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Professor Sir John Dewhurst

Professor Sir John Dewhurst died on the 1st December
2006. Jack, as he was known to all his colleagues,
was a doyen amongst obstetricians and gynaecologists
of the twentieth century. His reputation was interna-
tionally renowned and he became a worldwide expert
in paediatric and adolescent gynaecology for which he
received due accolade. He was also an outstanding
teacher of obstetrics and gynaecology and as such this
textbook that he began in the 1970s is testament to his

dedication to the passing on of knowledge to others. In
1976 he became President of the Royal College of Obste-
tricians and Gynaecologists, a post he held for three years,
for which he was subsequently knighted. He retired in
1986 after a long and distinguished career but his legacy
lives on and he will be remembered by all who knew him
with great affection and professional respect.

D. KEITH EDMONDS

xi



Preface to the Seventh Edition

As I write this Preface in 2006, the specialty of obstetrics
and gynaecology worldwide is going through a crisis
of recruitment. It seems to all the contributors to this
book a strange and sad time as the fascination of obstet-
rics and gynaecology remains unchallenged. Since the
6th edition, many advances have occurred and these
have led to improvements in healthcare throughout the
world. The efforts with regard to maternal and fetal health
and to the gynaecological care of women remains a tri-
umph of modern medicine. We hope that the reader will
enjoy being stimulated by the fascination and intellectual
stimulation that comes from the study of obstetrics and
gynaecology.

I'wish to thank all the contributors who have submitted
chapters for the readers’ pleasure, to impart their knowl-
edge and to hopefully see this translated into high quality
clinical practice.

I would like to thank all of the contributors whose con-
tributions span the breadth of obstetrics and gynaecology
and we hope that these individual chapters will stimulate

the reader to a greater understanding and thereafter a
healthy appetite for more knowledge.

The obstetrics and gynaecology of the future will almost
certainly be different from the practice that has occurred
over the last 150 years and as the future beckons more
specialized individuals, a basic knowledge of obstetrics
and gynaecology will still underpin the training of young
doctors for the future. I hope this book will continue to
provide that wealth of knowledge and stimulate young
doctors to join the specialty and become contributors in
the future.

I would like to thank my secretary, Liz Manson, with-
out whom many of the contributors in this book would
have slept very soundly. Her incessant efforts to obtain
the chapters have been remarkable and I am indebted to
her. I would also like to thank Fiona Pattison at Blackwell
Publishing and the editorial team for their support in the
publication of this volume.

D. KEITH EDMONDS
2006
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Preface to the First Edition

Our purpose in writing this book has been to produce a
comprehensive account of what the specialist in training
in obstetrics and gynaecology must know. Unfortunately
for him, he must now know a great deal, not only about
his own subject, but about certain aspects of closely allied
specialties such as endocrinology, biochemistry, cytoge-
netics, psychiatry, etc. Accordingly we have tried to offer
the postgraduate student not only an advanced textbook
in obstetrics and gynaecology but one which integrates
the relevant aspects of other subjects which nowadays
impinge more and more on the clinical field.

To achieve this aim within, we hope, a reasonable
compass we have assumed some basic knowledge which
the reader will have assimilated throughout his medical
training, and we have taken matters on from there. Fun-
damental facts not in question are stated as briefly as is
compatible with accuracy and clarity, and discussion is
then devoted to more advanced aspects. We acknowledge
that it is not possible even in this way to provide all the
detail some readers may wish, so an appropriate bibliog-
raphy is provided with each chapter. Wherever possible
we have tried to give a positive opinion and our reasons
for holding it, but to discuss nonetheless other important
views; this we believe to be more helpful than a complete
account of all possible opinions which may be held. We
have chosen moreover to lay emphasis on fundamental
aspects of the natural and the disease processes which
are discussed; we believe concentration on these basic
physiological and pathological features to be important to
the proper training of a specialist. Clinical matters are, of
course, dealt with in detail too, whenever theoretical dis-
cussion of them is rewarding. There are, however, some
clinical aspects which cannot, at specialist level, be consid-
ered in theory with real benefit; examples of these are how
to palpate a pregnant woman’s abdomen and how to apply
obstetric forceps. In general these matters are considered
very briefly or perhaps not at all; this is not a book on how

things are done, but on how correct treatment is chosen,
what advantages one choice has over another, what com-
plications are to be expected, etc. Practical matters, we
believe, are better learnt in practice and with occasional
reference to specialized textbooks devoted solely to them.
A word may be helpful about the manner in which the
book is set out. We would willingly have followed the
advice given to Alice when about to testify at the trial of
the Knave of Hearts in Wonderland, 'Begin at the begin-
ning, keep on until you come to the end and then stop’.
But this advice is difficult to follow when attempting to
find the beginning of complex subjects such as those to
which this book is devoted. Does the beginning lie with
fertilization; or with the events which lead up to it; or with
the genital organs upon the correct function of which any
pregnancy must depend; or does it lie somewhere else?
And which direction must we follow then? The disorders
of reproduction do not lie in a separate compartment from
genital tract disease, but each is clearly associated with
the other for at least part of a woman'’s life. Although we
have attempted to integrate obstetrics with gynaecology
and with their associated specialties, some separation is
essential in writing about them, and the plan we have fol-
lowed is broadly this—we begin with the female child in
utero, follow her through childhood to puberty, through
adolescence to maturity, through pregnancy to mother-
hood, through her reproductive years to the climacteric
and into old age. Some events have had to be taken out
of order, however, although reiteration has been avoided
by indicating to the reader where in the book are to be
found other sections dealing with different aspects of any
subject under consideration. We hope that our efforts will
provide a coherent, integrated account of the field we have
attempted to cover which will be to the satisfaction of our
readers.
SIR JOHN DEWHURST
1972
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Chapter 1: Clinical anatomy of the
pelvis and reproductive tract

Alan Farthing

Introduction

This chapter aims to summarize the important aspects of
the anatomy of the abdomen and the pelvis, which should
be known to the Obstetric or Gynaecological specialist.
Many of the investigations and treatments we order on a
daily basis require good anatomical knowledge in order
to be properly understood.

Surface anatomy

The anterior abdominal wall can be divided into four
quadrants by lines passing horizontally and vertically
through the umbilicus (Fig. 1.1). In the upper abdomen
is the epigastrium, which is the area just inferior to the
xiphisternum, and in the lower abdomen lie the right and
left iliac fossae and the hypogastrium.

The cutaneous nerve supply of the anterior abdominal
wall arises from the anterior rami of the lower thoracic
and lumbar vertebrae. The dermatomes of significant

Fig. 1.1 The abdomen can be divided into quadrants.

structures on the anterior abdominal wall are:

T7 xiphisternum

T10 umbilicus

L1 symphysis pubis

The blood supply is via the superior epigastric (branch
of the internal thoracic artery) and the inferior epigas-
tric (branch of the external iliac artery) vessels. During
laparoscopy, the inferior epigastric vessels can be seen
between the peritoneum and rectus muscle on the anterior
abdominal wall and commence their journey superiorly
from approximately two thirds of the way along the
inguinal ligament closer to the symphysis pubis. Care
needs to be taken to avoid them while using acces-
sory trochars during laparoscopy and to ensure that they
are identified when making a Maylard incision of the
abdominal wall.

