenta is the only means of transfer of
anabolites and catabolites and, as such, is the main
interface between the fetus and the outside world.
The placenta:

* enables the fetus to take oxygen and nutrients
from the maternal blood

®  serves as the excretory Organ Where Cafbon
dioxide and other waste products pass from the
fetal to the maternal blood

e forms a barrier against the transfer of infection
to the fetus, although some organisms, for
example the rubella and HIV viruses are able to
Cross it

* secretes large amounts of hormones such as
chorionic gonadotrophin and oestrogens. The
maternal reaction to pregnancy is exemplified
by the maintenance of the decidua and the
growth of the uterus and breasts.
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Placental transport

The transport of oxygen to the fetus is discussed
later in this chapter.

In general the trophoblast and underlying endo-
thelium of the fetal vessels behave as a semi-
permeable membrane, allowing the free passage of
water and soluble substances of relatvely low
molecular weight according to the laws of osmotic
equilibrium, but there are also mechanisms of
active transport, which allow more rapid diffusion
of solutes, as well as the transfer of larger protein
molecules.

Substances with a molecular weight of less than
1000 are, in general, able to pass to and from the
placenta; most anaesthetic agents and drugs fall
into this class. The concentrations of sodium chlo-
ride, magnesium, urea and uric acid are equal in
maternal and fetal blood. A few substances, includ-
ing some amino acids, nucleic acid, calcium and
inorganic phosphorus, have a higher concentration
in fetal than maternal blood; the trophoblast pro-
vides selective transfer of these substances, most of
which are necessary for the building of fetal tis-
sues. Glucose is found in higher concentration in
maternal than in fetal blood, not because it does
not cross the placenta freely, but probably because
of its continual rapid utilization by the fetus. It
enters the fetus by facilitated transfer at the pla-
centa.

Much of the fat in fetal tissues is synthesized
from carbohydrate, especially in late pregnancy.
Synthesis of fatty acids, triglycerides, cholesterol
and lipids mostly takes place in fetal tissue,
although there is also a contribution by direct
transfer of maternal lipid anabolites.

The serum iron concentration in the fetus is
higher than that in the mother, but the mechanism
of transfer is uncertain.

Qestrogens, androgens and thyroxine cross the
placenta but insulin, parathyroidd hormone and
posterior pituitary hormones do not. The vagina of
the newborn female child shows evidence of the
oestrogenic action of maternal oestrogens in
utero.

The syncytium has a high degree of selective
activity, permitting passage of some [gG gamma-
globulins, but not IgA or IgM globulins.

Despite the separation of the nucleated red cells
in the vessels in the villi from the maternal red
cells in the intervillous space, fetal red cells and
fragments of villi may escape into the maternal
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circulation by intercellular passages in the
syncytotrophoblast. The entry of red cells from a
fetus whose blood group differs from that of its
mother accounts for the development of haemo-
lytic disease in certain circumstances (see Chapter
9.

Placental permeability increases as pregnancy
progresses, probably because the trophoblast
becomes thinner, and also because the villi become
finer and more branched.

The functional efficiency of the placenta

Placental transfer will depend upon the maternal
blood flow through the intervillous space, the
effective surface arca of the chorionic villi, and the
fetal blood flow through them.

The maternal blood flow through the placenta is
about 1000 ml per minute at term. The pressure in
the intervillous space, which is of the order of
15 mmHg, will be affected by uterine contractions
in late pregnancy, as well as in labour. As the
uterus contracts the veins in the myometrium are
occluded first, so that the venous outflow ceases.
The inflow of blood will continue until the uterine
pressure equals the pressure of the arterial inflow.
These pressures are not usually present until
labour. With a strong contraction the inflow also
ceases, and the blood in the intervillous space is
temporarily stagnant but the space does not empty
because the veins are closed.

The capacity of the intervillous space is about
140 ml. The blood in it is exchanged about four
times per minute, The area of the surface of the
chorionic villi which is exposed to this 140 ml of
blood has been estimated to be about 11 square
metres (which is equivalent to 116 one foot square
carpet tiles, laid on the floor). The blood therefore
forms a very thin film over the surface of the villi.
Ths large area, resulting from the fine branching
of the villi, does not take into account the micro-
villi on the trophoblast, which can be seen with the
electron microscope.

The volume of the fetal capillaries has been
estimated to be about 60 ml and the fetal blood
flow to be about 300 ml per minute, giving a total
replacement of the fetal blood in the placenta of
about five times per minute. The pressure in the
fetal capillaries in the villi is of the order of
30 mmHg.

Placental hormones

Oestrogens, progesterone, chorionic gonadotro-
phin, lactogen, thyroid-stimulating hormone, a
hormone resembling adrenocorticotrophin, and
possibly relaxin (a hormone which causes relaxa-
tion of pelvic ligaments in some species) are secret-
ed into the maternal blood by the placenta.

During pregnancy there is a progressive increase
in the blood oestrogen and urinary oestrogen
concentrations; these reach their peak just before
the onset of labour. The oestrogen found during
pregnancy is chiefly oestriol glucuronate. The pla-
centa converts precursors, formed in the fetal
adrenal gland and liver, to oestriol sulphate. This
passes into the maternal blood before being conju-
gated with glucuronic acid in the maternal liver,
and is finally excreted by the maternal kidney.

Until the end of the 12th week the corpus
luteum continues to secrete progesterone. With the
gradual cessation of function of the corpus luteum,
the placenta becomes responsible for the secretion
of progesterone which, like oestrogen, reaches a
peak just before labour. The concentration of
progesterone in maternal plasma is about 24 ng/ml
at the 8th week, and 180 ng/ml at term.

The beta unit of chorionic gonadotrophin can be
detected in the maternal plasma as early as 6 days
after fertilization of the ovum, and is found in the
urine soon after that. It reaches its peak concentra-
tion in the blood and urine at 10-11 weeks’
gestation. The concentration then falls to a lower
level at which it remains steady. The presence of
chorionic gonadotrophin in the urine forms the
basis of the routine tests for pregnancy. It even-
tually disappears from the urine after delivery if
the fetus dies but may persist for a time if placental
tissue is retained.

THE CHORION

After the definitive placenta is formed the rest of
the chorion atrophies and persists only as a thin,
friable membrane intervening between the amnion
and the decidua. On its outer surface vestiges of
decidual cells and of the trophoblastic layer that
formerly covered it can be distinguished micro-
scopically, but the bulk of it is a fragile connective
tissue, loosely attached to the amnion.



THE AMNION

The first appearance of the amnion is a hollow
space in the embryonic ectoderm. It is lined by
cubical cells. These quickly become more colum-
nar at the part which eventually forms the embry-
onic plate and the embryo. At first more or less
spherical, the amniotic cavity soon becomes flat-
tened down upon the embryo and closely applied
to it. As the head and tail appear and the body
walls fold round to enclose the embryonic coelom,
the amnion attached at their margins is also carried
round, so that embryo is pushed up and projects
into the amniotic cavity. When the body cavity of
the embryo is quite closed up, the amnion is
attached all round the place at which the ventral
stalk emerges (see Figs 1.5(b) and 1.5(c)).

At this period the embryo is relatively very
small, and has the amnion closely applied to it,
while the cavity of the blastocyst is relatively very
large. Now the great change begins. The amniotic
cavity enlarges out of proportion to the embryo,
and becomes distended with fluid, while the
embryo is gradually carried more and more into
the amniotic cavity by elongation of the ventral
stalk, which becomes the umbilical cord.

The enlargement of the amniotic cavity which
brings about the complete investment of the
umbilical cord also brings the amnion into close
contact with the fetal surface of the placenta. This
surface is, therefore, completely covered by the
amnion. The amnion is loosely attached to the
placenta and chorion, and can be separated up to
the insertion of the cord.

The amnion is lined by a single layer of cubical
or flattened epithelial cells which is attached to a
layer of connective tissue. The epithelium contains
granules, fat droplets and vacuoles. The connective
tissue on the outer side of the amniotic membrane
is closely applied to the similar connective tissue
on the inner side of the chorion; the two merely
stick together, and are not organically united. They
can easily be separated from one another at all
periods of pregnancy. That portion of the amnion
which covers the umbilical cord, however, is very
closely incorporated with the connective tissue of
the cord and cannot be stripped off.

AMNIOTIC FLUID

The amniotic fluid is usually slightly turbid from
the admixture of solid particles derived from the
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fetal skin and the amniotic epithelium. It may also
be stained a green or brown colour if any mecon-
ium has been passed into it. The solid matter is
composed of lanugo hairs, epithelial cells, seba-
ceous material from the fetal skin, and cast-off
amniotic epithelial cells.

The volume of the amniotic fluid at term is
about 800 ml, with a wide range from 400 to
1500 ml in normal cases. At 10 weeks the average
volume is 30 ml, at 20 weeks 300 ml and at 30
weeks 600 ml. The rate of increase is therefore
about 30 ml per week, but this falls off near term.
This is evident on clinical examination. On palpa-
tion at 30 weeks there seems to be a lot of fluid
relative to the size of the fetus; nearer term there is
relatively less fluid, and when the expected date of
delivery is passed the uterus seems to be full of
baby.

At term the amniotic fluid has a specific gravity
of 1010. It contains 99 per cent water and its
osmolality is less than that of maternal or fetal
plasma. The fluid has organic, inorganic and cel-
lular constituents. Concentrations of some of the
important contents near term are as follows:

sodium 130 mmol/I

urea 3—4 mmol/l

protein 3 g/l

lecithin 30-100 mg/1
alpha-fetoprotein 0.5-5 mg/l.

In addition traces of steroid and non-steroid hor-
mones and of enzymes are present. It is mildly
bacteriostatic.

The amniotic fluid is of both maternal and fetal
origin, and the relative importance of the different
mechanisms of production alters as pregnancy
progresses. In very early pregnancy it is mostly
secretion from the amnion.

Later, diffusion through the fetal skin accounts
for much of the fluid, and there is increasing
diffusion through the fetal membranes, including
the part of the amnion that covers the fetal vessels
in the cord and on the surface of the placenta. By
the 20th week the skin loses its permeability, and
from this time onwards the fetal kidneys play an
increasing role in the production of amniotic flu-
id.

By term about 500 ml per day is secreted as fetal
urine and tracheal fluid accounts for as much as
200 ml. Studies with radioisotopes have shown
that near term 500 ml of water are exchanged
hourly between the maternal plasma and the
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amniotic fluid. Disposal of the fluid is partly by
absorption through the amnion into maternal plas-
ma and partly by fetal swallowing and absorption
in the intestine to enter the fetal plasma.

In cases of renal agenesis there is oligohy-
dramnios (a deficiency of amniotic fluid) and in
conditions of defective swallowing such as anence-
phaly and oesophageal atresia there is polyhy-
dramnios (an excess of fluid).

Functions of the amniotic fluid

The fluid guards the fetus against mechanical
shocks, equalizes the pressure exerted by uterine
contractions and allows, at least in the early
months, plenty of room for fetal movement. Since
the temperature of the fluid is maintained by the
mother, the fetus is not subjected to loss of heat.
Fetal metabolism is devoted entirely to growth and
differentiation, and not dissipated in making good
heat loss. Some of the fluid is swallowed, but it can
hardly be regarded as a source of nutrition for the
fetus since tie content of protein and salts is so
small.

During labour, the amniotic fluid contained in
the bag of forewaters forms a fluid wedge which,
with the uterine contractions, dilates the internal
os uteri and cervical canal. When the membranes
rupture during labour fluid flushes the lower geni-
tal tract with fluid that is aseptic and bactericidal.

Investigation of the amniotic fluid

Samples of fluid can be obtained during pregnancy
for various diagnostic purposes by abdominal
amniocentesis. Not only can a variety of chemical
estimations be made for normal and pathological
constituents, but fetal amniotic cells can be
obtained for tissue culture and chromosomal
study.

THE UMBILICAL CORD

The umbilical cord forms the major connection
between the fetus and the placenta. It is derived
from the ventral stalk and receives a close covering
of amniotic epithelium. The constituents of the
umbilical cord are:

* the covering epithelium, which is a single layer
of amnion

o Wharton’s jelly, which is composed of cells
with elongated anastomosing processes in a

gelatinous fluid, and is part of the extraem-
bryonic mesoderm

o blood vessels. At first these are four in number;
two arteries and two veins. The embryonic
umbilical veins fuse before the 3rd month
leaving a single vessel. The two umbilical arter-
ies are derived from the internal iliac (hypogas-
tric) arteries of the fetus, and carry reduced
blood from the fetus to the placenta. The
umbilical vein carries oxygenated blood from
the placenta to the fetus

o the umbilical vesicle and its duct, the shrivelled
remnant of the yolk sac, may be found as a very
small yellow body near the attachment of the
cord to the placenta

e the allantois, which occasionally occurs as a
blindly-ending tube just reaching into the cord,
is continuous inside the fetus with the urachus

and bladder.

The cord is approximately 50 cm in length, with a
range of 7 to 180 cm. It is about 1 cm thick, but is
not uniform, presenting nodes and swellings which
are sometimes caused by dilatation of the umbilical
vein, but more often by local increase in Wharton’s
jelly. At the earliest stage the cord is straight, but as
early as the 12th week it shows a spiral twist.

In addition to the nodes mentioned above
(sometimes called false knots) on rare occasions
the cord has one or more true knots, due to the
fetus passing through a loop in the cord. It is
arguable if a true knot has ever caused significant
impairment of the fetoplacental circulation. Rath-
er, it might be that the impaired circulation allows
a true knot to become tght. If at delivery of a
healthy baby one attempts to tie tight a true knot
in the cord, it will always slip loose when the
tension is released. Only when the pressure in the
vessels is reduced (e.g. by draining off the blood
from the cord, or in utero by the fetal circulation
failing) can the knot be tightened. This chicken and
egg situation has long been a point for discussion
among obstetricians and will likely remain so.

The cord is often coiled around the fetal body,
limbs or neck, but seldom does it give rise to any
serious trouble. The possible exception to this
statement is when the cord may be coiled two or
three times around the neck-nuchal cord; tension
on the cord then occurs during the second stage of
labour when the fetus descends in the birth canal.
Such tension may obstruct the fetoplacental cir-
culation and lead to fetal distress.
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SIZE OF THE FETUS

The maximum diameter of the embryonic sac at 5
weeks is 8 mm and it increases by about 1 mm per
day up to 12 weeks. Obviously the size of the sac
must be sufficient to enclose the flexed fetus.

The length rather than the weight of the aborted
fetus is a more reliable index of its age. In the early
weeks the measurement of the fetus is commonly
taken from the vertex of the head to the coccyx
(crown-rump length), but from the 20th week
onwards the measurement is taken from the vertex
to the heels. For antenatal care the biparietal
diameter of the fetal head is a more useful measure-
ment, and this can be determined accurately with
ultrasound. Fig. 1.9 shows the approximate meas-
urements:

A rough guide to the vertex—heel length of the
fetus (in cm) after the 20th week is given by
multiplying the number of lunar months by five.

Other characteristics of the growing fetus are
useful in determining the age.

At 8 weeks the 2.3 cm fetus lies in the enlarging
amniotic cavity, but the amnion is not yet in
contact with the chorion and the extraembryonic
coelom is not yet obliterated. The ventral stalk and
yolk sac have united to form the umbilical cord
which is invested by amnion, and the primitive
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Fig. 1.9 Approximate fetal measurements

small intestine is contained in the dilated proximal
part of the cord. The facial form has been complet-
ed by the formation of the nose and its separation
from the mouth. The ears are completely formed
externally, and the eyelids have appeared around
the eyeball. The limbs are enlarging and show their
jointed appearance, and the fingers and toes are
formed. The flexion of the trunk has diminished,
so that the vertex of the head rather than the back
of the neck now forms the upper end of the
embryo.

At 12 weeks the placenta is discoid. The amnion
entirely fills the chorionic sac. The umbilical cord,
still short and thick, shows a spiral twist. The
primitive intestine is completely withdrawn into
the body cavity. Nails have appeared on the fingers
and toes, and the external sexual organs are differ-
entiated. The crown—rump length is 6 cm and the
weight about 14 g.

At 28 weeks the fetus weighs about 1100 g. The
subcutaneous fat is becoming more evident, and
the skin wrinkles begin to disappear. The testicles
are in the inguinal canals. The eyelids have
opened.

After this the weight of the fetus increases with
comparative rapidity. The fetus becomes com-
pletely covered with vernix caseosa, a greasy sub-
stance composed of the secretion of sebaceous
glands mixed with desquamated epithelial cells.
The scalp hair increases in length. The short col-
ourless hairs known as lanugo, which have pre-
viously appeared on the body and head, tend to
disappear. The bright red colour of the skin chan-
ges to a pink flesh colour owing to the thickness of
subcutaneous fat. Just before the 36th week one
testicle has usually descended into the scrotum.
The nails reach the ends of the fingers but not of
the toes.

At 40 weeks the fetus measures 50 cm from
vertex to heels and, as a rule, weighs between 2700
and 3600 g. The signs that the fetus has reached
term are not always certain, but the length and
weight are important. The nails usually project
beyond the ends of the fingers and have reached
the ends of the toes. The skin is pink and the
lanugo has almost disappeared, except over the
shoulders. The whole of the intestine contains
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meconium. The umbilicus is almost at the centre of
the body. Both testicles have descended into the
scrotum. As a rule only one epiphysis has started
to ossify, that at the lower end of the femur, but
the centres of ossification of the upper epiphysis of
the tibia and of the humerus may have appeared.
Babies weighing more than 4500 g at birth are
rare. If a baby weighs less than 2500 g at term it is
described as being of low birth weight (LBW) and
on this account may have a diminished chance of
survival. It is different with twins; both may weigh
less than 2500 g, and they tend to be born before
term, and yet both are likely to survive. The
heaviest children are likely to be born when the
mother’s age is between 25 and 35 years. Very

Hypogastric arteries 60%

Fig. 1.10 Fetal circulation. SVC,
superior vena cava; IVC, inferior
vena cava; dv, ductus venous. The
percentage figure represents the
oxygen saturation of the blood

young mothers commonly have small babies. The
weights of the children tend to increase in succes-
sive pregnancies, provided that the mother’s age 1s
under 35 years. On average male babies are heavier
than females at birth.

FETAL CIRCULATION

The fetal circulation differs from that of the adult
in several respects. Oxygen and nutrients are car-
ried from the placenta to the fetus in the single
large umbilical vein. Although there is free diffu-
sion of oxygen across the thin barrier between the
maternal and fetal circulations in the placenta, the



oxygen saturation in the umbilical venous blood is
already reduced from the 95 per cent level in
maternal arterial blood to about 80 per cent
because the active metabolism of the placenta has
already used some of the oxygen. On entering the
body of the fetus the vein communicates with the
portal vein, so that some blood passes through
the liver to the hepatic vein and inferior vena cava,
but most of the oxygenated blood passes more
directly through the ductus venosus to the vena
cava (see Fig. 1.10). In the inferior vena cava it
mixes with the stream of desaturated blood return-
ing from the lower limbs and abdominal organs, so
that the oxygen saturation is reduced to less than
70 per cent by the time the blood enters the right
atrium. By a remarkable anatomical arrangement
most of the blood entering the right atrium from
the inferior vena cava is directed through the
foramen ovale into the left atrium, and from thence
it passes into the left ventricle and out into the
ascending aorta. By this arrangement the coronary
arteries and the brain receive the most highly
oxygenated blood.

Blood returning from the head and upper limbs
through the superior vena cava streams towards
the tricuspid valve to enter the right ventricle,
taking with it a portion of the blood which has
entered through the inferior vena cava. The unex-
panded fetal lungs offer such high resistance to
blood flow that the greater part of the right
ventricular output passes from the main pulmo-
nary artery through the widely patent ductus
arteriosus into the aorta, to be distributed to the
lower part of the body of the fetus, and along the
paired umbilical arteries to the placenta. The blood
in the descending aorta has a saturation of about 60
per cent, which is lower than that in the ascending
aorta because of the admixture of blood which has
come from the ductus arteriosus.

In the fetus only 5 to 10 per cent of the total
cardiac output goes directly to the lungs and
returns to the left atrium via the pulmonary veins.
Although the left ventricle is pumping the most
highly oxygenated blood to the brain and coronary
arteries, the right ventricle contributes an equal
amount to the total cardiac output, and its wall is
as thick as that of the left ventricle.

The greater part of the blood descending in the
aorta leaves the body by the umbilical (hypogas-
tric) arteries to be oxygenated in the placenta.

Oxygen supply to the fetus 17

OXYGEN SUPPLY TO THE FETUS

As the fetus grows it requires ever increasing
amounts of oxygen. This is achieved by:

® an increase in placental transfer of oxygen due
to reduction in the diffusion distance

® an increase in the haemoglobin content of fetal
blood

¢ fetal haemoglobin (HbF), which is made in the
liver and spleen rather than the bone marrow,
and has a different structure from adult haemo-
globin (HbA).

Instead of two alpha- and two beta-globin chains
as in HbA, HbF has two alpha and two gamma
chains. The oxygen dissociation curve of HbF is
shifted to the left so that it is more saturated than
HbA at the low Po, levels present in utero (see
Fig. 1.11).

The fetal red cell count rises progressively from
1.5 million per mm’ at 10 weeks to 5.5 million at
term. The cells are macrocytic, and the haemoglo-
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Fig. 1.11 The haemoglobin dissociation curves of adult
haemoglobin (HbA) and fetal haemoglobin (HbF). The
partial pressure of oxygen (pO;) at which each haemo-
globin 1s 50 per cent saturated is 21 mmHg for HbF and
27 mmHg for HbA
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bin content at term is about 16 g per 100 ml. The
maternal blood at term often contains less than
12 g per 100 ml.

The effect of these differences between maternal
and fetal blood is that 100 ml of maternal blood
can carry 16 ml of oxygen if it is fully saturated,
but the same volume of fetal blood can carry 21 ml.
In other words, the fetal blood can easily take up
oxygen from the maternal blood. Maternal arterial
blood is nearly fully saturated and carries about
15.7 ml of oxygen per 100 ml, whereas fetal blood
in the descending aorta is only about 60 per cent
saturated, but carries 13 ml of oxygen per 100 ml.

NUTRITION OF THE FETUS

Although the fetus is completely dependent on the
maternal blood and the placenta for its nutritional
requirements, it is a separate physiological entity,
and it will take what it needs from the mother,
even at the cost of reducing her reserves of some
substances, for example calcium and iron. For
nearly every substance the rate of fetal intake
increases progressively, and is greatest in the late
weeks of pregnancy.

ANATOMY OF THE NORMAL FEMALE PELVIS AND THE FETAL
s i | _

Knowledge of the shape and dimensions of the
normal female pelvis and of the fetal skull is
essential for proper understanding of the mecha-
nism of labour and its abnormalities.

THE PELVIS

Although some sexual differences may be recog-
nizable at birth the female pelvic characteristics are
chiefly developed between that time and puberty.
Radiological surveys have shown that variations in
the shape of the pelvis are very common. What is
described as the normal female pelvis, the
gynaecoid pelvis, occurs in only 40 per cent of
white women. Other women have pelves with
male characteristics (android pelvis), in some there
is a slight increase in the anteroposterior diameter
of the pelvis (anthropoid pelvis) while in the
remainder the pelvis is slightly flattened (platypel-
loid pelvis). Only the typical gynaecoid pelvis will
be described here.

The part of the pelvis above the brim is descri-
bed as the false pelvis and that below the brim as
the true pelvis. The obstetrician is only concerned
with the latter. The true pelvis may be described in
terms of the brim, the cavity and the outlet.

The pelvic brim

The pelvic brim (see Fig. 1.12) lies in one plane
bounded in front by the symphysis pubis, on each
side by the upper margin of the pubic bone, the

illiopectineal line and the ala of the sacrum and
posteriorly by the promontory of the sacrum. The
brim is oval in shape, with the transverse diameter
slightly greater than the anteroposterior (see
Fig. 1.12).

The pelvic cavity

This is sometimes described in terms of an imagi-
nary plane bounded in front by the middle of the
symphysis pubis, on each side by the pubic bone,
the obturator fascia and the inner aspect of the

Sacroiliac joint

Fig. 1.12 The pelvic brim



Fig. 1.13 Sagittal section of pelvis. The true and diagonal
conjugate diameters are shown as it is the anteropos-
terior diameter of the outlet

ischial bone and posteriorly by the junction of the
second and third pieces of the sacrum. The ischial
spines lie slightly below this plane. In the
gynaecoid pelvis the cavity is circular and roomy
because the sacrum is inclined backwards, is well
curved and the sacrosciatic notches are wide.

The pelvic outlet

The pelvic outlet (see Fig.1.14) is roughly
diamond-shaped and is bounded in front by the
lower margin of the symphysis pubis, on each side
by the descending ramus of the pubic bone, the
ischial tuberosity and the sacrotuberous ligament
and posteriorly by the last piece of the sacrum (not
the coccyx, which is mobile). Unlike the brim, the
outlet does not have boundaries which lie in a
single plane, but an imaginary plane of the outlet is
described, passing from the lower margin of the
symphysis pubis to the last piece of the sacrum. It
will be noted that the ischial tuberosities lie well
below this plane. In a gynaecoid pelvis the sub-
pubic arch is wide and the tuberosities are far
apart. The shape of the outlet is oval with the long
axis in the anteroposterior diameter.

During pregnancy the ligaments of the sacroiliac
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Fig. 1.14 The pelvic outlet

joints and the symphysis pubis become softened
and there is slightly increased mobility at these
joints. The sacrococcygeal joint allows the coccyx
to move freely backwards during delivery.

The pelvic axis

The axis of the pelvis is an imaginary curved line
which shows the path which the centre of the fetal
head follows during its passage through the pelvis.
It is obtained by taking several anteroposterior
diameters of the pelvis and joining their centres
(see Fig. 1.15).

Pelvic inclination

The pelvic inclination is the angle that any pelvic
plane makes with the horizontal. In the erect
position the brim is normally inclined at 60
degrees. In negroid women this angle may
approach 90 degrees, referred to as steep inclina-
tion of the brim, and because of this the head may
be slow to engage during labour.

The pelvic outlet is inclined at about 25 degrees
to the horizontal.

The inclination of the sacrum is measured differ-
ently. It is the angle between the front of the first
piece of the sacrum and the plane of the pelvic



20 Anatomy and Physiology

Plane of outlet

| "\ Plane of
/ﬁ cavity
(@

Pelvic axis

Fig. 1.15 The angles of the inlet (60°) and outlet (25°) to
the horizontal in a normal standing woman are shown.
The former is the angle of inclination (see text)

brim. It may affect the available space in the upper
part of the pelvic cavity (see Fig. 1.15).

AVERAGE DIMENSIONS OF THE
NORMAL PELVIS

It must be clearly understood that the pelvic
diameters vary just as much as women’s heights
vary, and that the diameters will also be affected by
the pelvic shape. What matters during delivery is
not the absolute size of the pelvis but the size
relative to that of the fetal head. However, in a
woman of average height with a normal pelvis the
following measurements are to be expected.

Diameters of the brim

The anteroposterior diameter of the brim (or true
conjugate) 1s measured from the back of the upper
part of the symphysis pubis to the promontory of
the sacrum and is 11 cm (see Fig. 1.13). The trans-
verse diameter of the brim measures 13.5 cm (see
Fig. 1.12).

Diameters of the pelvic cavity

The plane of the cavity has already been defined.

The anteroposterior and transverse diameters both
measure 12 cm, so in cross-section it is almost
circular.

Diameters of the pelvic outlet

The outlet does not lie in a simple plane like the
brim. The anteroposterior diameter of the outlet is
measured from the lower part of the symphysis
pubis to the lower end of the sacrum (not the
coccyx) and is 13.5 cm (see Fig. 1.13). The trans-
verse diameter i1s measured between the inner
surfaces of the ischial tuberosities and is 11 cm (see
Fig. 1.14).

The average normal measurements are summa-
rized in Table 1.1.

The brim is a transverse oval, the cavity is round
and the outlet is an anteroposterior oval.

Table 1.1

Average dimensions of the normal pelvis

Anterioposterior Transverse
(cm) (em)

Brim 13.5 11

Cavity 12 12

Outlet 11 135

CLINICAL EXAMINATION OF THE
PELVIS

A pelvic examination used to be made early in
pregnancy to confirm the diagnosis of pregnancy
and its duration, to exclude abnormalities of the
pelvic organs and to assess the capacity of the
pelvis. If the woman has miscarried, or has threat-
ened to miscarry previously, it i1s wise to postpone
any internal examination until later. Further, since
in the Western world most women have an ultra
sound examination early in pregnancy, much of
the need for an early clinical vaginal assessment is
removed. A further pelvic examination may be
performed at about the 36th week, when a better
assessment of pelvic capacity can be made, since at
this time the pelvic floor is more relaxed; the size
of the fetal head can also be related to that of the
pelvic brim at this time.

Vaginal assessment of the pelvis

The brim

The sacral promontory cannot be reached with an
examining finger in a normal pelvis unless the



woman is anaesthetized. If it can be felt it 1s likely
that the true conjugate is considerably reduced,
and in such a case it may be possible to estimate the
diagonal conjugate with the exploring finger. This
is the distance between the promontory and the
lower margin of the symphysis pubis. The true
conjugate may be derived by subtracting 1.5 cm
from the diagonal conjugate (see Fig. 1.13).

The pelvic cavity

On vaginal examination a general idea of the
capacity of the pelvic cavity can be gained. The
anterior surface of the sacrum is palpated from
above downwards, noting whether it is straight or
concave. The position of the ischial spines may be
assessed by palpation of the sacrospinous liga-
ments, which should be of a length that will
accommodate three finger-breadths. The spines are
sometimes unduly prominent, but it is the distance
between them rather than their prominence that
matters.

The pelvic outlet

The intertuberous diameter can be determined by
external palpation, but vaginal examination gives
the best assessment of the width of the subpubic
arch and of the position of the sacrum.

The pelvic floor

Although this is not part of the bony pelvis it is
mentioned here because it forms part of the birth
canal and plays an important part in the mecha-
nism of labour. The two levator ani muscles, with
their fascia, form a musculofascial gutter during
the second stage of labour, with the opening of the
vagina looking forward between the sides of the
gutter (see Fig. 1.16). The pelvic floor directs the
most salient portion of the presenting part for-
wards under the subpubic arch.

THE FETAL SKULL

The fetal skull may be divided into the vault, face
and base. By the time of birth the bones of the face
and base are all firmly united, but the bones of the
vault are not so well ossified, being joined only by
unossified membranes at the sutures. During
labour the bones of the vault can undergo moxld-
ing, by which the shape of the skull can be altered
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Fig. 1.16 The levator sling

by overriding the cranial bones with reduction of
some of its diameters.

The bones which form the vault are the parietal
bones, and parts of the occipital, frontal and
temporal bones (see Fig. 1.17). At birth the frontal
bone is divided into two parts. Three sutures are of
obstetric importance:

Posterior fontanelle

Sagittal suture

Coronal suture

Frontal suture

Vertex Anterior fontanelle

Parietal bone Frontal bone

Posterior

fontanelle Coronal

suture

Occipital bone

Mandible
Fig. 1.17 The fetal skull. Superior and lateral views

Temporal bone
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* the sagittal suture lies between the superior
borders of the parietal bones

e the frontal suture, which is a forward continua-
tion of the sagittal suture, lies between the two
parts of the frontal bone

* the coronal suture lies between the anterior
borders of the parietal bones and the posterior
borders of the frontal bones.

Fontanelles

The points of junction of the various sutures are
termed fontanelles; the anterior and posterior fon-
tanelles are important in obstetrics.

The anterior fontanelle lies where the sagittal,
frontal and coronal sutures meet. The posterior
fontanelle lies at the posterior end of the sagittal
suture, between the two parietal bones and the
occipital bone.

The position of these two fontanelles, when felt
on vaginal examination, indicates in which direc-
tion the occiput is pointing and the degree of
flexion or extension of the head.

The anterior fontanelle (or bregma) is much the
larger of the two, is roughly kite-shaped, has four
sutures running into it, is always patent at birth
and takes about 20 months to close. The posterior
fontanelle is triangular in shape, has three sutures
running into it, in most cases cannot be felt as a
space during labour and closes soon after birth.

The area of the fetal skull bounded by the two
parietal eminences and the anterior and posterior
tontanelles is termed the vertex. It is the part of the
head which presents in normal labour.

DIAMETERS OF THE FETAL SKULL

The diameters of the fetal skull which are impor-
tant in the mechanism of labour may be divided
into vertical, longitudinal, and transverse.

Vertical and longitudinal diameters

The fetal head is ovoid in shape. In normal labour
the head is well flexed so that the least diameters of
the ovoid, namely the suboccipitobregmatic and
biparietal (transverse) diameters are those which
engage. The suboccipitobregmatic diameter is
measured from the suboccipital region to the cen-
tre of the anterior fontanelle (bregma) and in the
normal head at term is 9.5 cm (see Fig. 1.18).

If the head is less well flexed the suboccipito-

Fig. 1.18 The suboccipitobregmatic diameter of 9.5 cm,
engaged in the pelvis when the head is fully flexed

frontal diameter is involved. This is taken from the
suboccipital region to the prominence of the fore-
head and measures 10 cm. This is the diameter of
the head which passes through the vulval orifice at
the moment of delivery of the head (see Fig. 4.7).

With further extension of the head the occipito-
frontal diameter engages. This is measured from
the root of the nose (glabella) to the posterior
fontanelle and is 11.5 cm. This is the diameter that
meets the pelvis with a persistent occipitoposterior
position (see Fig. 1.19).

The greatest longitudinal diameter is the mento-
vertical, which 1s taken from the chin to the
furthest point of the vertex and measures 13 cm.
This is the diameter which is thrown across the
pelvis in a brow presentation (see Fig. 1.20) and is
too large to pass through a normal pelvis.

Beyond this point further extension of the head
so that the face presents results in a smaller vertical
diameter, that is the other end of the ovoid pre-
sents. The submentobregmatic diameter is taken
from below the chin to the anterior fontanelle and
measures 9.5 cm (see Fig. 1.21).

Transverse diameter

The biparietal diameter, measured from one parie-
tal eminence to the other, is 9.5 cm (see Fig. 1.22).



Fig. 1.19 The occipitofrontal diameter of 11.5cm,
engaged in the pelvis in a face to pubis position

PROCESSES OF THE DURA MATER

The great folds of the dura mater, the falx cerebri
and the tentorium cerebelli, act in some degree as
internal ligaments, resisting too great deformation
of the fetal head both in the longitudinal and the
transverse directions. If moulding is excessive, or if
the fetal head is subjected to severe and sudden
stresses, these parts of the dura mater are liable to
be torn; some of the great venous sinuses are then
in danger of rupture. These are the inferior longi-

Fig. 1.20 The mentovertical diameter of 13 cm meeting
the pelvis in a brow presentation
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Fig. 1.21 The submentobregmatic diameter of 9.5 ¢cm,
engaged in the pelvis in a face presentation with the head
completely extended

tudinal sinus, running in the free edge of the falx
cerebri and receiving the great cerebral veins of
Galen from the brain, and the straight sinus run-
ning between the falx cerebri and the tentorium
cerebelli.

DIAMETERS OF THE FETAL TRUNK

The bisacromial diameter is taken between the
parts furthest apart on the shoulders and is 12 cm.
The bitrochanteric diameter measures 10 cm.

Fig. 1.22 Biparietal diameter, 9.5 cm
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Although the anatomical and physiological chan-
ges that occur during pregnancy chiefly involve the
genital tract and the breasts, many other inter-
related changes occur in other systems of the

body.

Endocrine and paracrine changes

Placental proteins and hormones mostly increase
in concentration in the blood through pregnancy.
Some, however, like human chorionic gonado-
trophin (hCG) are early pregnancy agents; after
peaking at the time of their maximum need, their
levels are reduced (see Fig. 1.23). Oestrogen and
progesterone influence ovarian and pituitary func-
tion, maintain the decidua, initiate the growth of
the myometrium, increase the vascularity of the
whole genital tract and cause proliferation of the
glandular tissue of the breasts. These substances
have secondary effects, including the retention of
water in the body, relaxation of smooth muscle,
and possibly relaxation of pelvic ligaments.

Changes due to uterine enlargement

The increased blood flow through the uterus cau-
ses substantial changes in the maternal circulation,
and the enlarged uterus alters the general posture
and affects the mechanism of respiration.

s

Progesterone

hPL
— Oestriol
-~

1 1 1 | |
15 20 25 30 35 40
Weeks of pregnancy

5 10

Fig. 1.23 Blood levels of hormones during pregnancy

Metabolic changes

The fetal requirements of oxygen and food sub-
stances, the growth of the uterus and preparation
for lactation affect the mother’s metabolism and
dietary needs.

Details of some of these changes are as follows:

ENDOCRINE AND PARACRINE SYSTEM

Trophoblastic hormones and proteins

The trophoblast produces large amounts of hCG,
particularly in the first trimester of pregnancy (see
Fig. 1.23). High concentrations of this substance
prolong the lifespan of the corpus luteum; this in
turn continues to produce oestrogen and proges-
terone and so to maintain the uterine decidua until
the output of oestrogen and progesterone from the
placenta rises. The decidua (gestational endomet-
rium) in turn increases the rate of synthesis of
prostaglandins and secretory proteins.

The cardinal symptom of pregnancy, amenor-
rhoea, is dependent upon continuing production of
progesterone and oestradiol by the corpus luteum
to sustain the decidua (see Fig. 1.24). The luteo-
trophic action of rising concentrations of hCG
extends the life of the corpus luteum and gonadal
steroid production for at least 8 to 10 weeks, until
the developing placenta is sufficiently mature to
assume the synthesis of progesterone and oestriol.
Thereafter, involution of the corpus luteum of
pregnancy occurs.

It is interesting to note that the principal func-
tion of the ovary in early pregnancy is to produce
these two hormones and little else, as evidenced by
successtul pregnancy following ovum donation in
women with ovarian agenesis or premature meno-
pause who seem only to require synthetic proges-
terone and oestrogen for the first trimester. In
addition, the extensive structural changes in the
endometrium as it becomes decidua are reflected
by at least a quantitative alteration in the synthesis
of secretory proteins by the various cell types of
the endometrium. The most striking change 1s seen
in the rate of production of the major secretory
protein of the glandular epithelium, progestogen-
dependent endometrial protein, and also of the
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stromal cell types which produce insulin-like
growth factor binding protein. Current research
may reveal that serum levels of these proteins will
provide the first non-invasive tests of endometrial
and decidual function.

Embryonic development can also be reflected in
the maternal bloodstream by changes in serum
concentrations of alpha-fetoprotein (AFP) which
in pregnancy is derived from endodermal tissues.
AFP and other substances of embryonic origin are
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present in the highest concentrations in amniotic
fluid, and in lesser amounts in maternal peripheral
blood (see Fig. 1.25). These and other endocrine
events are largely responsible for initiating the
metabolic and physiological adaptations which
prepare for pregnancy and parturition.

The common symptoms of pregnancy — morn-
ing sickness, breast changes and urinary frequency
— which happen early in the first trimester are most
likely to be caused by the hormonal changes, and
as the second trimester is entered, abdominal
swelling or distention due to the growing uterus is
evident.

Large amounts of oestrogens and progesterone
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are found in the blood and urine during pregnancy,
at first secreted by the corpus luteum, then by the
placenta after the 12th week. The oestrogen which
appears in the largest quantity in maternal urine
during pregnancy is oestriol. This is formed in the

lacenta from precursors which come from the
Fetal suprarenal cortex and liver.

The blood progesterone level rises during preg-
nancy, and there?ore the urinary excretion of the
metabolite pregnanediol increases. Even if the cor-
pus luteum is removed in early pregnancy the
hormone levels continue to rise as the placenta
produces large quantities of these hormones. Oes-
trogen and progesterone maintain the decidua of
pregnancy, cause the growth and hyperaemia of
the uterus and lower genital tract, and the hyper-
aemia and development of the breasts. Oestrogen
stimulates synthesis of prolactin via the pituitary
gland, but together with progesterone it inhibits
the lactogenic effect of human placental lactogen
(hPL) and prolactin.

Other maternal endocrine changes

During pregnancy the anterior lobe of the pitui-
tary gland undergoes hypertrophy, with an
increase of both acidophil and basophil cells due to
the influence of increased oestrogen. No anatom-
ical changes are evident in the posterior lobe of the
pituitary gland.

The thyroid gland is slightly enlarged during
pregnancy, and the basal metabolic rate is
increased.

There is an increased concentration of adrenal
hormones in both the blood and the urine. The
observation that rheumatoid arthritis often under-
goes a remission during pregnancy led to research
which identified and pioneered the use of gluco-
corticoids. There is also some increase in the
excretion of mineralocorticoids (aldosterone).

THE UTERUS

During pregnancy the uterus is adapted to contain
the growing fetus and placenta, and it also under-
goes changes in preparation for its task of expelling
the fetus during labour. The changes include devel-
opment of the decidua, hypertrophy of the muscle
coat, increased vascularity, formation of the lower
segment and softening of the cervix.

At term the uterus is about 35cm long and
23 cm in diameter. It weighs 1 kg, in contrast to the

non-pregnant uterus which weighs 65 g. The preg-
nant uterus is usually slightly rotated on its long
axis, so that the anterior surface faces a little to the
right, and the fundus may also be inclined to one
or other side, most often the right. The enlarge-
ment of the uterus is greatest at the fundus, so that
the points of entry of the Fallopian tubes appear to
lie well below the top of the uterus.

The enormous growth of the myometrium dur-
ing pregnancy is caused by two factors — hormonal
stimulation and distension. During early preg-
nancy the embryo does not fill the uterine cavity,
and distension has no influence at this stage. An
identical uterine enlargement occurs in cases of
ectopic pregnancy when the embryo is outside the
uterus. The growth is brought about by the action
of oestrogen and progesterone. Later, as the fetus
grows, the distension of the uterus owes much to
the increasing mass of fetus, placenta and amniotic
fluid.

In early pregnancy active mitosis can be seen in
the connective tissue and muscle cells, and the
enlargement of the uterus is largely due to an
increase in the number of cells. Later in pregnancy
the enlargement is due chiefly to hypertrophy of
the individual cells, and cell division is less active.
At term each muscle cell is about 10 times as long
as it was before pregnancy. The blood supply to
the uterus is greatly increased and, especially under
the placental site, the veins become converted to
large sinuses, thicker than a pencil.

At term the wall of the uterus appears thin in
relation to the enormous enlargement of the cavity,
but in fact it is still about 1 cm thick. In late
pregnancy there are three layers in the muscular
wall of the uterus (see Fig. 1.26):

* a thin outer layer of fibres that arches over the
tundus and is continuous laterally with the
muscle of the round ligaments

* athick intermediate layer, consisting of a mesh-
work of interlacing fibres, which surrounds the
blood vessels. The contraction of this layer will
stop the blood flow in the vessels, and it is the
strong contraction of this layer which prevents
dangerous haemorrhage from the large pla-
cental sinuses in the third stage of labour

* athin inner layer arranged in a circular fashion,
especially around the internal os and around
the tubal openings.

During pregnancy the uterus contracts from time
to time (Braxton Hicks contractions), and contrac-



Circular muscle

Fig. 1.26 Muscle layers in uterus

tions can be stimulated by abdominal palpation.
These contractions are not so strong or regular as
those of labour, and are painless.

The ovarian and uterine arteries and veins are
greatly enlarged.

THE CERVIX

Although the cervix hypertrophies to some extent
during pregnancy, this is not to the same extent as
the body of the uterus. The cervix becomes softer
because of increased vascularity and a great
increase in the gland spaces. The glands are dis-
tended with mucus, and the pattern of the glands
becomes far more complex, so that the cervix
seems to contain a honeycomb filled with mucus;
this is sometimes described as a mucus plug. On
inspection the cervix has a purple tinge from
venous congestion.

The cervix remains elongated until the end of
pregnancy, although in multiparae the external os
tends to be patulous. An effective internal os is of
importance in retaining the embryo safely within
the uterine cavity; with an incompetent cervix
there is a considerable risk of abortion, or of
premature rupture of the membranes.
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Because of the great activity of the columnar
epithelium of the cervix, and the increased secre-
tion of mucus, it is common for the stratified
epithelium on the vaginal surface of the cervix to
be replaced by an outward extension of columnar
epithelium - referred to as cervical ectropion. Such
an appearance is not abnormal during pregnancy,
and it will usually disappear in the puerperium.

The vagina and vulva

The increased vascularity already described in the
cervix affects the vaginal walls a little later, and
they eventually show the purple coloration right
down to the vulva. The vaginal walls become
softened and relaxed, and the same change occurs
in the perineal body.

The watery transudation that normally occurs
through the vaginal wall is increased during preg-
nancy. The hypertrophied cervical glands secrete
more mucus, and this is added to the vaginal
transudate and desquamated vaginal cells, so that
the total discharge from the vagina is increased.
The vaginal secretion is acid in reaction (pH 4.5 to
5) and 1s some protection against ascending infec-
tion.

Under the influence of placental hormones the
vaginal epithelium is very active, and in a smear
desquamated cells often have their lateral edges
rolled over, so that they appear boat-shaped
(navicular cells); these cells are usually clumped
together. This normal epithelial activity should not
be mistaken for carcinoma in situ.

As pregnancy advances the vulva shares in the
increased vascularity and shows some swelling in
consequence. Varicose veins may appear.

THE BREASTS

During pregnancy the secretion of oestrogen in
large amounts causes thickening of the skin of the
nipple and active growth and branching of the
underlying ducts. The added action of progester-
one causes proliferation of the glandular epithe-
lium of the alveoli (see Fig. 1.27). Neither of these
hormones causes the active secretion of milk,
which only begins after delivery when the level of
oestrogen falls and that of prolactin, from the
anterior lobe of the pituitary gland, rises.

Slight changes in the breasts occur in the men-
strua% cycle, under the influence of oestrogen and
progesterone, and the breasts may become tense
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Fig. 1.27 Alveoli, the basic units of the mammary gland

and uncomfortable for a few days before the onset
of the period. If pregnancy occurs these changes
are more marked. The earliest change is a swelling
of the breasts, especially at the periphery. The
lobules of the gland can be felt easily and are
harder than normal, these changes producing a
knotty feeling in the breast. At the same time the
breasts become a little tender, and the woman
often describes a prickly sensation in them. The
increased blood supply is shown by a very obvious
network of veins under the skin. As a result of
congestion, followed by actual growth of the glan-
dular tissue, the breasts become more prominent.
Plethysmographic studies have shown that each
breast may increase in volume by about 200 ml, an
increase of about one-third.

By about the 12th week of pregnancy the glands
begin to secrete a clear fluid, which will appear in
droplets if the breast is squeezed towards the
nipple. Towards the end of pregnancy this secre-
tion becomes more copious and is yellow in colour
and creamy in consistence. It is then known as

colostrum, and consists of water, fat, albumin, salts
and colostrum corpuscles. The latter are cells shed
whole from the gland acini, and filled with fat
droplets. When the milk secretion is eventually
established colostrum corpuscles are not found in
it, because the fat is discharged from the secreting
cells into the lumina of the acini, and the cells
themselves are not detached.

Changes also occur in the nipple, which
becomes larger and more readily erectile. The
areolar skin is active and slightly raised above the
surrounding skin. The areola often becomes pig-
mented, the change being most marked in women
with darker hair and skin. Once the pigmentation
has occurred it persists as a permanent change. The
sebaceous glands on the areola are very active in
pregnancy, and can be seen as a ring of about 12 to
20 small tubercles (Montgomery’s tubercles).

At about the 20th week of pregnancy, in dark-
skinned women, further pigmentation may occur
on the skin beyond the margin of the areola. This is
termed the secondary areola, and is not a uniform



pigmentation, but takes the form of patchy streaks.
The secondary areola disappears after pregnancy.

Sometimes outlying lobules of mammary tissue
are found in the axillae; they enlarge during preg-
nancy and may form comparatively large swel-
lings. Such an axillary tail has inadequate drainage
to the main duct system, and so may become tense
and painful when lactation begins.

THE ABDOMINAL WALL

The muscles of the abdominal wall become stret-
ched to accommodate the enlarging uterus, and
although, in perfect health, subsequent recovery is
complete, in not a few multiparae some loss of tone
of these muscles persists. In late pregnancy the
umbilicus may be lI"ial':tmu:d out, or even protrude.

Stretching of the abdominal skin may cause the
formation of striae gravidarum. These are due to
rupture of the elastic fibres of the skin, and they
appear as curved lines, roughly concentric with the
umbilicus; they may also be seen on the loins or
thighs, and sometimes on the breasts. At first the
striae are pink or red, but after delivery they
become silvery-white. Not all women develop
striae; perhaps one-third do not. It is unusual to
see striae in other conditions in which the abdomi-
nal wall is stretched, such as large ovarian cysts or
ascites. The fact that they are frequently seen in
Cushing’s syndrome, when there is high level of
glucocorticoids in the blood, as there is in preg-
nancy, has led to the suggestion that the striae are
partly affected by the action of these hormones.

Pigmentation of the line from the pubes to the
umbilicus (the linea nigra) may be seen, especially
in dark-skinned women, and may persist in part
after the pregnancy.

THE PELVIC JOINTS

The pelvic hyperaemia causes some softening and '

slight relaxation of the ligaments of the sacroiliac
joints, and of the ligaments and fibrocartilage of
the symphysis pubis, the mobility of which is
slightly increased in pregnancy. In some animals a
specific hormone, relaxin, derived from the ovary
or in some species from the placenta, causes
relaxation of the pelvic joints, but it is uncertain
whether such a hormone plays any part in human

physiology.
The changes so far described have mostly been
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those directly related to the genital tract and the
breasts. Numerous other changes occur in the rest
of the body, and nearly every system is involved in
some change. Yet pregnancy is a physiological and
not a pathological process, and many women both
feel and appear to be in better general health
during pregnancy than at other times. Given good
previous nutrition and sound emotional adjust-
ment, the physiological changes of pregnancy are
not to be regarded as a strain on the mother’s
health, but merely as a temporary adaptation to a
normal function.

MATERNAL METABOLISM DURING
PREGNANCY

Weight gain

The body weight increases during pregnancy. The
total gain varies between 7 and 17 kg in normal
cases, with an average of 12.5 kg. Aftcr the 12th
week the average normal gain is about 0.35-0.45 kg
per week (see Figs 1.28 and 1.29).

A fetus weighing 3.4 kg, a placenta of 0.65 kg,
ammotlc fluid nghmg 0.8 kg, a uterus of 1 kg,
and an increase in the weight of the breasts of
0.8 kg would account for a total gain of 6.65 kg.
The average additional gain of 6 kg represents the
weight gained by the rest of the maternal tissues,
due partly to fluid retention (1.5 kg), and partly
due to increase in the body fat and protein.

During pregnancy, apart from the water con-
tained in the fetus, placenta and amniotic fluid,
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Fig. 1.28 Maternal weight gain in pregnancy (Mean
+1SD)
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there is a considerable retention of water in the
maternal tissues, chiefly in the extracellular com-
partment, including the blood plasma. The follow-
ing figures illustrate the typical increase in body
water found in maternal tissues at term:

increase in intracellular water 550 ml
increase in extracellular water
intravascular (plasma) 900 ml
extravascular 1850 ml
Total 3300 ml

Corresponding quantities of sodium are retained
and it is believed that this retention of salt and
water is due to the high concentrations of sex
steroids during pregnancy, although the part
layed by mineralocorticoids has not yet been
Fully determined.

Metabolic changes

The basal metabolic rate during pregnancy is
increased by between 10 and 25 per cent, but if
allowance is made for the metabolism of the fetus
and its supporting tissues, the basal metabolic rate
of the maternal tissues is probably unaltered. Free
thyroxine levels in the blood are normal or slightly
reduced.

During pregnancy the total need for calories is
increased by 80 000 kcal, to maintain the fetus and
additional maternal tissues. Apart from fluid reten-
tion in cases of hypertension, abnormal weight
gain during pregnancy and the puerperium is often
due to simple overeating, chiefly by an excessive
intake of carbohydrate.

During pregnancy the renal threshold for the
excretion of sugar from the blood is often lowered,
so that glucose may appear in the urine although
the blood sugar level is normal. This condition is of

no importance but it must be distinguished from
true or gestational diabetes, by a glucose tolerance
test if necessary. Glycosuria is probably the result
of increased glomerular filtration, which allows so
much glucose to enter the tubules that they are
unable to absorb it all. Lactose may appear in the
urine during lactation, but is not found during
pregnancy

A high protein intake, amounting to a total extra
requirement of 900g, is needed to supply the
growing fetus, placenta, uterus and breasts. In spite
of an increased excretion of amino acids during
pregnancy, sufficient nitrogen is retained for the
maternal and fetal needs.

There are also changes in lipid metabolism dur-
ing pregnancy; the total lipid requirement during
pregnancy being 3.5 kg. Plasma levels of triglycer-
ides, cholesterol and free fatty acids rise, and there
is a greater tendency to ketosis.

The maternal diet must not only supply the
protein, carbohydrate and fat required, but also the
essential minerals and vitamins. An ordinary diet
provides adequate amounts of most of these sub-
stances, but in the case of iron and calcium there is
some risk of a deficit, particularly during the last
trimester when the fetal uptake is greatest. The
fetal body at term contains about 30 g of calcium,
but even with this large demand, a mother taking a
first class diet will maintain her calcium reserve
during pregnancy. However, with a less favourable
diet there may be a deficiency in late pregnancy
which leads to decalcification of the maternal
bones and dentine. Recalcification quickly occurs
after lactation has been completed if the diet
contains adequate calcium.

In the case of iron only about 1.2 mg is usually
assimilated daily, an amount insufficient to meet
the fetal needs, especially in late pregnancy. In
addition the mother forms additional red cells
during pregnancy. Her blood volume is increased,
and although the amount of haemoglobin per
millilitre may be reduced, the increase in blood
volume outweighs this, so that the total amount of
haemoglobin in the maternal body is increased.
Even in health, and with a normal diet, the mater-
nal iron reserves in the liver, spleen and marrow
may therefore be reduced during pregnancy. Not
all the iron so used is lost; apart fr f m the 1ron in
the fetal tissues and blood, and the maternal blood
lost at delivery, the iron built up into additional
maternal red cells during pregnancy is later
returned to her reserves.
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CHANGES IN THE BLOOD DURING
PREGNANCY

The total blood volume is increased during preg-
nancy by about 30 per cent (see Fig.1.30). The
uterine wall and the maternal blood spaces in the
placenta contain a large volume of blood, perhaps
800 ml. The increase in blood volume is an adapta-
tion to supply the needs of the new vascular bed.
Although the total number and volume of red cells
increase by about 20 per cent, the plasma volume
increases by about 50 per cent, with the result that
the blood becomes more dilute and the red cell
count and the haemoglobin concentration fall. A
red cell count of 4 million per mm’ and a haemo-
globin concentration of 11 g per 100 ml are usually
accepted as normal during pregnancy. Although
such levels are commonly observed in completely

healthy women in pregnancy, if supplemental iron
is given in a form that is well absorbed then in
many of these women the red cell count and
haemoglobin concentration remain higher. The
question which is still by no means decided is
whether this gives any additional benefit. How-
ever, many women have poor iron reserves and
inadequate diets, and for them iron supplements
are essential.

A very high leucocytosis is often observed dur-
ing labour and the early puerperium, but not
during normal pregnancy, when the count does
not exceed 11000 per mm’ (see Fig.1.31). The
platelet count is normal. The erythrocyte sed-
imentation rate is much increased during normal
pregnancy. Readings of up to 100 mm per hour are
not unusual without any detectable abnormality.
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Fig. 1.31 There is an increased white cell count in pregnancy mostly made up of polymorphonuclear leucocytes

CHANGES IN THE CIRCULATION
DURING PREGNANCY

The cardiac output rises from 4.5 1/min to 6 [/min
during the first 10 weeks of pregnancy, remaining
at the higher level until after delivery (see
Fig. 1.32). The systolic blood pressure is unaltered
during normal pregnancy but the diastolic pressure
is reduced in the first and second trimester, return-
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ing to non-pregnant levels by term. The pulse rate
rises by between 8 and 16 beats per minute so that
the greatly increased cardiac output must be ach-
ieved by the expulsion of 70-80 ml more blood
from the heart at each beat. This extra cardiac work
is well within the reserve of the normal heart. The
heart is displaced upwards in late pregnancy and
the apex is rotated outwards, so that the apex beat
is displaced outwards and the electrical axis is

|
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Fig. 1.32 Cardiac output pregnancy



altered. There may be slight left axis deviation in an
electrocardiograph, but there is little evidence of
muscular hypertrophy.

The large blood flow through the uterus may be
regarded as an arteriovenous shunt across the main
circulation, and the increase in cardiac output and
in the blood volume may be related to this. In
addition, there is increased renal blood flow and
some dilatation of peripheral vessels. The hands
and feet are often noticeably warm during preg-
nancy, and the skin capillaries are dilated.

The enlarged uterus interferes with the venous
return from the legs, so that there is stasis in the
large veins and slight oedema of the ankles may
occur, even in normal pregnancy. Because of this
interference with venous return, some women
complain of faintness when lying on their backs
(supine hypotension); haemorrhoids or varicose
veins may appear for the first time or become
worse during pregnancy.

Changes in the respiratory system during
pregnancy

Pulmonary ventilation is increased by about 40 per
cent, as a result of increased tidal volume. Oxygen
requirements only increase by 20 per cent and the
overbreathing leads to a fall in Pco,. The low Pco,
gives rise to a sensation of dyspnoea, which may be
accentuated by elevation of the diaphragm. When
the fetal head engages in the pelvis in late preg-
nancy this breathlessness diminishes (see
Fig. 1.33).

Changes in the alimentary tract during pregnancy

The most striking change in the digestive function
in pregnancy is nausea or morning sickness, which
occurs to a greater or lesser degree in about a third

Vital capacity |
— Thoracic outline
. . in pregnanc
Inspiratory capacity * o ’

Tidal volume 1 (40%)

Non-pregnant

Diaphragm raised :
Pnrag outline

Subcostal angle 68 - 103°

Fig. 1.33 Change in respiratory function in pregnancy
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of pregnancies. It begins at the 6th week and stops
spontaneously before the 14th. Although it is
generally limited to the early morning it may occur
at other times of the day. Usually the symptoms
are slight; excessive or prolonged vomiting 1s cer-
tainly pathological.

Appetite and thirst increase during pregnancy,
but minor digestive upsets are common, probably
due to the relaxant effect of progesterone on
smooth muscle. Sometimes gastric or intestinal
distension occurs, and especially in early preg-
nancy this causes a feeling of abdominal enlarge-
ment. Heartburn is a common complaint, and is
caused by relaxation of the cardiac sphincter of the
stomach. In a few of the more severe cases this
symptom is caused by a hiatus hernia. The empty-
ing time of the stomach is prolonged during preg-
nancy, and even more so during labour. This is of
considerable importance in relation to the risk of
vomiting during anaesthesia. The gastric acidity is
often reduced, and peptic ulcers almost invariably
become quiescent during pregnancy.

Constipation is not uncommon, and this,
together with the pelvic hyperaemia and pressure
of the enlarged uterus, may lead to the formation
or increase in size of haemorrhoids.

___————Renal enlargement
increase in cell size

__—— Non-pregnant kidney
and ureter

_——— Ureteric and
pelvicalyceal
dilatation (90%)

}Vesico-ureterie reflux (30%)

Fig. 1.34 Changes in urinary tract in pregnancy
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Changes in the urinary tract during pregnancy

There is progressive increase in the glomerular
filtration rate and renal plasma flow, starting in
early pregnancy and reaching 50 per cent at term.
A progressive fall in plasma creatinine levels from
73 pmol/l to 47 p.mo]gl at term occurs, and there is
a similar fall in plasma urea from 3.5 to 3.1 mmol/L.
Values considered normal in a non-pregnant wom-
an may therefore indicate impaired renal function
during pregnancy. The cumulative water retention
in pregnancy is 7.51, together with 950 mmol
sodium. This is due largely to increased aldoster-
one, renin and angiotensin I and II.

Frequency of micturition occurs during the first
12 weeks, when the enlarging uterus is still in the
pelvic cavity and presses on the bladder. It may
also occur in the last month of pregnancy when the
presenting part of the fetus is engaging in the
pelvis.

From about the 16th week of pregnancy
onwards there is considerable and progressive dila-

tation of the renal pelvis and of the ureters down as
far as the level of the pelvic brim. Direct measure-
ment of the intraureteric pressure shows that it is
lowered rather than raised, and the dilatation is
chiefly caused by loss of muscle tone, although
pressure from the uterus, displaced to the right by
the descending colon, may explain the greater
degree of change which is usually seen on the right
side. The reduction in tone, which is thought to be
caused by progesterone, is important in relation to
pyelonephritis during pregnancy. The dilatation
disappears during the puerperium, so long as there
is no infection of the tract (see Fig. 1.34).

Changes in immune reactivity

The fetus contains antigens derived from the father
and is therefore an allograft which is foreign to the
mother. The reasons why the mother’s immune
system does not reject the fetus are not fully
understood. One suggestion is that, as there is no
expression of either classical class T or class II



MHC antigens by human chorionic villous tro-
phoblast throughout gestation, cell mediated rejec-
tion is not activated. The immunological changes
in pregnancy seem to be relatively minor. They
include a 30 per cent increase in neutrophils, a
decrease in helper T-cells, a slight reduction in
IgG, an increase in IgD and a slight depression in
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cell-mediated immunity. These and other
unknown factors may limit, rather than abolish,
the immunological response and a restrained rejec-
tion process may be necessary to prevent excessive
growth of the placenta. Many diseases which are
thought to have an autoimmune basis tend to remit
In pregnancy.

FURTHER READING

Austin C.R. and Stuart R.N. (1982) Embryonic and Fetal
Development. Cambridge University Press, Cam-
bridge.

Chamberlain G. and de Swick M. (1992) Basic Science in
Obstetrics and Gynaecology. Churchill Livingstone,
London.

Edward R. (1980) Conception in the Human Fetus.
Academic Press, London.

Hylten F. and Chamberlain G. (1990) Clinical Physiol-
ogy in Obstetrics. Blackwell Scientific Publications,
Oxford.

Moore K. (1988) The Developing Human. W.B. Saun-
ders Co., Philadelphia.






NORMAL PREGNANCY

CLINICAL SIGNS AND DIAGNOSIS OF PREGNANCY

THE DURATION OF PREGNANCY

In cases in which pregnancy has followed a single
coitus the average duration of pregnancy from the
date of intercourse is 266 days. If the calculation is
made from the first day of the last menstrual
period (LMP) the average duration is 280 days
because ovulation most frequently occurs on the
14th day of a 28-day menstrual cycle. However,
there is considerable variation in the duration of
normal pregnancy, even in cases in which the
menstrual cycles were previously regular and of
normal length, and also in cases in which the date
of a single coitus is known.

SYMPTOMS OF PREGNANCY
AMENORRHOEA

Amenorrhoea is the earliest symptom of preg-
nancy. If a healthy woman, whose menstrual peri-
ods were previously regular, has a sudden cessation
of her periods the presumption must always be
that she is pregnant unless some other cause of the
amenorrhoea can be found. Amenorrhoea does not
have the same significance in the case of a woman
whose periods were previously irregular, nor may
it have any significance in a woman of menopausal
age. Pregnancy has been known to occur in a

young girl before a menstrual period has been
observed, and it can arise during a period of
amenorrhoea, for example during lactation or fol-
lowing discontinuation of oral contraception.

Conversely, difficulty may arise if there is bleed-
ing during early pregnancy. Such bleeding may
come from the cavity of the uterus before the
decidua capsularis fuses with the decidua vera, but
it is not to be regarded as menstrual bleeding.
Women with slight bleeding in the early weeks of
pregnancy may prove to be completely normal,
but such bleeding may be the first indication that
the embryo is dead or dying.

BREAST SYMPTOMS

In the early weeks of pregnancy some tenderness
and fullness of the breasts may be noticed.

FREQUENCY OF MICTURITION

During the first 12 weeks, when the uterus is still a
pelvic organ, there is often some frequency of
micturition, because the enlarging uterus presses
on the bladder lightly, particularly when the wom-
an is standing in the daytime.
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ABDOMINAL ENLARGEMENT

Many women notice some abdominal fullness in
early pregnancy at a time when the uterus is not
much enlarged. This can only be the result of slight
intestinal distension or a progesteronal effect on
the muscles of the anterior abdominal wall. Later
on the uterine enlargement becomes evident, and
sometimes it is this that first brings the woman to
the doctor, especially in a case in which the
menstrual periods were previously irregular. On
the other hand, a woman sometimes thinks that she
is pregnant because of abdominal swelling from
some other cause, such as fat or an ovarian cyst.

FETAL MOVEMENTS

A primigravida usually first feels fetal movements,
called quickening, between the 16th and 20th
weeks of pregnancy, but multiparae may recognize
the movements about 2 or 3 weeks earlier. At first
the movements are slight, and may be confused
with wind. This very subjective symptom is not of
much value in the diagnosis of pregnancy.

SIGNS OF PREGNANCY

It will be seen that it is not possible to make a
certain diagnosis of pregnancy from any of the
symptoms given above, although a combination of
them may be highly suggestive. The clinical diag-
nosis of pregnancy, especially in the first third,
depends on a combination of symptoms and signs,
and in every case an examination to seek confirma-
tory physical signs is required. Only when the
pregnancy has advanced far enough for the parts of
the fetus to be recognized clearly, for fetal move-
ments to be palpable, or the fetal heart sounds to
be heard, can the physical signs be said to be
absolute.

The ultrasound demonstration of the embryonic
heart activity, which is now possible using a trans-
vaginal probe, within 7 weeks of the LMP, or 4
weeks after implantation is an absolute sign of
pregnancy. Subsequently, fetal structures can be
easily visualized with ultrasound either by abdom-
inal or vaginal routes.

SIGNS DUE TO CHANGES IN THE
UTERUS

Enlargement of the body of the uterus

A slight enlargement of the body of the uterus is
the earliest alteration which can be detected clini-
cally, but it is difficult to be certain of this if the
woman has had a previous pregnancy. On biman-
ual examination the body is felt to be globular, and
as progressive enlargement occurs the diagnosis
becomes more evident.

Softening of the uterus and cervix

Softening of the uterus due to its increased vascu-
larity is a useful sign to the experienced obste-
trician. Although there are many other causes for
uterine enlargement they do not, as a rule, cause
softening. Softening and blue discoloration of the
cervix soon follow the softening of the uterus, and
are usually complete by the 16th week. When they
are marked they are reliable signs of pregnancy,
but in a few cases the cervix remains firm through-
out pregnancy.

Progressive enlargement of the uterus

By the 12th week the fundus of the uterus is
usually palpable in the abdomen just above the
symphysis pubis and progressive enlargement of
the uterus follows (see Fig.2.1). The fundus
reaches the level of the umbilicus at about the 22nd
week, and is just below the xiphisternum at the
36th week.

A tape measure can be used to measure uterine
size. Once the fundus is distinguishable the
fundal-symphysis length can be measured. A series
of cross-sectional readings lead to Fig. 2.2.

If the presenting part of the fetus then sinks into
the pelvis the fundus descends slightly, so that at
term it is again at the level it occupied at the 34th
week. The level of the fundus may be higher than
expected from the duration of the pregnancy in
cases of multiple pregnancy, polyhydramnios or
fibroids, and at a lower level than expected with a
transverse lie, an abnormal, growth-retarded or
dead fetus. If the fundus is at an unexpected level
an error in the dates is of course to be considered.



Fig. 2.1 Height of fundus

Painless contractions

The pregnant uterus varies in consistency on pal-
pation because it has intermittent painless contrac-
tions. If the woman is easy to examine these may

Fundal height (cm)

Signs of pregnancy 39

be felt even when the uterus is still in the pelvis.
When the uterus rises up into the abdomen the
contractions are more easily felt, and are reliable
evidence that any swelling under examination is in
fact a pregnant uterus.

SIGNS DUE TO THE PRESENCE OF THE
FETUS

Fetal heart sounds

On auscultation of the abdomen with a Sonicaid
the fetal heart sounds may be heard after the 12th
week. The fetal heart rate varies between 120 and
160 beats per minute, and is therefore at roughly
double the rate of the maternal pulse.

Palpation of fetal parts

Abdominal palpation of fetal parts is usually possi-
ble from the 24th week onwards, and at a later
stage the definite recognition of the head, back and
limbs of the fetus is an absolute sign of preg-
nancy.

Fetal movements

During palpation fetal movements may be felt, and

L | 1 | A |

30 32 34 36 38 40

Weeks gestation
Fig. 2.2 Symphysial fundal height chart (+1 SD).
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this is also an absolute sign. These movements can
often be seen as well.

Funic souffle

The funic souffle is occasionally heard if the
Sonicaid happens to lie directly over the umbilical
cord. It is a soft, blowing murmur synchronous
with the fetal heart sounds.

SIGNS DUE TO CHANGES IN THE
BREASTS AND THE SKIN

These have already been described. The primary
areola persists after the first pregnancy and this
sign is therefore useless in the diagnosis of any
subsequent pregnancy. Similarly, secretion can
often be expressed from the breasts of any woman
who has once been pregnant, even when she is not
again pregnant.

HUMAN CHORIONIC
GONADOTROPHIN LEVELS

Pregnancy tests depend on the detection of large
quantities of the gonadotrophic hormone pro-
duced by the trophoblast. This is found in the
maternal circulation and is excreted in maternal
urine after implantation. Human chorionic gona-
dotrophin (hCG) is a glycoprotein. The alpha
subunit is also found in other hormones (e.g. LH,
FSH) but the beta subunit is specific for hCG. The
test may be done on maternal blood (early) or
maternal urine (after 4 weeks’ gestation) (see
Fig. 2.3).

Immunochemical tests (day 35 after LNMP)

If the woman is pregnant her urine will contain
hCG soon after the time of implantation. When
anti-hCG is added to the urine it combines with
the hCG and is neutralized. The mixture is now
tested for anti-hCG with a suitable indicator and if
none is found the test is positive for pregnancy.

If the woman is not pregnant, the urine does not
contain hCG and the anti-hCG remains unfixed
and will react with the indicator. A change in the
indicator shows that the woman is not pregnant.

Anti-hCG is obtained from rabbits or sheep
which have been immunized against hCG. Various
indicators have been used, including hCG-coated
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Fig. 2.3 Structural homology of human chronic gona-
dotrophin (hCG) and the three pituitary hormones, LH,
FSH, and TSH. The a-chain of hCG is biochemically
and immunologically similar to the a-chain of the three
pituitary glycoproteins, hCG and LH are structurally
similar to one another except for a structurally distinct
tailpiece at the terminus of the chain of hCG

latex particles or hCG-coated red blood cells. If
the woman is not pregnant the latex particles are
precipitated or the red cells are agglutinated (see
Fig. 2.4).

The urinary output of hCG, which parallels the
maternal blood levels during pregnancy, rises
rapidly to reach a peak at about 12 weeks and then
falls to a much lower level (see Fig. 1.23). Tests for
hCG may even give negative results after the 16th
week, but by then the diagnosis is easily made
clinically or by ultrasound.

TESTS PERFORMED ON MATERNAL
SERUM OR PLASMA

Immunoassays, such as radioimmunoassays and
enzyme-linked immunoassays can be used to
detect hCG or its beta subunit at implantation, i.e.
7 to 10 days after conception, even before the
period has been missed. These tests are not used
for clinical purposes. Assays for the detection of
the beta subunit are much less likely to give false-
positive results due to cross-reaction with LH.
Radioimmunoassays are now being replaced by
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Fig. 2.4 The principle of agglutination inhibition assay: (a) the test reagents are particles (red cells or latex) coated
with hCG, and an antibody to hCG; (b) when these are mixed with urine containing no hCG, the antibody binds
adjacent particles thus causing agglutination; (c) when the reagents are mixed with urine containing hCG, the latter
combines with the antibody and thus prevents it from binding and agglutinating the particles. The test can be carried
out on slides or in tubes; in the latter a positive result is indicated by deposition of a ring at the bottom of the tube

enzyme-linked immunosorbent assays (ELISA)
which involves a double reaction, with the hCG
sandwiched between the solid-phase antibody and
the enzyme-labelled antibody. When urine con-
taining hCG is run into a tube which has been
coated with antibody, binding occurs, and the
enzyme-linked antibody becomes bound to the
already captured hCG. The addition of an enzyme
substrate, which is broken down by the bound
enzyme, results in a blue colour - a positive end-
point if pregnancy is present. In general ELISA
tests are much more sensitive and more specific
than the agglutination tests, they can detect preg-
nancy at lower levels of hCG ana—sac—'aml:n?e_dl%t
gestation at 8 to 10 days after fertilization (i.c.
before the missed period) (see Fig. 2.5).

High concentrations of hCG are seen in multi-
ple pregnancy, and in hydatidiform mole and
choriocarcinoma when quantitative tests are rou-
tinely used.

Very sensitive hCG tests such as these may give

_positive results for many weeks after a pregnancy

has been delivered, failed or terminated, as small

fragments of tr_ophoblasu@ tissue _continue to

metabolize hCG in minute, but still detectable,
amounts.

False-positive results may occur rarely due to
cross-reaction with LH when elevated levels are
seen in the polycystic ovary syndrome, or together
with elevated FSH in the climacteric or post-
menopausally.

ULTRASOUND DIAGNOSIS OF
PREGNANCY

With a real-time ultrasound scan the gestation sac
can often be diagnosed as early as 5 weeks from the
first day of the last menstrual period, and a week
later echoes from the embryo within the sac can be
obtained and cardiac pulsation may be recognized,
particularly if a transvaginal transducer is used.
Simple and easily portable machines (e.g. Sonicaid,
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Fig. 2.5 Principle of enzyme-linked immunoassay (ELISA). In hCG ELISA, two antibodies are allowed to interact
separately with the « and B subunits of the hCG molecule to form a sandwich around the entire hCG molecule. In
ELISA, the first antibody, bound to the wall of the test tube, binds with a-subunit hCG. A second antibody binds
with the B subunit. Patient serum containing hCG is then added to the polystyrene tube with the immobilized anti-
hCG and allowed to incubate so that binding takes palce. The anti-B hCG, bound to an enzyme label, is added, and
an additional incubation takes place. The sandwich, consisting of the polystyrene-bound anti-a-hCG, the hCG
molecule, and the enzyme-labelled anti-B-hCG is formed. After each incubation, the tube is washed with removal of
unbound enzyme. The labelled antibody forms a blue colour quantitatively in an enzyme-catalyzed colorimetric
reaction. These results are determined visually by comparing the intensity of the blue color developed in a specimen
to that of a positive reference hCG, human chorionic gonadotrophin a- and B-subunits; Aba, monoclonal antibody
to the a-subunit of hCG; AbB, monoclonal antibody to the B subunit of hCG. (Modified from Fletcher, with
permission)

Doptone) are available which employ a different
principle. Ultrasonic waves are emitted by the head
of the machine, which is placed against the skin of
the abdomen. If the waves strike a moving surface,
such as flowing blood, the reflected waves have an
altered wave length, according to the Doppler
principle. The alteration is detected by the appara-
tus, and in the case of the fetal heart the rhythmic
changes in wave length are converted into audible
signals, which are surprisingly similar to the fetal
heart sounds. Blood flowing in any large maternal
vessel will give the same effect, but the character-
istic rate of the fetal heart makes the source of the
signals clear. With these machines the fetal heart
beat can be recognized at the 10th week.

DIFFERENTIAL DIAGNOSIS OF
PREGNANCY

The pregnant uterus has to be distinguished from
other abdominopelvic swellings, of which the
commonest are fibroids, ovarian cysts and a dis-
tended bladder. Pregnancy may of course be pro-
ceeding at the same time as any of these.

Uterine fibroids

When these tumours are deeply placed in the
uterus they may enlarge it symmetrically, and they
are sometimes soft enough to stimulate the con-
sistency of the pregnant uterus. However they do
not cause amenorrhoea and pregnancy tests are
negative.



Ovarian cysts

In many cases, on bimanual palpation, the unen-
larged uterus can be felt separately from the ovari-
an cyst. Ovarian neoplasms will not cause
amenorrhoea except in the unlikely event of their
being bilateral and totally destroying both ovaries.
There is no clinical evidence of the presence of a
fetus, and the pregnancy test is negative. Ultra-
sound examination will clearly show the cyst wall,
an empty uterus and absence of fetal parts.

Distended bladder
The bladder may become distended and then be

mistaken for the uterus if there is retention of urine
from incarceration of a retroverted gravid uterus.
The direction of the cervix and the passage of a
catheter disclose the diagnosis.

Pregnancy associated with fibroids

It can sometimes be difficult to diagnose preg-
nancy in a uterus with multiple fibroids. Preg-
nancy tests and ultrasound examination will be of
value in early pregnancy. Later on small tumours
can easily be mistaken for fetal parts. A fibroid in
the uterine wall is immobile, unlike a fetal limb
which alters its position from time to time. When
the uterus contracts fetal parts become more diffi-
cult to feel, whereas a fibroid may become more
evident.

Pregnancy associated with an ovarian cyst

Two swellings are usually evident, the pregnant
uterus and the cyst, but in some cases they are in
such close juxtaposition that it is not easy to
distinguish them. The combined swelling will then
be larger than expected for the duration of preg-
nancy. Ultrasound scan will reveal the fetus within
the uterus with the cyst as a separate cavity.

PSEUDOCYESIS

Pseudocyesis is a psychological disorder in which
the woman has a false but fixed idea that she is
pregnant. The term does not include the uncom-
mon instances of wilful and conscious deception;
the woman honestly believes that she is pregnant.
Pregnancy fantasies may occur with other delu-
sions in psychoses, but most women with pseudo-
cyesis do not have serious mental illness.
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It 1s frequently, but not always, seen near or
after the menopause, and not invariably in women
without children. There may be amenorrhoea, and
the woman may declare that she has morning
sickness and breast enlargement, and that she can
feel fetal movements. The abdomen may appear
distended, either by air collected in the stomach by
aerophagy, by intestinal distension, by persistent
contraction of the diaphragm with exaggerated
lumbar lordosis or sometimes just by fat. The
shape of the swelling is not that of the pregnant
uterus, fetal parts cannot be felt and the fetal heart
cannot be heard. A pregnancy test or ultrasound
scan will be required but the difficulty is to
convince the woman that she is not pregnant.

THE EXPECTED DATE OF DELIVERY

Since there is no exact means of knowing the time
at which conception occurred, it is usual and
convenient to calculate the date on which delivery
is to be expected from the first day of the last
menstrual period, with the assumption that ovula-
tion took place about 14 days after that. A simple
practical method is to count forward nine calendar
months from the first day of the last period, and to
add 7 days. This gives an average of 280 days, with
a little variation as the lengths of the calendar
months are not uniform. If the previous menstrual
cycles were irregular or prolonged no reliance can
be put on this method. Even if the previous cycles
were regular, in as many as 40 per cent of cases
labour begins more than 7 days before or after the
calculated date (see Fig. 2.6).

An attempt has often to be made to estimate the
probable date of delivery or the maturity of the
gestation when the date of the last menstrual
period is not known: if it has been forgotten, when
conception occurred during a phase of amenor-
rhoea, (for example during lactation) or when
conception took place soon after discontinuation
of oral contraception. When decisions have to be
made towards the end of pregnancy about the
optimum moment for delivery an accurate ultra-
sound record made in early pregnancy may be
found to be extremely useful; these early observa-
tions are more reliable than those made later.

Clinical observations

The date at which the woman first felt fetal
movements gives a very rough indication of maru-
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Fig. 2.6 Numbers of patients delivered each week in a
sample of 13634 single pregnancies (with certain dates of
last menstrual period)

rity. Primigravidae usually feel fetal movements
between 18 and 20 weeks, and multiparae may
recognize the movements a little sooner.

Bimanual examination by an experienced clini-
cian performed between 6 and 12 weeks gives a
fairly accurate assessment of uterine size. Sub-
sequent repeated measurements of the height of
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Fig. 2.7 The distribution of biparietal diameter measure-
ments (5th, 50th and 98th centile) throughout preg-
nancy

the uterine fundus give only approximate esti-
mates, with an error of perhaps plus or minus 4
weeks, and measurements of the abdominal girth
are also an imprecise guide.

ULTRASOUND SCAN

Ultrasound measurements of the fetus provide a
quick, safe and accurate method of dating a preg-
nancy, especially in the first 20 weeks. The crown—
rump length can be measured in the first trimester,
but the biparietal diameter, the abdominal circum-
ference and the femur length are the most useful
observations to record. The measurements are
compared with standard curves showing normal
increments of growth, and there is a straight-line
relationship between the size of the fetal head and
the duration of pregnancy before the 24th week
(see Fig. 2.7).

ANTENATAL CARE

Antenatal care and investigation is an important
part of preventive medicine. Its object is to main-
tain the woman in health of body and mind, to
anticipate difficulties and complications of labour,
to ensure the birth of a healthy infant, and to help
the mother rear the child.

If conducted properly it does more than detect
and treat abnormalities. It should establish contact
and promote understanding between the woman
and those who will look after her in pregnancy and
labour. Some hospital clinics have justly been
criticized as impersonal and overcrowded. Long



waiting times, uncongenial decor and furnishing,
lack of privacy, poor facilities for children and
inadequate time for the woman to talk to the
doctor or midwife are faults which can often be
rectified by better organization.

PRE-PREGNANCY COUNSELLING

It may be said that antenatal care should start
before pregnancy. In a perfect world every woman
might endeavour to secure that her health was in
its best possible state before embarking on preg-
nancy. This idea should be more widely spread by
all agencies responsible for health education.

The main structure of the organs of the embryo
is laid down in the first 8 weeks of pregnancy, and
it is during this time that major congenital abnor-
malities arise. Much effort is devoted to the care of
the pregnant woman and her fetus after the 12th
week, but there is little medical support for the
early embryo. Dietary, smoking and drinking hab-
its may well call for advice from the doctor or
midwite, and women of poor physique and those
with social or medical problems may need help.

Facilities will hardly permit every woman to
seek medical advice before every possible concep-
tion, either from her general practitioner or from a
hospital clinic, but pre-pregnancy counselling is of
especial value for women with problems and anxi-
eties. Such counselling may be the first medical
examination that a young woman has had since
leaving school, and health problems may be found
which would otherwise only have been discovered
during pregnancy.

A pre-pregnancy counselling clinic might give
advice to women with any of the following condi-
tions:

¢ women who have had an unsuccessful preg-
nancy from abortion, perinatal death, or pre-
term labour, obstetric complications, inter-
current disease or fetal genetic abnormalities

* women with some continuing disease who are
anxious to know whether pregnancy would
exacerbate this, or whether the child might be
harmed. The list of possible conditions is
unlimited, but includes heart disease, hyper-
tension and renal disease, diabetes, haemoglo-
binopathies, epilepsy, thromboembolism,
mental disease and treated malignant disease.
Some women may be taking drugs for the
control of their disease, and possible effects on
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the fetus might call for variation in the drugs or
their dosage

¢ women with a family history of disease. Such
conditions as diabetes, epilepsy, haemophilia,
sickle-cell disease, muscular dystrophy and
Huntington’s chorea, although some of them
are rare, will call for advice about the possibil-
ity of inheritance. Genetic problems may
require special investigation, including chro-
mosomal studies by experts.

ANTENATAL CARE

The number of times a woman needs to be seen
during her pregnancy will vary. The first visit,
when she comes to make arrangements, should be
as early in pregnancy as possible. In a first preg-
nancy, she should be seen every 4 weeks until the
28th week, fortnightly until the 36th week, and
then weekly until the onset of labour. If complica-
tions arise more frequent visits will be necessary. A
woman who has had at least one normal pregnancy
may not need so many visits.

There are many different models for antenatal
care. Shared care with the general practitioner may
save the woman travelling, promote good doctor—
woman relationships, and reduce over-crowding in
hospital clinics. Women with normal pregnancies
may have all or most of their antenatal care with
their midwife; many midwives now operate in
small teams, one of whom will actually deliver the
woman. Other community based systems of care
exist in which only one or two visits are made to
the hospital clinic for scans or consultations. Each
antenatal visit should have a clear purpose, and
should follow a planned protocol.

BOOKING VISIT

At the first visit the following procedure is fol-
lowed:

General medical history

It is important to know whether the woman has
had any significant illness, including cardiac dis-
ease, renal disease, diabetes, rubella or a blood
transfusion. Tactful enquiry should be made about
possible exposure to HIV infection, whether or
not she has taken drugs, her level of alcohol intake
and cigarette consumption, as well as a brief survey
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of her general social and environmental circum-
stances. Previous surgical treatment, particularly
gynaecological operations, may be relevant.

Family history

Any disease with a hereditary tendency, including
diabetes and hypertension, is recorded. A family
history of twins may be given; their zygosity
should be known to assess the full significance.

Past obstetric history

If the woman has been pregnant before, she is
questioned about previous pregnancies and
labours. For example, a history of repeated abor-
tion or premature labour might suggest cervical
incompetence, and intrauterine fetal death might
suggest the possibility of hypertension, diabetes or
rhesus incompatibility. A history of raised blood
pressure might suggest pregnancy induced hyper-
tension, with the possibility of recurrence.

The history of previous labours is a guide to
what may be expected in the coming labour. For
example, if the woman has had a long labour
ending in instrumental delivery, resulting perhaps
in the birth of a dead or injured child, it is possible
that she has pelvic contraction. A history of post-
partum haemorrhage would be a warning of possi-
ble recurrence. It is essential to know the birth
weights of any previous children. The cause of any
stillbirth or neonatal death should be ascertained
whenever possible, sometimes by writing to the
doctor who was then in charge of the patient.

It is important to know whether the children
were breastfed, and of any feeding difficulties
which may possibly be overcome by special
advice.

History of the present pregnancy

The date of the first day of the last menstrual
period must be carefully recorded, with a note of
the woman’s normal cycle and of any irregularities.
If she was using oral contraception this may be
relevant, as may a history of subfertility and the
form of treatment used.

Any episode of vaginal bleeding or pain in early
pregnancy should be noted, and the occurrence of
any incidental illness or drug treatment recorded.

The doctor will then examine the woman.

General examination

The woman is weighed, and her height and devel-
opment are noted, including any abnormal gait or
deformity. The breasts are examined to exclude a
tumour, and to check the nipples for breastfeeding.
The blood pressure is recorded, and the heart and
lungs examined. The teeth should be inspected for
the presence of gum infection and caries, and
dental care encouraged. The legs should be exam-
ined for the presence of varicose veins, oedema and
any other abnormality.

Abdominal examination

An examination of the abdomen is made, including
auscultation of the fetal heart sounds. If the preg-
nancy has reached 24 weeks a Pinnard stethoscope
will suffice, while before this fetal blood flow
through the fetal heart can be demonstrated with a
hand held Doppler monitor from as early as 12
weeks.

Vaginal examination

In some clinics a vaginal examination is made at the
woman’s first visit. The position of the uterus
(anteverted or retroverted) and its size in relation
to the menstrual history are determined, and extra-
uterine abnormalities such as an ovarian cyst or a
fibroid may be discovered. A cervical smear is
taken for cytological examination. Some idea of the
general shape of the pelvis may be gained. At most
antenatal clinics efforts to estimate pelvic capacity
are usually postponed until the 36th week, when
the tissues are more relaxed. Many obstetricians
now forego the pelvic examination at the first visit,
since fetal size and the absence of other pelvic
masses will be checked at the first ultrasound
scan.

Investigations

A chest X-ray is no longer performed as routine
but it may be wise in women coming from coun-
tries where tuberculosis is still common. A mid-
stream specimen of urine is examined for bacteria
and tested for glucose and protein.

Blood is taken for determination of ABO and
rhesus blood groups, and is screened for the pres-
ence of abnormal antibodies. Haemoglobin con-
centration is estimated, and for women of



Afro-Caribbean, Asian and Mediterranean origin
haemoglobin electrophoresis is performed to
screen for haemoglobinopathy. Serological tests
for syphilis are carried out, as well as rubella
antibody screening, and if the woman is not
rubella-immune a note is made to offer vaccination
in the puerperium. In many clinics the serum is
examined for alpha-fetoprotein at 16-18 weeks, a
high level indicating a possible neural tube defect
or other congenital abnormalities. A low level in
conjunction with oestriol and hCG levels may
predict an increased risk of Down’s syndrome. The
presence in the blood of hepatitis B antigen should
also be detected, so that precautions can be taken
to avoid infection of attendants during venepunc-
ture or delivery, arrangements made to vaccinate
the new born, and advice given to the woman and
her family. HIV antibody screening should be
done in at risk women. A random blood sugar
estimation is often performed.

Ultrasound examination

At most clinics a routine ultrasound scan is per-
formed at 10-16 weeks to confirm the gestational
age and to exclude any gross fetal abnormality. A
full anomaly scan may be done between the 18th
and 20th week.

SUBSEQUENT VISITS

At every subsequent visit the blood pressure is
recorded and the urine may be tested. A careful
check is kept on the woman’s weight. Provided
that it is within normal limits at the outset, the
increase should not exceed 12 kg during the preg-
nancy. Weight gain is variable during the first 12
weeks, and there may be weight loss if nausea and
vomiting are particularly troublesome. From the
16th to the 28th week the average gain is about
6 kg, and thereafter weight is gained at about 2 kg
every 4 weeks. Excessive weight gain could indi-
cate that the woman is developing hypertensive
disease, or that she has an excessive intake of
carbohydrate which needs to be checked; often it is
just an increase in maternal fat. This should be
regulated for excess weight is hard to lose after
childbirth with a new baby to be looked after.