The anterior abdominal wall

Beneath the skin and the fat of the superficial anterior
abdominal wall lies a sheath and combination of mus-
cles including the rectus abdominus, external and internal
oblique and tranversalis muscles (Fig. 1.2). Where these
muscles coalesce in the midline, the linea alba is formed.
Pyramidalis muscle is present in almost all women orig-
inating on the anterior surface of the pubis and inserting
into the linea alba. The exact configuration of the muscles
encountered by the surgeon depends on exactly where any
incision is made.

The umbilicus

The umbilicus is essentially a scar made from the remnants
of the umbilical cord. It is situated in the linea alba and in a
variable position depending on the obesity of the patient.
However the base of the umbilicus is always the thinnest
part of the anterior abdominal wall and is the common-
est site of insertion of the primary port in laparoscopy.
The urachus is the remains of the allantois from the fetus
and runs from the apex of the bladder to the umbilicus.

1
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Superficial
fascia Anterior layer of internal
. obligue aponeurosis
Tendinous q P
intersections

Posterior layer of internal
oblique aponeurosis
Transversus aponeurosis

External oblique
aponeurosis
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Rectus muscle
Extraperitoneal fat

Skin
Peritoneum
Pubis

Fig. 1.2 The layers of the anterior abdominal wall in tranverse
section.

Aorta

Inferior vena cava

5 Palmers point

Fig. 1.3 The umbilicus in relation to the underlying vasculature
in a thin patient.

Occasionally this can remain patent in newborns. In early
embryological life, the vitelline duct also runs through the
umbilicus from the developing midgut. Although the duct
is severed long before delivery, a remnant of this structure
is found in 2% of the population as a Meckels diverticulum.

The aorta divides into the common iliac arteries approx-
imately 1-2 cm below the umbilicus in most slim women
(Fig. 1.3). The common iliac veins combine to form the
inferior vena cava just below this and all these structures

are a potential hazard for the laparoscopist inserting ports
at the umbilicus.

Epithelium of the genital tract

The anterior abdominal wall including the vulva, vagina
and perineal areas are lined with squamous epithelium.
The epithelium lining the endocervix and uterine cavity
is columnar and the squamocolumnar junction usually
arises at the ectocervix in women of reproductive age.
This is an important site as it is the area from which cervi-
cal intraepithelial neoplasia (CIN) and eventually cervical
malignancy arises. The bladder is lined by transitional
epithelium which becomes columnar. The anal verge is
still squamous epithelium but this changes to columnar
immediately inside the anus and into the rectum.

The genital tract, from the vagina, through the uterus
and out through the fallopian tubes into the peritoneal
cavity, is an open passage. This is an essential route for
the traversing of sperm in the process of fertilization but
unfortunately it also allows the transport of pathologic
organisms which may result in ascending infection.

The peritoneum

The peritoneum is a thin serous membrane which lines the
inside of the pelvic and abdominal cavities. In simplistic
terms it is probably best to imagine a pelvis containing
the bladder, uterus and rectum (Fig. 1.4) and note that
the peritoneum is a layer placed over these organs in a
single sheet. This complete layer is then pierced by both
the fallopian tubes and the ovaries on each side. Poste-
riorly the rectum also pierces the peritoneum connecting
to the sigmoid colon and the area between the posterior
surface of the uterus and its supporting ligaments and
the rectum is called the Pouch of Douglas. This particu-
lar area is important in gynaecology as the place where
gravity dependent fluid collects. As a result this is where
blood is found in ectopic pregnancies, pus in infections
and endometriosis which has been caused by retrograde
menstruation (Sampsons theory).

Vulva

The vulva is the area of the perineum including the Mons
pubis, labia majora and minora and the opening into both
the vagina and urethra (Fig. 1.5). The labia majora are
areas of skin with underlying fat pads which bound the
vagina. Medial to these are the labia minora which consist
of vascular tissue which reacts to the stimulation of sexual
arousal. Anteriorly they come together to form the prepuce
of the clitoris and posteriorly they form the forchette.
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Fig. 1.5 Surface anatomy of the vulva.

The hymen is a fold of vaginal mucosa at the entrance
to this organ. It usually has a small opening in virgins
and is only seen as an irregular remnant in sexually active
women.

To each side of the introitus are the ducts of the vestibu-
lar glands commonly known as Bartholin’s glands which
produce much of the lubrication at sexual intercourse.

The vulval blood supply comes from the pudendal
artery and lymphatic drainage is through the inguinal
lymph nodes. The nerve supply comes mostly from the
pudendal nerve and pelvic plexus with branches of the
perineal nerves and posterior cutaneous nerve of the thigh
important in the posterior region.

The clitoris

The clitoris corresponds to the male penis consisting of
the same three masses of erectile tissue (Fig. 1.6). The bulb

Mons veneris

Prepuce of clitoris \ Glans of clitoris

Frenulum of clitoris Urethral orifice

Labia majora

Skene’s ducts o
Labia minora

Vestibule .
Bartholin 's duct

N
Anal orifice /(?

N~ N

of the vestibule is attached to the underlying urogenital
diaphragm and split into two because of the presence
of the vagina. The right and left crura become the cor-
pora cavernosa and are covered by the ischiocavernosus
muscles.

Vaginal orifice

Bony pelvis

The bony pelvis consists of two hip bones (consisting of
the ileum and ischium) which are joined together by the
sacrum posteriorly and the symphysis pubis anteriorly
(Figs. 1.7 and 1.8). In addition, the coccyx lies on the infe-
rior aspect of the sacrum. A plane drawn between the
sacral promontory and the superior aspect of the symph-
ysis pubis marks the pelvicinlet and a similar plane drawn
from the tip of S5 to the inferior aspect of the symphysis
pubis marks the pelvic outlet.
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Clinically the ischial spine is important as it can be felt
vaginally and progress in labour can be measured using
it as a landmark. Additionally it is an insertion point of
the sacrospinous ligament which also attaches to the lower
lateral part of the sacrum. Together with the sacrotuberous
ligament and the bony pelvis, it forms the borders of the
greater sciatic foramen (through which the sciatic nerve
passes) and the lesser sciatic foramen (through which the
pudenal nerve enters the pelvis).

The sacrum and ilium are joined by the very strong
sacroiliac joint. This is a synovial joint and is supported
by the posterior and interosseous sacroiliac ligaments. The
symphysis pubis is a cartilaginous joint with a fibrocarti-
laginous disc separating the two bones which are firmly
bound together by the supporting ligaments. There should
be virtually no movement of this joint.

Ischiopubic ramus
Ischiocavernous muscle
Bulbocavernous muscle

Deep layer of superfiscial
fascial (Colles fascia)

Superfisial perineal
compartment

Ischial tuberosity

Sacrotuberous ligament
Levator ani muscle
External anal sphincter

Gluteus maximus muscle

Coccyx

Promontory
of sacrum

Tip of coccyx

Greater trochanter
of femur

Symphysis pubis

Clitoris

Pelvic floor (Figs. 1.9 and 1.10)

The obturator internus muscle sits on the medial side of
the ischial bone and, together with the body of the pubis,
forms a wall that supports the origins of the pelvic floor.
The pelvic floor itself is a sling of various muscles which
are pierced by the urethra, the vagina and the anal canal.
Posterior to the vagina these muscles form the perineal
body. The puborectalis muscle forms a sling around the
junction of the anus and rectum and posterior to the anus,
these fibres are made up by the pubococcygeus which
forms the anococcygeal body in the midline (Fig. 1.9). The
collection of muscles is variously referred to as the pelvic
diaphragm or levator ani muscles (Fig. 1.10). These mus-
cles support the pelvic organs, holding them in position
and resisting the forces created when the intraperitoneal

Suspensory ligament
of clitoris

Vestibular bulb

Inferior fascia of
urogenital diaphragm

Bartholin’s gland

Superficial transverse
perineal muscle

Central point of perineum
Fascia of obturator internus
Ischiorectal fossa

Anococcygeal body

Fig. 1.6 The deeper vulval tissues.
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lliopectineal line

Pubic crest
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Fig. 1.7 Bony pelvis.
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Fig. 1.10 Transverse view of the pelvic
floor muscles.
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Fig. 1.11 MRI of the pelvis.

pressure is raised as in coughing or straining. The nerve
supply is from the fourth sacral nerve and pudendal
nerve.