The haemoglobin concentration is estimated
again at around 30 and 36 weeks, and many clinics
repeat the blood sugar estimation.
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At every visit the height of the fundus is recor-
ded, and from the 32nd week onwards the pre-
sentation of the fetus. After the 36th week 1t is
important in a primigravida to determine whether
the widest diameter of the fetal head has entered
the brim of the pelvis, or if it has not done so,
whether it can be made to engage. A coarse
estimate of the volume of amniotic fluid is made
and the fetal heart may be auscultated although
this is not always necessary if there are good fetal
movements. Any suspicion that fetal growth is
impaired calls for full investigation of the case,
usually by ultrasound measurement of the fetus.

What has been described is routine antenatal care.
Any abnormality will demand further investiga-
tion and treatment, with more frequent visits to the
clinic, attendance at a day care fetal unit, or
admission to hospital for observation. Some special
tests are described in the next section.

ANTENATAL FETAL MONITORING

Measurements of fetal growth

The most reliable indication of fetal well-being is
normal growth. Assessment of fetal size by
abdominal palpation is not to be undervalued,
especially if the observations are made by one
observer and carefully recorded. The fundus-
symphysis pubis height is often measured, in centi-
metres, with a tape measure. Repeated ultrasound
examination of the biparietal diameter of the fetal
head and ultrasound measurement of the abdomi-
nal circumference and femur length of the fetus are
more precise measurements which may be applied
to any case in which there is clinical suspicion of
retarded growth, or reason to fear it, for example
in cases of hypertension. Recognition of a large
fetus (macrosomia) is also important.

Investigation of circulatory and other fetal
responses

Apart from asking the mother to keep records of
the fetal movements or kick counts, antenatal
recording of the fetal heart rate over a period of 20
minutes or so may be made with a cardiotocograph
to confirm fetal well-being.

A normal fetus has periods of inactivity during
which the heart rate shows little variation, and
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episodes of active movement, during which the
heart rate shows increased beat-to-beat variation
and accelerations. Uterine contractions of preg-
nancy may cause temporary slowing of the rate. A
fetus that shows none of the normal variations in
heart rate, or one that shows prolonged slowing of
the heart rate with a uterine contraction, may be at
risk of hypoxia. Blood flow in the placental,
umbilical and fetal vessels may be assessed with
modern Doppler blood flow machines.

Assay of hormones and enzymes to assess
fetoplacental function

The placenta produces several hormones and
enzymes and various measurements of these sub-
stances in maternal blood or urine have been used
as placental function tests. Biophysical tests have
largely superseded these, and human placental
lactogen (hPL) and oestriol assays are now rarely
performed.

Investigations to exclude fetal abnormalities

Ultrasound screening will demonstrate the fetal sac
(see Fig.2.8) and the fetus from very early in
gregnancy and detectable abnormalities of the
etus are detectable with increasing gestational age.
In late pregnancy radiological examination is rare-
ly usedp

pected.

if fetal abnormality or fetal death is sus-

Fig. 2.8 An early triplet pregnancy demonstrated on a
transvaginal ultrasound scan

Amniotic fluid may be obtained by abdominal
paracentesis so that fetal cells found in it can be
grown in tissue culture for chromosomal analysis,
for example in cases of Down’s syndrome. In some
other inherited diseases biochemical study of the
fluid is also helpful.

Chorionic biopsy allows earlier examination of
fetal cells for chromosomal study. A cannula
attached to a syringe is passed through the cervical
canal or transabdominally into the uterine cavity
and a sample of villi is obtained by aspiration. A
greater risk of miscarriage and a risk of fetal limb
deformities if the test is done before the 9th week
has limited the application of this technique. It is
particularly useful in the diagnosis of haemoglobi-
nopathies.

In cases of open neural tube defects alpha-
fetoprotein may be found in excess in maternal
serum and detailed ultrasound scanning is used to
confirm the lesion, or amniocentesis may be per-
formed to estimate the fluid alpha-fetoprotein
level.

Estimations of rhesus antibody titres in maternal
blood and bilirubin concentrations in amniotic
fluid are frequently used in the management of
cases of haemolytic disease.

The technique of cordocentesis allows aspiration
of blood from the umbilical cord under ultrasound
visualization. This provides a sample of fetal white
cells for rapid chromosomal analysis; in some
centres, blood gas and base balance, and hormonal
studies help the assessment of the fetus.

ADVICE DURING PREGNANCY

During pregnancy the woman should be advised to
attend the education classes which are now gen-
erally available at antenatal clinics. Usually, each
woman is given a booklet, which she can read at
leisure, with explanations of events in pregnancy
and labour, advice about the care of her health and
information about services available. With the
advent of so many special investigations such as
blood tests and ultrasound many clinics also have
leaflets to explain these. The woman will also need
information about financial grants and social ser-
vices.

It is important to allay any anxiety about labour.
A simple explanation of the stages of labour should
be given to the woman so that she will know what
to expect. This is a convenient time to discuss
analgesia and to help the woman to prepare a birth



plan if she so wishes. A visit to the labour ward
where she can meet some of the staff will help to
familiarize her with a strange environment. If a
woman’s partner or friend is to be present during
labour they should also receive preparatory
nstruction.

DIET

A number of investigations on the effect of diet on
the outcome of pregnancy have been made. A poor
quality diet may predispose to preterm labour and
increased perinatal mortality, but claims that
hypertension can be prevented by modification of
the diet during pregnancy have not been sub-
stantiated.

There is no need for a large increase in calorie
value of the diet; 2400 calories is recommended,
but the distribution of its constituents requires
consideration. Protein should be increased, and at
least two-thirds of the protein should be of animal
origin, i.e. meat, milk, eggs, cheese and fish. If these
are taken the intake of fats will be adequate.
Carbohydrates can be reduced slightly to com-
pensate for the increased calorie value of the
protein, and more severely restricted if weight
reduction is necessary.

In the latter half of pregnancy there is need for a
considerable increase in the intake of calcium,
phosphorus and iron, and probably of other trace
elements, to supply the needs of the growing fetus
and to prepare for lactation. Milk, cheese, eggs,
meat and fresh green vegetables are foods rich in
mineral salts, and a well-balanced diet will contain
sufficient minerals, except perhaps for calcium and
iron.

Calcium

The amount of calcium required daily by an adult
is 0.5 g; during pregnancy the amount is increased
to 1.5 g. Calcium is contained in milk, cheese, some
vegetables and bread. It is difficult to be sure that
all the calcium taken is absorbed; for example, the
phytic acid of bread flour produces an insoluble
salt of calcium.

Iron

Many women have poor iron reserves at the
beginning of pregnancy, so it is necessary to check
the haemoglobin level throughout pregnancy. The
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daily absorption of iron from an ordinary diet is
about 1.2 mg, while the requirement during preg-
nancy averages 3.5 mg. An iron supplement is
therefore often given. The preparation commonly
used is ferrous sulphate 200 mg three times daily.
This may cause gastric irritation in some women
and constipation in others; ferrous fumarate
300 mg daily, or a slow-release preparation, may
be used in these women.

During pregnancy megaloblastic anaemia from
deficiency of folic acid may occur, and in many
clinics combined pills are used, containing iron
with a daily dose of 0.5 mg of folic acid. Following
the use of folate for women with a previous CNS
abnormality, in an effort to reduce a repeat prob-
lem, the Department of Health now recommends
for all women to take 4.0 or 5.0 mg of folic acid
supplement daily prior to conception and for the
first 12 weeks 012, pregnancy.

REST AND EXERCISE

Although violent exercise is imprudent during
pregnancy, the woman should be encouraged to
continue all ordinary activities. In many clinics
women are given instruction in antenatal exercises.
These are directed more to posture and general
physique than to the muscles especially concerned
with childbirth. Many women benefit from
instruction in muscular relaxation, so that they can
relax voluntarily during the uterine contractions of
the first stage of labour. Relaxation may also be
achieved by deep breathing during pains. This is
the basis of the method of so-called psychopro-
phylaxis. Other classes give instruction in yoga or
active birth. Adequate sleep must be secured, with
a sufficient number of hours in bed. Sleeplessness
is occasionally troublesome towards the end of
pregnancy. It may be treated, if it is severe enough,
with sedatives such as promezathine hydrochlo-
ride 10 mg, benzodiazepines such as temazepam
(Normison) 20mg or flurazepam (Dalmane)
15 mg but these are rarely required.

REGULATION OF THE BOWELS

Constipation is a troublesome complication in
many pregnant women. With a diet containing
plenty of fruit, vegetables and bran a daily action
of the bowel can usually be ensured; otherwise
mild aperients such as senna and lactulose may be
prescribed.
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COITUS

Women can be reassured that intercourse is not
harmful during pregnancy except when there is a
threat to miscarry or a previous history of abor-
tion. It should be avoided if there has been ante-
partum haemorrhage.

PREPARATION FOR LACTATION

The best preparation for lactation is to ensure that
the expectant mother is aware of the normal course
of events following delivery and is mentally pre-
pared for breastfeeding.

Attention is given during antenatal examination
to the nipples. A poorly developed, retracted or
inverted nipple cannot be drawn into the infant’s
mouth, and may be traumatized because the baby
cannot fix onto the nipple properly. The nipples
should be examined to see whether they are retrac-
ted or inverted, and to ascertain whether they will
protract. The external appearance of the nipple is
not a certain guide and the base of the nipple
should be gently pinched to make it protrude. If
the nipples are retracted some advocate the mother
should wear glass or plastic nipple shells during the
day, and at night during the Ftter part of preg-
nancy, and this will in some cases correct the
abnormality.

There should be no attempt to harden the
nipples with spirit; only ordinary washing is neces-
sary. Dry skin on the nipples may be treated with
an occasional application of lanoline. Expression of
the breasts during the last few weeks of pregnancy
has been advocated as a way in which congestion
may be prevented, but this requires special instruc-
tion to the mothers, and not all of them find it
easy.

The breasts should be supported by a well-
fitting brassiere which does not press upon the
nipples.

VOMITING OF PREGNANCY

From about the 6th to the 12th week of pregnancy
nausea or vomiting in the morning or at other
times of the day is so common that it is accepted as
a symptom of normal pregnancy. It is often retch-
ing rather than vomiting. It nearly always stops
before the 14th week and does not disturb the
woman'’s health or her pregnancy.

SlnCE morrllng SICkneSS Sometlmes occurs When

the woman does not know that she is pregnant it
seems to be caused by something otﬁer than a
psychological reaction to pregnancy, and the
increased incidence of vomiting in cases of twins
and hydatidiform mole has led to the theory that it
is the result of higher levels of chorionic gonado-
trophin, or an increased sensitivity to it. The
vomiting occurs at the time of peak output of this
hormone in normal pregnancy, but studies com-
paring hormone levels and sensitivities in cases of
excessive vomiting with those of normal controls
have not consistently supported this theory.

If the vomiting is persistent and disturbs the
patient’s health it is termed hyperemesis gravidar-
um. In these severe cases the only biochemical
abnormalities which have been found are those
which are secondary to vomiting, starvation and
dehydration, namely ketosis, electrolyte imbalance
and vitamin deficiency. In the years before the
management of electrolyte imbalance was under-
stood hyperemesis was a significant cause of
maternal mortality, and in fatal cases severe weight
loss, tachycardia and hypotension, oliguria, neuro-
logical disorders from vitamin B deficiency and
jaundice from hepatic necrosis were seen. In the
last 20 years the incidence of hyperemesis in the
UK has greatly diminished, and maternal deaths or
cases requiring termination of pregnancy are now
virtually unknown.

In some of the persistent cases there may be
psychological factors. Mere removal to hospital
without any other treatment often leads to dra-
matic and immediate improvement.

Management

In any case of severe or persistent vomiting it is
essential to exclude any other possible cause for it
such as pyelonephritis, intestinal obstruction,
infective hepatitis or cerebral tumour.

Ordinary morning sickness can be simply trea-
ted by reassurance and sometimes by giving one of
the antiemetics which have been proven to be non-
teratogenic such as meclozine 25 mg, cyclizine
50 mg or promezathine 25 mg, up to three times
daily.

It the vomiting is severe the woman is admitted
to hospital. If it continues, her dehydration, ketosis
and electrolyte imbalance require treatment by
intravenous fluids and antiemetics, and sometimes
with vitamin supplements, commonly in the
form of intravenous multivitamin preparations,



although it is vitamin B6 which is required. The
treatment is regulated by daily studies of the blood
chemistry and cessation of vomiting, normal uri-
nary output and weight gain are indications of
recovery. Oral feeding is begun as soon as possible,
starting with fluids and progressing to semi-solids
and eventually to a full diet. The possible need for
psychotherapy must be considered.

PTYALISM

An apparent increase in the amount of saliva
occurs occasionally during early pregnancy. In
extreme cases the woman spits out her saliva
instead of swallowing it and lives in an aura of wet
handkerchiefs or spitoons. Treatment is unsat-
isfactory. Psychological factors should be borne in
mind.

VARICOSE VEINS

Varicose veins of the legs may cause considerable
discomfort during pregnancy, and may be asso-
ciated with oedema and thrombophlebitis. For-
tunately pulmonary embolism from such thrombi
is extremely rare. Support by elastic stockings may
give some relief. Surgical treatment is not advised
during pregnancy because the condition often
improves considerably after delivery. The residual
lesion should be assessed about 3 months after
delivery before deciding on surgical treatment.

Vulval varices

Vulval varices may be uncomfortable during preg-
nancy, and are an occasional cause of a vulval
haematoma during labour. They may be com-
pressed with a sanitary towel.

HAEMORRHOIDS

Haemorrhoids may first appear and may be made
worse during pregnancy. Surgical treatment is not
advised during pregnancy except to evacuate a
painful perianal haematoma (a thrombosed pile)
under local anaesthesia. Aperients should be pre-
scribed. The anal region should be carefully
washed and dried after defecation and analgesic
ointment applied.
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PRURITUS VULVAE AND VAGINAL
DISCHARGE

An excess of vaginal discharge from any cause can
lead to vulval pruritus. The commonest cause
during pregnancy is infection with Candida albi-
cans which may be associated with the lowered
renal threshold for sugar which occurs in many
pregnant women. In all cases of pruritus the urine
should be tested for glucose, and if there is any
reason to suspect the possibility of diabetes a
glucose tolerance test will be required. In candid-
1asis there may be vulvitis with redness of the skin,
or vaginitis with masses, or plaques, of white
cheesy material lightly adherent to the epithelium.
Microscopical examination of a little of the dis-
charge in a drop of normal saline will show
mycelial threads, and Candida will be grown on
culture. A variety of fungicides may be used for
treatment, such as clotrimazole (Canesten) pes-
saries and cream for three nights.

Vaginitis during pregnancy may also be caused
by Trichomonas vaginalis, which causes a profuse
offensive, purulent discharge, in which the organ-
isms can be found on microscopical examination.
Metronidazole tablets 200 mg three times daily by
mouth for 7 days may be used during pregnancy.
No adverse effect on the fetus has been shown
with this drug, but it may be wiser to rely on local
treatment before the 12th week.

CRAMPS IN THE LEGS

Transient nocturnal painful spasms of the small
muscles of the feet or of the muscles of the calves
sometimes occur during pregnancy. Such cramps
have been attributed to calcium deficiency, but
there is no satisfactory evidence to support this. It
is more likely that they are due to temporary
circulatory insufficiency. The cramp tends to
improve spontaneously in late pregnancy, but can
be troublesome if it returns during labour.

ACROPARAESTHESIA

This is not uncommon during pregnancy. There is
a sensation of pins and needles in the hands with
some sensory loss, and sometimes weakness of the
small muscles. The woman finds it difficult to use
her hands for fine work. Acroparaesthesia has been
attributed to oedema in the carpal tunnel involving
the median nerve, and this will explain the cases in
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which the signs have the appropriate distribution,
but in many cases the ulnar borger of the hand and
sometimes even the forearm, are involved, and in
these cases pressure on the lowest part of the
brachial plexus near the first rib must be con-
sidered.

Some, but not all, women obtain relief from
diuretics such as chlorothiazide. Splinting the
wrists at night is sometimes helpful. Recovery after
delivery is the rule.

HARMFUL EFFECTS OF DRUGS ON
THE FETUS

After the discovery that when the drug thalido-
mide was given in early pregnancy, it was asso-
ciated with gross fetal deformities, all drugs used
during pregnancy have come under close scrutiny.

Thalidomide was used as a sedative and anti-
emetic but was withdrawn in 1962 after it
was found to cause gross limb deformities (phoco-
melia) and other fetal abnormalities if given to the
mother between the 30th and 70th days of preg-
nancy. Yet care is necessary before attributing any
solitary case of deformity to a particular drug. In
every 1000 viable births there will be about five
perinatal deaths from congenital malformation and
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more than 10 other infants with malformations of
clinical significance. The great majority of these
malformations occur as a result of genetic disturb-
ance or pathological events entire%y unrelated to
any drugs which the mothers may have taken
during pregnancy. Properly controlled compar-
isons are always necessary in studying such rela-
tionships.

Most drugs pass the placental barrier, and possi-
ble effects on the fetus must always be considered
when drugs are prescribed during pregnancy. It 1s
an important principle of teratology that it is not
so much the nature of any harmful agent as the
time in embryonic development at which it acts
that chiefly determines the abnormality produced.
In general, the earlier in pregnancy that a terato-
genic agent acts, the more severe will be the
malformation. Furthermore, there is a short critical
period during which each developing structure is
particularly vulnerable (see Fig.2.9). In addition,
there seem to be many maternal factors which
affect the outcome, sucl!: as the standard of nutri-
tion and hormone levels. It should be a general
principle to avoid the administration of any drug
during the early weeks of pregnancy unless it is
clearly necessary for the treatment of a maternal
condition.
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Fig. 2.9 Developmental milestones of the embryo in early pregnancy. Times of likely affect on various organs and

limbs are shown



SEDATIVES AND ANALGESICS

Morphine and pethidine

Morphine or pethidine, given within 2 or 3 hours
before delivery, will depress the fetal respiratory
centre. This effect can be antagonized by an injec-
tion of naloxone.

Heroin

If the mother is a heroin addict the baby may show
withdrawal symptoms after delivery, with rest-
lessness and failure to feed, and consequent loss of
weight.

Aspirin

Non-steroidal anti-inflammatory drugs such as
aspirin and indomethacin may inhibit prostaglan-
din synthesis and produce premature closure of the
fetal ductus arteriosis. In very high doses they
could theoretically postpone the onset of labour.
Low dose (paediatric) aspirin used in prophylaxis
of hypertension does not carry this risk.

Diazepam

Diazepam (Valium) administered in large doses
before delivery will depress the fetal medullary
centres and cause loss of the normal base-line
variation of the heart rate (see Fig.2.9); there is
hypotonia after delivery.

Phenytoin

Phenytoin (Epanutin) given to control epilepsy is a
folic acid antagonist, and if it is used during
pregnancy additional folic acid must also be given.

DRUGS AFFECTING THE
CARDIOVASCULAR SYSTEM

Digitalis

Digitalis has no harmful effect on the fetus.

Hexamethonium

Hexamethonium may cause ileus in the newborn

child.
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Reserpine

Reserpine will cause a transitory non-infective
nasal discharge in the infant, but neither reserpine
nor hexamethonium is used very often.

Propanolol and atenolol

With propanolol and atenolol there may be fetal
bradycardia and neonatal circulatory depression.

Antihypertensives

Methyldopa, bethanidine, guanethidine, hydrala-
zine and Nifedapine seem to have no harmful
effect on the fetus. Both atropine and scopolamine
accelerate the fetal heart rate, but the effect is
transitory and not harmful except that it may
confuse interpretation of CTG traces.

ANTICOAGULANT DRUGS

Heparin

Heparin does not cross the placenta.

Oral anticoagulants

Oral anticoagulants reach the fetus. Warfarin may
cause bony and facial abnormalities if it is admin-
istered in early pregnancy, and in late pregnancy
there can be retroplacental haemorrhage or bleed-
ing into fetal tissues, with intrauterine death. Intra-
venous or subcutaneous heparin is therefore
preferable, at least during the first trimester and the
last 4 weeks of pregnancy.

ANTIBACTERIAL DRUGS

Sulphonamides

Sulphonamides compete with bilirubin for binding
sites on serum albumin, and therefore increase any
possible risk of kernicterus after birth.

Salicylates

Salicylates may act in a similar way to sulphona-
mides, so that it is wise to discontinue these drugs
before birth if there is any probability of pre-
mature birth or if there is rhesus incompatibility.
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Co-trimoxazole

Co-trimoxazole is a folate antagonist and therefore
a potential teratogen.

Tetracyclines

The children of mothers taking tetracyclines dur-
ing pregnancy may have greenish-yellow staining
of their milk teeth, and there may be interference
with enamel growth leading to imperfect denti-
tion.

Streptomycin

With streptomycin there is a theoretical risk of
damage to the 8th nerve of the fetus, but with
ordinary doses this seems to be very rare.

Chloramphenicol

Chloramphenicol may cause postnatal collapse and
hypothermia. The penicillins, erythromycin and
most other antibiotics pass into fetal blood and the
amniotic fluid, but seem to have no harmful
effect.

Metronidazole

Metronidazole has not been proven to be terato-
genic, but it is not usually prescribed in the first
trimester.

HORMONES

Progestogens

Androgens such as testosterone should not be
given to the mother during pregnancy as they may
cause virilization of a female fetus. Synthetic pro-
gestogens (19a group), metabolized through the
androgenic pathways, have also caused viriliza-
tion.

Allyloestrenol and dydrogesterone are safer
than ethisterone or norethisterone, and hydroxy-
progesterone hexanoate seems to be without risk.

Diethylstilboestrol should not be given to preg-
nant women as it may cause vaginal septal defects
in female fetuses if given early enough. Its use is
associated with vaginal adenosis which may rarely
proceed to vaginal carcinoma 15 to 20 years later.
Estradiol, given by mouth or transdermal applica-

tion (in cases of ovarian failure and ovum dona-
tion) appears to carry no risk to the fetus.

Adrenal steroids

Adrenal steroids may be given in physiological
doses to pregnant women with Addison’s disease
without risk to the fetus. In a few uncommon
diseases, such as lupus erythematosus, polyarteritis
nodosa, status asthmaticus and thrombocytopenic
purpura, steroids are used in larger pharmaco-
logical doses. Animal experiments have suggested
that there may be some risk of fetal cleft palate, but
human evidence is doubtful, and it is justifiable to
use these drugs for severe maternal illness.

RADIOACTIVE SUBSTANCES

Radioactive isotopes of iodine, strontium and
phosphorus cross the placenta and become local-
ized in fetal tissues. Neither these substances nor
any others that emit gamma rays should be used
during pregnancy.

ANTITHYROID DRUGS

Drugs such as thiouracil or large doses of iodine
may cause fetal goitre or hypothyroidism. Estab-
lished treatment of maternal thyrotoxicosis is very
important and must continue. Concomitant thy-
roxine may need to be administered also to go
through to the fetus.

CYTOTOXIC AND ALKYLATING DRUGS

All of these, including methotrexate, busulphan,
cyclophosphamide, chlorambucil and many oth-
ers, may harm the fetus. They are unlikely to be
called for during pregnancy, but to the mother
with neoplastic disease it may be necessary to give
such drugs in spite of the fetal risk. This must be
fully discussed with the woman.

SMOKING DURING PREGNANCY

Smoking in pregnancy is harmful to the fetus and
will cause reduction in birth weight with an
increase in perinatal mortality. It has been sug-
gested that raised maternal carbon monoxide levels
produce an increase in carboxyhaemoglobin which
interferes with oxygen transport, but the ill effects
are more likely to be caused by nicotine which has
a vasoconstrictive effect on maternal vessels in the



placental bed. The adverse effect of smoking is
greater if the mother is hypertensive. It has been
alleged to be responsible for more neonatal pathol-
ogy than any other known cause, and its effects
may continue to be manifest well into childhood.
Despite much educational effort many smokers
seem to be unwilling to discontinue in pregnancy.

ALCOHOL DURING PREGNANCY

Children born to mothers who drink heavily have
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a low birth weight and an increased neonatal and
infant mortality. A few will have the fetal alcohol
syndrome with a characteristic facial appearance,
with a broad base to the nose, epicanthic folds, a
long upper lip and a small lower jaw, with mental
retardation. There is an increased incidence of
other serious malformations. While no harmful
effect has been shown from small doses of alcohol,
on general principles even these must be undesir-
able in the early weeks of pregnancy.

OBSTETRICAL EXAMINATION

Any obstetrical examination should be preceded
by consideration of the history, including the past
medical record, the past obstetric history and the
record of the present pregnancy.

ABDOMINAL EXAMINATION

By abdominal examination it is possible to ascer-
tain:

e the size of the uterus, and to note whether it
corresponds with the period of amenorrhoea
the size of the fetus
the lie, presentation and attitude of the fetus
the relationship between the brim of the pelvis
and the presenting part

e whether the fetus is alive

¢ the presence of abnormal conditions, such as
excess of amniotic fluid, twin pregnancy or
abdominal tumours.

Inspection

By inspection, an impression of the general shape
and size of the uterus can be gained and fetal
movements may be seen. If the occiput is anterior
and the back of the fetus is to the front, the
abdomen will appear smoothly convex; if the
occiput is posterior, a flattening of the abdomen
may be seen above the symphysis pubis. If the lie is
transverse the uterus will be wider than usual, and
the height of the fundus may be a little lower than
with a longitudinal lie. If twins are present the
uterus also appears wide but the height of the
fundus will be higher than normal. It is traditional
to observe the presence or absence of striae grav-

idarum and linea nigra, but they are of no impor-
tance or significance to the prognosis.

Palpation

(See Fig.2.10.) The obstetrician stands on the
woman'’s right side. A regular routine is followed:

The level of the fundus

The level of the fundus is determined by using the
ulnar border of the hand and little finger and
moving it downwards from the xiphisternum (see
Fig. 2.1). Many obstetricians measure the distance
between the upper edge of the symphysis pubis
and the top of the fundus with a centimetre tape.
From 14 to 34 weeks the distance in centimetres
approximates to the weeks of gestation.

The presentation

As the majority of fetuses present by the vertex,
the lower part of the uterus should be palpated
next to establish whether the presentation is cepha-
lic. This is done by placing both hands on the
lower abdomen above the pelvic brim in the last
weeks of pregnancy (see Fig.2.9). The head is
recognized because it is rounder and harder than
the breech. Its mobility will depend upon its
relation to the pelvic brim. If it is completely above
the brim it is freely moveable and the fingers of
both hands can be made to meet below it; if the
widest diameter has entered or passed through the
brim the head is usually fixed and is described as
engaged; if the head is deeply sunk in the pelvic
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Fig. 2.10 Engagement of the fetal head in the maternal pelvic brim assessed

cavity it may be difficult to feel it except with the has a major part in the brim as 3/5. Once the

finger tips. widest diameter has passed the brim the notation
The relationship between the head and the pelvis  2/5 is used, and for a head deeply engaged in the

may be described in fifths (see Fig. 2.11). A head pelvis 1/5. The fifths refer to the proportion of the

that is completely free is described as 5/5; one that Eead still palpable above the brim.

is beginning to enter the brim as 4/5, and one that The degree of flexion of the head can often be
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Fig. 2.11 Engagement of the fetal head in the maternal pelvic brim assessed in fifths

made out by abdominal palpation. For example
with an LOT position OF the occiput the well-
defined forehead (sinciput) will be felt on the
right, but the occiput is less easily felt on the left as
it 1s at a lower level, indicating that the head is well
flexed. In such a case the anterior shoulder will be
palpable near the midline (see Fig. 2.10(b)).

If the head is above the brim of the pelvis it may
be felt more easily by the single-handed grip
shown in Fig. 2.12. Gentleness is needed in all
these abdominal examinations.

Palpation of the fundus

The fundus should then be palpated with both
hands (see Fig. 2.10(c)). If the breech occupies the
fundus a broad mass will be felt; this is not as
round or hard as the head. The breech is con-
tinuous with the fetal back, and a foot or knee can
often be felt near it and may move under the hand.
If the head occupies the fundus it is felt as a harder,
rounder, smoother and more mobile mass than the
breech. The head can be moved independently of
the body, and it can sometimes be balloted
between the two hands.

Abdominal palpation

The sides of the abdomen are then palpated to
discover on which side the back lies. If the back is
directed more to the front than to the back, a broad
smooth surface will be felt on one side of the
abdomen, and on the other side a number of small
knobs, which are the limbs (see Fig.2.10(d)). If
these small parts are felt all over the abdomen the

back must be directed posteriorly and to the side,
and deep palpation may be necessary to feel it.

If the fetus is lying transversely, the head is felt
in one flank and the breech is felt in the other; if it
is lying obliquely the head is often felt in one iliac
fossa, and the breech higher up on the opposite
side (see Fig. 2.13).
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Fig. 2.12 Palpation of the lower pole of the uterus by
Pawlik’s method
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Fig. 2.13 Abdominal palpation of fetus lying transversely

Exclusion of cephalopelvic disproportion

In the last 4 weeks of pregnancy, if the head is
presenting but above the brim, an attempt is made
to discover if it will engage, and thus to exclude
cephalopelvic disproportion developing in labour.
This may be done by moderate pressure on the
head in a backwards and downwards direction.
Another method is to raise the woman’s head and
shoulders, asking her to take the weight of her
trunk on her elbows, and the head will often enter
the brim (see Fig. 2.14). Perhaps the best method of
all to test whether the head will engage is to
examine the woman when she is standing.

At each visit the level of the fundus and the size
of the fetus must be carefully noted. If the duration
of pregnancy is uncertain, repeated observations
are most useful, and any suggestion that the fetus is
small-for-dates or is not growing normally calls
for investigation by ultrasound. If the uterus is

Fig. 2.14 Abdominal palpation. The patient is asked to
sit up (or lean on her elbows) to test whether the head
will engage

larger than expected there may be an excess of
amniotic fluid or a multiple pregnancy. Twins may
be diagnosed by palpation of more than two fetal
poles, and often two heads are clearly recognized.
Ultrasound will confirm the diagnosis.

Auscultation

The fetal heart sounds are listened for. They are
best heard over the back of the fetus in vertex and
breech presentations; it is only in face presenta-
tions that they are heard over the front of the fetus.
In occipitoposterior positions, in which the back is
directed to one side and posteriorly, the sounds
may be heard either in the flank or near the
midline.

In breech presentations the heart sounds will
often be heard at a higher point in the abdomen
than in vertex presentations, at the level of or a
little above the umbilicus, unless the breech is
deeply engaged, when they will be heard at the
usual level.

VAGINAL EXAMINATION

A vaginal examination may be performed at the
patient’s first attendance at the antenatal clinic to
confirm the pregnancy and its duration, to deter-
mine the position of the uterus and to exclude
other abnormalities such as ovarian cysts. The
bony pelvis may also be examined, but the best
time to assess the size and shape of the pelvis is at
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Table 2.1 Modified Bishop score

Score 0 1 2 3
Dilatation of cervix (cm) 0 lor2 Jor4 5 or more
Consistency of cervix Firm Medium Soft -

Length of cervical canal (cm) >2 2-1 1-0.5 <05
Position of cervix Posterior Central Anterior

Station of presenting part (cm above ischial spines) 3 2 lor0 Below

about the 36th week, by which time the soft tissues
will be more relaxed and examination is easier.

However, most women attending antenatal clin-
ics will be examined by ultrasound, which will
confirm the duration of pregnancy, show that the
fetus is alive, and exclude other abnormalities. If
this is done there is no need to examine the woman
vaginally. A few women miscarry in early preg-
nancy and may blame vaginal examination for
this.

Full aseptic precautions are required if a pelvic
examination is performed on any woman who may
be in labour. During labour the most important
observations will be the degree of dilatation of the
cervix, whether the membranes are ruptured, the
recognition of the presenting part, and the deter-
mination of its position and level in the pelvis.

Some obstetricians use the Bishop score to record
the state of the cervix (Table 2.1). It enables
different observers to relate their findings accu-
rately. A score of less than 5 suggests that labour is
unlikely to start without ripening of the cervix; a
score of 7 indicates that labour should commence
easily. This information is valuable if, for any
reason, induction is contemplated.

The ischial spines are useful landmarks in deter-

mining the level of the presenting part during
labour, and the degree of flexion or extension of
the head can be found by palpation of the fonta-
nelles. Feeling the posterior fontanelle indicates
that the head 1s well flexed; feeling the anterior
fontanelle indicates that the head is not well flexed,
and this is usually associated with occipitolateral
or occipitoposterior positions.

RADIOLOGICAL EXAMINATION

With the development of ultrasound examination
there is now hardly any place for radiological
examination of the fetus. Any irradiation of the
fetus, particularly in the early weeks, may be
associated with fetal abnormalities or cause abnor-
mal mutations in the genes of the sex cells. It has
also been suggested that even moderate exposure
to irradiation in utero may increase the incidence
of leukaemia in childhood, although this has not
been universally accepted. Radiological pelvimetry
still has a limited place. Where this is indicated 1t
should be done late in pregnancy, with as few
exposures as possible and may be replaced by
computerized tonography (CT) which gives only
sth of the dose.

ULTRASOUND EXAMINATION IN OBSTETRICS

Sound is the orderly transmission of mechanical
vibrations through a medium. The number of
vibrations that occur in 1 second is known as the
frequency and is measured in Hertz (Hz); one Hz
is one cycle per second. The human ear can detect
sound in the frequency range of 20 Hz to 20 kHz
(20 000 Hz). Sound above this range is known as
ultrasound. Medical diagnostic instruments use

frequencies in the range of 1-10 megaHertz (MHz)
with 1 MHz being 1 million cycles per second.
Ultrasound is generated from crystals that have
the piezoelectric property. If the crystal is stimu-
lated with electricity it changes its width and in so
doing generates vibrations that travel into the
human body. The waves are scattered and reflected
back to the crystal by differences in the sound
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properties between tissues or within tissues. The
scattered waves are received at the crystal and
converted back into electricity. In practice the
ultrasound probe (transducer) contains many crys-
tals which are activated in a predetermined
sequence. The returning echoes are then recon-
structed by a computer and presented as a picture
on a television screen. All ultrasound is now real-
time scanning and this is achieved by replacing the
static picture at a rate of more than 20 times per
second so that the human eye cannot detect the
change between static frames.

Measurements can be made using ultrasound by
the simple expedient of determining the time taken
for the ultrasound to travel to the structure in
question and then to return (go-return time).

Velocity X 2

Depth =

Time from transmission to reception

Accuracy of measurement is limited to about 1 mm
with the commonly used obstetric ultrasound fre-
quencies and modern electronic callipers.

The resolution of ultrasound equipment is
determined by the transducer frequency; the high-
er the frequency the better the resolution. Unfor-
tunately, however, as the frequency increased the
depth to which the ultrasound can penetrate
decreases. Transabdominal obstetric transducers
use frequencies in the range of 2.5-5.0 MHz. In
early pregnancy resolution has been vastly
improved by the introduction of transvaginal
transducers. Because this can be placed closer to
the uterus and ovaries they use frequencies in the
range of 6.0-7.5 MHz.

CLINICAL APPLICATIONS OF
ULTRASOUND

Diagnosis of pregnancy

Modern pregnancy tests use a monoclonal anti-
body against the beta subunit of hCG and will

detect pregnancy at conception plus 10 days; that is
about 4 days before a missed period.

The recent introduction of transvaginal ultra-
sound techniques has improved the resolution and
the diagnosis of pregnancy can be made much
earlier than with abdominal scans (Table 2.2).

Resolution of early pregnancy problems

Women who present in early pregnancy with pain
and bleeding and who, on clinical examination,
have an open internal cervical os are diagnosed as
having an inevitable or incomplete miscarriage and
require an evacuation of retained products of
conception. Ultrasound only has a role to play if
the woman has a previous problem such as treat-
ment for infertility or previous miscarriages.

In those who bleed or have pain and in whom
the cervical os is closed, ultrasound will make the
definitive diagnosis as follows:

Missed abortion — a fetal pole is seen within an
intrauterine gestation sac but no fetal heart activity
is detected.

Incomplete abortion — an intrauterine gestation
sac is not visualized but there are products of
conception (see Fig. 2.15).

Anembryonic pregnancy — an intrauterine gesta-
tion sac is \ris.ua.lizeclg but a fetal pole is not seen (see
Fig. 2.16). Care has to be taken with this diagnosis
because it may be a normal but early pregnancy.
The date of the woman’s last menstrual period
should not be used as a guide. The volume of the
gestational sac should be determined and if it is
over 3 ml (equivalent to 7 weeks’ gestation) the
diagnosis is confirmed. If it is less the scan should
be repeated in 1 week when, in normal pregnancy,
the gestation sac will have more than doubled in
size and the fetal pole becomes visible.

Ectopic pregnancy — prior to the introduction of
transvaginal ultrasound the main role of ultra-
sound in a woman with a suspected ectopic preg-
nancy was to exclude an intrauterine pregnancy, as
a co-existence ectopic or heterologous pregnancy

Table 2.2 A comparison of scanning methods in early pregnancy

Scanning technique

Transabdominal Transvaginal
Visualization of gestation sac 5 weeks 4 weeks
Detection of fetal heart activity 6 weeks 5 weeks
Detection of a fetal pole 7 weeks 6 weeks
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Fig. 2.15 An ultrasound scan of a transverse section of
the uterus demonstrating bright echoes from within the
uterine cavity due to retained products of conception
(RPCs)

is very rare. Only in about 5 per cent of cases could
an ectopic gestation be firmly diagnosed by visual-
izing a fetus in an extrauterine position (see
Fig. 2.17). With transvaginal ultrasound over 90
per cent of ectopic pregnancies can be confidently
diagnosed. The ultrasound could then be used to
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guide a needle into the pregnancy to allow injec-
tion of methotrexate to destroy the trophoblast.

Hydatidiform mole — this has a characteristic
appearance that used to be described as a snow-
storm in the 1970s using ultrasound scanners but
with modern equipment the vesicles can be clearly
seen (see Fig. 2.18).

Routine ultrasound examination

Almost all pregnant women have an ultrasound
examination in the first half of pregnancy if they
present to the hospital in time. The purposes of
this examination are:

* to confirm or establish the gestational age

to exclude or diagnose multiple pregnancy

to exclude structural abnormalities

to search for minor markers of chromosomal
abnormalities

to localize the placenta

to increase maternal bonding to the fetus. See-
ing the fetus on the ultrasound screen is often
the first real contact that a mother has with her
fetus.

The timing of routine examinations varies
between units but fits to one of three patterns:

* abooking ultrasound examination. The woman
is scanned at the booking clinic to confirm
gestational age and exclude multiple pregnancy.
Exclusion 0% abnormalities is less effective in
early pregnancy. This scan is also offered to
women wishing the triple test to exclude
Down’s syndrome

Fig. 2.16 A longitudinal (a) and transverse (b) view of pregnant uterus at 11 weeks of amenorrhoea. No fetus is seen
within the gestation sac allowing the diagnosis of anembryonic pregnancy to be made

Empty sac
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Gestation
sac —

Fetus —

Uterus

Fig. 2.17 A transverse section through the pelvis demonstrating an extra-uterine (ectopic) pregnancy

e a 16-20 week ultrasound examination. This is  for abnormalities that may only be detectable in
the most sensitive time to perform all the the last half of pregnancy.
purposes listed above

* both a booking and a 16-20 week ultrasound. Establishing gestational age

In addition some units offer a scan at 32-34 o
weeks’ gestation, mostly to determine fetal size but General principle

also to check the site of the placenta and to screen  Up to 40 per cent of women attending antenatal
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Fig. 2.18 An ultrasound scan demonstrating the appearances of a hydaudiform mole on modern equipment



clinics have an unreliable menstrual history
because:

* they do not know the date of their last period
they have irregular cycles

* they conceived within 2 months of stopping
the contraceptive pill

* they have had bleeding in early pregnancy.

The most accurate way to establish gestational age
in these women is by ultrasound measurements of
the fetus (fetal biometry). In addition, there is
some evidence that up to 25 per cent of women
with a firm menstrual history may be more than 2
weeks adrift from ultrasound measurements.
Although evidence is scant it appears that dating all
women by means of fetal biometry reduces those
who will exceed 42 weeks’ gestation with positive
benefits to the fetus.

Charts of ultrasound dimensions are derived by
taking women with sure menstrual dates and meas-
uring their fetuses at differing weeks of pregnancy.
By regression analysis two types of chart may be
plotted (see Fig. 2.19(a) and (b)):

A growth chart — in this case the independent
variable (plotted on the x-axis) is the gestational
age and the chart illustrates how the measured fetal
parameter increases throughout pregnancy

A size chart — in this case the measured fetal
parameter is the independent variable and the chart
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allows the gestational age to be determined from
that parameter.

In addition to using the correct style of chart, it is
preferable for these charts to have been derived
trom the same geographical population to that on
which they will be used.

Early pregnancy

Gestational age can be calculated from measure-
ment of the gestational sac volume but this is rarely
done because it is relatively inaccurate and as soon
as the fetus is visible the crown-rump length
(CRL) can be measured. Figure.2.20 illustrates
how the CRL is measured and Fig. 2.21 shows the
growth of the CRL in early pregnancy.

Mid-trimester

Up to about 24 weeks’ gestation the gestational age
can be accurately established by measurement of
the fetal biparietal diameter (BPD) and femur
length (FL). Figures 2.21 and 2.23 demonstrate the
sections on which the measurements are made and
Figs 2.22 and 2.24 demonstrate the growth of the
BPD throughout pregnancy and Fig. 2.25 illus-
trates the chart of the BPD which is used to
establish gestational age. Having made the BPD
and FL measurements they are interpreted as
follows:
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Fig. 2.19 Use of charts derived by regression analysis. (a) Is a chart that demonstrates the growth of the dependent
variable (usually a fetal dimension) throughout gestation; (b) is a size chart and is used for establishing gestational age
from a measured fetal parameter. Note how the regression lines are different for each of the above charts
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Fig. 2.20 An ultrasound scan demonstrating measure-
ment of the crown rump length

if the BPD and FL fall within the data reference
range for the postmenstrual age then this estab-
lishes gestational age

if the woman has no menstrual dates or the
measurements fall outside the data reference
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Fig. 2.22 An image of BPD

range then the BPD and FL are plotted on size
charts. If the prediction of gestational age from
both measurements agrees then the gestational
age is established

ifgthc BPD falls within the data reference range
but the FL is shorter then short limbed dwarf-
ism should be excluded

if the FL falls within the data reference range
but the BPD is smaller then microcephaly or a
neural tube defect should be excluded.

In cases of continuing discrepancy the woman

should be referred for a detailed ultrasound exam-
ination and an expert opinion.

Hi

Fig. 2.21 Growth of the crown rump length in early Fig. 2.23 An ultrasound scan demonstrating measure-
pregnancy

ments of the femur length
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Fig. 2.24 The growth of the biparietal diameter
throughout pregnancy

Late bookers

If a woman books after 22 weeks’ gestation the
BPD and FL should be measured; if they agree
with the postmenstrual dates these are accepted. If

3B

30

=
3 20
z
S
T 15
4
o]
10
5 —
0 | | | | | j
20 30 40 50 60 70 80

Biparietal diameter (mm)

Fig. 2.25 A head-size chart. This is used to determine
the gestational age a measurement of the biparietal
diameter
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Head of twin 2

Head of
twin 1

Fig. 2.26 An ultrasound sound scan demonstrating
twins

the measurements are smaller (or larger) then it is
not possible to determine whether the baby is
small (or large) for gestational age or if the dates
are wrong. The woman should then be scanned
serially in order to monitor growth. As a good
general rule, fetuses that are growing do not die.

Diagnosis of multiple pregnancy

Careful ultrasound examination should allow all
multiple pregnancies to be diagnosed. Figure 2.26
illustrates twins but higher multiples must always
be carefully excluded. Gestational age is estab-
lished as above but using the measurements from
the bigger fetus if there is a discrepancy in size.

Congenital abnormalities and all the complica-
tions of pregnancy are much more common in
monozygous twins (about 30 per cent of twins) so
an attempt should be made to establish zygosity as
follows:

* number of placentae — two distinct placentae
are almost always associated with dizygosity
fetal sex — opposite sexes means dizygosity
thickness of the dividing membrane — with
good ultrasound equipment this may be dem-
onstrated to be four layers thick (dichorionic
diamniotic twins) or to only contain two layers
(monochorionic diamniotic).
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Twins have a higher incidence of impaired growth
than singleton pregnancies and so should undergo
serial ultrasound examination to measure growth
velocity.

Placental localization

In the first half of pregnancy about 5 per cent of
women will have a low lying placenta whereas
only 0.5 per cent will have placenta praevia. The
term ‘placenta praevia’ should not be used before
28 weeks because it is defined as a placenta that lies
partially or wholly in the lower segment of the
uterus; this does not begin to form until 28 weeks’
gestation.

Placental localization in the first half of preg-
nancy is worthwhile because if the placenta is in
the gmdus it will not move lower in the uterus.
Women with low lying placentae do not need
admission, restriction of physical activity or avoid-
ance of intercourse but should be advised to report
any vaginal bleeding. They should be rescanned at
32-34 weeks when most of them will have a
placenta sited in the upper segment. There is
controversy about whether those women who still
have a low placenta should be admitted if they are
asymptomatic. It is probably sensible to admit
those in whom the placenta covers the os.

?ISZSEESSING FETAL GROWTH AND

Serial ultrasound assessment of growth

The following women are at high risk of carrying a
fetus that will show an abnormal pattern of growth
in pregnancy:

¢ reduced growth
— previous small baby
— previous preterm labour
— underweight women (less than 45 kg)
— maternal vascular disease
— pre-existing hypertension from any cause
— pregnancy induced hypertension
— collagen disorders
— diabetes mellitus with renal complications
— heavy smokers
—alcoholics and drug addicts
— women with sickle cell disease
—women with recurrent APH

Umbilical vein

Spine

Fetal stomach

Fig. 2.27 An ultrasound scan demonstrating the section
on which the fetal abdominal circumference is meas-
ured

— women with a raised serum alpha-fetoprotein
level but a structurally normal fetus
® increased growth
— insulin diabetes mellitus
— obese women.

In such cases there should be serially examination
of fetal growth by measurements of the fetal head
circumference and abdominal circumference (see
Fig. 2.27).

Screening for small-for-gestational-age (SGA)

babies

There is no test that can be applied to a newborn
infant to determine if it has suffered from intra-
uterine growth retardation (IUGR). This is best
defined as the presence of a pathology which is
impairing fetal growth and if removed would allow
normal growth. This definition has no clinical
usefulness and paediatricians and epidemiologists
therefore judge smallness on size at birth. Some
arbitrary statistical cut-off point is chosen, com-
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monly less than the 10th centile for gestational age,
and babies below this are defined as SGA. Many of
these babies are just normal biological variants and
have no evidence of long-term problems.

Figure 2.28 illustrates the value of current tests
at predicting a birth weight of less than the 10th
centile for gestational age. The most sensitive test is
a measurement of the fetal abdominal circum-
ference at 32-34 weeks’ gestation.

PATTERNS OF IMPAIRED GROWTH

In broad general terms impaired fetal growth may
be divided into two types:

1. Symmetrical smallness (Fig. 2.29(a) and (b) —
here there is an impairment in the growth velocity
that affects all parts of the fetus equally. The causes
are:

idiopathic (>95 per cent)

chromosomal abnormalities

transplacental infections (TORCH organisms)
heavy maternal smoking

heroin addiction

fetal alcohol syndrome

chronic maternal undernutrition

sickle cell disease.

2. Asymmetrical smallness (see Fig. 2.30(a) and
(b) — in this case the growth of the fetal head is
protected until late in the course of the disorder.
The causes are:

placental insufficiency

pregnancy induced hypertension
severe maternal cardiac or renal disease
multiple gestation

idiopathic (about 40 per cent).

Management

Symmetrical SGA

Most cases are the biological lower limits of nor-
mal. A careful scan should be performed looking
for markers suggestive of chromosomal abnormal-
ity and maternal infections should be excluded by
blood tests.

Growth should be monitored on a fortnightly
basis but tests of fetal well-being are not indicated
unless there is:

e an increase in the head/abdomen ratio of the
fetus suggesting the superimposition of asym-
metry

* associated maternal hypertension

¢ abnormal uteroplacental or umbilical Doppler
waveforms.

If growth continues at a normal velocity induc-
tion of labour is not indicated.

Asymmetrical SGA

This group of babies are most at risk of the
problems of placental failure which include:
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Fig. 2.29 Charts of growth of (a) the fetal head circum-
ference, and (b) the fetal abdominal circumference dem-
?nstrating the growth pattern of a symmetrically small
etus

stillbirth

* asphyxial handicap leading to cerebral palsy or
major mental handicap
hypoglycaemia, hypothermia, hypocalcaemia
polycythaemia
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Fig. 2.30 Charts of growth of (a) the fetal head
circumference, and (b) the fetal abdominal circum-

ference demonstrating the growth pattern of an
asymmetrically small fetus

® premature delivery
* necrotizing enterocolitis
* haemorrhage into the lungs or the gut.

Appropriately timed delivery may avoid most of
these problems.



Management

Growth should be monitored on a fortnightly
basis and tests of fetal well-being are indicated in
this group of babies. Delivery is indicated for an
abnormal test result, cessation of growth, abnor-
mal Doppler waveforms from the fetal circulation
(see below) or maturity. Maturity is usually taken
to be 34 or more weeks and induction of labour
may be attempted if the cervix is favourable.

Tests of fetal well-being

Maternal appreciation of fetal movements

Mothers are asked to record fetal movements
either for a specified hour in each day or until their
fetus has moved 10 times. A decrease in the
number of fetal movements or no fetal movements
in a 12-hour period warrants ultrasound examina-
tion and a cardiotocograph.

Antenatal cardiotocography (CTG)

This is a record of the fetal heart rate over a 2040
minute period. The CTG is classified as:

® Reactive — more than two accelerations in a
40 minute period; an acceleration being defined
as a rise in heart rate above the baseline of
>15 bpm lasting for >15 seconds
Non-reactive
Deceleratory - showing decelerations (of
>15 bpm lasting >15 seconds) usually in the
absence of contractions.

The risk of perinatal death within 1 week of a
reactive CTG is about 4/1000 births but once the
CTG shows a deceleratory pattern the fetus has
usually sustained asphyxial brain damage or myo-
cardial ischaemia. In addition, about 20 per cent of
deceleratory CTGs are false positives in that the
pattern is not seen when labour is induced. How-
ever, this is still the most widely used method of
assessing fetal well-being.

Biophysical profile

Using ultrasound, fetal movements and breathing
movements can be seen and quantified and the
biggest vertical column of amniotic fluid may be
measured. Fetal tone may be assessed by looking
for flexion/extension movements of the fetal body
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or opening and closing of the fetal hand. All have
been used individually as means of assessing fetal
well-being but they have been combined with the
antenatal CTG to form the biophysical profile.
The risk of perinatal death within 1 week of a
normal score is 1/1000 births. However, the profile
may take up to 90 minutes to complete and it is
probable that just as much information can be
obtained from the CTG and measurement of
amniotic fluid columns as from performing the
whole profile.

Doppler waveforms from the fetal circulation

If sound or ultrasound is directed at moving red
blood cells then the returning echo will have
undergone a shift in frequency that is related to the
velocity of the red cells. This is due to the Doppler
effect and the waveforms that are obtained can be
displayed on a screen (see Fig. 2.31).

Simple, continuous wave equipment is relatively

Fig. 2.31 A Doppler sonogram demonstrating the wave-
form the umbilical artery (upper trace) and vein (lower
trace) in a normal pregnancy in the third trimester
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Fig. 2.32 A Doppler sonogram demonstrating loss of
end-diastolic frequencies in the umbilical waveforms

cheap and can be used to get waveforms from the
umbilical arteries. Normal waveforms (see
Fig. 2.31) carry a favourable outlook and need to
be repeated only once a week; risk of perinatal
death in that time is estimated at 1/10 000. Increas-
ing resistance within the fetal circulation in the
placenta (due to hypoxia and ischaemia in the
intervillous space) leads to loss of frequencies in
end-diastole (see Fig. 2.32). This is associated with
an increased risk of tetal hypoxia and acidosis and
if the fetus is viable it should be delivered.

If the fetus is not viable then more complex and
expensive ultrasound is needed. Colour coded
Doppler ultrasound allows detection of blood flow
in vessels that are often too small to be visualized
on real-time ultrasound. If the flow can be detected
it can be measured by means of pulsed Doppler
ultrasound. In this case a Doppler cursor is placed
over the area of blood flow and by altering a depth
gate waveforms can be obtained from the indicated
blood vessel. At present, waveforms are usually
obtained from the fetal descending aorta (reflecting

Fig. 2.33 Sonograms from the demonstrating fetal aorta
obtained by means of pulsed Doppler ultrasound in
(top) normal pregnancy, and (below) a pregnancy com-
plicated by growth retardation and central shunting (see
text)

blood flow to the fetal body and placenta) and
from the middle cerebral artery (MCA) reflecting
blood flow to the brain. In normal pregnancies the
MCA does not demonstrate recordable frequen-
cies in end-diastole whereas the aorta does (see
Fig. 2.33(a) and 2.34(a)). In situations of increased
placental resistance to blood flow central shunting
occurs and the MCA has recordable end-diastolic
frequencies whereas the descending aorta loses
these frequencies (see Fig. 2.34(a) and 2.34(b)).

THE SAFETY OF ULTRASOUND

Ultrasound has been widely used as a diagnostic
tool in clinical medicine for more than a quarter of
a century. To date no studies have shown any
deleterious effects of ultrasound on the fetus or the
mother. A good deal of research has been carried
out on animals and tissues, but the adverse effects
that have been reported from some of these studies
have occurred with ultrasound intensities, pulse
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Fig. 2.34 Doppler waveforms from the middle cerebral artery in (a) normal pregnancy, and (b) a pregnancy
complicated by growth retardation with central shunting (see text)

lengths and exposure times far in excess of any-
thing that is currently used, or is likely to be used,
in obstetric diagnostic ultrasound. The search for

possible hazards will continue, but in the mean-
time there is no reason to withhold the proven
benefits of diagnostic ultrasound.

PRENATAL DIAGNOSIS

This phrase usually includes both the screening
tests and the diagnostic tests that are available for
congenital abnormalities that affect the fetus. The
range of conditions that can be diagnosed has and
is increasing rapidly due to techniques of deoxy-
ribonucleic acid (DNA) analysis, particularly with
the use of the polymerase chain reaction (PCR).

Screening tests
History

This is really only useful for women who have a
positive personal or family history of a particular
abnormality or syndrome. Ideally, such women
should be seen at a pre-pregnancy clinic by a
medical geneticist for counselling. Most common
conditions that affect the fetus, however, do so in
women without such a history, for example more
than 90 per cent of women who give birth to an
infant with spina bifida have no relevant history.

Maternal age has long been used as a basis for
screening for Down’s syndrome and this is con-
sidered later under triple testing.

Examination

This rarely helps although the clinical suspicion of
impaired fetal growth, oligohydramnios or poly-
hydramnios may lead to an ultrasound examina-
tion.

Routine booking test

Syphilis serology is a useful means of preventing
congenital syphilis and rubella immunity protects
against congenital rubella infection. Other organ-
isms that cross the placental, such as Toxoplasma
may be sought in specific situations.

Maternal serum alpha-fetoprotein (MSAFP)

AFP is an oncofetal protein that is produced from
the yolk sac and then later from the fetal liver. It is
a plasma protein that is excreted into the amniotic
fluid via fetal urine. Precisely how AFP crosses the
placenta into the maternal circulation is unknown.
However, in cases of open neural tube defects
MSAFP may be high as it leaks out of neurological
tissue. Most neural tube defects (NTDs) are
anencephaly or spina bifida.



72 Normal Pregnancy

[

Humber
of

Women

—
Alpha Fetoprotein Level

Fig. 2.35 Bimodal distribution of MSAFP

Although MSAFP demonstrates a bimodal dis-
tribution (see Fig.2.35) there is a cross-over
between normal and affected pregnancies. The
level of MSAFP which is chosen as the cut-off
point is therefore a trade off between wishing to
detect all cases and of not including too many
normal pregnancies. In areas where the prevalence
of NTDs is 3—4/1000 births than a cut-off level of
2.5 multiple of the median will detect 99 per cent of
anencephalics and 85 per cent of open spina bifida
with a 2 per cent false positive rate.

Using the MSAFP levels is very dependent upon
accurate knowledge of gestational age and there-
fore all women who are going to have a MSAFP
estimation should have a preliminary ultrasound to
establish gestational age. This will also exclude
other causes of raised MSAFP such as twins,
blighted ova and defects of the fetal abdominal
wall. It will detect all the cases of anencephaly and
in experienced hands it will also detect most cases
of spina bifida.

Women with raised MSAFP may undergo
amniocentesis in order to allow measurement of
amniotic fluid AFP; those with high levels then are
offered abortion. Alternatively (and increasingly)
they undergo detailed ultrasound examination to
exclude or diagnose the NTD.

Women with raised MSAFP and a structurally
normal fetus are at high risk of preterm labour and
small babies and so should be scanned serially.

Triple testing for Down’s syndrome

Until recently the only screening test available for
trisomies was maternal age. The incidence of chro-
mosome abnormalities increases with maternal age
as demonstrated in Table 2.3.

It has been traditional to offer women over 35
years an amniocentesis for chromosomal analysis
of the fetus. Even if all such women accepted only

Table 2.3 Risk of chromosomal problems with increas-
ing maternal age

Age (years) Incidence
35 11in 250
36 11in 143
37 1in 125
38 1in 111
39 1in 83
40 1in71

41 1in 63
42 11in 30

about one-third of Down’s syndrome babies
would be detected, for although the incidence is
less in young women they have many more
babies.

Down’s fetuses appear to behave biochemically
as though they are about 2 weeks less mature than
their gestational age. Measurements of MSAFP,
unconjugated oestriol (uE3) and hCG can be com-
bined with maternal age by a computer program so
that a new risk figure can be given to the woman.
Amniocentesis is usually recommended if the risk
is greater than 1 in 250 but not otherwise. By this
means some older women can avoid amniocentesis
and it is projected that the pick rate for Down’s
syndrome should increase to about 60 per cent.

Ultrasound examination

Ultrasound is in the unique position of being both
a screening test and a giagnostic test, depending
upon the skill of the operator and the resolution of
the equipment. The following are examples of its
use as a screening test:

* recognition of the cranial signs associated with
spina bifida. These are dilated cerebral ven-
tricles (see Fig. 2.36) and the lemon shape of the
skull (see Fig. 2.37).

* recognition of symmetrically impaired growth,
oligohydramnios or polyhydramnios, which
should lead to a detaifed ultrasound examina-
tion

¢ recognition of the structural markers of chro-
mosomal anomalies. These include cardiac
defects, duodenal atresia, omphalocoeles,
nuchal fat pads and abnormalities of the posi-
tion of the hands and feet. It is believed that



Fig. 2.36 Ultrasound scan of dilated cerebral ventricles

about 85 per cent of Down’s fetuses will dem-
onstrate such markers. Their presence should
therefore lead to counselling about amnio-
centesis, a definitive test of the fetal chromo-
50mes.

Diagnostic tests

Apart from ultrasound these are all invasive proce-
dures, performed with ultrasound guidance, and
carry a risk of losing a normal pregnancy.

Amniocentesis

About 20 ml of amniotic fluid is removed by
puncture of the pregnancy sac by transabdominal
insertion of a needle (see Fig.2.37). This fluid
contains amniocytes and cells shed from the fetus.
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These cells are cultured in the laboratory until they
divide; it is on the dividing cells that the chromo-
somes can be studied. AFP may be measured in the
amniotic fluid to aid the diagnosis of a raised
MSAFP.

The risk of losing a normal pregnancy from
amniocentesis is about 1 in 100. In about 1 in 1000
cases the karyotype is wrong as maternal cells have
been obtained (this can never be the case if the
karyotype is male).

Amniocentesis is usually performed at 16 weeks’
gestation and results are not available until about
19 weeks so abnormalities require a late termina-
ton of pregnancy. Recently amniocentesis has
been offered as early as 10 weeks” gestation; with
new genetics techniques the result is available
within a week.

Indications for amniocentesis are:

* Karyotyping based on a personal or family

istory, maternal age, higher risk, triple testing

results or the presence of ultrasonic markers
(see above).

e  Haemolytic disease. In cases of rhesus iso-
immunization maternal IgG antibodies readily
cross the placenta and cause haemolysis of fetal
blood. The fetus excretes lysed blood as bilir-
ubin which can be estimated by studying the
optical density of amniotic fluid. Direct fetal
blood grouping, haemoglobin estimations and
haematocrit have largely replaced this tech-
nique. The RhD type (Rh positive or negative)
can now be diagnosed using PCR DNA tech-
niques on fetal DNA obtained from amniotic
fluid. This may be clinically useful where the
mother is RhD negative and has anti-D and her
partner is heterozygous for RhD. In this clin-
ical context only half of the offspring may be
affected by maternal antibody. Identifying the

ST. GEORGES MOSPITAL

Fig. 2.37 The lemon shaped head seen in Down’s syndrome (courtesy of Dr R Patel)
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Fig. 2.38 Ultrasound scan used to assist amniocentesis.
The needle track is indicated by the arrows. The upper
edge of an anterior placenta has been avoided

fetuses at risk will allow appropriate use of fetal
blood sampling and intra-uterine transfusion,
as necessary, without ]eopardlzlng Rh negative
fetuses with invasive investigative and ther-
apeutic procedures.

* Neural tube defects. Measurement of amniotic
fluid AFP and acetylcholinesterase has been
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Placenta

Chorionic plate
Inner needle

Outer needle

used to detect neural tube defects in women
with raised MSAFP but this has largely been
replaced by detailed ultrasound scanning.

* Inborn errors of metabolism can be detected by
biochemical studies performed either directly
on the amniotic fluid or by administering sub-
strate to amniocytes. This technique has now
largely been replaced by chorionic villus sam-
pling.

¢ Lung maturity. Measurement of the ratio of
lecithin to syringomyelin (L/S ratio) was used
to determine lung maturity. A value of more
than two indicates that respiratory distress
syndrome due to lack of surfactant is unlikely.
This test is rarely used now except perhaps
with a fetal abnormality that is compatible with
a good quality of life but which is worsening.

Chorion villus sampling

This is normally performed at 8-12 weeks but it
may be performed transabdominally at any stage
of pregnancy. A sample from the edge of the
placenta is removed by means of a hollow needle
and suction. The needle may either be inserted
through the cervix at 8-10 weeks (see Fig. 2.39), at
10-12 weeks, or abdominally (see Fig. 2.40). The
technique has opened the way to diagnosis of
many conditions as the material obtained is partic-
ularly suitable for DNA analysis.

Aspiration by
inner needle

Cervix

Fig. 2.39 Transvaginal chorionic villus sampling
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Chromosome results are available within 2-3
days from the direct preparation so if the result is
abnormal a vaginal termination of pregnancy can
usually be performed early under general anaes-
thesia.

The test carries a 4 per cent risk of miscarriage
but as about 2 per cent of pregnancies will mis-
carry at 9-11 weeks the increased risk is only 2 per
cent. The result will not reflect the fetal karyotype
in about 2 per cent of cases and such women may
require a later amniocentesis to confirm the result.
Indications:

s Karyotyping
The indications are as for amniocentesis

* [Inborn errors of metabolism.

These are rare but are usually inherited in an
autosomal recessive fashion. They result in an
enzyme defect which allows accumulation of a
harmful substrate. Examples are Gaucher’s disease,
an abnormality of glycogen storage and Niemann-
Pick disease, an abnormality of lipid metabolism.
Direct enzyme assays on the chorionic tissue give a
result in 2-3 days.

* DNA analysis

As chorionic tissue is growing it is rich in DNA
and is highly suitable for gene probing. This may
be performed by a direct gene probe or by a more
complex method known as restriction length
polymorphisms.

Once the gene associated with the condition has

Aspiration by
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Fig. 2.40 Transabdominal chorionic sampling

been cloned a radioactive probe can be made which
will bind to the gene site on the DNA and
therefore allow it to be recognized. This technique
can be used to identify such conditions as alpha-
thalassaemia in which the gene is missing or sickle
cell anaemia in which the abnormal gene prevents
specific enzymes from cutting up the DNA in the
normal way.

Unfortunately direct gene probes are currently
only available for a few conditions caused by a
single gene mutation. Some conditions, such as
beta-thalassaemia, can be caused by multiple muta-
tions. In such cases the affected child and its family
has to be studied to determine if the gene 1s
informative. DNA from each family member is
broken down into short lengths by specific
enzymes and a specific segment (known as a
restriction fragment length po]ymorphlsm -
RFLP) attached to the gene in question is sought.
If a RFLP is found in an affected child and one or
both of its parents then it can be sought in
chorionic tissue in the next pregnancy.

*  Transplacental infections

Chorionic tissue may be examined for organisms
such as rubella, Toxoplasma or cytomegalic virus
either by electron microscopy or by magnifying
the small amount of virus particles that are present
by polymerase chain reaction.
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Fig. 2.41 Ultrasound scan of anencephalitic fetus detec-
ted early in pregnancy

Cordocentesis (transabdominal umbilical blood
sample)
This technique allows rapid karyotyping (2-3

days) and involves taking 1-2 ml of fetal blood
from the umbilical vein using a fine needle and

Fig. 2.42 Ultrasound scan of fetal head showing an
encephalocoele to the left of the figure

ultrasound guidance. It carries about a 1 in 100 risk
of losing a normal pregnancy as the result of the
procedure.

It is most commonly indicated when a structural
abnormality in the fetus suggests an underlying
chromosomal problem. It is also used to diagnose

ST GEORGES HOSP

Fig. 2.43 The double bubble effect often seen with upper intestinal obstruction (courtesy of Dr R Patel)
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Fig. 2.44 Microcephaly is often associated with other abnormalities such as a distorted ventrical as seen here

(courtesy of Dr R Patel)

transplacental infection (by specific IgM) and to
diagnose and treat rhesus disease.

Other invasive procedures

Almost any fetal organ can (and has) been biopsied
under ultrasound guidance but fetal skin and liver
are readily accessible.

Drainage of the fetal bladder in conditions of
obstruction may prevent back pressure destruction
of fetal kidneys and allow normal levels of amnio-
tic fluid so allowing normal fetal lung develop-
ment.

Ultrasound examination

In experienced hands ultrasound is a diagnostic
test that carries little or no risk to the pregnancy.
Ultrasound diagnoses abnormalities by:

e recognizing the absence of a fetal part, for
example the absent cranial vault in anencephaly
(see Fig. 2.41).

e recognition of solid or cystic structures
attached to or within the fetus, for example the
encephalocoele in Fig. 2.42.

* recognizing the effects of the abnormality on
adjacent structures, for example the double
bubble caused by duodenal atresia (see
Fig. 2.43).

® recognizing abnormal growth pattern such as
the reduced growth of the fetal head that is seen
in microcephaly (see Fig. 2.44).

With modern, high resolution equipment most
organs in the body can be examined in detail and
normality or otherwise assured.

FURTHER READING

Chudleigh P. and Pearce J.M.F. (1993) Obstetric Ultra-
sound: How, why and when (2nd edition). Churchill
Livingstone, Edinburgh.
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NORMAL LABOUR

THE STAGES OF NORMAL LABOUR

THE ONSET OF LABOUR

The uterus when stretched contracts strongly to
expel any forei%n body from its cavity. In discuss-
ing the cause of the onset of labour the problem is

not to discover why the uterus starts to contract at

term, but to find out why it usually remains
quiescent during pregnancy. The uterus clearly has
the power of expelling its contents before term, as
in miscarriage, premature labour and when labour
is induced before term.

It has been suggested that progesterone inhibits
the uterine muscle during pregnancy. In rabbits the
onset of labour can be postponed by giving large
doses of progesterone, but this is not the case in
women. Nor has it been shown that the blood
concentration of progesterone falls significantly
before term.

It has also been suggested that the rising levels of
oestrogen during pregnancy sensitize the uterine
muscle, so that it eventually responds more easily
to stimuli or to oxytocin. There is no increase in
secretion of oxytocin at term and labour starts
normally in hypophysectomized animals. A pros-
taglandin pessary (PGE,) placed in the vaginal
vault near term induces labour.

There is some evidence that the fetal adrenal
gland plays a part in initiating labour. Anence-
phalic fetuses may have defective adrenal cortices

and with some of these fetuses ’pregnan(g/ s greatl
prolonged unless labour is induced arti cm[ly

The possible part played by prostaglandins in
the onset of labour has yet to be ﬁllly investigated.
Mechanical stimulation of the cervix by the inser-
tion of a finger and separation of the membranes
leads to local secretion of prostaglandins. Prosta-

- glandins are present in the decidua and membranes

of late pregnancy. It is possible that premature
labour may be caused by increased prostaglandin
production following rupture of the membranes or
ascending infection.

During normal pregnancy the growth of the
uterus keeps pace with that of its contents and the
limit of stretch is probably not reached even at
term; the intrauterine pressure does not rise. How-
ever, in cases of polyhydramnios or twins, pre
mature labour is common, so that in abno-r%:ﬂ
Cases over-stretching of the uterus may play some
part in the onset of %abour.

Labour follows intrauterine death of the fetus,
usually after an interval of several days.

During normal pregnancy the uterus contracts
intermittently, but t%lese contractions are not
strong enough to overcome the resistance of the
normal cervix. However, if the internal os of the
cervix is damaged or incompetent even these weak
contractions may dilate the cervix and labour will
follow.
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THE UTERINE SEGMENTS

In describing the phenomena of labour the uterus
may be divided into two functional segments.

The upper part of the uterus (upper segment)
contracts strongly, and with each successive con-
traction the smooth muscle fibres comprising it
become shorter and thicker. This powerful seg-
ment draws the weaker, thinner and more passive
lower part of the uterus up over its contents, and in
so doing pulls up and then dilates the cervix.

The lower segment, consisting of the lower part
of the body of the uterus and the cervix, can
contract but is relatively passive compared with
the upper segment.

The upper and lower segments are not fully
formed until the end of the first stage of labour
when they can be clearly seen and the transition

between them is quite abrupt (see Fig. 4.1). In the
non-pregnant uterus and during early pregnancy it
is not possible to define the limits of the eventual
lower segment, but at the end of pregnancy the
lower segment is recognizable; in front it is cov-
ered by the loosely attached peritoneum.

During labour, as the cervix dilates and the
lower segment is drawn up, its shape changes from
a hemisphere to a cylinder. If there is obstruction
to delivery the retraction of the upper segment is
even more pronounced, and the junction between
the two segments forms a distinct muscular rin
known as the retraction ring of Bandl. In extreme
cases this may be palpable and visible per abdo-
men.

In labour the lower uterine segment, cervix,
vagina, pelvic floor and vulval outlet are dilated
until there is one continuous birth canal. The
forces which bring about this dilatation and expel
the fetus are supplied mostly by the muscle of the
upper uterine segment, with some assistance in the
second stage from the abdominal muscles, includ-
ing the diaphragm.

The muscle fibres of the upper segment of the
uterus not only contract but also retract. When
contracting the fibres become shorter and thicker.
When the active contraction passes off the fibres
lengthen again, but not to their original length. If
contraction was followed by complete relaxation
no progress would be made. In retraction some of
the shortening of the fibres is maintained. Each
successive contraction starts not quite at the point
where its predecessor ended and the uterine cavity
becomes progressively smaller with each contrac-

Fig. 4.1 The thick upper segment and the thin lower
segment of the uterus at the end of the first stage of
labour. The dotted lines indicate the position assumed
by the uterus during contraction

tion. Retraction is a property which, though not
peculiar to uterine muscle, is more marked in the
uterus than any other organ. Later in labour when
the placenta 1s expelled, retraction enables the
uterine walls to come together so that there is no
more than a potential cavity as it was before
pregnancy.

THE STAGES OF LABOUR

Labour is divided into three stages:

® first stage, or stage of dilatation, lasts from the
onset of true labour until the cervix is fully
dilated. Two phases can be identified, the lazent
phase and the active phase. In the latent phase,
cervical dilatation is under 3 cm and contrac-
tions may be infrequent, are usually not more
than moderately strong and are quite well
tolerated even without analgesia

* second stage lasts from full dilatation of the
cervix until the fetus is born



® third stage lasts from the birth of the child until
the placenta and membranes are delivered and
the uterus has retracted firmly to compress the
uterine blood sinuses.

Premonitory symptoms

In most primigravidae the presenting part sinks
into the pelvis during the last 3 or 4 weeks of
l:regnancy, and in lay terms this is spoken of as
ightening because the descent of the fundus of the
uterus, together with the reduction in the amount
of amniotic fluid in late pregnancy, reduces the
upper abdominal distension, making the woman
more comfortable.

In many multiparae the presenting part does not
engage in the pelvis until labour begins. Not
infrequently, multiparae experience uterine con-
tractions which are strong enough to be painful,
some days, or even weeks, before real labour starts.
Such false pains differ from labour pains only in
that they are less regular and are ineffective in
dilating the cervix.

Symptoms and signs of the onset of labour
These are:

painful uterine contractions

a show

rupture of the membranes

shortening and dilatation of the cervix.

The contractions

The uterus contracts irregularly and painlessly
throughout pregnancy (Braxton Hicks contrac-
tions). Labour is recognized by the changes in the
contractions when they become regular and pain-
ful enough to distract the woman from her usual
activities and cause the cervix to be taken up and
dilated. The uterus can be felt to harden (ﬁ]ring
each contraction, which begins gradually, works
up to a period of maximum intensity and then dies
away, the whole lasting about 45 seconds.

At the onset of la%our the interval between
contractions may be variable and can be as long as
20 minutes. However, it is quite common for the
interval between contractions to be as short as 5
minutes right from the onset.

Contractions are often preceded by backache
and tend to increase in frequency and duration,
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gradually becoming more painful. By the end of
the first stage of labour the contractions may come
every 2 minutes and may last as long as a minute.

The contractions are not under conscious con-
trol and occur even when the woman is uncon-
scious, although they may be lessened in frequency
or temporarily abolished by emotional disturbance
or by distension of the bladder. They may be
increased in strength and frequency by such stim-
uli as a purgative or enema, stretching of the cervix
or pelvic floor by the presenting part, by prosta-
glandins or by injection of oxytocin.

The pain of labour has the same character as that
of spasmodic dysmenorrhoea and probably has the
same cause — ischaemia of the uterine muscle from
compression of the blood vessels in the wall of the
uterus. It is analogous to the myocardial pain
which occurs when the blood flow in the coronary
arteries is restricted. The intermittent nature of the
contractions is of great importance to both the
fetus and the mother. During a contraction
the circulation to the placental %Jed through the
uterine wall is stopped; if the uterus contracted
continuously the fetus would die from lack of
oxygen. The intervals between contractions allow
the placental circulation to be re-established and
give the mother time to recover from the fatiguing
effect of the contraction. The uterus is a very large
muscle and contractions use up a lot of energy; if
continued too long this would produce maternal
exhaustion.

Electrical traces of the pattern of uterine con-
tractions show that in normal labour each contrac-
tion wave starts near one or other uterine cornu.
The contraction spreads as a wave in the myomet-
rium, taking 10 to 30 seconds to spread over the
whole uterus. As each point is reached by the
wave, contraction starts and takes about another 30
seconds to reach its peak.

The upper part of the uterus contracts more
strongly than the lower part, and the duration of
the contraction is longer in the upper than in the
lower segment. This dominance of the upper seg-
ment leads to the stretching and thinning of the
lower segment and to dilatation of the cervix.

If the wave pattern is abnormal, with the lower
part of the uterus contracting first or as strongly as
the upper part, no progress in labour will be made.
Sometimes the wave spreads erratically in the
myometrium and the contractions are uncoordi-
nated.

The duration and strength of each contraction
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are relevant both to their efficiency and to the pain
felt by the patient. The resting tone between
contractions in early labour is about 1.3 kPa
(10 mmHg); the intrauterine pressure at which a
contraction can be felt by the hand of an observer
1s about 2.7 kPa (20 mmHg); and the pressure at
which the woman feels pain is about 3.3 kPa
(25 mmHg). Efficient first stage contractions reach
6.7 kPa (50 mmHg), and they may reach 10 kPa
(75 mmHg) in the second stage. The pain threshold
of women varies, and may vary in one woman
during the course of labour. It is the anxious
worried woman, a long time in labour, who may
feel pain at a pressure as low as 2 kPa (15 mmHg).

The show

The mucus operculum or plug is expelled from the
cervix as it is pulled up at the onset of labour. This
is followed by a mucous discharge from the cervix,
mixed with a little blood. As the internal os is
drawn up (see Fig. 4.2) the membranes are separat-
ed from the lower uterine segment, and a variable
amount of oozing of blood results. Thus the
mucous show and the blood show classically descri-
bed as signals of the onset of labour can occur at
the time of taking up of the cervical canal which
can happen before true labour.

Rupture of the membranes

The membranes may rupture at any time during
labour, although this usually occurs towards the
end of the first stage. When the membranes rup-
ture spontaneously near term it is probable that
labour will begin within a short time, although
sometimes the onset is still delayed. Early rupture
of the membranes is more likely to occur if the
presenting part is not engaged or if there is a
malpresentation, but it also occurs in many normal
cases.

Shortening and dilatation of the cervix

At the beginning of labour the cervix of a nullipar-
ous woman is usually a thick-walled canal, of at
least 2 cm in length. However, in other cases the
cervix may be found to be shortened, taken up, and
partly dilated in the later weeks of pregnancy.
When labour begins the contraction and retrac=
tion of the upper uterine segment stretches the
lower segment and the upper part of the cervix; the

lower part of the cervical canal remains at first
unaltered. As the internal os is pulled open, the
cervix is dilated from above downwards, becoming
shorter, until no projection into the vagina is felt,
but only a more-or-less thick rim at the external
os, the whole cervix being taken up and its cavity
made one with that of the body of the uterus.
Without true shortening of the cervix it is unwise
to diagnose that a primigravida is in labour (see
Fig. 4.2).

In women who have delivered children before
the external os will often admit a finger before
labour has begun and the finger-tip can sometimes
be passed through the internal os. Very often the
cervix has been taken up. In this case the projection
of a small bag of membranes (see Fig.4.2(d))
during a contraction will show that labour has
begun.

THE FIRST STAGE OF LABOUR

The contractions of the uterus dilate the cervix.
The dilatation of the internal os‘causes separation
of the chorion from the decidua closest to it. Thus
a small bag of membranes is formed and is forced
into the internal os by the intrauterine pressure. At
the beginning of each contraction a little more
amniotic fluid is forced into the bag of membranes,
the head then comes down like a ball valve and

(d)

Fig. 4.2 The cervix is taken up and then dilated. Much of
this happens in labour but in some women the earlier
parts take place during pregnancy

(c\!



separates the amniotic fluid which is above it from
that in the bag, called respectively the hind and
forewaters. The bag of membranes may remain
intact until nearly the end of the first stage, but
even if the membranes rupture early the cervix will
normally still become dilated as it is drawn up over
the presenting part by the retraction of the upper
segment.

During the first stage the fetus does not move
downwards to any great degree. When a certain
amount of fluid has left the uterus after the mem-
branes have ruptured a new form of pressure
comes into play, namely the fetal axis pressure.
The upper pole of the fetus, normally the breech, is
{:rressed on by the fundus of the uterus, while the
ower pole is pressed down onto the lower seg-
ment and cervix. When the membranes rupture
early the fetal axis pressure will operate at an early
stage, and in modern practice the membranes are
often deliberately ruptured during labour because
this is believed to encourage more efficient uterine
action and shorten labour.

The duration of the latent phase of labour need
not be defined too accurately. Dilatation of the
cervix from O to 3 cm can take 6 hours, but slower
progress may be normal and is perfectly acceptable
provided that the woman is comfortable and in no
way distressed. Between 3 and 10 cm dilatation
(that is in the active phase of labour) the cervix
should dilate at a rate of about 1cm per hour
giving a theoretical duration of 7 hours for this
phase of labour in both primiparous and multipa-
rous women. During the early part of the latent
phase the pains may not be very severe, but
towards the end of the active phase they are often
very distressing, constituting the most painful part
of labour. Vomiting and reflex shivering are not
uncommon at the end of the active phase of the
first stage of labour.

In the past much has been written about the
disadvantage of early rupture of the membranes,
but it is now agreed that in normal vertex presenta-
tions early rupture is of no consequence. As long
as the bag of membranes is intact, the intrauterine

ressure 1s distributed equally over all parts of the
Fetus. This is still true in a normal case after the
membranes have ruptured except for the small part
of the fetus which is related to the cervix, because
the well-fitting presenting part prevents much
amniotic fluid from draining away. If, however,
there is a malpresentation or disproportion, early
rupture of the membranes may be followed by loss
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of nearly all the fluid and the uterus becomes
closely applied to the fetus. If labour is prolonged
the placenta and cord may be unduly compressed
by the retraction of the uterus, fetal hypoxia
ensues, and in extreme circumstances the fetus may
die.

If the membranes remain unruptured when the
cervix is fully dilated the onset of the expulsive
stage may be delayed, the cervix not receiving the
pressure of the head which should stimulate the
uterus to increased activity. If the membranes
remain intact after full dilatation they should be
ruptured with toothed forceps or a sterile plastic
amnihook during a contraction.

THE SECOND STAGE OF LABOUR

There may be very little descent of the fetus during
the first stage. However, in the second stage the
resistance offered by the lower uterine segment
and the cervix has been overcome and the present-
ing part can be pushed down onto the pelvic floor.
The resistance of the pelvic floor then has to be
overcome by the uterine contractions, aided by the
action of the voluntary muscles of the abdominal
wall and the diaphragm.

In the absence of an effective epidural block, full
dilatation of the cervix is accompanied by a bearing
down sensation during contractions and women
are then usually encouraged to push. As the con-
traction comes on the woman takes a deep breath,
then holds it and subsequently bears down with all
the force of her abdominal muscles. These partly
voluntary, partly reflex expulsive efforts place the
fetus under additional stress and pushing should
therefore not be allowed to continue for more than
one hour. If delivery is then not imminent, assis-
tance in the form of Ventouse extraction, forceps
delivery or even a caesarean section may be neces-
sary.
With effective epidural analgesia, the reflex
desire to push is lost. In those circumstances,
women can be left for one or more hours at full
dilatation without pushing, the aim being to allow
uterine contractions to cause descent of the fetal
head. After that the woman can be encouraged to
push, but once again, the duration of pushing
should not exceed one hour.

During a contraction the fetal heart rate is often
slowed, but it regains its normal rate as soon as the
contraction has passed. Such transient bradycardia
is of little significance, but if bradycardia is pro-
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longed after each contraction this is a sign of fetal
distress.

With each contraction the presenting part is
forced down onto the pelvic floor. During the
intervals between the contractions, however, the
pelvic floor at first pushes the _resenting part up
again. Retraction now plays an important part, so
that the progress made by each contraction is not
completely lost during the succeeding interval.
Eventually, after being pushed down many times
by the contractions and slipping back a little in the
intervals between them, a time comes when the
presenting part is stationary at the end of a con-
traction. After this, with each contraction and
expulsive effort the head slowly moves down in a
forwards direction, becoming more visible. In a
primigravida the head may be visible for some time
at the vulva before it can emerge. When the widest
diameter of the head distends the vulva it is said to
be crowned.

In women without an effective epidural block
the stretching pain may be very severe as the head
passes through the vulva, and will probably cause
the woman to cry out, and so to cease from bearing
down. To some extent this saves the perineum
from damage, as it is likely to be torn if the woman
bears down hard while the head is passing through
the vulval orifice. It is at this stage that episiotomy
may be necessary.

The body of the child is generally born at the
next contraction if not by the contraction which
expelled the head, and is followed by a gush of
fluid.

The caput succedaneum

That part of the head which is most in advance is
free from pressure during labour, while the rest of
the head is pressed upon by the cervix and lower
segment. As a result of venous congestion serum is
exuded and an oedematous swelling forms on the
scalp, superficial to the periosteum of the cranial
bones and not limited by them. This is the caput
succedaneum. After delivery, over a few hours or
days, it gradually disappears:

If some other part presents, e.g. the face or
breech, a comparable oedematous swelling will be
formed over the part most in advance.

Moulding
The change in the shape of the head during labour

is moulding. The bones of the base of the skull are
incompressible, and are joined to each other in
such a way that movement is not possible between
them. The bones of the vault of the skull are
compressible, and the sutures allow some move-
ment between the individual bones. The parietal
bones and the tabular portions of the occipital and
frontal bones can be shaped by pressure, and when
torcibly compressed the parietal bones can over-
ride the occipital and frontal bones, and one parie-
tal bone can override its fellow. By moulding and
overlap the biparietal diameter can be reduced by
as much as 1cm, but excessive moulding may
result in intracranial damage.

THE THIRD STAGE OF LABOUR

At the end of the second stage of labour the uterus
contracts down to follow the body of the fetus as it
is being born. As the cavity of the uterus becomes
smaller the area of the placental site is diminished
so that the placenta is shorn off the spongy layer of
the decidua basalis. Further uterine contractions
now expel the placenta from the upper segment
into the lower segment and vaginal vault. This
process, whereby the placenta leaves the upper
segment and occupies the lower segment and vagi-
na, is referred to as separation and descent of t
placenta.

Immediately after the birth of the child the
normal uterus is quiescent for a few minutes.
Uterine contractions then begin again, but are not
usually painful. When the placenta has separated it
presses on the pelvic floor, causing the woman to
have an involuntary desire to bear down. The
placenta is expelled from the vagina, followed by
the membranes and any retroplacental blood clot.
There is generally an escape of less than 200 ml of
blood as the placenta is delivered. If the uterus
does not retract well there is further bleeding, but
in the great majority of cases the strong retraction
of the uterine muscle compresses the uterine sinu-
ses so effectively that there is little further loss. The
uterus can then be felt as a hard round ball about
10 cm in diameter, with the top of the uterus just
below the level of the umbilicus.

There are two ways in which the placenta may
pass through the vulva. In the Schultz method the
placenta presents by its centre, and it delivers
inside-out dragging the membranes behind it.

In the Matt%lews Duncan method, the placenta
presents by an edge and slips out of the vulva



sideways. It is erroneous to suppose that the way
in which the placenta leaves the vagina necessarily
implies that that was the way in which it separated
from the upper into the lower segment.
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Normally the third stage lasts 10 to 20 minutes;
with modern active management this can be
shorter,

The following terms are used to describe the
position of the fetus in relation to the uterus and
maternal pelvis.

Lie
This means the relation which the fetus bears to

the long axis of the uterus. The lie may be longitu-
dinal, oblique or transverse.

Presentation

The presenting part of the fetus is that part which
is in or over the pelvic brim and in relation to the
cervix. When the head occupies the lower segment
of the uterus the presentation is termed cephalic. If
the head is flexed on the spine the vertex presents.

If the head is fully extended on the spine there is
a face presentation, and if it is partly extended a
brow presentation.

If the breech occupies the lower segment the
presentation is termed podalic.

If the fetus lies obliquely the shoulder generally
lies over the cervix and this is called a shoulder
presentation.

Any presentation other than a vertex presenta-
tion is described as a malpresentation.

Position

Position describes the relationship which some
selected part (the denominator) of the fetus bears
to the maternal pelvis. The denominator varies
according to the presentation being described.
With a vertex presentation the denominator is the
occiput, while with a face presentation it is the chin
(mentum) and with a breech presentation, the
sacrum.

It is conventional to describe four positions for
each presentation. For example with a vertex pre-
sentation the occiput could be related to:

e left iliopectineal eminence - left occipito-
anterior position (LOA) (see Fig. 4.3)

* right iliopectineal eminence — right occipito-
anterior position (ROA)

* right sacroiliac joint — right occipitoposterior
position (ROP) (see Fig. 4.4)

* leftsacroiliac joint — left occipitoposterior posi-
tion (LOP).

However, during late pregnancy and in the first
stage of labour the occiput most commonly lies in
the transverse diameter of the pelvic brim, and the
terms left occipitotransverse position (LOT) and
right occipitotransverse position (ROT) are use-

ful.

Fig. 4.3 Left occipitoanterior position
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Fig. 4.4 Right occipitoposterior position

Attitude (flexion or extension)

This term refers to the relation of the different
Earts of the fetus to one another. Normally the

ead, back and limbs of the fetus are flexed. In
some abnormal presentations, which will be
described in later chapters, the head or limbs may
be extended.

In 96 per cent of cases at term the fetus lies
longitudinally, with the head presenting. The rea-
son for this is that the fetus adapts itself by its
movements to the shape of the uterus. In the early
months of pregnancy the amniotic fluid is compar-
atively more abundant, and the fetus can move
freely; but as pregnancy advances the fetus rapidly
increases in size and the volume of fluid becomes
comparatively less, so that the fetus is constrained
to fit the shape of the uterus. When the attitude is
one of complete flexion the buttocks, together
with the adjacent parts of the thighs and the feet,
constitute a mass which is larger than the head. The
cavity of the uterus at term is pear-shaped, with the
wider end uppermost; therefore the fetus fits into it
best when the breech lies in the upper part of the
uterus and the head in the lower part.

If the head cannot readily enter the brim of the
pelvis a malpresentation may occur, for instance
when the pelvic brim is severely contracted, or
when a low-lying placenta or a pelvic tumour
reduces the available space in the lower segment.

If the tone of the uterine and abdominal muscles
is poor, as may be the case in a woman who has
had many children, the factors which normally
constrain the fetus to lie longitudinally are absent,
and there may be a transverse or oblique lie. If the
fetus is dead 1t may lie abnormally because it does
not move and lacks muscular tone.

MECHANISM OF LABOUR WITH
VERTEX PRESENTATIONS

The term ‘mechanism’ refers to the series of chan-
ges in position and attitude which the fetus under-
goes cﬁ.lring its passage through the birth canal.
These should be studied with the help of a fetal
model and a pelvis, as well as by observation of
women in labour.