Pelvic organs (Fig. 1.11)
Vagina

The vagina is a distensible muscular tube which passes
from the introitus to the cervix. It pierces the pelvic floor
and then lies flat on its posterior surface using it as sup-
port. It is approximately 8 cm long and the anterior and
posterior walls oppose each other. Anatomical text books
can give a confusing impression when showing this struc-
ture as an open tube with a lumen. However, on imaging,
the normal vagina should not be distended and does not
contain air. Projecting into the top of the vagina is the uter-
ine cervix. The areas of the vagina which border the cervix
are referred to as the fornices and are labelled as anterior,
posterior, right or left.

The vaginal wall consists of outer and inner circular lay-
ers of muscles which cannot be distinguished from each
other. The epithelium contains no glands but is rich in
glycogen in the premenopausal woman. The normal com-
mensal, Doderleins bacillus, breaks down this glycogen to
create an acid environment.

Uterus

The uterus is approximately the size and shape of a pear
with a central cavity and thick muscular walls (Fig. 1.12).

The serosal surface is the closely applied peritoneum
beneath which is the myometrium which is a smooth mus-
cle supported by connective tissue. The myometrium is
made up of three layers of muscle, external, intermediate
and internal layers. Clinically this is important as fibroids
leave the layers intact and removal through a superficial
incision leaves the three layers intact. The three layers
run in complimentary directions which encourage vascu-
lar occlusion during contraction, an important aspect of
menstrual blood loss and postpartum haemostasis. The
mucous membrane overlying the myometrium to line the
cavity is the endometrium. Glands of the endometrium
pierce the myometrium and a single layer of columnar
epithelium on the surface changes cyclically in response
to the menstrual cycle.

The uterus consists of a fundus superiorly, a body, an
isthmus (internal os) and inferiorly the cervix (external
0s). The cervix is a cylindrical structure which is mus-
cular in its upper portions but this gives way to fibrous
connective tissue as the cervix sits at the top of the
vagina. The cervixis lined by columnar epithelium, which
secretes alkaline mucus neutralizing the effects of vaginal
acidity.

The cervix and uterus do not always sit in the same plane
and when the uterine body rotates anteriorly it is referred
to as anteflexed and posteriorly as retroflexed. The axis
of the entire uterus can be anteverted or retroverted in
relation to the axis of the vagina (Fig. 1.13).

The uterus is supported by the muscles of the pelvic
floor together with three supporting condensations of
connective tissue. The pubocervical ligaments run from
the cervix anteriorly to the pubis, the cardinal liga-
ments pass laterally from the cervix and upper vagina
to the lateral pelvic side walls and the uterosacral liga-
ments from the cervix and upper vagina to the sacrum.
These uterosacral ligaments can be clearly seen poste-
rior to the uterus in the Pouch of Douglas and are
a common site for superficial and deep infiltrating
endometriosis.

The uterine blood supply is derived mainly from the
uterine artery, a branch of the anterior division of the inter-
nal iliac artery. An anastamosis occurs with the blood sup-
ply delivered through the ovarian ligament and derived
direct from the ovarian artery.

The round ligament is the remains of the gubernacu-
lum and extends from the uterus laterally to the pelvic
side wall and then into the inguinal canal before pass-
ing down into the labia majora. It holds the uterus in
anteversion, although it is a highly distensible struc-
ture in pregnancy. It is usually the first structure
divided at hysterectomy allowing the surgeon to open
the overlying folds of peritoneum known as the broad
ligament.
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Fig. 1.12 Uterus and fallopian tubes.

Fallopian tubes

The fallopian tubes are delicate tubular structures which
carry the ovum or sperm between the ovary and uter-
ine cavity. The tubes are divided into named regions,
most medially the cornu and interstial portion within the
uterine wall, then the isthmus followed by the infundibu-
lum, ampulla and finally fimbrial ends. They are lined
by columnar epithelium and cilia which together with the
peristaltic action of the surrounding smooth muscle propel
the fertilized ovum towards the uterine cavity. The blood
supply of the fallopian tubes arises from both the uter-
ine and ovarian arteries through the mesosalpinx which is
covered by peritoneum.

Ovaries

The ovaries vary in size depending on age and their func-
tion. They are approximately 2 x 4 cm? with the long
axis running vertically and are attached to the posterior
leaf of the broad ligament by the mesovarium. In addi-
tion they are fixed in position by the ovarian ligament (to
the uterus medially) and the infundibulopelvic ligament
which contains the ovarian blood supply direct from the
aorta. Venous drainage is to the ovarian veins which drain
direct into the inferior vena cava on the right and into the
renal vein on the left. The aortic nerve plexus also accom-
panies the ovary in its descent from around the level of the
first lumbar vertebra.

The lateral pelvic side wall is covered by peritoneum
which is folded to form the ovarian fossa. Pathological
adhesions around the ovary will often cause it to be
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Fig. 1.13 The axis of the uterus in relation to the vagina.

fixed into the ovarian fossa causing cyclical pain or
dyspareunia.

The ovary is not covered by peritoneum but is sur-
rounded by a thin membranous capsule, the tunica albug-
inea, which in turn is covered by the germinal epithelium.

Bladder

The urinary bladder is situated immediately behind the
pubic bone and anterior to the uterine cervix and upper
vagina. It has a strong muscular wall consisting of three
layers of interlacing fibres which are known together as
the detrusor muscles (Fig. 1.14). The trigone is the only
smooth part of the bladder as it is fixed to the underly-
ing muscle. At the superior margins of the trigone lie the
ureteric openings and at the inferior aspect the urethra.
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Right ureter

Bladder wall

Interureteric crest

Right ureteric orifice

An interureteric ridge can often be visualized horizon-
tally between the ureters at cystoscopy and is useful for
orientation.

The rest of the bladder is highly distensible ensuring
that as it is expanded the pressure of its contents remains
the same.

The bladder receives its blood supply from the supe-
rior and inferior vesical arteries which originate from the
internal iliac artery. The nerve supply is from the inferior
hypogastric plexus. Sympathetic nerves arise in the first
and second lumbar ganglia and the parasympathetic sup-
ply from the splanchnic nerves of the second, third and
fourth sacral nerves.

URETHRA

The urethra is approximately 4 cm long in the female adult
starting at the internal meatus of the bladder and passing
through the pelvic floor to the vestibule. The epithelium is
squamous near the external meatus and changes to tran-
sitional epithelium about two thirds of the way to the
bladder. The deeper tissue is muscular and this maintains
the urethral tone. There are no anatomical sphincters but
the muscle fibres of the bladder at the internal meatus act
asan ‘internal sphincter’ and the pelvic floor asa voluntary
external sphincter.