The head is more or less oval, and fits fairly
tightly into the birth canal through which it is
pushed. The largest diameter of the pelvis is trans-
verse at the inlet and anteroposterior at the outlet.
The head, which normally enters the brim in the
transverse or one of the oblique diameters, under-
goes rotation and also some change in its attitude
as it passes through the pelvic cavity. If the head
and pelvis are both of normal size the mechanism
of labour is determined by the soft parts rather
than the bony pelvis.

Although four oblique positions of the occiput
are conventionally described, in most cases the
fetal head enters the brim in the transverse diam-
eter. In less than 15 per cent of cases the occiput
lies in relation to one of the sacroiliac joints at the
onset of labour; it is never in direct relation to the
promontory of the sacrum.

The degree of flexion or extension of the head is
a most important factor in determining the mecha-
nism of labour and therefore its outcome (see
Fig. 4.5).

MECHANISM WITH THE OCCIPUT IN
THE TRANSVERSE OR ANTERIOR
POSITION

For convenience of description the mechanism will

be described for the LOT or LOA positions. (For
the ROT or ROA positions the same description
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Fig. 4.5 Vaginal palpation of the head in right occipito-
lateral position. The circle represents the pelvic cavity
with a diameter of 12 em. The head is well-fixed and
only the sutures round the posterior fontanelle are felt

applies, but with substitution of right for left and
vice versa throughout.) ’

The descent of the head can be divided into five
levels. This analysis is for better understanding
only for the five components merge into each
other in reality. They are:

flexion

internal rotation

extension

restitution s f
external rotation. i

Flexion

The head is often well flexed before labour starts,
but if flexion is incomplete when labour starts it
becomes complete as the uterine contractions drive
the head down into the lower uterine segment.
This is because:

* any ovoid body being pressed through a tube
tends to adapt its long diameter to the long axis
of the tube

* of the so-called head lever (see Fig. 4.6).
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Fig. 4.6 Flexion of the head during labour. The arrow
shows the direction of fetal axis pressure and the dotted
line indicates the reduction in diameter of the head when
it flexes

The occipitospinal joint is nearer to the occiput
than to the sinciput (forehead), so the head can be
regarded as a lever with a long anterior and a short
posterior arm. When the breech is pressed on by
the uterine fundus the fetus is subjected to axial
pressure and the lever comes into play. The long
anterior arm meets with more resistance than the
short posterior arm and the head flexes.

Flexion has the advantage of bringing the short-
est suboccipitobregmatic diameter of the head into
engagement, when the posterior fontanelle of the
skull will be at a lower level than the anterior
fontanelle. N

Internal rotation

In the second stage of labour, the forces propel the
fetus progressively down the birth canal. When the
head meets the resistance of the pelvic floor the
occiput rotates forward from the LOT or LOA
position to lie under the subpubic arch with the
sagittal suture in the anteroposterior diameter of
the pelvic outlet (see Fig. 4.7). This internal rota-
tion of the head occurs because with a well-flexed
head the occiput is leading and meets the sloping
gutter of the levatores ani muscles which, by their
shape, direct it anteriorly.

Extension

Further advance of the head leads to its passage
through the vulva by a process of extension. Once
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Fig. 4.7 Descent and flexion of the head followed by
internal rotation and ending in birth of the head by
extension

the occiput has escaped from under the symphysis
pubis the head extends, with the nape of the neck
pressed firmly against the pubic arch. This exten-
sion of the head causes the anterior part to stretch
the perineum gradually, until the moment of
crowning when the greatest diameter slips through
the vulva. Further extension allows the forehead,
face and chin successively to escape over the
perineum (see Fig. 4.7).

Restitution

As the head descends with its suboccipitofrontal
diameter in the transverse or right oblique diam-
eter of the pelvis the shoulders enter the pelvic
brim in the anteroposterior or the left oblique
diameter. When internal rotation of the head takes
place the head is twisted a little on the shoulders.
As soon as it is completely born it resumes its
natural position with regard to the shoulders, the
occiput turning towards the woman’s left thigh.
This movement, which sometimes occurs almost
with a jerk, is called restitution, because by it the
neck becomes untwisted and the head is restored
to its natural relation to the shoulders.

External rotation

As the shoulders descend the right and anterior
shoulder is lower and meets the resistance of the
pelvic floor before the left shoulder. The right
shoulder rotates to the space in front, as did the

occiput, and the shoulders now occupy the antero-
posterior diameter of the pelvis. As they rotate, the
head, which has already been born, rotates with
them and may make a further movement towards
the woman’s left thigh. The head now lies with the
face to the right and the occiput to the left (see
Fig. 4.8).

Delivery of the body

The shoulders then emerge, the right one escaping
under the pubic arch, while the left slides over the
perineum. The rest of the body is usually born
without any difficulty as its diameters are less than
those of the head or the shoulders. The arms are
usually folded on the chest, with the hands under
the chin.

MECHANISM WITH THE OCCIPUT IN
THE POSTERIOR POSITION

The ROP position is more common than the LOP
position, and will be described. (For the LOP
position the same description applies but with the
interchange of left for right and vice versa
throughout.)

The mechanism in the occipitoposterior posi-
tions depends on whether the head 1s well flexed or
incompletely flexed.

Fig. 4.8 External rotation of the head after delivery as
the anterior shoulder rotates forward to pass under the
subpubic arch



Fig. 4.9 Vaginal palpation of head in the right occipito-
posterior position. The circle represents the pelvic cavity
with a diameter of 12 cm. The head is poorly flexed, so
that the anterior fontanelle presents. Moulding is seen

The well flexed head

If the head is well flexed, the occiput is in advance
when the head meets the resistance of the pelvic
floor. The occiput slides down the gutter formed
by the levator muscles, undergoing long rotation
through three-eighths of a circle, to reach the free
space under the pubic arch.

When the occiput lies behind and to the right
(ROP) it rotates along the right side of the pelvis to
reach the front, the shoulders rotating with the
head from the left oblique diameter into the ante-
roposterior diameter. From this point the mecha-
nism is the same as that of the ROA position, with
birth of the head by extension.

Delay, which occurs in some cases of occipito-
posterior position, is not because of this additional
long rotation. If the head is fully flexed, as it must
be tor long rotation to occur, there is no delay in
the labour and no difficulty. The cause of delay, if
it occurs, is incomplete flexion, so that normal long
rotation does not occur.

The incompletely flexed head

When the occiput occupies the posterior part o
one of the oblique diameters of the pelvis the
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biparietal diameter lies in the bay to one side of the
promontory. When the head is pushed down into
the pelvis in this position the biparietal diameter is
hindered in descending if the pelvis is small or the
head is large, and so the forepart of the head
descends more easily than the occiput and the head
enters the pelvis incompletely flexed (see Fig. 4.9).

If the head is incompletely flexed the larger
occipitofrontal diameter of the head, which meas-
ures 11.5 cm, has to pass through the pelvis instead
of the suboccipitobregmatic diameter, which meas-
ures 9.5 cm. It is this, and the fact that sometimes
neither the occiput nor the sinciput is sufficiently
in advance of the other to influence rotation, that
explains why some cases of occipitoposterior posi-
tions cause difficult and prolonged labour. How-
ever, in some cases in which long rotation of the
occiput does not occur spontaneously delivery
takes place by an alternative mechanism, as fol-
lows.

If the head is incompletely flexed with an occipi-
toposterior position the forehead is as low as the
occiput, and being at the anterior end of the
oblique diameter of the pelvis it meets the resist-
ance of the pelvic floor before the occiput. The
forehead rotates to the front to the free space
under the pubic arch, turning through one-eighth
of a circle while the occiput rotates backwards into
the hollow of the sacrum. The head may now be

Fig. 4.10 Delivery of the head in the face-to-pubes
position. 1, shows the head being born by flexion, this is
tollowed by extension, shown in 2
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born with the face towards the posterior surface of
the symphysis pubis. The root of the nose is
pressed against the bone, and the head flexes about
this fixed point. The vertex is born by flexion and
followed by the occiput. As soon as the occiput is
born the head extends, the face and chin emerging
from under the pubic arch. The vulval orifice is
stretched by the occipitofrontal instead of the
suboccipitofrontal diameter, with a difference in
size of 2 cm, and a severe perineal tear may result
(see Fig. 4.10).

DEEP TRANSVERSE ARREST OF THE
HEAD

In some cases the head becomes arrested with its
long axis in the transverse diameter of the pelvis,
the degree of extension being such that neither the
occiput nor the forehead is sufficiently in advance
to influence rotation (see Fig. 4.11).

This is described as deep transverse arrest of the
head and calls for assistance. Some of these cases

are the result of incomplete forward rotation from
an occipitoposterior position. Others, perhaps the
majority, are the result of the descent of a head
which originally lay in the occipitotransverse posi-
tion and which has failed to rotate anteriorly.

In Britain today the majority of women are con-
fined in hospital simply because obstetric emer-
gencies such as fetal hypoxia or postpartum
haemorrhage may suddenly arise in apparently
normal cases. The expertise and facilities to deal
with an emergency are immediately available in
hospital whereas there is inevitable delay if the
crisis occurs in the woman’s home, a delay which
may be the deciding factor between life and death
for the woman or her baby. Many women have the
impression that childbirth is an entirely physio-
logical event without risk, but this is not so small
in a proportion of cases.

As a compromise for those who prefer home
delivery many hospitals arrange for delivery in
hospital and early discharge home after 24 or 48
hours, provided that there is a domiciliary midwife
and a doctor willing to be responsible when the
women returns home. Some units have facilities for
a woman to be looked after by her own midwife
and general practitioner while she is in hospital and
some have rooms which are furnished liie ordi-
nary bedrooms in order to make the woman feel
more at home. The presence of the child’s father,

or of a close relative, is welcomed throughout
labour. Should an emergency arise in such a birth
room the woman can be transferred to the main
part of the hospital immediately.

Modern management of labour is carried out by
a team consisting of midwives and obstetricians.

The role of the midwife is of the utmost impor-
tance. A midwife is the senior professional person
present in at least 70 per cent of normal deliveries
in the UK. Midwives are normally responsible for
the care of women in labour, observing the prog-
ress and the condition of the woman and her fetus,
alleviating pain, preventing infection and super-
vising safe j’elivery. They look for abnormalities in
labour and procure medical assistance when neces-
sary, being ready to take emergency measures (e.g.
urgent breech delivery or manual removal of the
placenta) in the absence of medical help.

No labour can be said to be normal until the
third stage is safely concluded. Danger, especially
to the fetus, can arise suddenly and unexpectedly,
and to secure the greatest safety of the mother and
baby, labour is best managed by intensive care
techniques. There is no reason why modern meth-



ods of monitoring during labour should be psy-
chologically harmful or interfere with normal
labour; indeed there is some evidence that they
may prevent unnecessary intervention. If their
purpose is explained to the woman they should be
reassuring to her.

Although the dangers of infection have been
much reduced by the use of antibiotics, it is still
very important to minimize the risk of introducing
infection into the genital tract during labour. Slow-
ly, it is being realized that the important organisms
that cause infection in the genital tract after child-
birth come mostly from the skin flora of the
woman herself and, to a_lesser extent from the
doctor or midwife. Hence careful antiseptic tech-
niques of cleaning the woman’s perineal skin and
“ aseptic washing of the attendant’s hands must be
adhered to and®gloves should be worn. Of less
importance is the wearing of masks to guard
against nose and mouth organisms, gowns to pro-
tect from bacteria and fungi on the clothing or
boots to prevent spores and fungi from the outside
world. In many labour wards, no masks, gowns or
boots are worn, just well-washed gloved hands and
a protective apron of light material. Such sterile
precautions must be taken by those delivering the
woman.

The first stage of labour is proceeding normally
if the cervix is progressively dilating and the fetal
condition is satisfactory. The second stage is nor-
mal when there is progressive descent of the head
and the fetus is in good condition. These state-
ments may seem very obvious, but they are essen-
tial as the basis of most observations made during
labour.

Because of the increased risk to mother and fetus
during prolonged labour, labours are no longer
advised to continue for great lengths of time. De%ay
in the first stage is overcome by active management
with oxytocics, and delay in the second stage by
the use of forceps or the vacuum extractor.

MANAGEMENT OF THE FIRST STAGE

On admission, the woman’s antenatal record is
reviewed to discover whether there have been any
abnormalities during her pregnancy. Records of
ante-natal care should be available from hospital
record departments or hand held notes. In a few
instances there will have been no antenatal care; in
such circumstances a complete history must be
taken.

Management of the first stage 179

In every case the woman’s general condition is
assessed, her pulse rate and blood pressure are
recorded, and her urine is tested for protein and
sugar. By abdominal examination the presentation
and position of the fetus, and the relation of the
presenting part to the brim of the pelvis, are
determined. Abdominal examination will also
show the frequency and strength of the uterine
contractions. The fetal heart rate is checked and
any abnormality of rate or rhythm is noted. A
vaginal examination will show the degree of dilata-
tion of the cervix, whether the membranes are
intact or ruptured and the level and position of the
presenting part.

Much of the apprehension from which many
women suffer during labour may be removed by
adequate explanations beforehand. The best time
to give this is in antenatal classes to which the
woman may go with her partner. She will find it a
great comfort to hear what labour entails in her
partner’s presence, knowing that he will be at her
side all through the confinement. If it is explained
to them that the first stage of labour may last up to
10 hours, during which it may be difficult for her
to appreciate that there is much progress, it will be
much easier to reassure her at the time that all is
well. She should, however, always be kept
informed about dilatation of the cervix and of the
condition of her baby. If it is decided that the best
way of checking the fetal heart is with a fetal heart
rate monitor its purpose must be explained. The
reason for any intervention must also be discussed
fully with the woman and her partner. If there is
free communication between attendants and the
woman there will almost always be full coopera-
tion. At no time in labour should the woman be
left alone. The partner should be with her all the
time, and the midwife as much as possible.

It is unnecessary to give an enema or to clip or
shave the vulval hair. These practices are of no
particular benefit and are generally disliked. A
warm bath or shower, however, is both hygenic
and pleasant.

There is no need for the woman to remain in bed
during early labour. If she is up and about, the
weight of the amniotic fluid and the fetus helps to
dilate the cervix and pressure on the lower segment
stimulates the uterus to contract. If the presenting
part is not engaged vaginal examination is advis-
able to exclude prolapse of the umbilical cord
when the membranes rupture.

Discomfort during the early part of the first
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stage may not be severe, although in primiparae it
may cause distress. Towards the end of the first
stage the pains become more severe. If epidural
analgesia is not employed, drugs such as pethidine
100-150 mg intramuscularly may be given when
labour is established if the woman is distressed, but
a woman who has been appropriately prepared for
labour should be allowed to decide for herself
whether, and when, she wants analgesia. The
knowledge that help is available gives her con-
fidence and she may prefer to defer its use for a
time. As pethidine sometimes causes nausea, meto-
clopramide (Maxolon) 10 mg may also be given
intramuscularly. Some women obtain relief by
means of transcutaneous electrical nerve stimula-
tion (TENS) but the equipment is not universally
available. Pain relief provided by TENS is best in
early labour and if properly used by a trained
mother, TENS may postpone the need for stronger
analgesia by some hours.

There may be a frequent desire to pass urine
during the first stage. When the head is deep in the
pelvis the woman may be unable to pass urine and
the bladder rises up into the abdomen where it can
be seen and felt as a suprapubic swelling. A soft
catheter should be passed, as a full bladder has an
inhibiting effect on the uterine contractions.

During labour there is delay in the emptying
time of the stomach and food or fluids may remain
there for several hours. If a general anaesthetic has
to be given for any reason there is a risk of vomit
being inhaled and the acid contents of the stomach
may cause bronchiolar spasm (Mendelson’s syn-
drome). Alkali given by mouth may reduce the
severity of this complication, but it is better to
withhold solid food during labour. Use Ranitidine
50 mg by intramuscular injection every 6 hours to
women who do not have an epidural block and are
therefore more likely than those with epidurals to
require general anaesthesia if they have a complica-
tion requiring urgent operative intervention. Rani-
tidine effectively reduces the acidity of gastric
contents. Feeding traditionally was discouraged in
labour, but light easily-digested foods are probably
of more help than harm. An example might be
chicken soup.

Dextrose solutions given intravenously during
labour must be properly controlled. There have
been instances of injudicious administration of
large volumes of fluid containing no sodium,
resulting in maternal and fetal hyponatraemia. If
large volumes of intravenous fluid are given for

any reason during labour, physiologically balanced
infusions such as Hartmann’s solution must be
employed. Modern drip counters allow strict con-
trol of the volume of fluid used.

Large volumes of water are retained during
pregnancy, chiefly in the maternal extracellular
compartment and unless there has been excessive
vomiting significant dehydration or ketosis are
unlikely in a labour lasting less than 24 hours.

Towards the end of the first stage, if epidural
analgesia is not used, administration of nitrous
oxide and oxygen (Entonox) may be started with
the onset of each contraction.

Partogram

Once labour has become established, or the mem-
branes have ruptured, all events during labour
should be noted on a partogram — a most useful
graphical record of the course of labour. Routine
observations of the woman’s pulse rate and blood
pressure, with an assessment of the strength of the
uterine contractions are entered on it. Records of
the findings at successive vaginal examinations are
plotted on a graph, showing the dilatation of the
cervix in centimetres against the time in hours. The
curve obtained is compared with an average curve
for normal primigravidae or multigravidae as may
be approprlate in any given population. If the
woman’s progress is normal her curve will corre-
spond with the normal curve, or lie to the left of
1t.

Friedman, who introduced the idea of the parto-
gram, has described two phases of labour:

* latent phase, from the onset of labour until the
cervix is about 3 cm dilated, which may last 3
to 7 hours in a primigravida

* active phase, during which dilatation from 3 to
10 cm 1s more rapid, taking 3 to 7 hours, so that
the slope of the partogram curve will be steeper
in this phase.

If labour is not progressing normally in the active
phase, dilatation of the cervix will become slower
or may cease and the woman’s partogram will be
to the right of the normal curve. A vaginal exam-
ination siould be made about every 3 hours, and if
there is delay the membranes should be ruptured
and uterine action augmented by administration of
an oxytocic infusion if there is no progress after
the membranes are ruptured.

All this information about the strength and
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Fig. 4.12 Example of a partogram. Only the middle section is shown. At (a) there is a chart of the fetal heart rate and
at (b) there is a chart of the maternal blood pressure and pulse rate. In the illustrative case shown there was a
prolonged latent phase. The membranes were artificially ruptured with little effect on the contractions. With
intravenous oxytocin (2 units/500 ml) at 10 and then 20 drops per minute the uterine contractions improved and the
active phase soon followed. At the point marked M, meconium was seen in the liquor and there were some
decelerations in the fetal heart rate, but a fetal blood sample showed a pH of 7.3 and a base deficit of only 4 m eq/l so
labour was allowed to continue, ending in an easy forceps delivery
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frequency of the uterine contractions, the dilata-
tion of the cervix and (later in labour) descent of
the head, and the state of the mother and fetus can
be shown on the partogram. Drugs that are given
should also be recorded (see Fig. 4.12).

Fetal monitoring

The other important observations which must be
made during labour relate to the fetus. If simple
clinical observations are all that are possible these
must be made and recorded regularly. The fetal
heart rate is counted with a stethoscope at half-
hourly intervals in early labour and at 10 minute
intervals in the active phase of labour. The normal
rate is between 120 and 160 beats per minute and
there is no change of rate, or only a very transient
slowing, with the uterine contractions.

Most hospitals now employ fetal monitoring
during labour. The uterine contractions can be
recorded with a strain gauge strapped to the
mother’s abdomen, and the fetal heart can be
monitored with an ultrasonic device attached in
the same way (see Fig.4.13). The ultrasound
record of the fetal heart rate is not always sat-
isfactory, although this simple method can be tried

1
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Fig. 4.13 Fetal heart rate, normal trace. The lower trace
records the uterine contractions

first. After the membranes have ruptured and the
cervix has started to dilate a more reliable record
can be obtained by attaching a clip to the fetal scalp
through the cervix from which a lead passes to a
machine which calculates the heart rate continu-
ously by measuring the intervals between R waves
in the fetal electrocardiographic cycles.

In normal labour the basal heart rate berween
contractions is between 120 and 160 beats per
minute, with a continuous slight beat-to-beat vari-
ation of the order of five beats per minute. In
normal labour the heart rate may slow with each
uterine contraction, but the slowing is neither
profound nor prolonged. Prolonged deceleration
trachecardia or loss of baseline variability may be
sinister signs.

Where resources are limited monitoring may
only be possible for high-risk cases and those in
whom clinical signs suggesting fetal distress
appear, but to secure the best possible surveillance
of the fetus the ideal would be to monitor every
labour, because half the instances of hypoxia dur-
ing labour occur without evident preceding high
risk factors. However, some women object to the
routine use of monitoring. They dislike any appar-
ent interference in a normal labour and the limita-
tion of free movement caused by the electrical
leads to the recording machine; they may also fear
fetal injury from the scalp electrode. Restriction of
mobility may in future be overcome by radio;
telemetry connects the transmitter carried by the
mother to the recording machine, so that leads are
not required. Particularly in high risk cases, the
patient’s cooperation can usually be obtained if the
purpose and advantage of monitoring is explained.

If the monitor or clinical observations suggest
that there may be fetal distress a sample of fetal
blood is taken from the fetal scalp to determine the
pH and base deficit levels and thus, indirectly,
whether there is fetal hypoxia.

These technical methods of checking that all is
well with the mother and baby must never be
allowed to take the place of close contact between
doctors, midwives and the patient. Clinical assess-
ment of well-being must not be omitted or dis-
regarded.

Active management of labour

Most obstetricians believe that with the help of
modern technology, they can ensure that child-
birth is a safer and happier experience for the



mother and her baby. In the first stage of labour
this includes effective analgesia including epidural
block; monitoring the fetal heart rate and the
uterine contractions; recording cervical dilatation
to ensure progress is being made and the occa-
sional use of intravenous oxytocins. Provided the
woman understands the reasons for these measures
she will usually accept them in the knowledge that
they are undertaken for her and her baby’s benefit.
It is stressed that they are to be used selectively,
not routinely, and in particular that it is only
necessary to accelerate labour with an oxytocic
drip if progress is abnormally slow.

MANAGEMENT OF THE SECOND
STAGE

Without epidural block

During the second stage the woman should be
close to her bed and the midwife or doctor should
stay with her.

Early in the second stage it does not matter what
position the woman adopts, but if she is well
ﬁropped up with her head upright and her hands

ehind her knees she will be in a comfortable
position to push effectively, with some assistance
from gravity. Occasionally, because of supine
hypotension, slowing or other changes in the fetal
heart rate occur if the woman has slumped into the
dorsal position. If such changes occur the woman
is turned onto her side and hitched up into a
virtually sitting position.

As each uterine contraction pushes the fetal head
down onto the pelvic floor, the expulsive reflex
comes into play and the woman will generally take
a deep breath, hold it, and strain down. In a first
labour the woman needs to be encouraged to relax
the muscles of the pelvic floor at the time of the
contraction. The progress of the descent of the
head can be judged by watching the perineum. At
first there is a slight general bulge as the woman
strains. When the head stretches the perineum the
anus will begin to open, and soon after this the
caput will be seen at the vulva at the height of each
contraction. Between contractions the elastic tone
of the perineal muscles will push the head back
into the cavity of the pelvis. The perineal body and
vulval outlet become more and more stretched
until eventually the head is low enough to pass
forwards under the subpubic arch. When the head
no longer recedes between contractions this indi-
cates that it has passed through the pelvic floor and
that delivery is imminent.
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When the head begins to appear at the vulva it
must be decided whether the woman is to be
delivered in a semi-sitting position or on her side.
If little help is available the left lateral position may
be used but when assistance is available most
women are delivered in the dorsal position, as
described above.

Different positions may be adopted in the sec-
ond stage according to individual preference.
There has been a recent tendency for a minority of
women to ask to give birth on all fours, squatting,
kneeling or standing upright, claiming that such
positions make delivery easier. Birth chairs have
been tried in some hospitals, and usually given up.
A few babies are delivered under water. There is
little evidence that delivery in any of these posi-
tions is more rapid or comfortable, and they have
the disadvantage that they make proper observa-
tion of the fetal heart rate and control of analgesia
very difficult, and care of the perineum hardly
possible. However, the right of every woman to
deliver her baby in the manner she wishes must be
considered sympathetically.

With epidural block

About a third of women have an effective epidural
block during the first and second stages of labour;
this makes a difference to the management of the
second stage of labour.

Such women do not experience a reflex desire to
bear down, and once full dilatation is diagnosed,
they can be left to continue in labour without
pushing for 1 or 2 hours provided that there is no
evidence of fetal distress. This gives the fetal head a
chance to descend deeper into the pelvis in
response to uterine contractions.

When women with an epidural block do start
bearing down or pushing, they will not usuallfr
know when they are having contractions, nor will
they usually experience a reflex urge to bear down
during contractions. They will need extra instruc-
tion and encouragement from their attendants.
Unusual birth positions (all fours, kneeling, squat-
ting or standing upright) cannot be adopted with
an cffective epidural block.

DELIVERY OF THE BABY

If delivery is left entirely to nature, laceration of
the perineum often occurs during birth of the head.
By the time the head begins to appear at the vulva
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some form of analgesia is usually desirable. An
epidural or pudendal block or local infiltration
may be used but alternatively inhalation of a
mixture of nitrous oxide and oxygen (Entonox) is
often effective.

At this stage the midwife or doctor must control
the head to prevent its being born suddenly and it
must be kept flexed until the largest diameter has
passed the vulval outlet. Once the head is crowned
the woman should be discouraged from bearing
down by telling her to take rapid shallow breaths.
The head may now be delivered carefully by
pressure through the perineum onto the fore part
of the head by means of a finger and thumb placed
on either side of the anus, pushing the head
forwards slowly before it is allowed to extend and
complete its delivery and controlling the rate of
escape with the other hand (see Fig. 4.14).

Fig. 4.14 Care of the perineum. The left hand is prevent-
ing sudden expulsion of the head, while the fingers and
thumb of the right hand are gently helping the head
forwards by pressure on each side of the anus

If extension of the head begins before the bipar-
ietal diameter has passed through the vulval orifice
a larger diameter than the suboccipitofrontal will
distend the vulva and a tear may result. Even if the
head has become crowned gradually, perineal rup-
ture may occur if the head is allowed to be expelled
suddenly and rapidly; it is important that the head
should be born slowly and in an interval between
contractions.

Episiotomy, or incision of the perineal body, is
necessary in some cases and a clean incision is
always preferable to an irregular laceration, or even
to a grossly overstretched perineal body. It is
important to explain to the woman beforehand
that it is sometimes necessary, and to assure her
that it will not be performed just as routine.

Directly the head is born a finger is inserted to
feel whether a loop of cord is round the neck. Such
a loop should be slipped over the head; if this
cannot be done the cord is clamped with two pairs
of artery forceps and divided between them.

The shoulders usually follow with the contrac-
tion following the birth of the head, the anterior
shoulder being delivered before the posterior.
Even if the head has been born without perineal
laceration, the shoulders can cause damage unless
they are carefully delivered.

If the shoulders do not descend after the birth of
the head the mother should be exhorted to bear
down. If the shoulders still do not move and the
baby’s head is becoming cyanosed birth must be
assisted. If the shoulders have not rotated into the
anterolfostcrior diameter of the pelvis they must be
rotated by digital pressure. If there is still delay
attempts must then be made to bring the anterior
shoulder under the subpubic arch by bending the
neck laterally towards the anus. Once the anterior
shoulder has passed the symphysis pubis the pos-
terior shoulder can usually be J;livered after pull-
ing the head forwards. As little force as possible
should be used, for fear of injury to the brachial

lexus. An assistant can help by pressing on the
undus of the uterus at the same time.

In cases of extreme difficulty a finger may be
passed up to the anterior axilla of the fetus and the
shoulder pulled down; or else a hand may be
passed behind the posterior shoulder into the
hollow of the sacrum and the posterior arm
brought down over the perineum by flexing it at
the shoulder and elbow. This makes more room
and the anterior shoulder is then easily delivered.

After delivery of the shoulders the rest of the



body quickly follows. As soon as the child is
delivered it is held with its head downwards so that
any fluid or mucus in the mouth can run out. The
mouth and pharynx are sucked clear with a mucus
extractor. A healthy baby breathes and cries very
soon after it is born; if it fails to do so the baby
needs active resuscitation.

Normally the cord should not be clamped until
the child has cried vigorously and pulsation in the
cord has ceased. If it is clamped immediately the
baby is deprived of about 20 ml of blood which
would be cﬁ'awn out of the placenta by the expan-
sion of the lungs. It is best to keep the baby at the
same level as the placenta or a little below it. If the
baby is held high above the placenta (which may
be done inadvertently at caesarean section) blood
may run back into the placenta with the risk of
subsequent anaemia in the baby. For this reason
the practice of placing the baby on the mother’s
abdomen immediately after birth and before the
cord is clamped is of doubtful wisdom; the
unwrapped baby may also suffer heat loss. Once
the baby is breathing normally and the cord has
been divided it should be wrapped up and handed
to the mother to hold, cuddle and enjoy.

At first the cord is divided between two artery
forceps; later a plastic crushing clamp is placed on
the cord 1 to 2 cm from the umbilicus and the cord
is cut again 1 cm beyond the clamp. When this is
done the cut end of the cord is examined to make
sure that both umbilical arteries are present.

If spontaneous respiration is not established
soon after birth, resuscitation is the immediate
priority and the baby is taken to the resuscitation
table directly after the cord is divided.

MANAGEMENT OF THE THIRD
STAGE

In a normal delivery, if oxytocic drugs are not
injected, the uterus will generally remain quiescent
for a few minutes after the delivery of the baby.
Regular contractions then begin again. These
detach the placenta and push it down into the
lower uterine segment and vagina (see Fig. 4.15).
The mother will become aware of its presence on
the pelvic floor, and by straining expel it through
the vagina.

The following signs indicate that the placenta
has separated and been expelled from the upper
uterine segment into the lower segment or even
into the vagina:
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® the cord moves down and appears to lengthen.
It may be difficult to be sure of this, and in case
of doubt the fundus of the uterus may be
gently pressed upward by a hand placed just
above the pubis. If the placenta is still in the
upper segment the cord will be drawn up with
the uterus

* the uterus rises up because it is now perched on
the lower segment which contains the placenta,
and when it contracts the empty upper segment
feels hard, round and movable from side to side
(see Fig. 4.15)

e there is often a small gush of blood when the
placenta leaves the uterus

* the placenta can be felt with a finger inserted
into the vagina.

The third stage of labour is a natural process which
can be managed by simple observation and with-
out interference unless bleeding or delay occurs,
but even with such conservative management post-
partum haemorrhage sometimes occurs it the
uterus relaxes. However, nearly all obstetricians
now advocate an alternative and more active meth-
od of management of the third stage because this
has been found to be safer.

Active management of the third stage

After 1935 ergometrine became available as an
effective and non-toxic oxytocic agent. It was at
first used for the treatment of postpartum haemor-
rhage after the uterus had been emptied but it was
soon found that by giving it at the time of birth, or
immediately afterwards, the number of cases of
excessive bleeding (defined as a loss of more than
500 ml) was reduced. Ergometrine causes a pro-
longed contraction of the uterus without periods
of relaxation, and while the uterus is contracting
there is not likely to be any bleeding. It is therefore
a most valuable drug given in a dose of 0.5 mg by
intramuscular or intravenous injection in cases of
excessive blood loss.

However, ergometrine can cause nausea and
vomiting and there is usually a significant rise in
blood pressure. Because ofy these disadvantages
there is a tendency for obstetricians to prefer
Syntocinon, 5 units, for routine management of the
third stage of labour. Syntocinon, an isomer of
oxytocin, is given by intramuscular or intravenous
injection with delivery of the anterior shoulder in a
primigravida or while the head is crowning in a
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multipara. With this method the third stage of
labour is shortened and blood loss is reduced. As
soon as the signs of separation are present, show-
ing that the placenta is in the lower uterine seg-
ment and vagina, the placenta is delivered by the
Brandt—Andrews’ method, as described below.

By injecting an oxytocic drug before the pla-
centa has separated there is a small risk that the
placenta may be grasped by the contracting upper
segment and become retained, with a slight
increase in the number of cases in which manual
removal of the placenta becomes necessary. This
disadvantage is small compared with the advantage
of reduction in incidence of postpartum haemor-
rhage.

Syntometrine is a preparation containing 500 pg
of ergometrine and 5 units of Syntocinon per ml. It
can be given as an alternative to Syntocinon alone.

Brandit—Andrews’ method of delivering the
placenta

With the woman lying on her back the obstetrician
places his left hand over the anterior surface of the
uterus just above the symphysis pubis, at the
fresumed level of the junction of the upper and
ower segments. An artery forceps is placed on the
umbilical cord, which is held just taut but without
strong traction with the right hand (see Fig. 4.16).
The uterus is pushed gently upwards with the left
hand and if this can be done satisfactorily it means
that the placenta is below the level of the lifting
hand and is in the lower segment or vagina. Lifting
is now discontinued and, with the uterus con-
tracted, pressure is made with the same (left) hand

Fig. 4.15 Signs of descent of the placenta. After
separation the contracted upper segment is at a
higher level and feels more rounded

in a downward direction while the cord is held taut
until the placenta is seen at the introitus. After the
placenta Eas been expelled the uterus is lifted out
of the pelvis. It will be noted that the principle of
the method is not cord traction but rather eleva-
tion of the uterus, which prevents acute inversion
of the uterus as a complication.

The membranes generally slip out after the
placenta. However, if they do not come away with
gentle traction on the placenta they should be held
with artery forceps and gently pulled in a rota-
tional fashion, when they will usually be extrac-

ted.

Examination of the placenta, membranes and
cord

These must always be examined carefully as soon
as possible. The maternal surface of the placenta
will be seen to be divided into cotyledons, but
these should all fit together when the maternal
surface is made concave. If any part is missing a
gap will be seen.

The membranes should form a complete bag
except for the hole through which the fetus passed.
The amnion and chorion can be separately exam-
ined after peeling the amnion off the chorion. An
important but rare abnormality is that in which
blood vessels run off the edge of the placenta to a
small detached island of placental tissue, a succen-
turiate lobe. If this has come away with the main
placenta and membranes it will be plainly seen, but
if it is retained there will be a hole in the chorion
corresponding to it, to which the vessels pass.

The cut end of the cord should be examined. A



Fig. 4.16 Brandt-Andrews method of delivery of the
placenta

Management of the third stage 187

rare abnormality is absence of one umbilical artery.
This is important as it may be associated with
other congenital abnormalities.

If a piece of placenta is retained it is almost
certain to cause postpartum haemorrhage, there-
fore it should be removed as soon as the diagnosis
is made. In cases of doubt an ultrasound scan will
show whether the uterus is empty. A piece of
membrane retained within the uterus will probably
not cause complications and will come away in 2
or 3 days; uterine exploration is not necessary.

Examination of the perineum

After the placenta is delivered, the vulval outlet
must be examined carefully for lacerations after
separating the labia. Any tear other than a minute
one should be sutured very promptly.

The amount of pain experienced during labour
appears to vary enormously; very few women find
that labour is almost painless, but the majority
have pain that they describe as severe. Some will
manage with minimal doses of analgesic drugs
while others demand much more.

During the first stage of labour pain is felt with
each uterine contraction. The pressure in the
uterus between contractions is of the order of
1.33 kPa (10 mmHg). During a first stage contrac-
tion the pressure is about 6.7 kPa (50 mmHg).
Most women do not feel pain until the pressure
reaches 3.2 kPa (25 mmHg); the beginning of the
contraction can be felt with the hand or recorded
with a tocograph before the woman feels pain. The
pain is believed to be caused by ischaemia of the
myometrium, which occurs when the blood flow is
arrested or impeded by the contraction.

The nerve pathway for the pain of uterine
contractions is the hypogastric plexus and then the
pre-aortic plexus, entering the cord as high as the
11th and 12th dorsal segments via the posterior
nerve roots.

Pain is also caused by dilatation of the cervix,
and this is severe at the end of the first stage.
Sensory impulses from the cervix probably enter
the cord via the sacral roots; pain towards the end
of the first stage is often referred to the sacral
reglon.

The upper vagina distends easily and this does
not seem to cause much pain, but during the
second stage, when the head is stretching the vulval
orifice, severe pain is felt which is diftgerent from
that of uterine contraction. Pain impulses from the
vulva and perineum are carried by the pudendal
nerves, and to a small extent by the ilioinguinal,
genitofemoral and posterior femoral cutaneous
nerves.

During the antenatal period women should be
told about the stages ofp labour in simple terms,
avoiding technical words and the jargon of the
labour ward. It is particularly important to explain
that the first stage of labour is long compared to
the second, and that during the first stage the
cervix is being opened up, and that there will be no
sensation of progress or descent of the baby. In a
normal second stage she will be encouraged by
feeling the descent of the baby and the realization
that the end of labour is not far away. The severity
of pain may not be altered by explanation, but fear
of the unknown and fear that the labour is not
progressing normally can greatly add to mental
distress.

There are those who believe that if the woman is
tense and anxious this will impede the progress of
labour, and that if she is relaxed labour will be both
quicker and less painful. While a tense pelvic floor
might delay delivery, there is nothing to show that
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dilatation of the cervix will be affected by the
woman’s state of mind. However, it is probable
that the woman who relaxes completely and rests
between pains is conserving her energy, and will be
able to make stronger voluntary efforts in the
second stage. Moreover, labour will be a less
unpleasant experience for her.

Various courses of antenatal exercises have been
recommended. If they give the woman confidence
they are useful and helpful, although there is little
or no scientific evidence that they have any other
effect on the course of labour. It is wrong to tell
women that if only they follow some pattern of
exercises or relaxation that they will have little pain
and that labour will be quick and normal; when
this sometimes proves to be untrue disappoint-
ment may turn into anxiety and recrimination.

Mothers-to-be should be told about the various
means of relieving pain, and that these will be
available on demand. Secure in the knowledge that
help is available many women will not ask for any
analgesic until the first stage is well advanced.
Drugs should never be given in a routine fashion,
but always with respect for the woman’s wishes
and need. During antenatal instruction classes the
women should visit the labour ward and if possible
meet the staff who will look after them there, and
be given a demonstration of such equipment as the
gas and oxygen machine.

During labour women should never be allowed
to feel that they have been left alone and deserted.
A sensible and affectionate partner who shares the
labour is most helpful for he can give much
support and comfort, provided that he has also
been given a little instruction and told what to
expect. The knowledge that a trusted doctor or
midwife is present or immediately available will
make labour more tolerable.

THE IDEAL ANALGESIC

An ideal analgesic for labour will not harm or
endanger the mother or the fetus. In particular it
should not:

interfere with uterine action

lead to more operative intervention

depress the respiratory centre of the newborn
infant.

In addition to its analgesic effect it should be:

easy to administer

foolproof
predictable and constant in its effects.

Three methods are in common use during labour:

¢ drugs which are given by intramuscular injec-
tion. This method is simple and convenient.
Oral administration of drugs during labour 1s
unsatisfactory because absorption is unreliable

* an agent which is inhaled. This method is not
suitable for use over long periods, and is there-
fore only used in the latter part of the first
stage; it is more appropriate for the second
stage

* an epidural, one caudal block. These give com-
plete relief of pain, but requires skill in injec-
tion, and has a few hazards.

ANALGESIC DRUGS

Over the years many drugs have been used, but
pethidine 1s now in almost universal use. It is a
synthetic drug which is less effective than mor-
phine in relieving pain, but has less of a depressant
effect on the respiratory centre of the newborn
infant. If it has been given 2 hours of delivery,
preparation should be ready to reverse any neo-
natal respiratory depression with naloxone. The
usual dose is 100-150 mg intramuscularly and
50-100 mg can be repeated after 2 hours. In an
average labour the total dose should not exceed
400 mg. Pethidine sometimes has an emetic effect;
this can be counteracted with metoclopramide
(Maxolon) 10 mg intramuscularly.

Morphine 15 mg, sometimes combined with
hyoscine 0.4 mg, is seldom used today for normal
labour because of its effect on the infant’s respira-
tory centre, but in cases in which the fetus is dead
or grossly abnormal (e.g. anencephalic) such drugs
will give good pain relief. Another side effect of
morphine is the delay it can cause in gastric
emptying. This could increase the risk of aspiration
if a general anaesthetic were to be needed.

Respiratory depression in the newborn from
pethidine or morphine can be counteracted by
injecting naloxone (Narcan neonatal) into the
umbilical vein. The preparation contains 20 pg/ml,
and the dose is 5 pg/kg.

TRANSCUTANEOUS ELECTRICAL NERVE
STIMULATION (TENS)

This is a self-administered method for relieving



pain based on the gate control theory of pain. It
supposes that excitation of large myelinated affer-
ent nerve fibres reduces the pain impulses con-
ducted by small myelinated and non-myelinated
fibres. Part of the analgesic effect may be due to the
production of endogenous opioids. A battery-
powered stimulator is connected by wires to elec-
trodes placed on either side of the spine in the
dermatome corresponding to the pain. It is a
harmless method which gives a measure of relief
from pain in the first stage of labour in about half
of those who try it although in retrospect it is not a
highly noted method.

INHALATION ANALGESIA

Nitrous oxide and oxygen

Nitrous oxide and oxygen can be given as the
woman requires using Entonox gas cylinders con-
taining a mixture of nitrous oxide and oxygen in
equal proportions. The cylinders must not be kept
at much below room temperature, because at lower
temperatures the gases separate out. Self-
administration depends on the woman fitting the
mask accurately to her nose and mouth, and
closing the valve with her finger. She should take a
deep breath as soon as the pain starts and continue
breathing throughout the contraction. This gives
good and safe pain relief to most.

EPIDURAL BLOCK

This is usually started in the first stage, and it may
be continued throughout labour. Now many
regional blocks used in labour are combined
spinal/epidural blocks.

The anaesthetic is injected into the epidural
space through a Tuohy needle which is usually
inserted between the 1st and 2nd lumbar spines.
Lignocaine (Xylocaine) or Marcain are used
depending on the need. A polythene catheter is
threaded through the needle and left in the epidur-
al space so that further injections of the anaesthetic
can be given as required. The injection calls for
some skill and experience of the method, and
whoever gives it must maintain continuous super-
vision and be prepared to deal with immecﬁate
complications such as hypotension or temporary
respiratory paralysis from accidental intrathecal
injection. Long-term neurological sequelae such as
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weakness or paraesthesia of the legs or bladder
disturbances are very rare.

Existing epidural analgesia blocks can be exten-
ded for caesarean section during labour. Problems
may arise with dislodged catheters and women at
risk of operative delivery require especially close
monitoring of the block by the anaesthetist to
assess whether the anaesthetic is bilateral in spread
and can reliably be extended with top up. Speed of
providing anaesthesia for caesarean section can be
gained in a good working block by giving a large
top up such as 20 ml 2 per cent lignocaine with 1 in
200000 adrenaline. This can be prepared in
advance and the woman ready for caesarean sec-
tion in less than 10 minutes.

Features of any regional block that are necessary
to give proper anaesthesia for caesarean section are
a bilateral sympathetic block with dry warm feet, a
dense motor block with ability to only move the
ankle or toes and a dense sensory block from T4
(nipple line) to S5 (perineum). Sensory block is
tested with pinprick, ethyl chloride spray or ice.
By whatever means it is tested the desired level of
density must be such that the woman feels little or
nothing from the nipple line to the perineum as
this is necessary to block peritoneal pain.

Neural blockade that is insufficiently extensive
or insufficiently dense will result in pain at caesar-
ean section, especially with pulling on the perito-
neum. The anaesthetist must be able to assess the
extent of the anaesthesia before the start of the
surgery if pain at caesarean section is to be avoided.
Epidural fentanyl is widely used to decrease the
risk of pain and give some central effect. The
woman at awake caesarean section requires the
support of her partner, her midwife and her anaes-
thetist. As anaesthetic experience with regional
block increases so the occurrence of pain at opera-
tion decreases.

SPINAL ANAESTHESIA

The subarachnoid injection of a small dose of local
anaesthetic provides a very rapid extensive and
dense regional block. This injection can be done as
a single dose which has the disadvantage of not
being able to prolong the anaesthetic if necessary.
A subarachnoid or epidural catheter may be inser-
ted to provide maintenance of anaesthesia. The
combined spinal epidural (CSE) uses the Tuohy
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needle as an introducer for a fine spinal needle and
the epidural catheter. This is a commonly used
anaesthetic for elective caesarean section and emer-
gency where the woman has no functioning block.
The problems of spinal block are the rapidity of
onset causing rapid and severe hypotension. This is
to be avoided as CSE reduces not only maternal
cerebral perfusion but also placental perfusion
causing neonatal acidosis at delivery. Hypotension
is prophylactically treated with infusion of a litre
of intravenous crystalloid such as Hartmanns solu-
tion or saline and the use of ephedrine either as
infusion or in small bolus doses at the time of the
vasodilatation.

Spinal anaesthesia is considered as the method of
choice for caesarean section in many units. With
the advent of new, less traumatic fine spinal need-
les the incidence of dural tap headache is very
low.

CAUDAL BLOCK

This is an alternative method of introducing an
extradural block. A malleable needle is inserted
through the sacral hiatus into the sacral canal and a
catheter may be left in the extradural space to
continue the injection. The lumbar route is now
much preferred in developed countries.

PUDENDAL BLOCK

This simple method can be used for analgesia at an
operative delivery, including repair of an epi-
siotomy, for forceps delivery or vacuum extrac-
tion, for breech and twin delivery. The pudendal
nerve is derived from the 2nd, 3rd and 4th sacral
nerves. These roots unite above the level of the
ischial spine. The nerve passes out of the greater
sciatic foramen posteriorly to the ischial spine and
re-enters the pelvis through the lesser sciatic fora-
men. It then enters the pudendal canal where the
vessels lie lateral to the nerve. The nerve divides
into:

* the inferior haemorrhoidal nerve, giving bran-
ches to the anal sphincter and the skin around
the anus

* the perineal branch, supplying the perineal
muscles and the skin of the perineum and labia
majora

e the dorsal nerve of the clitoris, supplying the
clitoris and labia minora.

Fibres from the posterior femoral cutaneous nerve
and from the ilioinguinal nerve also reach the
perineum.

Lignocaine hydrochloride 0.5 per cent is used
throughout (without adrenaline). The total amount
injected should not exceed 50 ml. A skin weal is
raised half-way between the anus and the ischial
tuberosity. The index finger of the left hand is
inserted in the vagina and the left ischial spine is
located. A 20 cm 20 gauge needle is passed through
the weal and directed towards the ischial spine
with the guidance of the vaginal finger (see
Fig. 4.17). The needle is directed just posteriorly to
the inferior tip of the spine. The plunger of the
syringe is withdrawn to make sure that the needle
is not in a vein and about 5ml of lignocaine
solution is injected. The needle is inserted a further
centimetre and, after testing for intravasation by
withdrawing the plunger again, another 5 ml of
lignocaine is injected. The process is repeated on
the right side.

Some prefer to insert the needle through the
vaginal wall rather than the perineal skin. -

Pudendal block is usually combined with local
infiltration of the vulva, a weal being raised at the
fourchette and lignocaine injected here and on each
side, extending well forward in both labia majora.
If the local infiltration is carried out before the
pudendal block it will reduce the discomfort of the
manipulations required for the block.

Fig. 4.17 Pudental block. The index finger of the left

hand helps to direct the needle to the correct position



Perineal infiltration

If an episiotomy is required in advanced labour
with the presenting part well down, direct infiltra-
tion of the line of incision with 10 ml of lignocaine
1 per cent is employed.

ANAESTHESIA FOR CAESAREAN
SECTION

Epidural and spinal anaesthesia is the method of
choice for both elective and emergency caesarean
sections. Rates of 80-90 per cent of all caesarean
sections are now regularly found in many hospitals
both in the UK and USA; the major reason for the
decline in usage of general anaesthesia in obstetrics
is the increased maternal risk. From 1967 to 1987
there were 195 reported anaesthetic maternal
deaths as a result of general anaesthesia mostly
given in labour and 10 as a result of epidural block.
Features of the woman that increase the hazards of
general anaesthesia are:

e failure of endotracheal intubation with repor-
ted rates of 1 in 300 cases

* increased risk of aspiration of gastric contents
due to poor lower oesophageal tone

. delayetfga.stric emptying the result of narcotic
analgesia during labour.

Further undesirable effects of general anaesthesia
are the reduction in placental perfusion, which
occurs with the decreased maternal cardiac output
at injection of the anaesthetic induction agent, and
changes in maternal blood gases that occur with
positive pressure ventilation. A reduced placental
perfusion and thus possibly reduced oxygenation
of the fetus rather than the neonatal effects of
anaesthetic drugs may contribute to long-term
problems in spite of adequate neonatal resuscita-
tion especially where the r?cl:us is already hypoxic.
Advantages of regional anaesthesia are not only
an apparent increase in maternal safety but also:

* an improved fetal outcome if maternal hypo-
tension is avoided

* improved maternal psyche as the experience of
childbirth is denied her if unconscious, with a
possible benefit of improved maternal infant
bonding

* improved maternal cardiovascular stability in
severe pre-eclampsia

* reduced maternal postoperative morbidity and
depression
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* greatly improved postoperative analgesia
* volatile anaesthetic agents are avoided
* less postpartum haemorrhage.

There is possibly a reduced risk of pulmonary
embolism in the caesarean section woman as has
been shown to occur in women after orthopaedic
surgery with epidural blocks.

It is essential that the anaesthetist be experienced
with regional anaesthesia having the knowledge
and ability to make a full assessment of the anaes-
thetic blockade before surgery commences. Pain at
caesarean section must be avoided and any dis-
comfort treated immediately; a dense neural block-
ade of dermatomes of T4-S5 is necessary if
peritoneal ennervation is to be adequately blocked.
Hypotension can occur from either vasodilation in
the lower part of the body or aortocaval compres-
sion or both; this must be avoided if possible or
treated straight away with a vasoconstrictor such
as ephedrine and increased lateral tilting. Placental
perﬁtsion is compromised by a reduction in mater-
nal cardiac output and hypotension. Complica-
tions such as a total spinal block or cardiotoxicity
associated with an inadvertent intravenous injec-
tion of bupivacaine require full resuscitative skills
and the facilities of a fully equipped theatre. A full
range of minimally invasive monitoring, blood-
pressure, ECG and pulse oximetry is required as
for any other anaesthetic.

Earf; insertion of epidural catheter during
labour and proper maintenance of the block in any
labour where operative delivery is more than just a
possibility will allow between 70 and 80 per cent of
all emergency caesarean sections to be performed
under regional block. The need for hurried unplan-
ned and unexpected general anaesthesia in labour
occurs very rarely. High rates of general anaes-
thesia for caesarean section during labour indicate
poor obstetric and anaesthetic practice. Where
there is a risk that general anaesthesia might be
required the anaesthetist should be informed so
that the woman can be assessed preoperatively.
Few if any mothers should be subjected to hurried
general anaesthesia without preoperative assess-
ment of their upper airways to avoid possible
difficulty with endotracheal intubation.

GENERAL ANAESTHESIA IN
OBSTETRIC PRACTICE

Although the advantages of conduction anaes-
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thesia for the mother and infant are numerous
there remains a specific role for general anaes-
thesia. In elective caesarean section the mother’s
wish to be unconscious for the delivery should be
granted unless there is a specific contraindication
to this. Elective caesarean section under general
anaesthesia is not associated with such a high
maternal mortality rate as occurs in emergency
caesarean section but still has a coincidental
increased postpartum haemorrhage rate. Elective
operation on placenta praevia is therefore likely to
bleed less under regional than general anaesthesia.
Women with a known or suspected placenta accre-
ta or percreta, either where ultrasound evidence of
the penetration of the placental villi can be demon-
strated or where the woman has had one or more
caesarean sections have a relative indication for
general anaesthesia so that invasive cardiac mon-
itoring and preparation for replacement of massive
blood loss can be made.

Emergency caesarean sections may require gen-
eral anaesthesia when severe antepartum haemor-
rhage has occurred, where disseminated intra-
vascular coagulopathy is known or suspected as a
result of placental abruption. Unexpected severe
fetal bradycardia occurs in less than 1 per cent of a
reported obstetric population and 10 per cent of
women having an emergency caesarean section.
While awaiting general anaesthetic, it is advisable
to attempt to reduce fetal hypoxia by ensuring that
the mother is in a fully lateral position, increasing
her inspired oxygen content, decreasing or stop-
ping contractions by switching off Syntocinon
infusion or giving slow diluted increments of
salbutamol, especially where hypertonic uterine
contractions are present. Eclampsia and severe pre-
eclampsia with thrombocytopaenia and coagulop-
athy, pulmonary oedema or severe liver
involvement is likely to require general anaesthesia
for caesarean section. It is necessary to avoid or
diminish the hypertensive response to intubation
that occurs in these women by treating them
preoperatively with antihypertensives and giving a
preinduction dose of an antihypertensive and an
opiate such as fentanyl. Heart conditions such as
pulmonary hypertension, right or left shunt, dis-
secting aortic aneurysm, severe aortic stenosis or
coarctation may require intensive monitoring and

eneral anaesthesia; such women are not suitable
%or rapid sequence obstetric anaesthesia and should
have a slow cardiac type induction preferably in a
unit where their cardiac condition can be fully

monitored and they can receive immediate surgical
attention if necessary. Those with cardiac disease
considered suitable for conduction anaesthesia
should have an epidural block that is slowly exten-
ded so that haemodynamic stability is maintained.

ANAESTHESIA ASSOCIATED
MATERNAL MORTALITY

Anaesthesia is an avoidable cause of maternal
mortality. It has been among the top three causes
after pulmonary embolism and pre-eclampsia from
1972 to 1984. In the 1985-87 report on maternal
mortality, it is the sixth commonest cause. The
reason for this dramatic decline in the numbers of
anaesthetic deaths is not known but may be the
result of having a considerable increase in the
number of consultant anaesthetic sessions for the
labour ward or more experienced trainee anaes-
thetists on duty for the labour ward. It may also
reflect more awareness of the importance of pre-
operative assessment of the ease of intubation or it
may result from an increase in the number of
women having caesarean section under regional
block.

Women likely to be at risk of difficult intubation
are those with small or receding chins, the obese,
women who are unable to fully flex and extend
their necks or move their lower teeth in front of
the upper teeth — indicating a problem with their
tempero-mandibular joint. Others are women who
cannot open their mouths to the width of two
fingers and those in whom, with their mouths fully
opened, the faucial pillars and uvula are not clearly
seen. No woman should be anaesthetized until an
assessment of her upper airway has been per-
formed. Failure to intubate accounts for most of
the anaesthetic maternal deaths.

Avoiding aspiration of gastric contents is ach-
ieved initially by a decrease in gastric contents by
allowing only clear fluids to drink in labour and
reducing the number of women who receive intra-
muscular opiates as gastric emptying is delayed by
these drugs. Avoiding general anaesthesia further
reduces the number of women at risk of aspiration
of gastric contents. When general anaesthesia is
used, preoxygenation and rapid sequence induc-
tion minimize the time till intubation and dispense
with the need to inflate the lungs and possibly
inflate the stomach. Cricoid pressure applied
before or as soon after unconsciousness as possﬂ)le
by a trained assistant reduces the passive regurgita-



tion of gastric fluid. Cricoid pressure is only
released when the trachea has certainly been intu-
bated and the cuff inflated. This can only reliably
be shown to have occurred with the use of an end
tidal CO, monitor. Raniditine reduces the acidity
and volume of gastric contents. It reduces the risk
of aspiration of gastric contents with a pH of less
than 2.5. The use of 30 ml 0.3 per cent under
sodium citrate before induction of anaesthesia can
neutralize the gastric contents already in the
stomach.

THE USE OF OXYTOCIC DRUGS
OXYTOCIN (SYNTOCINON)

In 1906, Dale found that extracts of posterior
pituitary gland had an oxytocic action. These
extracts were first used in obstetrics by Blair Bell,
founder of the Royal College of Obstetricians and
Gynaecologists 3 years later. They contained:

antidiuretic hormone (vasopressin)
oxytocin.

Nowadays the unwanted antidiuretic effect of
vasopressin has been eliminated by using a syn-
thetic preparatlon of oxytocm = Syntocmon

Oxytocin is an octapeptide. It causes contraction
of the myometrium and also of the myoepithelial
cells of the breast. The response of the myomet-
rium to oxytocin (Syntocinon) is relatively slight
until late pregnancy when, in response to physio-
logical doses, strong but rhythmical contractions
occur (unlike the prolonged spasm produced by
ergometrine). However, abnormally large doses of
Syntocinon will cause sustained contraction, which
can greatly reduce the placental blood flow and
cause fetal hypoxia or even death.

An increase in neonatal hyperbilirubinaemia has
been reported after the use otP prolonged high dose
Syntocinon to induce labour. The reason for this is
uncertain, but it is possible that oxytocin causes
osmotic swelling of erythrocytes, reducing their
plasticity so that they are more easily haemolysed.

Oxytocin is destroyed in the gastrointestinal
tract and Syntocinon 1s therefore administered by
intravenous infusion. The dose is measured in
milli-units (mU) per minute based on a standard
preparation.
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CLINICAL USES OF OXYTOCIN
To induce labour

Syntocinon and low amniotomy can be used but
the majority of inductions are now performed with
prostaglandins.

To augment slow labour

A Syntocinon infusion may be used to accelerate
labour if there is delay from inadequate uterine
action but care must be taken to exclude mechan-
ical obstruction as a cause of the delay.

In the third stage of labour

Syntocinon may be used for the preventative treat-
ment of postpartum haemorrhage, given intra-
muscularly as an injection of 5 or 10 units, or by
intravenous infusion at a level of 100 mU/min.

During therapeutic abortion

Syntocinon is sometimes used to enhance uterine
contractions during therapeutic abortion induced
with prostaglandins.

Method of administration for induction or
augmentation of labour

Any woman receiving intravenous Syntocinon
must be under continuous supervision, ideally by
means of a cardiotograph, which records simulta-
neously the fetal heart rate and uterine contrac-
tions. Infusion pumps regulate the flow of solution
better than gravity drips. By adding 10 units of
Syntocinon to 500 ml of isotonic saline, one drop
of the infusion will contain approximately 1 mU of
Syntocinon (assuming 20 drops/ml of infusion).

The starting dose is 2 mU/min, increasing at
intervals of 30 minutes according to the strength
and frequency of the uterine contractions to a
maximum of 32 mU/min. This may be achieved by
manual control, or if an intrauterine pressure cath-
eter has been inserted, by a monitor which has an
automated feedback mechanism. Once contrac-
tions are occurring regularly the rate of infusion
can often be decreased, but the infusion should be
kept running until the third stage of labour is
complete. If at any time there is evidence of fetal
distress or hypertonic uterine contractions the
infusion is stopped immediately.




194 Normal Labour

SYNOMETRINE

Ergometrine has an almost specific action on the
myometrium, but it could also cause a more gen-
eral vasoconstrictor action, which may cause a
rapid rise in blood pressure in women who are
already hypertensive. It may also induce nausea
and vomiting. Ergometrine maleate may be injec-
ted intravenously, intramuscularly or given by
mouth. After intravenous injection of 500 pg a
strong uterine contraction occurs within 40 sec-
onds, and persists for 30 minutes. After intra-
muscular injection the time before the uterus
contracts is about 6 minutes, and even if hyalase is
added to the injection the time will be 4 minutes.
Therefore if ergometrine is to be used for post-
partum haemorrhage it should be: given intra-
venously, or by direct injection through the
anterior abdominal wall into the uterus if peripher-
al vasoconstriction has rendered the intravenous
route difficult. As an alternative for preventing
postpartum haemorrhage a mixture of Syntocinon
5 units and ergometrine 500 ug (Syntometrine)
may be given intramuscularly. The Syntocinon will
act in about 2 minutes, its action will be followed
and maintained by that of the ergometrine com-
ponent.

If the uterus remains flaccid after one dose of
500 pg of ergometrine a second, similar dose may
be given. No more than two doses should be given,
as occasional cases of severe peripheral vasocon-
striction have been reported. If oxytocic action is
still inadequate a Syntocinon infusion can be used.

The risk of causing a rise of blood pressure,
particularly in a woman who is already hyper-
tensive, has been mentioned. Because of this Syn-
tocinon alone is now often preferred for active
management of the third stage of labour, in these
cases ergometrine is only used if haemorrhage
occurs. It has also been suggested that ergometrine
should be withheld in cases of cardiac disease, but
there is little evidence of any risk.

Ergometrine should never be given to expedite
the delivery of a living child, as the uterine spasm
which it produces will stop the placental blood
flow, and there is also a risk of uterine rupture.
Ergometrine is used in the treatment of abortion
and at caesarean section. It is also sometimes used
in puerperium if the loss is unduly heavy, but it is
futile to give it with the hope of increasing the rate
of uterine involution; it causes myometrial con-
traction, not involution.

- FURTHER READING
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PROLONGED LABOUR

When obstetricians speak of prolonged labour
they invariably mean prolongation of its first stage,
a condition which occurs most commonly in prim-
iparae. Prolongation of the second stage of labour
is referred to as delay and is dealt with in Chapter
4, which details those procedures that can hasten
delivery of the infant through a fully dilated cervix.
The physiology of the first stage of labour and the
proper management of normal labour have been
described in Chapter 4.
Progress in labour is judged by:

e dilatation of the cervix, measured from
0-10cm

* descent of the fetal head, measured in fifths of
the fetal head palpable per abdomen or in
centimetres above or below the ischial spines

on vaginal examination.

Additional assessments made during the first stage
of labour are:

e the condition of the woman, i.e. her pulse rate,
temperature, blood pressure, urine output, uri-
nary protein and ketones and psychological
state

* the condition of the fetus as judged by such
methods as auscultation of the fetal heart rate at
regular intervals and looking for meconium in
the amniotic fluid; or by cardiotocography,
measurement of fetal scalp blood pH or the
fetal electrocardiagram

® the size of caput and the extent of moulding,
the presence of either or both indicating a tight
fit between the fetal head and the maternal
pelvis.

THE PARTOGRAM

In all but the most rapid labours progress is usually
charted on a partogram (see Chapter 4). That
portion of the partogram which plots cervical
dilation (cm) against ime (h) is called the cervi-
metric graph (or cervicogram) and is the focus of
attention 1in the recognition and classification of
prolonged labour. The cervicogram is usually star-
ted on admission when labour becomes established
(sometimes a difficult diagnosis) or at the time
when an amniotomy is done as part of the surgical
induction of labour.

The first stage of labour is divided into the latent
and active phases. The latent phase is the time
during whicil the cervix is effacing while dilatation
is minimal (rarely exceeding 3 cm) and can take 6
hours. The active phase is from 3 to 10 cm dilata-
tion and, at just under 1 c¢m dilatation per hour,
also takes about 6 hours, making a total of about 12
hours for the acceptable normal duration of the
first stage of labour in a primipara; multiparae do
not take this long as they efface and dilate their
cervix at the same time.
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Types of prolonged labour

When the first stage of labour exceeds the time
limits given above the patient’s cervimetric graph
moves to lie to the right of the accepted norm (see
Fig. 5.1) and labour 1s prolonged. Three types of
prolonged labour are recognized:

1. prolonged latent phase, lasting for more than 6
hours

2. primary dysfunctional labour, when uterine
activity is either inert or incoordinate from the
start of the active phase

3. secondary arrest, when the rate of cervical
dilatation, which is normal at first, slows down
or stops.

The characteristic cervimetric graphs for each of
these three types of prolonged labour are shown in
Fig. 5.1 and data about the outcome of normal
labour and the three types of prolonged labour are
given in Table 5.1.

Prolongation of the first stage of labour occurs
in about one in three primiparae and in about one
in eight multiparae. In both types of woman
prolonged labour is associated with a much higher
(10- to 16-fold) caesarean section rate and a rough-
ly four-fold increase of low 5 minute Apgar scores
(6 or less) over those that are found in women
whose pattern of labour is normal. It is small
wonder that prolonged labour is regarded as a high
risk condition requiring the best hospital facilities
and specialist skills.
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Fig. 5.1 Cervicographs of normal labour (dotted line)
and the three types of prolonged labour. See Table 5.1
for information about fetal and maternal outcome in
each group

The causes of prolonged labour

Cephalopelvic disproportion

This diagnosis is made whenever the presenting
fetal head seems to be too big for the birth canal
that it has to pass through; it is by far the most
important cause of prolonged labour.

The causes of cephalopelvic disproportion are:

Table 5.1 Incidence and outcome of various types of labour in primiparae and multiparae who go into labour
spontaneously
Cervimetric pattern Incidence (%) Caesarean section  Apgar scores of 6 or
rate in each group  less at 5 min (%)
(%)
Primipara Normal 63.9 1.6 2.6
(n = 684) Prolonged latent phase 3:5 16.7 8.3
Primary dysfunctional labour  26.3 20.0 5.5
Secondary arrest 6.3 27.9 25
Multipara Normal 88.4 0.5 24
(n = 847) Prolonged latent phase 1.4 8.3 8.3
Primary dysfunctional labour 8.1 8.8 43
Secondary arrest 21 5.9 22




Fetal
malpositions (Chapter 4)
malformation (e.g. hydrocephaly)
macrosomia or a large baby
Maternal
contracted pelvis
A combination of maternal and fetal
Abnormalities
Abnormalities which can cause prolonged
labour in the absence of cephalopelvic dis-

proportion are:

Fetal malpresentation brow, shoulder, face or
breech

Maternal abnormalities
pelvic tumour
stenosis or scarring of the cervix
septae or stenosis of the vagina
Frimary uterine dysfunction (i.e. uterine dys-
unction or inertia which is not secondary to
disproportion).

The investigation of prolonged labour

The first thing that must be considered before
making a diagnosis of prolonged labour is the
possibility that there has been uncertainty about
timing the onset of labour. Next it is important to
assess and examine the woman in order to identfy
the cause and to determine the condition of mother
and baby. To do this it is necessary to take a
history, assess the contractions, review cardiotoco-
graphic recordings and also to make general,
abdominal and vaginal examinations.

The treatment of prolonged labour
There are two alternative courses of action:

* to allow the labour to continue
* to undertake an operative delivery.

A prolonged labour should never be allowed to
degenerate into an obstructed labour which has a
disastrous outcome.

Allowing the labour to continue

In the absence of fetal distress, maternal distress or
severe cephalopelvic disproportion the labour may
be allowed to continue in the hope of achieving a
vaginal delivery. If the labour is allowed to con-
tinue 1t 1s important to ensure:
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® adequate analgesia (often the only way of
achieving this is by an epidural block)

* good maternal fluid baﬁnce with treatment of
dehydration by adequate volumes of normal
saline or dextrose/saline given intravenously

* rupture of membranes if they are still intact

good uterine activity, which often means aug-

mentation of labour with a Syntocinon infu-
sion.

Syntocinon infusions for augmenting labour are
usually started at a dose of 2 mU/min and the dose
is gradually increased until optimum uterine activ-
ity is obtained (but not beyond 32 mU/min). In
these circumstances it is important to assess uterine
contractions or activity with care and accuracy.
The best method available is an intrauterine trans-
ducer, particularly if it can be linked to a monitor
which automatically measures and prints out uter-
ine activity above the resting baseline in kilo-
Pascalseconds (kPa), a normal value being about
1500 kPas/15 min.

In the absence of such sophisticated equipment
fluid-filled intrauterine catheter systems or exter-
nal sensors which give qualitative recordings of
uterine activity are available. In the units where
there is no monitoring equipment, the timing and
assessment of the strength of uterine contractions
by hand becomes one of the functions of the
attending midwife, who must keep a careful
record, preferably on a partogram.

If prolonged labour is being managed con-
servatively it is vital to establish good communica-
tions with the woman and her partner, relatives or
friends, who are invariably anxious and impatient.
Detailed and careful explanations of the rationale
and the nature of all aspects of management should
be offered. Doctors and midwives supervising such
women should recognize this responsibility and
when they go off duty they should take care to
introduce the woman to the new team to whom
the responsibility is being transferred.

Operative delivery

In the presence of fetal distress, maternal distress,
evidence of arrest of cervical dilatation despite
good contractions or frank cephalopelvic dispro-
portion the baby will have to be delivered; the
usual method is by caesarean section. In rare
circumstances it might be possible to achieve a
Ventouse extraction before full dilatation of the
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cervix but this should only be attempted if there is
no caput or moulding, the head is well down in a
roomy pelvis, there is no fetal distress and the sole
reason for prolongation of labour seems to be
ineffective uterine activity.

In Third World countries, where there is poor
access to hospitals and traditional attitudes are
against it, there may be a reluctance to do caesarean
sections because of possible rupture of the uterine
scar 1n subsequent pregnancies and labour. Under
these circumstances prolonged labour due to frank
cephalopelvic disproportion may, in rare and care-

fully selected instances, be treated by symphy-
siotomy. However, this procedure should only be
undertaken by the experienced and should only be
attempted when there are good uterine contrac-
tions, when the leading part of the moulded head is
deep in the pelvis and when the cervix is more than
7 cm dilated. The immediate complication of sym-
physiotomy is damage to the urethra and bladder;
long-term problems are instability of the symphy-
seal joint with a painful waddling gait and stress
incontinence of urine.

A malposition is one where the fetal head is
presenting but not as a well flexed vertex with the
occiput in the anterior quadrant. A malposition
includes positions where the head is not the pre-
senting part.

OCCIPITOPOSTERIOR POSITIONS

The mechanism of labour in occipitoposterior
positions of the vertex is described in Chapter 4. In
most cases in which the occiput lies posteriorly at
the onset of labour normal vaginal delivery occurs.
With good flexion of the head, the occiput (being
the first part of the head to meet the pelvic floor)
usually undergoes long rotation forward through
three-eighths of a circle and is thus directed to the
space below the pubic arch. In about 20 per cent of
women this does not occur and the malposition
persists. A short backward rotation of one-eighth
of a circle may then take place which results in the
occiput being directed to lie in the hollow of the
sacrum. This may occur because the head is poorly
flexed, so that the first part of the fetal head to
meet the pelvic floor is the sinciput, and this part of
the head then rotates forward. In women who have
tf:-lpidural anaesthesia, the musculature of the pelvic
oor is lax. This lack of resistance may increase the
incidence of failure to rotate when a vertex in the
occipitoposterior position meets the pelvic floor.
The direction of rotation of the fetal skull may
also be influenced by the shape of the cavity and
outlet of the pelvis. In the android type of pelvis
there is narrowing of the pelvic cavity from side to

side, and the size of the cavity tends to diminish in
the lower straits. The pubic arch is narrower and
the ischial spines project more into the birth canal.
There therefore tends to be less room in the
anterior part of the pelvis and a posterior position
of the occiput may persist even with good flexion
of the head.

With an occipitoposterior position the head is
pushed downwards and forwards against the back
of the symphysis pubis rather than directly down-
wards onto the cervix. Thus some of the effective-
ness of the uterine contractions is lost, cervical
dilatation tends to be slow and labour is pro-
longed. The cervix may be compressed between
the head and the pubis, so that progressive oedema
of the anterior lip of the cervix occurs.

Diagnosis

Diagnosis during pregnancy is of no importance
except that the occipitoposterior position must be
recognized as a cause of non-engagement of the
head before the onset of labour. During labour a
lack of flexion of the head may be suspected if
there is early rupture of the membranes with a
poorly engaged head.

Abdominal examination

During the intervals between uterine contractions
slight flattening of the lower abdomen may be
observed, and the limbs are easily felt. It may be
difficult to define the back or to hear the fetal



heart. The head usually descends through the
pelvic brim as labour proceeds, but descent may be
slow because with poor flexion a wider diameter
presents.

Vaginal examination

Early in labour it may be difficult to reach the
presenting part and the membranes may rupture
early. When the head has entered the pelvic cavity
the most striking feature is the ease with which the
anterior fontanelle can be felt behind the pubis.
The anterior fontanelle is more easily felt because
the head is less well flexed, and also because it lies
well forward when the head is in the occipitopos-
terior position. An attempt should be made to
assess the degree of flexion of the head, as the well-
flexed head 1s more likely to rotate. If only the
anterior fontanelle can be felt the head is poorly
flexed; it is less poorly flexed if both the anterior
and posterior fontanelles can be felt; it is well
ﬂexeg if only the posterior fontanelle is felt (see-
Fig. 5.2).

Although the diagnosis should be made early in
labour, it frequently happens that the position is
unreco%nized until there is delay in tie second
stage of labour. Diagnosis by vaginal examination

Fig. 5.2 Vaginal palpation of the head in the right
occipitoposterior position. The circle represents the
pelvic cavity with a diameter of 12 em. The head is
fp(])orly flexed, so that the anterior fontanelle is easily
elt
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may then be difficult owing to the formation of a
caput succedaneum over the presenting part.
Before forceps delivery, when it is essential to Eave
accurate knowledge of the direction of the occiput,
the fingers may be passed higher to feel the sutures
above the caput or the free margin of an ear, which
will point to the occiput. An ultrasound in labour
may help.

The course of labour in occipitoposterior
positions

In about 70 per cent of cases spontaneous rotation
of the occiput to the anterior position occurs, and
in about another 10 per cent of cases the occiput
undergoes short rotation so that delivery in the
directly occipitoposterior position (face-to-pubes)
can occur, In the remainder assisted rotation will
be required.

During labour the uterine contractions may be
ineffective because the poorly flexed head fairs to
press down upon the cervix and provide the reflex
stimulation of the lower segment that is produced
by the more pointed vertex with full flexion. A
long first stage is likely to be followed by a long
second stage because the woman is tired and the
uterus may be less capable of further strong con-
tractions.

Moulding of the head

When the fetal head descends through the birth
canal and flexion of the head is poor the skull will
be compressed in the occipitofrontal diameter (see
Fig. 5.3). If the alteration in shape is extreme the
structures of the skull may not adapt well to the
relatively sudden change. Great compression along
the occipitofrontal diameter causes tension in the
posterior vertical part of the falx cerebri. This
elevates the tentorium cerebelli, which may ulti-
mately tear at its free margin. The upward disloca-
tion of the tentorium may result in rupture of the
great cerebral vein (vein of Galen) or a tributary of
it, and fetal damage or death from intracranial
haemorrhage.

Management of the first stage of labour

The first stage is managed as in a normal case.

Nothing can be done to correct the malposition or

to influence the rotation of the head at this stage.
The frequency, duration and strength of the
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Fig. 5.3 Moulding of the head and formation of caput
succedameum is persistent occipitoposterior position

uterine contractions, the dilatation of the cervix
and the fetal heart rate are observed in the ordinary
way and recorded on a partogram. A continuous
epidural block will not only give pain relief but
will allow time for spontaneous rotation of the
occiput into the anterior position. If progressive
cervical dilatation does not occur augmentation of
the uterine action with a Syntocinon drip may be
tried. If this does not result in better progress in a
few hours caesarean section is performed. Caesar-
ean section will also be required if fetal distress
occurs.

Management of the second stage of labour

A mistaken diagnosis of full dilatation of the cervix
is not uncommon in these cases, when the woman
complains of rectal discomfort and a desire to bear
down. Careful vaginal examination is essential to
establish that the second stage has been reached.
The degree of flexion of the %ead and its position
are determined by palpation of the fontanelles.
Continued deflexion, a large caput succedaneum or
marked over-riding of the skull bones suggest that
spontaneous rotation may not occur.

In most cases, provided that the uterine contrac-
tions are strong and the woman is able to make
good expulsive efforts the occiput rotates forward

and normal delivery takes place. In other cases the
baby may be delivered face-to-pubes without any
difficulty, although there is a greater risk of a
perineal tear.

The indications for interference in these cases
are:

* failure of the presenting part to descend
o fetal distress
® maternal distress.

It is desirable for the head to be in the occipito-
anterior position, because it presents a smaller and
more favourable diameter and therefore the first
step in assisting delivery is rotation of the fetal
head. This can be performed:

® by manual rotation and forceps delivery
e with Kjelland’s forceps
* with the vacuum extractor.

Manual rotation and forceps delivery

Unless an epidural anaesthetic has already been
given, a pudendal block or general anaesthesia will
be required. After careful diagnostic examination
the head is rotated with the fingers in the appro-
priate direction. Thus, if the fetus is in the right
occipitoposterior position the head is rotated so
that the occiput travels round the right wall of the
pelvis until it is directly anterior; the opposite
direction of rotation is followed for a left occipito-
posterior position. The shoulder girdle of the fetus
should be rotated at the same time as the fetal head.
If this is not done the head will tend to slip back
after rotation into an oblique or transverse diam-
eter of the pelvis. Rotation of the shoulder girdle
may be achieved by pressure through the abgomi—
nal wall with an external hand (see Fig. 5.4).

It is undesirable to displace the head upwards
and this should be avoided, as it will make sub-
sequent application of the forceps more difficult. It
is often possible to achieve rotation with the half
hand. Rotation is effected by tangential pressure
on the side of the head with the fingers only,
without grasping the head with fingers and thumb.
After rotation to the occipitoanterior position has
been achieved the fingers are kept in place to hold
the head in position until the obstetric forceps are
applied to complete the delivery.

Difficulties arise if the forceps are applied to the
head in any position other than with the sagittal
suture in the anteroposterior diameter of the pel-
vis. If this position is not achieved the forceps will



Fig. 5.4 Manual rotation of the fetus in the occipitopos-
terior position. The right hand passes between the pelvic
wall and the fetal head and is about to rotate the head.
The left hand placed on the abdomen will assist this
rotation by pressure on the shoulder

not lock properly and the handles will not lie
together. Squeezing the handles will only compress
the head and may cause fetal injury, and when
traction is applied the blades may slip off and also
cause maternal injury.

Kjelland’s forceps

This instrument is of relatively light construction
and is designed so that it can be used for rotation
of the fetal head, in addition to traction. The pelvic
curve of the shank has been eliminated and the
lock allows one shank to slide upwards or down-
wards on the other (see Fig. 5.4) Without a pelvic
curve the circle described by the blades during
rotation is a small one, thus avoiding damage to
maternal tissues, bladder and rectum. In experi-
enced hands the instrument is safe and most sat-
isfactory, but it is potentially dangerous in the
hands of anyone not trained in its use. The tech-
nique of application of Kjelland’s forceps differs
from that for ordinary forceps in that the instru-
ment is applied with reference to the fetal head in
whatever position it lies, and not in relation to the
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pelvis. These forceps are used before traction is
applied to rotate tEe head until the occiput lies
anteriorly. If the instrument is incorrectly used
damage to both maternal tissues and the fetal head
may occur.

Vacuum extraction

If the extractor is applied as near to the occipital
end of the vertex as possible, and traction is
applied, forward rotation of the head often
occurs.

Arrest at the pelvic outlet

If it is found that arrest has occurred when the
head is so low in the pelvic cavity that with each
contraction of the uterus the fetal scalp is easily
visible, it is probable that further progress is being
prevented by the muscles of the pelvic floor. To
reach this level the head will already have under-
gone a considerable degree of moulding into the
shape described for the persistent posterior posi-
tion of the occiput. It may be found easier to
perform an episiotomy and assist the delivery of
the baby in the unrotated occipitoposterior posi-
tion. Tﬂe large occipitofrontal diameter, albeit
shortened by moulding, will have to pass through
the pelvic floor and therefore the episiotomy
shoufd be adequate. Traction with the obstetric
forceps must be careful and only moderate force
should be used. The instrument was not designed
to fit the head in this position and may slip off.
However, only moderate traction is necessary to
complete the delivery of a fetal head which is
arrested by the perineal muscles at this low level.
The vacuum extractor can be used instead of the
forceps.

Trial of forceps with an occipitoposterior position

There could be difficulty in rotating and delivering
a head in the occipitoposterior position if the baby
seems unduly large, if two-fifths of the head is still
abdominally palpable, if there is marked caput or
moulding, if the ischial spines are unduly promi-
nent, if there is any suggestion of outlet contrac-
tion (a rare condition) or if the head is not visible at
the height of a second stage contraction. Under
these circumstances it is appropriate to conduct a
trial of forceps. This means embarking on a forceps
delivery in the operating theatre with scrubbed
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nursing staff and everything prepared for caesarean
section and with the woman under general or
effective epidural anaesthesia. Should there be any
difficulty in applying the blades, or if it appears
that too much force is going to be needed to
extract the baby’s head, it is then easy and perfectly
proper to abandon the attempt at operative vaginal
delivery and to resort to caesarean section without
delay and without undue risk to mother or baby.

DEEP TRANSVERSE ARREST OF THE
HEAD

This is an arrest in labour when the fetal head has
descended to the level of the ischial spines and the
sagittal suture lies in the transverse diameter of the
pelvis. The occiput is on one side of the pelvis and
the sinciput on the other with the head badly
flexed. The condition is only diagnosed during the
second stage of labour. If the head is firmly fixed in
the transverse position obstructed labour will
occur.

The occiput may have been obliquely posterior
at the onset of labour and only partly rotated
forward, or it may have descended from an initial
transverse position.

In an android pelvis the anterior surface of the
sacrum may be flattened and the ischial spines may
be prominent because the side walls of the pelvis
are convergent. The head fails to descend to the
pelvic floor, where rotation of the head normally
occurs.

Diagnosis

Because the progress of labour has ceased the
diagnosis rests on vaginal examination made dur-
ing the second stage of labour. The head will be
found to be arrested at the level of the ischial
spines, with the sagittal suture lying in the trans-
verse diameter of the pelvis. Both fontanelles are
usually palpable.

Management

The head must be rotated so that the occiput is
brought to the front and then, and only then, is
traction applied. Rotation may be achieved man-
ually, with Kjelland’s forceps or using the vacuum
extractor. Exactly the same procedure is followed,
and exactly the same precautions are taken as have
already been described for rotation of the head
from occipitoposterior position.

Fig. 5.5 Face presentation, right mentoposterior posi-
tion. The face from the chin to the bregma presents the

submentobregmatic diameter occupying the right
oblique diameter of the pelvic inlet. The back faces
forwards and to the left, but is extended instead of flexed
as in vertex presentation, so that the breech is more
prominent and is more easily palpated

FACE PRESENTATION

Face presentation, in which the head is fully exten-
ded, occurs about once in 300 labours (see
Fig. 5.5).

Causes

The most common type of case is one in which a
normal fetus actively holds its head extended; even
after delivery the infant may keep its head in an
attitude of exaggerated extension for some days. In
spite of this the head can be flexed on to the chest,
showing that there is no spinal or muscular
abnormality.

In anencephaly the abnormal head of the fetus is
set on the shoulders with the face directed down-
wards, and the face may present in labour. With
congenital tumours of the neck the head may also
be extended.



Rarely, with a contracted pelvis, the biparietal
diameter of the head is too large to enter the brim
of the pelvis, the occiput is held up and the sinciput
descends, so that the head becomes extended.

Mechanisms

The chin is the denominator and four positions are
conventionally described, analogous to the corre-
sponding positions of the vertex from which they
may be said to arise:

right mentoposterior
left mentoposterior
left mentoanterior
right mentoanterior.

The mentoanterior positions are relatively more
frequent (see Fig. 5.6).

In a mentoanterior position the head engages
and descends with increasing extension, so that
the submentobregmatic diameter (9.5 cm) comes
through the cervix. When the chin reaches the
pelvic floor it undergoes internal rotation through
one-eighth of a circle and the submental region
comes to lie under the subpubic arch. The head is
then born by a movement of flexion. Restitution
occurs and 1s followed by external rotation as in
vertex presentations.

Fig. 5.6 Vaginal examination in the left mentoanterior
position. The circle represents the pelvic cavity with a

diameter of 12 cm
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In a mentoposterior position a similar mecha-
nism occurs, except that the chin has to undergo
internal rotation through three-eighths of a circle
(see Fig. 5.7).

Backwards short rotation of the chin sometimes
occurs, but a fetus in such a persistent mentopos-
terior position cannot be delivered unless it is very
small. This is because the head is already fully
extended and so further extension to deliver the
head is impossible. The head and thorax become
impacted in the pelvis and obstructed labour
occurs unless assistance is given.

Moulding

In a face presentation the submentovertical diam-
eter of the head is compressed, causing elongation
of the occipitofrontal diameter (see Fig. 5.8). This
shape of the head is called dolichocephaly.

Diagnosis

Abdominal examination

With a mentoposterior Fositicm the cephalic prom-
inence is very easily felt; it appears to overlap the

symphysis and is felt on the same side as the back,
from which it is separated by a deep sulcus. It may

Fig. 5.7 The mechanism of labour with a face presenta-
tion. The head descends with increasing extension. The
chin reaches the pelvic floor and undergoes forward
rotation. The head is born by flexion
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Fig. 5.8 Moulding in face presentation. The arrows
indicate the direction of the pressure, which shortens the
diameter between the submentovertical and submento-
bregmatic diameters. The splitting of the skin in the
front of the neck and swelling of the face are also
shown

be difficult to locate and hear the fetal heart
sounds.

With a mentoanterior position the cephalic
prominence is again felt on the same side as the
back but, being posterior, it is difficult to feel and
may be confused with the prominent chest. The
fetal heart is easily heard over the chest, and small
parts may be felt on the same side. An ultrasound
in the labour ward is often helpful.

Vaginal examination

As the face fits less well than the vertex the
membranes may rupture early. When the present-
ing part has engagf:c[J in the brim and can be felt, the
supraorbital ridges, the bridge of the nose and the
alveolar margins within the mouth are recognized.
If the face is oedematous it can be mistaken for the

breech.

Prognosis

Many face presentations are delivered naturally
without difficulty. Face presentations are less
favourable than vertex presentations because the

face is a less efficient dilator of the cervix, and
because spontaneous rotation of the mentopos-
terior positions occurs late in the second stage of
labour. The emerging diameter, the submentovert-
ical (11 cm), is larger than that with a normal
vertex presentation.

Management of labour and delivery

The woman is kept in bed during the first stage and
a vaginal examination is made as soon as the
membranes rupture to exclude prolapse of the
cord. An epidural block or infiltration of the peri-
neum with local anaesthetic and an episiotomy are
advisable in primigravidae if there is any delay
when the cervix becomes fully dilated and the face
reaches the pelvic floor. With a mentoanterior
position spontaneous delivery is to be expected. If
there is delay in the second stage from inadequate
expulsive forces an experienced operator will have
no difficulty in applymg the forceps

With a mentoposterior position time should be
allowed for spontaneous rotation, which will only
occur late in the second stage. If spontaneous
rotation does not occur manual rotation of the
head to the mentoanterior position is attempted
under epidural block or general anaesthesia, after
rotation delivery is completed with the forceps.
The expert may prefer to use Kjelland’s forceps,
with which the chin is rotated forwards while
traction is applied. When undertaking rotation and
delivery for a mentoposterior position the obste-
trician should conduct the delivery as a trial of
forceps. Vacuum extraction is obviously totally
contraindicated with a face presentation.

Caesarean section becomes necessary when
there is some complication, such as a contracted
pelvis, prolapse of the cord, when the presenting
part fails to descend or when there is difficulty
with rotation.

The face is always somewhat swollen and dis-
coloured after a face delivery, and the parents
should be warned that it may be temporarily
unsightly, but that complete recovery is to be
expected soon.

BROW PRESENTATION

The causes of a primary brow presentation (see
Fig. 5.9) include those of a face presentation, but
often the reason for partial extension of the head is
not evident.



Fig. 5.9 Brow presentation. The head is above the brim
and not engaged. The mentovertical diameter of the head
is trying to engage in the transverse diameter at the
brim

Extension of the head before labour may be
termed primary, and extension during labour sec-
ondary.

Two types of secondary extension occur, one at
the level of the pelvic brim and the other at a lower
level in the pelvis. If the pelvic brim is contracted,
descent of the wide biparietal diameter of the head
may be impossible and the narrower anterior part
of the head may descend a little into the pelvis, so
that the head becomes partially extended.

Similarly, in some cases of occipitoposterior
position, the wider occipital end of tﬁe head may
be held up in the sacral bay of the pelvis, while the
sinciput descends and extension of the head occurs
in the cavity of the pelvis. This can only occur with
a small fetus.

A persistent brow presentation is fortunately
rare. If a head of normal size lies with its longest
diameter of 13 cm across the brim of a normal
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Fig. 5.10 Vaginal examination with brow presentation.
The circle represents the pelvic cavity with a diameter of
12 cm. The mentovertical diameter of 13 cm is too large
to permit engagement of the head

pelvis it cannot engage (see Fig. 5.10). If this occur-
red in a fetus of average size obstructed labour
would result. However, when the fetal head 1s
quite small in proportion to the pelvis it may be
driven down into the pelvic cavity and be born as
brow presentation.

With a brow presentation the head becomes
very much moulded, with compression of the
mentovertical diameter and lengthening of the
occipitofrontal diameter.

Diagnosis

In cases in which extension of the head occurs
early in labour the diagnosis may be difficult. On
abdominal examination the head is above the brim,
with some overlap, and the cephalic prominence is
on the same side as the back. This malpresentation
should always be suspected when non-engagement
of the head is noted, particularly after the mem-
branes rupture in a woman who has had previous
easy deliveries.

As a rule the membranes rupture early in labour,
and there is some risk of prolapse of the cord. On
vaginal examination, except in the case of extension
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of a head lying in the occipitoposterior position in
the pelvic cavity, the presenting part will be high.
The examining finger encounters the forehead,
with the orbital ridges and bridge of the nose in
front and the anterior fontanelle behind. An
abdominal ultrasound may help.

Management

In a few cases a brow presentation is discovered by
ultrasound or radiology in the antenatal period. If
there is no evidence of disproportion or any other
abnormality nothing should be done, as in most
cases the head will flex when labour starts, and
spontaneous delivery will occur.

If the head is discovered to be partially extended
in early labour and there is no evidence of severe
disproportion a short trial of labour is permitted,
and this may result in further extension of the head
to a face presentation and engagement in the pelvic
brim. If the head fails to engage or if there is
evidence of disproportion, a caesarean section is
performed. With a brow presentation above the
brim caesarean section is the usual outcome.