URETERS

The ureters run from the renal hilum to the trigone of the
bladder and are approximately 30 cm in length. They enter
the pelvis by passing over the common iliac bifurcation at
the pelvic brim. They then pass along the lateral pelvic
side wall before passing anteriorly and medially under
the uterine artery as it originates from the internal iliac
artery and into the base of the bladder. The ureter comes
close to the ovarian artery and vein and can be adherent
to these vessels or the overlying ovary in pathological

Trigone

Apex of bladder

Left ureter

Left ureteric orifice

Urethral orifice

Fig. 1.14 The bladder.

cases. By passing close to the uterine artery it can be mis-
takenly clamped and divided as a rare complication of
hysterectomy.

The ureters are muscular tubes lined by transitional
epithelium. The blood supply varies during its course
but small vessels along the surface of the ureter require
careful preservation when dissecting it free from other
structures.

Rectum

The rectum is approximately 12 cm in length and starts at
the level of 53 as a continuation of the sigmoid colon. The
puborectalis part of the pelvic floor forms a sling around
the lower end at the junction with the anal canal. The rec-
tum is commonly depicted in anatomic drawing as being
dilated, causing the other pelvic organs to be pushed for-
ward. This is because the original drawings were taken
from cadavers but in the live patient the rectum is often
empty allowing the other structures to lie supported on
the pelvic floor.

The mucosa of the rectum is columnar and this is sur-
rounded by inner circular and outer longitudinal fibres
of smooth muscle. The serosal surface is covered by
peritoneum.

The blood supply is from the superior rectal artery from
the inferior mesenteric artery, and the middle and infe-
rior rectal arteries arise from the posterior division of the
internal iliac artery. The nerve supply is from the inferior
hypogastric plexus and ensures the rectum is sensitive to
stretch only.

Conclusion

A clear knowledge of anatomy is required for many
gynaecological diagnoses and certainly for surgery.
Many clinicians do not gain a full understanding of
pelvic anatomy until they start operating and then



rarely refer back to anatomical textbooks. The advent
of more sophisticated pelvic floor surgery and
especially minimal access surgery has modified the
skills required of a gynaecological surgeon which
necessitates the need for greater practical anatomical
knowledge.

Clinical anatomy of the pelvis
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Chapter 2: Maternal physiology

Fiona Broughton-Pipkin

The physiological changes of pregnancy are strongly
proactive, not reactive, with the luteal phase of every ovu-
latory menstrual cycle ‘rehearsing’ for pregnancy [1]. Most
pregnancy-driven changes are qualitatively in place by
the end of the first trimester, only maturing in magnitude
thereafter. This chapter gives a brief overview of the major
changes.

The cardiovascular system

There is a significant fall in total peripheral resistance by
6 weeks gestation to a nadir of ~40% by mid-gestation,
resulting in a fall in afterload. This is ‘perceived’ as circu-
latory underfilling, which activates the renin-angiotensin-
aldosterone system and allows the necessary expansion
of the plasma volume (PV; Fig. 2.1) [2,3]. By the late third
trimester, the PV has increased from its baseline by about

RAS activation
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Fig. 2.1 Flow chart of the probable sequence of initial
cardiovascular activation. ALD, aldosterone; BP, systemic
arterial blood pressure; CO, cardiac output; HR, heart rate;
PROG, progesterone; PV, plasma volume; RAS,
renin-angiotensin system; Symp NS, sympathetic nervous
system; TPR, total peripheral resistance; Un,, urinary sodium
excretion.
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50% in a first pregnancy and 60% in a second or subsequent
pregnancy. The bigger the expansion is, the bigger, on
average, the birthweight of the baby. The total extracellular
fluid volume rises by about 16% by term, so the percent-
agerisein PV is disproportionate to the whole. The plasma
osmolality falls by ~10 mOsm/kg as water is retained.

The heart rate rises synchronously, by 10-15 b.p.m., so
the cardiac output begins to rise [4]. There is probably a
fall in baroreflex sensitivity as pregnancy progresses and
heart rate variability falls. Stroke volume rises a little later
in the first trimester. These two factors push the cardiac
output up by 35-40%in a first pregnancy, and ~50% in
later pregnancies; it can rise by a further third in labour
(Fig. 2.2). Table 2.1 summarizes the percentage changes in
some cardiovascular variables during pregnancy.

Measuring systemic arterial blood pressure in preg-
nancy is notoriously difficult, but there is now broad
consensus that Korotkoff 5 should be used with auscul-
tatory techniques [5]. However measured, there is a small
fall in systolic and a greater fall in diastolic blood pressure
during the first half of pregnancy resulting in an increased
pulse pressure. The blood pressure then rises steadily and,
even in normotensive women, there is some late over-
shoot of non-pregnant values. Supine hypotension occurs
in ~8% of women in late gestation.

The pressor response to angiotensin II (ANG II) is
reduced in normal pregnancy but is unchanged to nora-
drenaline. The reduced sensitivity to ANG II presumably
protects against the potentially pressor levels of ANG II
found in normal pregnancy and is associated with lower
receptor density; plasma noradrenaline is not increased in
normal pregnancy. Pregnancy does not alter the response
of intramyometrial arteries to a variety of vasoconstrictors.
Nitric oxide may modulate myogenic tone and flow-
mediated responses in the resistance vasculature of the
uterine circulation in normal pregnancy.

The venous pressure in the lower circulation rises for
both mechanical and hydrodynamic reasons. The pul-
monary circulation is able to absorb high rates of flow
without an increase in pressure; so pressure in the right
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Table 2.1 Percentage change in some cardiovascular variables
during pregnancy

First Second Third

trimester  trimester  trimester
Heart rate (bpm) +11 +13 +16
Stroke volume (ml) +31 +29 +27
Cardiac output (1/min) +45 +47 +48
Systolic BP (mmHg) -1 +1 +6
Diastolic BP (mmHg) —6 -3 +7
MPAP (mmHg) +5 +5 +5
Total peripheral resistance ~ —27 =27 -29

(resistance units)

BP, systemic blook pressure; MPAP, mean pulmonary artery pressure.
Data are derived from studies in which pre-conception values were
determined. The mean values shown are those at the end of each
trimester, and are thus not necessarily the maxima. Note that most
changes are near maximal by the end of the first trimester. (Data from
Robson et al., 1991.)

ventricle and the pulmonary arteries and capillaries does
not change. Pulmonary resistance falls in early pregnancy
and does not change thereafter. There is progressive ven-
odilatation and rises in venous distensibility and capaci-
tance throughout a normal pregnancy, possibly because of
increased local nitric oxide synthesis.

The respiratory system

Tidal volume rises by ~30% in early pregnancy to 40-50%
above non-pregnant values by term, with a fall in
expiratory reserve and residual volume (Fig. 2.3) [6]. Nei-
ther FEV7 nor peak expiratory flow rate are affected by

Weeks of pregnancy

pregnancy, even in women with asthma. The rise in tidal
volume is largely driven by progesterone, which appears
to decrease the threshold and increase the sensitivity of
the medulla oblongata to carbon dioxide. Respiratory rate
does not change, so the minute ventilation rises by a
similar amount. This overbreathing also begins before con-
ception; the P, is lowest in early gestation. Progesterone
also increases erythrocyte [carbonic anhydrase], which
will also lower Pco,. Carbon dioxide production rises
sharply during the third trimester, as fetal metabolism
increases. The fall in maternal Pco, allows more efficient
placental transfer of carbon dioxide from the fetus, which
has a Pco, of around 55 mmHg (7.3 kPa). The fall in Pc,
results in a fall in plasma bicarbonate concentration (to
~18-22 mmol/1by comparison with 24-28 mmol /1) which
contributes to the fall in plasma osmolality; the peripheral
venous pH rises slightly (Table 2.2; Fig. 2.4).

The increased alveolar ventilation results in a much
smaller proportional rise in Po,, from around 96.7
to 101.8 mmHg (12.9-13.6 kPa). This increase is
offset by the rightward shift of the maternal oxy-
haemoglobin dissociation curve caused by an increase
in 2,3-diphosphoglycerate (2,3-DPG) in the erythrocytes.
This facilitates oxygen unloading to the fetus, which
has both a much lower Po, (25-30 mmHg; 3.3-4.0 kPa)
and a marked leftwards shift of the oxyhaemoglobin
dissociation curve, due to the lower sensitivity of fetal
haemoglobin to 2,3-DPG.

There is an increase of ~16% in oxygen consumption
by term, due to increasing maternal and fetal demands.
Since the increase in oxygen-carrying capacity of the blood
(see ‘Haematology’, p. 12) is ~18%, there is actually a
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Table 2.2 The influence of pregnancy on some respiratory
variables

Non-pregnant Pregnant — term

associated with normal human pregnancy. In
general terms, inspiratory reserve and tidal
volumes increase at the expense of
expiratory reserve and residual volumes.

Table 2.3 Although the increases in resting cardiac output and
minute ventilation are of the same order of magnitude in
pregnancy, there is less spare capacity for increases in cardiac
output on moderate exercise than for increases in respiration

Po, mmHg (kPa) 93 (12.5) 102 (13.6)
O, consumption ml/min 200 250

Pco, mmHg (kPa) 35-40 (4.7-5.3) 30 (4.0)
Venous pH 7.35 7.38

Pco,), ——» [HCOz1],

Hyperventilation

I Plasma [Na*]@
Chemoreceptor sensitization

I Plasma osmolality@
PROG 1

Fig. 2.4 Flow chart of the effects of over-breathing. HCOs3,
bicarbonate; Na, sodium; Pc,, carbon dioxide tension; PROG,
progesterone.

fall in arterio-venous oxygen difference. Pulmonary blood
flow, of course, rises in parallel with cardiac output and
enhances gas transfer.

Pregnancy places greater demands on the cardiovascu-
lar than the respiratory system [7]. This is shown in the
response to moderate exercise (Table 2.3).

Resting Exercise
Cardiac +33% (4.5-61/min)  +167% (up to 12 1/min)
output
Minute +40% 7.5-10.51/min +1000% (up to ~801/min)
ventilation
Haematology

The circulating red cell mass increases by 20-30% during
pregnancy, with rises in both cell number and size. It rises
more in women with multiple pregnancies, and substan-
tially more with iron supplementation (~29% compared
with 17%). Serum iron concentration falls, the absorption
of iron from the gut rises and iron-binding capacity rises
in a normal pregnancy, since there is increased synthesis
of the Bl-globulin, transferrin. Plasma folate concentra-
tion halves by term, because of greater renal clearance,
although red cell folate concentrations fall less. Even now,
only ~20% of fertile women in the UK have adequate iron
reserves for a pregnancy and ~40% have virtually no iron
stores. Evenrelatively mild maternal anaemia is associated
with increased placental:birthweight ratios and decreased
birthweight. However, inappropriate supplementation
can itself be associated with pregnancy problems [8].
Erythropoietin rises in pregnancy, more if iron supple-
mentation is not taken (55% compared with 25%) but the



changes in red cell mass antedate this; human placental
lactogen may stimulate haematopoiesis.

Pro rata, the plasma volume increases more than the red
cell mass, which leads to a fall in the various concentration
measures which include the plasma volume, such as the
haematocrit, the haemoglobin concentration and the red
cell count. The fall in packed cell volume from ~36% in
early pregnancy to ~32% in the third trimester is a sign of
normal plasma volume expansion.

The total white cell count rises, mainly because
of increased polymorphonuclear leucocytes. Neutrophil
numbers rise with oestrogen concentrations and peak at
~33 weeks stabilizing after that until labour and the early
puerperium, when they rise sharply. Their phagocytic
function increases during gestation. T and B lymphocyte
counts do not change but their function is suppressed,
making pregnant women more susceptible to viral infec-
tions, malaria and leprosy. The uterine natural killer cells
express receptors that recognize the otherwise anomalous
combination of human lymphocyte antigens (HLA-C, -E
and -G) expressed by the invasive cytotrophoblasts. This
is likely to be central to the maternal recognition of the
conceptus [9].

Platelet countand platelet volume are largely unchanged
in most pregnant women, although their survival is
reduced. Platelet reactivity is increased in the second
and third trimesters and does not return to normal until
~12 weeks after delivery.

Coagulation

Continuing low-grade coagulopathy is a feature of nor-
mal pregnancy [10]. Several of the potent procoagulatory
factors rise from at least the end of the first trimester
(Fig. 2.5). For example, Factors VII, VIII and X all rise
and absolute plasma fibrinogen doubles, while antithrom-
bin III, an inhibitor of coagulation, falls. The erythrocyte
sedimentation rate rises early in pregnancy due to the
increase in fibrinogen and other physiological changes.
Protein C, which inactivates Factors V and VIII, is proba-
bly unchanged in pregnancy, but concentrations of Protein
S, one of its co-factors, fall during the first two trimesters.
An estimated 5-10% of the total circulating fibrinogen is
consumed during placental separation, and thromboem-
bolism is the main cause of maternal death in the UK.
Plasma fibrinolytic activity is decreased during pregnancy
and labour, but returns to non-pregnant values within
an hour of delivery of the placenta, suggesting strongly
that the control of fibrinolysis during pregnancy is signifi-
cantly affected by placentally derived mediators. Table 2.4
summarizes changes in some coagulation and fibrinolytic
variables during pregnancy.
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Fig. 2.5 Alterations in the coagulation pathways associated
with human pregnancy. Factors which increase during normal
pregnancy are printed in bold type.

Table 2.4 Percentage changes in some coagulation (upper) and
fibrinolytic variables and fibronectin levels are expressed from
postpartum data in the same women

First Second Third

trimester trimester trimester
PAI-1 (mg/ml) -10 +68 +183
PAI-2 (mg/ml) +732 +1804 +6554
t-PA (mg/ml) —24 -19 +633
Protein C (% activity) -12 +10 +9
AT III (% activity) =21 —-14 -10
TAT III +362 +638 +785
Fibronection (mg/1) 43 —12 +53

PAI-1 and PAI-2, plasminogen activator inhibitors 1 and 2; t-PA,
tissue plasminogen activator antigen; AT III, antithrombin III; TAT
I1I, thrombin-antithrombin III complex.