If the head has entered the pelvic cavity in an
occipitoposterior position and has undergone fur-
ther extension there will be a brow presentation
with the chin directly anterior. The cervix becomes
fully dilated but the head is arrested. If the head is
now rotated anteriorly so that the occiput becomes
anterior flexion of the head occurs and vaginal
delivery with forceps is usually easy. Rotation may
be performed manually or with Kjelland’s forceps.
Once again the trial of forceps philosophy is the
correct one and if this is any difficulty a caesarean
section should be done.

BREECH PRESENTATION

Breech presentation occurs in about 3 per cent of
labours near term, but is more common than this
before term. It is found in about 25 per cent of
pregnancies at the 30th week, and so its incidence
1s higher in premature births. Spontaneous version
occurs in more cases by the 36th week.

There are two main varieties of breech presenta-
tion. In the most common variety, especially in
primigravidae, both hips are fully flexed but the
knees are extended (see Fig. 5.11). This is called an
extended or frank breech. If the legs are fully
flexed at both hips and knees (see Fig.5.12) the
term flexed breech is applied.

Fig. 5.11 Frank breech (also known as extended breech)
presentation with extension of the legs

Fig. 5.12 Breech presentation with flexion of the legs



In the course of obstetric manipulations one leg
of a breech may be drawn down through the cervix
while the other leg remains extended at the knee
and flexed at the hip, this is known as half breech.

With the breech with extended legs (frank
breech) the buttocks accurately fit the lower seg-
ment and cervix and prolapse of the cord is an
uncommon complication, whereas it may some-
times occur with a flexed breech.

Causes

In most instances breech presentation occurs by
chance in an early labour. Before the 30th week of
pregnancy the uterine cavity is more or less spher-
ical and the long axis of the fetus may lie in any
direction. In late pregnancy the cavity is ovoid,
with the fundus wider than the lower pole. Fetal
movements normally turn the fetus until the flexed
legs occupy the more spacious upper part of the
cavity and the head fits into the narrower, lower
part. If kicking movements are ineffective because
the legs are extended, or the frank breech becomes
engaged in the pelvic brim, then a breech presenta-
tion will persist. Further fetal growth makes the
free space in the uterus relatively less, so that
spontaneous version becomes less likely as term is
approached. Extension of the legs is probably the
most common reason for persistent breech pre-
sentation.

If there is an excess of fluids free fetal movement
may continue, and a breech presentation at term
may occur by chance. For the same reasons mal-
presentations are more common in multiparae
with lax uterine and abdominal musculature.

With twin pregnancy either fetus may prevent
the head of the other from engaging, and will also
prevent free movement in the uterus, so that
malpresentations are common.

In a small proportion of cases some underlying
abnormality will be discovered which prevents the
head from entering the pelvis, and in some of these
cases a breech presentation may occur. Such
abnormalities include placenta praevia, contraction
of the pelvic brim and pelvic tumours; in the same
way breech presentation may occur in cases of
hydrocephalus. If pregnancy occurs in one horn of
a double uterus, breech presentation may occur
because the horn tends to be narrow with the
wider pole at the top of the uterus.
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During pregnancy

During pregnancy the diagnosis is made by
abdominal examination. The hard, spherical and
ballotable fetal head is felt in the fundal region of
the uterus. The woman may have noticed dis-
comfort in this region. Admittedly the breech of a
mature fetus may feel firm, but it is never so hard
or ballotable as the head. If a considerable amount
of fluid is present the head can be balloted from
side to side between the two hands.

The fetal heart sounds are heard at a higher level
than in the case of a cephalic presentation; at term
the point of maximal intensity is at the level of or
slightly above the maternal umbilicus.

If the diagnosis is uncertain in late pregnancy
vaginal examination may resolve it, but if doubt
still remains an ultrasound examination will con-
firm.

During labour

After rupture of the membranes additional infor-
mation can be obtained by vaginal examination. In
the case of a flexed breech a foot may present and
the projection of the heel will distinguish it from a
hand. With an extended breech the rounded but-
tocks superficially resemble a fetal head, but the
hardness of bone and sutures is absent, and the
anus, sacrum and scrotum (in a male) should be

identifiable.

Mechanism of labour

Four positions of the breech are conventionally

described:

left sacroanterior
right sacroanterior
right sacroposterior
left sacroposterior.

However, in most cases the bistrochanteric diam-
eter (10 cm) engages in the transverse diameter of
the pelvic brim, with the back to the front. During
labour the breech descends into the pelvic cavity
and internal rotation brings the bistrochanteric
diameter into the anteroposterior diameter of the
pelvic outlet. The breech is born by lateral flexion
of the trunk, the anterior buttock appearing first
(see Fig. 5.13). This movement of lateral flexion is
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Fig. 5.13 Lateral flexion of the body during delivery of
the breech. The anterior (right) buttock 1s under the
pubic arch and the posterior (left) is escaping over the
perineum. The child’s sacrum looks directly to the
mother’s right side, and the body is flexed round the
symphysis. The shoulders are entering the pelvis in the
oblique diameter so that there is also a slight twist on the

blyd

determined by the curve of the birth canal, and
more flexion is necessary with a rigid perineum. At
one time it was thought that if the legs of the fetus
were extended they splinted the trunk and pre-
vented lateral flexion. This is not the case, and the
frank breech usually descends easily. Its conical
shape makes it a better dilator of the cervix than
the rounded head.

The rest of the trunk is born by further descent,
together with the arms which normally remain
flexed in front of it. The anterior shoulder emerges
first under the pubic arch and is quickly followed
by the posterior shoulder. The flexed head engages
in the transverse diameter of the pelvic brim.
Forward rotation of the back occurs as the head
descends into the pelvic cavity and then undergoes
internal rotation, with the occiput coming to lie
behind the symphysis pubis. The neck rests against
the pubic arch as the head is born by the face
sweeping over the perineum (see Fig. 5.14) and the
baby is born by a backward somersault onto the
maternal abdomen. Posterior rotation of the occi-
put occurs infrequently, and then the head is born
tace-to-pubes. This mechanism is less favourable as

Fig. 5.14 Birth of the aftercoming head. The nape of the
neck is under the symphysis, the chin is escaping over
the perineum. In delivery the child’s body is supported
by holding the ankles. Sudden exp:lsion of the head may
be prevented by gentle pressure on the brow but deliv-
ery of the head is best controlled with the forceps as in
Fig. 5.18

the larger occipitofrontal diameter of the head
distends the vulva.

Prognosis

The perinatal mortality in primiparae and multi-
parae is higher in breech than in vertex delivery,
even if complications such as contracted pelvis,
placenta praevia, fetal abnormality or prematurity
are excluded. In mature, uncomplicated cases it has
been reported as being between 15 and 30 per 1000.
The increased mortality in such cases is due to:

intracranial injury

hypoxia.



Intracranial injury

The risk of a tentorial tear and intracranial haem-
orrhage is greater with an aftercoming head. Less
time 1s available for moulding, and rapid compres-
sion and subsequent decompression of the head is
particularly likely to produce this injury.

Fetal hypoxia

Interference with the placental circulation may
occur from compression of the umbilical cord by
the trunk during delivery, from uterine retraction
which may separate the placenta before birth of the
head or from delay in the delivery of the head for
more than 10 minutes after the body has been
born. Even if the delay is not as long as this there is
some risk to the fetus from premature inspiration
with the aftercoming head undelivered, when
mucus may be inhaled into the air passages and
obstruct them after delivery.

Fetal hypoxia may also be caused by prolapse of
the umbilical cord. This is rare with a frank breech,
but more likely with a flexed breech.

Management

Breech deliveries must be under the management
of at least a registrar with good obstetric experi-
ence. All such cases must be delivered in hospital.

External cephalic version

External version means changing the fetal pre-
sentation by manual pressure through the wom-
an’s abdominal wall. It is desirable to correct a
breech presentation by version so long as the
operation does not itself increase the risk to the
fetus. Version should not be attempted if there is:

® gross pelvic contraction, when caesarean sec-
tion is necessary. There is no purpose in
attempting version but in a case of doubtful
disproportion, version may be useful so that a
trial labour can subsequently be conducted
with the vertex presenting

® placenta praevia or other cause of antepartum
haemorrhage, because of the risk of causing
further placental separation

® acaesarean or hysterectomy scar in the uterus

* a bad obstetric history

* twin pregnancy, when version is prevented by
the second twin.
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The theoretical risks of external version are:

placental separation

cord entanglement

premature rupture of the membranes
precipitation of premature labour

uterine scar dehiscence

transplacental haemorrhage with rhesus sensiti-
zation if the mother is rhesus-negative and her
partner, and thus her baby, is rhesus-positive.

External version need not be attempted before the
32nd week in a primigravida and 34th week in a
multipara, because in a large proportion of cases
spontaneous cephalic version will occur. However,
after the 38th week version is unlikely to succeed
because of the size of the fetus and the relative
decrease in the volume of amniotic fluid. Factors
which make version difficult are abdominal fat,
failure of the woman to relax, uterine irritability,
deep engagement of the breech and extension of
the legs.

Before version is attempted the exact position of
the fetus must be determined by palpation, and the
fetal heart auscultated. Relaxation of the abdomi-
nal muscles may be easier if the woman bends her
knees slightly. More recently, tocolytic drugs, for
example Salbutamol have been used to relax the
uterus with good results from those who are
familiar with these techniques. The first step is to
disengage the breech from the pelvic brim; if this
cannot be done no further attempt at version
should be made. The breech is pushed upwards
with the fingers of both hands, then pressed
upwards and laterally with one hand while the
other hand presses on the head, displacing it in the
direction which will increase flexion (see Fig. 5.15).
Steady pressure is more likely to be effective than
jerky movements. After any attempt at version,
successful or otherwise, the fetal heart rate should
be counted. Immediately after version the head is
often high and not engaged, and this should not be
taken as evidence of disproportion.

If, by 36 weeks, version had not been successful
it used to be common practice to attempt version
under anaesthesia but this is rarely performed
nowadays since it may increase the risk of pla-
cental separation or premature labour.

Planning the method of delivery

If a breech presentation persists the obstetrician
must check that the pelvis is normal in shape and
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(a)

Fig. 5.15 External cephalic version. (a) The breech is disengaged from the pelvic inlet; (b) version is usually
performed in the direction which increases flexion of the fetus and makes it do a forward somersault; (c) on
completion of version the head is often not engaged for a time. The fetal heart rate should be checked after the

external version has been completed

size; this should be done in all women, regardless
of parity. The history of previous confinements
and clinical examination of the bony pelvis are of
importance. Most obstetricians recommend a lat-
eral X-ray or CAT scan of the pelvis. Those against
lateral X-ray pelvimetry cite the danger of irradiat-
ing the fetus and the inaccuracy of measurements
on X-rays. The latter can be reduced by the
obstetricians themselves reading the films and
doing the measurements. A CAT scan involves
much less irradiation and produces very clear
images (see Fig.5.16). Its disadvantage is that it
must be performed with the woman lying down;
this removes any effect of gravity on engagement
and also prevents measurement of the angle of
inclination of the pelvic brim.

An attempt should also be made to assess the

size of the baby. Clinical assessment should not be
overlooked but the best predictions of fetal weight
are made from ultrasound measurements of fetal
abdominal circumference. Any baby whose esti-
mated birth weight is over 3500 g is best delivered
by caesarean section if it is presenting by the
breech. The same is true in any circumstances
where there is reason to believe that the shape or
size of the pelvis are abnormal; breech birth is very
dangerous in the presence of even slight disparity
between the size of the baby and the size of the
pelvis, especially a straight sacrum. Finally, it is
essential to exclude extension of the fetal neck, as
this will result in the mentovertical diameter of the
head (13 cm) meeting the pelvic brim once the
trunk has been delivered. The subsequent obstruc-
tion to the head may well cause fetal hypoxia. This



Fig. 5.16 Groin traction during delivery of breech with
extended legs after episiotomy

relatively unusual but potentially lethal abnormal-
ity may be detected on ultrasound scan at the time
of estimating the fetal weight.

The role of induction of labour

It was once argued that, ideally, breech delivery
should occur at around 38 weeks, a time when the
fetus is mature but is smaller than it would be at 40
weeks and supported by an optimally functioning
placenta. The view that this would constitute a
good indication for inducing labour at 38 weeks no
longer stands. Indeed, many believe that vaginal
delivery should only be contemplated if labour 1s
of spontaneous onset, caesarean section being pref-
erable to induction of labour, whatever the indica-
tion.

The place of caesarean section in breech delivery

Before discussing the management of vaginal
breech delivery it must be asked whether, in view
of the fetal risk, caesarean section should not
always be preferred. The maternal risk is increased
slightly, if the delivery is by section, yet in Britain
about 70 per cent of women with breech presenta-
tions have a caesarean section.

With vaginal breech delivery it is possible that
fetal death may occur, but even if the fetus is born
alive there is some risk of it being injured. Many
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women know this and request delivery by caesar-
ean section. Many obstetricians agree with them,
and also point out that even if labour is allowed to
begin, many cases will end in section for delay or
fetal distress.

Even if this view is not wholly accepted, it is
generally agreed that any additional complication
during pregnancy or labour, or anything untoward
in the patient’s history, is an indication for section.
It would be advised for any primigravida over 35
years of age, and for any woman who has pre-
viously been infertile or has had stillbirths. It is
now generally held that caesarean section is prefer-
able to vaginal delivery with babies whose gesta-
tional age 1s less than 34 weeks, the very preterm
baby being unduly susceptible to intracranial
bleeding caused by trauma or asphyxia.

Pelvic contraction, even if it is only slight, is an
indication for section. An android pelvis 1s partic-
ularly unfavourable. Section would be performed
in cases associated with placenta praevia, and in
cases of prolapse of the cord before full dilatation
of the cervix.

Management of vaginal breech delivery

The conduct of the first stage of labour is exactly as
described for a vertex presentation. Early rupture
of the membranes may occur as the presenting
part, particularly of a flexed breech, may not fit the
brim well. As soon as the membranes rupture a
vaginal examination should be made to exclude
prolapse of the umbilical cord. Throughout this
stage of labour a watch is kept, as always, for
failure to progress or any evidence of maternal or
fetal distress and any of these complications are
best treated by caesarean section.

In the second stage a vaginal examination must
always be made to confirm full dilatation before
the woman is allowed to bear down. Spontaneous
descent of the breech onto the pelvic floor usually
occurs, whether the legs are extended or not. When
the breech reaches the pelvic floor the woman
should be placed in the lithotomy position. An
episiotomy 1s performed as soon as the baby’s anus
becomes visible at the height of a contraction so
that the intact perineum will provide no obstacle to
the delivery of the breech, and to facilitate the
ultimate delivery of the head. Epidural analgesia
will provide total pain relief and good relaxation of
the pelvic floor, but may interfere with bearing
down efforts. As an alternative, pudendal block or
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local infiltration with lignocaine is necessary for
the episiotomy.

In the case of a flexed breech the feet and legs
present and as they appear they may be eased out.
If the legs are extended no assistance should be
given to the birth, which must be allowed to take
place as the result of maternal effort and the force
of uterine contractions. First the anterior, and then
the posterior buttock is born by a process of lateral
flexion, so that the buttocks appear to climb the
maternal perineum. After the buttocks have been
born the baby’s feet may need to be released by
flexing first the anterior and then the posterior leg

at the knee.

Delivery of the trunk and head

As soon as the umbilicus is born pulsation of the
cord can be observed. Compression of the cord by
the side walls of the birth canal may sometimes
cause spasm of the umbilical vessels and obliterate
this fetal pulse. Absence of pulsations in the cord
during delivery is only an indication for haste if the
fetal trunk is pale and limp and the danger of
asphyxia seems greater than rapid extraction of the
fetus with its risk of intracranial haemorrhage.

A finger should be inserted into the vagina to
make certain that the arms are lying folded on the
chest. As soon as the body descends so that the
inferior angle of the anterior scapula becomes
visible at the introitus, the anterior arm can be
gently hooked out after which the posterior arm
can be released. The baby’s body is now allowed to
hang down to exert slight traction in the direction
of the pelvic axis. As soon as the head has descen-
ded onto the pelvic floor and the nape of the neck
can be seen below the pubic arch, the baby’s legs
are held just above the ankles, and by exerting
slight traction its body is lifted to the horizontal
position. The face will then appear at the vulva
and, as the baby can now breathe, the head can be
delivered slowly and carefully. Lifting the baby’s
body upwards before the head has passed com-
pletely through the brim will not assist delivery,
and may injure the cervical spine. In most units
forceps are used routinely for the delivery of the
head.

Easy delivery may not occur if the arms are
extended. This complication must be dealt with at
once by Lovset’s manoeuvre. This depends on the
fact that the subpubic arch is the shallowest part of
the pelvis. By downward traction the anterior

{c)

Fig. 5.17 Laveset’s manoeuvre

shoulder is brought to lie behind the symphysis
pubis so that the inferior angle of the scapula can
be seen. When this is done the posterior shoulder
will lie below the pelvic brim. The pelvic girdle and
thighs are then firmly held with both hands and
the fetus is turned through 180° with the back
upwards, while moderate traction is maintained
(see Fig. 5.17(a)). By this means the posterior arm
i1s brought to the front and inevitably appears
under the pubic arch (see Fig. 5.17(b)). The arm
may be delivered spontaneously; otherwise it is
easily hooked out with a finger (see Fig. 5.17(c)).
The other shoulder now lies in the hollow of the
sacrum. The fetus, therefore, is again rotated
through 180° in the opposite direction, the fetal
back again being kept upwards (see Fig. 5.17(d)).
The remaining arm will appear under the pubic
arch and can easily be delivered.



Difficulty with the aftercoming head
After the birth of the shoulders the flexed head

normally enters the pelvis in the transverse diam-
eter of the brim. As descent occurs the head
undergoes internal rotation so that the occiput
comes to lie behind the symphysis pubis. The neck
rests under the pubic arch and normally the head is
born by a movement of flexion. In most cases the
head will enter the pelvis if the fetal trunk is
allowed to hang downwards for not more than 1
minute. Any failure of descent or difficulty in the
delivery of the head calls for immediate delivery.
The body of the baby having been born, the
placental circulation is impaired by retraction of
the uterus and pressure on the cord, and respirato-
ry efforts will certainly be made. If the birth is not
completed within the next few minutes death from
hypoxia is likely. The obstetric forceps must be
available for immediate use at every breech deliv-
ery whenever the descent of the head is arrested.
The body of the baby is lifted upward by an
assistant and the blades are applied beneath it. The
fingers of the right hand steer the left blade of the
forceps to the left side of the pelvis, and then the
right blade is applied. Only moderate traction
should be required to complete delivery as epi-
siotomy has already been performed (see
Fig. 5.18).

Very rarely the fetal head cannot be made to
enter the pelvic brim. This means that an error of
judgement has been made and pelvic contraction

Fig. 5.18 Delivery of the aftercoming head with forceps
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Fig. 5.19 Jaw and shoulder traction applied to a fetus
with the head at the level of the pelvic brim. Forceps
could not be applied at this level

has been overlooked (or very rarely that hydro-
cephalus is present). Apart from the fact that the
head may be lying transversely, flexion will almost
certainly be poor, and the application of forceps at
this level would be difﬁcu?t and dangerous. The
best hope of saving a desperate situation is to pass
one hand up in front of the fetal thorax, where one
finger presses on the jaw to produce flexion. The
other hand is passed along the back until the index
and middle fingers can curve over the shoulders to
exert traction (see Fig.5.19). The head is drawn
down by traction on the shoulders, and if neces-
sary rotated until the neck lies under the pubic
arch. Suprapubic pressure by an assistant may also
help the head pass through the pelvic brim. Caesar-
ean section at this late stage is perilous to the baby
for the body has been born to the shoulders.
Delivery may then be completed with forceps as
already described. This sort of traction may cause
injury to the cervical spine or to the brachial
plexus.

Difficulty at the pelvic outlet may occur if it is
contracted, or if the occiput has rotated posterior-
ly; delivery is achieved with forceps. If the occiput
lies posteriorly and cannot be rotated the forceps
are applied in front of the baby’s body, which is
supported by an assistant.

Most of the difficulties encountered in breech
delivery can be avoided if:

¢ vaginal delivery is only attempted if the pelvis
is capacious, there is no hint of delay in the first
stage of labour and the breech readily descends
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to the pelvic floor in the second stage of
labour

¢ full dilatation of the cervix is confirmed before
bearing down efforts are encouraged

® an episiotomy is performed under adequate
analgesia

* Lovset’s manoeuvre is used if the arms are
extended

* forceps are used for slow delivery of the after-
coming head.

Spontaneous expulsion of the buttocks, rapid and
minimally assisted delivery of the trunk and shoul-
ders and slow forceps delivery of the head are the
ideal.

TRANSVERSE AND OBLIQUE LIE

The baby may lie with its long axis transverse or
oblique in the uterus, when the point of the
shoulder is usually the presenting part (see
Fig. 5.20). In the absence of antenatal care shoulder
presentations occur about once in 500 labours, but
in many cases can be corrected by external version
before labour.

Fig. 5.20 Shoulder presentation, dorsoanterior position.
The head is in the iliac fossa, the back lies anteriorly and
obliquely and the breech is on the right above the right
iliac fossa

Cause

By far the most common cause of an oblique lie is
multiparity associated with a lax uterus and
abdominal wall. It is not infrequently found on
antenatal examination before 36 weeks and it is
therefore more common in cases in which labour
starts prematurely. An oblique lie may be found
with polyhydramnios or multiple pregnancy, and
may be caused by anything which prevents
engagement of the fetal head, such as contracted
pelvis, placenta praevia or fibroids. If a transverse
lie occurs in a primigravida or recurs in successive
pregnancies the possibility that it is caused by a
uterine malformation (arcuate or subseptate
uterus) must be considered.

Positions

The fetus may lie with the head in either iliac fossa,
with the back sloping obliquely across the pelvic
brim, while the breech usually occupies a some-
what higher position than the head, on the oppo-
site side of the abdomen. Only two positions are
described, dorsoanterior and dorsoposterior, the
former being the more common.

Diagnosis

On abdominal examination the uterus appears
asymmetrical, and is broader than usual with the
tundus lower than expected for the duration of
pregnancy. On palpation the hard round head is
felt in one iliac fossa, with the softer breech on the
opposite side. No presenting part is felt over the
brim. In the centre of the abdomen the back will be
felt in dorsoanterior positions, and small parts in
dorsoposterior positions (see Fig. 5.21).

On vaginal examination at the beginning of
labour the presenting part is too high to be felt.
During labour the membranes usually rupture
early. When the cervix becomes dilated an arm or a
loop of cord may prolapse. Diagnosis of a shoulder
presentation depends on recognition of the acro-
mion process, scapula and adjacent ribs. A pro-
lapsed arm must be distinguished from a leg; the
elbow is sharper than the knee, and absence of a
heel and abduction of the thumb will distinguish a
hand from a foot.



Fig. 5.21 Shoulder presentation with prolapse of the
arm. The shoulder and arm, forming the apex of the
wedge, are driven into the brim; the head and neck on
the side and the trunk on the other form the sides of the
wedge

Course of labour

A fetus lying obliquely cannot be born vaginally
unless it 1s macerated or very premature. There is
no true mechanism of labour, and an untreated
case will end in obstructed labour and fetal death.

Neglected or unrecognized shoulder presenta-
tions are extremely serious, since all the risks of
obstructed labour are present, including rupture of
the uterus. Fetal death is usual from interference
with the placental circulation or prolapse of the
cord.

Treatment

During early labour

If an oblique lie is discovered early in labour it may
still be corrected by external version if the mem-
branes are intact. Once the lie has been corrected
the membranes should be ruptured and the uterine
contractions will usually maintain a longitudinal
lie. If an oblique or transverse lie persists in labour
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caesarean section is performed, being safer than the
dangerous operation of internal podalic version, in
which a leg of the fetus is pulled down and it is
then delivered as a breech.

Late in labour when the shoulder has become
impacted

In neglected cases, when the uterus is tonically
retracted, any form of version is extremely danger-
ous, owing to the very great risk of rupturing the
thinned out lower uterine segment. Even if the
fetus is dead caesarean section is probably the
safest procedure. In this case a low vertical incision
in the uterus is preferable to the usual low trans-
verse incision.

UNSTABLE LIE

Unstable lie is a self-descriptive term referring to a
fetus which frequently changes its axis from trans-
verse to longitudinal to oblique. The condition
may be associated with polyhydramnios, placenta
praevia, pelvic tumour or uterine contraction but
usually occurs in multiparae with a lax uterus and
abdominal wall. Gentle external version should be
used to correct the malpresentation whenever the
woman is examined. Such women should be
warned to come to hospital immediately if they
rupture their membranes or have any symptoms
suggestive of the onset of labour. Those women
who live at some distance from the hospital should
be admitted from 38 weeks onwards to await the
spontaneous onset of labour by which time the
malpresentation has usually corrected itself.

The place of induction

If it is not practical to await the spontaneous onset
of labour or there are obstetric indications for
delivering the baby, induction can be contemplat-
ed. With an unstable lie it is best, after correcting
the fetal lie to longitudinal, to start with a Syntoci-
non infusion and to delay amniotomy untl there
are uterine contractions and the presenting part has
settled into the pelvic brim. Care should be taken
to keep the presenting part in the pelvis when the
forewaters are ruptured and to be on the lookout
for cord prolapse at that time. Controlled release
of amniotic fluid is desirable and may be achieved
by using a Drew Smythe Catheter to perform a
high puncture of the membranes rather than an
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amniotomy hook to puncture the membranes. If
there is polyhydramnios 500 ml or more of fluid
may be cfrawn off each abdomen by amniocentesis
before the forewaters are ruptured. This will lessen
the risk of cord prolapse. Whenever an induction is
done with an unstable lie the labour ward staff
should be informed so that everything is ready for
caesarean section if the cord prolapses or if there is
recurrence of the malpresentation during labour.
Many obstetricians would bypass all these prob-
lems if there is a persistent oblique lie after 40
weeks and perform a caesarean section selectively.

FETAL MALFORMATIONS THAT
CAUSE DIFFICULTY IN LABOUR

These are mentioned in this chapter to complete
the discussion of fetal causes of difficult labour.

HYDROCEPHALY

This may be discovered during pregnancy by
chance at an ultrasound examination for some
other reason, if the head is noticed to be unduly
large, or during the course of investigation of
suspected disproportion. During labour the wide
separation of the cranial bones at the sutures may
be recognized on vaginal examination. As the head
cannot enter the pelvis a breech presentation may
occur.

Obstruction during labour is treated by perfora-
tion of the head. It is often sufficient to pass a
widebore needle into the head and draw off the
cerebrospinal fluid. This may be done through the
maternal abdominal wall or through the cervix

when it is 5 cm dilated. After withdrawal of the
fluid the head may collapse sufficiently for sponta-
neous delivery to occur.

If the fetus presents by the breech the after-
coming head can be collapsed after the trunk has
been delivered by passing a metal cannula up
through the spinal canal (via a spina bifida if one is
present).

If spontaneous delivery does not follow tapping,
traction can be applied to the scalp with Willett’s
toothed forceps.

ANENCEPHALY

In some cases of anencephaly difficulty in delivery
of the shoulders may occur, because they are often
wide and have not been preceded by a head of
normal size. There should be no hesitation in
dividing the clavicles (cleidotomy) with strong
scissors and applying strong traction in the axilla.

CON]JOINED TWINS

Conjunction of twins may be suspected during
pregnancy if ultrasound or radiological examina-
tion shows that the twins constantly maintain the
same relative positions, especially if they are facing
one another. In other cases the diagnosis is made
during twin labour when there is delay and a hand
is passed into the uterus to determine the cause.
Surprisingly, vaginal delivery has not infrequently
been reported when the twins have been small and
the junction between them has been fairly pliable,
but in most cases caesarean section is unavoidable,
and is preferable to embryotomy.

 PELVIC ABNORMALITIES AND DISPROPORTION

PELVIC ABNORMALITIES

The size of the female pelvis is of primary impor-
tance; if it is large enough there will be no diffi-
culty in the passage of an average fetal head
through it. The shape of the pelvis is of secondary
importance, and only has a bearing on the mecha-
nism of labour and the ease of delivery if the pelvic
dimensions are small in relation to those of the
head.

Certain terms are used to describe variations in
the shape of the pelvis which were discovered by
anatomical and radiological studies. Very few
pelves fit the criteria exactly, and any pelvis may be
a mixture of the types about to be described.

Gynaecoid pelvis

The gynaecoid pelvis conforms to the accepted
temale type in that the brim is rounded, with the
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(a)Brim

( b) Lateral view

( ¢ )Outlet

Fig. 5.22 The gynaecoid pelvis

widest transverse diameter slightly behind its cen-
tre (see Fig. 5.22). The subpubic arch is rounded,
with an angle of at least 90 degrees.

Android pelvis

The android pelvis has many of the characteristics
of the male pelvis. The brim is heart-shaped, so
that the widest transverse diameter is much nearer
to the sacrum than it is in the gynaecoid pelvis (see
Fig. 5.23). The side walls tend to converge, the
ischial spines are prominent, the sacrum is straight
and the subpubic arch is generally narrow, with an
angle of 70 degrees or less. Both the anteropos-
terior and transverse diameters of the outlet tend
to be reduced. This type of pelvis is funnel-shaped,
with diameters which decrease from above down-
wards, and disproportion thus becomes worse as
labour proceeds.

( b ) Lateral view
Fig. 5.23 The android pelvis

Anthropoid pelvis

The anteroposterior diameter of the brim exceeds
the transverse diameter (see Fig. 5.24). The pelvis
tends to be deep and the sacrum often has six
segments instead of five; this is known as a high
assimilation pelvis. Very often the sacrum and the
axis of the pelvic cavity are less curved than in the
gynaecoid pelvis and the subpubic arch may be a
little narrow, but the sacrosciatic notches are wide
and the anteroposterior diameter of the outlet is
large, so there is no difficulty.

Platypelloid pelvis

The platypelloid pelvis is described as the simple
(non-rachitic) flat pelvis. The brim is elliptical with
a wide transverse diameter (see Fig.5.25). The
subpubic arch is wide and rounded.

It is emphasized that, except in the case of the
android pelvis, these variations in shape have little

(¢ ) Qutlet

—
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( b ) Lateral view

( ¢ )Outlet

Fig. 5.24 The anthropoid pelvis

effect on the normal mechanism of labour unless
there is considerable reduction in the size of the
pelvis. The android pelvis is unfavourable because
of the tendency to contraction of the outlet.

ABNORMALITIES OF THE PELVIS

Abnormalities of the pelvis may be classified into
three groups:

* those caused by developmental abnormalities
of the pelvic bones

* those caused by disease or injury of the pelvic
bones

¢ those caused by abnormalities of the spine, hip
joints or lower limbs.

(a)Brim

( b) Lateral view

Developmental abnormalities of the pelvic
bones

Developmental variations in shape have already
been described and the android pelvis is the only
one of these that commonly affects labour adverse-
ly. However, even a round gynaecoid pelvis may
be small in size; it is then called a generally
contracted pelvis.

The presence of a sixth segment in the sacrum,
which may be found with an anthropoid pelvis, has
given rise to the term high assimilation pelvis, but
this is not of great significance.

Very rarely malformation of the pelvis may
result from defective development of one side of
the sacrum, which is fused with the ilium (Naegele
pelvis, see Fig. 5.26).

(¢ )Outlet

Fig. 5.25 The platypelloid pelvis



Brim

Fig. 5.26 Asymmetrical Naegele pelvis

Disease or injury of the pelvic bones

The most important abnormality in this group is
rickets, which causes softening of the bones in
early childhood, with flattening of the pelvic brim
(see Fig. 5.27). Portunately rickets is uncommon in
Britain. A similar disease, osteomalacia, which may
occur in adults, can cause very severe distortion of
the pelvis; it, too, is almost unknown in Britain but
is still seen in Africa and Asia. In achondroplasia
the pelvis is often small.

Pelvic deformity may be caused by malunited
fractures, or by new growths arising from the
pelvic bones.

Abnormalities of the spine and lower limbs

The shape and inclination of the pelvis may be
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Fig. 5.28 Kyphosis with forward rotation of the lower
part of the sacrum and reduction of the anteroposterior
diameter of the pelvic outlet

affected by kyphosis of the spine (see Fig. 5.28) or
by spondylolisthesis, in which the 5th lumbar
vertebra slips forward on the sacrum and obstructs
the pelvic inlet.

With congenital dislocation of a hip joint there
may be oblique distortion of the pelvis, but this
rarely causes difficulty.

LABOUR IN THE PRESENCE OF PELVIC
ABNORMALITY

When the size of the fetal head exceeds the size of
the pelvis even after moulding has taken place,

(1 )Brim

(i ) Lateral view
( Showing forward displacement
of the sacral promontory)

Fig. 5.27 Rachitic pelvis
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normal vaginal delivery will clearly be impossible.
If, however, there is not absolute disproportion
vaginal delivery may occur if the uterine contrac-
tions are sufficiently strong to overcome the
relatively increased resistance.

In practice the type of deformity is less impor-
tant than the size of the pelvis relative to that of the
head. The mechanism of the passage of the head
through the pelvis will differ according to the
shape of the pelvis, but in general there is a
tendency with most pelvic abnormalities for the
forepelvis to be small, thus increasing the risk of
malpositions of the fetal head.

CEPHALOPELVIC DISPROPORTION

Disproportion between the size of the fetal head
and that of the maternal pelvis will cause difficult
labour and danger to the fetus. The size of the head
at term is genetically related to the size of the
maternal pe%vis - small women tend to have small
babies — so that in the absence of pelvic deformity
the majority of labours proceed without mechan-
ical difficulty. However, the obstetrician must
always be on the lookout for possible dispropor-
tion, both in the antenatal clinic and during
labour.

Disproportion in the Western world is usually
found at the pelvic inlet. If the widest diameter of
the head will pass through the inlet it will usually
pass through the pelvic cavity and outlet. Occa-
sionally the pelvis is to some degree funnel-shaped
with a relatively narrower outlet than inlet, partic-
ularly in parts of the world where infant rickets
and osteomalacia are found. Even in this case the
head will often pass because by the time it has
reached the outlet its diameters have been reduced
by moulding. In every case of disproportion the
etficiency of the uterine contractions plays a major
part in determlmng whether or not vagma] deliv-
ery will occur. Equally important is the attitude
and position of the fetal head. A deflexed occipito-
posterior position is most unfavourable in the
presence of even a minor degree of cephalo-pelvic
disproportion, because of the wider diameters that
need to pass through the pelvis.

The diagnosis of disproportion

The following are the steps in the antenatal diag-
nosis of disproportion:

PAST ORTHOPAEDIC AND OBSTETRIC
HISTORY

A history of disease or fracture of the spine, hips or
pelvis should alert the practitioner to the possibil-
ity of pelvic deformity. A distinction i1s made
between primigravidae and multgravidae.

In a multigravida the pelvis has been tested up to
the size of the largest baby previously delivered,
but in a primigravida the size of the pelvis is
unknown. Disproportion in a multigravida is
usually because she has a fetus larger than any she
has previously borne. In dealing with a multi-
gravida, therefore, it is important to obtain details
of her previous labours, including for each the
duration, the mode of delivery, the outcome and
the birth weight and subsequent progress of the
child.

GENERAL EXAMINATION

Although it is true that small women may have
small babies, it is also true that a small woman has a
small pelvis, and a greater chance of disproportion.
Any woman whose height is less than 150 cm
comes into this category.

General disease of the skeleton or disease of the
lower limbs or spine should also be noted in view
of any possible effect on the shape of the pelvis,
which itself may have been deformed by rickets or
previous fractures.

Abdominal examination

Abdominal examination in late pregnancy should
indicate whether or not the widest diameter of the
fetal head has passed through the pelvic inlet. In
primigravidae the head normally engages between
the 36th and 38th weeks. In multigravidae engage-
ment often does not occur until labour starts.

In African women the pelvic inlet has a higher
angle of inclination than is seen in Caucasian and
Asiatic women and because of this, in African
women engagement of the head is uncommon
before the onset of labour, even in primigravidae.

If the head is not engaged before term an
attempt is made to discover if it will engage, and
thus exclude inlet disproportion. This is most
simply done by moderate dpressure on the head in a
backwards and downwards direction.



Pelvic examination

Most of the normal pelvic inlet is beyond the range
of the examining fingers. The forepelvis can be
reached by passing a Enger behind the symphysis
pubis, but the sacral promontory can only be
reached in a contracted pelvis. The concavity or
straightness of the sacrum and the convergence or
separation of the side walls of the pelvis will give
some idea of the size of the pelvic cavity. The bony
outlet can be readily palpated, and the width of the
subpubic arch and the ease with which the ischial
spines can be felt should be noted. The distance
between the ischial tuberosities can be measured.

The fetal head is the best pelvimeter. If it has
already descended into the pelvis or can be made to
do so on examination, there is only the pelvic
outlet left for it to pass. Pure outlet contraction is
very rare, and if the biparietal diameter enters the
pelvic inlet with only two-fifths or less of the head
palpable abdominally (see Fig. 4.19), with the low-
est point of the head at the level of the ischial
spines, disproportion is extremely unlikely.

If the head will not enter the pelvis dispropor-
tion may be suspected but in many cases, with
strong uterine contractions and moulding of the
head, vaginal delivery will occur. Pelvic examina-
tion 1s of limited value in predicting the outcome as
so much depends on the moulding and the effi-
ciency of the contractions.

Diagnosis of disproportion during labour

Failure of the head to descend and of the cervix to
dilate during labour may indicate unsuspected
disproportion. Excessive moulding and caput for-
mation may occur, and in some cases the caput
may be felt at the level of the ischial spines even
though the maximum diameter of the fetal head
has still not passed through the pelvic inlet.

In modern practice, if a partogram indicates that
the cervix is not dilating normally, an oxytocin
drip with good analgesia is likely to be tried, unless
examination shows clear evidence of dispropor-
tion. If augmentation of the uterine action does not
lead to progress in cervical dilatation dispropor-
tion is probable and vaginal delivery should not be
attempted.

Radiological or CAT diagnosis of disproportion

X-rays are now used much less often to investigate
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suspected disproportion than they used to be. In
Britain it is rare for a woman to have a pelvis which
is too small to allow the passage of a normal sized
fetus, provided that there are good uterine contrac-
tions. X-rays have the same inability as clinical
examination to predict uterine efficiency in labour.
Present practice is only to X-ray the pelvis when
disproportion is suspected but confirmation is
needed for management, and then only one lateral
radiograph is taken in late pregnancy with the
woman standing. This view allows measurement of
the anteroposterior diameters of the pelvis but not
of the transverse diameters (see Fig.5.29). The
latter could be measured by taking further views of
the pelvic inlet and outlet but these are not now
thought to be justified in view of the limited
information gained and the additional irradiation
of the fetus. Apart from the anteroposterior diame-
ters, the erect lateral radiograph also shows the
curve of the sacrum, the width of the sacrosciatic
notches, the angle of inclination of the pelvic brim
and the degree of engagement of the fetal head.

X-rays are now rarely used during labour for the
diagnosis of disproportion, as they add little to the
clinical assessment of progress and nothing to
mal‘lagement.

The management of disproportion

When cephalopelvic disproportion is suspected as
a result of antenatal examination a decision has to
be taken whether or not to allow the woman to go
into labour in the hope of vaginal delivery, or to
deliver her before the onset of labour by elective
caesarean section.

Indications for elective caesarean section
The indications are:

* disproportion so severe that vaginal delivery is
unlikely

e lesser degrees of disproportion when there are
complicating factors such as breech presenta-
tion, previous caesarean section, or a previous
difficult vaginal delivery causing perinatal
death or morbidity

e women with serious medical complications
such as, for example, diabetes, or severe hyper-
tension, where delivery well before term is
required.
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Fig. 5.29 Lateral X-ray of the pelvis, the fetus is in an occipitoposterior position. A, plane of the inlet; B, angle
between the front of the 5th lumbar vertebra and the pelvic Brim; C, angle of inclination of the sacrum

Trial of labour

Except for the cases just mentioned, women with
disproportion should be allowed a trial of labour.
By this is meant that the labour is carefully wat-
ched for evidence of continuing progress as shown
by dilatation of the cervix and descent of the head.
The assessment of progress is made as in normal
labour by repeated abdominal and vaginal exam-
inations, and the results are recorded on a parto-
gram.

In the majority of cases of trial of labour good
uterine contractions will bring about steady prog-
ress to vaginal delivery. In the multiparous the
head may remain high until the cervix is fully
dilated and then descend rapidly through the pelvis
during the second stage.

Augmentation of labour in cases of suspected
disproportion

Good uterine contractions are essential if mild
disproportion is to be overcome. In primigravidae

delay in labour caused by poor uterine action may
be treated by the cautious use of an intravenous
oxytocin infusion. Great care must be taken to
avoid overstimulation leading to excessively strong
contractions which may harm the fetus, or even
rupture the uterus. Continuous monitoring of the
fetal heart with a scalp electrode, as well as con-
tinuous recording of the uterine contractions are
essential whenever labour is being augmented, but
are particularly important in cases of possible
disproportion.

Deciding when a trial of labour has failed

Although no hard and fast rules can be laid down,
failure to progress in a trial of labour after a period
of 4 hours or more of good contractions suggests
that the disproportion is too great to be overcome,
and that caesarean section should be performed.
The trial may also have to be terminated at any
time if fetal distress develops.

Uterine rupture is a rare event in primigravidae,
but less rare in multigravidae. It usually only



occurs after some hours of strong contractions.
The development of a Bandl’s ring, pain and
tenderness over the lower uterine segment, or
acute fetal distress are all indications that labour
has been allowed to go on for too long and that
rupture is impending; immediate caesarean section
is required.

The management of trial of labour for suspected
disproportion should be under the control of an
experienced obstetrician in a fully equipped unit,
as considerable skill and judgment may be needed
to decide how long the labour may safely con-
tinue.

Symphysiotomy

Division of the ligaments holding the pubic bones
together at the symphysis through a small supra-
pubic incision produces an increase in the available
circumference of the pelvic ring and, by widening
the subpubic arch, an increase in the available
anteroposterior diameter at the outlet. The opera-
tion is hardly ever performed in the UK, but has
been rccommendf:(gJ in developing countries in
association with a vacuum extraction where some
women are reluctant to agree to caesarean section,
and may not return to hospital for subsequent
deliveries.

Shoulder dystocia

Shoulder dystocia is when the shoulders remain
impacted in the pelvis after delivery of the fetal
head. It is a serious, but fortunately rare, complica-
tion which usually occurs with babies weighing
well over 4 kg. Perinatal mortality and morbidity
in fetal macrosomia are not inconsiderable. The
warning signs are unusually slow crowning of the
fetal head, difficulty in delivering the baby’s face
by extension and slow restitution of the occiput to
a lateral position. Once the condition has occurred
it is important to get the woman into either the
lithotomy or the left lateral position and to do an
episiotomy if one has not been done already.
Examination should reveal whether or not the
anterior shoulder is arrested above the pelvic brim.
If it is not, it may be possible to deliver it from the
pelvic cavity by a combination of suprapubic
pressure and moderate lateral flexion and traction
on the baby’s head. If the anterior shoulder is still
above the pelvic brim it will be the posterior
shoulder that has descended into the sacral bay.
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Under these circumstances lateral flexion and trac-
tion on the baby’s head will only result in tearing
of the brachial plexus and an Erb’s palsy, which
can be a serious permanent disability for the infant.
The obstetrician will therefore have to consider
delivering the posterior arm and shoulder. To do
this the operator’s fingers will have to be insi-
nuated into the very restricted space available in
front of the baby’s chest in order to flex the
posterior arm at the elbow and then bring it down.
If it is possible to rotate the posterior shoulder a
few degrees so that it lies in the oblique diameter of
the pelvis, bringing the posterior arm down can be
made a little more easy. Once the posterior arm has
been brought down it will be much more straight-
forward to reach the anterior axilla for traction and
delivery. As a last resort, and only if the man-
oeuvres already described have failed and the fetus
has died, an experienced obstetrician would con-
sider division of the clavicles or even symphy-
siotomy as a method of delivering the baby.

If a woman has had shoulder dystocia she and
her attendants will be anxious to avoid this compli-
cation in future pregnancies. To this end, she
should have ultrasound estimates of fetal weight at
term and a caesarean section if there is evidence of
a baby that is as large, or larger than the one which
previously caused the problem.

OBSTRUCTED LABOUR

Labour is said to be obstructed when there is no
progress in spite of strong uterine contractions.
This may be shown by failure of the cervix to
dilate or failure of the presenting part to descend
through the birth canal. It is a most dangerous
condition if it is untreated, and can be fatal to both
mother and fetus.

Causes of obstructed labour

Obstructed labour may arise from maternal or
fetal conditions, or both. The following list of the
causes is long; the causes marked with an asterisk
are rare.

Maternal conditions

contraction or deformity of the bony pelvis
pelvic tumours

uterine fibroids

ovarian tumours




224 Abnormal Labour

*tumours of rectum, bladder or pelvic bones
*pelvic kidney

abnormalities of the uterus or vagina
*stenosis of the cervix or vagina
*obstruction by one horn of a double uterus
*contraction ring of uterus.

Fetal conditions

large fetus
malposition or malpresentation
persistent  occipitoposterior
position
*mentoposterior position
brow presentation
breech presentation
*shoulder presentation (rare in the UK
but common in countries with inadequate
antenatal care)
*compound presentation
*locked twins
congenital abnormalities of the fetus
"'Eydrocephalus
*fetal ascites or abdominal tumours
*hydrops fetalis

*conjoined twins.

or transverse

Most of these abnormalities can and should be
detected during pregnancy so that early treatment
is possible, or a plan of action can be made before
labour. These conditions and their management are
fully described in the appropriate chapters; all that
is given here is a description of the effects of
obstructed labour if it is left untreated.

Symptoms and signs of obstructed labour

The importance of the early detection of possible
obstruction in labour is obvious, for if labour is
allowed to progress to the point of absolute
obstruction the death of the fetus is almost certain
and the life of the mother is endangered. In a
primigravida complete obstruction leads within 2
or 3 days to a state of uterine exhaustion or
secondary hypotonia; any relief which this gives to
the mother and fetus is only temporary. In a
multigravida obstruction becomes established
much sooner and progressive thinning of the lower
segment may lead to uterine rupture in a few
hours.

Probably the earliest sign of impending obstruc-
tion is deterioration in the patient’s general condi-

tion. She looks tired and anxious and behaves as
though she is beginning to lose her ability and will
to cooperate. Between the contractions she seems
unable to relax and her anxiety increases.

The presenting part is often above or at the level
of the pelvic brim. The membranes rupture early in
labour because the presenting part is Eadly applied
to the lower segment. The amniotic fluid drains
away and there 1s retraction of the placental site,
which causes reduction in the maternal blood flow
to the placenta, severe fetal distress (shown by
marked slowing of the fetal heart and thick mecon-
um in the fluid) and eventual fetal death from
hypoxia.

The woman’s pulse rate and temperature rise.
The quantity of urine secreted diminishes and it is
concentrated and deeply coloured. Ketone bodies
are present in the urine and can also be smelt in the
woman'’s breath.

The possibility of obstructed labour should be
suspected when labour fails to progress. In the first
stage dilatation of the cervix should be progressive,
although sometimes it is not rapid even in normal
cases. A partogram will give early warning that
progress has ceased. Descent of the presenting part
should be continuous, especially in the second
stage. Any failure in the progress of labour calls for
careful abdominal and vaginal examination to
exclude any possible cause of obstruction, partic-
ularly in the case of previously undiagnosed dis-
proportion or malpresentation.

If for some reason the diagnosis of obstruction is
missed for a time, the dangerous condition of over-
retraction of the uterus (generalized tonic retrac-
tion) may occur. In the course of normal labour
some retraction of the upper segment persists after
each contraction and the upper segment becomes
slightly shorter and thicker, while the lower seg-
ment becomes stretched and thinner. If the fetus 1s
unable to descend because of obstruction the total
length of the uterine cavity must remain constant,
so that as uterine contractions continue progres-
sive retraction causes abnormal stretching and
thinning of the lower segment. The line of junction
of the upper and lower segments becomes very
evident and is known as the retraction ring of
Bandl (see Fig.5.30). It can be seen or felt on
abdominal examination. Eventually rupture of the
lower segment occurs.

In advanced obstructed labour the uterus is
found, on abdominal examination, to be moulded
to the shape of the fetus. It feels hard all the time




Fig. 5.30 Obstructed labour from pelvic contraction.
The extreme retraction of the upper segment and the
extreme stretching of the lower segment has formed a
Bandl’s ring. The head is greatly moulded, with a large
caput succedaneum

and does not relax. It is tender to palpation and
Bandl’s ring may be evident. Fetal parts are not
easily felt and the fetal heart sounds are absent. The
presenting part is fixed at the level of obstruction.

On vaginal examination the vagina is found to
be oedematous and feels dry. The oedematous
cervix is only loosely applied to the presenting
part. If the head is presenting there will be a large
caput succedaneum and extreme moulding of the
skull. The presenting part is tightly fixed, and even
under anaesthesia it cannot be pushed upwards
without the danger of uterine rupture. If there is a
shoulder presentation the oedematous arm of the
fetus will have prolapsed, with the hand projecting
from the vulva.

Treatment

Excessive retraction of the uterus should never be
allowed to develop. The cause of the obstruction
should have been discovered during pregnancy or
in early labour, and treatment should have been

applied.
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When tonic retraction is present the fetus is
certainly dead and the aim of treatment is to
deliver the mother immediately by the safest possi-
ble method. Intrauterine manipulations are very
liable to cause rupture of the abnormally thin
lower segment. Internal version is particularly
dangerous. In some of the cases it is possible to
deliver the fetus vaginally after a destructive opera-
tion, but (except for perf}:)ration of a hydrocephalic
head) these procedures are lengthy and difficult
and caesarean section is usually less hazardous.
Antibiotics, blood transfusion and modern anaes-
thesia have combined to reduce the risks of section
in these cases.

In all cases of prolonged labour, especially if
operative delivery 1s required, there is a high risk of
Eucrperal sepsis and appropriate antibiotics should

e given.

RUPTURE OF THE UTERUS

Prolonged obstruction in a primigravida often
leads to temporary cessation of uterine activity
from exhaustion (secondary hypotonia), but in a
multigravida it is more likely to lead to uterine
rupture particularly if there is a previous caesarean
section scar. In obstructed labour this usually
occurs obliquely at the junction of the upper and
lower segments, but occasionally the uterus splits
vertically at the side near the point of entry ofpthe
uterine vessels. The peritoneum may or may not be
involved. Bleeding may occur into the peritoneal
cavity or may track downwards between the blad-
der and upper vagina. Uterine contraction may
expel the fetus and placenta through the laceration
into the peritoneal cavity.

FISTULA FORMATION

In obstructed labour the fetal presenting part
becomes impacted in the maternal pelvis and the
result is ischaemia of the maternal soft tissues that
lie between the presenting part and the walls of the
maternal pelvis. If the obstruction is neglected this
ischaemia can lead to tissue necrosis and the for-
mation of vesicovaginal or rectovaginal fistulae
when necrotic slough separates several days after
delivery. Obstetric fistulae should not occur in
countries where women have easy access to well
organized hospital-based maternity services.
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' PRETERM LABOUR AND PREMATURE RUPTURE MEMBRANES

INTRODUCTION

Preterm birth is hazardous for the fetus for it has
not yet developed physiologically and is therefore
not sufficiently adapted for extrauterine life. Five
per cent of births occur preterm and these contrib-
ute over 50 per cent of the neonatal morbidity and
mortality. By definition any delivery of less than
37 completed weeks is preterm; however improve-
ments in neonatal care mean that at above 30
weeks’ gestation most neonates survive. Even at 24
weeks, there is a survival potential (Table 5.2). The
best results are achieved when the fetus is delivered
atraumatically in a well oxygenated condition and
when it is provided with expert neonatal intensive
care from the moment of delivery. This can only be
achieved if the obstetrician and paediatrician col-
laborate closely.

AETIOLOGY AND DIAGNOSIS

Preterm problems may present as either preterm
labour or premature preterm rupture of mem-
branes. In the majority of cases there is an under-

Table 5.2 Survival by gestational age at delivery

% Survival % Increase in survival if
pregnancy could be pro-
longed by 2 weeks

Gestation (wks)

22 0 45
23 42 10
24 45 30
25 52 5
26 75 10
27 57 30
28 85 8
29 85 10
30 93 4
31 97 1
32 95 0
33 98 0
34 95 c
35 98 0
36 98 o
37 98 0

lying cause, such as chorioamnioitis, placental
abruption, urinary tract infection, multiple preg-
nancy, polyhydramnios or cervical incompetence.
Intrauterine infection is the most important cause
of problems, but infection may be subclinical and
only identified if the placenta and membranes are
examined histologically after delivery.

When labour is established, or when there is a
large leak of fluid from the vagina, there is no
diagnostic difﬁculty, but where there is doubt a
logical approach is essential. The diagnosis of
labour is the same whatever the gestation and
requires the presence of both uterine activity and
cervical dilation. Uterine activity alone is normal in
the mid-trimester and may be painful, particularly
in those experiencing significant personal or
psycho-social stress. An increase in vaginal secre-
tions during pregnancy, or a small involuntary leak
of urine, may raise the SusplClOl’l of membrane
rupture and this requires investigation. Clarifica-
tion of the diagnosis rests on careful examination
by an experienced obstetrician and will require
vaginal examination to diagnose preterm labour
with a speculum examination if there is a suspicion
of membrane rupture. It may be possible to see
fluid draining from the cervix; alternatively fluid
may cause a rise of vaginal pH which can be
inprecisely identified by using a nitrazine swab.
Because of the possibility of introducing infection,
a finger should not be passed through the cervix
once the membranes are ruptured. However, gen-
tle digital examination itself will not provoke
labour and may be needed to assess the cervix
when labour is suspected.

PRINCIPLES OF MANAGEMENT

The major determinants of outcome are the gesta-
tion at delivery, the condition of the baby at birth
and the quality of neonatal care. It can be seen
from the survival ﬁgures in Table 5.2 that at
between 24 and 28 weeks’ gestation an increase in
gestation by as little as 2 weeks can lead to a
dramatic increase in the likely survival. Hence the
obstetrician will want to keep the baby in the
uterus, unless the intrauterine environment is more
hostile than a neonatal intensive care unit. The



availability of neonatal intensive care is critical;
preparations must be made as if all women with
threatened preterm labour or premature preterm
rupture of membranes will deﬁver on the day of
admission. This requires liaison with the neonatal
paediatricians about the availability of intensive
care facilities and, in some cases, an in wutero
transfer of the fetus, transferring the mother from
the receiving hospital to a second hospital, where
neonatal facilities are available. This is preferable to
del:vermg the baby and subsequently transferring
it in an incubator, which is associated with a lower
rate of survival.

A woman with preterm problems must be
supervised by an experienced obstetrician working
to an established protocol so that all members of
the medical and nursing staff know what is expec-
ted of them. It is important to take a positive view
of the survival of the fetus even at very low
gestation, in order to give the fetus the optimum
care and because gestation is sometimes under-
estimated and the prospects then believed to be
worse than they actually are. The options open to
the obstetrician are limited because preterm labour
and premature preterm rupture of membranes are
so often associated with uncorrectable, underlying
pathology. Nevertheless, in the absence of fetal
compromise, an attempt should be made to delay
delivery. When delivery seems to be inevitable 1t
should be conducted as atraumatically as possible,
by an experienced obstetrician or a midwife
trained in the management of preterm birth. The
main principle is to avoid signigcant fetal handling
in fetuses below 32 weeks” gestation. Fetal handl-
ing is associated with significant bruising which
can lead to anaemia and disseminated intravascular
coagulation in the neonate. Because of the need to
avoid handling, and because we have no instru-
ments suitable for assisted delivery, manoeuvres
such as difficult breech delivery, internal version or
forceps, which would be performed at term, are
replaced by caesarean section in the very preterm
group.

Between 32 and 37 weeks, the fetus is more
robust and a delivery may be more readily ach-
ieved when complications occur. As always the
obstetrician must balance the maternal risk of
caesarean section against the potential fetal bene-
fits. Caesarean section is, therefore, usually
restricted to those fetuses of 26 weeks and above,
that is, those who have a substantial chance of
survival. Those presenting by the breech have the
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greatest benefit from caesarean section before 32
weeks’ gestation.

PREDICTING AND PREVENTING
PRETERM LABOUR

Attempts to predict preterm labour have so far
been unsuccessful and even among the highest risk
group, those who have laboured preterm pre-
viously, most will not suffer this complication
again. Once labour is established, the success of
attempts to arrest the progress will depend on the
underlying cause. It is inappropriate to delay deliv-
ery in the face of major abruption or established
infection. Tocolysis is rarely successful when
labour is associated with ruptured membranes or
when the cervix is dilated more than 4 cm. How-
ever, delivery can usually be delayed for up to 24
hours and this may be important to allow in utero
transfer or to give sufficient time for steroid treat-
ment. The administration of two doses of dex-
methasone to the mother will help mature the fetal
lungs and will reduce the risk of hyaline membrane
disease. Because an increase in gestation is asso-
ciated with such a significant increase in survival in
fetuses below 33 weeks, it is always worth attempt-
ing to halt labour and to keep the baby in the
uterus, provided that there is no evidence of fetal
compromise which necessitates immediate deliv-
ery.

When there is clear evidence from the history, or
from examination in between pregnancies, that the
woman has cervical incompetence, preterm labour
may be successfully prevented by supporting the
cervix with an encircling suture. This procedure is
known as cervical cerclage. Occasionally, a woman
will present in mid-trimester with a widely dilated
cervix, but no evidence of labour. If there is no
evidence of infection a rescue cerclage can be
performed and this will be successful in 50 per cent
of cases.

TOCOLYSIS

The complex intracellular mechanisms which lead
to smooth muscle contraction can be inhibited by
three main groups of drugs acting at different parts
of the actino-myosin pathway. Beta-adrenergic
agonist drugs such as ritodrine, salbutamol and
terbutaline are the most widely used and the most
successful agents, but cyclo-oxygenase inhibitors,
such as indomethacin, which prevent labour by
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inhibiting prostaglandin production and inhibiting
calcium channel blockers, such as nifedepine, are
also effective. Combined statistical analysis of the
available controlled trials, shows that tocolytics
can prolong pregnancy. Whether this procedure
will improve fetal survival will depend not only on
the presence of other associated conditions but at
what gestation they are used, since only at certain
gestations will prolongation of pregnancy increase
survival significantly. Beta-adrenergic agonists and
cyclo-oxygenase inhibitors are equally effective;
the former are preferred mainly because the anti-
prostaglandin drugs are associated with premature
closure of the ductus arteriosus and constriction in
other vascular beds, such as the cerebral vascular
circulation and the kidney, with potential ischae-
mic complications. The place of calcium channel
blockers in clinical practice has yet to be estab-
lished.

The beta-adrenergic agonist drugs, although
effective, are associated with significant maternal
hazards and their use should therefore be limited
to 24 to 48 hours. The principle complications are
cardiovascular; these are maternal tachycardia,
tachyarrhythmias and hypotension. Prolonged
tachycardia may be associated with cardiac ischae-
mia or pulmonary oedema, the latter particularly
when the tachycardia is associated with circulation
overload. In addition, prolonged usage is asso-
ciated with biochemical disturbance, notably
hyperglycaemia and hypokalaemia. The beta-
agonist 1s administered intravenously, starting at a
dose which rapidly inhibits uterine contractions
and produces a moderate tachycardia. The dose
may be increased provided that the maternal pulse
does not exceed 120 beats per minute. Treatment
should be maintained at the minimum level which
controls uterine contractions consistently. Once
contractions have ceased for a period of 12 hours,
the drug can be discontinued. There is no evidence
that continued treatment, for example, by the oral
route, conveys any advantage. In fact zay con-
tinued treatment is accompanied by continuing
biochemical disturbance, side effects and diminish-
ing effectiveness, due to tachyphylaxis.

FETAL ASSESSMENT

In preterm labour or following membrane rupture,
the fetus must be assessed very carefully. Ultra-
sound is essential to assist in establishing presenta-
tion, fluid volume, biophysical behaviour as an

index of hypoxia, and for example, if there is
bleeding, the presence or absence of placenta prae-
via. Even if caesarean section is not contemplated,
fetal monitoring by cardiotocograph (CTG) is
essential during labour, so that both obstetrician
and paediatrician are cognizant of whether the
fetus has been significantly hypoxic prior to deliv-
ery. Assessment of the CTG trace is slightly more
difficult in the preterm infant. This 1s because
tachycardia is common and produces a secondary
loss of variability which does not reflect hypoxia.
Nevertheless, severely abnormal fetal heart pat-
terns do indicate a hypoxic state and indicate a
need for early delivery. Causes of fetal hypoxia in
posterm labour are shown in Table 5.3.

TECHNIQUES OF DELIVERY

Between 24 and 32 weeks special precautions must
be taken to avoid trauma to the fetus during
delivery. If the membranes are left intact through
the first stage of labour, they protect the fetus both
from bruising and from hypoxia caused by cord
compression. It is often possible to deliver the
fetus in an intact protective bag of membranes and
the sac can be broken as the fetus comes down the
vagina immediately prior to delivery. An epi-
siotomy would be unhelpful with such a small
baby and is therefore an unnecessary burden on
the mother. The delivery must be conducted by
someone with experience of preterm delivery,
which is quite different to delivery at term. Delay
or difficulty in the second stage at this gestation

Table 5.3 Causes of fetal distress in labour

Maternal
Poor placental perfusion
Hypovolaemia — haemorrhage, dehydration
Hypotension — shock, drugs, epidural
— supine hypotension/
Myometrial hypertonus - prolonged labour
— excess oxytocin

Fetal

Cord compression — oligohydramnios
— entanglement
— prolapse

Pre-existing hypoxia or growth retardation
Infection

Cardiac

Placental
Bleeding or separation (abruption)




should be treated by caesarean section, as man-
oeuvres such as internal version and forceps deliv-
ery are excessively traumatic to the fetus.

If caesarean section is required, the technique
must be modified to provide an atraumatic deliv-
ery. The lower segment is often poorly formed, so
that the uterus appears waisted. In this case a low
vertical mid-line incision must be made in the
anterior wall of the uterus. Around 14 cm of
uterine incision are required for a fetus of this size
and it is easy to see whether this space is available
in the lower segment or whether a mid-line inci-
sion should be used. The available length of trans-
verse uterine incision in the lower segment can be
increased by making a U-shaped incision in the
lower segment, extending up in a smile on both
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sides. This requires quite a well-formed lower
segment however, and if there is any doubt a mid-
line incision should be used. Having opened the
uterus, pressure on the fundus will deliver the
amniotic sac containing the fetus through
the uterine incision, closely followed by the pla-
centa. The sac is then opened, the cord clamped
and the fetus wrapped in a warm towel to avoid
heat loss, before passing it to the paediatrician.

Between 32 and 37 weeks the fetus is larger and
more robust. Delivery with ruptured membranes is
less traumatic and the perinecum may sometimes
obstruct the delivery so that episiotomy is
required. There was a fashion for prophylatic
forceps delivery in the 1970s, but it is now clear
that this confers no benefit to the fetus.

- FETAL DISTRESS DURING LABOUR

There are many causes of fetal distress in labour
(Table 5.3) but uterine contractions are the most
important factor. During each contraction the
maternal blood flow through the placenta is
impeded; the venous outflow is obstructed before
the arterial supply. The fetus is usually unaffected
by this, but if uterine contractions are prolonged
or if there has been previous impairment of pla-
cental function then fetal hypoxia, hypercapnia
and respiratory acidosis occur, with a fall in pH. In
severe Eypoxia the fetal tissues meet their energy
requirements by anaerobic glycolysis, burning up
glycogen but producing lactic acid in the process,
and this causes further depression of the pH by
metabolic acidosis. Although the fetus will with-
stand and recover from degrees of hypoxia and
acidosis which would be fata%in an adult, if the pH
falls below about 6.9 death or brain damage is
almost inevitable.

The fetus also shows clinical signs of distress
with the changes in hydrogen ion concentration.
Distress 1s an ill-defined term, and may not invari-
ably be due to hypoxia, although this is the
commonest cause. The first effect of hypoxia is a
rise in fetal heart rate from sympathetic action.
Fetal tachycardia in cases of hypoxia is of varying
degree, but a rate persisting at well above 160 beats
per minute has considerable significance. Fetal
tachycardia may also occur if the mother has high

fever or is dehydrated, but in all other cases this
sign must be regarded as evidence of fetal distress.

If the hypoxia persists and is of more severe
degree, the fetal heart rate will slow after each
uterine contraction, and there will also be persist-
ent bradycardia. Any case with slowing below 120
beats per minute should be carefully assessed, and
urgent assessment is necessary if the rate falls
below 100, or if there is cardiac irregularity.

Initial slowing of the fetal heart rate is probably
a vagal effect, and vagal activity may also lead to
contraction of the bowel and the passage of
meconium into the fluild. However, it should be
noted that premature fetuses, even if fatally hypox-
ic, seldom pass meconium.

Unfortunately the correlation between many of
these clinical signs of fetal distress and real hypoxia
is not very strong. Even the most serious combina-
tion of these signs, bradycardia with the passage of
meconium, is found to be associated with a sig-
nificantly hypoxic fetus in only 25 per cent of
cases, so that if action were taken on these signs
alone it might be unnecessary in three-quarters of
the cases.

CONTINUOUS MONITORING OF
THE FETAL HEART RATE

Ordinary auscultation of the fetal heart rate has
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several limitations. It has to be performed inter-
mittently and the intervals between observations
may vary. If the heart is being auscultated for 60
seconds every 15 minutes, there are 14 out of 15
minutes when changes may not be observed.
Further, the main stress that affects the fetal
heart rate is a uterine contraction, yet it is at this
time that many doctors and midwives fail to hear
the heart. Unless auscultation takes place very
soon after the contraction any change due to the
stress will be missed. In consequence efforts have
been made during the last 20 years to record the
fetal heart rate continuously, even during contrac-
tions. This can be achieved by several methods:

Phonocardiography

A microphone is held on the mother’s abdomen by
a wide elastic belt, and picks up the fetal heart
sounds. This works well enough when the woman
is still, but as labour progresses and the woman
moves about the microphone picks up too much
background noise so that this method is now
seldom used during labour.

Pulsed ultrasound

With pulsed ultrasound the fetal heart rate can be
recorded using the Doppler effect when a pulse
source and receiving head is placed on the mother’s
abdomen. An ultrasonic pulse is passed into the
fetus; those waves that hit moving fluid or objects
are returned at a different frequency from those
reflected back from static objects, and the pulsa-
tions of the fetal heart can be recognized. The
instrument is less affected by movements and
external sounds than the phonocardiograph.

Recording electrical activity

The best method currently available is to record
the electrical activity of the fetal heart. When the
cervix is more than 2 cm dilated and the mem-
branes have ruptured a scalp electrode can be fixed
to the fetal scalp; this reduces difficulties arising
from signals from the electrical activity of the
maternal heart. With a ratemeter a continuous
estimate of the fetal heart rate is recorded on a
trace on which the uterine contractions are also
recorded with a tocometer.

A disadvantage of this method is that the elec-
trical connection between the electrode and the

recording machine restricts the mobility of the
patient. This can be overcome by telemetry appa-
ratus which transmits radio signals to the record-
ing machine. The purpose of the investigation, and
its possible contribution to the safety of the baby,
should always be carefully explained to the moth-
€r.

Conventionally a range of 120 to 160 beats per
minute is taken as the normal fetal heart rate
during labour, but with better recording methods
it is found that in most cases the rate is within a
range of 130 to 150 beats per minute (see Fig. 5.31).
Both baseline tachycardia (see Fig. 5.32) and base-
line bradycardia (see Fig.5.33) have a significant
association with chronic fetal hypoxia. In most
instances the heart first beats faster and then slows
down if the stress continues.

Continuous records of the fetal heart rate nor-
mally show continuous minor variations, with a
range of about 10 beats per minute. This baseline
variability is the response of the heart to a variety
of factors, including vagal and sympathetic stimuli,
catecholamines and oxygen tension. Loss of base-
line variability (see Fig. 5.34) implies that the car-
diac reflexes are impaired, either from the effect of
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Fig. 5.31 Normal trace. The upper record is of the fetal

heart rate; the lower record shows uterine activity
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Fig. 5.34 Loss of baseline variability in fetal heart rate

hypoxia or of drugs such as diazepam (Valium). It
may be serious, but it is also a physiological
phenomenon that occurs cyclically.

Stress to the fetus during labour occurs during a
uterine contraction, and the response of the fetal
heart rate to contractions is shown on the rate-
meter trace (see Fig. 5.35). With each contraction
the rate often slows, but it returns to normal soon
after removal of the stress. These early decelera-
tions in the heart rate start within 30 seconds of the
onset of the contraction and return rapidly to the
baseline rate. They are not of serious significance
as a rule and indicate that while the fetus is
undergoing some stress the cardiac control mecha-
nisms are responding normally.

Figure 5.36 illustrates a more serious condition.
Here the fetal heart takes some time to respond to
the stress of the uterine contraction, with the onset
of late deceleration more than 30 seconds after the
beginning of the uterine contraction, and a slow
return to the baseline rate. Such late decelerations
are commonly caused by hypoxia. They must be
considered to be serious and their exact signifi-
cance must be checked by taking a sample of fetal
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Fig. 5.36 Fetal heart rate; late decelerations

blood from the fetal scalp to determine its pH if
the cervix is more than 2 cm dilated.

In practice variations in the fetal heart rate may
be complex and difficult to interpret. Figure 5.37
shows variable decelerations with no consistent
relationship to uterine contractions. These are
sometimes caused by compression of the umbilical
cord between the uterus and the fetal body, or
because it is looped round some part of the fetus.
Provided that they do not persist for more than a
few minutes they may have little significance, but
persistence for more than 15 minutes would call
for an urgent fetal scalp blood sample.

Overstimulation of the uterine muscle with oxy-
tocin will cause prolonged uterine contractions
and severe changes in the fetal heart rate (see
Fig. 5.38).

If the woman lies on her back compression of
the inferior vena cava by the uterus may impede
the venous return, depress the cardiac output and
reduce placental blood flow. The effect of asking
the woman to lie on her side should be observed
(see Fig. 5.39); if the abnormal changes in the fetal
heart rate still persist myometrial overactivity may
well be the cause.

A rare cause of a slow fetal heart rate is congeni-
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Fig. 5.38 Trace of fetal heart rate showing the effect of
overstimulation of the uterus with oxytocin. The drip
was turned off at the point marked with the arrow

tal heart block. It carries a bad prognosis as it may
be associated with other congenital cardiac abnor-
malities or maternal disseminated lupus erythema-
tosis. The condition may be recognized by noting
that the rate has always been slow, even in preg-
nancy, and by observing that the slow rate does
not vary during labour.

An increase in the fetal heart rate can occur with
intrauterine infection or with maternal pyrexia
from any cause.

Precise continuous recording of the fetal heart
rate in relation to uterine contractions is a great
advance in monitoring the fetus during labour, but
it should not be assumed that such traces are
absolute indications for intervention. Any sugges-
tion that the fetus is hypoxic should be checked by
determining the pH of the fetal blood before
caesarean section is undertaken. The most serious
pattern of heart rate changes, namely fetal brady-
cardia with loss of baseline variability and late
decelerations, is associated with significant fetal
hypoxia in about 65 per cent of cases. Even among
these there will therefore be about 35 per cent of
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Fig. 5.39 Trace of fetal heart rate showing the effect of
maternal supine hypotension. At the point marked with
the arrow the mother was turned onto her side. As her
blood pressure returned to normal the fetal bradycardia
ceased

cases in which fetal blood sampling will show that
immediate intervention is not necessary.

FETAL SCALP BLOOD SAMPLING

During labour, after the membranes have ruptured
spontaneously or have been ruptured artificially, a
sample of fetal blood can be obtained for evalu-
ation of its acid-base status. It is possible to
measure the partial pressure of oxygen, but this
fluctuates very quu,krl) , and the pH gives a better
indication of the metabolic state of the fetus. The
blood is obtained by passing an endoscope
through the cervix and then using a very small
blade held in a suitable handle to make a small
incision in the fetal scalp. A drop of blood is drawn
into a long fine tube. With 0.2 ml of blood the pH
can be determined immediately with a micro-
Astrup machine (see Figs 5.40 and 5.41).

Fetal blood sampling during labour is useful for
excluding hypoxia and acidaemia in cases with
clinical suspicion of fetal distress, so that unneces-
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Fig. 5.40 A rtapered endoscope is passed through the
cervix to expose the fetal scalp. The scalp (Fig. 5.43)
produces a blend of blood which is drawn off in a
prelapanized tube

sary caesarean section may be avoided. If the pH is
above 7.25 there is no hypoxia at the time of the
observation, although the test has no predictive
value. In doubtful cases a progressive tJ:lll in pH
below 7.2 in successive samples during the first
stage of labour is highly significant, but in the
second stage a pH of 7.15 may be accepted as the
lower limit of normal. Sampling is seldom per-
formed during the second stage, because by this
time it is usually simpler to deliver the fetus
suspected of being hypoxic with forceps.

The state of the fetus is best monitored during
labour by a combination of continuous recording
of the fetal heart rate with blood sampling when
necessary to confirm any suspicion of hypoxia.
Obviously such monitoring is only possible in
well-equipped and well-staffed units. In such units
about a third of the women are usually judged to
need continuous monitoring. At present continu-
ous fetal heart rate monitoring is widely used in
the UK but fetal blood sampling is less often

Fig. 5.41 Enlarged photograph of blade. The small
rectangular blade is 2 mm long and the wide shoulder
prevents deeper penetration of the scalp

performed. These methods do not cause an
increased work load for the staff, because they may
reduce the caesarean rate for unproven fetal dis-
tress. In some respects they make surveillance of
the women easier, but they must never be allowed
to interfere with the close personal relationship
between mothers in labour and the staff. If women
who are judged to have high risk pregnancies are
transferred to units with good facilities for mon-
itoring better management of fetal hypoxia will
result, with a reduction in both perinatal mortality
and morbidity.

RUPTURE OF THE UTERUS

Rupture of the uterus is a most serious condition
which usually occurs during labour, although it
can occasionally happen during the later weeks of
pregnancy.

Causes

During pregnancy

During pregnancy the only common cause of
rupture of the uterus is a weak scar after previous




operations on the uterus. The higher the scar is
pﬁ\ced on the uterus the greater the risk. The most
dangerous scar is that of classical caesarean section;
this i1s more dangerous than a hysterotomy scar.
Rupture of a lower segment caesarean scar is
uncommon during pregnancy. Rupture after myo-
mectomy, tubal reimplantation or excision of a
uterine septum, or following perforation of the
uterus with a curette or cannula, is rare. Rupture of
the uterus during pregnancy may follow a direct
blow on the abdomen, and a perforating or gun-
shot wound may injure the uterus and the enclosed
fetus.

During labour
During labour rupture may be caused by:

e obstructed labour — the rupture may be sponta-
neous or follow manipulations carried out for
the relief of the obstruction

® intrauterine manipulations, such as internal
version or manual removal of an adherent
placenta

* forcible dilatation of the cervix. A cervical tear
in delivery may extend up into the body of the
uterus
the injudicious use of oxytocic drugs
a weak scar in the uterus after caesarean sec-
tion, or in rare instances other uterine surgery
or perforation of the uterus with a curette or
cannula

* in women who have had numerous pregnancies
uterine rupture occasionally occurs without
any evident preceding abnormality.

Pathology
Ruptures of the uterus are divided into:

incomplete or extraperitoneal
complete or intraperitoneal

depending on whether the peritoneal coat is torn
through or not.

Obstructed labour

In obstructed labour rupture of the uterus general-
ly takes place in the overstretched and thinned
lower segment, to which it may be limited, but
sometimes it spreads upwards or downwards. The
life of the mother is threatened by shock and
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intraperitoneal bleeding. In cases of obstructed
labour the fetus may be dead before the rupture
occurs, but in any case it will perish if complete
I'upture occurs.

Rupture of a scar

The traditional teaching that rupture of scar in the
uterus is more likely to occur during labour rather
than during the latter weeks of pregnancy is being
questioned. In the UK a weak caesarean scar is
now the commonest cause of rupture of the uterus.
Overdistention of the uterus, by twin pregnancy
for example, will increase the risk. Healing of a
uterine scar may be imperfect if sepsis occurred in
the puerperium, or if the edges of the incision had
been inaccurately sutured. If the placenta is
implanted over the scar in a subsequent pregnancy
the risk of rupture is increased. The scar may give
way if caesarean section is repeated several times
and the current operating incision is made through
the scar tissue left by previous operations. A lower
segment scar may be just as likely to rupture as an
upper segment one in either pregnancy or labour.

A caesarean scar in the lower segment may
stretch gradually, so that the uterine wall in the
region of the scar is only represented by attenuated
and avascular fibrous tissue. When the weak area
finally dehisces during labour there is sometimes
relatively little intraperitoneal bleeding. The mem-
branes may bulge through the rent, and will even-
tually give way, when the fetus or placenta may
pass through it.

Symptoms and signs

Rupture through a uterine scar

In cases of rupture through a uterine scar during
pregnancy the history of the previous operation
will be available, and the scar in the skin will be
seen, although a low transverse incision may be
hidden by pubic hair. The abdominal incision of a
classical (upper segment) caesarean section is made
one-third above and two-thirds below the umbil-
icus. A longitudinal incision below the umbilicus
signifies a lower segment section, as does the one
commonly performed across the abdomen an inch
or two above the symphysis.

Rupture during pregnancy may be so gradual
that the symptoms may be very shght with a silent
rupture. There is abdominal pain (which may be
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wrongly attributed to the onset of labour) but at
first there is little change in the general condition.
At this stage diagnosis may be difficult and it may
be necessary to observe for a time before a conclu-
sion is reached. If the rupture becomes complete
and part of the uterine contents are extruded into
the peritoneal cavity more severe pain and shock
occur.

Rupture of a scar often occurs during labour,
and the scar gives way more suddenly than during
pregnancy, so the symptoms are more dramatic,
with severe pain, shock, fetal distress and some
bleeding from the vagina. Unless the contents of
the uterus pass into the peritoneal cavity uterine
contractions may continue. The possibility of rup-
ture of the scar should always be considered if a
woman who has had a caesarean section suddenly
complains during labour of severe pain which is
not synchronous with the uterine contractions.
The accident does not only occur after a long and
difficult labour, and for that reason the woman’s
general condition is better, and the risk of infection
less, than in cases of rupture due to obstructed
labour.

Spontaneous rupture during obstructed labour

The labour will have been prolonged, or there will
have been violent uterine action almost without
intermission between the pains, so that the woman
may be exhausted before the rupture occurs. There
may be signs of disproportion or of a malpresenta-
tion such as a transverse lie, although these signs
may have been overlooked before the accident.
There may be fetal distress. At the moment of
rupture the woman complains of a sharp, tearing
pain in the lower abdomen. After the rupture there
is shock, with pallor, sweating and constant lower
abdominal pain. The pulse becomes thready and
rapid and the blood pressure falls. With an incom-
plete tear the signs of shock may not be so severe.

Some degree of vaginal haemorrhage is com-
monly present. On abdominal examination there is
marked tenderness over the site of the rupture. The
presenting part may not be reached per vaginam
unless it is impacted in the pelvis. If the fetus is
completely extruded into the peritoneal cavity
uterine contractions may cease, but in other cases
they often continue. With complete extrusion the
fetus may be felt all too easily in the abdominal
cavity with the retracted uterus beside it.

Extended cervical lacerations

In some respects these injuries are usually pro-
duced with the forceps at a difficult delivery,
especially if the cervix is not completely dilated,
but seldom extend far enough to open the perito-
neal cavity. Brisk external haemorrhage may occur,
or a large haematoma may form in the broad
ligament. Vaginal bleeding in the third stage of
labour with the uterus empty and firmly retracted
should always suggest the possibility of this type
of injury, which can be confirmed by visual exam-
ination of the cervix. For this effective retractors, a
good assistant and a good light will be required.

Rupture caused by oxytocic drugs

Rupture of the uterus can follow the administra-
tion of oxytocin before the delivery of the child,
particularly when obstruction prevents rapid
delivery. The risk is much greater in multiparae.
The danger is less if the oxytocin is given as a dilute
intravenous drip given in an increasing fashion.
The uterine contractions are carefully observed
and controlled.

Rupture caused by direct injury to the abdomen

In the rare cases of rupture from this cause severe
shock and abdominal pain, together with the histo-
ry of the accident, will suggest the possibility of
visceral injury. Precise diagnosis may be impos-
sible without laparotomy, and in case of doubt this
would be justified.

Prognosis

Rupture of the uterus in cases of obstructed labour
has a high mortality because the accident usually
occurs in cases of prolonged labour with manip-
ulation, sometimes with inefficient obstetric aid,
and often without proper aseptic precautions. The
mortality after rupture of a caesarean scar is much
less, as the accident does not usually follow pro-
longed labour, and the woman is usually confE;

in hospital where the rupture is more qulckly
detected.

In England and Wales the incidence of maternal
death from uterine rupture has fallen from 6.0 per
million maternities in the triennium 1976-78 to 1.9
in 1985-87 (six cases). In two of the six women,
uterine rupture occurred spontaneously during




normal labour. Four were caused by cervical lac-
erations, one due to oxytocic overstimulation and
three to instrumental extraction (one forceps; two
Ventouse) through a scarred or incompletely dila-
ted cervix. There were no cases of caesarean scar
rupture among these reported deaths.

The prognosis for the fetus varies with the
degree of interference with placental circulation in
instances of scar rupture which may be minimal in
silent rupture or dehiscence to total, the overall
perinatal morbidity rate being 50 per thousand
total births.

Dangerous intrauterine manipulations are now
rarely performed in the UK and obstructed labour
is less often seen owing to timely caesarean sec-
tion.

Treatment

Prevention

A woman who has had a caesarean section, hyster-
otomy or any operation on the uterine wall must
be delivered in a hospital where all obstetric facili-
ties are available. However, the fact that she has
already had one caesarean section does not mean
that a subsequent pregnancy must also be treated
in this way. If the first operation was not per-
formed for disproportion but for some non-
recurrent condition, such as placenta praevia,
vaginal delivery should be allowed, with the provi-
so that if labour does not progress smoothly
section will be repeated. If the woman had an
upper segment operation, or if gross uterine infec-
tion occurred, elective section may be advisable.
Ultrasound scanning will show if the placenta
overlies the uterine scar, when the risk of rupture is
increased.

Treatment after rupture has occurred

Before operation the woman’s general condition
must be improved as much as possible by giving
morphine, blood transfusion Haemacel and intra-
venous glucose solution until blood is ready.

Immediate laparotomy is required. In cases of
scar dehiscence it is often possible to excise the
edges of the rent and resuture the uterus. The
bladder is sometimes adherent to the scar and may
also be torn, in which case its wall must be freed
and sutured in two layers and a suprapubic indwel-
ling catheter inserted.
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Some women with a uterine rupture during
obstructed labour are best treated by hysterecto-
my, as efficient suturing of bruised and ragged
tissues may be impossible. If the tear is accessible
so that both ends can be seen and got at for
suturing and the edges not too ragged it may be
sutured, but the risk of rupture in a subsequent
pregnancy is so great that it is usually wise to
prevent this by occluding the Fallopian tubes.

Wide-spectrum antibiotics are given and para-
lytic ileus is treated by giving only intravenous
fluids and maintaining gastric aspiration until
bowel sounds reappear.

ACUTE INVERSION OF THE UTERUS

In this condition the body of the uterus becomes
either partially or completely turned inside out
after delivery of the fetus (see Fig.5.42). It is an
important but rare cause of shock in the third stage
of labour and can be fatal if it is untreated.
Inversion may take place before or after the deliv-
ery of the placenta.

Cause

The usual cause is over enthusiasm of the attendant

Fig. 5.42 Acute puerperal inversion of the uterus
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in the third stage of labour by pulling on the
umbilical cord or pressing on the fundus while the
uterus is not contracting and the placenta has not
separated. Very rarely it occurs spontaneously.

Symptoms and signs

The chief symptoms are those of shock, with some
haemorrhage, and sometimes the appearance of the
uterine fundus at the vulva. As a rule shock is
severe and much greater than the blood loss war-
rants. Pain is of variable degree. Unexplained
shock during the third stage of labour should
always suggest the possibility of uterine rupture or
that inversion has occurred and a vaginal examina-
tion should be made. In cases of inversion the body
of the uterus will not be felt in its usual position
and the round mass of the uterus will be felt
protruding through the cervix. Inversion has a high
mortality if it is undiagnosed or left untreated.

Treatment

Shock and possibly bleeding will continue until the
uterus is replaced, hence it is desirable that it
should be replaced at once. The inverted fundus
soon becomes oedematous, making replacement
more difficult.

As soon as the diagnosis is made the woman is
anaesthetized and the uterus is replaced. After
cleansing the vulva, vagina and inverted uterus, the
placenta, if it is still attached to the uterus, is peeled
off. The uterus is then squeezed in the hand and
replaced, the part which became inverted last being
replaced first, and the fundus last of all.

When replacement is complete further haemor-
rhage and recurrence of the inversion are pre-
vented by intravenous injection of oxytocin.
Treatment for shock is given concurrently.

Alternatively, replacement is possible by fluid
pressure with warm saline delivered into the vagina
through wide bore tubing from a container held at
a height of about 60 cm. The vaginal exit is sealed
by the operator’s hand holding the labia major
together. A surprisingly large amount of fluid is
necessary.

LACERATION OF THE CERVIX

Minor lacerations of the cervix occur frequently
but do not cause symptoms.

Fig. 5.43 The repair of a tear of the cervix by interrupted
catgut sutures. The cervix is depicted outside the vulva
for the sake of clarity

Extensive lacerations may be caused by precip-
itate labour, application of forceps with the cervix
incompletely dilated, or rapid delivery of the head
in a breech presentation. A scar in the cervix from
previous injury may also tear. With a deep tear
there is continuing haemorrhage during or after
the third stage; this goes on even when the uterus is
empty and retracted. The tear must be sutured (see
Fig. 5.43). The woman is anaesthetized, a wide
speculum is inserted, and the anterior and posteri-
or lips of the cervix are held with sponge forceps
and drawn well down, so that interrupted catgut or
Dexon sutures can be inserted through the whole
thickness of its wall. While waiting for arrange-
ments to be made, bleeding may be temporarily
controlled by applying sponge forceps to the edges
of the tear.

LACERATION OF THE PERINEUM
AND VAGINA

These lesions are of three degrees:

 the first degree tear involves only the skin and a
minor part of the perineal body, and the related
posterior wall of the vagina




Fig. 5.44 Second degree perineal tear

® asecond degree tear involves the perineal body

up to (but not involving) the anal sphincter,

with a corresponding tear in the vagina (see

Fig. 5.44)

® a third degree tear includes the anal sphincter
and usually extends for 2 cm or more up the
anal canal. If a third degree tear is not repaired
there will be incontinence of flatus and loose
stool.

Extensive tears of the vaginal walls can occur
without a tear in the perineum, and they should
always be carefully inspected after delivery.
Minor lacerations can also occur on the antero-
lateral vaginal wall.

Treatment of first and second degree tears

It is important to repair all perineal lacerations
immediately, to prevent any infection of the raw
surface. The vaginal epithelium is sutured from the
apex of the tear, which must be clearly identified,
down to the introitus with either a continuous
suture or interrupted sutures of fine catgut or
polygycol. The latter is probably preferable for all
perineal work for it is associated with fewer short-
and long-term side effects. The perineal body is
repaired with stitches of the same material. The
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skin edges are brought together without tension
with fine catgut or polygycol sutures. The repair
should be done carefully and accurately. Unless
general anaesthesia or epidural anaesthesia is
already being used, local anaesthesia with 1 per
cent lignocaine is employed.

Treatment of third degree tears

The operation should be done by an experienced
obstetrician in a properly equipped theatre with
general or epidural anaesthesia. The tissues heal
very well if the operation is done carefully soon
after delivery, but if this is not done, or if the
tissues fail to heal, the woman will have to undergo
a more difficult operation later, or she will suffer
from rectal incontinence.

Dexon sutures are used throughout. The anal
mucosa is first repaired with fine stitches, tying the
knots inside the bowel lumen. The ends of the anal
sphincter are found and carefully brought together
with interrupted sutures. The other tissues are
repaired as described above for second degree tears
(see Fig. 5.45).

After-care

Each day the perineum is washed with soap and
water, and then carefully dried. Women with
extensive tears sometimes get retention of urine,
for which catheterization is necessary. If the bowel
has not acted by the 4th day a glycerine supposito-
ry may be used.

Rarely the perineal wound becomes infected;
sufficient stitches are removed to permit drainage,
and antibiotics are given. Salt water bathing, pref-
erably in a bidet, is continued until the wound is
covered with granulation tissue, when secondary
suture can be performed if necessary.

FISTULAE

Fistulae may occur as a result of pressure by the
presenting part in prolonged labour, or by direct
injury during operative procedures such as forceps
or caesarean section. In obstructed labour pro-
longed pressure between the head and the pubic
bone may cause local ischaemia and the subsequent
necrosis of the anterior vaginal wall and base of the
bladder leading to a vesicovaginal fistula. With
very extensive necrosis the rectum may also be
involved. A much more common cause of a recto-
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Fig. 5.45 Repair of complete perineal tear. (a) Suture of the rectal mucosa; 2, suture of the ends of the anal sphincter;

3, repair of the perineal body; 4, suture of the perineal skin

vaginal fistula is a third degree tear of the perine-
um, in which the lower part has healed but a defect
remains higher up.