The mean values shown are those at the end of each trimester, and are
thus not necessarily the maxima. Note the very large rises in PAI-2
(placental type PAI) and TAIIII complexes in the first trimester. (Data
from Halligan et al. 1994)

The renal system

The kidneys increase in size in pregnancy mainly because
renal parenchymal volume rises by about 70% with
marked dilatation of the calyces, renal pelvis and ureters
in most women [11]. Ureteric tone does not decrease, but
bladder tone does. The effective renal plasma flow (RPF)
is increased by at least 6 weeks gestation and rises to some
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Fig. 2.6 The changes in renal function during pregnancy are
largely complete by the end of the first trimester, and are thus
pro-active, not reactive to the demands of pregnancy. The
filtration fraction falls during the first trimester, but begins to
return to non-pregnant levels during the third trimester. With
permission from [11].

80% by mid-pregnancy falling thereafter to ~65% above
non-pregnant values (Fig. 2.6). This increase is propor-
tionally greater than the increase in cardiac output, pre-
sumably reflecting specific vasodilatation, probably via
the increased renal prostacyclin synthesis. The glomeru-
lar filtration rate (GFR) also increases, by ~45% by the 9th
week, only rising thereafter by another 5-10%, but this is
largely maintained to term, so the filtration fraction falls
during the first trimester, is stable during the second, and
rises towards non-pregnant values thereafter. These major
increments do not, however, exhaust the renal reserve.
This differential changes in ERPF and GFR in late preg-
nancy suggest a mechanism acting preferentially at the
efferent arterioles, possibly angiotensin II.

The filtered load of metabolites therefore increases
markedly, and reabsorptive mechanisms frequently do not
keep up (e.g. glucose and aminoacids; see below). These
changes have profound effects on the concentration of
certain plasma metabolites and electrolytes and ‘Normal’
laboratory reference ranges may thus be inappropriate in
pregnancy. For example, plasma creatinine falls signifi-
cantly by the 4th week of gestation and continues to fall to
mid-pregnancy, to below 50 mmol/1, but creatinine clear-
ance begins to fall during the last couple of months of
pregnancy, so plasma creatinine rises again.

Total body water rises by about 20% during preg-
nancy (~8.51) with a very sharp fall in plasma osmolality
between weeks 4-6 after conception, possibly through the
actions of hCG. The volume-sensing arginine vasopressin
(AVP) release mechanisms evidently adjust as pregnancy

progresses. As well as water present in the fetus, amniotic
fluid, placenta and maternal tissues, there is also oedema
fluid and increased hydration of the connective tissue
ground substance with laxity and swelling of connective
tissue.

The pregnant woman accumulates some 950 mmol
sodium in the face of high circulating progesterone con-
centrations which competes with aldosterone at the distal
tubule. The potentially natriuretic prostacyclin also rises
markedly, with a small rise in atrial natriuretic pep-
tide (ANP). This stimulates the renin-angiotensin system
(RAS) with increased synthesis and release of aldosterone
from the first trimester. The raised plasma prolactin con-
centration may also contribute to sodium retention. It is
assumed that glomerulotubular balance must also change
in pregnancy, to allow the sodium retention which actu-
ally occurs. There is a fall of some 4-5 mmol/1 in plasma
sodium by term, but plasma chloride does not change.
Curiously, some 350 mmol potassium is also retained
during pregnancy, in the face of the much-increased
GFR, substantially raised aldosterone concentrations and
a relatively alkaline urine. Renal tubular potassium reab-
sorption evidently adjusts appropriately to the increased
filtered potassium load.

Serum uric acid concentration falls by about a quarter in
early pregnancy, with an increase in its fractional excretion
secondary to a decrease in net tubular reabsorption. The
kidney excretes a progressively smaller proportion of the
filtered uric acid, so a rise in serum uric acid concentration
during the second half of pregnancy is normal. A similar
pattern is seen in relation to urea, which is also partly
reabsorbed in the nephron.

Glucose excretion may rise 10-fold as the greater filtered
load exceeds the proximal tubular Tiax for glucose (~1.6-
1.9 mmol/min). If the urine of pregnant women is tested
sufficiently often, glycosuria will be detected in 50% of
them. The excretion of most amino acids increases, which
is curious since these are used by the fetus as the building
blocks from which it synthesises protein. The pattern of
excretion is not constant and differs between individual
amino acids. Excretion of the water-soluble vitamins is
also increased. The mechanism for all these is inadequate
tubular reabsorption in the face of a 50% rise in GFR.

Urinary calcium excretion is also two to threefold higher
in normal pregnancy than in the non-pregnant woman,
even though tubular reabsorption is enhanced, presum-
ably under the influence of the increased concentrations
of 1,25-dihydroxyvitamin D. To counter this, intestinal
absorption doubles by 24 weeks, after which it stabilizes.
Renal bicarbonate reabsorption and hydrogen ion excre-
tion appear to be unaltered during pregnancy. Pregnant
women can acidify their urine, but in pregnancy it is
mildly alkaline.
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Both total protein and albumin excretion rise during
pregnancy, up to at least 36 weeks, due to the increased
GFR and changes in both glomerular and tubular function.
Thus in late pregnancy, an upper limit of normal of 200 mg
total protein excretion/24 h collection is accepted. The
assessment of proteinuria in pregnancy using dipsticks
has been shown to give highly variable data.

The gastrointestinal system

Taste often alters very early in pregnancy. The whole
intestinal tract has decreased motility during the first two
trimesters, with increased absorption of water and salt,
tending to increase constipation. Heartburn is common
from the increased intragastric pressure. Hepatic synthe-
sis of albumin, plasma globulin and fibrinogen increases,
the latter two sufficiently to give increased plasma con-
centrations despite the increase in plasma volume. Total
hepatic synthesis of globulin increases under oestrogen
stimulation, so the hormone-binding globulins rise. There
is decreased hepatic extraction of circulating amino acids.

The gallbladder increases in size and empties more
slowly during pregnancy but the secretion of bile is
unchanged. Cholestasis is almost physiological in preg-
nancy and may be associated with generalized pruritus
but only rarely produces jaundice. The cholestasis can also
occur in users of oral contraceptives and postmenopausal
hormone replacement.

Carbohydrates/insulin resistance

Pregnancy is hyperlipidaemic and glucosuric. Although
neither the absorption of glucose from the gut nor the half-
life of insulin seems to change and the insulin response is
well-maintained, by 6-12 weeks gestation, fasting plasma

glucose concentrations fall by 0.11 mmol/1, and by the end
of the first trimester the increase in blood glucose follow-
ing a carbohydrateload is less than outside pregnancy [12].
This increased sensitivity stimulates glycogen synthesis
and storage, deposition of fat and transport of amino acids
into cells. The uptake of amino acids by the mother for glu-
coneogenesis may also be enhanced. After mid-pregnancy,
resistance to the action of insulin develops progressively
and plasma glucose concentrations rise, though remaining
below non-pregnant levels (Fig. 2.7). Glucose crosses the
placenta readily and the fetus uses glucose as its primary
energy substrate, so this rise is presumably beneficial to
the fetus. Fetal and maternal glucose concentrations are
significantly correlated.

The insulin resistance is presumably largely endocrine-
driven, possibly via increased cortisol or hPL. Leptin has
been implicated in altered insulin sensitivity outside preg-
nancy, but appears not to play a role during gestation,
while concentrations of glucagons and the catecholamines
are unaltered.