These varieties of fistulae are now very uncom-
mon in the UK, but in countries with inadequate
obstetric services they are still a frequent cause of
distressing disability. Depending on the type of
fistula the woman has urinary or faecal incon-
tinence, and sometimes both, If the fistula is caused
by operative injury the symptoms appear imme-
diately, but if it is the result of pressure necrosis
the symptoms do not appear until about the 8th
day, when the sloughs separate. On examination
an opening into the bladder or rectum is found.

When the wound granulates a small rectal fistula
may heal, but this is unlikely with a vesicovaginal
fistula. In the case of a fistula caused by direct
injury immediate repair is performed, but in those
caused by ischaemic necrosis repair is not attemp-
ted for 2 to 3 months, when the effects of trauma
and superadded infection have subsided. Details of
the surgical treatment are given in Gynaecology by
Ten Teachers.

HAEMATOMA OF THE VULVA

This may be caused by rupture of a vulval varix,
but more often it occurs after perineal repair when
a vessel is in spasm at the time of repair, relaxes and
bleeds later. It can occasionally occur after normal
labour with an apparently intact perineum.

The haematoma appears fairly suddenly as a
very tender purple swelling on one side of the
vulva; it may become 10 cm or more in diameter.

Sometimes the blood tracks upwards to form a
swelling at the side of the vagina. The pain is severe
and there is sometimes shock. If a woman com-
plains of severe perineal pain after delivery the
perineum should always be inspected before giving
her analgesics.

If the tension in the swelling is great or if the
swelling is increasing in size it should be incised
and the clot turned out. If the torn vessel can be
found it should be ligated, but this is unlikely. A
drain is left in the cavity and a firm dressing is
applied.

BROAD LIGAMENT HAEMATOMA

In this uncommon accident a deep vessel has been
torn at the time of delivery, goes into spasm and
then relaxes later. A haematoma forms above the
pelvic diaphragm and spreads into the base of the
broad ligament. It may also be caused by extraper-
itoneal rupture of the uterus. The bleeding most
frequently occurs during or soon after labour or
caesarean section and the haematoma is discovered
a few hours or often days later, because of pain and
deterioration in the woman’s general condition.
The haematoma may be large enough to be palpa-
ble on abdominal examination, and it will displace
the uterus upwards and to one side. The woman is
often anaemic, and there may be slight fever.

A broad ligament haematoma usually undergoes
gradual absorption, but will take several weeks if it
1s large. Infection is rare, but may occur and lead to
abscess formation. Most cases are treated con-
servatively. Blood transfusion may be required,




and antibiotics are given. If infection occurs and an
abscess forms, this is opened wherever it points.

MATERNAL NERVE INJURIES
DURING LABOUR

Foot-drop from paralysis of the dorsiflexor mus-
cles of the leg can follow delivery.

In a few cases this is the result of pressure on the
lateral popliteal nerve near the neck of the fibula
by a leg support used to hold the woman in the
lithotomy position. If the legs are placed outside
the supports this cannot happen. Proper rubber
padding and poles should be employed.

In the majority of cases it is a different type of
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injury involving the 4th and 5th lumbar nerve
roots. This may be the result of sudden prolapse of
an intervertebral disk or of pressure on the lumbo-
sacral cord by the presenting part near the brim of
the pelvis. The lesion is usually unilateral, and it
often follows difficult labour, especially forceps
delivery. Apart from the foot-drop there is an area
of sensory loss on the dorsum of the foot and
lateral aspect of the ankle. The prognosis is good,
although recovery may take several months. Dur-
ing that time a toe-spring is attached to lift the foot
during walking, and regular physiotherapy is giv-
en.

Rarely, prolonged sensory loss in the leg, with-
out foot-drop, follows epidural anaesthesia.

POSTPARTUM HAEMORRHAGE

Postpartum haemorrhage (PPH) is excessive
bleeding from the genital tract after the birth of the
child. It is conventionally defined as a loss of more
than 500 ml. The haemorrhage may be immediate
(or primary) or if it occurs more than 24 hours
after delivery until 6 weeks it is described as
secondary.

In England and Wales maternal deaths from
PPH have been reduced by two-thirds (18 to six)
from 1970 to 1987. In the last 3 years of this period
PPH accounted for over 60 per cent of all maternal
deaths from haemorrhage because of reduction in
the other causes of death from haemorrhage. From
1970 to 1987 the total number of deaths from
haemorrhage (PPH, placental abruption and pla-
centa praevia) fell from 30 to 10 in England and
Wales.

PRIMARY POSTPARTUM
HAEMORRHAGE

There are two sources of primary postpartum
haemorrhage, the placental site and lacerations of
the genital tract. The incidence is reported to be
between 1 and 2 per cent of deliveries, although
there is reason to suspect that the true rate is much
higher than this.

PRIMARY HAEMORRHAGE FROM THE
PLACENTAL SITE

Some blood always escapes as the placenta

becomes detached from its site, but usually less
than 200 ml. Further loss is normally prevented by
the retraction of the uterine muscle fibres which
surround the vessels in the wall of the uterus and
compress them untl intravascular thrombosis
occurs. Although a loss of more than 500 ml is
arbitrarily defined as a postpartum haemorrhage,
any loss which appears excessive must be treated at
once. Even a small loss may be dangerous in an
anaemic patient.

Causes

Ineffective uterine contraction and retraction

Weak contraction of the uterus in the third stage of
labour may fail to separate the placenta com-
pletely, so that it remains in the upper segment of
the uterus and prevents effective retraction of the
placental site. In other cases, though the placenta
has been completely separated and expelled, severe
haemorrhage can occur if the uterus fails to main-
tain its retraction.

If the uterus is not completely empty retraction
will be ineffective. Although it is true that a very
strong contraction, for example after the intra-
venous injection of ergometrine, may temporarily
control bleeding if the placenta is still in the uterus,
in cases in which the contractions are less strong
even a retained placental cotyledon or succenturi-
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ate lobe or blood clot in the uterus will interfere
with retraction.
Ineffective uterine action may occur:

 after a long labour caused by weak or incoordi-
nate uterine action. It will also occur in cases of
long labour caused by mechanical difficulty if
uterine exhaustion occurs

e if prolonged or deep anaesthesia has been
administered

¢ if the woman is a multipara with an atonic
uterus

o if the uterus has been overdistended with poly-
hydramnios. With twin pregnancy it is prob-
ably the increased area of the placental site
rather than uterine overdistension which
accounts for postpartum haemorrhage

* where there has been antepartum haemorrhage.
In placenta praevia the lower segment may not
retract well enough to control bleeding from
the placental site. In cases of placental abrupt-
ion the damaged uterus may fail to contract.

Mismanagement of the third stage

After a normal delivery, if an oxytocic drug has not
been injected at the end of the second stage, the
uterus remains quiescent for a few minutes. The
placenta is still completely attached, and no bleed-
ing occurs. But if the uterus is manipulated during
this interval the placenta may be partly separated,
and bleeding will begin and must continue until
uterine contractions complete the separation and
allow proper retraction to follow. Injudicious
attempts to expel the placenta before complete
separation has occurred are a common cause of
postpartum haemorrhage, and may even cause
uterine INversion.

Abnormally adberent placenta

Sometimes part of the placenta is abnormally
adherent. In rare instances most of the chorionic
villi penetrate through the decidua (placenta accre-
ta) or into the myometrium (placenta increta).
Should they invade through the myometrium to
the peritoneal surface of the uterus, they constitute
a placenta pericreta. In cases of placenta praevia the
placenta may have a wider area of attachment than
normal, and the lower uterine segment may fail to
retract strongly enough to control bleeding effec-
tively.

Disseminated intravascular coagulation

These are causes of slow but persistent and danger-
ous haemorrhage. DIC is especially associated
with concealed placental abruption, but may also
occur in cases of amniotic embolism and after a
dead fetus has been retained in the uterus for some
weeks. They are dealt with fully in Chapter 3.

Clinical events

The escape of blood is usually obvious and the
question of major importance is whether it is
coming from the placental site or from a laceration.
In rare instances severe bleeding occurs into the
cavity of an atonic uterus, with only some of the
blood appearing externally. This should be sus-
pected if the woman becomes shocked, the fundus
of the uterus appears to be abnormally high in the
abdomen or the uterus feels larger and softer than
normal,

If haemorrhage continues the blood pressure
falls, the pulse rate rises and, in severe cases, pallor
and air-hunger occur.

Owing to the increase in blood volume during
pregnancy, and the increase in total red cell mass, a
previously healthy parturient woman stands haem-
orrhage comparatively well, provided that the loss
is not extremely rapid. However, a woman who is
already exsanguinated by an antepartum haemor-
rhage may die if even a relatively small amount of
blood is lost after delivery, and in a similar way a
comparatively insignificant secondary postpartum
haemorrhage may Eave serious effects on a woman
who has lost heavily at the time of delivery.

Postpartum necrosis of the anterior lobe of the
pituitary gland is a rare sequel in cases of post-
partum haemorrhage in which the blood pressure
has remained at a low level for some hours.

Prevention

The prevention of postpartum haemorrhage is very
important. Anaemia must be corrected during
pregnancy because an anaemic woman tolerates
haemorrhage badly. Any woman with a previous
history of a postpartum haemorrhage, women with
twins and grand multiparae should always be
admitted to hospital for delivery.

Prolonged labour which might lead to uterine
exhaustion can often be prevented by the use of an
intravenous infusion of Syntocinon during labour;




if such an infusion is given it should not be stopped
until the third stage is safely completed.

The correct management of tEe third stage of
labour is the most important factor in avoiding
postpartum haemorrhage. Intravenous or intra-
muscular Syntocinon or Syntometrine should be
given immediately after delivery of the anterior
shoulder of the fetus.

Treatment

Two principles govern the treatment of post-
partum haemorrhage:

the bleeding must be arrested
the blood volume must be restored.

Bleeding from the placental site will stop when the
uterus is empty amfretracted. Treatment will differ
according to whether the placenta is still in the
uterus or has been delivered.

Treatment if the placenta has already been
delivered

The first step is to place a hand on the abdomen,
with the woman lying on her back, to ascertain
whether the uterus is soft or hard. If the uterus is
soft and relaxed a contraction is stimulated by
rubbing the uterus gently with the abdominal
lacing the thumb in front and the fingers
behm the fundus. When the uterus contracts and
bleeding is controlled any clots are expelled by
fundal pressure, and an intravenous injection of
Syntometrine 0.5 mg is given to maintain the con-
traction. The placenta and membranes are exam-
ined carefully to make sure that a cotyledon or
succenturiate lobe is not retained; any retained
placental tissue must be removed manually under
anaesthesia.
In exceptional cases the uterus is hard and firmly
contracted but bleeding continues. This is likely to
be from a laceration of the cervix or vagina.

Treatment if the placenta is undelivered

The first step is again to ascertain whether the
uterus is soft or hard. Unless the uterus is already
firm the fundus is gently rubbed as described
above to stimulate a contraction. The next step is
to determine whether the placenta has separated.
There are two clinical possiEilitics, as follows.
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If the placenta has separated

If the placenta has separated and then been expel-
led from the upper into the lower uterine segment
the uterus, when it contracts, will be felt as a firm
rounded mass about 10 cm in diameter, at about
the level of the umbilicus. It can be moved from
side to side. The umbilical cord will have length-
ened as the placenta separated and the lower part
of the placenta can be felt per vaginam. If these
signs of separation are present the placenta is
delivered by Brandt-Andrews method. If the
bleeding does not then stop an intravenous injec-
tion of Syntometrine 0.5 mg is given. (Even if the
woman has already received 0.5 mg Syntometrine
at the time of delivery this dose can be repeated
safely once.) If the uterus does not contract well in
spite of the Syntometrine bimanual compression is
immediately performed. The right hand is inserted
into the vagina and formed into a fist, which is
placed in the anterior fornix above the cervix (see
Fig. 5.46). The left hand is placed on the abdomen
and pressed downwards onto the posterior wall of
the uterus so that it is compressed between the two
hands. This is an effective but temporary method
of controlling uterine bleeding, although it is
uncomfortable for the woman and tiring for the
obstetrician. Firm pressure must be maintained
until the uterus is felt to contract.

While this is in progress the placenta should be

Fig. 5.46 Bimanual compression of the uterus
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examined by an assistant to see that it is complete.
If part of it is missing that will have to be removed
digitally under general anaesthesia.

If the placenta bas not separated

If bleeding is taking place and clinical examination,
which may include vaginal examination, indicates
that the placenta has not separated and that it
remains in the upper uterine segment, then manual
removal of the placenta under general anaesthesia
is performed immediately. In these cases the uterus
is still enlarged and soft, well below the umbilicus
and, being splinted by the pelvic brim, it is rela-
tively immobile. On vaginal examination the cord
is felt passing up into the uterus but the placenta
cannot be reached. Repeated or violent attempts to
express the placenta by squeezing the uterus or
pressing on 1t are unlikely to succeed and often
produce shock.

If manual removal is to be performed it is best to
withhold any further injection of oxytocic until
after the removal of the placenta. When the anaes-
thetic has been induced a catheter may be passed to
empty the bladder. For manual removal the left
hand is placed on the abdominal wall to locate and
steady the fundus of the uterus, and then the right
hand is passed into the uterus to follow the cord to
the placenta. The edge of the placenta is identified,
and is gradually separated from the uterine wall
with the fingers, while the external hand serves as a
guide and reduces the risk of tearing the uterus (see
Fig. 5.47). Only when the placenta is completely
free should any attempt be made to remove it. The
uterus is then explored carefully to ensure that no
pieces of placental tissue are left behind; the begin-
ner must realize that the site of attachment of the
placenta is normally uneven and rough. The pla-
centa is examined immediately to make sure that it
is complete, which may be a difficult task as the
placenta is now in pieces.

In the past manual removal of the placenta was a
hazardous procedure, often performed after some
delay on a shocked patient, with imperfect anaes-
thesia and a grave risk of infection. Today, if the
operation is performed without delay, with good
anaesthetic facilities, proper resuscitation, blood
transfusion and antibiotic cover, the risk is slight.
However, it is not an easy operation, and the
beginner often diagnoses morbid adhesion of the
placenta when none exists.

If bleeding still continues after removal of the

Fig. 5.47 Manual removal of the placenta

placenta bimanual compression may be necessary.
In very exceptional cases, if bleeding continues in
spite of all efforts (and is not caused by a clotting
defect) tying of the internal ilial arteries or even
hysterectomy may be considered as a last desperate
resort.

Circulatory collapse cansed by haemorrhage

In all cases of postpartum haemorrhage there is the
danger of circulatory collapse, and resuscitation
must be started as soon as possible, preferably
before hypotension or tachycardia appear. Im-
mediate blood transfusion is essential to restore the
blood volume, and an infusion of plasma or saline
may be started while the transfusion is being
arranged. In an emergency, if the blood group is
not known, rhesus-negative blood of the woman’s
ABO group (if it is known) may occasionally have
to be used, but in every case a direct agglutination
test of the donor’s corpuscles and the woman’s
serum is essential. Dextran may interfere with the




coagulation mechanism and should only be given
after a sample of blood has been collected for
cross-matching. It should not be used if DIV is
suspected.

The woman is kept quiet and warm, with the
foot of the bed raised. Her pulse, peripheral blood
pressure and central venous pressure are mon-
itored to assess transfusion requirements.

Problems of haemorrhage in a GP unit

If the woman is not delivered in a unit with full
facilities for blood transfusion and emergency
anaesthesia the dangers are increased, and the help
of an emergency obstetric unit is essential. This
flying squad, based on a maternity hospital, con-
sists of an obstetrician, an anaesthetist and a mid-
wife, and carries proper equipment for
resuscitation and often For anaesthesia. A woman
who has had a postpartum haemorrhage should
not be moved until she has had an intravenous
infusion set up, the placenta has been removed if
possible and the bleeding has been controlled.
There is much higher mortality if the woman is
moved to hospital with the placenta still undeliv-
ered and after inadequate transfusion.

Haemorrhage caused by clotting disorders

If bleeding persists in spite of all other treatment
described, then disseminated intravascular coagu-
lopathy should be suspected. In an emergency the
simple observation of failure of a sample of blood
to clot in a test-tube may be sufficient to suggest
the diagnosis.

PRIMARY POSTPARTUM HAEMORRHAGE
FROM LACERATIONS

Primary postpartum haemorrhage can occur from
lacerations ofpany part of the birth canal during
labour, the most common sites of bleeding being
either the cervix or the vaginal wall at the apex of
an episiotomy wound or a tear. If bleeding con-
tinues after the placenta has been delivered and the
uterus is firmly retracted, the vagina, cervix and
lower uterine segment must be examined. This
may be difficult until the woman is anaesthetized
and placed in the lithotomy position. Proper
retractors and instruments are needed to suture a
high cervical tear. Profuse haemorrhage from a
cervical tear involving a branch of the uterine
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artery can be temporarily controlled by clamping
the highest part of the tear with sponge forceps
until the woman can be taken to the operating
theatre.

Bleeding from tears of the lower vagina, perine-
um or vulva should be controlled by pressure until
the tear is sutured under local anaesthesia.

SECONDARY POSTPARTUM
HAEMORRHAGE

This occurs more than 24 hours after delivery most
often starting between the 5th and 10th days,
although it can occur up to 6 weeks after delivery.
It is usually caused by retention of a piece of
placenta, and it is frequently complicated by intra-
uterine infection, with pyrexia. Ultrasound exam-
ination will show whether there is retained
placental tissue. Secondary postpartum haemor-
rhage may also be caused by separation of an
infected slough which has formed in a cervical or
vaginal tear, or in a lower segment caesarean
wound. A rare cause is infection and sloughing of
subendometrial fibroids.

Treatment

Under general anaesthesia the uterine cavity is
explored with the finger or with sponge forceps to
discover and remove any placental tissue; the suc-
tion curette may also be used. The cervix often
remains open when there is something retained in
the uterus. If there is infection a uterine swab
should be taken and the appropriate antibiotic is
chosen according to the result of the cultures.

SHOCK IN OBSTETRICS

Obstetric shock does not differ from surgical
shock; it results from the depression of many
functions, in which reduction of effective circula-
tion volume and blood pressure are of basic impor-
tance. The consequent inadequate perfusion of all
the tssues leads to oxygen depletion and the
accumulation of metabolites.

Most cases of shock in obstetrics are associated
with severe haemorrhage, but other factors may be
added; for example prolonged labour may be asso-
ciated with electrolyte imbalance, general anaes-
thesia and trauma during operative delivery.
Placental abruption can cause severe shock, and in
the third stage of labour postpartum haemorrhage
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may occur. Maternal exhaustion, especially if com-
bined with infection, will increase the effect of
other factors.

Less frequent causes of shock include rupture of
the uterus, acute inversion of the uterus, amniotic
embolism, pulmonary embolism and adrenal
haemorrhage. Bacteraemic shock is an additional
form of shock.

Prolonged postpartum shock and hypotension
may cause ischaemic necrosis of the anterior lobe
of the pituitary gland.

Treatment

Unless prompt resuscitation is undertaken death
may occur rapidly. It is essential to restore the
blood volume as quickly as possible by intra-
venous infusion. If blood is not immediately avail-
able transfusion with saline or reconstituted
plasma should be started while it is being obtained.
The management of profuse blood loss after deliv-
ery (more than 2 litres) is an emergency for which
every obstetric team should be trained. Clear lines
of guidance should be issued in labour ward
protocols and tested at intervals. A typical proto-
col is shown in Table 5.4.

Constant monitoring of the pulse rate, arterial
blood pressure and central venous pressure is
required to regulate the circulatory balance. Oxy-
gen is sometimes required, and a small dose of
morphine if there is severe pain. Attempts to raise
the blood pressure by administration of vasocon-
strictor drugs are usually ill-advised. If the limbs
are pale and cold vasoconstriction is already pres-
ent, and further vasoconstriction may only
decrease the venous return still further. In many of
these cases there is a risk of infection, and broad-
spectrum antibiotics may be given intravenously.

POSTPARTUM PITUITARY NECROSIS

Severe postpartum collapse due to haemorrhage
may be followed by ischaemic necrosis of the
anterior lobe of the pituitary gland. Thrombosis
occurs in the vessels which supply the anterior
lobe, and necrosis of the whole lobe occurs, except
for a thin rim of tissue which may survive at the
surface of the lobe. Death may occur soon after
delivery, but if the woman survives she will show
the clinical picture of Simmonds” disease (some-
times also known as Sheehan’s syndrome).

All the endocrine functions of the anterior lobe

Table 5.4 Typical management protocol for massive
haemorrhage

Administration

*  Contact the duty Obstetric Registrar (if not pres-
ent) and the duty Anaesthetic Registrar.

*  Contact the blood bank via the switchboard. Send
at least 20 ml of blood for further cross-matching.
Ask for at least 6 units of cross-matched blood.

¢ Inform the duty Haematologist of the clinical situa-
tion, the rate of blood loss, and of the clotting
problems.

¢ One midwife should be assigned to record keeping
and should record the following:

(a) pulse

(b) blood pressure

(c) maternal heart rate, preferably via ECG

(d) central venous pressure

(e) wurine output

(f) amount and type of fluids the woman has
received

(g) dose and type of drugs the woman has
received.

*  Inform the duty Obstetric Consultant.

e Prepare for theatre as appropriate.

Clinical
¢  Putintwo large bore (at least 16 gauge) intravenous
cannulae.

*  Give the following fluids:
(a) up to 2 litres of Hartmann’s solution
(b) Haematocel or Hespan, up to 1.5 litres
(c) uncrossed-matched blood, Rh negative, the
woman'’s group
(d) cross-matched blood as soon as available
(e) give group 0 Rh negative blood only as a last
resort.
e Insert a central venous line to monitor fluid
replacement.
*  Stop the bleeding.
If the bleeding is from the placental bed of an intact
uterus:
(a) give 0.5 mg of ergometrine intravenously and
set up an infusion of 40 units of syntocinon in
11 oFHartmann’s to run at 40 drops/min
(b) commence
uterus.
(¢) give carboprost i.m.
If bleeding is from damage to the genital tract,
repair it promptly under appropriate anaesthesia.
* In order, the following surgical procedures should
be considered:
(a) direct intramuscular injection of 0.5 mg of
prostaglandin E2 into the exposed uterus
(b) open the broad ligament and ligate the uterine
artery on both sides
(c) ligation of internal iliac arteries
(d) hysterectomy.

bimanual compression of the




of the pituitary gland are disturbed. There will be
failure of lactation due to lack of prolactin. Because
of lack of thyrotrophic hormone the woman
becomes lethargic, abnormally sensitive to cold
and usually gains weight. Her basal metabolic rate
falls, and her glucose tolerance is increased.
Because of lack O?t:orticotrophic hormone she will
also have asthenia, a low blood pressure and will
respond poorly to infection. Lack of gonado-
trophic hormones will lead to genital atrophy, with
superinvolution of the uterus, amenorrhoea, and
atrophy of the breasts. Hair will not regrow in the
pubic region if it was removed for an abdominal
delivery.
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Less severe cases may only have part of the
complex clinical picture, and in very rare instances
a further pregnancy has followed, with regenera-
tion of the pituitary gland.

Prompt treatment of collapse due to postpartum
haemorrhage should prevent this disastrous com-
plication. Once the necrosis has occurred substitu-
tion therapy may maintain the woman in fair
health. Thyroxine will be required for the hypo-
thyroidism; for the failure o? suprarenal function
suprarenal cortical hormones are given. There is no
useful purpose in giving gonadotrophic hormones,
but testosterone has been found to supplement the
action of cortical hormones.
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NORMAL PUERPERIUM

THE PUERPERIUM

The puerperium is the time following labour dur-
ing which the pelvic organs return to their pre-
pregnant condition. By convention the puerperium
1s said to last for 6 weeks, although it may take
much longer for some of the organs to return
completely to normal.

The management of the early puerperium con-
sists of keeping careful watch upon the physio-
logical processes during that time, and in bein
prepared to intervene if they should show signs o
becoming pathological. Attention is given to the
general mental and physical welfare DF the mother
and baby. Some special points of management are
set out in the following sections.

Prevention of infection

Every precaution should be taken to prevent the
implantation of exogenous pathogenic organisms
into the birth canal during labour and the puer-
perium. The vulva and perineum should be kept as
clean and as dry as possible. The woman may leave
her bed to visit the lavatory within hours of birth
and may have a shower or bath the following day
after a normal delivery. There is no need to swab
the vulva or to pour antiseptic solution over it
during delivery or in the puerperium. The vulva is
simply kept covered with a dry sterile pad; this is
changed whenever it is soaked or soiled.

Relatives, nurses, students or doctors who have

septic foci due to streptococcal or staphylococcal
lesions, or who may carry infection From recent
contact with septic conditions must be excluded
from labour and lying-in wards. Women who
develop signs indicative of sepsis should be sepa-
rated from the normal cases until it can be estab-
lished that any infection organism is not
pathogenic to others.

In order to reduce the risk of infection spread-
ing, modern maternity units are designed with
single rooms or small wards of four to six beds.
Ventilation should be by a system which intro-
duces fresh air rather than one which draws in air
from other parts of the hospital. Many organisms,
in particular Staphylococcus anrens and the haemo-
lytic streptococcus, are found in dust and blankets
in hospitals. Single rooms must be available for
suspect cases. The wide range of antibiotics now
available should not justify lower standards in the
prevention of infection.

Time of getting up

After the physical and mental strain of pregnancy
and labour a woman needs a period of rest from
hard work and mental worry. The time spent in
hospital varies according to the type of delivery
and also the home conditions to which she will be
returning. The mean stay in the UK is now 3 days,
but providing steps are taken for adequate super-
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vision by a midwife and doctor there is much to be
said in favour of allowing the woman to return
home before this time.

If the labour has been normal and there has been
no gross injury to the pelvic floor or other compli-
cations, the woman is allowed out of bed the day
of delivery. This early ambulation must not be
made an excuse for shortening the total time of rest
and time for breastfeeding to be comfortably
established. Moderate exercise encourages recov-
ery in the tone of the pelvic floor, the circulation is
improved in the legs and the incidence of venous
thrombosis is reduced.

After operative deliveries it may be necessary to
keep the mother in bed for a further day before
active mobilization.

Temperature and pulse

The temperature may briefly rise to 37.9°C in the
first 24 hours, but afterwards should fall to normal
and remain so. Provided that the woman feels and
looks well the temperature need only be taken
morning and evening.

It is strongly emphasized that when the tem-
perature remains raised for more than a few hours,
especially if there is a corresponding rise in the
pulse rate, this should be regarded as being due to
infection arising in the genital tract until the con-
trary is proved. All cases of fever during the
puerperium should be carefully investigated (see
Chapter 7).

For the first few hours after a normal delivery
the pulse rate is likely to be raised, but it should
return to normal by the 2nd day. A rise in the pulse
rate must be regarded as seriously as a rise in the
teinper:l.ture It may ]nd](..ate severe ana{:mla,
venous thrombosis or infection of the birth canal,
urinary tract or breast.

Onset of lactation

During pregnancy there is considerable hyper-
trophy of the glandular tissue of the breasts, but
secretion of milk does not start until after the birth
of the child. Many women who intend to breast-
feed put the baby to the breast within minutes of
delivery. The consequent release of oxytocin may
assist in keeping the uterus well contracted. With
the activation of prolactin the breasts become more
active, and there is increased vascularity. Breast-
feeding usually becomes established on the 4th or

5th day. The release of milk is due to a mono-
synaptic reflex release of oxytocin, the let-down
reflex.

Involution of the uterus

Immediately after delivery the fundus of the uterus
lies about 4 cm below the umbilicus. The height of
the fundus diminishes daily and it cannot normally
be felt above the pubis after the 10th day. Any
estimate of the height of the fundus should always
be made when the bladder is empty. The uterus
rapidly decreases in size for the 1st week, then
decreases more slowly, being completely involuted
in about 8 weeks. At the end of labour the uterus
weighs 1000 g, by the end of the 1st week about
500 g, and by the end of the puerperium about
70 g. Involution is accomplished by autolysis of
the muscle fibres, their protoplasm being broken
down by enzymes, liquefied and removed in the
bloodstream. The end products are excreted in the
urine. Delay in involution occurs in the presence of
uterine infection, retention of placental products
or fibroids in the uterine wall, but in the absence of
other signs of abnormality delay in shrinkage of
the uterus is of no significance.

Retention of urine

A few women have difficulty in passing urine for
the first day or two after delivery. Retention is
liable to occur after a difficult labour which causes
bruising or lacerations in the vulva, after epidural
anaesthesia or when many perineal stitches had to
be inserted. It is less likely with women who are
ambulant.

If the bladder is atonic, residual urine accumu-
lates and may become infected. If retention occurs
or residual urine in some quantity is suspected a
catheter must be passed with careful aseptic pre-
cautions. If catheterization is required on a second
occasion an indwelling catheter should be left for
2-3 days, and prophylactic antibiotics given. Blad-
der overdistension that is overlooked may lead to
detrusor instability.

Incontinence of urine

True incontinence, now a rare event in the UK,
results from a vesicovaginal fistula, due either to a
tear involving the bladder from instrumental deliv-
ery, or to pressure on the soft tissues from long




labour and the formation of a slough involving the
bladder. In the latter case incontinence does not
appear until the slough breaks down some days
after delivery.

Stress incontinence, or the leaking of urine on
coughing, laughing or sneezing, is not uncommon
in late pregnancy and may worsen after delivery. If
it occurs soon after labour it may be only tempo-
rary, but if it persists surgical treatment is required
(see Gynaecology by Ten Teachers). The operation
is not advised unul several months have elapsed
because in many cases improvement occurs with
the help of active pelvic floor exercises and return
of tone in the pelvic floor musculature.

Cystitis and pyelonephritis

Urinary tract infection with high fever may arise in
the 1st week of the puerperium. Symptoms such as
frequency and discomfort on micturition are often
absent in puerperal infections, but tenderness over
the kidneys may be found, more commonly on the
right than the left. The infection is usually caused
by coliform organisms, and may be an exacerba-
tion of a preceding chronic infection of the urinary
tract, or it may follow catheterization. It is difficult
to obtain a satisfactory midstream specimen for
bacteriological examination at this time, but one
may be obtained by catheter or suprapubic aspira-
tion. Treatment is by encouraging the woman to
drink adequate quantities of fluid and by giving
appropriate antibiotics (e.g. amoxicillin).

Constipation

This is common in the puerperium and is due to a
combination of factors. The woman’s food intake
has been interrupted, there may be dehydration
during labour, the abdominal muscles are lax and
perineal lacerations make defecation painful. Con-
stipation may be prevented by giving bran or bulk-
forming drugs such as methylcellulose, ispaghula
or sterculia from the Ist day, but if this does not
act, laxatives, suppositories or an enema may be
required.

The lochia

The lochial discharge comes from the placental
site. For the first 3 or 4 days the lochia are red in
colour. As the site begins to heal the discharge
decreases in amount and its colour changes to pink
and finally becomes serous. Although it is said that
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the lochia disappear by the 10th day the average
time before they become colourless is, in fact,
usually 3 or 4 weeks. Lochia which remain red and
excessive in amount indicate delayed involution,
which may be associated with retention of a piece
of placental tissue within the uterus, or with
infection. If placental tissue is retained the uterus
may be enlarged and the internal os of the cervix
remains open. The retained products can be shown
by ultrasound examination. Curettage 1s likely to
be required, especially if there is an increase in red
loss or the passage of clots.

Offensive lochia may indicate infection of the
uterus, although the organisms may only be sapro-
phytes. Virulent infection with haemolytic strepto-
cocci is not accompanied by an offensive smell.

Sleep and avoidance of anxiety

It is important to see that the mother not only gets
a good night’s rest, as free as possible from disturb-
ance by the baby, but also that she has a rest in the
afternoon. Pain from perineal stitches or engorged
breasts is a common cause of s]ecplessness. If she is
excitable and sleeping badly hypnotics such as
temazepam should be given for tl?lre first few nights.
After that sleeplessness, unless it is habitual,
should arouse anxiety as it may be the first sign of
the onset of puerperal psychosis.

Diet

The day after a normal delivery the woman should
be given a normal diet. During lactation she will
need an adequate but not excessive intake of fluid.
Animal fats, fruit and vegetables will supply neces-
sary vitamins, and protein in the diet should be
increased. Milk is a very good source of nutrition
and the woman should be encouraged to drink up
to half a litre a day.

Perineal stitches

The perineum should be washed after the early
days only with soap and water and dried. A dry
sterile vulval pad is then applied, this is changed
trequently. Unabsorbable stitches are removed on
the 5th day.

Care of the breasts

During the first 2 or 3 days after delivery the

breasts secrete colostrum only, but it is important
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that the baby is put to the breast in order to
promote bonding between the mother and baby, to
stimulate the secretion of milk, and to teach the
baby to suck.

If the mother cannot or does not wish to
breastfeed, lactation is suppressed and she is helped
to establish bottle feeding. Although oestrogens
are effective in suppressing lactation their use has
been given up because of the increased risk of
thrombosis and embolism. Instead the secretion of
prolactin is inhibited with bromocriptine in doses
of 2.5 mg twice daily for 14 days. It has the
disadvantage of causing nausea. Adequate support
for the breasts and the administration of analgesics
for the discomfort of engorgement is often all that
is required.

Postnatal exercises

In many hospitals women are given breathing
exercises, exercises for the abdominal and pelvic
muscles and exercises for the legs to reduce the risk
of thrombosis, but for most women early ambula-
tion has reduced the need for this. It is probably
better to concentrate the use of physiotherapy on
those who have some special need for it.

Postnatal examination

This should be carried out at the end of the 6th
week. Apart from discussing any problems or
anxieties which the woman may present, and fol-
lowing up any complication of pregnancy or
labour, the doctor enquires about her general
health, whether the lochia have ceased, about
bladder function, especially to exclude stress
incontinence, and about any infant feeding prob-
lems. Tactful inquiry should be made to determine
if sexual intercourse has occurred and if there were

roblems. Many breasi-feeding women suffer
]from lack of vaginal lubrication and simple reme-
dies, such as K-Y jelly, may prevent long-term
psychosexual problems.

The abdomen is examined and the state of the
musculature noted. Pelvic examination is per-
formed to check that any lacerations have healed
normally, that there is no prolapse of the vaginal
walls and that the uterus has involuted normally.
The uterus is not infrequently found to be retro-
verted. In most cases this causes no symptoms, or
the uterus is known to have been in this position
before pregnancy, and no treatment is required.

A speculum is passed and if a cervical smear was
not taken in the antenatal period this is done. A
cervical erosion is a common finding. Many of
these regress spontaneously before the 12th week
and the woman should be seen again then. Only if
the erosion persists and causes discharge which is
sufficient to trouble the woman should it be
treated (see Gynaecology by Ten Teachers).

Women not infrequently complain of backache
at a postnatal visit. Most cases of lumbar backache
are due to poor posture (persistence of the lordosis
of pregnancy) or fatigue, and spontaneous recov-
ery often occurs. Retroversion or other pelvic
lesions will not cause backache at this level. Per-
sistent backache, or any other disability discovered
at the postnatal examination, may call for further
investigation or treatment.

Sometimes conditions such as hypertension or
urinary tract infection call for pror nged follow-

up.

Family planning advice

Most women are anxious to space their pregnan-
cies if not to limit them. Practical contraceptive
advice should be made easily available at the time
of the postnatal visit. The choice of method lies
with the individual couple but it is necessary to
discuss with the woman the pros and cons of the
various methods. She may be prepared for family
planning by discussion during pregnancy, or while
she is in the lying-in ward, of the methods avail-
able. If it is impossible for her to attend for advice
in the postnatal period an intrauterine device may
sometimes be inserted in the puerperium, or a
prescription and instructions given for the use of
the contraceptive pill. For a woman who has
completed her family, and if she and her partner
are certain that they will not change their minds
later, sterilization may be performed in the early
puerperium, but it is often better performed 6-12
weeks later, when the woman has had time to
reflect whether she really wants it done, and the
Fallopian tubes have returned to their normal size.
Clips and bands put on hypertrophic tubes do not
always occlude the lumen Kllly, leading to a failure
of the sterilization process. For this reason, very
few women have laparoscopy sterilization in the
weeks immediately after delivery but wait 10-12
weeks.

Contraceptive pills containing oestrogen should
not be given to women who are breastfeeding




because they may inhibit lactation. Progestogen-
only pills do not inhibit lactation and are useful.
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Details of contraceptive methods are given in
Gynaecology by Ten Teachers.

THE BABY

At the moment of delivery the infant is launched
into an independent existence and must start
breathing, or die. The circulation has to adjust
quickly to the needs of pulmonary gas exchange. A
normal body temperature must also be achieved
rapidly. Shortly afterwards the infant must estab-
lish an appropriate nutritional intake and digestive
functions. At birth profound physiological chan-
ges must occur in a very short space of time.

THE RESPIRATORY SYSTEM AT
BIRTH

The fetus in utero demonstrates movements of
breathing in a phasic manner. These movements
last for varying lengths of time and are interrupted
by long periods of rest. There is a net outflow of
amniotic fluid from the alveolar spaces through the
bronchial tree into the upper airway. During fetal
breathing this fluid is cﬁ*awn in and out of the
nasopharynx in volumes approximating to one-
tenth of that seen during the normal breathing of
air after birth. These respiratory movements,
although small, are an important rehearsal for what
is to follow later.

During labour and immediately after birth the
lungs are cleared of fetal lung fluid. Approximately
one-third is squeezed out through the mouth and
nose and the remainder is absorbed directly across
the alveolar walls into the pulmonary lymphatic
and blood capillary systems. Meconium residues in
the fluid may also be inhaled during this period
and can cause inflammatory changes within the
lungs.

The moderate hypoxia encountered by the fetus
during labour, with a slight fall in arterial oxygen
tension and a rise in arterial carbon dioxide ten-
sion, heightens the responsiveness of the newborn
infant’s respiratory centres to a variety of stimuli.
With more severe hypoxia these centres become
depressed, leading to apnoea. This may be fol-
lowed by gasping as a means of initiating respira-
tion.

The thorax is squeezed as the body passes
through the birth canal, and fluid is expelled from
the chest, being replaced by air during the elastic
recoil after completion of delivery of the trunk.
Once the baby is born the body extends from the
fetal position, the spine straightens and the change
in shape of the chest and descent of the diaphragm
facilitate respiration.

The fall in the environmental temperature after
delivery is an added stimulus to breathing, partic-
ularly if cool air impinges on the sensitive area
around the mouth and nose. A combination of
these factors is thought to be responsible for the
establishment of full respiration. Any anaesthetic
or sedative administered to the mother is shared by
the fetus and may depress the respiratory centres.

In normal circumstances the Fﬁ-st breath draws
air into the bronchial tree, unless there is obstruc-
tion from inhaled amniotic fluid or meconium. A
negative intrapleural pressure is created and with
successive respiratory movements the thoracic
cage expands and the lung volume increases. The
ditference between this negative pressure and the
atmospheric pressure of the air in the bronchial
tree causes the fetal lungs to expand by entry of air
into the alveoli. The unexpanded alveoli are filled
by a thin layer of fluid and the surface tension
between the walls must be overcome before full
expansion can be achieved.

The maturing lung is able to produce surfactant
from cells (type II pneumocytes) in the alveolar
wall. The main constituent of surfactant is a phos-
pholipid, lecithin, which reduces the surface ten-
sion within the alveoli and so permits easy and
equal expansion throughout the lungs. If the pro-
duction of surfactant is diminished by prematurity
or hypoxia, or both, there is incomplete expansion
of the lungs which may result in respiratory dis-
tress syndrome (hyaline membrane disease). Nor-
mal alveolar expansion is at first rapid, but several
hours elapse before complete expansion of the
lungs occurs. Lung expansion takes longer after
caesarean section than vaginal delivery. The time to
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full lung expansion is longer following caesarean
section when it is performed electively than when
done during labour. There is a cessation of the
production of lung fluid during labour.

Although the first breath is usually taken imme-
diately after birth, the onset of breathing is some-
times delayed. The newborn infant appears to be
less susceptible to the ill effects of prolonged
hypoxia than the adult, but nevertheless severe
hypoxia lasting for only a few minutes can cause
bradycardia and falling blood pressure leading to
impaired cerebral circulation, and can result in
cerebral palsy or developmental delay.

Changes in the fetal circulation at birth

The fetal circulation has already been described in
Chapter 1; see also Fig. 6.1a. Remarkable changes
occur soon after birth. The infant’s first breaths
expand the lungs and open up the pulmonary
vascular bed. This produces a sharp fall in the
pulmonary vascular resistance and a considerably
increased flow of blood to the lungs, where it 1s
oxygenated. Immediately afterwards there is con-
traction of the ductus arteriosus to about half its
original diameter, and complete contraction of the
umbilical arteries. It is thought that the ductus
arteriosus and umbilical arteries have a natural
tendency to contract but are prevented from doing
so by prostaglandins which are circulating at high
concentrations in the fetus. It is suggested that
there are enzyme systems in the lungs which break
down the prostaglandins once the pulmonary
blood flow is established after birth. The fall in the
level of circulating prostaglandins, along with the
rise in the arterial oxygen saturation, allows these
vessels to contract. It is possible that the use of
prostaglandin inhibitors to suppress premature
labour might lead to premature closure of the
ductus in the fetus.

The systemic arterial pressure rises as the low
resistance of the placenta is replaced by the high
resistance of the peripheral circulation in the baby
when the cord is clamped. With the concomitant
fall in the pulmonary artery pressure the pressure
gradient across the ductus is reduced. The fall in
pulmonary vascular resistance produces a fall in
right sided pressures, and the increase in systemic
resistance a rise in left sided pressures These
changes, together with the increased pulmonary
venous return, lead to a rise in left atrial pressure

over and above that in the right atrium and con-
sequent functional closure of the foramen ovale.
(Fig. 6.1b)

Ultimately, but not for several days or weeks,
the ductus becomes obliterated by endarteritis, and
the final transition from fetal to adult circulation 1s
complete. The umbilical cord dries and separates,
leaving a raw area which heals by granulation and
is then covered by epithelium. The umbilical vein
is now a redundant vessel and closes by aseptic
thrombosis. The ductus venosus atrophies and
disappears, while the umbilical vein remains as the
ligamentum teres. The umbilical arteries show
retrograde closure as far as the hypogastric arteries
and persist as sclerosed remnants.

Changes in the gastrointestinal tract

Although the placenta carries out nutritional and
excretory functions for the fetus, the gastrointesti-
nal tract is active during intrauterine life. During
the later months of pregnancy amniotic fluid con-
taining desquamated epithelial cells is continually
being swallowed. Mucus and debrided intestinal
epithelial cells are added to the gut content and,
with the swallowed fluid, are digested by intestinal
enzymes to form meconium, which is coloured
greenish-black by bile pigments. By late pregnancy
the meconium has transversed the gut as far as the
rectum, and if strong intestinal contractions occur
during labour, meconium may be voided into the
amniotic fluid. If premature respiration is induced
by hypoxia, meconium may be inhaled into the
bronchial tree, and this can cause respiratory diffi-
culties from meconium aspiration after delivery.

With the first inspiration air also enters the
stomach and rapidly traverses the gut, reaching the
ascending colon within 3 hours.

Hydrochloric acid is present in the stomach in
relatively high concentration on the 1st day of life,
but in only moderate amounts during early infan-
cy. Amylases from saliva and from the pancreas are
at a low level during the early weeks of life, and
this explains the difficulty in digesting certain
carbohydrates which is shown by some infants.
The trypsin and lipase of pancreatic secretions are
present in sufficiently high concentration, even
during intrauterine life.

Regulation of body temperature

The fetal temperature is determined by the sur-




rounding maternal environment and the fetal heat
regulating centre which is thought to be relatively
dormant. After birth, unless special precautions are
taken, the infant’s temperature can fall by 1 to 3°C
and external heat must be supplied. The tem-
perature regulating centre is active immediately
after birth and causes an increase in the rate of
metabolism and oxygen consumption in order to
maintain a constant body temperature in the face
of environmental variation. Brown adipose tissue
has an important role in maintenance of body
temperature in the newborn, and deficiency of this
tissue in preterm and small-for-dates babies con-
tributes to their thermoregulatory difficulties.

Defences against infection

Placental transmission of maternal IgG antibodies
affords the infant non-specific, passive immunity
against certain diseases. This immunity wanes dur-
ing the first few months of life, and the infant
becomes at nisk from common infections until an
acquired immunity is developed. Immune protec-
tion from the mother may be specific for diseases
against which she has developed an active immuni-
ty, such as diphtheria, tetanus, measles, mumps
and poliomyelitis. The infant’s own IgG levels are
very low at birth but increase steadily during the
first 2 to 3 months of life. Serum IgA levels are also
low, but the infant should be receiving IgA from
the mother’s breast; it is in high concentration in
colostrum and continues to be secreted in mature
milk. This immunoglobulin plays an important
part in protecting the baby against infections
acquired through the alimentary tract, and possi-
bly also against the development of allergic reac-
tions.

THE IMMEDIATE CARE OF THE
HEALTHY INFANT

The infant may be limp when delivered, with only
moderate muscle tone, and there may be purplish-
blue cyanosis of general distribution.

Infants usually clear their airway when they
start breathing shortly after birth. If there is a
delay, the nasopharynx should be cleared of fluid
with a sterile mechanical sucker regulated to avoid
a negative pressure of more than 30 cm of water.
The proeedF:lre must be carried out with the utmost
gentleness to avoid damage to the mucous mem-
branes or the production of laryngeal spasm.
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Once respiration begins, the colour of the skin
rapidly changes to pink. Cyanosis of the extrem-
ities may persist for a time, but this is not of
pathological significance.

Care of the umbilical cord

After clamping, the cord is kept dry and clean until
it shrivels and comes away leaving a small area of
granulation tissue, which heals over after a few
days.

General care of the baby

After ensuring that respiration is well established
and the Apgar score has been recorded, the infant
is inspected rapidly to note whether there are any
obvious abnormalities before being wrapped in a
warm towel and handed back to the mother to be
cuddled and put to the breast to suckle the colos-
trum.

A recent fashion is to place the naked baby on
the mother’s abdomen immediately after delivery
so that skin to skin contact will promote emotional
bonding. The baby should be under the cover of a
towel to avoid heat loss.

After this inital period of close contact, the
baby is wrapped firmly in warm towels and laid
supine in a cot alongside the mother with head
turned to one side and facing her. Unless there is
need for special care, it is important that the baby
should not be removed from close proximity to the
mother. Even if she falls asleep from exhaustion it
is reassuring for her to find her baby beside her
when she wakes.

During this initial period it is important to check
the baby’s axillary temperature. The rectal tem-
perature should only be taken if the axillary tem-
perature is low.

Identification

In hospitals the infant must be identified so that
confusion between babies cannot arise. A plastic
wrist band with the mother’s name marked in
indelible ink is commonly used with a copy on the
baby’s ankle.

Examination of the newborn infant

At the earliest convenient time after the birth a
systematic physical examination should be made.
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Fig. 6.1 (a) The fetal circulation. The right and left sides of the heart are in communication through the foramen

ovale while lungs are bypassed by the ductus arteriosus

External examination is of great importance and
attention should be paid to any minor congenital
defects such as skin naevi, preauricular skin tags or
supernumerary digits. Dcfgcts such as cleft palate,
spina bifida or club feet may escape notice if of
minor degree, and especial attention should be
given to possible omphalocoele, penile abnormal-
ities, and imperforate anus.

The skull should be palpated and the state of the

sutures noted. The circumference of the head
should be recorded. Widening of the sutures and
an increase in the circumference of the skull may
be found in cases of subdural haematoma or
hydrocephalus. Areas of softening or an encepha-
locoele may be found.

Examination of the heart should be performed,
but the significance of any murmur may only
become apparent after observation for several
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Fig. 6.1 (b) Changes in circulation at birth. The placenta is removed. The foramen ovale closes while the ductus
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days. Palpation of the femoral pulses should be
carried out to exclude coarctation of the aorta.

On examination of the abdomen the liver edge
can usually be felt just below the costal margin,
and the tip of the spleen is often palpable. In a
well-relaxed abdomen the lower pOEﬁS of the kid-
neys may be easily felt, but this is not of patho-
logical significance.

The baby should be handled and the limbs
moved to ensure that no fracture or paralysis is
present. The hips should be examined for congeni-
tal dislocation. The range of movement of the
ankles must be tested to detect minor degrees of
talipes.
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Normal reflexes

Certain reflexes are normally only present in the
newborn infant.

The Moro reflex is a startle reflex elicited by
banging the table on which the infant is lying, by
letting the head drop backwards by 1-2 cm or by
flexing the head on the trunk. Abduction and
extension of the arms is followed by adduction of
the arms like an embrace, and the legs are exten-
ded. This reflex is usually symmetrical and indi-
cates normal neuromuscular coordination. Vari-
ations from the normal response are seen when
there is a nerve palsy, a fractured clavicle or long
bone, or an intracranial lesion. It is not necessary
or desirable formally to test the Moro reflex as 1t
upsets the baby and parents. The same information
can be obtained by observing the baby’s limb
movements.

If the infant is touched on the area near the
mouth the head will turn and the infant will try to
suck the touching object. This rooting reflex is
followed by the sucking reflex which seems to be
designed to enable the baby to draw the nipple
well back into the mouth so that the gums can
gently massage the milk sinuses just below the
surface of the areola and stimulate milk ejection.

A grasp reflex is seen when the palm of the hand
or the sole of the foot is touched and is normal in
the newborn infant. A walking reflex is also usual-
ly seen in the normal infant.

NORMAL PROGRESS OF THE FULL
TERM INFANT

During the 1st week of life the baby continues to
adjust to the extrauterine environment.

Traumatic lesions such as a caput succedaneum a
chignon after vacuum extraction disappear rapidly.
The baby begins to assume an infantile position
instead of that of intrauterine folding. The feet are
less dorsiflexed and the hands less firmly clenched.
The chest becomes less flattened and the head is
moved freely. The cry is definite and begins to
assume characteristics for hunger and pain.

WEIGHT GAIN

There is loss of weight for the first 2 or 3 days of
up to 10 per cent of the birth weight. After feeding
is established the weight increases and will usually
return to birth weight by the 7th to the 10th day. If

this is not achieved it may indicate inadequate
feeding, or some condition which is preventing
normal progress, but some breastfeeding mothers
take longer than others to establish lactatlon, and
their babies may take 2 to 3 weeks to regain their
birth weight without any harmful effects.

Temperature

At birth the infant is thermolabile, and the tem-
perature may fall below 36°C, but it is unwise to
allow the rectal temperature to fall below this. The
infant responds quickly to the application of exter-
nal heat, and in a few hours temperature regulation
will be stabilized in the full term infant. The
temperature shows a normal daily variation from
36 to 37.2°C.

Normal stools

Meconium is normally passed within a few hours
of birth, but may be delayed for 12 or even 24
hours. Although this is not necessarily patho-
logical it demands observation, as it may indicate
intestinal obstruction. The first meconium stool is
often preceded by a plug of whitish mucus, and if
this is large the appearance of meconium can be
delayed for 24 hours and the abdomen may show
some distension.

In the next 2 or 3 days meconium is passed
several times a day. Normal meconium is sticky,
odourless and greenish-black in colour. After a few
days changing stools are passed. These are non-
homogeneous, thin and yellowish-brown in col-
our. Undigested milk elements can often be seen in
the stool.

Towards the end of the 1st week milk stools are
passed. The stool of the breast-fed infant is
smooth, pasty, and mustard or golden-brown in
colour. The motion of the artificially fed infant is
paler in colour, alkaline, pasty and non-
homogeneous.

The breast-fed baby may have a bowel action
only once in the day, or up to six or seven, in the
24 hours and yet be normal. When the stools are
frequent they may be green and this should not
[eag to a hasty diagnosis of gastroenteritis in a
baby who is otherwise well. It is usually due to a
temporary excess of lactation when the milk comes
in and it is important to leave the baby to continue
to feed normally and maintain the stimulus to
lactation. Later, the maternal diet may affect the




baby’s bowel habit as many aperient substances are
secreted in the milk.

Micturition

The baby usually passes urine shortly after deliv-
ery, but micturition may not occur until 24 hours
have elapsed, especially if the infant has voided
urine just before or during delivery. During the
first day or two the napkin may be stained pink
from the deposit of urates.

Breast engorgement

The breasts of infants of either sex may swell and

Normal progress of the full term infant 259

become engorged during the 1st week of life. Milk
may be secreted and a f%:male may bleed from the
uterus. These effects are due to transfer of maternal
oestrogen and require no treatment. On no
account should the engorged breasts be handled or
squeezed as they readily become infected to pro-
duce neonatal mastitis or breast abscess.

Skin

In Caucasian infants the skin soon changes from
the red colour seen after birth to a paler iue The
skin may become dry and scaly as it dries out after
the long intrauterine immersion. Fissures and
cracks may appear in the folds of the ankles and
WTISLS.

The rate of growth during infancy is greater than at
any other stage of life after birth. The weight of a
normal baby doubles in 5 months and trebles in 12
months. To achieve this, the intake of food must be
relatively great and of a quality that allows easy
digestion. During the early months it must con-
tain, in liquid form, a balanced mixture of protein,
fat, carbohydrate, minerals and vitamins.

DAILY FLUID REQUIREMENTS

Infants need water in relatively greater volume
than at any other period of life. The ability to
concentrate urine is less well developed in infants
than adults, and to remove the waste products of
metabolism the urinary output must amount to
nearly half the total fluid intake. The losses of fluid
from the skin, lungs and faeces are proportionately
greater than in adult life. After the 1st week of life
infants need approximately 150 ml of fluid per kg
of body weight during 24 hours. Infants wEo are
growth retarded require an even larger volume of
fluid ranging between 150 and 200 ml/kg body
weight per 24 hours.

ENERGY REQUIREMENTS

The diet should provide 110 kcal/kg in 24 hours.
This calls for 70 kcal per 100 ml of feed. Growth

retarded infants require more calories per kilogram
— up to 150 kcal per kg in 24 hours.

PROTEIN, FAT AND CARBOHYDRATE

Sufficient of these are supplied in a diet of breast
milk or infant milk formula

MINERALS

At birth, babies have only limited reserves of iron.
During the period of marked growth in early
infancy there is a corresponding increase in the
total number of red cells. The reserve stores of iron
may become exhausted in forming haemoglobin
and unless adequate supplies of iron are available
in the diet the infant will develop hypochromic
anaemia. Breast milk usually supplies enough iron
during the first 4 months of life particularly as the
lactoferrin content ensures rapid and efficient
absorption. Modern infant milk formulae contain
additional iron but unmodified cow’s milk does
not. The bioavailability of iron is much less in
cow’s milk formulae than human milk. In the
premature infant who has depleted iron stores at
birth and an even more dramatic increase in size
than term infants it is recommended to supplement
the diet with additional iron.
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VITAMINS

Clinical vitamin deficiency is rare in developed
countries. The optimal intake of vitamins has not
been determined. The recommended intake of
vitamin D is 400 IU per day (10 ug).

Vitamin K deficiency is commoner in breastfed
infants and in most units vitamin K is given as
prophylaxis against haemorrhagic disease of the
newborn either as a single intramuscular injection
or as several oral doses. Vitamin supplements are
recommended for preterm infants and those who
have a poor nutritional intake.

BREAST OR BOTTLE FEEDING?

When artificial feeds became widely available the
popularity of breastfeeding declined markedly.
Artificial feeding became the new and fashionable
way in the developed world. More recently follow-
ing the rigorous promotion of breastfeeding the
proportion of infants receiving breast milk during
the first 6 months of life has increased markedly.
The advantages and disadvantages of breastfeeding
are listed in Table 6.1.

Breast milk is clearly the ideal milk for human
infants. In addition it helps secure the intense
psychological attachment ofp a mother for her baby
and provides intimate, close contact for the baby
with his or her mother.

However not all mothers wish to breastfeed.
They may be embarrassed, find the thought dis-
tasteful or may simply prefer the convenience of
bottle-feeding. Some women are unable to estab-
lish or provide adequate lactation. Breast milk is
not only the most appropriate milk for human
babies, but also has other advantages. It protects
against infection, especially enteric infections. Sev-
eral mechanisms are involved. These include
maternal secretory IgA and lysozymes, which
either kill organisms or prevent their adherence to
the intestinal wall; lactoferrin which ensures rapid
absorption of iron so that it is not available for the
essential needs of replicating organisms; and
encouragement of the growth of Lactobacillus
bifidus to the exclusion OF other pathogenic organ-
isms which flourish in the more alkaline 1ntcst1nal
environment provided by the ingestion of cow’s
milk. The reduction of enteric and other infections
in breastfed infants is very important in developing
countries, where enteric infections remain an
important cause of mortality and long term mor-
bidity. In developed countries, a reduction in the

number of enteric and other infections in infancy is
also seen.

Breastfeeding provides some reduction in the
severity of eczema in atopic babies. The secretory
IgA in breastmilk is thought to be important in
providing protection from allergic reactions to
cow’s milk protein.

There are other potential benefits of breastfeed-
ing. There has also been considerable interest
recently in the suggestion that the incidence of
hypertension and vascular insufficiency in adult
life is lower if breastfed in infancy. There is also
some evidence to suggest that breastfeeding redu-
ces the risk of breast cancer in later life.

From a global perspective the promotion of
breastfeeding is of crucial importance. In develop-
ing countries breastfeeding dramatically improves

“survival during infancy from its protective effect

against enteric and other infections. Breastfeeding
is also important in helping to increase the time
interval between pregnancies. Although breast-
feeding cannot be relied upon as a contraceptive,
the practice of such feeding has an important effect
in reducing population growth in developing
countries.

LACTATION
Anatomy and physiology

The breast is composed of about 20 segments
arranged radially from the nipple, the glandular
tissue being mainly pcrlpherar(see Fig. 6.2). The
branching duct system from each segment unites
to form a single duct which opens on the nipple.
Immediately before opening on the nipple each
duct has a dilatation ca Yled a lactiferous sinus. This
lies immediately below the areola of the nipple and
is a thin-walled part of the duct which can be
dilated by milk to a calibre of 0.5 to 1 cm. The
ducts and alveoli of the glandular tissue are sur-
rounded by myoepithelial contractile cells, and
there are smooth muscle cells under the areola. The
pectoral fascia ensheathes the whole breast and
sends laminae between the lobes and alveoli. There
are many fat cells and a rich supply of blood
vessels.

During pregnancy the enlargement of the breast
is mainly due to hyperplasia ofg the glandular tissue
from the 12th week onwards. It results from
increasing concentrations of placental lactogen,
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Advantages of breast feeding (adapted from Booth, 1992)

Anti-infective properties of breastmilk

Humoral
Secretory IgA

tection
Bifidus factor

90 per cent of immunoglobulin in human milk. Mucosal pro-

Promotes growth of Lactobacillus bifidus. Resulting low pH may

inhibit growth of gastrointestinal pathogens

Lysozyme
Lactoferrin
Interferon

Cellular
Macrophages
Lymphocytes

Nutritional properties of breast milk
Protein guality
Hypoallergic

Lipid quality
Breast milk lipase

Minerals/electrolytes
2:1 calcium:phosphorus ratio
Low renal solute load
Iron content
Infant-mother bonding is promoted
Contraceptive effects

Protection against breast cancer

Phagocytic
T-cells may transfer delayed hypersensitivity responses to infant

Bacteriolytic enzyme
Iron binding protein. Inhibits growth of E. coli
Antiviral agent

More easily digested curd
May reduce subsequent atopic disease

Improved digestibility and fat absorption
Enhanced lipolysis

Prevents hypocalcaemic tetany and improves calcium absorption

Bioavailable (40-50 per cent absorption)

Table 6.2 Disadvantages of breast feeding (adapted from Booth, 1992)

Transmission of drugs
Noutrient inadequacies

Antithyroid drugs, cathartics, antimetabolites
Prolonged breast feeding without introduction of appropriate

solids may lead to iron or vitamin D deficiency

Breast milk jaundice

Mild, self-limiting, unconjugated hyperbilirubinaemia, and not a

contraindication

Transmission of infection
Vitamin K deficiency

HIV identified in breast milk
Preventable by routine administration of vitamin K at birth

prolactin and chorionic gonadotrophin. By the
second trimester placental lactogen begins to stim-
ulate secretion of colostrom. Milk production is
inhibited before delivery by prolactin inhibitory
hormone. The withdrawal of inhibitory hormones
at birth, together with increasing prolactin secre-
tion from the anterior pituitary leads to milk

production. Prolactin release is stimulated by
sucking at the breast as in oxytocin release from
the posterior pituitary. Oxytocin stimulates the
contraction of myoepithelial cells in the breast
and results in the ejection of milk into the terminal
ducts, the let down reflex. The milk is emptied by
the baby feeding on the breast.

——
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Fig. 6.2 The breast during lactation

After delivery colostrum is secreted for about 48

hours and then the breasts become engorged and
milk is secreted.

Secretion of milk

This is the transformation of amino acids, glucose,
lipids and minerals present in the blood plasma
into caseinogen, lactalbumin, lactose and milk fats
which are secreted into the alveoli by the activity
of the alveolar epithelial cells. Only a portion of
the milk yielded at a feed is preformed; the major
portion is secreted during feeding.

Prolactin is mainly responsible for the secretion
by the alveolar cells. This pituitary hormone is
secreted by cells in the anterior lobe of the pitui-
tary glands, the lactotrophs. Oestrogens cause

After delivery colostrum is secreted for about 48
hours and then the breasts become engorged and
milk is secreted.

Excretion of milk

The baby is often said to suck milk. Sucking is a
relatively unimportant part of the complex proc-
ess, and the word wrongly suggests that suckling is
entirely dependent on an activity of the ba%:y.
When lactation is well established milk will con-
tinue to spurt or flow from the nipple if a sucking
infant is removed from the breast, indicating active
secretion by the breast, separate from any activity
of the infant.

When the baby takes the breast the nipple is
drawn into the arch of the hard palate and held
there by the tongue to be exposed to suction,
which delivers the milk to the back of the mouth to
be swallowed. The lips form a seal on the nipple
and areola and the gums champ on the areola to
compress the lactiferous sinuses and propel their
contents into the infant’s mouth.

The active secretion by the breast is due to the
contractile myoepitheliar network of cells which
invest the alveoli and ducts. Stimulation of the
nerve endings in the nipple initiates impulses
which reach the posterior lobe of the pituitary
gland and provoke a pulsatile release of oxytocin
into the bloodstream. Release of oxytocin may
begin in response to the baby crying even before
stimulation of the nipple. The oxytocin causes
contraction of the myoepithelial cells and propul-
sion of the milk along the ducts.

Composition of colostrum and breast milk

For the first 2 days colostrum is secreted and on
the 3rd and 4th days the secretion changes to
normal breast milk. Colostrum is a yellow fluid
containing large fat globules, the colostrum cor-
puscles, and it has a high mineral, moderate protein
and relatively low sugar content. Colostrum has a
high content of anubodies, especially secretory
IgA, which play an important part in protection
against infection. Colostrum may help to clear the
small intestine if it becomes contaminated by
infected material swallowed during the birth proc-
ess. Colostrum is said to possess laxative quafities,
but no laxative constituent has ever been demon-
strated.

When the secretion changes from colostrum to
milk its colour changes to bluish-white.

Breast milk protein contains three fractions:

caseinogen
lactalbumin
lactoglobulin.

Table 6.3 Composition of colostrum and breast milk

Protein  Fat Carbohydrate
(%) (%) (%)
Colostrum  2.25 3.15 4.00
Breast milk 1.25 3.50 7.25




The latter is present only in small amounts and the
proportion of lactalbumin to caseinogen is 2 to 1.
The calorie value of breast milk is 70 kcal per
100 ml.

BREASTFEEDING

The essence of the initial management of breast-
feeding is a gradual increase in the time at the
breast and the amount which the infant takes.

Interval after birth when first feeding is
permitted

It is to be hoped that whenever possible the
mother will be encouraged to handle her baby
soon after birth and that she can put the infant to
the breast for a short time. This will enable the
baby to obtain the valuable colostrum while start-
ing the stimulus to lactation.

Frequency of feeding

In the past maternity hospitals have tended to a
rather strict regimentation of baby care. Because
most babies ultimately settle down to an approx-
imate 4 hour interval between feeds, it became
customary to establish babies on a 4-hourly regi-
men as soon as possible. This policy was not
always successful, and seldom so without recourse
to a night supplement. Where there has been
complete acceptance of a policy of rooming in with
freedom for the mother to feed her baby on
demand it has been found that there is a wide range
in the frequency with which healthy babies feed
during the early stages of lactation. In one inves-
tigation this varied from a minimum of six feeds
per day up to a maximum of 24, with a mean of
11.

It may take 2 or 3 weeks before the baby settles
down to 3- to 4-hourly feeds, and a further few
weeks before the night feed is willingly foregone.

Oxytocin release occurs not only 1n response to
stimulation of the nipple during suckling, but also
to other factors such as the cry of the baby.
However, it is inhibited by maternal anxiety,
including anxiety engendered by fear of being
unable to feed the baby, so that encouragement
and some simple explanation of these automatic
responses may be helpful.

The completely flexible demand-feeding sched-
ule has not been associated with an increased
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incidence of cracked nipples, possibly because the
baby is only actively sucking when the milk is
flowing freely. On the contrary, establishment of
lactation is easier and engorgement of the breasts is
rarely seen.

Time at the breast

Strict adherence to times is not necessary as babies
tend to regulate their own time of feeding. During
the 1st week the frequency may be increased but
the time at the breast is short. Short frequent feeds
of the more dilute milk which is yielded in the
early part of a feed will provide the baby with a
reasonable quantity of water, while the breasts are
receiving the maximum stimulus to lactate. The
time at each breast increases gradually as the
frequency of feeds declines.

Amount taken from each breast

It is best to allow the baby to regulate the supply
of milk according to his or her own needs and the
mother’s milk yield. The time taken for a full feed
may be anything between 3 minutes each side to 15
minutes or longer each side.

Position during feeding

The infant is usually nursed by the mother
propped up in bed or sitting in a low armchair. The
infant is held in the crook of the arm on the same
side as the breast which is to be given, with the
weight of the baby supported on the forearm. The
head should be allowed to extend beyond the bend
of the elbow as most infants feed better with the
neck extended. With the baby in this position the
mother should bend forward slightly and allow the
nipple to fall into the baby’s mouth. If the breast is
large the redundant tissue can be restrained with
the fingers of the other hand and the nipple
allowed to protrude between the extended fingers.

DIFFICULTIES IN BREASTFEEDING
Difficulties may arise from causes in the mother or
the infant.

Causes in the infant

Reluctance to feed is an early sign of illness in
babies. Infants who are tachypnoeic or are infected



264 Normal Puerperium

or ill from other causes are often reluctant to feed.
Any baby who is not feeding should be examined
to check for an underlying cause. If a baby is not
feeding a blood glucose level and weight should be
checked. Some babies if they are unable to estab-
lish feeding in the first few days become dehydrat-
ed and their jaundice increases. Rehydration is
required with milk via a nasogastric tube or by
intravenous fluids while breastfeeding is estab-
lished.

When the baby is very small there may be
disproportion between the size of the nipple and
the baby’s mouth, but this will be remedied as the
baby grows. Cleft lip and cleft palate cause less
difficulty in feeding than might be expected.
Micrognathos can cause difficulty in feeding. Diffi-
culty will also arise if there is obstruction to nose
breathing.

Causes in the mother

Anatomical

When the nipples are poorly developed or retrac-
ted the infant may have difficulty drawing them
into the correct position in the mouth for sat-
isfactory feeding. In some cases nipple shells are
used.

Engorgement

On the 3rd or 4th day after delivery the breasts
may become engorged and painful so that milk
cannot be taken and the mother is not able to
tolerate the infant at the breast. This condition can
develop very rapidly, and it should be recognized
before it is fully established, when it may be
relieved by allowing the baby to suckle frequently.
The breasts may be emptied by manual expression
or by breast pump. Cracked nipples and breast
infections are considered in Chapter 7

Deficient lactation

If, in spite of the assistance of the midwifery and
medical staff, lactation cannot be established suc-
cessfully, an infant formula will need to be given.
A complementary feed is one given to augment
feed from the breast. A supplementary feed is one
which replaces the breastfeed. Many midwives and
health professionals believe that mixing breast and
bottlefeeds is inadvisable as infants find bottlefeed-
ing easier and will therefore stop taking milk from

the breast. In practice many mothers use both
forms of feeding very successfully. Test weighing,
where a baby is weighed both before and after a
breastfeed, has been found to be very inaccurate as
a guide to milk intake. All babies should be
weighed regularly (weekly is reasonable) in the
first few weeks of life to ensure adequate weight
gain. Breastfed babies who are not receiving
enough milk may appear content but simply fail to
gain weight appropriately.

CONTRAINDICATIONS TO
BREASTFEEDING

The virus causing HIV has been identified in the
breast milk of some HIV positive mothers and
there 1s evidence to suggest that HIV may be
transmitted postnatally via breastmilk. There has
been considerable controversy over whether HIV
positive mothers should avoid breastfeeding. In the
UK avoidance has been recommended but this will
not be applicable to countries where there is no
satisfactory alternative.

Secretion of drugs in breast milk

No drug should be given to a lactating mother
unless there is some definite clinical indication for
its use, because some of the drug, or its degrada-
tion products, is likely to be secreted in the milk.
However, most drugs are only secreted in small
amounts, so that breastfeeding need not be dis-
continued except in the case of a few drugs.

Cytotoxic drugs and radioactive iodine are abso-
lute contraindications. If a thyrotoxic mother is
taking carbimazole it is necessary to monitor the
baby’s thyroid function and discontinue breast-
feeding if it is impaired.

Wartarin, senna, phenobarbitone, phenytoin,
digoxin and steroids pass into the milk in harmless
amounts.

Antibiotics are excreted in extremely small
amounts, but there is a theoretical possibility of
sensitization of the infant.

ARTIFICIAL FEEDING

Infants who are not breastfed will need to be fed
on an infant formula. The milk should meet the
infant’s nutritional requirements, be well digested
and not result in short- or long-term morbidity.




Cow’s milk based formulae

Infant formulae have been modified extensively to
make them resemble human milk as closely as
possible. One of the problems of this is that the
composition of breast milk varies considerably
between mothers and even from the same mother
between feeds and according to postnatal age. In
addition although the milk has been extensively
modified it is still based on cow’s milk and our
knowledge of the essential nutrients found in
breast milk is limited.

Cow’s milk not only contains more protein than
human milk, but the protein in it is predominantly
curd protein (casein), whereas breast milk protein
consists of about equal parts of casein and whey
protein (mainly lactalbumin). The fat content of
breast milk is approximately equal to that of cow’s
milk, but the fat is of a different quality; it is more
easily absorbed and it contains more polyunsatu-
rated fatty acids, which are probably essential for
man. All modern infant formula milk preparations
are now low solute with an osmolality similar to
that found in human milk.

In making a low solute preparation some manu-
facturers reduce the milk to a demineralized whey,
containing whey protein and a low content of
minerals, and then add a small amount of skim
milk to provide some casein, further lactose and
some minerals in their naturally occurring forms,
while other minerals such as iron, copper, zinc and
manganese may also be added. The fat which is
added consists of a mixture of animal and vegetable
fats, the composition of which approximates to
that of breast milk.

Alternatively, the relative concentration of pro-
tein and minerals can be reduced by simply adding
carbohydrate.

Infant formulae are now available in prepared
bottles. These preparations are gaining in pop-
ularity but most parents use dried milk powder in
the UK. The safety of infant formulae is dependent
on the correct reconstitution of feeds with accurate
use of the scoops provided and strict attention to
sterility.

Soy-based formulae

Soy-based formulae have become increasingly
popular in the belief that their use may lead to less
atopic disease although convincing evidence of this
is still lacking. Although they will support normal
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growth there is reduced bioavailability of some
essential amino acids and of some vitamins, miner-
als and trace elements, particularly zinc. About
20-30 per cent of infants with cow’s milk protein
intolerance who are fed on a soy milk will subse-
quently develop soy intolerance. Soy-based for-
mulae are best reserved for infants with clinical
evidence of cow’s milk protein intolerance.

Unmodified cow’s milk

Doorstep milk should not be given to infants in the
first 6 months and preferably year of life. Unmodi-
fied cow’s milk contains too much protein and
electrolytes. This may lead to hyperosmolar dehy-
dration, hypocalcaemic fits from phosphate over-
load and bowel obstruction from casein curd. In
addition there is inadequate iron and vitamins.
Semi-skimmed or skimmed milk should not be
used as they have low energy and vitamin A
content. If doorstep milk is introduced at 6 months
of age infants will require vitamins and iron sup-
plements unless they are receiving a good diet of
mixed solids. Alternatively a “follow-on’ formula
can be used which contains more protein and
sodium than infant formulae and is fortified with
iron and vitamins (see Table 6.4).

General principles of artificial feeding

After the 7th day of life infants take an average of
150 ml of fluid/kg of body weight daily. However
there is considerable variation in intake between
babies. The volume of milk provided by a lactating
mother is at first quite small and gradually increa-

Table 6.4 The composition of human milk, cow’s milk
and infant cows milk formula (per 100 ml)

Human Cow’s  Modified
milk milk cow’s
milk

Energy (kcal) 70 67 65-69
Protein (g) 1.3 35 1.5-1.9
Carbohydrate (g) 7.0 4.9 7.0-8.6
Casein:whey ratio 40:60 63:37 40:60-63:37
Fat (g) 42 3.6 26-38
Sodium (mmol) 0.65 23 0.65-1.1
Calcium (mmol) 0.88 3.0 0.88-2.1
Phosphorus (mmol)  0.48 3.2 0.9-1.8
Iron (pmol) 1.36 0.9 8-12.5
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ses. Similarly infants fed on artificial milk will
generally take about 60 ml/kg of milk on the 1st
day and thereafter increase the total volume by
30 ml/kg each day until up to 150 ml/kg. A fully
constituted artificial feed provides 65-70 kcal/
100 ml (270-290 k]/lOO ml).

Although there is no need to keep rigidly to a
strict time schedule for bottle feeding, and a certain
amount of flexibility is appropriate for most
babies, the same frequency of feeds is not required
% in the early days when lactation is being estab-
lished. Babies tend to settle down to a 3 or 4 hourly
rhythm, and some flexibility enables each infant to
show his or her own preference.

Advantages of artificial feeding

Artificial feeding is popular as it allows mothers
more freedom as their presence is not required to
feed the baby. This is particularly useful when

mothers return to work when their babies are still

young. Fathers and other family members can
participate with feeding. In addition the volume of
milk taken can be readily seen. Babies can also be
fed easily in public places.

Disadvantages of artificial feeding

Modern artificial formulae are highly modified
preparations of cow’s milk trying to mimic breast-
milk (see Table 6.4). As new information becomes
available they will have to be modified to provide
essential nutrients or remove potentially harmful
ones. Breast milk does not suffer from any of these
problems as it is designed for human babies. In
developing countries because of the increased risk
from infections in infancy it has been estimated
that one-third of all deaths in young children can
be attributed to the absence of breastfeeding.
Breastfeeding is therefore a key part of the World
Health Organization strategy to improve the sur-
vival of infants worldwide.
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ABNORMAL PUERPERIUM

PUERPERAL PYREXIA

The causes of pyrexia following delivery are:

genital tract infection
urinary tract infection
breast infection
thrombophlebitis

wound infection
respiratory tract infection
intercurrent febrile illness.

GENITAL TRACT INFECTION

Childbed fever was the scourge of the first lying-in
hospitals; the mortality from it became so great
that a woman was held to be fortunate if she
survived her stay in hospital. It was not realized
until the middle of the nineteenth century that the
cause of epidemic puerperal infection was lack of
cleanliness on the part of the attendants, who
carried the infection from one woman to another.
Louis Pasteur discovered that surgical infection
was caused by micro-organisms. Following this
antiseptics (and later asepsis) were introduced into
obstetric practice and quickly diminished the risks
of infection. However, infection still remained the
most important cause of maternal mortality. In
1935 the sulphonamide group of drugs produced
dramatic results in the treatment of the most lethal
type of infection — that due to the haemolytic
streptococcus. Penicillin and other antibiotic drugs

have further reduced the dangers of infection, and
the great majority of cases occurring today are of
the mild, localized type.

Infection now accounts for less than 5 per cent
of all direct deaths in the UK but up to a third of
deaths in the world. Although the incidence and
severity of birth canal infection has fallen dramat-
ically in recent years in the UK, there is danger in
complacency. New strains of organisms, resistant
to the commonly used antibiotic drugs, appear
from time to time and cause outbreaks of serious
infection. It is only by strict attention to asepsis
and the maintenance of a high standard of obstetric
practice that they can be controlled.

Actiology

When the placenta separates from the uterine wall
it leaves a raw area on the uterine wall. Further
down the birth canal other wounds may also
follow: the cervix, the fourchette and sometimes
the perineum. These wounds may become infec-
ted, and the symptoms and physical signs resulting
in genital sepsis.

Bacteriology

Organisms which may cause infection of the birth
canal during labour include:
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Endogenous
coliform organisms
enterococci (Streptococcus faecalis)
anaerobic streptococci
onococci Chlamydia
?ess commonly, streptococci groups
B,C,Dand G
other anaerobic bacteria (Bacteroides spp)
Clostridium perfringens
Exogenous
haemolytic streptococcus, group A
Smpbyfgcocms aureus

Endogenous organisms

The endogenous organisms are present in the
patient’s body before the onset of labour, often in
the lower intestinal tract, on the perineum and in
the vagina. Up to a quarter of women harbour one
of these organisms in the vagina, but they seldom
cause more than transient and localized infection.

In exceptional cases a localized infection due to
anaerobic streptococci may spread into the pelvic
veins and cause lung abscesses from septic emboli,
or cause thrombosis of the femoral vein.

A clostridial infection may cause collapse, jaun-
dice and haemoglobinuria. These rare infections
may be rapidly fatal. They occur when there has
been much bruising and tissue damage or when
there is retention of a macerated fetus.

Exogenous organisms

The exogenous organisms come from other infec-
ted women or from attendants who either have an
infection or are carriers of infection. The organ-
isms may pass to the birth canal of a woman in
labour on the hands of birth attendants, by droplet
infection or, in the case of the haemolytic strepto-
coccus, group A, from infected dust.

Women and attendants suffering from colds and
sore throats are liable to harbour haemolytic strep-
tococci or staphylococci in their noses and throats,
and a small proportion of healthy individuals are
also found to be carrying these organisms. In both
types of carrier the organisms can Ee cultured from
the hands.

B-Haemolytic streptococci can be responsible
for serious maternal infections; it caused severe
epidemics in the past. Mild localized infections
occur with group B organisms and uncommonly
with other groups. Some commensal organisms

which cause little harm to the mother are easily
transmitted to the newborn infant such as haemo-
lytic streptococci of group B. The virtual elimina-
tion of the haemolytic streptococcus as the cause
of serious infection is the result of both a diminu-
tion in its virulence and its sensitivity to penicillin.
The main danger is now from Staphylococcus anr-
eus, which may be penicillin-resistant.

There may be carriers of resistant strains of
staphylococci among hospital staff, in dust and in
the bedding. Staphylococci may colonize the
umbilical stump of the newborn child and the
organisms may be spread from this site to other
infgants in the nursery.

Pathology

After the organisms have entered the tissues sub-
sequent events depend on:

the virulence of the organisms

® the resistance of the patient

e the amount of trauma and resultant dead tis-
sue

* the speed with which effective antibiotic treat-
ment is begun

* the effective blood supply to the infected area
allowing antibiotics to get to the tissues.

Three degrees of severity of infection may be
seen:

Mild infection

The infection remains localized to perineal, vaginal
or cervical lacerations, to the birth canal or at the
placental site.

Moderate infection

Spread of infection occurs from the vagina or
cervix into the pelvic cellular tissue and may cause
pelvic cellulitis. Infection may also spread from the
uterine cavity to involve the Fallopian tubes and
pelvic peritoneum, giving rise to acute salpingitis
and pelvic peritonitis.

Severe infection

When the organisms are particularly virulent, as in
the case of the haemolytic streptococcus group A,
the infection may involve the general peritoneal
cavity to cause peritonitis, or into the bloodstream



to produce septicaemia. The pleura, pericardium or
joints may also be infected. When there is an
overwhelming infection the woman rapidly
becomes acutely ill from the effect of toxins pro-
duced by the organisms, although the local inflam-
matory response at the site of entry of the
organisms in the birth canal may be minimal, and a
perineal laceration, for example, may look quite
clean.

Symptoms and signs

The earliest sign of puerperal infection is fever.
There may be a slight and transitory rise of
temperature associated with the activity of labour
and again on the third postpartum day when the
milk secretion really starts causing breast engorge-
ment. Thereafter the puerperium should be apyr-
exial.

The fever may appear within 24 hours of deliv-
ery, and only exceptionally does it appear later.
The rise of temperature may be abrupt and is
occasionally accompanied by a rigor, or 1t may be
step-like, taking several days to reach its max-
imum. The pulse rate is raised and the woman feels
hot, with headache and backache. Spread to the
pelvic peritoneum is shown by lower abdominal
pain and tenderness on examination of the uterus
and adnexa. Pelvic cellulitis causes persistent pyr-
exia and a mass to one or both sides of the vagina
and uterus which may take several weeks to
resolve.

Women with general peritonitis are severely ill
with a rapid, thready pulse; abdominal pain and
distension; vomiting and diarrhoea. There is gener-
alized abdominal tenderness and there are dimin-
ished bowel sounds. The fever is usually persist-
ently high, but in the very worst cases, and termi-
nally, it may be slight.

In septicaemia rigors are common with con-
tinuous high fever. The women are very ill and
there may be no localizing signs.

Diagnosis

Pyrexia following labour or miscarriage and per-
sisting for more than 24 hours must always be
assumed to be due to infection of the birth canal
until this has been excluded. In each case a general
clinical examination should be made. Involution of
the uterus may be delayed and it is often tender on
abdominal examination. There may be offensive
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lochia. The perineum should be examined to see if

lacerations or an episiotomy are infected. If
infected they will not be healing normally and
there will be swelling with surrounding redness
and a purulent exugate. A high vaginal swab
should be taken and a midstream specimen of urine
collected for examination and culture.

Judgement is required in interpreting the bacter-
iological findings because organisms such as coli-
forms and non-haemolytic streptococci are
commonly found in the vagina in the absence of
clinical infection, but a profuse growth of strepto-
cocci must be investigated and the organisms must
be typed. When coliforms and anaerobic strepto-
cocci are found the lochia is often purulent and
foul-smelling, but virulent haemolytic streptococ-
cus group A infections may spread to the general
peritoneal cavity or cause septicaemia Wlt%l rela-
tively few local abnormal physical signs, and with
lochia which is not offensive. If the severity of the
illness or the type of fever leads to suspicion of
septicaemia, blood is taken for culture, preferably
when the temperature is at its highest or during a
rigor. Several blood cultures are sometimes needed
to establish a diagnosis.

In salpingitis the Fallopian tubes and ovaries are
swollen and inflamed with adherent omentum and
bowel, but the tenderness of these structures in the
rectovaginal pouch makes them difficult to dis-
tinguish on bimanual examination. In most cases of
pelvic cellulitis a vaginal examination will show
induration of the parametrium extending to the
lateral pelvic side wall. If it is unilateral it may push
the uterus to the other side of the pelvis. With
extensive cellulitis the whole pelvis feels solid, and
the induration may even be palpable in the lower
abdomen.

Prevention

During labour vaginal examinations should only
be done with sterile gloves and adequate aseptic
precautions; trauma at delivery should be reduced
to a minimum.

Exogenous infection

The risk of exogenous infection is diminished by
the usual aseptic technique with instruments and
towels, and the use of sterile gloves and gown.
Masks are not being worn in every labour room
now. The major source of genital tract infection is
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flora from the woman’s own skin. This is best
CO{)Ed with by careful perineal cleaning before
delivery. The next most common source is the skin
of the attendants; pre-delivery hand washing and
glove wearing prevent this. Naso-oral transmission
i1s now an uncommon source and so the use of
masks has been stopped in many centres. This
renders the process of childbirth more human.

Infected women must be isolated. Any member
of the medical or nursing staff with any infection
such as sore throat, boil or paronychia 1s excluded
from the labour rooms. If there is more than a
sporadic case of puerperal infection bacterial swabs
are taken from everyone working in the unit so
that the source of infection can be traced.

Endogenous infection

The prevention of endogenous infection is far
more difficult. It is impossible to sterilize either the
vagina or vulva completely. In normal circum-
stances the vagina does not contain organisms of
high virulence, but the vulva and perianal region
are covered with intestinal organisms such as E.
coli and §. faecalis. These organisms are potentially
pathogenic and it is impossible to pass anything,
even a sterilized instrument, into the vagina with-
out also conveying organisms from the introitus.
To minimize this risk the vulva and perianal region
are swabbed with an efficient antiseptic such as
chlorhexidine before making a vaginal examina-
tion. When any vaginal procedure is necessary
during labour the same technique should be
employed as in an operating theatre; after swab-
bing the vulva with antiseptic the surrounding
skin, especially the perianal region, is covered with
sterile towels.

Although the indiscriminate use of antibiotics
for prophylaxis is to be condemned because it
encourages the production of resistant organisms,
such treatment may be considered after premature
rupture of the membranes or amniotomy if labour
has not started within 24 hours. Antibiotics may
also be given in a case of long labour, especially 1f
this is terminated by caesarean section. The antibi-
otic chosen should be safe for mother and fetus;
ampicillin, or a cephalosporin such as cephalexin,
are often used.

Treatment

If the woman is not already in hospital she must be

transferred there, so that all facilities for nursing,
diagnosis and treatment are available. She must be
made comfortable by good nursing, with analge-
sics if she is in pain and sedatives to ensure rest.
The fluid intake must be adequate. Haemoglobin
estimations should be done every 2 or 3 days
because anaemia is often associated with severe
sepsis, and transfusions of fresh blood may be
required. Antibiotic treatment will be chosen
according to the infecting organism and its sensi-
tivities. If the woman is not very 1ill treatment can
wait for the results of the bacteriological report,
but in many cases treatment is started immediately
with co-trimoxazole (Septrin) or with a broad-
spectrum antibiotic such as ampicillin or cephalex-
in and is subsequently modified if necessary.

If there is an infected perineal wound the
stitches should be removed.

Operative treatment has little place and is usual-
ly confined to exploration of the uterine cavity to
remove retained pieces of placenta. It is sometimes
necessary to drain a pelvic abscess by an incision in
either the posterior vaginal fornix or rectum. Pelvic
cellulitis may sometimes result in an abscess which
points above the outer end of the inguinal ligament
and needs drainage there.

URINARY TRACT INFECTION

Infection of the urinary tract is the commonest
cause of puerperal pyrexia, and is generally caused
by Escherichia coli. The infection 1s almost always
introduced by catheterization, which is frequently
necessary during labour and sometimes in the
puerperium. Alternatively, the bruising of the tis-
sues during delivery may be sufficient to give rise
to recurrence of a pre-existing chronic and symp-
tomless infection.

Diagnosis

This is made by examination of a midstream
specimen of urine. Part of the specimen is sent to
the laboratory for bacterial culture and sensitivity
tests, but immediate examination of a drop of urine
under the microscope will often settle the diag-
nosis; a large number of pus cells in the field makes
the diagnosis of a urinary infection most likely. A
bacterial colony count of more than 100000
organisms/ml signifies infection. Symptoms such
as dysuria and frequency are often equivocal, since
they may occur after delivery when there is no



infection, and may be absent in the presence of
infection.

Treatment

When there is a history of recent urinary infection
a prophylactic course of ampicillin or co-
trimoxazole may be given during labour and the
first 4 days of the puerperium.

In the established case the fluid intake must be at
least 3 litres in the 24 hours. A full course of
ampicillin or co-trimoxazole is given.

BREAST INFECTION

Acute mastitis or a breast abscess may cause
puerperal pyrexia.

THROMBOPHLEBITIS

The most common time for pyrexia from this
cause is from the 4th to the 10th day after delivery.
The fever i.s slight except in cases of extensive
iliofemoral thrombosis and those cases caused by
pelvic infection.

The actiology and pathology of thrombophlebi-
tis during pregnancy and the puerperium are
described later in the chapter. Apart from the usual
case of deep venous thrombosis, which starts in the
veins of the calf and which is caused by stasis
rather than bacterial infection, it is possible that in
some cases of puerperal sepsis the initial thrombo-
sis is in the deep veins of the pelvis. Anaerobic
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streptococci may occasionally invade pelvic veins,
proliferate in blood clot, and then give rise to
septic emboli which pass to the lungs or other sites
with episodes of high fever.

WOUND INFECTION

About 1 in 10 caesarean section wounds becomes
infected and many obstetricians now recommend
prophylactic antibiotics be given at all caesarian
sections. If a wound does become infected the
signs of infection are local redness, tenderness and,
on occasions, the discharge of sero-sanguineous or
purulent fluid. Swabs should be taken and appro-
priate antibiotic therapy instituted. Infected
wounds sometimes break down and major wound
dehiscence (burst abdomen) may occur partic-
ularly with vertical subumbilical incisions; a burst
abdomen is exceptionally rare with transverse
suprapubic (Pfannenstiel) incisions.

RESPIRATORY TRACT INFECTION

When an anaesthetic has been given during labour,
postanaesthetic chest complications such as basal
collapse or bronchopneumonia may occur.

INTERCURRENT FEBRILE ILLNESS

Tonsillitis, influenza, or any of the acute specific
fevers may occur in the puerperium, as well as
surgical conditions such as appendicitis. A general
clinical examination should always be made to
exclude these.

BREAST DISORDERS IN THE PUERPERIUM

ENGORGEMENT

On the 2nd or 3rd day after delivery the breasts
become engorged and secretion of milk begins. If
the baby does not empty them sufficiently they
rapidly become overdistended. The breasts are
enlarged and covered with distended veins; the
skin over them may be slightly congested. They are
very tender and feel hard and knotty. Nodules of
enlarged breast tissue may be palpable in the axilla.
The pain may prevent the woman from sleeping.

Treatment

In the early stages of engorgement the baby may
be able to take enough milk to relieve the conges-
tion, but once the condition is fully established the
congestion and pressure on the ducts prevent the
flow of milk and the infant cannot empty the
breasts. A little milk should be manually expressed
before putting the baby to the breast as this will
help to promote an easy flow of milk. Sometimes
the mother cannot tolerate this, and an electric
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breast pump, which produces rhythmical negative
pressure in a soft rubber breast cup, may give
relief. Analgesics may be required and the breasts
should be effectively supported. Occasionally,
breast engorgement can be relieved by one or two
doses of bromocriptine 2.5 mg. Used in this way,
there is no risk of suppressing lactation.

CRACKED NIPPLES

The nipple may become sore and painful from two
conditions. One is the loss of the epithelium
covering a considerable area of the nipple, with
formation of a raw area which is very tender. The
other is a small deep fissure situated at either the
tip or the base of the nipple, which is also very
painful. The two conditions may exist simultane-
ously, and are referred to as cracked nipples.

After delivery a flat nipple, or one that is not
kept aseptic and dry, tends to become sore. If there
is not sufficient milk in the breast a hungry baby
will suck too vigorously and its gums cause abra-
sions of the epithelium. Another cause is leaving
the baby too long at the breast, but with demand
feeding this does not occur so often. The nipples
may also become sore if the mother does not
depress the breast away from the baby’s nostrils
when it is suckled, because if the baby cannot
breathe through its nose it has to let go of the
nipple repeatedly and then take it up again. Thrush
(moniliasis) is another occasional cause of soreness
of the nipple.

Cracked nipples cause tenderness and pain dur-
ing suckling. There is also a risk of a breast abscess
forming, as the ducts are not emptied because pain
and engorgement is unrelieved, and perhaps
because the raw area allows access for infecting
organisms.

The baby may draw blood from a fissure into its
stomach with the milk. If the blood is regurgitated
it may give rise to a false diagnosis of gastric
haemorrhage.

Treatment

A cracked nipple will heal spontaneously if the
trauma that produced it ceases. The first essential
of treatment is therefore rest, and the baby must
not be put to the breast on that side until the crack
has healed. While the crack is healing the breast is
emptied by manual expression or by an electric
breast pump. When breastfeeding is recommenced

the baby should only be put to the breast for a few
minutes at first, otherwise the nipple will crack
again. If the lesion is recognized at an early stage it
may heal within 48 hours, but once the crack has
become extensive or indurated healing will be far
more difficult, and in many cases breastfeeding
cannot be re-established.

Various local applications have been recom-
mended. It is important that any such application
does not stick and drag away any newly formed
epithelium when it is removed, and it must not be
harmful to the baby or need to be cleaned off
before a feed. Flavine in liquid paraffin is one of
the most suitable and harmless antiseptics, which
will not adhere.

ACUTE PUERPERAL MASTITIS

The infecting organism is almost always Staphylo-
coccus anrens. All that has been said about the
prevalence and problems of infection with this
organism in puerperal sepsis applies equally to
breast infections. In addition the baby is a frequent
source of infection to its mother’s breasts. It has
long been known that breast infections are liable to
occur in association with skin infections of the
baby, and that such infections spread rapidly in a
nursery unless isolation and careful aseptic tech-
niques are practised. The umbilical cord 1s a com-
mon site of infection, and must be inspected daily.

Bacteriological investigations carried out in epi-
demics of breast infections with S. aureus have
shown that if one baby in a nursery has the
organism in its nose or mouth almost all the other
babies can become similarly affected within 2 or 3
days. These infected babies, who may be thriving
and not ill, are a dangerous source of infection to
their mothers.

Acute mastitis may arise at any time in the
puerperium. The onset is rapid, with pain in the
breast and fever which may rise as high as 40.5°C
within a few hours. In both types the clinical
picture is the same, the infection being limited at
first to one lobe. A wedge-shaped area of cuta-
neous hyperaemia is seen, and the affected lobe is
tense and tender; there may be general malaise.
Unless early treatment is successful the condition
will progress to a breast abscess.

Treatment

Prophylaxis consists of scrupulous attention to



aseptic technique. Any mother or baby with an
infection must be isolated. Ideally mother and
baby should always be kept together and the
mother should, as far as possible, attend to her
baby’s needs herself, thus reducing to a minimum
the risk of cross-infection from handling by other
persons.

As soon as mastitis occurs breastfeeding on the
affected side is suspended and the breast is emptied
by gentle expression or with an electric breast
pump. It is ﬁemly supported over a large pad of
cotton wool. A sample of milk is sent to the
laboratory for culture and sensitivity tests; it is
almost always possible to grow the infecting
organism from the milk. If antibiotic treatment is
going to prevent an abscess forming it must be
started at once. Most of the infecting organisms in
hospital are likely to be penicillin-resistant, but the
prevalent strain may be known so that an appro-
priate antibiotic can be given. If the likely strain is
not known treatment with flucloxacillin (Flox-
apen) 250 mg orally 6-hourly may be given unul
laboratory reports are available.

BREAST ABSCESS

A breast abscess follows acute mastitis. A segment
of the breast becomes painful and tender, with
oedema and usually redness of the overlying skin.
The temperature is raised and the axillary glands
become tender and enlarged. The abscess may
form near the surface or in the substance of the
breast. If it is neglected a deep abscess may burrow
in several directions and lead to almost total dis-
organization of the breast.

Treatment

Breastfeeding and proper treatment of the abscess
are incompatible. The baby must be taken from the
breast and alternative feeding must be arranged.
Lactation is suppressed with bromocriptine 2.5 mg
twice daily for 14 days. As soon as an abscess
forms it sﬁould be drained under general anaes-
thesia. It is wrong to wait for fluctuation; brawny
oedema of the skin is sufficient for diagnosis.

The incision can radiate from the nipple to avoid
cutting the ducts. This is usually done in the lower
two quadrants but a circum-areola approach leaves
a better aesthetic result in the upper two quadrants.
The ducts penetrate deeply under the nipple and it
is unlikely that any incision will damage them or
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affect breastfeeding in the future. Since these abs-
cesses have loculi running in different directions,
and not infrequently have superficial and deep
portions connected by a narrow tract, the incision
should be adequate and a finger inserted into the
abscess to break down any septa or loculi. A
drainage tube is inserted, and with large abscesses
it is sometimes necessary to make a counter-
incision to obtain dependent drainage. Antibiotic
treatment is given.

INHIBITION OF LACTATION

Although oestrogens will inhibit lactation they are
no longer used because of the risk of venous
thrombosis. Bromocriptine 2.5 mg twice daily for
14 days effectively inhibits lactation, but it is
expensive, has many side effects and there may be
rcgound lactation after the drug is discontinued. In
most cases all that is required is to support the
breasts firmly night and day and to await the
cessation of activity. Limitation of fluid intake, but
not to a degree which causes thirst, may help and it
may be necessary to prescribe some analgesic
agents.

If lactation is already established weaning is
achieved by omitting successive feeds, and only if
there is an urgent need to suppress lactation, as in a
case of breast abscess, should bromocriptine be
used.

GALACTOCOELE

A galactocoele is a retention cyst of one of the
larger mammary ducts. Its content is chiefly milk.
A local fluctuating swelling is felt, and the skin
over it may be reddened, but there is not severe
pain and no constitutional disturbance. A galacto-
coele that is small and deeply situated may be
mistaken for a carcinoma in the breast. The cyst
should be excised or aspirated with cytological
examination of the fluid obtained.

CARCINOMA OF THE LACTATING
BREAST

When carcinoma occurs in the lactating breast it
develops with great rapidity and spreads widely.
The affected breast is larger than the other, the
nipple is flattened or retracted and may be fixed,
and the skin over the tumour is oedematous — pean
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d’orange. There may be redness if the growth is
close to the surface.

Immediate recognition is of the utmost impor-
tance. The rapidity with which the enlargement
appears and the reddening of the skin suggest

mastitis, but the lack of pain and the fact that the
tumour is scarcely tender to palpation should give
a clue to the correct diagnosis. This must be
confirmed by biopsy, and the treatment will then
often be by irradiation. Results are poor.

During pregnancy there are profound physio-
logical changes in the blood and dramatic changes
in the coagulation factors and haemostatic mecha-
nisms; these protect the pregnant woman from
haemorrhage, particularly at delivery, and they tip
the balance of haemostasis towards clotting. How-
ever, along with the beneficial effects are a number
of unwanted effects; deep vein thrombosis and
pulmonary embolism are found more commonly
in women who are pregnant than in non-pregnant
women. Haemorrhage remains a risk and, together
with thromboembolic disease, deep vein thrombo-
sis and pulmonary embolism, is a significant cause
of the rare event of maternal death.

Some of the nomenclature of coagulation is
confusing, especially as there are so many oppos-
ing reactions with a myriad of factors, stimulators
and inhibitors. In order to understand these coagu-
lation and related mechanisms a brief account of
how haemostasis is achieved outside pregnancy is
given. This is followed by a description of the
changes that occur in pregnancy and the coagula-
tion disorders specific to pregnancy.

HAEMOSTASIS

Haemostasis is dependent on the following fac-
tors:

the platelet-vessel wall interaction
the coagulation system

the anticoagulation system

the fibrinolytic system.

These factors interact in a fine and balanced way.
They form an intricate interlacing system that
interdigitates between the coagulation, fibrino-
lytic, kinin and complement cascades. If the bal-
ance is upset, haemorrhage or thrombosis may
result.

THE PLATELET-VESSEL WALL
INTERACTION

Platelets can initiate thrombosis and can also pro-
vide a surface on which the interaction of coagula-
tion factors may take place, by providing the
necessary phospholipid.

When the vessel wall is damaged vasoconstric-
tion occurs and any endothelial defect is bridged
by the adhesion of platelets to the underlying
collagen fibres. Platelets aggregate and, together
with fibrin, form a haemostatic plug.

The platelets which adhere to collagen undergo a
change in shape and release the contents of their
dense body cytoplasmic granules. These contain
adenosine diphosphate (ADP), adenosine triphos-
phate (ATP) and serotonin, which promote further
aggregation.

Phospholipid in the platelet membrane is
hydrolysed to arachidonic acid. This is converted
to a labile cyclic endoperoxide called thromboxane
A, with a half-life of only 30 seconds. It is a potent
rclcaser of the dense granules and hence is a
powerful platelet aggregator; it is also a vasocon-
strictor.

Phospholipid in the endothelium is also hydrol-
ysed but a different labile endoperoxide is pro-
duced - prostacyclin. This is a powerful inhibitor
of platelet adhesion and aggregation and is a
vasodilator.

The balance between thromboxane and prosta-
cyclin determines whether there is local adhesion
of platelets to endothelium or not. In addition, the
platelets have a negative surface charge, as does the
endothelium, and the resultant electrostatic repul-
sion also contributes to the antithrombogenic
properties of normal blood vessels.

Platelets and the coagulation cascade are inter-
related. Platelet aggregation releases platelet factor
3, which in turn stimulates both the intrinsic and
extrinsic coagulation pathways. Platelet factor 3



also promotes irreversible platelet aggregation and
clot retraction, which reduces vessel occlusion by
means of the contractile platelet protein, throm-
basthenin.

PLATELET AND VESSEL WALL
INTERACTION

Platelet function and the interaction with the vessel
wall are measured by the bleeding time. There are a
number of commercially available disposable devi-
ces which produce a cut in the skin of standard
depth and length. Venostasis is maintained at a
pressure of 40 mmHg by applying a sphygmoman-
ometer above the elbow while cuts are made in the
volar surface of the forearm. The cuts are carefully
blotted with filter paper every 15 seconds and the
length of time the cut bleeds 1s measured. This is a
reflection of platelet numbers, platelet adhesion to
the subendothelium and platelet aggregation. The
normal bleeding time is less than 10 minutes.

Platelet aggregation is assessed in an aggreg-
ometer. Change in the transmission of light
through a suspension of platelets is measured in
response to various aggregating agents such as
ADP, adrenaline, ristocetin and collagen. As the
platelets aggregate the light transmission increases.

Platelet turnover is usually assessed by radio-
isotope labelling techniques but this is not applica-
ble in obstetric practice. An estimate of turnover
can be made from platelet size; young platelets are
larger. Platelet size can be measured automatically
on some sophisticated cell counters but can also be
assessed on a well-spread blood film. The mega-
karyocytes on a bone marrow aspirate may be
increased if there is increased turnover.

THE COAGULATION SYSTEM

All the coagulation factors are normally present in
the blood in an inert form. When there is a break in
vascular integrity they are activated in the vicinity
of the break. Fine control mechanisms ensure that
the activation is contained within the immediate
area of the wound and that the circulating blood
remains fluid.

There are two pathways leading to the activation
of the final common pathway. These comprise the
intrinsic pathway, involving factors found in the
blood and the extrinsic pathway, involving factors
found in damaged tissue. They both lead to the
activation of factor X. These two pathways inter-
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act with each other and to separate them is artificial
but for simplicity they can be described separately
(see Fig. 7.1).

Intrinsic system

The intrinsic system begins with contact activa-
tion. Factor XII, prekallikrein and factor XI are
activated with the participation of the cofactor,
high molecular weight kininogen. It is of interest
that the contact factors are also components of the
fibrinolytic and kinin systems, illustrating the close
interrelationships between these various physio-
logical systems.

The activated contact factors are specific pro-
teases and they lead to the activation of factors IX,
VIII and then X. The activation of factor X prob-
ably involves the formation of a complex at the cell
surface comprising activated IX, VIII, Ca’* and
phospholipid.

Extrinsic system

The extrinsic system bypasses the contact phase.
Direct activation of factor X is achieved by a
complex formed from tissue factor, phospholipid
from the cell surface, Ca*" and factor VIIL.

The activated factor X formed by either path-
way then forms another complex, the so-called
prothrombinase complex which consists of factor
X, Ca*" and factor V. This results in activation of
prothrombin to thrombin, which in turn converts
soluble fibrinogen to insoluble fibrin, the skeleton
of a firm clot. The fibrin clot is then further
strengthened by the cross-linking effect of factor
XIII (see Fig. 7.1).

The coagulation cascade

This is an amplification system. The concentration
of factor XII in the plasma is 20 mg/l and activa-
tion of that tiny amount of contact factor can
result in the conversion of fibrinogen with a
concentration of 2 to 4 g/l to fibrin.

Coagulation tests

The platelet count

This is measured electronically by modern auto-
matic cell counters. The natural tendency of plate-
lets to aggregate may produce falsely low counts.
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Fig. 7.1 The mechanism of clot formation

The interaction between the platelet and the vessel
wall is best measured by the bleeding time.

The intrinsic coagulation pathway

This is measured by the activated partial thrombo-
plastin time (APTT). Unfortunately the terminol-
ogy is confusing and the test is also known as the
partial thromboplastin time with kaolin (PTTK)
and the kaolin cephalin clotting time (KCCT). The
normal range of the APTT is 35 to 43 seconds. It is
prolonged by deficiencies in factors XII, X1, X, IX,
VIIL, V or prothrombin and also by the presence of
coagulation inhibitors such as the lupus anticoagu-
lant. It can detect haemophilia A and B and some
cases of von Willebrand’s disease.

The intrinsic coagulation pathway is also affec-
ted by the presence of heparin and may be used to
monitor heparin therapy. However, it may be
more reliable to use the protamine sulphate neu-
tralization test to measure therapeutic levels of
heparin and the inhibition of activated factor X to
measure the very small levels used in low dose
heparin prophylaxis.

The extrinsic coagulation pathway

This is reflected by measurement of the pro-
thrombin time. The title of the test is a misnomer
because apart from measuring prothrombin it also
measures factors V, VII and X. The normal pro-
thrombin time is 10 to 14 seconds. The pathway



may be prolonged in liver disease and by treatment
with the coumarin anticoagulants such as warfarin.
The results of the test are often expressed as a ratio
with an international standard — the International
Normalized Ratio (INR).

The thrombin time

This measures the end of the coagulation cascade
with the conversion of fibrinogen to fibrin. Both
the length of the test and the appearance of the clot
give important information. The normal range for
the thrombin time is determined in each individual
laboratory, but is usually about 10 seconds.
Abnormalities may be due to a reduction in fibrin-
ogen but also to the presence of interfering sub-
stances. For example, the test is very sensitive to
the presence of heparin and to the products of
fibrin and fibrinogen degradation (FDP). The
fibrinogen level may also be measured directly.

THE ANTICOAGULATION SYSTEM

A variety of mechanisms exist to restrict activation
of the coagulation factors to the site of vessel
damage and prevent further spread. The activation
of thrombin occurs most readily where the platelet
phospholipids are available, i.e. where aggregation
1s occurring. There are also a number of naturally
occurring  anticoagulants.  Antithrombin  III
(ATIII) not only inactivates thrombin but also the
activated factors IX, X, V and VIIL It is also the
cofactor for heparin. Protein C is another naturally
occurring anticoagulant. It inactivates activated
factors V and VIII and promotes fibrinolysis.
Protein S is a cofactor for protein C.

Families with deficiencies in these factors may
have a hypercoagulable state with a particular
predisposition to venous thrombosis. It is inter-
esting to note that, like factors II, VII, IX and X,
proteins C and S are dependent on vitamin K for
the last stage of their synthesis. They are thus
similarly re«fuced by coumarin anticoagulant ther-
apy and there is the possibility of increasing the
hypercoagulable state in susceptible individuals in
the early stages of anticoagulation. Skin necrosis
has been described in protein C deficiency treated
with warfarin due to the development of throm-
boses in the small vessels of the skin.
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Fig. 7.2 The mechanism of fibrinolysis

FIBRINOLYSIS

During fibrinolysis fibrin clots are digested, ren-
dered soluble and vessel patency is restored. A
summary of fibrinolysis is given in Fig. 7.2.

Plasmin is the effector enzyme of the fibrino-
lytic system but it has wide substrate specificity.
There are, therefore, inhibitors to the actvation of
the precursor (plasminogen) and to plasmin itself,
e.g. a,-antiplasmin.

At the time of clot formation plasminogen
becomes bound to fibrin where it is relatively
protected from its inhibitors. Plasminogen activa-
tors diffuse from the tissues into the clot and
activate plasmin, which digests fibrin to form
fibrin degradation products. The uterus is partic-
ularly rich in such activators. When there is sys-
temic overactivity of the fibrinolytic system a
bleeding state may be produced. The products of
fibrinolysis may themselves act as anticoagulants,
interfering with the polymerization of fibrin and
prolonging the thrombin time.

Various fibrinolytic activators are used thera-
peutically to lyse clots. The best known are strep-
tokinase and urokinase. However there are some
newer preparations which are expensive and
not fully assessed but which may come to have
wider applications. These include single chain
urokinase, and acylated plasminogen activator
(APSAC). Recombinant tissue plasminogen activa-
tor Rt-PA and streptokinase have been used exten-
sively in the treatment of acute myocardial
infarction.
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COAGULATION AND FIBRINOLYTIC
SYSTEMS IN PREGNANCY AND
LABOUR

In pregnancy the balance of haemostasis swings
towards a hypercoagulable state with increases in
the coagulation factors, particularly fibrinogen,
factor VIII and von Willebrand factor antigen.
Allowing for the changes in plasma volume the
amount of circulating fibrinogen virtually doubles
by the end of pregnancy. By contrast, the fibrino-
lytic system 1s suppressed, with an increase in
tissue plasminogen activator inhibitor. The source
of the reduced fibrinolytic potential is thought to
be the placenta because immediately after delivery
of the placenta the fibrinolytic system returns to
normal. The overall effect is to protect the mother
from haemorrhage during labour and delivery.
However, the reverse side of the coin is that there
appears to be an increased susceptibility to throm-
boembolic disease and to disseminated intravas-
cular coagulation. Apart from protein S levels,
which fall in pregnancy, levels of the natural
anticoagulation factors, protein C and ATIII,
remain approximately the same.

The number of platelets in a normal pregnancy
probably does not change, although there may be a
slight decrease in platelet lifespan in the last trimes-
ter. However, in pre-eclampsia there is certainly an
increase in platelet turnover.

Despite the dramatic changes in the coagulation
and fibrinolytic factors, probably the most impor-
tant factor in preventing torrential bleeding at the
time of placental separation is effective myometrial
contraction. This rapidly cuts down the flow of
blood to the placental site. It is facilitated by
changes that occur in the structure of the spiral
arteries towards the end of pregnancy. Without
effective myometrial contraction all the coagula-
tion changes that take place in pregnancy would be
to no avail.

The placenta is rich in tissue factor. This acti-
vates the extrinsic coagulation cascade and results
in the deposition of up to 10 per cent of the total
body fibrinogen on the placental bed when the
placenta has separated. At the time of delivery of
the placenta the tests of coagulation and fibrinol-
ysis show activation. Levels of fibrinogen and
plasminogen fall and platelet turnover increases.
After a short early puerperal increase the levels
return to normal by the 4th postpartum week.

COAGULATION DISORDERS
SPECIFIC TO PREGNANCY AND
LABOUR

HAEMORRHAGE

Haemorrhage is an important cause of mortality in
obstetric practice. Between 1985 and 1987, there
were 10 maternal deaths due to haemorrhage and a
further 36 deaths in early pregnancy including
ectopic pregnancies and abortions, many of which
were largely due to blood loss. Together this
represents 17 per cent of maternal deaths.

DISSEMINATED INTRAVASCULAR
COAGULATION (DIC)

DIC occurs outside of pregnancy, but a number of
specific obstetric disorders predispose the preg-
nant woman to the development of this serious
bleeding diathesis.

The changes in the coagulation and fibrinolytic
systems in pregnancy result in a tendency towards
hypercoagulability but paradoxically can result in
severe bleeding. Conditions associated with the
systemic activation of both systems result in the
deposition of multiple fibrin—platelet thrombi in
the microcirculation. This results in the consump-
tion of clotting factors and in clinical bleeding;
such activation is known as disseminated intra-
vascular coagulation (DIC).

DIC is always a secondary phenomenon, it is
not a disease entity in its own right. Its treatment
depends upon the alleviation of the underlying
primary condition and replacement of depleted
tactors. Obstetric DIC is usually associated with
intrauterine pathology and when the uterus is
emptied the DIC fades away. It is particularly
associated with placental abruption, retention of a
dead fetus in utero, amniotic fluid embolism, intra-
uterine infection due to septic abortion, eclampsia
or prolonged shock. The release of tissue thrombo-
plastins or vascular endothelial damage by septi-
caemia may result in a chronic compensated DIC
with an increased turnover of platelets and coagu-
lation factors. Alternatively, there may be a rapid
depletion of factors and platelets resulting in cata-
strophic bleeding with oozing from venepuncture
sites, surgical incisions and vaginal blood loss.

In the tull blown DIC syndrome the platelet and
fibrinogen levels fall and all the coagulation screen-
ing tests are prolonged. The blood film shows a
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microangiopathic picture because red blood cells
are fragmented wﬁcn they are squeezed through
intravascular fibrin strands. Fibrin degradation
products (FDPs) are formed and these interfere
with the polymerization of fibrin. The thrombin
time is very sensitive to the presence of FDPs and
is a quick, easy test to use in an emergency to
monitor the progression of DIC. It also assays the
fibrinogen level. It may be useful to monitor the
platelets, although the assay of FDPs can often
wait until after the cross-matching of blood and
the preparation of blood products, which takes
priority. The presence of FDPs cannot be taken as
diagnostic of DIC because they may be raised in
other circumstances such as the normal fibrinolysis
of a large internal bleed.

In women with massive bleeding, as in a failure
of myometrial contraction, the coagulation factors
and platelets may be depleted without there being
DIC because the blood used in replacement does
not contain all the coagulation factors.

Every obstetric unit should have a written code
for the management of major obstetric haemor-
rhage. In obstetric cases with DIC the precipitant
is usually easily recognized. Treatment depends on
removal of the underlying cause, correction of
hypovolaemia and treatment of the haemostatic
disorder.

Treatment of DIC and massive haemorrhage

More than 1 peripheral line may be required to
achieve an adequate transfusion rate to maintain
volume replacement. A central venous line can
monitor volume replacement therapy but its inser-
tion may need to be delayed while the coagulation
defects are corrected. Transfusion of fresh frozen
plasma (FFP) and cryoprecipitate may alleviate
clinical bleeding that is associated with prolonged
coagulation tests. Depending on the size of the
FFP unit, it may take half an hour to thaw, and
volume replacement would be needed during that
time including crystalloids or plasma substitutes. It
was previously the usual practice to replace miss-
ing coagulation factors in a preset formula using a
unit of FFP for every 4 to 6 units of transfused red
cells. However, current guidelines stipulate that
FFP should never be used in this way because it is
a blood component capable of transmitting viral
infections. The use of FFP should be limited to
treating clinical bleeding associated with coagula-
tion factor deficiencies that have been demonstrat-

ed by laboratory coagulation tests. In cases where
the clinical evidence of a hypocoagulable state is
overwhelming, the coagulation tests may be done
retrospectively but they should still be used to
monitor the period of treatment. Both FFP and
cryoprecipitate are good sources of fibrinogen.
FFP contains all the coagulation factors and the
naturally occurring anticoagulants including
antithrombin III. There may be some advantage in
using cryoprecipitate as a concentrated source of
fibrinogen and factor VIIL

When hypovolemia is corrected, delivery can be
expedited although there may be continuing severe
coagulation defects. However, because DIC is a
secondary phenomenon, full coagulation correc-
tion may not be possible until after delivery. In this
situation oxytocics and amniotomy may be used,
but caesarean section may carry the risk of oper-
ative bleeding. Uncrossmatched blood may be
required if haemorrhage is very fast with the first
choice being ABO and RhD compatible blood.
Almost all antenatal women have their blood
groups determined and an antibody screen for
atypical red cell antibody performed. If the woman
is known to have no atypical antibodies, uncross-
matched, group specific blood is very unlikely to
be unsuitable. Crossmatched blood can commonly
be available within 20 min with modern laboratory
techniques.

Heparin and antifibrinolytics are almost never
used in the treatment of DIC. Certainly the use of
heparin should not be contemplated unless the
uterus is empty and the myometrium well con-
tracted.

Placental abruption

The amount of bleeding from the vagina cannot be
used to predict the severity of the haemostatic
defect because the bleed may be occult.

Prolonged retention of a dead fetus

If a dead fetus is retained for more than 5 weeks a
haemostatic defect due to DIC may result. The
defect should be corrected before careful induction
of delivery. Although in the past this may have
been an important cause of DIC, modern obstetric
practice allows for the early recognition of a dead
fetus and the retention of a dead fetus is now a rare
cause of this condition.
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Endotoxic shock

When endotoxic shock follows peripartum uterine
infection the mainstay of treatment is to eliminate
the cause and the underlying infection and to give
supportive treatment for the coagulation defect.

Amniotic fluid embolism

This is a rare but devastating event that may occur
during or just after delivery. The amniotic fluid
gains access to the circulation and results in
extreme shock, obstruction to pulmonary blood
flow, massive depletion of coagulation factors and
exsanguinating vaginal blood loss. Treatment
revolves around cardiopulmonary resuscitation,
supportive transfusion therapy and immediate
delivery.

Pre-eclampsia

In pre-eclampsia there is an increase in platelet
turnover, deposition of fibrin in the microcircula-

ton, increased levels of FDPs and microangio-
pathic haemolysis. This is a chronic DIC state
which increases in severity as the pre-eclampsia
worsens. The differential diagnosis of the throm-
bocytopaenia rests between autoimmune throm-
bocytopaenia, thrombotic thrombocytopaenia and
DIC secondary to pre-eclampsia.

COAGULATION DISORDERS
COINCIDENT WITH PREGNANCY

There are a number of bleeding diatheses which
occur in women and which may complicate preg-
nancy. The inherited disorders of haemophiﬁa A
and B are sex-linked and female carriers may have
suboptimal levels of factors VIII or IX. Von Will-
ebrand’s disease is an autosomal dominant condi-
tion which may be associated with a low factor
VIIL. In all these conditions it may be necessary to
identify affected individuals because they may
require replacement therapy or special obstetric
management and also because they may need
genetic counselling and antenatal diagnosis.

Platelets play an integral part in haemostatis, inter-
relating with the coagulation cascade and the vessel
wall. The commonest abnormality in platelet
pathophysiology is a reduction in numger,
below 150x10°/1 — thrombocytopaenia. This may
be diagnosed incidentally during pregnancy but
adverse effects with bleeding in mother or fetus are
uncommon. The management of mother and fetus
varies with the cause OF thrombocytopaenia.

In normal pregnancy, the platelet count tends to
reduce inside the normal range; this is exaggerated
in women developing pre-eclampsia. Thrombocy-
topaenia may be seen in the HELLP syndrome
(the triad of haemolysis, elevated liver enzymes
and low platelets), which is the extreme end of the

Eectmm of pre-eclampsia, particularly directed at
the liver. Thrombocytopaenia may also occur in
rregnancy as a consequence of severe megalob-
astic anaemia due to folic acid deficiency. It then
co-incides with low white cell counts and a raised
red cell mean cell volume (MCV). Disseminated
intravascular coagulation causes thrombocytopae-

nia by increased consumption of platelets and is
described in another part of this section.

INCIDENTAL THROMBOCYTOPAENIA
OF PREGNANCY

Incidental thrombocytopaenia discovered by
chance on routine screening of well pregnant
women has no adverse effects on mother or infant
and may be the mild end of the spectrum of AITP
(auto-immune thrombocytopaenia). The rate of
neonatal thrombocytopaenia in infants born to
healthy women without a history of AITP or pre-
eclampsia but with incidental thrombocytopaenia
is the same as for normal mothers without throm-
bocytopaenia. These infants may be mildly throm-
bocytopaenic but they are unlikely to have clinical
bleeding. The maternal platelet counts usually
return to normal by 7 days postpartum. Therefore
healthy women with incidentally discovered
thrombocytopaenia and no previous history of
auto-immune thrombocytopaenia before pregnan-
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cy require no treatment and their mode of delivery
should be determined by obstetric indications
only.

AUTO-IMMUNE THROMBOCYTOPAENIA

Autoimmune thrombocytopaenia (AITP) is rela-
tively uncommon in women of childbearing age (1
or 2:10000 pregnancies). The mechanism of
immune destruction of platelets has been shown to
be due to auto-antibodies directed against platelet
surface antigens. This has special relevance in
pregnancy because the placenta has receptors for
the constant fragment (Fc) of the IgG immunoglo-
bulin molecule facilitating its active transport
across the placenta to the fetal circulation. Immu-
noglobulin passage becomes more marked as preg-
nancy progresses and may result in fetal
thrombocytopaenia.

Clinical presentation of AITP

Overt cases may present with skin brulsmg, and
plate]et counts between 30 and 80 X 10°/1. Howev-
er, it is rare to see severe bleeding associated with
very low platelet counts. The correlation between
maternal and neonatal platelet counts is poor.
Rarely, infants have bleetfing complications which
may be serious. The clinical fear is that intracranial
haemorrhage will occur in thrombocytopaenic
infants delivered vaginally. It has been assumed
that delivery by caesarean section is less traumatic
to the fetus than vaginal delivery and while that
premise could be debated, distinguishing incidental
from pathological maternal thrombocytopaenia
will avoid many unnecessary caesarean sections.

Diagnosis of AITP

AITP is a diagnosis of exclusion with peripheral
thrombocytopaenia but normal or even increased
megakaryocytes in the bone marrow and the
absence of other diseases. Its diagnosis requires the
exclusion of SLE, lupus anticoagulant and anti-
cardiolipin antibody as these may co-exist with
thrombocytopaenia.

Many tests have been devised to predict fetal
thrombocytopaenia. However platelet antibody on
the platelet membrane and frr)ee in the plasma,
demonstrated by tests analogous to the direct and
indirect Coomb’s tests on red cells, have been slow
to enter the repertoire of routine haematological

laboratories. This is because they are fraught with
technological difficulties such as the intrinsic reac-
tivity of platelets and the presence of some platelet
associated immunoglobulin in normal individuals.
While some cases of AITP have normal or
increased amounts of immunoglobulin some wom-
en have no demonstrable platelet associated IgG.

The free circulating maternal antiplatelet anti-
body test may also be a good discriminator in
some hands. The absence of free antibody at the
time of delivery is associated with a very I}:)w risk
of neonatal bleeding. However, not all centres have
reliable tests for circulating antiplatelet antibodies.
Currently available serological tests cannot be used
to determine management.

Therapy of AITP

Women who enter pregnancy and are known to
have had AITP may already be on therapy and so
may have normal platelet counts. Rarely, women
will present for the first time in pregnancy. If the
platelet count falls below haemostatic levels (about
50%10%/1) especially as term approaches, treatment
will be necessary although no safe platelet count
has ever been determined. It is sensible to avoid
trauma and the use of anti-platelet drugs. The
mainstay of treatment in pregnancy is pred-
nisolone commencing with a dose of 1-1.5 mg/kg,
and gradually reducing. Corticosteroids alter
immune function and improve capillary fragility.
However, because of well-known adverse effects,
they are generally only used in the short term or at
very low dosages. They may raise the platelet
count sufficiently to enable the use of epidural
anaesthesia and operative delive

Splenectomy, the mainstay of treatment in the
non-pregnant state, is not generally recommended
during pregnancy although occasionally it may be
required for resistant cases. While treatment with
steroids or a splenectomy may result in clinical
remission, a normal maternal platelet count does
not reduce the known risk of thrombocytopaenia
to the fetus. In other cases, splenectomy may be
indicated after the puerperium.

Corticosteroid resistant cases may be treated
with high dose intravenous immunoglobulin. The
mechanism of action of this treatment is unknown
but may in part be related to Fc (the constant
fraction of IgG) receptor blockade of the reticu-
loendothelial system or to feed back suppression
of IgG synthesis. This expensive therapy may
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produce increases in the platelet count more quick-
ly than with corticosteroids and the effect may last
3 weeks. When used 3—4 weeks before delivery, the
IgG will cross the placenta and may raise the fetal
platelet count.

Fetal diagnosis and mode of delivery

Cases of AITP diagnosed prior to the index preg-
nancy may benefit from fetal blood sampling at
about 36 weeks’ gestation to assess the fetal platelet
count. This carries very little risk to the fetus.
However, fetal blood sampling is not universally
available. Where the fetus has a normal platelet
count and there are no obstetric contraindications,
vaginal delivery is indicated. Moderate to severe
fetal thrombocytopaenia is currently considered an
indication for caesarean section. The exact level of
thrombocytopaenia that determines this is con-
stantly changing in the downward direction. How-
ever fetal thrombocytopaenia due to the
auto-immune condition AITP should not be con-
fused with fetal thrombocytopaenia due to alloim-
munization of the mother by the fetus, which is a
far more serious disease for the fetus. In the latter
condition there is a functional platelet defect as
well as a thrombocytopaenia, but the maternal
platelet count is normal.

Cases with other obstetric indications for cae-
sarean section should not be investigated by fetal
blood sampling because this would not f)\;rther
contribute to management since an operative deliv-
ery is planned anyway.

In centres with no access to fetal blood sampling
all cases of maternal AITP diagnosed prior to the
index pregnancy should probably be delivered b
caesarean section although local expertise and pref)z
erence will determine this in the individual case.
This may present a risk of maternal bleeding at the
incision and from soft tissue injury in the presence
of thrombocytopaenia. Platelets from random
donors, although rarely used, could provide some
haemostatic assistance 1n resistant cases but would
be subject to the same consumption as the wom-
an’s own platelets.

Epidural anaesthesia can probably be safel
administered with platelet counts above 80 X 10/,
in the presence ofp a normal bleeding time and a
coagulation screen within the normal range.

Neonatal thrombocytopaenia

Neonatal thrombocytopaenia due to maternal
AITP may not reach its nadir until 24 to 72 hours
post delivery. It may be some weeks before the
platelet count recovers fully. Very low neonatal
platelets may require therapy with platelet transfu-
sions, corticosteroids and intravenous IgG.

THROMBOCYTOPAENIA AND HUMAN
IMMUNODEFICIENCY VIRUS

Thrombocytopaenia is a well recognized compli-
cation of HIV infection following the use of
therapeutic drugs and severe infection. However,
women with HIV may also have thrombocytopae-
nia otherwise indistinguishable from AITP. This
may be due to immune platelet destruction direc-
ted at molecular cross-reaction between the human
immunodeficiency virus and platelet glycopro-
teins. This may explain why AIDS-free women
may develop HIV associated AITP.It has also
been suggested that disturbances in the B cell
subset, CD5, in HIV infected women causes
immunological changes correlating with the plate-
let count. While most HIV positive patients have
so far been young men, it is possible that this
infection will become commoner in young preg-
nant women although the degree of heterosexual
spread of HIV is uncertain. Certainly, young
pregnant women in a high risk group for HIV and
with thrombocytopaenia should be considered for
HIV testing.

THROMBOCYTOPAENIC PURPURA AND
HAEMOLYTIC URAEMIC SYNDROME
(HUS)

These conditions are both due to the presence of
platelet thrombi in the microcirculation which
cause ischaemic dysfunction and microangiopathic
haemolysis. In HUS, the brunt of the cEsease
process is taken by the kidney. It has rarely been
associated with childbirth particularly in the puer-
perium. It has also been seen during pregnancy and
reported in association with ectopic pregnancy. It
has been postulated that endothelial damage is
mediated through neutrophil adhesion in associa-
tion with infection and leads to the formation of
platelet thrombi.

In thrombocytopaenic purpura (TTP), the focus

shifts to multisystem disease, often with neuro-



logical involvement and fever. It has been asso-
ciated with pregnancy and the postpartum period
and with the platelet anti-aggregating agent, ticlo-
pidine. The underlying aetiology of TTP in preg-
nancy remains unknown and these various
abnormalities may only be epiphenomena.

The clinical pentad of fever, normal coagulation
tests with low platelets, haemolytic anaemia, neu-
rological disorders and renal dysfunction are vir-
tually fpathognc:rnonm The platelet count may
range from 5 to 100%10%/1 (TTP). The clinical
picture is severe with a high maternal mortality.

It has been suggested that plasma supplies a
factor lacking in women with TTP that stimulates
the release of prostacyclin. Steroids alone may be
effective in mild cases. Severe cases may benefit
from intensive plasma exchange but where that is
difficult, intensive plasma infusion is indicated.
Unresponsive cases may benefit from cryosuper-
natant infusions. The use of anti-platelet drugs is
not helpful. In order to prevent recurrence, plasma
infusion should be gradually reduced but con-
tinued until all objective signs have been reversed.
Platelet infusions are contraindicated. There is no
evidence that delivery alters the course of the
disease although it does simplify maternal manage-
ment. Many women go on to further normal
pregnancies.

THROMBOEMBOLIC DISEASE IN
PREGNANCY

Deep vein thrombosis (DVT) may be clinically
inapparent, its first clinical sign may be an embolic
complication. There must, therefore, be a high
index of suspicion tempered by effective objective
diagnosis because treatment carries risks for both
the mother and fetus. Also, clinical diagnosis of
DVT is notoriously unreliable and is wrong half
the time. Recent reductions in deaths from pulmo-
nary embolism (PE) are probably due to improved
prophylaxis and the reduced use of oestrogens for
suppressing lactation.

The incidence of thromboembolic disease in
pregnancy lies between 0.3 and 12 per 1000 deliv-
eries. Pulmonary embolus is the commonest cause
of death associated with pregnancy. In the period
1985-87, in the UK , there were 30 deaths due to
pulmonary embolus out of a total of 265 represent-
ing 11 per cent of maternal deaths. Less than half of
the cases of fatal thromboembolism and almost
one-quarter were before 17 weeks of pregnancy.
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The risk of recurrence of thromboembolism in
women who have had a previous episode has been
estimated at 12 per cent.

While pregnancy itself is a risk factor for venous
thromboembolism the risk of pulmonary embo-
lism is increased in women of greater parity and
age and in those with a previous history. The usual
risk factors of obesity and any postoperative state
continue to apply in pregnancy.

There is an increased risk of thromboembolism
in women with congenital deficiencies of antith-
rombin III and protein C and with some sickle cell
anaemia syndromes. The lupus anticoagulant is an
acquired condition which predisposes to thrombo-
sis. This lengthens in vitro tests of coagulation
while causing thrombosis in vive. It also causes
fetal loss.

It is very important to investigate and identify
thromboembolic diseases and to come to the cor-
rect diagnosis, because therapeutic and prophy-
lactic anticoagulation in the index pregnancy an
in future pregnancies carries important hazards.
DVT should be confirmed by ultrasound; this can
show the clot and lack of venous expansion of the
affected vein during the Valsalva manoeuvre. Pre-
viously, venography was used to confirm the diag-
nosis with radiation limited to the midthigh and
with good pelvic screening. The benefits OFultra—
sound over venography are avoidance of exposure
to radiation and that it can be repeated as often as
necessary to monitor progress.

In a woman who is not shocked and who has
pleuritic pain but no changes on chest X-ray, the
diagnosis of pulmonary embolism can be made b
lung scan. Simple perfusion scans in a woman witﬁ
a normal chest X-ray may show a deficit. Where
there is an abnormal chest X-ray a ventilation-
perfusion scan will discriminate betweeng:neumo-
nia which will show a matched defcit, and
pulmonary embolism, where there will only be
reduced perfusion. The radiation dose from such a
scan is less than that given in a standard chest
X-ray.

Treatment of thromboembolism

Massive pulmonary embolism may cause sudden
death. If the woman survives long enough surgical
embolectomy may be indicated. Fibrinolytic thera-
py is rarely used in pregnant women but may be
indicated in women in the postpartum period.

Less severe cases require immediate anticoagula-
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tion with therapeutic heparin, starting with 40 000
units per day by intravenous infusion. This limits
the progression of the clot and reduces mortality.
Heparin does not cross the placenta. It is con-
tinued for about a week and is monitored by the
APTT or the protamine sulphate test. Thereafter
low-dose subcutaneous heparin is given until 6
weeks into the puerperium. The dose is about
10000 units twice daily, reducing to 8000 units
after delivery, and it is usually self-administered by
the woman. It has no effect on the coagulation
factors or on coagulation tests and it serves only to
prevent the spontaneous conversion of factor X to
the active form. Activation of factor X is the
important link between the intrinsic and extrinsic
pathways. The level of heparin achieved by this
low-dose regime can only be measured by inhibi-
tion of activation of factor X.

The major short-term side effect of therapeutic
heparin is maternal bleeding. With therapeutic
levels of heparin surgical delivery is contraindi-
cated but there is no such restriction in the use of
prophylactic heparin levels.

After the acute phase, the anticoagulant, warfar-
in, 1s used in some centres. It is monitored by the
prothrombin time. Bleeding is the principle side
effect in the mother and this is particularly impor-
tant as delivery approaches. As the effects of
heparin can be reversed more quickly than those of
warfarin, heparin often replaces warfarin from 36
weeks. Heparin virtually disappears from the cir-
culation in 6 hours whereas it takes 3 days for the
effects of warfarin to dissipate. However, in an
emergency warfarin can be reversed with an infu-
sion of FFP. It is not good policy to reverse the
warfarin effect with vitamin K because this is said
to produce a rebound effect in the mother and it
may be very difficult to reinstitute warfarin thera-
py later. In an emergency heparin can be reversed

with protamine sulphate, although in practice
withholding the drug usually suffices. It must be
remembered though, that protamine sulphate is an
anticoagulant in its own right. Whichever drug is
used it is continued until the 6th week postpartum.
Women on heparin may choose to change to
warfarin in the puerperium.

Warfarin carries an additional risk in pregnancy
because it crosses the placenta and can cause
bleeding and congenital abnormalities in the fetus
in a dose-dependent fashion. It should therefore be
avoided in the first trimester during the period of
organogenesis. When it is used it should be well
controlled and the dose should be maintained at
the lower end of the therapeutic range. Its use
cannot be avoided in women with replacement
heart valves because heparin cannot prevent
thrombosis effectively enough in this situation.

Neither warfarin nor heparin are excreted in the
breast milk and are therefore safe to use during
lactation.

Prophylaxis of thromboembolism

Heparin i1s sometimes given to pregnant women
with a history of thromboembolism. Bone demin-
eralization is associated with heparin treatment;
the effects may be cumulative over successive
pregnancies. It is likely that the risks of recurrence
of thromboembolism may not be as great as was
previously suspected, so that there is no need for
prophylaxis in most women with a previous soli-
tary event and no other risk factors. In view of the
risk of bone loss, heparin may be given from
delivery for six weeks in women who have had a
single episode of thrombosis. Changing to warfar-
in after a week further reduces the risk of bone
loss.

Samuals P. et al (1990) Estimation of the risk of
thrombocytopenia in the offspring of pregnant wom-
en with presumed immune thrombocytopenic pur-
pura. New England Journal of Medicine, 323 (4);
229-35.

Turnbull’s Obstetrics (1995) Ed. Chamberlain G. Section
6. Puerpertum. Churchill Livingstone, Edinburgh.



OBSTETRIC PROCEDURES

EXTERNAL VERSION

External version involves manipulation of the fetus
through the abdominal wall to change its position,
usually from a breech presentation to a cephalic
presentation and, more occasionally, from a trans-
verse lie (shoulder presentation) to a cephalic
presentation. If the lie is turned from transverse to
a breech this is known as podalic version.

The use of external version in breech presenta-
tion has varied with obstetric fashion. Although
being out of favour for some years, it is once again
receiving wide usage. Around 3 per cent of fetuses
present %)y the breech at term, l!))ut as many as 50
per cent assume this position at some time between
30 and 34 weeks. External version at this stage of
pregnancy is very easy, but reversion to a breech is
relatively common. Controlled studies have shown
that version at this stage of pregnancy does not
reduce the final incidence of breech presentation at
term.

External version at 36-37 weeks of pregnancy
will, if successful, lead to a consistent cephalic
presentation. Because the fetus is larger and there is
a lower amniotic fluid volume at 37 weeks, version
must be assisted by uterine relaxation, using a
tocolytic agent, such as ritodrine, given intra-
venously. Short-term administration of tocolysis is
quite safe and enables version to be achieved in
around 50 per cent of cases. The benefit of such a
manoeuvre is to reduce the overall need for caesar-
ean section in breech presentation for otherwise, a
high proportion of babies will be delivered by
caesarean section; this can be as the obstetrician’s
choice or because of difficulties arising mechani-

cally during labour. External version is associated
with a theoretical risk of cord entanglement or of
feto-maternal haemorrhage, leading to isoimmuni-
zation. Cord entanglement can lead to acute fetal
distress and therefore version should only be per-
formed where immediate facilities for caesarean
section are available and when the mother has been
appropriately prepared. All rhesus negative wom-
en should receive anti-D gamma globulin to pre-
vent the risk of isoimmunization.

INDUCTION OF LABOUR

Indications
Induction of labour 1s indicated in some cases of:

pregnancy induced hypertension
prolonged pregnancy
intrauterine growth retardation
antepartum haemorrhage
unstable lie

diabetes mellitus

haemolytic disease

fetal abnormality

fetal death.

It is important that induction of labour should
only be carried out for sound obstetric or medical
reasons, although a few women will have excep-
tionally important domestic problems for which
they request induction. The hazards of induction
are few, but there will be occasional cases where
unexpected fetal distress occurs during induced
labour which would not have occurred in natural
labour, or where attempts at induction fail and a
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Table 8.1 Modified Bishop score

Score 0 1 2 3
Dilatation of cervix (cm) 0 1or2 Jor4 5 or more
Consistency of cervix Firm Medium Soft -

Length of cervical canal (cm) >2 2-1 1-0.5 <0.5
Position of cervix Posterior Central Anterior

Station of presenting part (cm above ischial spines) 3 2 lor0 Below

caesarean section, which would not otherwise have
been required, has to be performed.

Where induction is essential for severe fetal or
maternal problems, it should be attempted regard-
less of the ripeness of the cervix after attempts to
soften it with local prostaglandins. In this situation
if the induction fails, caesarean section is reason-
able whereas if an induction is successful, caesarean
section has been satisfactorily avoided. Where the
indication for induction is less absolute, then the
cervix must be carefully assessed beforehand by
vaginal examination. This is because the success of
induction will depend in part on the extent of pre-
labour changes in the cervix. The important fea-
tures are the length of the cervix and its dilatation
with the degree of softness, position and station of
the presenting part giving additional secondary
information. In research studies these features have
been quantified using the modified score devised
by Bishop (Table 8.1).

DEVELOPMENT OF INDUCTION
METHODS

In the 1970s an effective and standard method of
induction was developed which involved low
amniotomy and simultaneous administration of
oxytocin. The dose of oxytocin was increased in
increments until optimal uterine activity was ach-
ieved. It was found that around 80 to 85 per cent of
women could be successfully delivered by this
approach, although often prolonged periods of
time were required and high doses of oxytocin
may have to be used. In the 1980s the advent of
vaginal prostaglandin preparations enabled obste-
tricians to mimic the natural process leading to the
onset of labour. This has significantly improved
success rates. Ninety five per cent of women can be
induced successfully at the first attempt using
prostaglandins, with fewer fetal and maternal com-
plications; thus the neonatal hyperbilirubinaemia

seen after high dose oxytocin administration is
avoided, fewer women have a prolonged stay on
the labour ward or require a caesarean section for
failed induction. A further advantage from the
maternal point of view is that the use of prosta-
glandins allows mobility during the latent and
early part of the active phase of labour. This is not
possible when the woman has to be connected to
an infusion pump for the administration of
oxytocin.

MANAGEMENT OF INDUCED LABOUR

Women who are about to undergo induction of
labour should have careful counselling so that they
are thoroughly aware of the reason for the proce-
dure and the likely course of events. It is partic-
ularly important that they do not believe that
delivery is guaranteed on the day that induction
commences as it may be necessary to administer
prostaglandins on more than one consecutive day
to initiate the labour process. There must be a clear
protocol for the use of oxytocic drugs such as
prostaglandins or oxytocin and all sta%f must be
aware of the need to monitor the fetus carefully
during uterine stimulation, because of the risk of
hypertonus and fetal hypoxia. As in the manage-
ment of normal labour, it is helpful to record
findings consecutively on a partogram. Latent
phase abnormalities are difficult to interpret but
once the active phase of labour is reached the
indications for the use of syntocinon are as in
spontaneous labour (Chapter 5).

DRUGS USED IN THE INDUCTION OF
LABOUR
Prostaglandins

Although there are various prostaglandins avail-
able, the one used for the induction of labour with
a live fetus is prostaglandin E, (dinoprostone). This



may be administered vaginally in a gel containing a
dose of either 1 mg or 2 mg of dinoprostone or as a
tablet containing 3 or 6 mg of dinoprostone. The
pharmacokinetics are more consistent and reliable
with the vaginal gel which has recently become the
preferred method of administration. Prostaglan-
dins can be administered orally, sublingually or
intravenously, but these routes are unreliable and
have been superceded by the vaginal approach.
Intravenous administration is particularly prob-
lematic as prostaglandins are metabolized very
leickly by a single iassage through the lungs,
erefore, high doses have to be given leading to
gastrointestinal side effects. Other prostaglandins
such as 15 methyl analogues or gemeprost have a
more powerful oxytocic effect and their use is
usually reserved for situations when the fetus is
dead as the risk of hypotonus is much greater.

Oxytocin

Oxytocin is administered by continuous intra-
venous infusion preferably using an infusion
pump. Because of the antidiuretic effect of oxy-
tocin, care must be taken not to administer large
volumes of intravenous fluid concomitantly as this
may lead to water intoxication, a major disturb-
ance of electrolyte affecting both mother and fetus.
This can be avoided by using concentrated solu-
tions of oxytocin in electrolyte containing solu-
tions such as sodium chloride injected by a pump
into an intravenous line carrying fluid at a constant
and safe rate. The dose of oxytocin administered is
calculated in milli-units (mU) per minute and it is
important to record the dose in this nomenclature
because of the many different concentrations of
solutions used in different hospitals making
nomenclature such as drops per minute or ml per
hour widely variable in terms of the actual dose
administered. The starting dose of oxytocin is
usually 2 mU per minute and will be increased
cither arithmetically or geometrically at regular
intervals until optimum uterine activity is ach-
ieved. It takes between 35 and 40 minutes for the
effect of each increment to stabilize and the dose
should not be increased more frequently than
every 30 minutes. Up to 32 mU per minute may be
required in the early stages of labour to stimulate
uterine activity. Once labour is established much
lower doses, between 7 and 10 mU, will usually be
sufficient to maintain good uterine activity. Reduc-
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ing to these lower maintenance doses reduces the
risk of uterine hypertonus.

Amniotomy

When amniotomy and simultaneous oxytocin
infusion was the standard method of induction of
labour, all women had an amniotomy early. The
advent of prostaglandins has meant that early
amniotomy is not required and indeed is best
avoided after recent administration of prostaglan-
dins because of the surge of endogenous prosta-
glandin which it produces, risking %ypertonus. In
certain high risk cases amniotomy may be bene-
ficial to allow early internal fetal monitoring. Con-
trolled studies have shown no significant benefit
overall of early amniotomy and the membranes
can safely be left intact until close to delivery
unless progress is abnormal. There is a theoretical
risk that oxytocin administration in the face of
intact membranes might lead to amniotic fluid
embolus. Therefore when oxytocin administration
is commenced after labour has been induced with
prostaglandins, amniotomy is usually performed.

In some cases when induction of labour is
planned the cervix is found to be widely dilated. If
the Bishop’s score is more than 10 it may be
possible to induce labour simply by amniotomy.
This is successful in multiparous women, though
this is less likely to be successful in primiparae.
This approach 1s particularly favoured in grand
multiparae because of an anxiety that oxytocic
drugs might cause hypotonic uterine action.

Management of uterine hyperstimulation

When hypotonic uterine contractions occur there
may be an acute fetal bradycardia matching the

ersistent excessive uterine contraction. This acute
Eradycardia is not dangerous to the normal fetus,
but may be of severe consequence to a compro-
mised tyrus. If oxytocin is being administered, it
should be switched off immediately and unless the
uterine contraction rapidly resolves, tocolysis
should be induced by administering a bolus dose
of ritodrine or salbutamol intravenously. Where
there is acute fetal bradycardia, preparation should
be made for an immediate caesarean section, but
usually this will not be required as the problem
will spontaneously resolve.

Uterine hyperstimulation is a particular problem
where there is an obstructed labour.
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EPISIOTOMY

An incision in the perineum enlarges the introitus.
It is used to aid delivery when the perineum is
obstructing progress or when more room is
required, such as for an instrumental delivery with
forceps or vacuum extractor, during assisted
breech delivery or when there is shoulder dystocia.
The routine use of episiotomy in primagravid
women is one of the obstetric interventions which
led to a conflict between consumer groups and the
medical profession in the 1970s. It is now recog-
nized that routine episiotomy confers no benefit
and that this operation should only be employed
for specific indications. Around 30 per cent of
primagravidae will require an episiotomy, at a
normal delivery either because of significant delay
in progress, fetal hypoxia in the second stage of
labour or when there is a very large baby and a
substantial tear would otherwise result. An epi-
siotomy 1s not so commonly needed in multipa-
rous women, unless a previous delivery has been
associated with a substantial and severe perineal
tear. Although there is no doubt that an epi-
siotomy may be easier to repair than a bad perineal
tear, in the majority of cases, care at delivery can
limit the extent of tearing so that a small second
degree tear of a lesser extent than a planned
episiotomy occurs. The women then have less
perineal trauma to recover from.

TECHNIQUE OF INCISION AND REPAIR

The need for episiotomy is first explained to the
woman, who should be aware of the nature of the
procedure from her antenatal classes. The perine-
um must be infiltrated with local anaesthetic and
then the fingers of the left hand introduced into the
vagina to protect the fetus and stretch the perine-
um. The incision is made in the perineum with a
pair of scissors, to the extent which is required.
There are three main types of incision made: mid-
line, right medial lateral or J-shaped. Figure 8.1
shows the J-shaped episiotomy which commences
with a mid-line incision and then curves to avoid
the anus. In the majority of women a mid-line
episiotomy will suffice and this will be easier to
repair and more comfortable in the puerperium
than a right mediolateral approach. Where the
fetus is large or the peritoneum short the J-shaped
episiotomy will allow a greater incision to be made
or a right mediolateral approach can be used which

Line of incision
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Fig. 8.1 Episiotomy. An incision is shown which starts
as a median episiotomy and has been extended lateraly

commences at the same point at the fourchette but
extends in a straight line at 8 o’clock to completely
avoid the anus.

The repair of an episiotomy requires skill and
experience and should only be performed by a
trained obstetrician or midwife. Adequate analge-
sia must be provided by the use of local infiltra-
tion, although analgesia may be available if an
epidural block has been used for pain relief during
labour. In the latter event, infiltration with local
anaesthesia is still a benefit as this has been shown
to prevent too tight a suturing of the perineum and
to reduce pain in the puerperium. Lignocaine 0.5
per cent is used; this dilute solution is equally
effective as are higher concentrations but allows a
volume of 40 ml to be used for the dose limit of
200 mg. This allows wide and adequate infiltration.
Pain in the puerperium depends on the degree of
tightness used in the repair, the fineness of the
suture material and the way in which the skin is
closed. The best results are achieved with Vieryl
suture material of 2/0 or 3/0, sewing the perineum
fairly loose to allow for the inevitable postoper-
ative oedema and closing the skin with a sub-
cuticular suture. Care must be taken to avoid the
rectum and the minimum amount of suture materi-
al compatible with careful apposition of the tissues
should be used.

There is no question that an episiotomy is
painful in the puerperium and that regular analge-
sia must be provided. Recently it has become



common practice to administer a non-steroidal
anti-inflammatory analgesic such as diclofenac at
the time of the procedure in the form of a supposi-
tory. This will provide analgesia in the 12 hours
after delivery and can be supplemented later by
orally administered drugs. The non-steroidal anti-
inflammatory drugs, such as diclofenac have a
greater effect than, conventional analgesics such as
paracetamol and should be provided as routine,
rather than on-demand analgesia, for at least the
first 72 hours after delivery.

The majority of episiotomies heal extremely
well and cause no problems in the future. A small
minority of women will have minor problems due
to fibrous tissue or granulation tissue in the wound
or the vagina will heal badly causing discomfort or
dyspareunia. In these cases, minor corrective sur-
gery will be required 3—4 months after delivery and
should always be able to resolve the problem.

FORCEPS DELIVERY

The original obstetric forceps were invented by
one of the two elder Chamberlen brothers, mem-
bers of a Huguenot family that settled in England
in about the year 1600. The invention was kept
secret in the family for over 100 years.

The Chamberlen forceps consisted of two
blades, curved to fit the ﬁetal head, with short
handles, the two halves being strapped together
where they met because they had no lock. In 1744
William Smellie devised the double-slotted English
lock which allowed easy application and gave
additional strength. The pelvic curve was added by
Levret of Paris in 1747.

A new type of forceps was developed by Chris-
tian Kjelland in 1915 for the purpose not only of
traction, but also of rotation of the head. Lastly,
light, short curved forceps were introduced by
Wrigley in 1935 for the particular purpose of
outlet application.

The E)rce s are used to apply traction to the
head of the fetus in a pelvis ofadequate size, never
to attempt to overcome disproportion. With Kjel-
land’s forceps the head may also be rotated into a
more favourable position before traction is
applied. The forceps are designed to fit the head,
not the breech, but forceps may be applied to the
aftercoming head in breech delivery.

The presentations suitable for the forceps opera-
tion are vertex, face with the chin anterior and the
aftercoming head of the breech. The vertex may
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have the occiput anterior, tranverse or directly
posterior, but with the latter two, certain addi-
tional factors, referred to later, must be taken into
account.

Indications for the use of forceps
Forceps are used in the second stage of labour for

delay

maternal distress

fetal distress

prevention of extra maternal effort (e.g. in heart
disease)

some cases of preterm delivery

delivery of the aftercoming head of a breech
Presentatlon.

Delay in the second stage of labour

In primigravidae the active part of the second stage
of labour should not last for much over 1 hour, and
in multiparae it is often much shorter, usually
being less than 30 minutes in the absence of an
epidural anaesthetic. A second stage is considered
to be delayed if these limits are exceeded, but this is
only a general guide and if progress is not being
made assistance should be given sooner.

Conditions likely to cause delay in the second
stage of labour are:

¢ inadequate uterine contractions and poor vol-
untary effort
resistant pelvic floor and perineum

e large fetus

* persistent occipitoposterior or deep transverse
arrest of the head

e other malpresentations such as face presenta-
tion or brow presentation

® contraction OF the pelvic outlet.

A common cause of delay in the second stage of
labour is the resistance of the pelvic floor, but this
should be treated by episiotomy rather than by the
application of forceps.

Epidural anaesthesia is used in about 20 per cent
of labours delivering in the UK; sometimes this is
accompanied by decrease in the tone of the pelvic
floor so that the fetal head is less directed into its
rotation and then the second stage is longer. In
consequence, if a woman has an epidural running,
it is good practice to allow a longer time in the
second stage, counting the temporal limits from
when active pushing starts.
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Maternal distress

Maternal distress in the second stage of labour
usually occurs because there has been a long and
poorly managed first stage.

Strictly, maternal distress shows in a rise in pulse
rate without a significant rise in temperature and is
always due to dehydration.

Mental distress occurs in women who have had a
long tedious first stage and are unable to cooperate
in aiding expulsion during the painful second stage.
This sometimes means that analgesics have been
too sparingly used.

Fetal distress

The following conditions may cause fetal distress
during the second stage of labour:

* prolapse of the cord, or a tight loop or knot in
it

* placental bed under perfusion associated with
hypertension, antepartum haemorrhage or
postmaturity

¢ prolonged or difficult labour.

Anything that interferes with fetal oxygenation
will cause fetal distress. With gross placental
lesions such as separation or infarction there may
be severe fetal distress, but diminished uteropla-
cental blood flow may occur to a lesser degree in
cases of postmaturity and maternal hypertension.
Each uterine contraction causes decreased inflow
in the vessels passing through the myometrium; in
long labour, or in cases in which a great deal of
retraction of the upper segment of the uterus
occurs, fetal hypoxia may eventually arise.

Prolapse of the cord is a serious threat to the
fetus. Itpthe cervix is fully dilated and the fetus is
alive expeditious forceps delivery is required oth-
erwise immediate Caesarean section is required.
Less acute cord compression may arise from tight-
ening of a loop of cord round the neck or a knot in
the cord.

When there are signs of fetal distress in the
second stage of labour delivery should be effected
at once. While preparations for delivery are being
made oxygen is given to the mother in the hope of
improving the supply to the fetus.

Prevention of maternal effort

In some conditions, maternal effort should be
limited. Mitral stenosis, respiratory disease and

severe hypertension are three examples where the
second stage should be shortened to about 15
minutes. If the fetal head is not descending well
with contractions, a prophylactic forceps delivery

should take place.

Preterm delivery

When the fetus is small and the head is liable to
injury during passage through the vagina a careful
forceps delivery with episiotomy may reduce the
risk although often an episiotomy will usually
suffice.

Conditions necessary for the application of
forceps

To apply forceps safely and successfully certain
conditions must be fulfilled:

The cervix must be fully dilated

If the cervix is not fully dilated there will be
difficulty in applying the forceps without includ-
ing and tearing the cervix. More traction will be
required to overcome the resistance of the cervix.
The attempt to deliver may fail because the factor
which prevented cervical dilatation may be uncor-
rected.

The presentation must be suitable

The forceps can only be used to extract the head of
the fetus when it presents as a vertex or as a face
with the chin anterior (leaving aside the use of
forceps for the aftercoming head of a breech). A
brow or a mentoposterior face presentation must
be corrected before forceps can be used for extrac-
tion. The forceps must be applied accurately to the
sides of the fetal head, otherwise dangerous com-
pression of the head will occur causing intracranial
stress and haemorrhage, and probably the attempt
to deliver will fail.

The head must be engaged

If the head is not engaged in the second stage this
may be because of cephalopelvic disproportion or
because the head is extended.

The pelvic outlet must be of adequate size

Even with the head engaged the pelvic outlet must
be of adequate size. I% the subpubic angle is



narrowed there must be room in the posterior part
of the pelvic cavity.

The membranes should be ruptured

If the forewaters are still present the membranes
should be ruptured and only if delivery does not
follow would forceps be used.

The bladder should be empty

A catheter is passed to empty the bladder before
forceps delivery, not only to avoid any risk of
injuring it but also to remove its inhibiting influ-
ence on retraction of the uterus after delivery, and
thus to reduce the risk of postpartum haemor-
rhage.

The uterus should be contracting

Contractions may be stimulated with an oxytocin
infusion and then delivery completed with forceps.
Intravenous Syntocinon should be given as soon as
the fetal shoulders are born.

Types of obstetric forceps
Forceps in use today are shown in Fig. 8.2:

* short curved forceps
* long curved forceps
* Kjelland’s forceps.

Each of these instruments consists of two halves
meeting at the lock. Each half has a blade which is
joined to the handle by a shank. The blades have
two curves; the cephalic curve, in which the blade
is curved to fit the head and a curve on the edge,
the pelvic curve, to correspond with the curved
axis of the pelvis. The length of the handles and
shanks varies with the different forceps and the
type of handle differs too. Kjelland’s forceps have
special characteristics.

Short curved forceps

This instrument, designed by Wrigley, is for use in
the low or outlet forceps operation. The shank is
short (2.5cm) and the whole instrument is light.

Long curved forceps

The total length is 35cm, with shanks of 6.5cm,
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(a)

lc)

Fig. 8.2 (a) Short curved (Wrigley’s) forceps; (b) long
curved forceps; (c) Kjelland’s forceps

and the instrument is relatively heavily built. It can
be used for delivery of a head from the pelvic
cavity.

Kjelland’s forceps

The advantage of this instrument is that it allows
accurate cephalic application, no matter what the
position or level of the head in the pelvis. If the
occiput is posterior or lateral the application is
made and then the head can be rotated with the
forceps to bring the occiput anterior. The forceps
have a lock which allows one blade to slide on the
other in the long axis, and thus the blades can lie at
different levels when applied to a head which is
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lying transversely and is tilted. The other special
characteristic is the pelvic curve. This is initially in
a backward direction and then it quickly begins its
forward sweep, but the tips of the blades never
quite reach the plane of the shanks and handles. It
is this feature which makes rotation with the
forceps safe without risk of injury to vagina,
bladder or rectum.

Preliminary steps before the application of
forceps

Some form of analgesia will be required. This may
be pudendal block, caudal, epidural, or general
anaesthesia. Pudendal or epidural block should be
used whenever possible in preference to general
anaesthesia. A general anaesthetic should only be
given by someone experienced in dealing with the
complications which may arise. Unless it is reason-
ably certain that the woman’s stomach is empty a
stomach tube must be passed before the anaes-
thetic is begun. It is essential that a suction appara-
tus is available and that the head of the obstetric
bed can be lowered without delay in case of
unexpected gastric regurgitation. Prolonged gen-
eral anaesthesia may increase the risk of post-
partum haemorrhage and depress the respiratory
centre of the newborn infant.

The woman is placed in the lithotomy position
with a wedge under one buttock in order to take
the pressure of the uterus off the vena cava. After
swabbing the vulva and perineum with an ant-
septic solution sterile towels are arranged and the
bladder is emptied with a catheter.

A careful preliminary vaginal examination is
made. It must first be established that the cervix is
indeed fully dilated and then the level and position
of the head is determined. If the sutures and
fontanelles are obscured by caput formation it may
be necessary to insert the whole hand to feel for an
ear; the pinna will be directed toward the occiput.
Episiotomy may be needed for this. Finally the
size of the pelvic outlet is assessed. This is not
always easy, but the points to note are the promi-
nence of the ischial spines, the width of the sub-
pubic arch and the length of the sagittal diameter
from the lower border of the symphysis pubis to
the sacrococcygeal joint.

If all these points are satisfactory and the occiput
is near to the midline in front the forceps can be
applied, but if the occiput is lying obliquely or

transversely manual rotation will be needed first,

unless Kjelland’s forceps are being used, when the
head may be rotated with the forceps.

If the occiput is posterior, unless the head is so
low that the perineum is already being stretched, it
is almost always best to rotate the occiput to the
front before the head is delivered. The disadvan-
tage of not doing so is the increased risk of
intracranial stress and of extensive perineal lacera-
tion that goes with delivery of the head in the
occipitoposterior position.

If the head has not descended to the pelvic floor
then a more serious cause for delay is possible. A
flattening of the sacrum might be felt, or the head
may be seriously deflexed or extended. If there is
doubt about the size of the pelvis with the head
arrested at this level caesarean section is the safest
course.

Application of obstetric forceps

The left blade of the forceps is applied first. The
fingers of the right hand are passetf into the vagina.
The left blade of the forceps is held by its handle
between the fingers and thumb of the left hand and
is passed between the fetal head and the palmar
surfaces of the fingers of the right hand (see
Fig.8.3). The handle is held well over the mother’s
abdomen, and inclined to the mother’s right side so
that it is almost parallel with her right inguinal
ligament. As the blade passes up into the birth

Fig. 8.3 Application of forceps; insertion of the left
blade
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Fig. 8.4 Application of forceps; insertion of the right
blade

canal the handle is carried backwards and towards
the midline, thus following the direction of both
the pelvic and cephalic curves of the instrument.
After ascertaining that the blade lies next to the
head and is in the correct position the fingers of the
right hand are withdrawn.

The fingers of the left hand are now introduced
along the right side of the pelvis, and the right
blade of the forceps is held and passed in a similar
manner to the left. Its external visible portion will
thus lie above and across the handle of the left
blade (see Fig.8.4). The shanks are now pressed
backward against the perineum and the handles
should lock and come to lie in a horizontal posi-
tion (see Fig.8.5).

If there is difficulty in locking the forceps it is
probable that the position of the head has not been
diagnosed correctly, and that the instrument has
been applied to a head in the oblique or transverse
diameter of the pelvis. If the forceps will not lock,

Fig. 8.5 Forceps articulated before traction

Fig. 8.6 Position of the blade of the forceps during
extraction of a vertex presentation. The blades of the
forceps lie in the submentovertical diameter and grasp
the biparietal diameter

or if the handles will not close together, the blades
must be removed and the position of the fetal head
re-examined.

The ordinary curved forceps must always be
applied correctly to the fetal head, with the parietal
eminences lying within the fenestrations of the
blades and the sagittal suture lying midway
between the blades (see Fig.8.6). These forceps
must also be correctly placed in the pelvis. It does
not matter if the head is slightly oblique in the
pelvis, with the occiput pointing less than 45° away
trom the midline. With such a slight degree of
obliquity the head and forceps will turn into the
midline as traction is applied (see Fig.8.7), but if
the head is more oblique than this its position must
be corrected by manual rotation or straight forceps
before the ordinary type of forceps are applied to
it.

Application of forceps to a face presentation

If the head is delayed in the pelvic cavity and there
is a mentoanterior position the forceps may be
used to assist delivery (see Fig.8.8). It there is a
mentoposterior position delivery with the forceps
is only possible after the chin has been rotated
forwards. This is possible manually or with Kjel-
land’s forceps, but it is safer to treat this uncom-
mon condition by caesarean section for the skills
of the obstetrictan may not include the man-
oeuvres these days.
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Fig. 8.7 Delivery with forceps

Application of forceps to the aftercoming head

The forceps are applied to the aftercoming head in
breech delivery as described in the section on
breech delivery.

Fig. 8.8 Position of the blades of the forceps during
extraction of the head in the mentoanterior position, The
blades of the forceps lie in the occipitomental diameter
and grasp the head in the bizygomatic diameter

Extraction with the forceps

The operator sits facing the perineum. Traction is
applied to the handles of the forceps in a back-
wards and downwards direction in the axis of the
birth canal. Traction is intermittent, timed with the
uterine contractions, and each pull should only last
for a few seconds. As the head descends the
handles are gradually raised to about 45° above the
horizontal, when an episiotomy is performed
through the stretched perineum (unless this has
already been done). The head is then gently guided
through the vulva until crowning takes place with
the handles of the forceps in vertical position. The
forceps blades are then removed before delivery of
the face by manual extension of the head.

Excessive force should never be used. Slow
intermittent traction reduces the risk of intra-
cranial injury.

The use of Kjelland’s forceps (see Fig.8.9)

Kjelland’s forceps should only be used by those
who have been trained in their use. In inexperi-
enced hands this is a dangerous instrument, and
may be the cause of severe vaginal and bladder
lacerations if it is used incorrectly. The popularity
of Kjelland’s forceps has waxed and waned; at
present manual rotation of the head is less pre-
ferred than rotation with these instruments.

Before applying the forceps the exact position of
the head in the pelvis must be determined. To
avoid error the operator is advised to hold the
articulated instrument before the vulva in the
position to be taken up when it is applied to
the head. The blade which is to be inserted first is
selected, and the other blade is put aside. If the
head lies anteroposteriorly, or only slightly obli-
quely, the application of the forceps is not difficult.
The forceps are always applied so that, after any
rotation, the pelvic curve will be positioned cor-
rectly. For example, if the occiput lies posteriorly
and 1t is intended to rotate it with the forceps, the
forceps must be applied with the pelvic curve in
the reverse direction so that after rotation the
curve will be correctly orientated to the birth
canal.

Unlike ordinary forceps this instrument can be
applied to a head lying transversely in the pelvis;
there are special methods of application for this. In
both methods the anterior blade is applied first. In
the wandering method the anterior blade is guided



Fig. 8.9 Use of Kjelland’s forceps. (a) Application to
head in occipitoposterior position before rotation; (b)
application to head in occipitolateral position before
rotation; (c) position of forceps after rotation

into the lateral side of the pelvis beside the head,
with the cephalic surface of the blade properly
facing the head. It is then slid gently round the
pelvis, keeping as close as possible to the head and
passing over the forehead until it comes to rest
fitting the anterior parietal eminence. The direct
method of application is only used when the head
is low down and the fit is not too tight. The tip of
the anterior blade, with the handle as far back as
possible, is applied to the side of the head ante-
riorly and then slipped over the anterior parietal
eminence behind the symphysis pubis, with the
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cephalic surface of the blade kept as close as
possible to the head while it is in transit. The
posterior blade is then inserted behind the head
over the posterior parietal eminence.

Force 1s never used for rotation of the head, and
it should be done with the fingers of one hand
only. Rotation is first tried at the level of arrest,
but if this is not immediately easy the head may be
pushed up in the pelvis slightly and rotation tried
again. Sometimes rotation will be easier after trac-
tion has brought the head down to a roomier level
of the pelvis.

Traction is made in the line of the handles and is
exerted with only two fingers hooked over the
proximal shoulders of the handles. Rotation and
traction are never done together, although sponta-
neous rotation commonly occurs during traction
and should not be impeded. The handles should
never be compressed together, as this will have a
crushing action on the head.

The problems of forceps delivery

Some of the dangers of forceps delivery are due to
the circumstances calling for the operation rather
than to the operation itself. For example, delivery
with forceps may be called for at the end of a long
tedious first stage of labour because of maternal or
fetal distress.

Some of the dangers of forceps delivery are:

Mother

dangers of general anaesthesia

lacerations of cervix, vagina or perineum

postpartum haemorrhage from uterine atony or
lacerations

puerperal genital infection.

Infant

intracranial haemorrhage
facial palsy
cephalhaematomata.

Spastic diplegia in a child is sometimes attributed
to instrumental delivery. It is improbable that
intracranial haemorrhage will have this effect and if
the haemorrhage is not fatal complete recovery is
likely. On the other hand, prolonged cerebral
hypoxia will also leave permanent damage; forceps
may have been used in such a case but could hardly
have caused the hypoxia.

Bad results from forceps delivery usually result
from bad forceps delivery. The dangers will be
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minimal when proper regard is given to the indica-
tions for the operation; when the exact position of
the head is determined by a preliminary vaginal
examination and when any necessary correction of
the position of the fetus is made before traction.

Failure to deliver with forceps

Fortunately failure of forceps is now rare in Brit-
ain, for the dangers to both mother and baby are
serious and are directly proportional to the lack of
skill and the force employed during the unsuccess-
ful attempts. Criticism is not so much against
attempting to apply forceps or attempting traction,
but against persisting in such endeavours in the face
of obvious difficulties.

The causes of failure to deliver with the forceps
are mostly commonplace; either the cervix is not
fully dilated or the head is in a malposition, usually
with the occiput posterior. Fortunately, attempts
to apply forceps with the head not yet engaged are
not made nowadays, for the dangers are even
greater. A rare cause of failure to deliver with
forceps is a contracted pelvic outlet, which is often
only diagnosed late in l[;bour.

Severe laceration of the cervix may be caused by
attempts to apply forceps with the cervix incom-
pletely dilated, either because the blades are
applied outside the cervix or because the head is
forcibly dragged through it. Sometimes an exten-
sive tear of the upper vagina is caused by attempts
to rotate the head with the forceps. If the obstruc-
tion is at the brim the uterus itself may be per-
forated by a blade of the forceps. A complete tear
of the perineum into the anal canal comes from a
combination of too strong traction and misapplied
force. The effect on the woman of these obstetric
insults, even if she has avoided a badly given or

rolonged general anaesthetic, is to cause shock
From trauma or haemorrhage, or both. Sepsis is
likely to follow.

The fetus may suffer intracranial haemorrhage
and it may be dead before delivery is completed.

Any case of failed delivery with forceps must be
immediately reassessed. Not infrequently a more
experienced operator is able to effect an easy
delivery with forceps after correcting a malposi-
tion. In other cases caesarean section has to be
performed.

Suction cap
(available in
3 sizes-

4,5 and 6cm
diometer)

Fig. 8.10 The vacuum extractor (by courtesy of Down’s
Surgical PLC). The cups, which are of various sizes, are
attached to a rubber tube which is connected to the
reservoir, pressure gauge and hand vacuum pump. Trac-
tion is applied with chain and handle

VACUUM EXTRACTOR (VENTOUSE)

The idea of extracting the fetal head by means of a
vacuum cup applied to the scalp has been con-
sidered since Younge in 1706 tried a glass suction
cup; an instrument was designed by Simpson in
1849, although little use was made of it. The
modern vacuum extractor was introduced by
Malmstrom in 1954. Opinions differ about the
valye of this method of assisting delivery. In some
chmcs particularly on the European continent, the
vacuum extractor is preferred to the forceps, but it
1s chosen much less often in Britain and America.

Malmstrom’s extractor (see Fig.8.10) consists of
a metal suction cup attached by a chain to a metal
handle. The cavity of the cup is connected by
rubber tubing to a reservoir with a pressure gauge
and a hand vacuum pump. The suction cups are
made in three sizes, and the largest possible cup 1s
used, according to the dilatation of the cervix. The
modern Ventouse extractor has silastic cups which
can in some instances provide better suction, and
may inflict less trauma to the fetal scalp.



Method of use

Local infiltration of the perineum with 1 per cent
lignocaine is usually the only anaesthetic needed, a
great virtue to the method.

The cup is introduced sideways into the vagina
by pressing it backwards against the perineum. It is
then guided into place on the scalp as near as
possible to the posterior fontanelle, taking care
that neither the cervix nor any part of the vaginal
wall comes between the cup and the scalp. While
the obstetrician holds the cup in the correct posi-
tion an assistant uses either a hand pump or an
operator controlled electrical suction pump to
create a vacuum, gradually increasing the negative
pressure by 0.2kg/cm’ at 1 minute intervals, until
0.8kg/cm’ is attained. Failure to maintain the
vacuum indicates that either the cup is incorrectly
applied or that the apparatus is faulty. The negative
pressure causes an artificial caput succedaneum or
chignon to be formed w:thln the cup and when the
vacuum reaches 0. Skg/cm the cup is completely
filled with scalp, ensuring maximum adhesion, and
traction can be started.

Traction on the handle is made as nearly vert-
cally to the cup as possible, because an oblique
direction of traction will tend to pull it off. Trac-
tion is made intermittently with the uterine con-
tractions, the direction of pull changing as the head
descends through the birth canal. Unless there is
obvious descent during three or four contractions
the use of the Ventouse should be reconsidered.

After delivery the vacuum is reduced as slowly
as it was created as this tends to diminish the risk
of damage to the scalp. Immediately after removal
of the cup the baby has an unsightly chignon
where the cup was applied, but this rapidly dimin-
ishes and within a few hours only a faint ring can
be seen.

Indications

These are similar to those for the use of obstetric
forceps in the second stage of labour. If the occiput
is not anterior the extractor may still be used. It is
applied as near to the vertex as possible, and with
traction forward rotation of the occiput often
occurs. However, many obstetricians would prefer
to use Kielland’s forceps or even to perform
manual rotation in such a case. The vacuum extrac-
tor can be used by skilled operators in the final
stage of labour for fetal distress in a multiparous
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mother. The cup can be manouvered through the
cervix at 7.8 cm dilation and after careful checking,
full dilation can be achieved with a very few
minutes traction. This is much quicker than a
caesarian section.

Contraindications

The vacuum extractor cannot be applied to the
breech or face.

The operation takes too long for urgent cases of
fetal distress and so forceps delivery is preferred.

There is some doubt as to its safety when used
on preterm babies, when there is possibly a greater
risk of intracranial haemorrhage than with for-
ceps.

Necrosis of the scalp, cephalhaematoma, sub-
aponeurotic haematoma and intracranial haemor-
rEagc have all been reported after vacuum
extraction, but in a number of these cases the cu
had been injudiciously applied for long periods
and strong traction had been applied to overcome
some degree of disproportion.

INTERNAL VERSION

In internal version a hand is passed through the
cervix, which must be fully dilated, or nearly so,
into the uterus to turn the fetus. It is always
podalic version, and one or both legs are brought
down as part of the operation. The woman must be
anaesthetized or have an effective epidural block. It
is a difficult and hazardous procedure for both
mother and child.

Before caesarean section and forceps delivery
were introduced internal version was the only way
out of many obstetric difficulties. Today the com-
monest indication is for the correction of a trans-
verse lie of a second twin after delivery of the first
twin and when external version has failed.

Internal version is extremely dangerous when
labour has been in progress for some time and the
lower segment is stretcied and thin because of the
risk of uterine rupture.

Figures 8.11 and 8.12 show the method of
performing internal version.

CAESAREAN SECTION

Caesarean section is the operation by which a
potentially viable fetus is delivered through an
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Fig. 8.11 Internal podalic version; stage 1, shoulder
presentation. The operator’s right hand has been intro-
duced to grasp the leg of the fetus and bring it down.
The left iand, working outside the sterile sheet, is
coaxing the head out of the iliac fossa

incision in the abdominal wall and the uterus. A
similar procedure undertaken to terminate a preg-
nancy of a non-viable fetus is referred to as
hysterotomy.

Indications

A list of indications for caesarean section can easily
be devised, but in many cases there is more than

Fig. 8.12 Internal podalic version; stage 2, shoulder
presentation. The leg is brought down causing the back
to rotate forwards. The head has almost reached the
fundus

one indication. As the dangers of the operation has
diminished there is a tendency for it to be per-
formed more often for fetal indications such as
distress during labour, placenta praevia, severe
hypertension, diabetes mellitus, haemolytic disease
and prolapse of the cord.

A few indications are absolute in the sense that
delivery by any other method would be extremely
dangerous, for example gross disproportion or
placenta praevia. However, in most cases the indi-
cations are relative and caesarean section is carried
out when it is thought that the balance of maternal
and fetal dangers will be reduced by section rather
than vaginal delivery. The indications include:

Faults in the birth canal

Cephalopelvic disproportion. Gross obstruc-
tion to delivery from pelvic contraction will
obviously justify caesarean section; it is in the
borderline cases that judgement is required.

A trial of labour often has to be terminated
because of fetal distress, or because of abnor-
mal uterine action. It is not always certain
what is causing delay in labour, when a wom-
an has been in labour for some hours and has
received cautious oxytocic augmentation of
uterine action yet cervical dilatation is not

rogressing, but caesarean section should not
Ee delayed.

If a trial of labour in a previous pregnancy
is judged to have failed because of dispropor-
tion, delivery should be by elective section
shortly before term.

In obstructed labour with a dead fetus, now
fortunately very rare in Britain, caesarean
section 1s safer than craniotomy in most doc-
tors” hands.

Pelvic tumour. Impaction of an ovarian cyst or a
fibroid in the pelvis are rare indications for
section.

Cervical or vaginal stenosis are also rare indica-
tions for section.

With a double uterus obstruction during
labour may occur because the unimpregnated
horn lies below the presenting part, because
the narrower part of the uterus fails to dilate
or because of a vaginal septum.

Section is advised after a previous operative
repair of a fistula or successful treatment of
stress incontinence, but after most repair



operations vaginal delivery with episiotomy is
preferable to section.

Fetal malpresentations

Caesarean section is the best treatment for a
brow presentation with the head at the level of
the pelvic brim.

Impacted mentoposterior face presentation is
also an indication for section.

Shoulder presentation. Section 1s fperformed fora
shoulder presentation if the fetus is alive in
preference to internal version.

Some cases of locked twins are treated with
caesarean section.

Section is now performed in at least 60 per cent
of cases of breech presentation. Section would be
advised if the fetus was in breech presentation
when the mother goes into labour from 26 to 36
weeks if the mother is over 35 years of age, has
been infertile or has an adverse obstetric history,
has a small or android pelvis or a large fetus or
indeed has any additional complication. Operation
should also be performed during labour if the
breech does not descend onto the pelvic floor after
a few hours of regular contractions.

In exceedingly rare cases of conjoined twins a
classical caesarian section may be required.

Abnormal uterine action

In many cases of abnormal uterine action there
may also be some mechanical difficulty and precise
diagnosis of the cause of delay may be uncertain,
but if a woman has been in labour for more than 12
hours, the membranes are ruptured and there is no
progress with an oxytocic infusion, section should
be considered.

Antepartum haemorrhage

Caesarean section is the best treatment for both
mother and fetus in most cases of placenta
praevia.

Placental abruption. Section is seldom per-
formed in severe cases of placental abruption
because the fetus is usually dead. In unusual
cases in which the fetus is alive but bleeding is
continuing caesarean section is justified near
term. Placental separation, even if it is slight, is
a major threat to fetal survival, and during
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labour section may become necessary for fetal
distress.

Other maternal indications

For cases of cardiac or respiratory disease, and
indeed most intercurrent medical disorders,
assisted vaginal delivery is preferable to cae-
sarean section unless there is some obstetric
impediment to easy delivery. Section should
never be performed merely to permit steriliza-
tion; this is better done some months later by
laparosmpy

Fulminating pregnancy induced hypertension.
This may have to be treated by section if the
chances of speedy vaginal delivery are small.
The woman may not go into labour after
induction, or the severity of the hypertension
may demand delivery before the 34th week in
a primigravida, when induction is uncertain.
In other cases of hypotension or renal disease
section is performed in the fetal interest.

Fetal indications

If placental bed malperfusion suspected
because of inadequate fetal growth, maternal
hypertension or proteinuria, many are treated
by induction of labour before term, but if
labour does not follow, if the fetus is very
small, or if fetal distress occurs during the first
stage of labour section is the best method of
delivery.

Fetal distress may occur during labour in cases of
postmaturity or hypertension, in cases of long
labour or abdominal uterine action, or with-
out explanation. Whatever the cause, if there
is clinical evidence of fetal distress during the
first stage of labour, confirmed by monitoring
of the fetal heart rate and by scalp blood
sampling, caesarean section is urgently per-
formed.

Prolapse of the cord when the cervix is not
sutficiently dilated to allow immediate vaginal
delivery is treated by emergency section.

A bad obstetric bistory, when the woman has
had several stillbirths or neonatal deaths, may
be a sufficient indication for caesarean section.
In such cases the timing of sections is very
important.

In cases of diabetes mellitus, when blood sugar
levels have been difficult to control, complica-
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tions are likely to occur. These include fetal
macrosomia, polyhydramnios and pre-
eclampsia. Such women are frequently
delivered before term, usually by caesarean
section.

Caesarean section should not be performed rou-
tinely on older primigravidae, but if there is
an additional factor such as minor dispropor-
tion, a breech presentation, hypertension or
even postmaturity, section may be indicated.

Gross prematurity is becoming a more frequent
indication for caesarean section, in cases of
breech presentation. Between weeks 26 and 32
the fetus is particularly prone to intracranial
haemorrhage secondary to acute hypoxia dur-
ing labour; this may be avoided by caesarean
section.

Repeated caesarean section

If a woman has already had a caesarean section
there is a risk of rupture of the scar in any
subsequent labour. If the indication for the section
persists, for example a contracted pelvis, operation
should obviously be repeated. If, however, the
indication was a non-recurrent one, for example
placenta praevia in a previous pregnancy, then the
risk of a second elective operation outweighs the
risk of rupture of a lower segment scar at vaginal
delivery. When a woman has had more than one
previous section the indication for repetition of the
operation may be stronger.

The upper segment scar is much less secure than
the lower segment scar, and after an operation of
the former type (now rarely performed) it is wise
to repeat the section.

Technique of caesarean section

In the past the classical procedure was a vertical
incision in the upper uterine segment. This incision
was attended by free bleeding, could not be cov-
ered with a free layer of loose peritoneum and gave
an insecure scar which might give way during a
subsequent pregnancy or labour. It is seldom
performed today. The standard procedure is the
transperitoneal lower segment operation with a
transverse incision in the uterus.

With any operation the best results are obtained
when there is ample time to prepare the patient,
but the need for caesarean section may only
become evident during the course of labour. If

section is elective it should be performed a few
days before the expected date of labour, but if
there is doubt about the maturity it may be wiser
to wait until labour begins.