Lipids

Total plasma cholesterol falls early in pregnancy, reach-
ing its lowest point at 6-8 weeks, but then rises to
term. There is a striking increase in circulating free fatty
acids and complex lipids in pregnancy, with ~threefold
increases in triglycerides and a 50% increase in very
low density lipoprotein (VLDL) cholesterol by 36 weeks
[13]. High density lipoprotein (HDL) cholesterol is also
increased. Birthweight and placental weight are directly
related to maternal VLDL triglyceride levels at term. The
hyperlipidaemia of normal pregnancy is not atherogenic
because the pattern of increase is not that of atherogenesis,
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although pregnancy can unmask pathological hyperlipi-
daemia.

Lipids undergo peroxidation in all tissues as part of nor-
mal cellular function. Excess production of lipid can result
in oxidative stress with damage to the cell membrane. Dur-
ing normal pregnancy, increases in plasma lipid peroxides
appear by the second trimester in step with the general
rise in lipids and may taper off later in gestation [14]. As
the peroxide levels rise so do those of vitamin E and some
other antioxidants: this rise is proportionately greater than
that of peroxides so physiological activities are protected.
Lipid peroxidation is also active in the placenta, increasing
with gestation. Since the placenta contains high concen-
trations of unsaturated fats under conditions of low P,,
antioxidants such as vitamin A, the carotenoids and provi-
tamin A carotenoids are required to protect both mother
and fetus from free radical activity Early in pregnancy fat
is deposited but from mid-pregnancy it is used as a source
of energy, mainly by the mother so that glucose is available
for the growing fetus [15]. The absorption of fat from the
intestine is not directly altered during pregnancy. The hor-
mone leptin acts as a sensor alerting the brain to the extent
of body fat stores and rises threefold during pregnancy. It
may regulate maternal energy balance.

Endocrine systems

The placenta is a powerhouse of hormone production from
the beginning of gestation and challenges the mother’s
autonomy.

Placental hormones

Human chorionic gonadotrophin is the signal for preg-
nancy, but indirect effects, such as oestrogen-driven
increased hepatic synthesis of the binding globulins for
hormones such as thyroxine, corticosteroids and the sex
steroids also affect the mother’s endocrinological function.
The fetoplacental unit synthesizes very large amounts of
oestrogens and progesterone, both probably being con-
cerned with uterine growth and quiescence and with
mammary gland development.

The hypothalamus and pituitary gland

The pituitary gland increases in weight by 30% in first
pregnancies and by 50% subsequently. The number of
lactotrophs is increased and plasma prolactin begins to
rise within a few days of conception and by term may
be 10-20 times as high as in the non-pregnant woman;
the secretion of other anterior pituitary hormones is
unchanged or reduced. Human chorionic gonadotrophin
(hCG) and the gonadotrophins share a common a-subunit,

and the rapidly rising hCG suppresses secretion of both
follicle-stimulating hormone and luteinizing hormone,
thus inhibiting ovarian follicle development by a blunting
of response to gonadotrophin-releasing hormone (GnRH).
Thyroid-stimulating hormone (TSH) secretion responds
normally to hypothalamic thyrotropin-releasing hormone
(TRH; also synthesized in the placenta). Adrenocorti-
cotropic hormone (ACTH) concentrations rise during
pregnancy, partly because of placental synthesis of ACTH
and of a corticotrophin-releasing hormone (CRH) and do
not respond to normal control mechanisms.

The adrenal gland

Both the plasma total and the unbound cortisol and other
corticosteroid concentrations rise in pregnancy from about
the end of the first trimester. Concentrations of cortisol-
binding globulin double. Excess glucocorticoid exposure
in utero appears to inhibit fetal growth in both animals
and humans. However, the normal placenta synthesizes
a pregnancy-specific 11b-hydroxysteroid dehydrogenase,
which inhibits transfer of maternal cortisol. The marked
rise in secretion of the mineralocorticoid aldosterone in
pregnancy has already been mentioned. Synthesis of the
weaker mineralocorticoid 11-deoxycorticosterone is also
increased by the 8th week of pregnancy, and actually
increases proportionally more than any other cortical
steroid, possibly due to placental synthesis.

The measurement of plasma catecholamines has inher-
ent difficulties, but there is now broad consensus that
plasma catecholamine concentrations fall from the first to
the third trimesters. There is some blunting of the rise in
noradrenaline (reflecting mainly sympathetic nerve activ-
ity) seen on standing and isometric exercise in pregnancy,
but the adrenaline response (predominantly adrenal) is
unaltered [16].

The thyroid gland

hCG may suppress thyroid-stimulating hormone (TSH) in
early pregnancy because they share a common a-subunit.
The thyroid remains normally responsive to stimulation
by TSH and suppression by tri-iodothyronine (T3). There
is a threefold rise in the thyroid’s clearance of iodine,
allowing the absolute iodine uptake to remain within the
non-pregnant range. Thyroid-binding globulin concentra-
tions double during pregnancy, but other thyroid-binding
proteins do not increase. Overall, free plasma T3 and thy-
roxine (T4) concentrations remain at the same levels as
outside pregnancy (although total levels are raised) and
most pregnant women are euthyroid. Free T4 may fall in
late gestation [17].



Calcitonin, another thyroid hormone, rises during the
first trimester, peaks in the second and falls thereafter,
although the changes are not large. It may contribute to
the regulation of 1,25 dihydroxyvitamin D.

The parathyroid glands and calcium metabolism

Calcium homeostasis changes markedly [18,19]. Maternal
total plasma calcium concentration falls, because albu-
min concentration falls, but unbound ionized calcium
concentration is unchanged. Synthesis of 1,25 dihydrox-
ycholecalciferol increases, promoting enhanced gastroin-
testinal calcium absorption. Parathyroid hormone (PTH)
regulates the synthesis of 1,25 dihydroxyvitamin D in
the proximal convoluted tubule. There is a fall in intact
PTH during pregnancy but a doubling of 1,25 dihydroxy-
vitamin D; placentally synthesized PTH-related protein is
also present in the maternal circulation.

Renal hormones

The RAS is activated from very early pregnancy
(see ‘The cardiovascular system’, p. 10). Synthesis
of erythropoietin appears to be stimulated by hCG;
its concentration rises from the first trimester, peak-
ing in mid-gestation and falling somewhat there-
after. Prostacyclin is a potent vasodilator, synthe-
sized mainly in the kidney. Concentrations begin to
rise rapidly by 8-10 weeks gestation, being fourfold
higher than non-pregnant values by the end of the first
trimester.

The pancreas

The size of the islets of Langerhans and the number of
B-cells increase during pregnancy, as does the number of
receptor sites for insulin. The functions of the pancreas in
pregnancy were considered above.

Conclusion

This chapter attempts to outline the physiology of normal
pregnancy. The changes mostly begin very early indeed,
and it may be that two of the major problems of pregnancy,
intrauterine growth retardation and pre-eclampsia, are ini-
tiated even before the woman knows that she is pregnant.
Better understanding of the mechanisms of very early nor-
mal pregnancy adaptation may help us to understand the
abnormal.
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Chapter 3: The placenta and fetal

membranes

Berthold Huppertz and John C.P. Kingdom

The placenta

The placenta was already recognized and venerated by
the early Egyptians, while it was the Greek physician
Diogenes of Apollonia (ca. 480 Bc) who first ascribed the
function of fetal nutrition to the organ. Aristotle (384-
322 Bc) described that the fetus is fully enclosed within the
chorion membranes; and it was only during the Renais-
sance that the term placenta, the word derived from
the Latin root meaning a flat “cake”, was introduced by
Realdus Columbus in 1559.