Anaesthesia for caesarean section

Caesarean section often has to be performed at
inconvenient times, but the services of a skilled
anaesthetist are essential. Deaths from avoidable
complications of anaesthesia still make a tragic
contribution to maternal mortality statistics. In
emergency cases the woman may be ill-prepared
for operation and it may be necessary to pass a
gastric tube and empty the stomach before anaes-
thesia. Fifty milligrams of ranitidine given intra-
venously together with 30ml of a 0.3 M solution of
sodium citrate minimize the risks of acid reflux.

Morphine and allied drugs which may depress
the respiratory centre of the newborn infant
should not be used for premedication. The woman
should not be under the influence of the anaes-
thetic for longer than is absolutely necessary
before the operation begins and all preparations
for the operation must be completed before induc-
ing anaesthesia.

The anaesthetist must be able to insert a cuffed
endotracheal tube. A very common technique is to
induce sleep with a small dose of intravenous
thiopentone, to obtain relaxation with an injection
of scoline and, after insertion of a cuffed endo-
tracheal tube, to maintain anaesthesia with nitrous
oxide and oxygen. Recently propofol (Diprivan)
has tended to replace thiopentone.

An alternative method is to use a lumbar epidur-
al block (see Chapter 4, The relief of pain in
labour).

Regional infiltration of the abdominal wall and
parietal peritoneum can be employed, but this
method is time-consuming and is not suitable for
apprehensive women or emergency operations.

LOWER SEGMENT CAESAREAN SECTION

The bladder is emptied with a catheter before the
operation is started. An intravenous glucose-saline
drip is set up. A litre of cross-matched blood
should be available (although it may not be used);
in cases of placenta praevia, when blood loss may
be heavy, this is essential.

The operating table is tilted laterally by 15° to

the left. This prevents the uterus from compressing
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Fig. 8.13 Lower segment caesarean section. (a) The loose peritoneum over the lower uterine segment is lifted up
before it is incised; (b) the lower segment is exposed and a short incision made through it down to the fetal
membranes; (c) the incision in the lower segment can be enlarged by finger traction with very little bleeding

the inferior vena cava and impeding the venous
return.

The peritoneal cavity is opened by a low trans-
verse or vertical subumbilical incision. A wide
Doyen’s retractor is inserted into the lower end of
the wound. The peritoneum of the uterovesical
pouch is divided transversely for about 10cm and
the bladder is pushed gently down off the lower
segment. A transverse incision about 2cm long is
made in the midline of the lower segment and
deepened until the membranes bulge (see Fig. 8.13);

the amniotic sac should be kept intact at this stage
if possible. The two index fingers are slipped into
the incision and by exerting finger traction the
incision can be extended to about 10¢m in length.
The membranes are ruptured and the head is
delivered by slipping a hand beside it or by
applying first one blade of Wrigley’s forceps and
then the other. The head is delivered gently with
the forceps. As the head is delivered the anaesthe-
tist injects 10 units of Syntocinon intravenously.
The shoulders are carefully delivered, easing
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them out of the wound to avoid dangerous lateral
splitting of the uterine wound.

The fetus, now delivered, i1s held head down-
wards at about the same level as the placenta while
the mouth and pharynx are cleared of fluid with a
soft catheter attached to a suction apparatus. The
cord is clamped and divided and the infant is
handed over to the care of a paediatrician.

The placenta soon separates and is delivered
through the wound. The uterine incision is sutured
with two layers of catgut or polyglycolic acid. It is
important to secure complete haemostasis and to
remove any blood, amniotic fluid and vernix from
the peritoneal cavity. The abdominal wound is
closed in the ordinary way.

UPPER SEGMENT CAESAREAN SECTION

Although this operation is often still described as
classical it has been virtually replaced by the lower
segment operation, except possibly for a case of
transverse lie of the fetus, or if a fibroid prevents
access to the lower segment. A paramedian incision
is made. The uterus is incised vertically in the
midline of the anterior wall of the upper segment
and the membranes are ruptured. The fetus is
grasped by the feet and delivered in a manner
similar to breech extraction. The incision in the
uterus is closed in two layers, and the abdomen is
closed in the ordinary way.

STERILIZATION

Sterilization may be performed at the time of
caesarean section, but section should never be done
just to sterilize the patient.

Sterilization is sometimes advised if a woman
has had many previous sections, when the risk of
turther section may exceed that of normal delivery,
and it may be recommended for various medical
reasons.

The irreversible nature of the operation must be
explained to both the woman and her partner;
although the partner’s consent is not necessary if
there are medical reasons for the operation, it is
wise to obtain it. It is also important, because of
the risk of litigation, to point out that there is a
very small percentage of failures, no matter what
method is used.

Because it is not possible to guarantee that any
baby will survive and thrive, unless there are very
strong medical reasons to advise against further

pregnancy it may be wise to postpone sterilization
until the baby is 4 to 6 months old and when
sterilization can be performed by a laparoscopic
method.

For sterilization at the time of caesarean section
part of the tube is drawn up into a loop and a
ligature is tied tightly round the base of the loop,
which is then excised. Within a few days the catgut
gives way and the two sealed ends of the tube
separate (Pomeroy method).

CAESAREAN HYSTERECTOMY

Hysterectomy at the time of caesarean section is
rarely indicated, although it carries little additional
risk except on account of the condition which led
to it. The technique differs little from that of an
ordinary hysterectomy. The tissues are more vas-
cular, but the tissue planes separate easily. It is
occasionally indicated in cases of:

e rupture of the uterus if there is gross damage to
the uterine blood supply or evidence of severe
infection

* fibroids. When a woman has to be delivered by
section because of multiple or large fibroids,
hysterectomy may be considered, but it is
usually easier to perform the hysterectomy 3
months later

e carcinoma of the cervix. Cases that have
reached late pregnancy may be treated by
caesarean section followed by Wertheim’s
Oper ation.

POSTOPERATIVE CARE AFTER
CAESAREAN SECTION

A woman who has had a caesarean section is
looked after in the same way as any woman who
has had a major abdominal operation.

RISKS TO THE MOTHER

It is estimated that the maternal mortality after
caesarean section is four times greater than after
vaginal delivery. The risk to the mother is affected
by the indication for the operation, her health
before and during labour, whether there have been
previous attempts at delivery, the length of labour
and the skill of the surgeon and anaesthetist. The
risks in lower segment caesarean section per-



formed as a planned procedure are low, but if
emergency cases are considered the risk is higher.

Immediate risks

We have already emphasized the risks of anaes-
thesia in an unprepared woman with an inexperi-
enced anaesthetist.

Blood transfusion must always be readily avail-
able for women undergoing section, particularly in
cases of placenta praevia. When emergency section
is performed anaemia and shock must first be
treated by blood transfusion.

Serious infection is uncommon in planned
operations, but still may occur if section is per-
formed after labour has been in progress for some
time or any other attempt at delivery has been
made. Such problems could often have been pre-
vented if prophylactic antibodies had been used.
Severe postoperative ileus is now rare.

Pulmonary embolism is more likely after caesar-
ean section than after normal delivery. Together
with anaesthetic complications, it now accounts
for most of the fatalities. Pulmonary embolism is
more likely in obese and anaemic women. Early
ambulation and anticoagulant treatment will play
an important part in reducing the danger.

Remote risks

Rupture of a caesarean scar is relatively rare after
lower segment section, and then usually occurs
during labour. An upper segment scar is much
more likely to rupture, and may do so during
pregnancy as well as during labour. Any woman
who has had a caesarean operation should be under
the care of a hospital obstetric unit for every
subsequent delivery.
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Intestinal obstruction from adhesions is rare
since the lfljpper segment operation has been largely
abandoned.

RISKS TO THE FETUS

Caesarean section has an inherent small risk for the
fetus, although the conditions for which the opera-
tion is performed may explain much of the
increased perinatal mortality. Anaesthetics cross
the placental barrier and may depress the respira-
tion of the newborn; respiratory problems may
also occur with premature babies or babies born to
diabetic mothers.

Occasionally, when section is planned near
term, the duration of gestation is wrongly esti-
mated. The routine use of ultrasound in early
pregnancy should eliminate this risk.

It is possible to cause intracranial damage by
delivering the head without proper care when 1t
has to be brought up from the pelvis, or even by
delivering it through too small a uterine incision.

RISING INCIDENCE OF CAESAREAN
SECTION

The incidence of caesarean section has been rising
in the UK to around 13 per cent of deliveries partly
due to the threat of litigation following the birth
per vaginam of brain-damaged babies and partly to
the tendency to deliver preterm and very small
babies abdominally. It has been suggested that the
increasing use of fetal monitoring in labour has
been the cause of unnecessary operations which
might have been avoided had the pH of fetal scalp
blood been measured.

' FURTHER READING

Planché W., Morrison J. and O’Sullivan M. (1992)
Surgical Obstetrics. W.B, Saunders, Philadelphia.



PROBLEMS OF THE NEWBORN

Skilled resuscitation of the newborn should be Table 9.1 Indications for advanced resuscitator to
available wherever babies are born. Resuscitation  attend deliveries

of the newborn has been divided into basic and
advanced resuscitation. DURING LABOUR AND DELIVERY

Fetal distress including low fetal pH
Thick meconium staining of the amniotic fluid

Basic resuscitation comprises:

artificial ventilation via face mask Caesarean section ) :
external cardiac compression Forceps or Ventouse delivery (except uncomplicated
iving naloxone if necessary. lift out) ’
gving e ry. Abnormal presentation
Advanced resuscitation comprises: Prolapsed cord
. 4 Antepartum haemorrhage
tracheal intubation P $
drug administration MATERNAL CONDITIONS
management of meconium aspiration Diabetes

Fever
Heavy sedation
The need for resuscitation of newborn infants  Concomitant illness
may arise unexpectedly. Basic resuscitation needs  Severe hypertension and/or proteinuria
to be initiated immediately. All health professions  FETAL CONDITIONS
actively involved in the care of mothers and babies Multiple pregnancy
in the maternity unit should be proficient in basic ~ Preterm labour (less than 37 weeks)
resuscitation. A person skilled in advanced resusci-  Post-term labour (more than 42 weeks)
tation should be available at all times and sum-  Intrauterine growth retardation
moned immediately if required. Isoimmunization
The need for advanced resuscitation may be Abnormal baby
anticipated when there are conditions which pre- OBSTETRICIAN OR MIDWIFE EXPRESSING
dispose to asphyxia and a person proficient in CONCERN
advanced resuscitation should be present (Table
9.1).

care of the very low birth weight infant.




306 Problems of the Newborn

PATHOPHYSIOLOGY

Normally the lungs are filled with fluid at birth.
The first few breaths need to fill the lungs with air
driving fluid out of the alveoli into the circulation.
In babies who are subjected to continuous, pro-
longed asphyxia there is initially a period of gasp-
ing which is followed after 1-2 minutes by the
onset of primary apnoea (see Fig. 9.1). At this stage
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Fig. 9.1 Changes in Rhesus monkeys during asphyxia
and on resuscitation by positive-pressure ventilation,
Brain damage was assessed by histological examination
some weeks later.

the infant is blue but the blood pressure is main-
tained although the heart rate is falling. This is
called blue asphyxia or asphyxia livida. A further
period of gasping which lasts 8-10 minutes occurs
following which secondary or terminal apnoea
ensues. The blood pressure is now extremely low
and the heart rate is slow and deteriorating.
Peripheral perfusion is poor and the baby lies limp.
At this stage the infant 1s white and shocked which
is described as asphyxia pallida or white asphyxia.
In terminal apnoea breathing will not begin unless
positive pressure ventilation is provided. The con-
dition of infants shortly after birth is recorded
using the Apgar score at 1, 5 and 10 minutes (Table
9.2).

The events described above are based on obser-
vations in animals subjected to a sudden, severe
and continuing asphyxia. This occurs only rarely
in the human infant, such as following a cord
prolapse, but more often the fetus is subjected to
intermittent asphyxia over a prolonged period. It
should not be assumed that all babies requiring
resuscitation have experienced birth asphyxia.
Other causes of infants failing to establish respira-
tion at birth include:

® trauma

e analgesia and anaesthetic agents given to the
mother during labour or at delivery

® caesarean section, when there is often delay in
clearance of lung liquid
meconium aspiration

® the very low birth weight infant
Eroblems within the infant, e.g. diaphragmatic

ernia.

BASIC RESUSCITATION

An outline of the management of basic resuscita-
tion is shown in Fig. 9.2. The baby who, within the
first minute of life, establishes regular breathing,
has a good heart rate and is well perfused requires

Table 9.2 Apgar score

Sign 0 1 2

Heart rate Absent < bpm 100 > bpm 100 |
Respiratory effort Absent Slow, irregular Good, crying
Muscle tone Limp Some limb flexion Active
Response to stimulus (nasal catheter)  Nil Grimace Vigorous cry
Colour Blue, pale Body pink, limbs blue Pink




Signsin
first
minute

First breath
Heart rate

Peripheral
perfusion
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L Normal 1 [ Breathing impaired Not breathing
; Breathing Breathing
BIS‘"'LT;TQ shallow or stopped after Not breathing
g irreqular first breath
Within Usually in first
seconds few seconds Never breathed
>100 >100 >100 <100
Variable
Well
Usually normal often Poor
perfused reduced
Suction only Dry. place under radiant Dry, plaile;;l:ger radiant
o i heater, suction mouth and nose suction mouth and nose
Give oxygen by funnel,
tactile stimulation
Dry, wrapin If noimmediate
warm, dry towel Q=| Improvement improvement =S Do not delay
1 '[ {}
Hndpinew Immediate actions
| CALL FOR ADVANCED

Unanticipated meconium

|

Suck out mouth as soon
as head is delivered

Call for A.R.N.B.

Place baby flat or
slightly head-down

Suck out mouth and
nose

Give oxygen by funnel

RESUSCITATOR (A.A.N.B.)
ADMINISTER BASIS RESUSCITATION

e
i) Position the baby
i} Ventilate with face mask

iy Apply external cardiac compression
if heart rate <60/min or pulses

or absent.
WATCH FOR

a) Symmetrical Chest Movement

b) Onset of regular breathing

c) Improvement of heart rate, perfusion

colour, movement and tane

v) Consider Naloxone

v

no resuscitation at all. The baby can simply be
wrapped in a warm dry towel and handed to his or

her mother.

Babies whose breathing is impaired with either

If no improvement, further action

ADMINISTER ADVANCED RESUSCITATION
BY ARN.B. e

i} Tracheal intubation and ventilation
W) External cardiac compression
iil) Drugs if necessary

Fig. 9.2 Basic rescuscitation of the newborn

shallow or irregular respiration with a good heart
rate and whose peripheral perfusion is good should
be placed under a radiant heater and the mouth and
nose cleared of mucus and blood. Oxygen is given
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to the baby’s face together with tactile stimulation,
such as firm drying of the infant with a towel, if
needed. In most cases, regular respiration is rapidly
established.

For the baby who does not breathe at birth, after
placing the baby under the radiant heater and
clearing the airways, basic resuscitation is initiated.
The baby is correctly positioned with the neck
slightly extended and ventilation initiated with a
face mask. The face mask needs to be applied to
cover the nose and mouth to ensure an adequate
Seal Intemlttent pOSItwe pressure Veﬂtllatlon 15
best obtained using the artificial ventilation circuit
on the resuscitation trolley. A starting pressure of
up to 30 cm of water may be needed for the first
few breaths. The initial breath should consist of an
inspiratory time of 1-2 seconds to adequately
expand the lungs. Thereafter a pressure of
10-15 cm of water is usually sufficient at a rate of
3040 breaths per minute with shorter inspiratory
times. The chest is carefully observed to ensure
that the artificial ventilation is achieving adequate
and symmetrical movement of the chest wall.

While this is initiated, a paediatrician or obste-
trician capable of advanced resuscitation is called.

If the baby is bradycardic (heart rate less than 60
beats per minute or the pulse is absent or difficult
to palpate), external cardiac compression is applied
to the chest. This is best done by grasping the chest
with both hands, placing the thumbs over the
junction of the middle and lower third of the
sternum and applying pressure using both
thumbs.

Naloxone is given if the mother has received a
narcotic analgesic within 4 hours of delivery and
the baby fails to breathe regularly when artificial
ventilation is stopped.

ADVANCED RESUSCITATION

If mask ventilation fails, the baby should be intu-
bated and ventilated promptly. Intubation should
be performed by someone proficient in advanced
resuscitation of the newborn. This is done under
direct vision using a laryngoscope and an appro-
priate size of tracheal tube. After tracheal intuba-
tion, one needs to check that there is satisfactory

excursion of the chest wall. If not the tracheal tube
may not be in the trachea. If the movement of the
chest is asymmetric it may be because the tracheal
tube is too far down and into the right main
bronchus or there may be a pneumothorax, dia-
phra matic hernia, pulmonary hypoplasia or pleu-
%fusion. During artificial ventilation cardiac
compression is continued if indicated.

If the baby still does not recover drugs may
be administered. Adrenaline (1 in 10000,
0.1 ml/kg) can be given via the endotracheal tube
or intravenously into the umbilical vein. Sodium
bicarbonate (4.2 per cent, 5 ml/g) is often recom-
mended, but its use is controversial as it may
further lower the intracellular pH. After flushing
the catheter with 0.9% saline, calcium gluconate
(10 per cent solution 1 ml/kg) is given for persist-
ent bradycardin or absent pulse. If the infant
remains pale in spite of the application of the
measures given above and if the history is sugges-
tive of fetal blood loss such as placent:{ abruption,
a transfusion of Group O negative blood should be
given. If respiratory support is still needed the
baby should be transferred to the neonatal unit
while continuing to provide artificial ventilation.

Throughout all resuscitation it is most impor-
tant to ensure that the baby does not become
hypothermic. The baby needs to be rapidly dried
immediately after birth, kept covered and under a
radiant warmer. Resuscitation needs to be per-

formed quickly and skilfully.

MECONIUM ASPIRATION

If thick meconium is present on the skin or in the
pharynx, the vocal cords must be checked under
direct vision and the oropharynx aspirated. If
meconium is present in the trachea a tracheal tube
is inserted and the meconium aspirated. If the tube
becomes blocked it may be necessary to reintubate
the baby. If the baby becomes bradycardic positive
pressure ventilation will need to be started. It is
important that this procedure is performed in
skilful hands as prolonged attempts at intubation
may make the situation worse by inducing brady-
cardia by sumulating vagal tone.
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Low birth weight is defined as a birth weight less
than 2500 g. About 7 per cent of babies in England
and Wales are of low birth weight. Infants who are
born before 37 weeks of gestation are called pre-
term and those whose weight is below the 10th
centile for gestation are usually called light for
dates. Infants weighing less than 1500 g at birth are
called very low birth weight (VLBW) infants and
those weighing less than 1000 g at birth are often
described as extremely low birth weight (ELBW)
infants.
The most reliable way to assess an infant’s
%estation is from the mother’s dates or else from
etal size at an early ultrasound scan. After birth
the infant’s gestation can be assessed by using
charts which rely on a range of physical character-
istics which change with maturity such as skin
thickness, the formation of auricular cartilage and
Femtal development as well as a range of neuro-
gical characteristics which also change with ges-
tation (Dubowitz score). The accuracy of the
assessment is = 10 days and it is of less value in
infants of below 28 weeks’ gestation. The presence
of fused eyelids suggests that the baby is extremely
premature and is associated with a high mortality.
An infant’s gestation is a better guide than birth
weight to the likelihood of problems in the neona-
tal period and of long-term morbidity and mortal-
ity. Infants who are light for dates may be growth
retarded or normal. Most are normal small babies
whose weight simply falls below the 10th centile
based on a population distribution. Those who are
malnourished are thin with little subcutaneous fat.
When malnutrition occurs in the latter part of
regnancy the infant’s weight is disproportionate-
ry low compared with the %lead size as the growth
of the brain is spared at the expense of the rest of
the body. In this case the depletion of glycogen
stores in the liver and heart and of fat stores rnaies
them more susceptible to intrauterine hypoxia and
intrauterine death and postnatally to hypoglycae-
mia and hypothermia. When the intrauterine mal-
nutrition has commenced in the early part of
pregnancy head size will also be reduced.

NEONATAL CARE

There has been a dramatic reduction in the neona-
tal mortality of low birth weight infants over the
last 20 years (see Fig.9.3). This has been from
improvements in both obstetric and neonatal care.
About 1-2 per cent of all infants require intensive
care. Intensive care has been categorized as high
and medium dependency intensive care (Table
9.3).

Because of the specialized nature of this work,
requiring skilled medical and nursing staff and
expensive monitoring equipment, intensive care
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Table 9.3 Clinical categories of neonatal care (British
Association of Perinatal Medicine)

MAXIMUM INTENSIVE CARE

Babies:

*  receiving assisted ventilation (including intermittent
positive airway pressure, intermittent mandatory
ventilation and constant positive airway pressure
and in the first 24 hours after its withdrawal)

*  of less than 27 weeks’ gestation for the first 48 hours
after birth

e  with a birth weight of less than 1000 g for the first
48 hours after birth

*  who require major emergency surgery for the pre-
operative period and post-operatively for 48 hours
on the day of death

*  being transported by a team including medical and
nursing staff
who are receiving peritoneal dialysis
who require exchange transfusions complicated by
other disease processes

¢ with severe respiratory disease in the first 48 hours
of life requiring an FiO, of >0.6

*  with recurrent apnoea needing frequent interven-
tion

*  with significant requirements for circulatory sup-
port

HIGH DEPENDENCY INTENSIVE CARE

Babies:

*  requiring total parental nutrition

*  who are having convulsions

*  being transported by a trained skilled neonatal
nurse alone
with arterial line or chest drain

*  with respiratory disease in the first 48 hours of life
requiring an FiO, of 0.4-0.6

*  with recurrent apnoea
who require an exchange transfusion alone
who are more than 48 hours post-operative and
require complex nursing procedures

*  with tracheostomy for Erst 2 weeks

has to be centralized at regional units. About 10
per cent of all babies will require special care in the
newborn period. Special care may be provided in
the Special Care Baby Unit or, particularly for the
more mature infant, on the postnatal wards in a
Transitional Care Nursery. This has the great
advantage of not separating mother and baby.
Infants who are acutely ill or where problems are
anticipated will need to be admitted to the baby
unit. Most infants under 34 weeks’ gestation and
weighing less than 1800 g at birth are best admitted

to the baby unit. Many of these babies will need to
be in hospital for several weeks.

Although only 7 per cent of infants in England
Wales are low birth weight, 66 per cent of neonatal
deaths in 1988 were in this group of infants. Very
low birth weight infants are the most vulnerable
and require expert perinatal care to minimize
morbidity and mortality. They are easily bruised
and traumatized at delivery, whether this is vaginal
or by caesarean section. They often require he?p to
establish breathing and efficient resuscitation must

rovided. Following resuscitation very low
blrtﬁ weight infants should be transferred to the
baby unit in a transport incubator. Many will
require artificial ventilation during transfer. On
arrival the baby’s condition nee(?s to be fully
stabilized. Every baby unit should be able to
provide this whether or not the infant will remain
there for long-term intensive care.

VERY LOW BIRTH WEIGHT INFANTS

For very low birth weight infants two experienced
attendants need to be present at delivery. It is
particularly important for the baby to be kept dry,
warm and covered during resuscitation. Active
resuscitation is initiated early unless the baby is
vigorous, breathing normally and pink. A high
percentage of very low birth weight infants need
tracheal intubation and artiﬁcia% ventilation at

birth.

STABILIZING THE VERY LOW BIRTH
WEIGHT INFANT

On arrival on the baby unit the infant is quickly

c%hed, placed in an incubator and briefly exam-
ined to assess the baby’s clinical condition and
identify any congenital abnormalities.

ARTIFICIAL VENTILATION

Many infants of less than 30 weeks’ gestation will
initially require ventilatory support w%nether or not
they have respiratory distress syndrome. Artificial
ventilation or additional ambient oxygen may be
required because of lung liquid or simply because
of immature lungs and weakness of the muscles of
respiration combined with a highly compliant
chest wall. Adequate ventilation and oxygenation
can prevent the development of hypoxia, lung



atelectasis, secondary surfactant deficiency and cir-
culatory failure.

CIRCULATION

The infant’s circulation is assessed from the heart
rate and skin perfusion and blood pressure. A very
helpful guide is the toe-core temperature differ-
ential which should not exceed 2°C. Circulatory
support is often required with colloid and ino-
tropic drugs.

MONITORING

The infant’s heart rate, respiratory rate and tem-
perature are monitored from the time of arrival on
the baby unit. The infant’s oxygenation needs to be
closely monitored to avoid hypoxaemia which
may result in ischaemic damage and hyperoxaemia
which may produce retinopathy of prematurity
(retrolental fibroplasia). The PaO, is kept between
7 and 12 kPa (50-90 mmHg). This monitoring can
be achieved using transcutaneous electrodes, oxy-
gen saturation monitors or directly from blood gas
analysis. Repeated arterial blood gases will be
required for babies requiring assisted ventilation.
This is best achieved by inserting an arterial cath-
eter, usually into the lower aorta through an
umbilical artery, or by cannulation of a peripheral
artery, usually the radial artery. The arterial line
also allows direct, continuous measurement of the
blood pressure while blood samples can be taken
from it without disturbing the baby.

A chest X-ray is taken to assess the infant’s
lungs and the position of the endotracheal tube and
umbilical artery catheter.

TEMPERATURE CONTROL

The baby must not be allowed to become hypoth-
ermic. Special attention needs to be paid to this not
only during resuscitation but during transfer to the
baby unit or else these small babies readily become

cold.

FLUID BALANCE AND METABOLIC
MONITORING

The fluid requirements of very low birth weight
infants are highly variable during the first few days
of life. Usually 40-60 ml/kg of fluid is sufficient on

the 1st day excluding colloid support. However
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this needs to be reassessed several times a day. The
fluid intake is altered according to the infant’s
urine output, blood pressure, acid-base balance
and clinical assessment of the peripheral circula-
tion. In addition hypoglycaemia is prevented by
establishing an intravenous infusion containing
dextrose. Monitoring for hypocalcaemia is also
undertaken.

ANTIBIOTIC THERAPY

Very low birth weight babies requiring ventilatory
support are usually given antibiotics as group B
streptococcal infection cannot be reliably distun-
guished from respiratory distress syndrome both
clinically and radiologically.

MINIMAL HANDLING

The infant’s circulation and oxygenation are
adversely affected by handling and painful proce-
dures. The number of procedures should be kept
to a minimum and performed as rapidly and
efficiently as possible. Analgesia should be given
before painful procedures and usually is in the
form of opiates (morphine, dimorphine) admin-
istered as a continuous infusion.

PARENTS

Although the doctors and nurses are kept very
busy during this period of stabilizing very low
birth weight infants, time must be found for the

arents to allow them to see their baby and for a
Full explanation. If the mother has had a caesarean
section or is unable to come to the neonatal unit,
the neonatal staff will need to go to see her on the
labour or postnatal ward. Instant photographs of
the baby and booklets about the unmit which
describe the management of very low birth weight
infants are of considerable help to them.

SPECIFIC PROBLEMS

There are a number of problems which are specific
to very low birth weight infants (Table 9.4).

TEMPERATURE CONTROL

Low birth weight infants become hypothermic
very readily. They have a large surface area relative
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Table 9.4 Problems of very low birth weight infants
within the neonatal unit

Temperature control
Resp;ratory problems
Respiratory distress syndrome
e Pulmonary air leaks (pulmonary interstitial
emphysema, pneumothorax)
® Recurrent apnoea
¢ Bronchopulmonary dysplasia
Nutrition
Osteopenia of prematurity (rickets)
Intraventricular haemorrhage and ischaemic brain
injury
Patent ductus arteriosus
Infection
Anaemia of prematurity
Necrotizing enterocolitis
Retinopathy of prematurity
Growt

to their weight which permits rapid heat loss and
they have relatively little subcutaneous fat for
insulation. They also have relatively little of the
adipose tissue (brown fat) present in term infants
which they can metabolize rapidly to produce
heat. Preterm infants cannot shiver and are often
nursed naked to allow proper observation. It has
long been recognized that keeping infants warm to
avoid hypothermia improves their survival.

An infant’s oxygen consumption is increased
when the environment is either too cold or too hot.
There is a neutral temperature range when the
infant’s oxygen consumption is minimized and this
is the most suitable temperature to nurse them.
This neutral temperature is highest in preterm
infants and is further increased in the first few days
of life when their skin is thin and poorly kerati-
nized or if they are nursed naked.

Hypothermia occurs when a baby is not able to
produce sufficient heat in a cool environment.
However a normal body temperature does not
necessarily imply that the ambient temperature is
satisfactory as it may be achieved by increasing
heat production. This increased energy consump-
tion will be achieved at the expense of growth.

INCUBATORS AND RADIANT WARMERS

Very low birth weight infants are nursed in closed
incubators or under radiant warmers to provide a
sufficiently warm environment. They should be

clothed as far as is possible while still ensuring
constant observation and ready access. Infants
nursed naked in a closed incubator lose heat by
radiation and evaporation. Radiant heat loss can be
reduced by keeping the intensive care room in the
neonatal unit very warm (26-28°C), by using
incubators with double walls and by covering the
baby with a plastic heat shield or with an insulating
fabric such as bubble plastic sheeting. Evaporative
heat loss can be minimized by humidification. The
disadvantage of humidification is that it increases
the risk of colonization with Psexdomonas which
flourishes in a damp environment. The main dis-
advantage of closed incubators is the lack of acces-
sibility %or staff and parents. Practical procedures,
especially those done in an emergency, are much
more awkward to perform when babies are nursed
inside closed incubators.

Sick infants can also be nursed under radiant
warmers. The output of the heat is adjusted
according to the infant’s skin temperature. This has
the advantage of allowing ready access to the baby.
They are also more effective in keeping very
immature babies warm. Their main disadvantages
are that the evaporative heat loss is considerably
higher because of increased evaporative water loss
from the skin which makes the control of fluid
balance much more difficult. In addition heat loss
by convection is increased from draught. This can
be reduced by covering the infant with an insulat-
ing fabric.

As soon as babies are well enough they should
be clothed. Clothing markedly reduces heat loss.
In infants, the head is a large part of the surface
area and bonnets will increase thermal insulation.
For infants below 2kg the room temperature
needs to be about 26°C, for those over 2 kg it
should be about 24°C to achieve a neutral thermal
environment.

RESPIRATORY PROBLEMS

RESPIRATORY DISTRESS SYNDROME
(HYALINE MEMBRANE DISEASE)

This is almost entirely confined to preterm infants;
infants of diabetic mothers and those with rhesus
isoimmunization are also at increased risk. It
occurs in about 9 per 1000 live births overall.
Respiratory distress syndrome (RDS) occurs
when there is deficiency of surfactant because the



production of type II pneumocytes in the lungs is
reduced. After anut 36 weeks’ gestation surfac-
tant is usually produced in adequate quantities.
After 32 weeks’ gestation it is usually possible to
manage respiratory distress syndrome successfully
without long-term sequelae provided full intensive
care facilities are available. This is important when
deciding to deliver babies before term. In the past
it was helpful to have information regarding sur-
factant production by measuring the lecithin con-
tent of the amniotic fluid. Since absolute
measurements will be dependent on the degree of
dilution by amniotic fluid this was commonly
expressed as a ratio of lecithin to sphingomyelin
(L/S). When the L/S ration is 2:1 or greater, RDS is
unlikely but a ratio of under 1.5 means that there is
a high risk of hyaline membrane disease, of the
order of 75 per cent. With modern intensive care
widely available the L/S ratio is now rarely meas-
ured.

Administration of corticosteroids to the mother
will increase the production of surfactant if the
steroids are given at least 24 hours preceding
delivery. Betamethasone or dexamethasone are
usually used. More recently thyroid releasing hor-
mone (TRH) given antenatally also promotes sur-
factant production and is combined with
corticosteroids. In many preterm deliveries there is
an insufficient time interval between giving the
corticosteroids and delivery for the drug to be
effective.

Respiratory distress syndrome (RDS) occurs in
about 60% of infants born before 30 weeks gesta-
tion, but in only 35% after a full course of
antenatal corticosteroids.

Respiratory distress develops within 4 hours of
birth in babies with RDS. The clinical course is of
gradual deterioration for the first 2-3 days with
worsening of hypoxia, hypercapnia and acidosis.
Recovery is often heralde c{) by a reduction in the
additional oxygen required and an increase in the
urinary output and 0‘} the infant’s muscle activity.
The chest X-ray is characteristic with a ground
glass appearance throughout the lung fields and an
air bronchogram where the air in the bronchi
contrasts with the surrounding opaque lung fields
and heart. When the disease is severe the lungs
appear as a white out when they cannot be differ-
entiated from the heart. In fatal cases autopsy
reveals almost airless lungs and a hyarne
membrane-lining the terminal air passages (which
takes up eosinophilic stains).
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All affected babies should be stabilized and if
necessary transferred at an early stage to a centre
with facilities for neonatal intensive care. Manage-
ment of babies with RDS requires expert medical
and nursing care and comprehensive monitoring.
Added oxygen should be given as required and
ventilatory support started early if the disease is
severe. Sufficient peak pressure is given to expand
the lungs and positive end expiratory pressure
(PEEP) to maintain airway patency on expiration.
Careful attention must be paid to maintain a
satisfactory blood pressure and circulation.
Analgesia is given to gabies requiring mechanical
ventilation. Muscle paralysis is used for babies
with severe disease or if the ventilator and the
infants breathing cannot be synchronized. Anti-
biotics are given as group B streptococcal infection
may mimic RDS.

The major recent advance in the management of
RDS has been the development of surfactant thera-
py which is given directly into the lungs via the
tracheal tube. The surfactant may be synthetic,

orcine or bovine. Human surfactant, harvested
From amniotic fluid is not readily available. Surfac-
tant therapy has been studied extensively in
numerous multicentre trials and has been shown to
reduce mortality by about 40 per cent, with no
increase in morbidity.

Most of the serious complications of preterm
infants relate to the complications of RDS. This
includes pulmonary interstitial emphysema where
air tracks into the lung interstitium dissecting
along the tissue plains; this shows up on the chest
X-ray. Pneumothorax and bronchopulmonary
dysplasia are important respiratory complications.
There is an increased incidence of patent ductus
arteriosus in infants with RDS. Intraventricular
haemorrhage and ischaemic injury to the brain are
the most serious neurological complications and
are commoner in babies with RDS. Problems in
establishing feeding often requiring parenteral
nutrition, retinopathy of prematurity and infection
are all commoner in babies requiring prolonged
ventilatory support for RDS.

PNEUMOTHORAX

A pneumothorax may occur spontaneously or
more commonly as a complication of mechanical
ventilation. It may cause increasing respiratory
distress or sudden hypoxaemia with an increased
oxygen requirement. On examination reduced
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movement of the chest wall may be noted accom-
panied by reduced breath sounds on the affected
side with a shift of the mediastinum. It can be
confirmed most quickly by transillumination of
the chest wall with a cold light source or on the
chest X-ray. Most pneumothoraces will require
direct drainage, often with suction. A pneumo-
thorax is a particularly serious complication in
preterm infants as it causes markedp swings in
oxygen and carbon dioxide tensions and in blood
pressure. These result in marked fluctuations in
cerebral perfusion which are associated with an
increased risk of intraventricular haemorrhage.

APNOEA OF PREMATURITY

Some VLBW infants develop recurrent apnoeic
attacks in the first few weeks of life. In most, it is
related to their prematurity. They may, however,
be an early sign of infection, and this always needs
to be carefully considered and excluded. Other
causes include anaemia, a patent ductus arteriosus
and aspiration of milk feeds. Any underlying cause
needs to be treated. Giving a theophylline prepara-
tion will often help reduce the frequency and
severity of apnoeic attacks. Breathing will usually
be re-established by tactile stimulation. Additional
ambient oxygen or ventilatory support is some-
times required.

BRONCHOPULMONARY DYSPLASIA

When infants who required artificial ventilation
still require supplemental oxygen at 4 weeks (28
days o?age) this is called bronchopulmonary dys-
plasia (BPD). The number of babies with BPD has
increased with the improved survival of very low
birth weight infants. In this condition there are
also chronic changes on the chest X-ray. These
include generalized hazy shadowing from areas of
collapse and fibrosis alternating with areas of
overinflation and emphysema. Prolonged treat-
ment with oxygen and mechanical ventilation is
often required and may be necessary for a period
of weeks or months. Courses of corticosteroids
may result in a dramatic reduction in oxygen
requirement. It allows some infants to be weaned
off the ventilator. Once off the ventilator addi-
tional oxygen may continue to be required. It may
be delivered via a nasal cannula or prong attached
to a circuit delivering a low flow of oxygen. When

additional oxygen is required for some weeks or
months this can be provided in the infant’s home if
there is adequate equipment and support for the
parents. Bronchoconstriction may occasionally
require the use of bronchodilators. Some infants
may benefit from diuretic therapy.

Many of these infants fail to thrive and are short.
Vomiting from gastro-oesophageal reflux is not
uncommon and may be associated with apnoeic
attacks. They are at increased risk of developing
problems from recurrent respiratory infections,
particularly during the first 2 years of life, and
recurrent episodes of wheezing due to bronchial
hyperreactivity. Some infants die from respiratory
infection or cor pulmonale. The majority show
gradually improving lung function. Adequate
nutrition is essential for adequate lung growth and
repair. Although they have fp«ersistent abnormal-
ities on detailed respiratory function testing, they
develop sufficient respiratory reserve to be able to
undertake all the normal activities of life. The long-
term effects of these chronic changes in adult life
are not yet known.

NUTRITION

Most preterm infants will need assistance with
feeding. Those of less than 34 weeks’ gestation are
usually unable to suck sufficiently well to feed on
their own and will require nasogastric tube feed-
ing. Infants less than 30 weeks’ gestation, or pre-
term infants who require ventilatory support, are
often unable to tolerate enteral fee?; initially and
will require parenteral nutrition.

BREASTFEEDING

It is possible to establish breastfeeding in most
preterm infants even those requiring intensive care.
The milk will initially need to be expressed from
the breast, and it may be more difficult to establish
breastfeeding when milk expression is required for
a long period of time. Mothers need to be well
motivated but given good support and encourage-
ment by the staff it can often be successfully
achieved.

Preterm infants fed on breast milk appear to
absorb it more readily than formula feeds and to be
at a lower risk of developing necrotizing enter-
ocolitis. A study of preterm infants who were
breastfed were found to have a higher intelligence
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quotient in childhood. Breast milk has a lower
energy content than formula feeds and infants
grow slower on it. Preterm infants often become
hyponatraemic because of their high urine sodium
loss and the low sodium content of breast milk.
Sodium supplements are often required and cal-
cium and phosphate supplementation may also be
needed if infants are purely breastfed.

Banked breast milk, where milk is pooled from a
number of donors, has a lower concentration of
protein, minerals and fat than breast milk
expressed from the infant’s mother. VLBW babies
grow much more slowly on banked breast milk
than maternal breast milk. Banked breast milk
must be heat treated because of the recent concern
about the possible spread of human immunodefi-
ciency virus (HIV) in breast milk. In the UK most

neonatal units have therefore stopped running
milk banks.

FORMULA FEEDS

Special preterm infant formulae have been devel-
oped. They contain a higher concentration of
protein and minerals and additional sodium, phos-
phate and calcium to take into account the preterm
infant’s increased requirements.

NASOGASTRIC FEEDING

Most infants of less than 30 weeks’ gestation, or
those with respiratory distress or who are ill, are
not given enteral feeds as food absorption is poor
under these circumstances and there is a risk of
regurgitation and aspiration. In addition respira-
tion can be compromised by gastric distension. An
intravenous infusion of glucose is usually given
while the infants are stabilized. Thereafter enteral
feeding is introduced. In preterm infants the milk
is usually given in frequent small boluses via the
nasogastric tube to reduce the risk of problems
from abdominal distension and of aspiration. The
feeds are sometimes given continuously via a
syringe pump but this is less physiological than
bolus feeding. Another technique to reduce the
risk of regurgitation and aspiration is to use a
transpyloric tube to bypass the stomach. These
silastic feeding tubes are more difficult to position
correctly than nasogastric tubes.

PARENTERAL NUTRITION

Parenteral nutrition is often required to supple-
ment or replace enteral feeding in infants receiving
intensive care. It is used most often for VLBW
infants on artificial ventilation for RDS when there
is a delay in establishing full enteral feeds. It is also
required in infants with necrotizing enterocolitis
or following bowel surgery. Parenteral nutrition
can be given for short periods via a cannula in a
peripheral vein but the infusion site needs to be
observed very carefully as extravasation may result
in tissue necrosis and scarring. Long-term par-
enteral nutrition is best given via a central catheter
placed in the right atrium. Parenteral nutrition
should only be undertaken in a fully equipped
intensive care unit. The infants need to be meticu-
lously monitored for complications, the common-
est and most serious of which is infection. Other
complications include hyperglycaemia, fluid and
electrolyte imbalance, metabolic acidosis and
cholestatic jaundice.

OSTEOPENIA OF PREMATURITY
(RICKETS)

Preterm infants are prone to osteopenia of prema-
turity. Their bones may become poorly miner-
alized and in severe cases they develop rickets with
the metaphyses becoming splayed and cupped.
Fractures of the ribs and other sites may occur.
Infants at most risk are those receiving prolonged
parenteral nutrition when it is difficult to give
adequate phosphorus parenterally. Infants receiv-
ing breast milk alone are also at increased risk. All
very low birth weight infants should have their
plasma phosphate and calcium levels monitored
regularly and an adequate plasma level maintained.
Additional phosphate and, if necessary, calcium
are given as required. Vitamin supplements, which
include additional vitamin D, are usually given to
VLBW infants when they are a few weeks old.

INTRAVENTRICULAR
HAEMORRHAGE AND ISCHAEMIC
BRAIN INJURY

Periventricular haemorrhage and cerebral ischae-
mia are now a major cause of morbidity and
mortality in low birth weight infants. Periven-
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tricular haemorrhage occurs in the rich network of
fragile capillary vessels which lie alongside each
lateral ventricle. The haemorrhage begins under
the lining of the ventricle in the germinal matrix
and then may burst into the ventricle or the
parenchyma. The main complications result from
this spread: intraventricular blood may lead to
ventricular dilation and hydrocephalus while par-
enchymal haemorrhage destroys the brain sub-
stance. The relationship between haemorrhage and
ischaemic lesions is complex and incompletely
understood. Ischaemic lesions may, after some
weeks, become cystic and filled with cerebrospinal
fluid. The cystic lesions may be localized or gener-
alized when it is called periventricular leucomala-
cia. Intraventricular haemorrhages may be the
primary lesion but may also result from bleeding
into an ischaemic area, a venous infarct.

Pathogenesis

The more preterm the baby the higher the inci-
dence of periventricular haemorrhage. About half
of all VLBW babies have evidence of periven-
tricular haemorrhage on ultrasound. Most of the
lesions occur within 48 hours of birth. Infants at
most risk are those who have experienced asphyxia
or who have RDS. Episodes of hypotension and
acidosis also increase the risk of haemorrhage. Any
episode that causes an abrupt change in cerebral
blood flow may lead to a haemorrhage from
rupture of the fragile capillaries in the germinal
layer or to ischaemic damage. The changes in
cerebral blood flow which occur with a pneumo-
thorax or blockage or dislodgement of an endo-
tracheal tube place an infant at increased risk of
periventricular haemorrhage.

Diagnosis

Periventricular haemorrhages can be readily iden-
tified on intracranial ultrasound scans performed
through the anterior fontanelle. They are usually
graded as:

Grade I: small haemorrhage confined to the
germinal matrix

Grade II: intraventricular haemorrhage

Grade III: intraventricular haemorrhage with
ventricular dilation

Grade IV:  parenchymal haemorrhage.

Ventricular dilatation

Ventricular dilatation can be readily identified and
its progress followed on ultrasound scanning. If
the ventricular dilatation progresses it may be
necessary to remove cerebrospinal fluid using a
drain inserted into the ventricle or with the ven-
triculoperitoneal shunt. Although cerebrospinal
fluid may be removed by repeated lumbar punc-
ture or ventricular taps, a prospective randomized
control trial was unable to show that this improved
the long-term prognosis.

Ischaemic lesions

Ischaemic lesions may be evident as an echodense
flare within the parenchyma. This may resolve or
progress to single or multiple cystic lesions. Cystic
lesions become evident at several weeks of age.
Haemorrhagic lesions may also become cystic.

Prognosis

Intracranial ultrasound has been used as a prog-
nostic aid. Infants with normal or germinal layer
haemorrhages (Grade I) are at low risk for neu-
rodevelopmental disorders. Those with large par-
enchymal haemorrhages, ventricular dilatation
requiring surgical intervention, or those with
widespread periventricular leucomalacia are at
markedly increased risk. Although the ultrasound
appearance allows one to place the child in a risk
category it does not allow accurate prediction for

an individual child.

Prevention

It is thought that periventricular haemorrhages and
cerebral ischaemia result from fluctuations in cere-
bral blood flow. To prevent these lesions these
fluctuations in cerebraﬁ) perfusion should be avoi-
ded. It is therefore parucularly important to pre-
vent asphyxial insults intrapartum, at delivery or
postnatally. During the first few days of life, when
most haemorrhages occur, meticulous attention
needs to be paid to the infant’s ventilation and
circulation to keep them as normal as possible.

PATENT DUCTUS ARTERIOSUS

The patent ductus arteriosus is much larger and its
musculature less well developed in preterm than



term infants. Delay in closure is common in pre-
term infants, particularly when they require artifi-
cial ventilation because of RDS. About 20 per cent
of infants with a birth weight of less than 1.75 kg
develop haemodynamically significant shunting
across the patent ductus. The more preterm the
infant the higher the incidence. At birth the pul-
monary vascular resistance is high but falls over
the first few days of life. When the resistance in the
pulmonary circulation becomes lower than in the
systemic circulation, shunting across a patent duc-
tus is from the aorta to the pulmonary artery (left
to right). The incidence of left to right shunting is
increased by circulatory overload from a high fluid
intake during the first few days of life.

Clinical significance

Significant left to right shunting causes pulmonary
oedema and venous congestion. In infants requir-
ing artificial ventilation there is an increase in
ventilatory requirements and difficulty in weaning
infants from the ventilator. It is associated with an
increased incidence of bronchopulmonary dyspla-
sia. Infants not requiring artificial ventilation
develop respiratory t?istress or apnoeic attacks or
may be asymptomatic. With severe left to right
ductal shunting there is retrograde diastolic flow of
blood. It has been suggested that this may reduce
blood flow to vital organs and could result in
ischaemic damage to the bowel wall causing necro-
tizing enterocolitis and to the brain causing cere-
bral ischaemia.

Diagnosis

The peripheral pulses become bounding on palpa-
tion. There may be a systolic murmur in the
pulmonary area and left sternal edge and the
cardiac impulse may become increasingly active. In
infants on ventilators it is often difficult or impos-
sible to hear murmurs. Other clinical signs are
tachypnoea, tachycardia and hepatomegaly from
cardiac failure.

The chest X-ray may show cardiomegaly and
pulmonary plethora when ductal shunting 1s severe
but these are often masked by the baby’s lung
disease. On echocardiography circulatory overload
of the left side of the heart can be identified and
using Doppler ultrasound shunting across the duc-
tus itself can be confirmed.

Anaemia of prematurity 317

Management

Infants who are symptomatic can be treated by
fluid restriction, diuretics, indomethacin or sur-
gery. Fluid restriction will reduce the infant’s
circulatory volume but is likely to compromise
nutritional intake and growth. Infants on diuretics
need to have their serum electrolytes monitored
regularly as they readily become hyponatraemic.
Indomethacin, a prostaglandin inhibitor, is
reserved for infants with symptoms from cardiac
failure despite fluid restriction and diuretic thera-
py. In many infants indomethacin closes the duc-
tus, but is less effective in infants who are less than
28 weeks’ gestation or more than 3 weeks old. Its
main side effects are oliguria and gastrointestinal
haemorrhage.

Surgical ligation of the ductus is sometimes
required in infants with RDS in whom the ductus
is adversely affecting their ventilation or is pre-
venting the infant from being weaned off the
ventilator and in whom medical therapy has failed.
It is a relatively straightforward operation.

INFECTION

This is discussed later in this chapter.

ANAEMIA OF PREMATURITY

Blood transfusion is often required in infants
receiving intensive care. It is given if the infant is
anaemic at birth or to replace blood taken for tests.
As the infant’s blood volume is only 80-90 ml/kg,
a significant proportion of an infant’s blood voi
ume is removed from repeated blood tests. Early
anaemia of prematurity is due to deficient ery-
thropoiesis combined with reduced red cell sur-
vival. It is preferable to maintain the haemoglobin
of sick newborn infants above 12 g/dl.

As preterm infants grow, the haemoglobin levels
fall to their lowest levels at 4-10 weeks of age.
Blood transfusion is usually required if the haemo-
globin concentration drops below 8 g/dl or if
infants become symptomatic with poor feeding,
poor weight gain, respiratory distress or apnoea.
Their haemoglobin concentration needs to be
monitored during this period. Supplemental iron is
given from about 3 weeks of age, unless the infant
has been recently transfused (to prevent iron defi-
ciency anaemia from developing). The role of
erythropoetin therapy to reduce the need for
blood transfusions is being assessed.
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NECROTIZING ENTEROCOLITIS

Necrotizing enterocolitis (NEC) is a severe illness
usually seen in preterm infants at 2—4 weeks. It is
an inflammatory condition of both large and small
bowel characterized by the presence of gas in the
bowel wall and sometimes in the portal tract which
may lead to bowel perforation. The exact cause is
not known but is probably due to a combination
of ischaemia of the bowel wall and infection.
Predisposing factors include hypotension, early
feeding ant? umbilical catheterization. Most cases
are sporadic but from time to time epidemic
outbreaks occur in neonatal units.

The baby presents with poor feeding or vomit-
ing and abdominal distension, and the passage of
blood stained stool. The skin of the abdominal wall
becomes tense and shiny and discoloured. The
infant may rapidly become shocked. An abdominal
radiograph shows distended loops of bowel and
the bowel wall is oedematous and may contain
intramural gas, a diagnostic feature. There may
also be bowel perforation which can be detected
on the X-ray or by transilluminating the abdo-
men.

Treatment is to stop oral feeds and commence
nasogastric suction. The baby will need intra-
venous fluids. Broad-spectrum antibiotics to cover
both aerobic and anaerobic organisms are given.
Shock and acidosis are treated with plasma and
blood. Surgery is required for some infants who
deteriorate further or develop perforation of the
bowel. NEC has a significant morbidity and mor-
tality at all gestations. Once the acute illness has
resolved, the baby’s nutrition is provided par-
enterally. Some infants who survive the initial
illness subsequently develop malabsorption or
strictures of the bowel.

RETINOPATHY OF PREMATURITY

VLBW infants are prone to retinopathy of prema-
turity, a disorder of the retinal vasculature. In its
mildest and commonest form there is early pro-
liferation of the retinal vessels which regresses
fully. Sometimes it progresses to fibrosis, distor-
tion and scarring of the retina, which may result in
retinal detachment, severe visual impairment or
blindness.

A dramatic increase in blindness from retino-
pathy of prematurity was noted in the 1950s when

preterm infants were nursed for long periods in
high concentrations of oxygen. When oxygen ther-
apy was restricted to the concentration required by
the baby the incidence of retinopathy of prematu-
rity fell markedly. However, in spite of the careful
monitoring of oxygen tension that is now avail-
able, retinopathy of prematurity is seen in very low
birth weight infants, particularly those who have
severe lung disease and require prolonged oxygen
therapy. It therefore appears that oxygen toxicity
is not the only factor in its aetiology. All very low
birth weight infants should have their eyes checked
by an ophthalmologist when they reach the equiv-
alent of 32-34 weeks’ gestation. With severe dis-
ease cryotherapy to the retina is sometimes used.
Squints and reduced visual acuity are more com-
mon in VLBW infants.

GROWTH

Although intrauterine growth rates are widely
used as a vardstick for growth, this is often diffi-
cult or impossible to achieve. In practice one has to
accept the fastest obtainable growth without caus-
ing metabolic upset. A slower growth rate is
achieved in preterm infants fed on breast milk
alone than with those on special preterm infant
formulae.

PARENTS

A preterm delivery often leaves a mother and her
partner psychologically unprepared for a baby at
this early stage of pregnancy. Additional anxiety
and stress comes from seeing their tiny fragile baby
transferred to the neonatal intensive care unit. This
is compounded by the complex, high technology
of the unit and the uncertainty of the baby’s short-
and long-term outlook.

When possible, parents find it helpful to see the
baby unit and meet some of the staff before
delivery. After admission, parents are helped to get
to know their baby by allowing them and their
close family to wvisit whenever they want, by
providing a friendly, caring atmosphere and by
good communication with the staff at all tmes.
Parents should also be encouraged to get to know
their baby by touching and stroking, by spending
time with their infant in the unit and by helping
with their baby’s care according to the baby’s
clinical condition and their own wishes.



DISCHARGE FROM HOSPITAL

Infants can be discharged from hospital when they
are feeding well, their condition is stable and when
the parents are able to care for them. Many
mothers of babies who have received intensive care
and have been in hospital for many weeks find it
helpful to return to hospital for a few days prior to
the baby’s discharge, during which time tEey can
assume responsibility for the care of their baby in
preparation to going home. Once home, parents
value continuing support and advice from the
hospital and community.

All very low birth weight infants and infants
with neonatal problems who may have long-term
sequelae need to have their developmental progress
closely monitored. Immunizations should be given
as for other children at the same chronological age
from birth. The parents need to be advised whether
pertussis immunization is contraindicated or not.
In the very preterm infant the first dose may
already be given before they leave the baby unit.
Very low birth weight infants are also given addi-
tional iron, folic acid and vitamin supplements.
Parents are encouraged to attend their general
practitioner or community health clinic to keep a
close check on the baby’s growth and develop-
ment. The neonatal unit or community paedia-
trician will conduct more detailed developmental
assessment periodically. All VLBW infants should
have their hearing checked as they are at increased
risk of sensorineural hearing loss. They should also
have their vision checked for visual acuity and
squints.

Readmission to hospital during the 1st year of
life is increased approximately four-fold in very
low birth weight infants. Infants with broncho-
pulmonary dysplasia are more susceptible to
recurrent wheezing and chest infections. The
development of an inguinal hernia is not uncom-
mon in these infants,

NEURODEVELOPMENTAL
OUTCOME

Survival and outcome are related to both gesta-
tional age and birth weight. Very low birth weight
infants are at risk of a wide range of neurodeve-
lopmental problems. These include visual disabili-
ty, hearing loss, cerebral palsy and severe learning
disability. A particularly helpful neurodevelop-
mental follow up study is the detailed, population
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based study performed on all babies of birth
weight less than 1750 g born in Scotland in 1984.
At 4; years of age 71 per cent had survived. They
were shorter and thinner than normal children.
Overall 16 per cent were disabled, of whom 8 per
cent had cerebral palsy, 1 per cent were blind and 2
per cent were dem? using hearing aids. Although the
mean IQ of this population was somewhat lower
than children of normal birth weight, only 5 per
cent had an IQ below 70, although a further 3 per
cent could not be tested. However, some of the
children have specific learning difficulties, in Far-
ticular marked delay in their language develop-
ment. Overall, they also performed less well on
visual recognition, verbal comprehension, number
and fine motor skills, than children born at term.
Some had a poor attention span and they had more
behavioural problems than their siblings. In gen-
eral, the ones with the most problems were the
extremely low birth weight babies (weighing less
than 1000 g).

Overall, however, very low birth weight infants
only account for a very small proportion of the
total neurodevelopmental handicap in the popula-
tion. In the UK less than 2 per cent of serious
handicap can be attributed to prematurity.

THE ASPHYXIATED INFANT

There has been a dramatic reduction in the inci-
dence of birth asphyxia in full-term infants in
developed countries in recent years. However it
still remains the most common cause of perinatally
acquired brain damage in term infants. Its reported
incidence varies according to its definition. A
recent report from the UK showed an incidence of
6 per 1000 live births. Moderate and severe asphyx-
iar encephalopathy occurred in 2 per 1000 births.
One-quarter of the infants with post-asphyxial
encephalopathy showed intrauterine growth
retardation.

Unfortunately, the term birth asphyxia is used
differently in different situations. CTG monitoring
is widely used and when it remains normal, it
serves as a sensitive predictor of well-being at birth
for the infant. When abnormal, in general it is a
poor predictor of severity of any asphyxial insult
and therefore other indicators of the fetus’s condi-
tion are sought. The commonest is to use fetal
scalp blood samples for biochemical assessment of
asphyxia looking for evidence of hypoxaemia,
hypercarbia and metabolic acidosis. These do serve
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as a marker of intrapartum asphyxia when they are
very severely deranged but in most clinical situa-
tions their predictive power is poor.

As severely asphyxiated infants experience sec-
ondary apnoea at birth, failure to estaglish respira-
tion at birth or low Apgar scores have been widely
adopted as criteria for birth asphyxia. However, as
described in the section of resuscitation, there are
many reasons why babies fail to establish respira-
tion at birth. Most babies who require resuscita-
tion with artificial ventilation at birth do not have
biochemical evidence of asphyxia. Only about 1 in
5 babies with low Apgar scores at 1 and 5 minutes
have a severe metabolic acidosis and only a similar
proportion of acidotic babies have a low Apgar
score. In clinical practice the most sensitive indica-
tor of long-term problems is the development of
clinical evidence of hypoxic ischaemic encephalop-
athy. Intrauterine, intrapartum and postnatal
asphyxia may all contribute to the newborn’s
condition and can be difficult to separate out.
Antenatal events, for example haemorrhage from
placental separation are responsible for about 25
per cent of cases. Intrapartum complications, for
example prolonged and difficult labours, instru-
mental deliveries, acute placental abruption or
prolapse of the umbilical cord, are present in about
40 per cent. In a further 25 per cent there is both
antepartum and intrapartum asphyxia. In the
remaining 10 per cent of infants the asphyxial
insults are mainly postnatal.

Hypoxic ischaemic encephalopathy is usually
classified as mild, moderate or severe:

In mild encephalopathy there is no alteration in
conscious level but the infants seem to be hyper-
alert. They spend time awake and restless, often
with staring eyes. They are jittery and respond
excessively to stimulation. Complete recovery
usually occurs within 48 hours.

In moderate encephalopathy there are seiz-
ures and lethargy with reduction in spontaneous
movements. The limbs are hypotonic, the tone in
the legs being greater than in the arms. Tendon
reflexes are exaggerated. Sucking is poor. Breath-
ing is r?id from hyperventilation. The seizures
tend to develop from 12 to 48 hours of life. Some
improvement usually occurs by the end of the
1st week but complete recovery, if it occurs, may
take several weeks.

Infants with severe encephalopathy are coma-
tose with severe hypotonia and require respira-

tory support from birth. They are profoundly
hypotonic with no spontaneous movements.
Seizures are frequent and may be prolonged. The
infants do not suck and tendon reflexes are
absent. The pupils are poorly responsive or
unresponsive to light. There may be accompany-
ing myocardial ischaemia resulting in hypoten-
sion and poor cardiac output. Isc%laemia to the
kidneys may result in acute renal failure. If the
infant survives, the level of consciousness may
gradually improve but there may be persistent
neurological abnormalities. Particularly impor-
tant bOtE for the infant’s management and prog-
nosis is the inability to suck and swallow because
of disturbed coordination. Prolonged nasogas-
tric tube feeding may be required. There may be
reduced tone and weakness in the proximal
muscles of the limbs together with hypertonicity
of the neck muscles on extension.

Intracranial ultrasound may initially show a
diffuse increase in echogenicity from ischaemia.
Raised intracranial pressure and oedema may
result in small compressed cerebral ventricles. The
EEG may be abnormal or even isoelectric in the
most severely affected infants. Meticulous atten-
tion is paid to maintain respiration, systemic blood
pressure and peripheral perfusion. Artificial ven-
tilation may be required. The plasma sodium,
glucose and calcium need to be monitored closely.
Seizures are treated, though their response to
anticonvulsant therapy is often poor. Fluid intake
is reduced to a minimum because of the cerebral
oedema. Hyperosmolar infusions with mannitol,
barbiturates and steroids have all been used to treat -
the cerebral oedema though data showing that any
are beneficial are lacking. At several weeks of age
evidence of ischaemic lesions may be seen on
computerized tomography (CT) or nuclear mag-
netic resonance (NMR) scans. Further information
may be gleaned from a number of techniques such
as cerebral blood flow velocity studies using Dop-
pler ultrasound, NMR spectroscopy, auditory and
visual evoked responses and power spectral analy-
sis of the electroencephalogram (EEG)*but their
clinical use has not been determined.

PROGNOSIS

In general, acute hypoxic episodes do less damaF
than prolonged severe hypoxaemia. Overall, full-
term infants who are able to feed normally and



have no abnormal neurological signs by 10 days of
age have an excellent long-term prognosis. Those
who are still abnormal at this age, particularly
those who have not re-established normal feeding
have a variable prognosis. Infants who have sus-
tained permanent brain damage from hypoxic
ischaemic encephalopathy usually have motor def-
icits and develop cerebral palsy. This may be
predominantly spasticity, choreoathetosis or atax-
1a. A variable degree of severe learning difficulties
with or without seizures may co-exist.

BIRTH TRAUMA

Birth injuries vary from minor skin abrasions to
severe internal haemorrhage. Their prevention
depends on the art of obstetrics. It is a reflection of
the improvement in perinatal care in recent years
that serious birth trauma is now so uncommon.

BIRTH INJURIES TO THE HEAD

Caput succedaneum

This is caused by oedema of the subcutaneous
layers of the scalp (see Fig.9.4). It lies over the
presenting part of the head as it passes through the
birth canal. The swelling is maximal at birth and
resolves within a few days. A localized caput or
chignon may be produced at a Ventouse delivery.

Cephalbhaematoma

This is a subperiosteal haematoma which most
commonly lies over one of the parietal bones (see
Fig. 9.5). Spontaneous absorption occurs, but this
may take several weeks. No treatment is neces-

sary.

Subaponeurotic haematoma

This very uncommon injury occurs when blood
lies in the loose areolar layer between the aponeur-
osis and the periosteum. The haematoma is not
limited to a single bone, and a large collection of
blood may even extend as far as the cervical region.
Slow absorption takes place.

It can result in anaemia and jaundice.

Skull fmcmres.

These are now rarely seen. They used to occur in a
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QOedematous
subcutaneous tissue

Skin

Pericranium

Parietal
bone

Fig. 9.4 Caput succedaneum. The swelling is oedema of
the structures lying superficial to the pericranium. Note
that it is not limited to one bone

arietal or frontal bone as a result of difficult
Forceps delivery. Active treatment is rarely indicat-
ed although it is best to seck neurosurgical advice
about their management.

INTRACRANIAL INJURIES

Traumatic intracranial injuries have become rare.
They may occur following difficult instrumental
deliveries of infants with malposition or breech

deliveries. Preterm infants are particularly vulner-
able.

Periventricular haemorrhage

This is predominantly a problem of preterm

Aponeurosis

Haematoma

Pericranium

Fig. 9.5 Cephalhaematoma. The swelling is blood lying
between the pericranium and the skull and is limited to
the area of bone on which it started because the pericran-
ium is attached to sutures around the bone
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infants. It is rarely seen in term infants but may
accompany trauma and perinatal hypoxia.

Subdural haemorrbage

This may occur following trauma during delivery.
Although rarely seen in term infants, it is encoun-
tered in the preterm when there is increased com-
pliance of the skull and a prolonged or precipitous
delivery, particularly when the infant has an
abnormal presentation. Subdural haemorrhage
results from damage to the superficial veins where
the great vein of Galen and the inferior sagittal
sinus combine to form the straight sinus. It may
also result from laceration of the tentorium and
falx, particularly at their junction. After breech
delivery in preterm infants there may be diastasis
of the occipital bone leading to blood collecting in
the posterior fossa.

The clinical presentation is similar to severe
hypoxic-ischaemic encephalopathy. Intracranial
ultrasound is not reliable to detect subdural hae-
matomas and a CT scan should be performed if the
infant is stable. Skull X-rays may show fractures or
occipital diastasis on lateral views.

A major tear of the tentorium or falx is invari-
ably lethal. The size and site of smaller subdural
haemorrhage will determine the clinical course and
their long-term prognosis.

Subarachnoid haemorrhage

In the newborn subarachnoid haemorrhage is of
venous origin and is quite different to the large
arterial haemorrhage seen in adults. There is bleed-
ing from veins within the subarachnoid space
which may follow mild trauma or asphyxia at
birth. The condition may be asymptomatic but can
present with irritability or seizures during the first
few days. Later hydrocephalus may develop. The
condition may be fatal. The CSF is uniformly
blood stained. A CT scan is required for diag-
nosis.

Most of the infants require no treatment and
their long-term prognosis is good. It is only the
rare instance of massive haemorrhage that has a
poor outlook.

FRACTURES OF THE LONG BONES

These are now uncommon. The clavicle is the bone

most frequently broken from shoulder dystocia.
Injuries are usually noticed when the infant fails to
move his or her arm as freely as the other side
because of pain. Sometimes a lump can be felt over
the bone from callus formation; X-rays show the
fracture and healing occurs without specific treat-
ment.

Other bones are rarely fractured. Orthopaedic
advice should be obtained for their management.
Healing is usually rapid and complete.

PERIPHERAL NERVE INJURIES

Facial nerve

The facial nerve can be damaged by pressure from
the tip of the forceps; palsy can also follow an
apparently normal delivery.

On the affected side the infant is unable to shut
the eye completely, the corner of the mouth drops
and the nasolabial fold is less marked than on the
other side. When the infant cries, the mouth is
drawn to the normal side. In most cases recovery
occurs spontaneously within a few days.

Brachial nerve palsy

This may occur from overstretching or tearing of
the nerves by lateral traction on the neck, usually
during a ditficult delivery either from shoulder
dystocia or a breech presentation. The clinical
picture depends on the nerve roots involved. If the
roots of C5 and Cé6 are damaged (Erb’s palsy) the
arm lies at the side of the trunk with internal
rotation at the shoulder, the elbow is extended,
there is pronation of the forearm and flexion at the
wrist, the waiter’s tip position of Edwardian res-
taurants. Rarely, the roots C7, C8 and T1 are
involved when the wrist and finger flexors are
affected resulting in a claw hand deformity with
Klumpe’s palsy.

Orthopaedic advice should be obtained. Usual-
ly, the nerves have been compressed or stretched
and recovery occurs. If the nerve itself has been
ruptured the injury may be permanent. In such
cases surgical repair of the damaged nerve roots is
being undertaken in some specialist centres.
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Respiratory distress in newborn infants is manifest
by tachypnoea, a respiratory rate greater than 60
breaths/min, recession of the chest wall and expira-
tory grunting. The infant may be cyanosed. There
are a number of important causes (Table 9.5).

Infants with respiratory distress need a chest
X-ray which will usually identify the cause. It will
also exclude important causes requiring immediate
treatment, particularly a pneumothorax, pleural
effusion or diaphragmatic hernia. All infants with
respiratory distress should have continuous mon-
itoring of their heart and respiratory rate and of
their oxygenation by a transcutaneous oxygen or
oxygen saturation monitor. Blood gases are meas-
ured as required. The blood pressure and peripher-
al perfusion also need to be monitored. Additional
ambient oxygen, mechanical ventilation and circu-
latory support are given if necessary.

PULMONARY CAUSES

Common conditions

Respiratory distress syndrome and immature lungs

These are problems of preterm infants and are
considered 1n that section.

Transient tachypnoea of the newborn

The resorption of lung liquid, mainly into the
lymphatics, and the progressive expansion of the
alveoli by respiratory movements is usually rapid,
occurring within a few minutes of birth, but total
expansion may not be attained for some hours.
Delay in the resorption of lung liquid causes
respiratory distress and is called transient tachyp-
noea of the newborn. It is by far the commonest
cause of respiratory distress in term infants, and is
seen especially following caesarean section. The
chest X-ray shows hyperinflation of the lungs with
fluid spreading from the mediastinum and in the
horizontal fissure. Additional ambient oxygen may
be required. Although the condition usually settles
within a few hours, it is sometimes more severe
and can take several days to resolve.

Uncommon conditions

Meconium aspiration

The passage of meconium before birth is seen in
8-20 per cent of deliveries. It is primarily related to
the infant’s gestation. It is rarely passed by preterm
infants and becomes increasingly common the
greater the gestational age, affecting 20-25 per cent
of deliveries at 42 weeks. Infants who are asphyxi-
ated may start gasping either i #tero or imme-
diately after birth and may inhale thick meconium
into the large and small airways. Meconium is
irritant to the lungs and results in both mechanical
obstruction and a chemical pneumonitis. It may
also cause infection.

Following meconium aspiration, infants develop
respiratory distress. The lungs are over-inflated
amf accompanied by patches of collapse and con-
solidation. There is a high incidence of air leak
leading to pneumothorax and pneumomediasti-
num. Ventifatory support is often required in

Table 9.5 Causes of respiratory distress in newborn
infants

PULMONARY
Common
Respiratory distress syndrome
Immature lungs
Transient tachypnoea of the newborn
Uncommon
Meconium aspiration
Pneumothorax
Pneumonia
Pulmonary haemorrhage
Pleural eglsions
Pulmonary hypoplasia
Diaphragmatic hernia
Tracheo-oesophageal fistula
Airways obstruction (e.g. choanal atresia)
Persistent fetal circulation
(persistent pulmonary hypertension of the
newborn

OTHER CAUSES
Congenital heart disease
Intracranial birth trauma/asphyxia
Severe anaemia
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affected infants, who may develop secondary per-
sistent fetal circulation (persistent pulmonary
hypertension of the newborn) which may result in
inadequate oxygenation.

Whenever possible the condition should be pre-
vented. With improved obstetric care the number
of affected infants has declined markedly. When
there is thick meconium it should be aspirated
from the upper airway immediately after the head
is delivere:f Meconium seen beyond the cords on
laryngoscopy is removed by intubating the baby
and aspirating the tracheal tube and the brochi
beyond.

Pneumonia

Infants with pneumonia develop respiratory dis-
tress. Group B streptococcal infection has become
an important pathogen in the newborn baby. The
infection is acquired from the maternal genital
tract, the current rate of carriage in the UK being
about 15-20 per cent. Colonization of the throat or
the body surfaces occurs in about 20 per cent of
these infants but only 1-2 per cent of those who
are colonized develop systemic disease. The pre-
senting features can be identical to RDS. There is
an increased risk of infection in infants of low birth
weight and if there has been prolonged rupture of
the membranes. A chest X-ray may show patchy
consolidation or the diffuse granular appearance of
RDS. Treatment consists of systemic antibiotics
and full respiratory and circulatory support.

Infection from other organisms, for example,
Listeria monocytogenes and Gram negative infec-
tions may present in a similar way.

Pneumothorax

A pneumothorax may occur spontaneously or
more commonly as a complication of mechanical
ventilation.

Diaphragmatic hernia

This occurs in about 1 in 4000 births. In most cases
there is a left sided hernia through the foramen of
Bochdalek. It usually presents with failure to
respond to resuscitation but sometimes with
increasing respiratory distress. The apex beat and
heart sounds are displaced to the right side of the
chest and there is poor air entry into the left chest.
Vigorous resuscitation may cause a pneumothorax

of the normal lung thereby aggravating the situa-
tion. The diagnosis is confirmed by an X-ray of the
chest and abdomen showing the displaced media-
stinum and loops of bowel in the chest. Once the
diagnosis is suspected, a large nasogastric tube is
passed and suction applied to prevent distension of
the intrathoracic bowel. Optimal respiratory sup-
port is essential.

In most infants with this condition the main
problem is pulmonary hypoplasia due to compres-
sion of the herniated viscera preventing the devel-
opment of the lung. The condition carries a high
mortality because of accompanying pulmonary
hypoplasia. In some centres extracorporeal mem-
brane oxygenation (ECMO) has been used pre-
and post-operatively to provide respiratory sup-
port during the first few days of life.

Persistent fetal circulation (persistent pulmonary
hypertension of the newborn)

This condition is usually associated with mecon-
ium aspiration, RDS, asphyxia, or diaphragmatic
hernia. It may, however, occur as a primary dis-
order. Cyanosis occurs soon after birth. Because of
the high pulmonary vascular resistance there is
right to left shunting within the lungs and at atrial
and ductal levels. Murmurs and signs of cardiac
failure are not usually present. A chest X-ray
shows that the heart is of normal size. There may
be pulmonary oligaemia but this is often difficult
or impossible to appreciate in the newborn period.
An urgent echocardiogram is required to establish
that the child does not have congenital heart
disease.

Most infants require mechanical ventilation and
full intensive care. Circulatory support is often
required. Tolazoline is often given but is not
always beneficial for it is a general vasodilator and
may be accompanied by systemic hypotension
which may need correction with colloid support.
Prostacyclin can also be beneficial. With metic-
ulous attention to their ventilation and circulatory
support most affected infants can be managed
successfully. Recently extracorporeal membrane
oxygenation, with the infant on cardiopulmonary
bypass for several days, has been used for very
severe cases.



OTHER CAUSES OF RESPIRATORY
DISTRESS

Congenital beart disease

Newborn infants in heart failure usually present
with respiratory distress. Examination of the infant
may reveal abnormal heart sounds and/or heart
murmurs. An enlarged liver from venous conges-
tion is an important sign of heart failure in infancy.
Crepitations of the lung bases are not usually a
feature. As the commonest cause of heart failure in
newborn infants is coarctation of the aorta it is
important to palpate the femoral arteries. On the
chest X-ray there may be an enlarged heart and
pulmonary plethora although these are often diffi-
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cult to be certain of in newborn infants. The
structural abnormality can be identified by echo-
cardiography.

Intracranial birth trauma and birth asphyxia

Infants who have sustained intracranial birth trau-
ma or birth asphyxia will often have respiratory
distress from hyperventilation.

Severe anaemia

Severe anaemia in the newborn may present with
respiratory distress from heart failure. The infant’s
haemoglobin level or haematocrit needs to be
measured to identify this.

Jaundice is common in newborn babies as the
breakdown of red blood cells results in the pro-
duction of indirect, unconjugated bilirubin wﬂich
is insoluble in water and is carried in the serum
bound to albumin. This bilirubin is conjugated in
the liver by the glucuronyl transferase system of
enzymes to form water soluble bilirubin glucur-
onide which is excreted in the bile.

As the haemoglobin concentration is much
higher in fetal life than after birth, there is a
marked breakdown of red blood cells in the first
few days of life. In addition, the glucuronyl trans-
ferase system in the liver is less well developed in
the immediate newborn period. The concentration
of unconjugated bilirubin often rises for a few days
and causes physiological jaundice. However, there
are also a number of conditions which may cause
jaundice.

Jaundice in the newborn is important for two
reasons. The first is its potential to damage the
brain. The second is that it may be a manifestation
of an underlying disorder which requires identi-
fication and treatment. Unconjugated bilirubin
may cross the blood-brain barrier and stain the
brain, particularly the basal ganglia. This causes
neuronal damage (kernicterus); in the early stages
the infant may be irritable, reluctant to feed and
has increased muscle tone manifest by hyper-

extension of the back and neck. The long-term
problems are sensorineural deafness, cerebral pal-
sy, particularly with choreo-athetoid movements,
and mental retardation. It may also be fatal. For-
tunately with modern perinatal care kernicterus
has become very rare. In clinical practice the
management of jaundice can be most readily dif-
ferentiated according to the baby’s age when it
presents (Table 9.6).

JAUNDICE PRESENTING AT LESS THAN
24 HOURS OF AGE

Haemolysis

Haemolytic jaundice is by far the most severe in
the newborn period. Rhesus incompatibility can
cause the most dramatic escalation of bilirubin
levels in the first few hours of life. It is now mostly
prevented or treated before birth. ABO incompati-
bility remains a problem but the jaundice is much
less severe, as is the jaundice from other blood
group incompatibilities.

G6PD deficiency
This X-linked recessive disorder is a deficiency of
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Table 9.6 Causes of jaundice in newborn infants
according to age at presentation

LESS THAN 24 HOURS OF AGE

Haemolysis Rhesus incompatibility
ABO incompatibility
Other blood group

incompatibilities

G6PD deficiency
Congenital spherocytosis

Bruising

Polycythaemia

Intrauterine infection

JAUNDICE AT 24 HOURS TO 14 DAYS OF AGE
Physiological jaundice

Breast milk jaundice

Infection

Haemolytic jaundice

Dehydration

PROLONGED JAUNDICE, MORE THAN 14 DAYS
Breast milk jaundice

Congenital hypothyroidism

Galactosaemia

Neonatal hepatitis syndrome

Bile duct obstruction e.g. biliary atresia

Table 9.7 Drugs which may cause haemolysis in G6PD
deficiency

Anti-malarials

Primaquine
Antibiotics

Some sulphonamides, eg

co-trimoxazole
nitrofurantoin
nalidixiic acid
ciprofloxacin

Others dapsone, naphthalene (moth balls)

an enzyme which is essential for the survival of
erythrocytes. It is not uncommon in Asiatic and
Mediterranean races. A less severe form occurs in
black Africans and North Americans. It can be
diagnosed by measuring the enzyme level in the
blood. Haemolysis in later life may be precipitated
by a number of drugs (Table 9.7). The parents need
to be informed about this.

Congenital spherocytosis

This autosomal dominant disorder is an uncom-
mon cause of haemolytic anaemia. Spherocytes can

be seen on the blood film. Splenectomy is often
required.

Bruising and polycythaemia

Jaundice is likely to be exacerbated by the presence
of bruising or from polycythaemia at birth.

Intrauterine infection

Intrauterine infection with rubella, cytomegalo-
virus, toxoplasmosis and syphilis may cause a
conjugated jaundice. Infants with jaundice are like-
ly to have other stigmata of infection.

JAUNDICE AT 2-14 DAYS
Physiological

The commonest cause of jaundice in the newborn
period is physiological. This usually starts on the
2nd or 3rd day of life and lasts for only a few days.
There is no constitutional upset although some
infants appear to feed less weﬁ and are somewhat
more lethargic.

Infection

Increasing jaundice may be an early sign of bacte-
rial infection, particularly urinary tract infection.
This should be considered in all newborn infants
with jaundice at any age.

Haemolytic jaundice

Jaundice from haemolysis may sometimes only
become evident at this age.

Breast milk jaundice

Jaundice becomes more severe in some infants who
are breastfed. The evidence for this is that the
jaundice declines if breastfeeding is omitted and
returns on its re-establishment. It is not necessary
to interfere with breastfeeding.

PROLONGED JAUNDICE (> 14 DAYS)

Breast milk jaundice

Breast milk jaundice is the commonest cause of
prolonged jaundice. It gradually declines over sev-
eral weeks. The jaundice is unconjugated.



Congenital hypothyroidism

Prolonged neonatal jaundice may be an early mani-
festation of hypothyroidism. The jaundice is
unconjugated. All newborns are screened for this
during the first week of life with a dried blood
spot, the Guthrie spot. In babies with prolonged
jaundice it should be ensured that the baby’s
thyroid function is normal.

Galactosaemia

This rare metabolic disorder may present with
prolonged jaundice, vomiting and hepatomegaly.
It is excluded by showing that there are no reduc-
ing substances present in the urine.

Infection

Bacterial infection may cause prolonged jaundice.
It is best to exclude a urinary tract infection in
these infants.

Neonatal hepatitis and biliary atresia

It is important to diagnose biliary atresia as early as
possible as the prognosis from surgical treatment is
better the earlier it is performed. The jaundice is
conjugated. A useful clinical marker is that the
stools become pale or white and the urine is dark
in colour. Detailed investigation is required to
differentiate biliary atresia from other causes of
neonatal hepatitis and bile duct obstruction. Bili-
ary atresia 1s treated surgically. Successful treat-
ment by liver transplantation has also been
reported.

MANAGEMENT OF JAUNDICE

Jaundice can be detected clinically by the yellow to
green discoloration of the skin. As the level of
jaundice increases the skin discoloration spreads
from the face to the periphery of the limbs.
Accurate assessment of moderate or severe jaun-
dice requires measurement of the bilirubin level in
the blood. Particular care needs to be taken in the
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clinical assessment of black babies or those from
the Indian subcontinent when the conjuctiva of the
eyes becomes an important site of assessment.
Assessing the clinical importance of the jaundice,
requires consideration of the baby’s age and gesta-
tion as well as the absolute level of the bilirubin.
Significant jaundice within the first 24 hours of life
needs to be investigated and closely monitored. It
is most likely to be haemolytic and the bilirubin
may rise very rapidly. The rate of change of the
bilirubin needs to be checked. This is readily done
by plotting the levels on a graph.

Treatment is by phototherapy or exchange
transfusion. Light converts bilirubin into harmless
pigments. The baby is usually placed under a
bright light. As the baby is nursed exposed, the
infant is at risk of hypo- or hyperthermia. The
fluid intake is increased because of the marked
fluid loss through the skin which may be accen-
tuated by loss in the gut. Infants under photo-
therapy may develop an erythematous rash. The
eyes are covered because of the brightness of the
lights. The eye patches may cause parental anxiety,
particularly when they slip off. Although no long-
term sequelae of phototherapy have been reported,
it should not be used indiscriminately. More
recently a light source in the form of a pliable
blanket has been developed which can be incorpo-
rated into the baby’s vest. Phototherapy reduces
the maximum serum bilirubin reached and the
number of exchange transfusions required.

There is no specific level of bilirubin which is
known to be either safe or damaging. In term
infants with haemolytic disease it was found that
clinical evidence of kernicterus no longer occurred
when the bilirubin level was kept below 360 pmol/
1. This figure became widely adopted as an indica-
tion for exchange transfusion although many
paediatricians would now accept bilirubin levels
up to 420 pmol/l in a well term infant. Photo-
therapy and exchange transfusion will be initiated
at lower levels in preterm infants, in infants who
are ill or if a further rise in bilirubin is anticipated
from haemolysis or bruising. Most units have
adopted their own criteria for initiating photo-
therapy and exchange transfusion.
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INFECTIONS

Infection is a common problem in the newborn
period. The newborn infant, particularly the pre-
term, has a poorly developed immune system
resulting in increased susceptibility to infection.
Preterm infants are born with very low levels of
IgG immunoglobulins as most IgG is transferred
to the infant in the third trimester.

The infant may have been exposed to infection
or even have become infected be?ore birth. There is
an increased risk of infection if the mother devel-
ops chorioamnionitis, although only 1-6 per cent

? infants born to mothers with clinical manifesta-
tions of this become infected. Prolonged rupture of
the membranes is also associated with an increased
risk of perinatal infection, with the risk increasing
with duration of membrane rupture; again the
actual rate of neonatal infection is low while
chorioamnionitis itself may predispose to pro-
longed rupture of the membranes. Infections arise
mainly from exposure to bacteria and viruses from
the mother’s genital tract when the newborn infant
has no immunological protection against them.
This means that the important bacterial pathogens
in the newborn are Group B streptococci, gram
negative organisms and Listeria monocytogenes.

Infants receiving intensive care develop a differ-
ent range of infections as they undergo numerous
invasive procedures. Their skin is often trauma-
tized by monitoring equipment, and so loses its
protective effect. Tracheal tubes and indwelling
catheters are often left in place for a long time for
monitoring, intravenous feeding, and intravenous
infusions. Within the neonatal nursery many of the
organisms causing infection are normally com-
mensals or low grade pathogens. There is also the
additional risk of cross-infection from nosocomial
spread. Diligent handwashing by staff between
handling babies is imperative and must be strictly
adhered to in order to keep this to a minimum.

Clinical features

Infection in the newborn is often poorly localized
and may spread rapidly. It is therefore important
that diagnosis and treatment are initiated as quick-
ly as possible; given the non-specific symptoms
and signs at presentation this is not easy to achieve
in practice (Table 9.8).

Table 9.8 Symptoms and signs of infection in the
newborn infant

Respiratory distress

Fever or temperature instability
Poor feeding

Vomiting and diarrhoea
Apnoeic attacks

Irritability, drowsiness, lethargy
Jaundice

Abdominal distension
Hypoglycaemia or hyperglycaemia
Poor peripheral circulation
Shock

Infants may be severely ill at birth or more often
present at several hours of age. This is early onset
infection. In the newborn nursery, late onset infec-
tion, presenting after 48 hours of age, is most often
a complication of monitoring an§ invasive lines.
By far the commonest organism causing infection
at this stage is coagulase negative staphylococcus
(Staphylococcus epidermidis) although Gram neg-
ative organisms and Group B streptococci may also
cause infection at this age. The initial presentation
may be subtle with infants tolerating handling less
well than previously, developing apnoeic attacks
either for the first time or of increasing frequency
or an increase in ventilatory support. There may be
increasing jaundice, abdominal distension, deteri-
oration on the chest X-ray, glucose intolerance,
temperature instability or poor peripheral perfu-
sion with an increase in the core to peripheral
temperature gap. Infection may also be first sus-
pected when a change is noted in the differential
white cell count, with a fall in the platelet count or
a rise in C-reactive protein or other markers of
inflammation.

Investigation

In order to confirm or exclude infection and
identify its location, a septic screen often needs to
be performed. This may include a full blood count,
including a white cell count and differential, a



blood culture, urine and CSF for microscopy and
culture. A chest X-ray will also be needed.
C-reactive protein or other markers of inflamma-
tion can also be helpful to identify and follow an
infective episode.

Treatment

In the newborn it is important to initiate treatment
as quickly as possible, often on an empirical basis.
The most appropriate antibiotics are selected, tak-
ing into account the mode of presentation and the
baby’s gestational and postnatal age. Infants pre-
senting within the first 48 hours of life are likely to
be infected from the mother’s vaginal flora. Anti-
biotics suitable for Group B streptococci, Gram
negative organisms and Listeria monocytogenes are
used, e.g. a penicillin combined with an aminogly-
coside or a third generation cephalosporin. If
meningitis is suspected a third generation ceph-
alosporin is usually favoured because of its CSF
penetration.

Within the neonatal unit, for babies over 48
hours of age an antibiotic which covers Staphylo-
coccus epidermadis is indicated, for example vanco-
mycin. A second antibiotic (e.g. a third generation
cephalosporin) is often added to cover a wider
spectrum of bacteria. The importance of good
supportive management is often underestimated.
Infants need to %e closely monitored and addi-
tional oxygen and ventilatory support provided as
indicated. The baby’s glucose and electrolytes need
to be closely monitored. Circulatory support with
colloid, sometimes in large volumes, and inotropic
agents are titrated against the baby’s clinical condi-
tion. Evidence of disseminated intravascular coag-
ulation needs to be sought. Serious infection still
has a significant morbidity and mortality in spite
of the powerful antibiotics now available.

In the preterm infant there has been consider-
able interest recently in the use of immunoglobulin
given by intravenous infusion to protect against
infection. Infants of less than 32 weeks’ gestation
have a much lower serum IgG level at birth
compared with term infants. A number of large
multicentre studies have failed to consistently
show a reduction in morbidity and mortality.
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SOME SPECIFIC INFECTIONS

Urinary tract infection

Because of the non-specific way urinary tract
infection presents in newborn infants it will only
be identiﬁl:::d if a satisfactory urine sample is taken
and analysed whenever infection is suspected and
no localized site identified. At this age, urine
infections are often accompanied by septicaemia,
particularly if there is urinary outflow obstruction,
such as posterior urethral valves or other congeni-
tal abnormalities. Fortunately most, but not all, of
these structural abnormalities can be identified at
an antenatal ultrasound.

Unlike later life, when urinary tract infections
are much commoner in females than males, this is
not the case in the newborn. The commonest
organisms are coliforms, Streptococcus faecalis and
infrequently Pseudomonas or Proteus.

The main problem in indentifying urinary tract
infections in neonates is in obtaining a satisthory
urine sample. Bag urines are often contaminated
and their significance then becomes difficult to
interpret. If antibiotics are going to be started a
suprapubic aspiration will often be required to
obtain a satisfactory sample. All infants with prov-
en urinary tract infection should have a renal and
urinary tract ultrasound to identify urinary tract
outflow obstruction which may require urgent
surgical treatment. A micturating cystogram will
also be required at a later stage to identify vesico-
ureteric reflux.

After treating the urine infection, infants are
placed on a low dose prophylactic antibiotic until
the results of the micturating cystogram are
known.

Meningitis

Neonatal meningitis remains a serious condition
with a high mortality and significant long-term
morbidity among survivors. Initially there may be
the non-specific features of ill health already
described. In addition infants may develop seiz-
ures. A tense or bulging fontanelle and head retrac-
tion from neck stiffness are late signs of meningitis
in the newborn. To diagnose meningitis CSF needs
to be obtained by lumbar puncture. This should be
performed whenever infants are thought to be
infected without localizing features or if there is
any clinical suspicion of meningitis. In the past the
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antibiotic of choice was chloramphenicol as it has
good CSF penetration, but the drug may accumu-
late as it is metabolized by conjugation by glucur-
onide in the liver which is at a low level in the first
few days of life. Overdosage may cause the grey
baby syndrome with collapse and death unless the
drug’s blood level is closely monitored. For this
reason. chloramphenicol has largely been super-
seded by the third generation cephalosporins
which also have good CSF penetration. Supportive
measures and close monitoring are important in
managing this condition.

Osteomyelitis

Osteomyelitis of the long bones or the maxilla may
be a complication of infection by Staphylococcus
aureus or occasionally by other organisms. In the
newborn it is usually first noted when the infant
stops moving the affected part and a swelling is
found on careful inspection. Other non-specific
signs of infection may or may not be present. The
area over the affected bone is tender and may
become red. An effusion or septic arthritis may
develop in an adjacent joint. Full antibiotic treat-
ment and orthopaedic advice is indicated.

Skin infection

The most common skin infection is the eruption of
small pustules caused by Staphylococcus aureus.
The umbilicus may be colonized by the organism
from which the infection may spread. The infect-
ing organism may also spread from the nose or
skin of the parents, nurses or doctors or from other
infected babies.

Bullous impetigo is caused by streptococcal or
staphylococcal in%cction. Fluid-containing blisters
are formed, the top of which is easily rubbed away
to leave raw areas. The lesions may spread to other

sites and it therefore needs to be treated vigorously
with an appropriate systemic antibiotic.

Conjunctivitis

Conjunctivitis with a purulent discharge and
swelling of the eyelids in the first few days of life
needs to be taken seriously. Important causes are
Neisseria gonococcus and Chlamydia trachomatis.
An eye swab must be taken urgently for microsco-
py to identify gonococci on Gram stain as well as
for culture and antbiotic sensitivity. Chlamydia
trachomatis is identified rapidly using a mono-
clonal antibody test on the pus, which is placed on
a special shide.

Gonococcal infection is treated with penicillin
given parenterally and eye drops initially instilled
hourly. For B-lactamase producing organisms a
suitable cephalosporin, for example cefotaxime is
used instead. Chlamydia infection is usually trea-
ted with oral erythromycin for 2 weeks and tetra-
cycline topically to the eye. The mother and
partner also need to be treated.

Sticky eyes are common in the first few days of
life and generally settle on their own. The eyelids
can be kept clean by wiping them with sterile
water. When they are more troublesome a tropical
antibiotic, for example neomycin, is often used.

HIV infection

Infants born to mothers who are positive for the
human immunodeficiency virus have a positive
antibody test at birth. About 15 per cent remain
antibody positive at 18 months of age. Clinical
manifestations of the disease usually develop after
the neonatal period. Because of the risk of trans-
mission of the virus breastfeeding is not recom-
mended in the UK although in developing
countries where adequate milk substitutes are not
available breastfeeding may be preferable.

' IMETABOLIC PROBLEMS = ' =il i

HYPOGLYCAEMIA

There is no agreed definition of hypoglycaemia in
the newborn. In practice a level of 1.8-2 mmol/I
has become widely used although most babies with

levels below this remain asymptomatic. There is
good evidence that prolonged, symptomatic hypo-
glycaemia can cause permanent neurological disa-
bility.

Hypoglycaemia is particularly likely to occur in



the first 24 hours of life in babies who are growth-
retarded, but it can develop in any ill baby. In these
infants the blood glucose is monitored 4-6 hourly
or more frequently depending on previous blood
glucose levels. All babies undergoing intensive care
need to have their blood glucose monitored reg-
ularly. Infants of diabetic mothers and large-for-
gestational aie infants are also at increased risk of
developing hypoglycaemia. The blood glucose
should be measured in any newborn baby who
develops a fever or temperature instability, refuses
to feed, has apnoeic attacks, seizures, or develops
abnormal neurological signs.

In the growth retarded infant there is depletion
of the glycogen stores and the aim must be to
replenish them. Asymptomatic hypoglycaemia has
an excellent prognosis and symptoms can usually
be prevented by early and *)' requent feeding. The
blood glucose is usually monitored using a reagent
strip at the bedside. If this suggests that the blood
glucose is low a blood sample s%nou]d be sent to the
laboratory for confirmation as the reagent strips
are not reliable at very low levels. However treat-
ment should be initated without delay and the
plasma glucose level rechecked directly to ensure
that the problem has resolved. If the baby is
symptomatic, glucose is immediately given intra-
venously and tl%e glucose level checked regularly to
confirm that the hypoglycaemia has resolved.
Intravenous glucose infusions need to be carefully
monitored. If they stop suddenly because of
extravasation into the tissues there is a risk of
reactive hypoglycaemia.

Infants of diabetic mothers or large-for-
gestational age infants have sufficient glycogen
stores but hyperplasia of the islet cells in the
{:ancreas secondary to poorly controlled maternal

yperglycaemia results in high blood insulin levels.
Early milk feeding usually prevents hypoglycae-
mia. If the infant cannot be g;d or becomes symp-
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tomatic, an intravenous infusion of 10-20 per cent
dextrose is started immediately. Should this not
correct the hypoglycaemia or if there is difficulty
or delay in starting the infusion, intramuscular
glucagon can be given. Glucocorticoids or intra-
lipid are occasionally required for refractory
hypoglycaemia.

HYPOCALCAEMIA

Newborn infants rarely develop symptoms unless
the plasma calcium is lower than 1.7 mmol/l (7 mg/
100 ml). Newborn infants are at risk of hypo-
calcaemia if they are preterm or severely ill during
the first 48 hours of life or if they are infants of
diabetic mothers. Hypocalcaemia can cause tetany,
jitteriness and convulsions.

Hypocalcaemia can be prevented by giving
intravenous calcium gluconate to ill infants not
taking oral feeds. Infants with symptomatic hypo-
calcaemia are given calcium gluconate intrave-
nously slowly under ECG control. The infusion
site needs to be carefully observed as extravasation
may cause severe tissue injury.

Inborn errors of metabolism

Many of these are not detected until after the
neonatal period. Phenylketonuria and galactosae-
mia are rare but important disorders as early
detection allows the introduction of appropriate
dietary management which reduces long-term
morbidity. They are detected by biochemical
screening (the Guthrie test) performed on the 5th
day of life on a blood sample. The blood is now
also used to detect hypothyroidism which is much
commoner than phenylketonuria and its prognosis
is improved by prompt treatment. In some parts of
the UK the blood samples are also used to screen
for haemoglobinopathies and cystic fibrosis.

GASTROINT

VOMITING

Newborn babies often vomit. If the vomit is bile
stained, contains blood or becomes persistent or is
associated with other symptoms or signs, further
investigation is required.

In the immediate newborn period babies some-
times vomit mucus which may be blood stained. It
is often ascribed to swallowed blood causing gas-
tric irritation. If the vomiting is marked, a gastric
lavage is often performed to remove any blood
from the stomach.
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Important cases of vomiting include the follow-
ing.

Intestinal obstruction

Vomiting which begins shortly after birth and is
persistent may be from intestinal obstruction. It is
usually bile-stained unless the obstruction is above
the level of the ampulla of Vater where the pan-
creatic duct enters the intestinal tract. Bile-stained
vomit should be assumed to be from intestinal
obstruction until proven otherwise. In duodenal
atresia the bile-stained vomiting is accompanied by
delay in passage of meconium but abdominal
distension is absent. Malrotation with volvulus is
an important cause of bile-stained vomiting as a
delay in diagnosis may result in extensive ischae-
mic damage to the bowel. When the obstructed
bowel is more distal there is abdominal distension
and peristalsis. Meconium may initially be passed.
A plain abdominal X-ray shows dilated proximal
gut with characteristic fluid levels with a paucity of
gas distal to the obstruction. The stomach is kept
empty with a nasogastric feeding tube which is
aspirated and fluids are given intravenously. Large
volumes of colloid may be required to compensate
for pooling of fluid within the bowel. Referral
needs to be made to a paediatric surgeon.

In necrotizing enterocolitis, which mainly
affects preterm infants, vomiting is accompanied
by abdominal distension and the passage of blood
per rectum.

Pyloric stenosis is sometimes seen in babies who
are still in the neonatal unit at 3-6 weeks of age.

Infection

Vomiting may be seen in babies with infection of
the urinary tract, septicaemia, meningitis and of

other sites. It is important to exclude urinary tract
infection in all babies with persistent vomiting and
also to consider other sites of infection (Table
9.8).

Uncommon causes of vomiting

Vomiting may be a symptom of raised intracranial
pressure or cerebral irritation. It is also a feature of
tleus associated with severe illness, for example
RDS. It may also be seen in rare metabolic dis-
orders, for example congenital adrenal hyperpla-
sia.

DIARRHOEA

Diarrhoea is sometimes diagnosed when it is sim-

ly the normal variation in bowel habit of new-
Eorn infants. In breastfed babies the stools may be
frequent and greenish in colour and may contain a
moderate amount of mucus. No ill effects result
and the stools subsequently become less frequent
and normal in consistency.

Gastroenteritis

Diarrhoea caused by the dysentery group of
organisms is uncommon in the neonatal period.
Occasionally infections with pathogenic E. coli and
other organisms of relatively low pathogenicity
may occur. In newborn nurseries epidemics of
diarrhoea may be caused by viral infection.

If an infant has diarrhoea, a stool specimen is
sent for bacterial and viral culture. Infants with
gastroenteritis must be isolated from other babies
and nursed with full barrier precautions. Milk
feeding is stopped until the diarrhoea improves.
Dehydration is corrected with intravenous fluid if
necessary.

RHESUS AND ABO
INCOMPATIBILITY

In rhesus incompatibility the lifespan of the red
cells of the fetus or newborn infant i1s shortened by
the action of specific antibodies present on the red
cells of the infant but not of the mother. These IgG

antibodies are produced by the mother, and being
small molecules, cross the placenta. Transfer is
minimal before the 12th week of gestation, rising
slowly to the 24th week and then increases rapidly
until term. Antibodies causing haemolytic disease
may be produced against all red cell antigens but



most commonly it is against rhesus, A or B or Kell
antigens. Because effective prophylaxis against
haemolytic disease caused by the rhesus antigen is
available the other antigens have become relatively
more prominent.

The gene that makes most people rhesus positive
is D. Cases of maternal immunization to one of the
other antigens of the rhesus group occur only
occasionally and are weak antigens.

Feto-maternal transfusion

Less than 0.1 ml of fetal blood is sufficient to cause
the imitial sensitization to rhesus D antigen but the
maternal response varies greatly. It is uncommon
for significant feto-maternal transfusion to occur
during pregnancy, but it is relatively common
during labour especially during the third stage. It is
therefore uncommon for antibodies to be pro-
duced during a first pregnancy, but if the mother is
sensitized she will show a rapid increase in anti-
body titre during any subsequent pregnancy if the
fetus is rhesus positive. The presence of fetal cells
in the maternal circulation can be demonstrated by
a Kleihauer test where a film of maternal blood 1s
mixed with a weak acid solution before staining.
Fetal red cells contain haemoglobin which is more
resistant to denaturation with acid than adult
haemoglobin and this allows fetal red cells to be
recognized and counted.

It might be expected that immunization of a
mother of blood group O to an A or B factor
inherited by the fetus from the father would be
common. Naturally occurring antibodies to A or B
antigens are IgM molecular size and cannot cross
the placenta but smaller IgG antibodies to these
antigens are acquired in some group O mothers.
These can cross the placenta to destroy fetal red
cells of group A or B. Thus haemolytic disease
from ABO incompatibility may occur in a first
pregnancy. Fortunately the disease is much less
severe than rhesus incompatibility and relatively
few babies will need treatment.

Pathophysiology

There is haemolysis of fetal red cells which are
destroyed by the reticulo-endothelial system. In
the most severe cases the fetus becomes severely
anaemic and develops generalized oedema
(hydrops fetalis) with pleural, pericardial and peri-

toneal effusions. Untreated, this may lead to intra-
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uterine death, usually after 28 weeks’ gestation.

In less severe cases the infant is born alive with
the clinical features of haemolytic disease. These
are pallor, jaundice and enlargement of the liver
and spleen. At birth the haemoglobin level in the
cord blood is used as a guide to the severity of the
disease. It is severe if the haemoglobin is less than
10 g/dl, of moderate severity if 11-13 g/dl and
mild if greater than 14 g/dl. There may be an
extremely rapid increase in the level of jaundice
after birth. Before birth the excess bilirubin from
haemolysis is excreted into the mother’s circula-
tion by the placenta, hence the cord bilirubin level
at birth is unreliable as an index of severity.

Antenatal management

Every pregnant woman should have her blood
group determined and red cell antibodies screened
at her initial antenatal visit. If antibody is present
its identity and concentration is determined. In
practice, tests for rhesus, Kell and Duffy antigens
are performed.

The concentration of maternal rhesus antibodies
serves as a guide to the severity of the disease in the
fetus and whether further investigation is
required.

In the past the disease severity was monitored
by measuring the bilirubin in amniotic fluid
obtained by amniocentesis. Fetuses which were
judged to be only mildly affected were left to
proceed to term. Those of moderate severity were
delivered before term and a few which were
severely affected and at risk of early intrauterine
death were treated by intrauterine blood transfu-
sion given into the peritoneal cavity. Labour was
induced as soon as the infant was considered to
have a good chance of survival. At birth exchange
transfusions, often repeated several times, were
required to maintain the infant’s haematocrit and
avoid very high levels of bilirubin. Morbidity and
mortality were high.

The antenatal management of rhesus incompati-
bility has been transformed by the development of
cordocentesis and the ability to transfuse blood
directly into the fetal vascular compartment. The
disease severity can be measured directly from the
haematocrit on the fetal blood sample. If indicated
the fetus is given a blood transfusion at the same
tume. The development of oedema in the fetus is
also monitored with serial antenatal ultrasound
scans. Most affected infants are now born at or
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near term with a normal haematocrit. Relatively
few even require an exchange transfusion.

Postnatal management

In infants affected by rhesus haemolytic disease the
baby is anaemic at birth. The direct antiglobulin
test (Coombs test) will demonstrate antibody on
the red cells. The aim of treatment is to correct
anaemia, thereby reducing the risk of death from
heart failure and to prevent kernicterus from
severe jaundice. The affected infant is placed under
intensive phototherapy immediately after birth.
The haemoglobin an cﬁrbilimbin levels are mon-
itored initially every few hours. If the baby is
anaemic or the jaundice rapidly rises, an exchange
transfusion is performed. In this procedure ali-
quots of blood are removed from the infant and
replaced with donor blood. The procedure is con-
tinued until twice the infant’s blood volume has
been exchanged. Meticulous monitoring of the
infant’s clinical condition and electrolytes is
required during the procedure. Traditionally, the
exchange has been performed via a catheter placed
in the umbilical vein as this was the simplest
technique to cannulate a large blood vessel. When
possible it is preferable to avoid cannulating the
umbilical vein and to perform the exchange trans-
fusion by withdrawing blood from an arterial line
while infusing blood via a peripheral cannula.

Prevention of rhesus haemolytic disease

The formation of anti-D antibodies can usually be
prevented by giving a rhesus negative mother anti-
D immunoglobulin whenever feto-maternal trans-
fusion is likely to occur:

e after delivery of a rhesus positive infant,
whether live of stillborn
after any abortion or termination
after any external version

e after any amniocentesis or chorionic villus
sampling.

There continues to be debate about the need to
give anti-D to all rhesus negative women during
pregnancy to prevent the development of rhesus
antibodies to the small feto-maternal haemor-
rhages which occur throughout pregnancy.

HAEMORRHAGIC DISEASE OF THE
NEWBORN

Newborn infants are deficient in vitamin K when
compared with older children and adults. Bleeding
without warning can occur in a small number of
infants. Classicial haemorrhagic disease occurs
during the 1st week of life. In most the bleeding is
transient and slight but in a few it is life threatening
including intracranial haemorrhage. Classical
haemorriagic disease can be prevented by giving
vitamin K, 1 mg intramuscularly or 1-2 mg orally
immediately after birth. Feeding with infant for-
mula, which contains more vitamin K than breast
milk, protects against classical haemorrhagic dis-
ease.

Late haemorrhagic disease is rare. It occurs
between the 1st ang 8th week of life. A significant
proportion suffer from intracranial haemorrhage,
half of whom are permanently disabled or die.
Given intramuscularly on the day of birth, 1 mg of
vitamin K will prevent this, but a single dose of
oral vitamin K will not reliably do so. Intracranial
haemorrhage occurs in infants who are wholly
breastfed and who have not received prophylactic
vitamin K; it seldom if ever occurs in formula-fed
infants.

There is no clear consensus on the safest form of
prophylaxis for newborn babies. As stated, vitamin
K given intramuscularly will prevent both classical
and late haemorrhagic disease. This is also advis-
able when mothers are taking anticonvulsants
which antagonize vitamin K (particularly pheny-
toin). However, a recent study suggested that there
might be a risk that vitamin K given intramuscu-
larly is associated with the development of cancer
in childhood, though this has been refuted by
further studies. Several oral doses are required to
provide complete protection.

POLYCYTHAEMIA

A venous haematocrit greater than 0.65 in new-
born infants is often defined as polycythaemia.
Blood viscosity rises exponentially at such high
levels. Polycythaemia is caused by increased intra-
uterine erythropoeisis in growth retardation,
maternal smoking, maternal diabetes and trisomy
21. It can also be secondary to red cell transfusion
from placental transfusion from delayed cord
clamping or materno-fetal or twin to twin transfu-
sion. Hyperviscosity is associated with decreased



flow both i in the microcirculation and in the large
veins and is associated with cerebral, renal or
inferior vena caval thrombosis.

The infants often look plethoric but are usually
asymptomatic. However clinical features ascribed
to polycythemia include irritability, lethargy, res-
piratory distress, heart failure, convulsions, necro-
tizing enterocolms and .renal vein thrombosis,
There is an increased risk of hypoglycaemia.

Several studies have shown an increased inci-
dence of long-term neurological morbidity. The
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haematocrit at which treatment should be initiated
has not been agreed. Some authorities recommend
treatment if the venous haematocrit is greater than
0.65, while others recommend waiting until the
haematocrit is 0.70 unless the baby becomes symp-
tomatic. Treatment is with a dilutional exchange
transfusion with fresh frozen plasma or albumin. It
is best done using a peripheral arterial line to
withdraw blood and intravenous fluids are given
via a peripheral infusion.

Congenital malformations are structural deforma-
tions present at birth. About 1.5 per cent of babies
have a major defect so identified and many more,
especially congenital heart disease, only become
evident when the baby is older. The cause of many
congenital malformations is unknown. Some con-
genital malformations are genetic whilst others
may be due to the adverse effects on the fetus of
drugs, radiation, or metabolic disturbances in the
mother. Structural malformations may also result
from a lack of space for the fetus to grow, for
example oligohydramnios. However in most the
cause is not known.

An increasing number of malformations are now
recognized prenatally, from routine ultrasound
scanning, or from prenatal testing of the fetus
known to be at increased risk of specific dis-
orders.

The parents will want full information about
any congenital malformation.

CHROMOSOME DISORDERS

Down’s syndrome, trisomy 21

This is by far the commonest chromosomal dis-
order, occurring in 1.4 per 1000 live births. It is due
to 47 chromosomes, with three 21 chromosomes.
The majority (95 per cent) are the result of non-
dysjunction during mitosis. The risk increases with
maternal age from 1 in 350 at 35 years to 1 in 100 at
40 years and 1 in 30 at 45 years. Another 3—4 per
cent are due to translocation and are not related to
maternal age. If translocation affects the mother

there is a 20 per cent risk of an affected child; if it
affects the father the risk is about 6 per cent. One
to two per cent are mosaic, with a normal cell line
as well as a cell line with an extra 21 chromosome.
There is an intense interest in the antenatal
diagnosis of Down’s syndrome. Chromosome
analysis can be performed on samples obtained by
chorionic villus sampling or amniocentesis in
women at increased risk because of maternal age or
where either parent has a chromosomal transloca-
tion. This does not significantly reduce the number
of affected infants born. Much attention is being
focused on trying to identify structural markers by
antenatal ultrasound. The flat shape of the occiput
and the nuchal fat pad may allow early ultrasound
identification of some infants. In addition bio-
chemical screening of maternal blood samples has
been introduced in some areas. The predictive
value of this technique is improved by measuring
two or more markers (low alpha-fetoprotein level
combined with hCG and oestrogen levels). The
efficacy of these methods has yet to be deter-
mined.
The
include:

characteristics of Down’s syndrome

* eyes which slant upwards and outwards with
epicanthic folds

* a round face, a small mouth with protruding

tongue

simple ears

a flat occiput

palpable third fontanelle

hands which are short with incurving of the
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little finger and single transverse palmar crease
* simian cleft between the great toe and next toe
profound hypotonia
* increased incidence of duodenal atresia and
congenital heart disease.

The diagnosis can sometimes be very difficult to
make clinically. Whenever it is suspected a senior
member of the paediatric staff should see the baby
and parents.

The diagnosis is confirmed by chromosome
analysis on a blood sample. If the chromosomes
show non-dysjunction it is not necessary to check
the parents’ chromosomes. This is only required
for a translocation. The parents will want toanow
not only about the medical problems associated
with Down syndrome but also the long-term
neuro-developmental outlook. Detailed written
information produced by other parents and
involved professionals is available. Some parents
also wish to meet other affected families. Before
discharge a plan needs to be made about which
health professionals are going to be involved and
the role of each of them clearly identified.

Trisomy 13-15 (Patau syndrome)

This condition occurs in about 1 in 12000
births. The infants have multiple congenital abnor-
malities. These include growth retarf%ation, micro-
cephaly and abnormalities of the eye -
microphthalmia, coloboma or cataracts. These
abnormalities occur in about 80 per cent of cases.
Other common abnormalities are localized scalp
defects in the parietal-occipital area and cleft lip
and plate, as well as congenital heart disease,
genital anomalies and polydactyly. Most affected
infants die in the neonatal period.

Trisomy 18 (Edward syndrome)

This occurs in approximately 1 in 8000 births. The
infants are growth retarded. In addition they also
have multiple congenital abnormalities which
include abnormal facies with a narrow nasal
bridge, short palpebral fissures and low set ears.
There are characteristic abnormalities of the hands
with overlapping, flexed fingers and rocker bottom
feet. Most have congenital Eeart disease. Most die
within the first few weeks of life.

MALFORMATIONS OF THE
GASTROINTESTINAL TRACT

Cleft lip and palate

This occurs in about 1 per 1000 births. A careful
check needs to be made for other abnormalities.
Surgical repair of the lip is increasingly performed
within the 1st week of life but this depends on the
individual surgeon. Some feel that better results are
obtained if surgery is delayed. The palate is usually
repaired at several months of age.

A cleft palate may make feeding more difficult.
Many affected infants can still be breastfed suc-
cessfully. Milk may enter the nose and cause
choking. Special teats and feeding devices are avail-
able. Orthodontic and speech therapy advice is
required. The development of secretory otitis
media, which is relatively common, needs to be
monitored. There is a particularly active voluntary
group of parents who have had affected children
(Cleft Lip And Palate Association CLAPA) who
often provide valuable support and advice for
parents with an affected newborn infant.

Pierre-Robin syndrome

The Pierre-Robin syndrome is an association of
micrognathia, glossoptosis and a midline cleft of
the soft palate. As the tongue falls back there is
obstruction to the upper airways.

There may be upper airways obstruction, cya-
notic episodes and difficulty with feeding. Many of
the infants fail to thrive during the first few
months. If there is upper airways obstruction the
infant may need to lie prone allowing the tongue
and small mandible to fall forward. Persistent
upper airways obstruction can be treated using a
nasopharangeal tube which can be connected to a
continuous positive airway pressure circuit. In the
long term the mandible grows and these problems
resolve. The cleft palate can then be repaired.

Oesophageal atresia and tracheo-oesophageal
fistula

Oesophageal atresia with or without tracheo-
oesophageal fistula occurs in approximately 1 in
3500 births. It usually occurs just above the level of
the bifurcation of the trachea (in 85 per cent of
cases) and is most commonly associated with a
tracheo-oesophageal fistula in which the lower



oesophagus joins the trachea just above the carina.
Less than 10 per cent of cases have oesophageal
atresia without a fistula. A tracheo-oesophageal
fistula on its own also occurs but is very rare.

Hydramnios during pregnancy is a common
feature and oesophageal atresia should be con-
sidered in all mothers with this complication.
Presentation is with persistent salivation and
drooling from the mouth after birth associated
with choking and cyanotic episodes. If the diag-
nosis is not made at this stage and the infant is fed
this will result in coughing, choking and vomiting
of the milk. Some of the milk may be aspirated.
Half of the babies have other congenital malforma-
tions, particularly of the skeletal, heart and genito-
urinary systems. Infants should be thoroughly
examined both physically and radiologically
before surgery is undertaken.

Any suspicion that an infant is unable to swal-
low on hydramnios during pregnancy should lead
to prompt investigation by attempting to pass a
moderately stiff feeding tube through the oesopha-
gus into the stomach. A soft catheter may coil up
in the segment above the atresia and delude the
observer into believing that it has passed into the
stomach. The aspiration of acid secretion and the
emptying of the stomach of air provide proof that
the oesophagus is patent. The feeding tube should
be radio-opaque so that its position can be con-
firmed radiologically. Directly the diagnosis is
established, the infant is transferred to a paediatric
surgical unit with frequent or continuous suction
of saliva from the mouth during the journey.
Surgical treatment now offers a good chance of
survival and satisfactory function in the longer
term, provided multiple anomalies are absent.

CONGENITAL ATRESIA OF THE GUT

Duodenal atresia or stenosis

This condition occurs in about 1 in 6000 babies. It
may be detected on ultrasound prenatally when a
double bubble shadow is seen in the stomach and
duodenum with empty gut beyond. In the immedi-
ate neonatal period it presents with vomiting,
which is bile stained, and failure to pass meconium.
A radiograph of the abdomen in the erect position
shows a double bubble of air in the stomach and
proximal duodenum but no gas beyond this level.
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The lesion is associated with Down syndrome in
up to one-third cases and as many as half the
children with this condition have other congenital
malformations. Treatment is surgical.

Jejunal and ileal atresia

This occurs in about 1 in 5000 infants. Single or
multiple atretic segments of the small bowel result
in vomiting, abdominal distension and failure to
pass meconium after birth. An erect or lateral
decubitus abdominal film will show gaseous dis-
tension of the bowel with fluid levels present
above the site of the lesion. Treatment is surgical.

Meconium ileus

Almost all infants with meconium ileus have cystic
fibrosis in which the pancreatic secretion into the
bowel is abnormal. During intrauterine life the
meconium is abnormally digested and becomes
packed into the lower ileum forming a mass of

utty-like consistency and appearance. This may
Ee seen as abnormal bowel shadowing on ultra-
sound as early as 18-20 weeks’ gestation. Imme-
diately after birth the infant develops vomiting and
abdominal distension and fails to pass meconium.
X-ray examination shows gaseous distension and
fluid levels in the small bowel with lack of gas in
the distal bowel and a mottled opacity in the areas
of the inspissated meconium. Surgery has largely
been replaced by gastrograffin enemas in recent
years. A diagnosis of cystic fibrosis needs to be
sought using gene probes or a sweat test though it
can be difficult to obtain sufficient sweat at this
age.

Hirschsprung’s disease (congenital megacolon)

This condition occurs in 1 in 5000 births with a
male to female ratio of 4:1. The basic defect is an
aganglionic segment of colon. This may affect a
small or long segment of bowel.

Presentation is usually shortly after birth or in
early infancy. There is constipation of varying
degrees and lower intestinal obstruction w:tlﬂfﬁ—
culty in passing meconium, abdominal distension
and vomiting. Occasionally the condition may go
unrecognized into early childhood. Rectal biopsy
confirms the diagnosis. Treatment is to resect the
aganglionic segment.
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Imperforate anus

This occurs in about 1 in 5000 births. The diag-
nosis is made at birth. In most there is a rectal
pouch and a fistula connecting the rectum with the
perineum or the urogenital tract. Treatment is
surgical.

Exomphalos and gastroschisis

In exomphalos there is protrusion of abdominal
contents through the umbilical ring covered with a
transparent sac. It may vary in size from a loop of
bowel to containing other abdominal organs. In
about 40 per cent there are other major anomalies.
In gastroschisis the bowel protrudes through a
defect in the anterior abdominal wall. The umbil-
ical cord itself is not involved. The exposed bowel
is wrapped in clingfilm to avoid fluid loss. A large
nasogastric tube is passed and aspirated on con-
tinuous suction. An intravenous infusion is estab-
lished to prevent hypoglycaemia and maintain the
intravascular fluid volume. Replacement of the
intestine into the peritoneal cavity may be possible
with primary closure of the abdomen; otherwise
the intestine can be enclosed in a silastic sac
sutured to the edges of the abdominal wall and the
contents gradually returned into the abdomen.

CENTRAL NERVOUS SYSTEM

Neural tube defects

Neural tube defects result from failure of closure
of the neural tube during early organogenesis at
21-28 days of gestation.

The commonest abnormality is failure of the
neural plate to close distally causing spina bifida.
As formation of the posterior arch o% the vertebrae
follows formation of the neural tube, it is accom-
panied by anomalies of the spine. Spina bifida is
usually localized to the lumbosacral region. In the
most severe form, myelomeningocoele, the spinal
cord lies open. Neural tissue covered by meninges
is visible at the surface. The posterior arch of one
of more vertebrae is absent. In some cases of spina
bifida, because the spinal cord is adherent to the
skin when the trunk grows, the brain is pulled
down into the foramen magnum causing obstruc-
tion and hydrocephalus, the Arnold-Chiari mal-
formation. In a meningocoele only the meninges
protrude through the body defect in contrast to
the myelomeningocoele where the cord itself also

herniates. In spina bifida occulta the skin and
meninges are intact but the posterior part of the
vertebra is missing and there may be a small tuft of
overlying hair. In an encephalocoele there is her-
niation of brain tissue through a defect in the skull.
It is usually occipital.

When failure of closure of the neural tube is at
the cranial end, anencephaly occurs. This is
associated with failure of ossification of the skull
bones as they differentiate only under the influ-
ence of a normal neural tube. Pregnancy may
progress to term and a normal weight infant is
delivered. If the brain stem is intact death may take
1-3 days. Recently, there has been much discus-
sion about the use of such infants for organ
donation but they do not. satisfy the criteria for
brain death as the brain stem is still functional.

There has been considerable progress in the
epidemiology, antenatal diagnosis and more
recently prevention of neural tube defects. It has
been known for a long time that there are large
variations in the incidence of central nervous sys-
tem (CNS) defects in different parts of the world
and within the British Isles, where the incidence is
highest in Ireland followed by Scotland, Wales and
lowest in South East England. It is known that
neural tube defects are %ess frequent in higher
social classes. There is a risk of recurrence to
siblings following a fetus or baby with neural tube
defect of 5 per cent rising to 10 per cent if the
mother has had two or more affected fetuses.

There has been a dramatic reduction in the
number of babies born with neural tube defects
from 3.2 per 1000 in England and Wales in 1957 to
0.4 per 1000 in 1987. This is from a combination of
general decline in its incidence together with ante-
natal diagnosis and termination of pregnancy.
Routine antenatal ultrasound examination allows
the identification of the vast majority of fetuses
with anencephaly and of many with spina bifida
where a defect in the spine, a ‘lemon shape’ of the
skull or accompanying hydrocephalus may be
detected. In addition, in many districts, screening
for an elevated alpha-fetoprotein in maternal blood
is performed. If raised or where there is a strong
family history, the alpha-fetoprotein in amniotic
fluid is then checked.

Studies of mothers who have had one or more
affected fetuses have shown a dramatic reduction
in the risk of recurrence when given additional
folate periconceptually during subsequent preg-
nancies. This has been extended to apply to all



pregnant women, in whom periconceptual folate
supplementation is now recommended.

Myelomeningocoele

About 70 per cent of spina bifida is myelome-
ningocoele. The potential short- and long-term
problems for children with this lesion are:

infection of the lesion and ventriculitis
paralysis of the legs accompanied by loss of
sensation

* hydrocephalus from the associated Arnold-
Chiari malformation

* congenital dislocation of the hip, kyphosis or
scoliosis of the spine

e absence of bladder and rectal tone which may
be accompanied by malformations of the uri-
nary tract, recurrent urinary tract infections
and hypertension

* severe learning difficulties

® psychosocial problems in adolescence and

adult life.

The management of these affected problems is
complex and involves multidisciplinary teams.
There are also difficult ethical dilemmas for both
parents and professionals in deciding how best to
treat and manage these major problems.

Hydrocephalus

This may be diagnosed antenatally on ultrasound
scanning. With increasing intracranial pressure the
head circumference increases and the sutures sepa-
rate. Thereafter the fontanelle bulges and becomes
tense. Postnatally it can readily be monitored b
intracranial ultrasound. When surgery is indicateri
ventriculo-peritoneal shunting is the treatment of
choice.

CONGENITAL HEART DISEASE

The overall incidence of congenital heart disease is
about 8 per 1000 live births. About 90 per cent
comprise eight lesions — ventricular septal defect
(VSD), atrial septal defect (ASD), pulmonary sten-
osis, aortic stenosis, coarctation of the aorta, patent
ductus arteriosus, Tetralogy of Fallot and trans-
position of the great arteries.

Newborn infsamts with congenital heart disease
present with cyanosis, heart failure or murmurs
detected on routine examination.
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Cyanosis

Cyanosis is best detected on examining the tongue.
If the arterial oxygen tension in the baiy’s blood is
measured it will be found to be low and does not
rise above 15 kPa even after the baby is placed in
100 per cent oxygen for 10 minutes. Cyanotic
congenital heart disease can then be confidently
diagnosed in the absence of lung disease and

ersistent fetal circulation (persistent pulmonary
Eypertension of the newborn).

Cyanosis may be caused by abnormal mixing of
systemic and pulmonary venous blood as with
transposition of the great arteries. It is also caused
by reduced pulmonary blood flow as with Tetralo-
gy of Fallot, pulmonary atresia and tricuspid atre-
sia. These infants with duct dependent pulmonary
circulation become severely cyanosed when the
duct closes. Maintenance of ductal patency is the
key to early survival in these children.

Infants who are cyanosed from congenital heart
disease should be given prostaglandin to maintain
ductal patency. This reverses its natural tendency
to constrict and so increases pulmonary blood
flow. This allows time for the child to be trans-
ferred to a paediatric cardiac centre, a precise
diagnosis established and surgery or other manage-
ment initiated.

Heart failure

Infants in heart failure present with respiratory
distress. An important sign of heart failure in
newborn infants is an enlarged liver from raised
venous pressure. In the first few days of life heart
failure is usually from obstruction to the left side
of the heart, particularly coarctation and inter-
ruption of the aorta and severe aortic valve sten-
osis. These children also depend on a patent ductus
to maintain their circulation. Closure of the duct
rapidly leads to severe acidosis, collapse and

death.

Three heart defects which often present in the
immediate newborn period are transposition of the
great arteries, coarctation of the aorta and hypo-
plastic left heart syndrome.

Transposition of the great arteries

In transposition of the great arteries there are two
parallel circulations, with the systemic venous
return passing from the right atrium into the right
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ventricle then into the aorta and a separate circula-
tion of pulmonary venous blood returning to the
left atrium via the left ventricle and back into the
pulmonary arteries. Mixing of blood between the
two circulations must occur for this condition to
be compatible with life. This is through associated
abnormalities such as ventricular septal or atrial
septal defects. These children usually present with
severe cyanosis in the first day or two of life. An
arterial oxygen tension of only 1-3 kPa is not
unusual. A prostaglandin infusion is established to
maintain the ductus arteriosus. If the child remains
cyanosed at echocardiography a balloon atrial sep-
tostomy is performed. A catheter with an expand-
able balloon at its tip is passed througE the
umbilical femoral vein and through the right
atrium and foramen ovale. The balloon is inflated
within the left atrium and pulled through the atrial
septum. This tears the atrial septum and allows
mixing of the systemic and pulmonary venous
blood within the atrium. Either a corrective opera-
tion or now more often an arterial switch proce-
dure, which provides anatomic correction, can
then be performed in the first few weeks of life.

Coarctation of the aorta

Coarctation usually affects the aorta distal to the
left subclavian artery adjacent to the insertion of
the ductus arteriosus. The presentation may be
with heart failure or circulatory collapse or the
infant may be asymptomatic apart from recogni-
tion of weak or absent femoral pulses detected on
routine examination. Most will need surgery,
though in some infants it may be possible to
perform balloon dilatation without the need for
surgery. Infants with interruption of the aortic
arch present in a similar way. This is, however,
a more serious condition as there is no connection
between the aorta proximal and distal to the ductus
arteriosus.

Hypoplastic left heart syndrome

In this condition there is underdevelopment of the
entire left side of the heart. In addition the ascend-
ing aorta is small and almost always associated
with coarctation of the aorta or interruption of the
aortic arch. Ductal closure leads to acidosis and
cardiovascular collapse. The diagnosis needs to be
established by urgent echocardiography. The con-

dition is generally inoperable. Recently neonatal

heart transplantation and multiple surgical opera-
tions have been performed. The use of these heroic
procedures has been the subject of much debate.

UROGENITAL PROBLEMS

Bilateral renal agenesis (Potter’s syndrome)

This occurs in about 1 in 3000 births. There is renal
agenesis which is usually accompanied by charac-
teristic facies with widely set eyes (ocular hyper-
telorism), low set ears, a flattened nose and
micrognathia. Oligohydramnios or total absence
of fluid is the rule. It is accompanied by lung
hypoplasia and marked talipes equinovarus. Many
are stillborn and the remainder die within the first
24 hours of life. Death is due to pulmonary
hypoplasia.

Urinary tract abnormalities

Many of the important structural malformations of
the urinary tract are now identified on antenatal
ultrasound. They are caused by failure of normal
embryogenesis. Union of the ureteric bud which
forms the ureter, pelvis, calyces and collecting
ducts with the nephrogenic mesenchyme is essen-
tial for nephrons to be formed. Failure of this
union produces a non-functioning kidney filled
with large fluid cysts — a mulucystic kidney.
Dysplastic kidneys are small and often contain
cysts.

Abnormal caudal migration may result in a
pelvic kidney or horseshoe kidney. The abnormal
position may predispose to obstruction to urinary
drainage. Premature division of the ureteric bud
gives rise to a duplex system which often has
abnormal drainage. Failure of fusion of the midline
structures below the umbilicus results in exposed
bladder mucosa — bladder extrophy. Absent
abdominal musculature is associated with dilated
ureters and a large bladder with a wrinkled abdom-
inal skin — the prune belly syndrome.

Hydronephrosis is not infrequently identified
on antenataFultrasound. Obstruction to urine flow
may occur at the pelvi-ureteric junction or at the
vesico-ureteric junction. If obstruction occurs at
the bladder neck the hydronephrosis will be bilat-
eral. In a boy the most likely cause is an obstruc-
tion in the posterior urethra due to mucosal folds
known as posterior urethral valves. The bladder
wall becomes thickened and dilated. It may also be



due to a neuropathic bladder as from spina bifida.

The perinatal management of these conditions is
controversial. In the male fetus with posterior
urethral valves which develops progressive bilat-
eral hydronephrosis, intrauterine drainage of the
bladder has been performed or the fetus has been
delivered early. The place of these interventions is
yet to be determined. After birth immediate surgi-
cal treatment is indicated. The management of
urinary tract obstruction from other causes is less
clear as their natural history is not yet known.
Urinary tract anomalies predispose infants to uri-
nary tract infection, which may result in renal
damage if there is vesico-ureteric reflux or urinary
outflow obstruction. Infants with significant uri-
nary tract anomalies diagnosed antenatally are
therefore placed on prophylactic antibiotics from
birth while further investigations are performed. It
is important that all such children are referred to
paediatricians for investigation and follow up in
order to identify significant outflow obstruction
requiring surgery and for the prevention and early
treatment of urinary tract infections. These infants
usually require serial ultrasound scans of their
urinary tract and radionucleide scans and micturat-
ing cystography to identify vesico-ureteric reflux
and outflow obstruction. Bilateral hydronephrosis
in a male requires urgent investigation to identify
posterior urethral valves.

Hypospadias

In hypospadias the urethral meatus is ventral and
proximal to the normal orifice. The most common
site is at the coronal sulcus but the more serious
grades have orifices along the shaft of the penis,
scrotum or perineum. The penis may be curved
from tethering by chordae. Treatment is surgical
but may not be required for glandular hypospadias
in the absence otg chordae. Circumcision should
not be performed in affected infants, as skin may
be required for plastic repair later.

Undescended testes

The testes have not descended into the scrotum in
3 per cent of full-term infants and a much higher
percentage of preterm infants. Most will descend
during the first few months of life and by 1 year
about 1 per cent of male infants have undescended
testes. Most are unilateral. As few undescended
testes (in contrast to retractile ones) descend spon-
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taneously after 1 year of age, elective orchidopcx{y
is generally performed in the 2nd or 3rd year of li
in order to try to optimize future fertility.

Inguinal hernia

This is relatively uncommon in term infants but
not uncommon in preterm infants particularly
those with bronchopulmonary dysplasia. The
treatment is surgical and should be performed
promptly. In preterm infants with ongoing lung
disease surgery may be delayed to enable the infant
to tolerate the anaesthetic better. Urgent surgery is
required if the hernia becomes acutely tender and
cannot be reduced.

Circumcision

Circumcision in the newborn period is performed
for religious or social reasons. There is some
evidence that urinary tract infections are less com-
mon in circumcised males and it may be recom-
mended in those with troublesome urinary tract
infections. The foreskin should not be forcibly
retracted during infancy.

LOWER LIMB MALFORMATIONS

Congenital dislocation of the hip

Congenital dislocation of the hip results from
abnormal development of the acetabulum, the fem-
oral head or the surrounding capsular tissues. It is
more common if there is a family history, if the
fetus has presented in breech position, and in
female infants. Dislocated or dislocatable hips are
identified in 1-2 per 100 infants. It is important
that all infants have their hips checked for congeni-
tal dislocation during the first 24 hours of life.
Abduction of the hip at birth may be restricted.
More often the hip is dislocatable when the head of
the femur can move out of and then be relocated
back into the head of the acetabulum. It can be
confirmed on ultrasound. At several months of age
X-ray examination will allow identification of the
position of the femoral head.

Treatment is to stabilize the hip in abduction
and flexion. A harness is often used to achieve this.
Many hips that are dislocatable at birth will
become stable spontaneously. Some children will
require surgery.

The screening test to detect congenital disloca-
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tion of the hip requires training and experience. It
is important that the infant is not crying during the
procedure. During the hip examination ligamen-
tous clicks without movement of the femoral head
into or out of the acetabulum may be detected but
is not of long-term significance.

Talipes equinovarus (club foot)

This condition occurs in about one per 1000 births.

It is twice as common in males as females. It may
develop in utero if there is lack of space, such as in
oligohydramnios, or lack of fetal movement of the
legs, for example from spina bifida. It may also be
familial. Treatment is required if the foot cannot be
moved into the plantigrade position. If this is not
possible the baby should be promptly referred to
an orthopaedic surgeon. Treatment may range
from passive exercises to strapping or splinting.
Surgery may subsequently be required.

Harvey D., Cooke R. and Levitt G. (1995) The Baby
Under 1000 grammes. Wright, London.

Roberton N.R.C. (1992) Textbook of Neonatology.
Churchill Livingstone, Edinburgh.

Royal College of Obstetricians and Gynaecologists.
Resuscitation of the Newborn (1994) Basic and
Advanced Resuscitation. London.
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MEDICO-LEGAL PROBLEMS IN
OBSTETRICS

The rapid increase in litigation against British
doctors at the present time is a matter for concern.
The combined specialities of obstetrics and gynae-
cology are among the foremost targets of such
claims. Not only does this mean that large sums of
money have to be paid in compensation but it also
means that there may have to be changes in the
style of practice. Defensive medicine, which results
from these changes, implies unnecessary and
expensive investigations and a hasty recourse to
caesarean section.

So far as the financial aspects are concerned
obstetric claims and awards now lead the way in
the sheer magnitude of the sums of money
involved. Settlements for the brain damaged infant,
for example, are at present approaching £2-3 mil-
lion. Until the 1st of January 1990 these sums of
money had to be paid by the medical profession
itself through its defence societies, which accoun-
ted for the high level of subscriptions to these
societies. In the USA the individual doctor has
personal insurance and any large claim can be
recovered from the fees charged to patients. This is
not possible in the UK in the context of a National
Health Service but from the beginning of 1990
NHS claims arising from hospital work have been
paid from Government funds, thus removing the
threat of a huge decrease in the number of young
doctors entering the speciality of obstetrics and
gynaecology. Doctors in private practice and gen-
eral practitioners need to subscribe to a defence
system as in the past. Many doctors support the
no-fault system used in New Zealand. By this
method compensation is decided by a committee,

and is appropriate to the disability or discomfiture
incurred; doctors are not named. It is not a scheme
that is favoured in the UK.

LITIGATION IN OBSTETRICS

Obstetrics is unusual in that the obstetrician is
dealing with two people — the mother and the
developing baby. This makes the task doubly
demanding particularly in the present climate of a
consumer orientated service. Parents have, quite
rightly, a high expectation for the best outcome of
pregnancy — a healthy, normal baby and a mother
unscathed physically by pregnancy and delivery
and fulfilled emotionally by the experience.

Advances in obstetrics have been considerable
over the past 10 or 15 years and, as a result
perinatal and maternal mortalities and morbidities
have diminished. These results have been asso-
ciated with techniques such as ultrasound scan-
ning, cardiotocography and fetal blood sampling.
Many mothers find these techniques unacceptably
invasive in the sense that they feel that they
interfere with the normal process of labour, the
privilege of the mother and father to enjoy the
experience of childbirth and their freedom of
choice in planning the method of delivery. If
obstetricians are not aware of these attitudes then
hostility can arise and from this it is a short step to
complaint and, of course, litigation.

We can therefore define the most important
broad principles to avoid litigation and to maintain
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a good relationship between parents and obste-
trician. Some of these principles apply equally to
gynaecology, and indeed to all specialties. They are
of equal importance.

Communication

Time and again failure of communication between
doctor and patient is the root cause of litigation. If
more time had been spent with the patient, not
only giving explanations but ensuring that they
were understood, and in answering questions,
many a claim would never arise.

Time is often short in obstetrics, not only
because of the demands which the specialty makes
on frequently inadequate numbers of staff, but also
because action — on behalf of a distressed baby for
example — must be taken swiftly. But as doctors
and midwives develop their skills in talking to
women, speed need not be sacrificed in achieving
understanding and cooperation.

Recording

Closely allied to communication is the need to
make clear and concise notes written and signed at
the time of, or just after, an event and containing
not only the course of action decided upon but
also what was said to the mother and her partner.
Irritating and time consuming though these
records may be they can ulumately avoid or
modify potentially serious litigation.

The consent form should be signed whenever
possible in obstetrics, as in any other specialty,
although it may not be regarded by a Court of Law
as evidence of informed consent. Unless action has
to be taken so urgently that consent cannot be
obtained, explanation should be given to the wom-
an over and above the standard words used in
hospital consent forms and that this has been done
should be recorded in the woman’s case notes.
Again adequate records and full explanation made
after the event will go a long way to avoid legal
action. It goes without saying, however, that a
doctor who takes urgent action to save life without
proper consent is most likely to be supported in a
Court of Law. But the court will not necessarily be
supportive in a less than life and death situation
where no evidence exists that information was
given to the woman or a relative.

Observation

In many ways the part which the obstetrician plays
throughout pregnancy, and even during labour, is
that 0% observer. Pregnancy and delivery are essen-
tially physiological processes and the midwife,
who assists in a practcal sense during labour, also
has to play a part in the avoidance of unhappy
litigation. The obstetrician, however, bears the
greater responsibility. Antenatal care is concerned
with observing the mother and the fetus closely for
early warning signs such as hypertension, poor
intrauterine growth and abnormal lie. Forearmed -
is forewarned and at the booking visit the doctor
must take into account any points in the medical,
obstetric or family history which may be of impor-
tance to the forthcoming pregnancy, recording the
facts in the notes for future observers.

Most hospitals now run special high risk ante-
natal clinics for women with actual or potential
problems, so that they may be seen by the more
senior and experienced members of the obstetric
team who are able to provide a high degree of
vigilant observation ané) thus reduce the risk of
litigation.

Referral

Junior obstetric staff should not take decisions
without discussing the case with their seniors.
Midwives too should share responsibility with
medical personnel when their experience tells them
that it is advisable.

PRE-PREGNANCY AND GENETIC
COUNSELLING

Before pregnancy a couple may wish to seek
advice. This may be because of their age, because
of a family problem such as a Down’s syndrome
child, because of the medical condition of the
mother (diabetes for example) or because of a

revious difficult delivery. Many hospitals have
Eeen fortunate enough to be able to establish pre-
pregnancy counselling clinics to which enquiring
women can be sent by their family doctors. The
clinics should be conducted by experienced doc-
tors giving sound, correct advice because if the
wrong advice is given and problems result litiga-
tion may well follow. For many straightforward
conditions the non-specialized doctor can give
advice but in more complex circumstances spe-



cialized advice must be obtained.

Hospitals may not have geneticists available but
there is almost always a district centre to which
women may be sent or where information may be
obtained from an expert. The non-specialist should
never be tempted to give advice on such matters
unless absolutely sure of the facts.

Possible legal action may also arise following
prenatal diagnostic tests themselves. Amniocente-
sis carries a 0.5-1 per cent risk of abortion; chor-
1onic villus biopsy carries a higher risk. Ultrasound
is safe but fetoscopy may be followed by mis-
carriage.

These procedures must be carried out by an
expert, following comprehensive counselling on
the risks involved. It should be explained that
amniotic fluid may not be obtained, chromosome
analysis may not be accurate or cell culture may
fail.

Written consent must be obtained for all the
invasive procedures with the implication that such
consent is informed.

PREGNANCY

Antenatal care is, as we have seen, an exercise in
diligent monitoring. There is a risk that repetition
creates boredom which in turn may lead to care-
lessness.

Frequent appointments

The mother should be seen at frequent intervals.
Shared care with the general practitioner and the
midwife is a good method of decreasing the burden
on antenatal clinics but the ultimate responsibility
lies with the hospital under whose care the mother
has booked. She should be seen by the obstetrician
at important stages in early and late pregnancy.

Identify at risk cases

Special at risk cases must be identified and prefera-
bly seen in a special antenatal clinic by the more
senior doctors available there.

Discussion of problems

Junior doctors must be encouraged to discuss all
problems, however minor they may seem, with
their seniors. Consultants must be involved with
problems by telephone or personally.
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Check records

At every visit the woman and her records should
be scrutinized, dates should be checked, histories
confirmed and notes made on the symptoms, if
any, the findings of obstetric examination and the
advice given.

If a problem arises later and a move is made
towards litigation the woman’s records will be
scrutinized in detail by doctors, lawyers and the
defendant’s and plaintiff’s experts alike. Inade-
juate antenatal care and poor records then become

ifficult to defend.

SPECIFIC PROBLEMS IN PREGNANCY

There are, of course, innumerable possible areas in
antenatal care which could become subjects for
litigation.

The small-for-dates baby

In this situation intrauterine prenatal anoxia may
occur, with the risk of a brain-damaged baby after
delivery. These babies can be identified using a
variety of techniques from the simple clinical ones
such as measurement of the fundal height to the
more sophisticated techniques of serial ultrasound
measurements. Once detected the mother ought to
be admitted to hospital for intensive monitoring of
her fetus, including cardiotocography and Doppler
flow tests. The management requires experience
and scrupulous records should be kept.

Medical conditions in association with
pregnancy

Diabetes

This is perhaps the most commonly encountered
medical condition and carries grave risks to the
fetus and to the mother unless adequately man-
aged. The best results are obtained in units where
the expertise of an experienced obstetrician and a
diabetic physician are combined, preferably at a
joint clinic. Once again, careful record keeping is
essential

Pre-existing hypertension

This is not common in obstetrics for these women
since they represent a young population. Mutual
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sharing of the responsibility between obstetrician
and physician is again desirable; in pregnancy
induced hypertension the responsibility is usually
entirely that of the obstetrician. It is useful in such
cases to have a unit protocol for management
which guides junior stalj; on action to be taken and
is of value if litigation arises. However, it should
not replace records of events and decisions written
at the time.

Underlying good antenatal care are high levels of
awareness, early and adequate treatment, appro-
priate referral for senior opinions, full explanations
to women and accurate, signed, note keeping.
These steps will not avoid complaints but they will

o a long way to protect doctors and midwives
From litigation.

LABOUR AND DELIVERY

Women have a high expectation of a safe delivery
but also want a fulfilling and satisfying experience.
Some may make special demands, that they should,
for example, be allowed to adopt unusual positions
for delivery, such as squatting, or sitting upright.
Some insist on no mechanical monitoring by the
cardiotocogram during labour; that the baby
should be delivered in the dark; that the cord be
left uncut while the baby is handed directly to the
mother to be put immediately on the breast.

These and similar requests put the midwife and
obstetrician in somewhat of a dilemma. If the
requests of the mother are refused then complaints
may arise. If they are agreed to and something goes
wrong, for example, failure to resuscitate the baby
adequately, litigation may follow.

In many maternity units now a compromise has
been reached. A birth plan is either prepared by the
woman or given by the clinic staff to the mother
during the antenatal period in which she can mark
off her particular requests and discuss them with
the midwives and the doctors in advance of labour.
Full discussion takes place with tact and under-
standing on the part o]f?the advisers. Any difficul-
ties or disagreements which arise should be noted.
Once more the recurrent theme is communication
and recording.

In the conduct of labour itself the most scrupu-
lous vigilance is required on the part of the attend-
ants. Traditionally, when problems arise the
midwife will call the doctor on duty, who is often
of quite junior status. It is imperative that a junior

doctor seeks help from a senior colleague (usually
a registrar) where there is the slightest doubt over
management and that the registrar, in turn, must
never hesitate to discuss the situation with the
consultant. It is advisable that the time when a
senior is sought for advice is recorded in the notes
and the outcome of discussions noted. Too often a
defence will fail because of lack of such adequate
recording. b

Improvements in the organization of medical
cover for the labour ward are being made in most
hospitals. Sessions are now given to consultants
purely for labour ward work and supervision. A
junior staff team is assigned to labour ward duties,
free from outpatient clinics or theatre sessions so
that their availability to the labour ward is immedi-
ate and the midwifery staff know at once who to
turn to when a problem arises.

Health Authorities and Trusts with increasing
awareness of the potential for litigation in obstet-
rics should be appointing extra medical staff and
ensuring that facilities are adequate.

Occasionally problems may arise which are not
particularly associated with the process of labour.
Retention of swabs and breakdown of the epi-
siotomy or caesarean section wounds are examples.
Frank discussion and good records are important
again.

INSTRUMENTAL DELIVERY

The indications for forceps delivery are given in
Chapter 8 and the criteria which must be observed
before the forceps are applied. There is no place in
modern obstetrics for a difficult forceps delivery
and certainly there is no place for a junior doctor
applying forceps without the closest supervision.
Damage to the fetus may range from tentorial tears
and intracerebral haemorrhage to superficial trau-
ma to the face. Any of these may lead to litigation.
A baby who is brain damaged during delivery
carries huge awards against the obstetrician. Rota-
tion and delivery with Kielland’s forceps demands
Earticular expertise and should only be undertaken
y a fully trained and experienced operator.

BREECH DELIVERY

Many obstetricians feel that because of the poten-
tal risk to the fetus born as a breech and in the
present climate of litigation, delivery should
always be by caesarean section. But caesarean



section carries its own intrinsic risk to mother and
baby and with careful antenatal -assessment of the
mother’s pelvic size, the size of the fetus and any
other complicating features there would seem to be
no reason why a vaginal delivery should not be
allowed. The most careful watch must be kept over
the progress of the labour by a team consisting of a
senior midwife and assistant, an experienced obste-
trician (usually of registrar or senior registrar
status) and the junior doctor. The most experi-
enced obstetrician should be in charge of the
delivery, at which there should also be present an
anaesthetist and a paediatrician.

One useful feature of modern labour ward prac-
tice is the protocol in which is written out the
policy of a department largely for the benefit of
new doctors and midwives. It should not super-
sede adequate record keeping but does at least
provide some evidence of what is normal practice
in that department.

CAESAREAN SECTION

There are many potential sources of litigation
connected with this procedure. Failure to carry out
the operation soon enough; carrying it out against
the wishes of the patient; trauma (especially to the
bladder) during the operation and postoperative
complications, to name but a few. Full explanation
of the reasons for caesarean section sEould be
made to the woman so that her signed consent can
be said to be informed. Careful surgery by an
experienced operator will avoid complaint but
complete documentation of the details of the sur-
gery is also important.

ANAESTHETIC PROBLEMS IN
OBSTETRICS

Inadequate pain relief from an epidural may be a
source of complaint. Provided the procedure is
explained to the woman, rash promises are not
made and consent is obtained, then problems
should be avoided.

Awareness during anaesthesia is well publicized
and particularly refers to awareness during caesar-
ean section. It 1s, of course, an anaesthetic problem
but it is worth observing once more that an
experienced anaesthetist should always be available
for the labour ward and full details of anaesthetic
agents used should be recorded.
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FETAL HYPOXIA

At the present time fetal hypoxia and its relation to
brain damage is giving rise to much discussion.

The huge awards that fetal hypoxia carries
against the medical profession is a source of differ-
ence of opinion. Until such time as a clear causal
link between fetal hypoxia and subsequent handi-
cap, and factors other than prolonged fetal distress
in labour or instrumental delivery for example, can
be established, it is difficult for a court not to link
these factors to the handicap on the basis of res ipse
loguitur.

Congenital abnormality, intrauterine growth
retardation, prematurity, maternal health and par-
ticularly smoking and alcohol habits are all possi-
ble causal background factors for subsequent
handicap in the baby. But the final insult of labour
and delivery may seem to be the precipitating
factors and doctors, lawyers and the public tend to
pin the entire blame on what is seen as mismanage-
ment. A baby handicapped by cerebral palsy is
indeed a tragedy for the infant and parents alike
and compensation often seems right. Whether this
should be made virtually on the automatic assump-
tion of obstetric blame is another matter.

Fetal hypoxia may be avoided by detecting and
paying special attention to high risk cases in the
antenatal clinic, including the small-for-dates
baby, women who have had a previous premature
delivery and those with associated medical prob-
lems such as hypertension or diabetes.

The following steps are also helpful:

* judicious and justified induction of labour

e careful fetal monitoring during labour. Where
any doubt on a fetal heart tracing exists, referral
to a senior, more experienced doctor

e the wider use of fetal blood acid-base meas-
urements
skilled instrumental delivery

e earlier recourse to caesarean section when fetal
distress arises

* good anaesthesia
experienced paediatric attendance at delivery to
provide adequate and immediate resuscitation.

Such measures will ensure a minimum risk of
cerebral handicap to the baby and if they are
carefully recorded and communicated adequately
to the parents litigation may be avoided.
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THE POSTNATAL PERIOD

Once a baby has been safely delivered and proves
to be sound and healthy many a criticism of the
conduct of labour and delivery will disappear.
Usually discomforts and disappointments quickly
recede, but not always, and it may be some time
after the mother and baby have been discharged
from hospital that murmurs of discontent reach
the hospital authorities.

These frequently relate to what the parents
consider to be unkind or inconsiderate handling by
the staff, inadequate explanations and neglect of
what the public feel are minimal standards of care.
They almost always reflect a poor level of commu-
nication, a recurring word in all medico-lega
considerations. This kind of complaint can usua %
be dealt with by a swift response, giving explana-
tions and offering a face-to-face meeting between
the complainant and the obstetrician involved. At
such meetings, whatever may be the approach of
the parents, the medical and nursing staff should
always remain polite, understanding and sym-
pathetic, not aggressively on the defensive. Careful
records of sucﬁ meetings should be kept.

But many complaints in the postnatal period
may reach litigation level. Examples are the broken
down or poorly healed episiotomy with resultant
dyspareunia or even apareunia, understandably a
source of discontent; a secondary postpartum
haemorrhage or uterine infection necessitating a
further admission to hospital; failure to detect
problems in the new born baby which may
become worse after discharge from hospital (jaun-
dice for example). These complications are more
likely to arise where early discharge has been
inappropriately Eermitted.

Vigilance in the postnatal period must be scru-
pulous if such problems are to be avoided. Discus-
sions with the mother, taking time to give proper
explanations, careful note keeping and sharing of
responsibility are important imeedico-legal diffi-
culties are to be avoided, however difficult they are
to maintain in the midst of a busy programme.

HOME CONFINEMENT

It is necessary to consider this topic under litiga-
tion since requests are often made by mothers to
be allowed to deliver at home particularly follow-
ing the Government’s Select Committee’s Report
of 1990. There seems no doubt that hospital is safer

for delivery, as there is immediate access to medical
staff, anaesthetics, blood transfusion and operating
theatres. But it does not necessarily provide the
ideal psychological environment and to some
women this is of overriding concern.

But who bears legal responsibility if something
goes wrong at a home confinement? Health
Authorities have an obligation to ensure that mid-
wifery services are available for home delivery.
General practitioners can opt out of attendance
during labour but in an emergency the doctor on
call must attend. In most districts the midwives
have direct access to a hospital emergency service
(flying squad) which will respond immediately to a
request for help. So on the face of it legal responsi-
bility may devolve on the midwife on the spot,
which in effect means the Health Authority; on
any general practitioner called to attend the case;
on the flying squad team and on the obstetric
doctor who is usually of registrar status.

Most authorities have looked at the question of
home confinements bearing in mind their possible
medico-legal consequences. Domino (Domicillary
In and Out) schemes for early discharge after
delivery and the provision of general practitioner
delivery suites attached to the hospital labour ward
are offered as an alternative. In the latter a mother
can be delivered by her midwife and attended by
her own doctor and return home a few hours after
delivery. The advantage is that all the facilities of
the labour ward and specialist obstetric expertise
are at hand. But the obstetric team of course
depends on being notified of problems by the
general practitioner or district midwife and it is
upon them that initial responsibility rests.

As far as home confinements are concerned two
points must be made. Adequate and proper advice
must be given to the woman requesting a home
confinement including some discussion about the
limitations, for example limited pain relief and
infant resuscitation facilities. In the case of the
woman pursuing her demands against advice, clear
notes to this effect must be made. In some parts of
the country general practitioners may have direct
access to consultant obstetricians to approve of an
arrangement or to advise otherwise. In a few
District Health Authorities a nominated consult-
ant is available for reference during such a home
labour if any problems arise. The responsibility
then becomes the obstetrician’s.

Where does the parents’ responsibility lie when
harm results to a baby when it can be shown that



they were acting contrary to medical advice? The
following statement from the Congenital Dis-
abilities (Civil Liability) Act 1976 summarizes the
position:

‘If it is shown that the parent affected shared the
responsibility for the child being born disabled,
the damages are to be reduced to such an extent
as the Court thinks just and equitable, having
regard to the extent of the parents’ responsi-
bility’.

The obstetrician’s duty is to the mother and the

unborn child with the aim of improving care both
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Home confinement

in the antenatal period and during delivery. It
would be a tragedy if increasing litigation deflected
from the proper application of skills and experi-
ence, or worse stilrcaused young doctors to turn
away from entering the specialty. Viewed in its
proper context the knowledge of potential litiga-
tion should raise the standard of the obstetrician’s
care of women. Meticulous recording, close obser-
vation, ready recourse to other opinions, main-
tenance of a high standard of postgraduate
education, communication and counselling skills
are the basis for good practice and certainly the
basis for avoiding litigation.

i
.

Clements R. (1995) Practice in Obstetrics and Gynaecol-
ogy. A Medico-legal Handbook. Churchill Living-
stone, London.

Chamberlain G. (1992) How to Avoid Medico Legal

Problems in Obstetrics and Gynaecology. Royal Col-
lege of Obstetricians and Gynaecologists, London.



11

VITAL STATISTICS

Vital statistics are essential for the planning of
health services, and are used by hospitals, regions
and countries for this purpose. They allow obste-
tricians to compare their work with that of others,
so as to show where progress might be made or
where failures have occurred. Because childbirth is
usually normal and any one person has limited
experience of abnormal cases, pooling of results is
necessary if false impressions are to be avoided.

THE COLLECTION OF OBSTETRICAL
STATISTICS

The following account relates to England and
Wales, but many other countries collect vital statis-
tics to a similar degree.

In England and Wales a national census is taken
every 10 years. All births, marriages and deaths are
notified to the Registrars, and from these notifica-
tions statistics are computed and regularly pub-
lished. Many maternity departments in hospitals
compile their own statistics and prepare an annual
report. Even when this information is not pub-
lished it is of interest to those concerned and may
help them to improve their practice. Audit proce-
dures in UK hospitals will strengthen the checks
on these data collections.

Birth rates

In the 1990s the average number of children per
family in the UK is less than 2.1; this no longer
replaces the population. The birth rate is calculated
from the Registrars’ returns. The crude birth rate is

the number of live births per 1000 total population.
Since this population includes men, children and
women beyond childbearing age it is more inform-
ative to relate the number of live births to the
number of women aged between 15 and 44. This
gives the general fertility rate, which is expressed
as the number of live births per 1000 women of
these ages (see Figs 11.1 and 11.2).

There was a fall in the total annual number of
births from 1885 to 1940, then there was an
increase each year until 1964, after which the
annual number fell. There has been a slight rise
since 1976. There were 693 100 total births (live
and still) in England and Wales in 1986, and the
total fertility rate was 66/1000.

In less sophisticated areas of the world, where
little contraception is practised, the crude birth rate
is of the order of 50, against which the rate of 13.8
for England and Wales is small. Yet in the develop-
ing countries the total population may not rise
much, for there are high stillbirth and infant
mortality rates. When these fall because of better
medical services and greater wealth, the commu-
nity reaction is often a wider use of contraception,
in the knowledge that then most children born
alive will survive.

Obstetrical statistics

From the obstetrician’s point of view the maternal
mortality and perinatal mortality rates are of obvi-
ous importance, as they give some indication of the
standard of practice anf of the health of women.
The number of deaths during infancy is an index of
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the work of obstetricians, paediatricians and also
of public health measures directed against infec-
tious diseases. The death of an infant in the 1st
week after delivery often has an obstetric associa-
tion.

MATERNAL MORTALITY

In the nineteenth century the number of deaths of
women from childbearing was appalling. Deaths
were chiefly from sepsis but also from eclampsia,

disproportion and other complications of labour,
and haemorrhage. Even in 1928, long after the
introduction of aseptic surgery, for every 1000
births 4.28 women died; that is to say that any
woman embarking on pregnancy had a 1 in 250
chance of dying. With such results it is not surpris-
ing that the first task of obstetricians was to make
childbearing safer for the mother, and the fate of
the fetus was, at that time, of lesser consideration.
In recent years the maternal mortality has fallen to
such low levels that it is no longer as useful as an
index of obstetric failure or success, and now more
attention is given to fetal and neonatal mortality.
Nevertheless, every maternal death is still a major
tragedy, and maternal mortality studies are of great
importance for everyone who practises obstetrics
(see Fig. 11.3).

In the 66 years since 1928, the maternal mortal-
ity has fallen from over 4 to 0.08 per 1000 total
births. This has been due to several groups of
factors:

e the control of infection

* blood transfusion
a readier recourse to operative treatment which
has been made safer by advances in anaesthesia
and resuscitation
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* the improvement in the health and nutrition of
women, who are therefore in better health
when they become pregnant.

Nevertheless there is still room for improvement,
as a closer look at the causes of death will show.

Statistical data about maternal mortality based
on death certification are reported in triennial
reports by the Registrar General in England and
Wales and, from 1985, in the rest of the UK. Much
additional information about maternal deaths is
derived from these Reports on Confidential Enqui-
ries into Maternal Deaths. When a woman who is
or has recently been pregnant dies, the District
Medical Officer or District Public Health Consult-
ant sends a detailed form to be filled in by the
doctor who was in charge of the woman. Any
midwives or nurses who have knowledge of the
case may also write reports. At no time is the
identity of the person connected with the medical
or nursing care of the woman disclosed, and
because of this each person giving evidence may be
completely frank and unbiased; nobody filling in
the form need fear recriminations of any kind from
anybody.

After the form is completed it is sent to a
regional assessor, a senior obstetrician in the
region, who gives his or her opinion about the
cause of death. A senior pathologist assesses the
autopsy findings and if the woman had an anaes-
thetic, the opinion of a regional assessor or anaes-
thetist will also be sought. In their reports the

assessors try to judge whether the death was
avoidable or unavoidable. These terms are not
meant to imply criticism of those concerned with
the case, but to ask whether the patient, her family,
the doctor and the midwife, and anyone else
concerned, had made the fullest possible use of all
available services and help. If there had been
shortcomings in the use of services and administra-
tion, or if the standard of professional care had
been lower than should be expected, then the death
would be classified as avoidable. This is not to say
that it could have been avoided, but only that some
factor was present which, if foreseen, might have
made the outcome different. The results of these
enquiries are published at 3-yearly intervals.

Table 11.1 summarizes some of the conclusions
of the last Report.

Hypertensive diseases of pregnancy

The incidence of these conditions has been slowly
falling during the last 30 years in Britain, but they
are still one of the greatest single causes of mater-
nal death. The slow improvement may have resul-
ted from more efficient antenatal care, also from
better living standards and better general health.
One of the major aims of antenatal care from the
earliest days has been the prevention of eclampsia
by early recognition and treatment of pre-
eclamptic hypertension and proteinuria.

Deaths from eclampsia and hypertension were
associated with an avoidable factor in three-
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Table 11.1

Causes of Direct maternal deaths per million estimated pregnancies, England and Wales 1973-90

Cause of Direct maternal death

Causes per million 1973-75 1976-78 1979-81 1982-84 1985-87 1988-90
Pulmonary embolism 12.8 18.5 9.0 10.0 9.1 8.0
Hypertensive disorders of 13.2 12.5 14.2 10.0 9.4 8.6
pregnancy

Anaesthesia 10.5 11.6 87 7.2 1.9 1.0
Amniotic fluid embolism 5.4 4.7 7.1 5.6 3.4 3.5
Abortion 10.5 6.0 55 4.4 23 24
Ectopic pregnancy 7.4 9.0 7.9 4.0 4.1 5.2
Haemorrhage 8.1 10.3 5.5 3.6 3.8 7.3
Sepsis. excluding abortion 7.4 6.5 3.1 1.0 23 2.1
Ruptured uterus 4.3 6.0 1.6 1.2 1.9 0.7
Other direct causes 8.5 8.2 7.5 8.4 7.5 8.3
All deaths 88.0 93.4 70.0 55.0 45.6 47.0

With kind permission of HMSO, London.

quarters of the cases where assessment was possi-
ble. The most common group were women who
refused antenatal care or who would not cooperate
by accepting advice about admission to hospital.
Doctors were sometimes at fault by delay in acting
on signs of severe hypertension and instituting
efficient treatment. These women must be under
the care of a consultant obstetrician and not under
the general practitioner. Those in charge at smaller
units must be prepared to transfer those women
affected by the condition to larger, regional centres
for better care of the mother and the baby.

Pulmonary embolism

This is a sudden and dramatic cause of maternal
death. In the reports from 1964 onwards a third of
the deaths occurred during pregnancy, while two-
thirds followed delivery. Of the postpartum
deaths, one-third followed caesarean section,
although only one-twentieth of all the women
were delivered by this method, so that the risk of
pulmonary embolism is much greater after section
than after vaginal delivery. The risk of pulmonary
embolism is higher in women aged over 34 years,
in those who are overweight, and in those who
have an operative delivery of any kind. Other
important risk factors are a previous history of
thromboembolism, and immobilization (which is
of course more likely after operative deliveries,
particularly in obese women). Most of the ante-
natal deaths occurred suddenly and unexpectedly,

and few were preceded by obvious signs of deep
venous thrombosis. Therefore it is difficult at
present to see how they could be prevented by
improved diagnosis. Over the last 5 or so years, the
relative safety of prophylaxis with subcutaneous
heparin has become lfrmly established, and there
can now be little doubt that more women in high
risk categories should be given prophylactic anti-
coagulant treatment.

The use of oestrogens to inhibit lactation is one
cause of deep venous thrombosis and pulmonary
embolism; their use for this purpose has largely
been abandoned.

Abortion

In 1968 a major change in practice occurred when
the Abortion Act of 1967 came into operation.
Since then there has been a steady fall in the
number of deaths following abortion, without any
great rise in the number of deaths following ther-
apeutic termination of pregnancy, despite over
165000 terminations being notified each year
among women resident in England and Wales.

In the 3 years covered by the latest Report on
Confidential Enquiries into Maternal Deaths
(1988-90) abortion accounted for 5 per cent of all
deaths. There were 77 deaths reported in the
1970-72 report just after the Abortion Act came in,
but only six deaths in the 1985-87 report. Of these
only one was after legal abortion while five occur-
red after spontaneous abortion. There have been



no deaths reported from illegal abortion since
1982; the UK i1s the only country in which accurate
statistics are kept in which no such deaths have
been reported.

Haemorrhage

Maternal deaths associated with both antepartum
and postpartum haemorrhage have fallen steadily
since 1950. Placental abruption remains one of the
most serious complications of pregnancy. For
these cases monitoring of the central venous pres-
sure is essential, and large amounts of blood are
required to treat hypovolaemia. Coagulopathy
commonly occurs an(f should be treated vigor-
ously with fresh frozen plasma and platelet trans-
fusions as necessary. Placenta praevia used to cause
a significant proportion of the deaths but in the
period 1985-87 there was none from this cause.
Increased diagnostic accuracy through the use of
ultrasound scanning is probably a major factor in
the improvement, although the diagnosis is still far
from totally reliable.

The number of deaths from postpartum haem-
orrhage was sharply reduced in the 1950s by the
prophylactic use of ergometrine in the third stage
of labour and by increased availability of efficient
blood transfusion systems developed during the
Second World War. Mortality continued to fgall in
the 1980s. However, there has recently been a
tendency for postpartum haemorrhage to become
more common due to a fashion for women to opt
for a more physiological management of the third
stage, and refuse the use of oxytocics. All scientific
data (including the results oga large prospective
randomized trial carried out in Bristol in the
1980s) continue to support the use of routine
oxytocics in the management of the third stage.
Most symptoms from the use of oxytocics, such as
headache and continuing uterine cramping, result
from the use of ergometrine, and there is an
increasing trend to use only oxytocin, which the
evidence suggests is sufficient in most cases. Ergo-
metrine should in any case be avoided in hyper-
tensive women.

During the late 1980s and early 1990s there has
been an increasing trend for a small proportion of
women to revert to having their baﬁics at home,
because of the social and emotional advantages
they perceive from this, and often their desire to
avoid medical intervention. In some areas, the
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proportion of home births has risen from the
national average of about 1 per cent to almost 4 per
cent. Because the incidence of postpartum haemor-
rhage is often unpredictable (leaving aside women
with an abruption, placenta praevia and multiple
pregnancy, who are erly to be delivered in hospi-
tal anyway), this has emphasized the need to
maintain appropriate emergency services. The old
concept ofPthe flying squad, in which an obste-
trician, paediatrician, midwife and anaesthetist
went out to the woman’s home, is increasingly
being abandoned, because it leaves the labour ward
denuded of key staff and the need to collect them
causes delay in transferring the mother to hospital.
Instead, ambulances with trained paramedics are
being used to provide resuscitation and transfer,
and a national training scheme for such paramedics
has been introduced.

Ectopic pregnancy

Deaths from this cause have been reduced, but not
at the same rate as deaths from other causes. The
number of deaths in each triennial report has
fallen from 59 in 1952-54 to 10 in 1982-84. Half
the deaths in this report were associated with delay
or failure of diagnosis. To quote from the report,
probably the most important contribution to
reducing the risk of death from ectopic pregnancy
is an awareness by medical attendants tEat in any
woman of reproductive age, an ectopic pregnancy
may be the cause of lower abdominal pain partic-
ularly when of sudden onset. All medical practi-
tioners must be aware of the fallibility of urine
pregnancy tests, particularly when carried out at
home by the woman herself with commercial kits
bought over the counter. A negative test using one
of the kits does not rule out the possibility of an
ectopic pregnancy. Even sensitive tests carried out
in hospitals can be wrong if carried out by junior
or inexperienced medical or nursing staff. Similar
strictures apply to the interpretation of ultrasound
scans. If there is any doubt about the diagnosis,
early recourse to laparoscopy is still the best
policy.

It 1s essential to operate immediately the diag-
nosis of ectopic pregnancy has been made. The
operation should not await resuscitative measures;
these should proceed while the operation is being
performed, because once the bleeding vessels are
secured improvement usually follows quickly.
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Infection

Before 1936 puerperal sepsis was the largest single
cause of maternal mortality. Since the introduction
of sulphonamides and then antibiotics, and with
better understanding of the mode of spread of
bacteria, infection is a much less common cause of
death. However, it is often still an associated factor
in fatal cases. The 1985-87 report recorded three
deaths due directly to sepsis, and three more where
sepsis was a major factor. In four of these cases, the
beta haemolytic streptococcus was the main patho-
genic organism. There has been some suggestion
that this organism is making a come back in terms
of virulence; it is a particular problem in black
women. Vigilance must be maintained if sepsis is
not again to become an important cause of mater-
nal death.

Amniotic fluid embolism

In the 3 years covered by the 1985-87 report there
were nine deaths from this cause, and about half of
these women had an associated coagulation dis-
order. The common symptoms were sudden col-
lapse soon after rupture of the membranes,
particularly when the uterine contractions were
strong. The collapse was sometimes accompanied
by a fit, and the woman was usually dyspnoeic and
cyanosed, with frothy blood-stained sputum. Six
of the nine women had received prostaglandin or
Syntocinon. Confirmation of the diagnosis is pos-
sible if amniotic cells are recognized in the sputum.
This condition should be kept in mind in cases of
sudden collapse, for it is a difficult diagnosis to
make. Treatment with oxygen and steroids can
save some women, while the ensuing coagulation
disorder needs correction.

Uterine rupture

In the last report there were only two deaths from
this cause, aﬁhough there were four other deaths
from cervical laceration. With persisting haemor-
rhage and shock the cervix and uterine cavity
should always be examined, if necessary under
anaesthesia, and always with a good light and
assistance. If there is any possibility of uterine
rupture, laparotomy should not be delayed.

Anaesthesia

In the Report on Confidential Enquiries into
Maternal Deaths many of the deaths associated
with anaesthesia are classified under the headings
of the conditions for which treatment was
required. However, in the report for 1985-87 it is
stated that six deaths were directly due to anaes-
thesia; this is a welcome reduction from the 18 in
1982-84. In all but one the problem was a mis-
placed endotracheal tube; ditficulty with intuba-
tion in pregnant women remains a Serious
problem. It is possible that increasing experience
with laryngeal airways may help in this regard.
There were a further 16 deaths in which anaes-
thetic factors were contributory.

For general anaesthesia during labour a skilled
and experienced anaesthetist is required. Women
may be dehydrated after a long labour, and
although they may not have been given food for
some hours, the stomach may still contain food
taken before that and gastric juice will still have
been produced. Such women should be intubated
in the head-up position, with controlled pressure
over the cricoid. More frequent use of epidural
block for operative deliveries will help to reduce

mortality sull further.

Caesarean section

In the report for 1985-87 there were 76 deaths
associated with caesarean section. Unfortunately,
due to reductions in government funding for sta-
tistical services, the total number of caesarean
sections carried out is no longer recorded and
therefore a fatality rate for the procedure cannot be
calculated. However, in the previous triennium,
when such figures were still available, there was a
mortality rate of 0.24 per 1000 operations. This
shows that the mortality following section is about
four times greater than that of vaginal delivery but,
of course, the conditions calling for treatment by
caesarean section are themselves dangerous.

Further analysis shows that in the 1982-84
triennium the mortality rate for emergency caesar-
ean section was 0.37 compared with 0.09 per 1000
for elective operations (a ratio of 4:1). The condi-
tions under which emergency surgery is still per-
formed carry greater risks and a shift from
emergency to elective operations could reduce
some of the maternal mortality from caesarean
sections.
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Deaths from associated and intercurrent
conditions

There has been a fall in the number of deaths from
cardiac disease in each triennial report. That for
1952-54 included 121 deaths, whereas the report
for 1985-87 included only 23, 9 acquired and 10
from congenital heart disease. The latter figure is
the highest since 1970-72 and there 1s likely to be a
rising trend as more and more women come into
the reproductive age group having benefited from
the major advances in corrective surgery in infancy
and childhood which have ‘occurred over the last
30 years. It is important to note that six women
who died became pregnant after having had strong
medical advice that to do so would risk their life,
thus illustrating how powerful is the procreative
urge.

A wide variety of medical and surgical disorders
and accidents caused the remaining deaths, but in
most of them there was no avoidable obstetric
factor. It is important to note that there were four
deaths from acute fatty liver of pregnancy, and
four from pneumonitis secondary to varicelﬁ. 20s-
ter infection (see in Medical Disorders, Chap-
ter 3).

STILLBIRTHS AND NEONATAL
DEATHS: PERINATAL MORTALITY

Stillbirths and neonatal deaths are noufiable in
Britain, and for statistical accuracy it is essential to
use correct definitions.

Stillbirth

The term stillbirth referred to any child delivered
after the 24th week of pregnancy that did not
afterwards breathe or show any sign of life. In the
UK from the first of October 1992, the gestation
after which a child would be considered stillborn
was changed legally, by Act of Parliament, to 24
completed weeks of gestation thus bringing the
UK in line with other western countries. If the
heart is beating after delivery, even if there is no
sign of respiration, the death should not be recor-
ded as a sullbirth but as a neonatal death. Unfortu-
nately there is no international agreement on these
definitions; the World Health Organization sug-
gests a gestational age of greater than 24 weeks or a
birth weight greater than 500 g. In many ways this

is more practical, as in many parts of the world
accurate gestational age is not known for most
women, while weighing the baby is a relatively
easy and a more precise procedure.

The stillbirth rate is defined as the number of
stillbirths per 1000 total births (live and still).

Neonatal death

The definition of the neonatal period is unfortu-
nately confusing because obstetricians regard it as
the 1st week of life whereas paediatricians use it to
refer to the 1st month (four weeks). For clarity, it
is sometimes useful to refer to the former as the
early neonatal period. The early neonatal death
rate (i.e. in the 1st week of life) and the stillbirth
rate together make up the perinatal mortality rate,
expressed with a denominator of 1000 total births,
both live and still, whereas the neonatal death rate
is defined as the number of infants dying in the 1st
month per 1000 live births.

Infant mortality rate

This is defined as the number of infants dying in
the first year of life per 1000 /ive births. The
neonatal period is included and some three quar-
ters of infant deaths occur in the first 4 weeks.

Perinatal mortality

The perinatal mortality rate is defined as the
number of stillbirths (born dead after 24 weeks)
together with the number of neonatal deaths in the
1st week of life per 1000 total births. This is a more
useful index for obstetric purposes because deaths
in the 1st week are often related to factors occur-
ring during pregnancy or delivery, whereas deaths
in the rest of the neonatal period are more often
due to paediatric causes. It should be noted that
because the definition of stillbirth changed in 1992
rates before and after that date are not directly
comparable.

In the last 30 years the stillbirth rate has fallen
from about 19 to about 4 per 1000 total births; the
neonatal death rate from 20 to 4 per 1000 live
births; the infant mortality rate from about 34 to
about 10 per 1000 live births and the perinatal
mortality rate from about 39 to about 8 per 1000
total births (see Fig. 11.4).
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Fig. 11.4 Perinatal mortality per 1000 total births for the years 1952-7 (England and Wales)

CAUSES OF PERINATAL DEATH

Antepartum

In about 25 per cent of cases the fetus is macerated
at birth, and a precise cause of death cannot be
established. Congenital abnormality is present in a
third of cases. However, the incidence of some
congenital anomalies is declining rapidly, for
example spina bifida and anencephaly. The reasons
for this may be partly improvements in maternal
nutrition and socio-economic conditions; ultra-
sound screening has also played a large part in
relation to some anomalies, such as anencephaly.
The incidence of congenital anomalies varies wide-
ly according to region, with, for example, a 10-fold
variation in the incidence of neural tube defect.
Also, recent studies have shown that detection of
fetal anomaly ranges from 70 per cent in some
areas, to as low as 20 per cent in others where there
is poor provision of ultrasound facilities and per-
sonnel. It should be noted, of course, that antenatal
diagnosis does not decrease the number of babies
with congenital abnormality, it merely allows the
selective termination of pregnancies where the
baby is found to be malformed. This is of partic-
ular benefit to parents in those cases where the
baby would not have died, but would have been
grossly handicapped.

About half of all stillbirths are small for gesta-
tional age, with a birth weight less than the 10th
centile for gestation. This does not mean that they
are all growth retarded, as some will have been

enetically programmed to be small. Equally,
ﬁowe\rer, some babies weighing more than the 10th
centile will be growth retarded. Overall, it seems
likely that a high proportion, perhaps 50 per cent,
of stillbirths are associated with failure of fetal
growth. This may be associated with maternal
disease, such as pre-eclampsia, congenital heart
disease with restriction of cardiac output, or other
systemic disease such as systemic lupus erythema-
tosus, poor nutrition shown by maternal under-
weight, primary placental disease such as
abruption of the placenta, fetal infection, or con-
genital abnormality.

Other occasional causes of stillbirth include
diabetes, rhesus isoimmunization and cord entan-
glements.

Intrapartum death

Intrapartum stillbirths now occur in only about 1
labour per 1000 in the UK; 20 years ago the
corresponding figure was 5. There is great con-
troversy about the usefulness of continuous elec-
tronic  fetal monitoring (EFM) in this
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improvement. The Dublin prospective randomized
controlled trial of continuous EFM versus mon-
itoring with the Pinard stethoscope suggested that
both were equally effective at preventing intra-
partum stillbirth, although use or EFM halved the
number of babies suffering from neonatal convul-
sions. However, there can be no doubt that the
knowledge we have gained from use of EFM, fetal
blood sampling and pH analysis has improved our
understanding of intrapartum events, which may
have contributed to global improvements in man-
agement. In particular, very long labours (48 hours
plus) are no longer tolerated either by women or
staff, and this has removed one potential cause of
mortality and morbidity. In addition, the rising
caesarean section rate, although resulting in some
maternal morbidity, has at least limited fetal
impairment in complicated labour.

Some acute events in labour, such as placental
abruption, cord prolapse and amniotic fluid embo-
lism, remain unpredictable and are therefore likely
to continue to be responsible for a number of
intrapartum deaths still.

Neonatal death

About 80 per cent of neonatal deaths are now due
to preterm labour. Despite dramatic improvements
in neonatal intensive care, babies born before 26
weeks’ gestation have still less than a 50 per cent
chance of survival, and neonatal death rates remain
high up to 28-30 weeks. The rate of preterm
delivery has declined surprisingly little over the
last 30 years, and the causes in many cases remain
obscure, so immaturity seems likely to remain a
major problem.

The usual cause of death in immature babies is
the respiratory distress syndrome (RDS or hyaline
membrane disease); some inroads into mortality
from this cause have been made by the widespread
use of maternally administered steroids in threat-
ened and actual preterm labour. The use of steroids
can reduce mortality from RDS by 50 per cent at
any given gestation by encouraging the release of
surfactant into the future airways of the fetal lung.
Other important causes of death include infection,
intracranial haemorrhage, and congenital anom-
aly.

The role of hypoxia or asphyxia

In many accounts of perinatal mortality, birth
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Perinatal mortality, 1945-82
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Fig. 11.6 The comparison of perinatal mortality rates in certain countries per 1000 total births since 1945

asphyxia is given as a major cause. Of course,
almost all babies who die are by definition
asphyxiated, if by that is meant having a low pO,, a
high pCO, and a low pH. The only exceptions are
those babies that die from sudden cardiac asystole
or intracranial haemorrhage not secondary to
hypoxia. However, such a description does not
identify the primary cause, whether this is poor
placental function or functional immaturity. Over
the last 10 years it has become apparent that
traditional measures such as fetal heart rate, acid—
base balance and the Apgar score, are not closely
related and can be differentially affected by various
conditions. For example, a baby with meconium
aspiration in labour may be born with normal
acid-base status, but a low Apgar score, and go on
to become hypoxic because of difficulty with
ventilating its lungs. In addition, it has become
apparent that most babies even with severe acidosis
at birth develop normally provided they are resus-
citated properly, and intrapartum events are not a
major cause of long-term mental handicap, as was
once thought. Thus simplistic concepts such as
fetal distress and birth asphyxia are better avoided
until we have a better understanding of their
pathophysiology.

Factors affecting perinatal mortality

There are very few risk factors which predict
perinatal mortality with much sensitivity and spec-
ificity; in most cases the maximum relative risk
between groups with the risk factor and groups
without is 2:1. Those risk factors which are very

specific are usually also very rare, for example,
Eisenmenger’s syndrome (Fig. 11.5).

Many of the important risk factors we know
about relate to the social condition. There is a two-
fold difference in perinatal mortality rate (PMR)
between women in social class one (professionals
at low risk) and social class five whici consists of
unskilled manual workers, who are at higher risk.
This differential has remained unchanged for many
years despite overall improvements in the
PMR. The lowest PMR is seen in the 25-35 age
group; in women aged <16 years or >40 years it is
increased by about 60 per cent. Women who are
married have a lower PMR than single women,
even when the latter are in a stable relationship. If
the woman is single and unsupported, the PMR is
2.5 times greater. High parity has in the past been
linked with increased PMRs, but recent studies
suggest that this is because large families tend to be
of lower socio-economic status. PMR in the first
pregnancy is also slightly higher than the second,
probably because of the longer and more difficult
labours associated with the untried pelvis.

Smoking cigarettes is also an important risk
factor. A woman smoking 20 or more cigarettes a
day is 30 per cent more likely to have a preterm or
growth retarded baby than her identical twin who
does not smoke.

Racial origin can also be an important factor.
Women of Pakistani origin have double the risk of
having a baby with a congenital abnormality than
the rest of the population. This may be in part
associated with the high incidence of arranged
marriages which results in about 40 per cent of
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marriages being consanguineous (e.g. between improved socio-economic conditions, and future
cousins) with the resultant unmasking of recessive changes are likely to continue to reflect social
genes for abnormality (Fig 11.6). conditions. Action to reduce cigarette smoking in

Reductions in perinatal mortality rates have pregnancy is likely to be as important as further
probably been very substantially effected by improvements in obstetric technology.

Annual Report of Confidential Enquiry with Still births ~ Report on Confidential Enquiry into Maternal Deaths in
anddDea:bs in Infancy for 1993 (1995). HMSO, the United Kingdom f%f 1988-90 (1994). HMSO,
London. London
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