Structural characteristic of the human
placenta

Tissue interactions [1,2]

On the gross anatomic level, a placenta can be classified
according to whether the physical interactions between
fetal and maternal tissues are restricted to specific sites or
are covering the whole surface of the chorionic sac and the
inner uterine surface. On this level, the human placenta is
classified to be a discoidal placenta, confining interactions
to a more or less circular area (Fig. 3.1a).

Tissue interdigitations [1,2]

The next level of classification is based on the interdigi-
tations between maternal and fetal tissues. In the human
placenta, maternal and fetal tissues are arranged in such
a way that there are three-dimensional tree-like structures
called wvillous trees of fetal tissues that float in a lake of
maternal blood. Like the knots and branches of a tree, the
fetal tissues repeatedly branch into smaller and slender
villi (Fig. 3.1b).

Tissue interactions [1,2]

On the level of interactions between uterine and fetal tis-
sues, the human displays an invasive type of implantation
and placentation. The uterine epithelium is penetrated

and invasion of maternal tissues results in erosion into
maternal vessels. This type of placentation is termed hemo-
chorial and is characterized by the bathing of placental villi
with covering trophoblast directly by the mother’s blood
(Fig. 3.1¢).

Vascular arrangement [1,2]

It is not just the thickness and exact histological nature
of the placental barrier that defines the rate of diffusional
exchange. Another important determinant is the direction
of the blood flows of mother and fetus in relation to each
other. The vascular arrangement of the human placenta
cannot be clearly defined due to the branching of the vil-
lous trees into all directions and a respective maternal
blood flow somehow bypassing these branches. There-
fore, this unpredictable and variable flow pattern has been
termed multivillous flow (Fig. 3.1d).

Macroscopic features of the term placenta
Measures [1,2]

The placenta at term displays a round disc-like appear-
ance with the insertion of the umbilical cord in a slightly
eccentric position on the fetal side of the placenta. The
average measures of a delivered placenta at term are a
diameter of 22 cm, a central thickness of 2.5 cm, and a
weight of 450-500 g. One has to keep in mind, though,
that these data may vary considerably due to the mode of
delivery, especially content versus loss of maternal and /or
fetal blood.

Tissue arrangements [1,2]

On the fetal side of the placenta, the avascular amnion
covers the chorionic plate. Underneath the amnion, chori-
onic vessels continue with those of the umbilical cord
and are arranged in a star-like pattern. At the other
end, these vessels continue with those of the villous
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trees where the capillary system between arteries and
veins is located. The villous trees originate from the chori-
onic plate and float in a lake of maternal blood. On the
maternal side of the placenta, the basal plate is located
(see Fig. 3.1b). It is an artificial surface generated by
the separation of the placenta from the uterine wall dur-
ing delivery. The basal plate is a colourful mixture of
fetal trophoblast and maternal decidua cells, which are
embedded in trophoblast-secreted matrix-type fibrinoid,
decidual extracellular matrices, and fibrin-type fibrinoid.
At the placental margin, chorionic plate and basal plate

Chorionic plate
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)
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Fig. 3.1 Schematic representation of the
structural characteristics of the human
placenta. (a) The human placenta displays a
discoidal shape. (b) The materno-fetal
interdigitations are arranged in villous trees
bathing in maternal blood that floats through
the intervillous space. (c) The hemochorial type
of placentation results in a materno-fetal

flow barrier composed of villous trophoblast in
direct contact with maternal blood. (d) Fetal
and maternal blood flows are arranged in a
multivillous flow. Abbreviations: CT,
cytotrophoblast; FC, fetal capillary; FEn, fetal
endothelium; FEr, fetal eryrocyte; MC,
mesenchymal cells; MEr, maternal erythrocyte;
ST, syncytiotrophoblast.

Maternal blood

fuse with each other, thereby closing the intervillous space
and generating the fetal membranes or chorion laeve.

Placental development
Trophoblast lineage [3,4]

At the transition between morula and blastocyst, the tro-
phoblast lineage is the first to differentiate from the inner
cell mass, the embryoblast (Fig. 3.2). Only after attachment
of the blastocyst to the endometrial epithelium, further
differentiation of the trophoblast occurs. Exact knowledge
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Fig. 3.2 During implantation of the blastocyst, trophoblast cells
in direct contact with maternal tissues syncytially fuse and give
rise to the syncytiotrophoblast. Only this multinucleated tissue
is able to penetrate the uterine epithelium and implant the
developing embryo.

of the processes in the human is still lacking, but it is
anticipated that at this stage the first syncytial fusion of
trophoblast cells takes place. Fusion of those trophoblast
cells in direct contact with maternal tissues generates the
very first syncytiotrophoblast and only this layer is able to
penetrate the endometrial epithelium (Fig. 3.2).

Prelacunar stage [1,2]

At day 7-8 postconception, the blastocyst has completely
crossed the epithelium and is embedded within the
endometrium. The developing embryo is completely sur-
rounded by the growing placenta, which at that stage
consists of the two fundamental subtypes of the tro-
phoblast. The multinucleated syncytiotrophoblast is in
direct contact with maternal tissues, while the mononu-
cleated cytotrophoblast as the stem cell layer of the
trophoblast is directed towards the embryo.

All of the differentiation and developmental stages of
the placenta described so far take place before fluid-filled
spaces within the syncytiotrophoblast can be detected.
This is why this stage is termed prelacunar stage.

Lacunar stage [1,2]

At day 8-9 postconception, the syncytiotrophoblast gen-
erates a number of fluid-filled spaces within its mass.
These spaces flow together forming larger lacunae (Incunar
stage) and are finally separated by parts of the syncytiotro-
phoblast (trabeculae) that cross the syncytial mass from the
embryonic to the maternal side.
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The development of the lacunar system leads to the
subdivision of the placenta into its three compartments.
1 the embryonically oriented part of the trophoblast will
develop into the chorionic plate,

2 the lacunae will become the intervillous space,

3 while the trabeculae will become the anchoring villi,

4 with the growing branches developing into floating villi,
5 finally, the maternally oriented part of the trophoblast
will develop into the basal plate.

At the end of this stage, at day 12 postconception, the
process of implantation is completed. The developing
embryo with its surrounding extraembryonic tissues is
totally embedded in the endometrium and the syncytiotro-
phoblast surrounds the whole surface of the conceptus.
Mesenchymal cells derived from the embryo spread over
the inner surface of the trophoblast, thus generating a
new combination of trophoblast and mesoderm, termed
chorion.

Early villous stage [1,2]

Starting on day 12 postconception, proliferation of cytotro-
phoblast pushes trophoblast cells to penetrate into the
syncytial trabeculae, reaching the maternal side of the
syncytiotrophoblast by day 14. Further proliferation of
trophoblast cells inside the trabeculae (day 13) stretches
the trabeculae resulting in the development of syncytial
side branches filled with cytotrophoblast cells (primary
villi).

Shortly after, the mesenchymal cells from the extraem-
bryonic mesoderm too follow the cytotrophoblast and
penetrate the trabeculae and the primary villi, thus gen-
erating secondary villi. At this stage there is always a
complete cytotrophoblast layer between the penetrating
mesenchyme and syncytiotrophoblast.

Around day 20-21, vascularization (development of
new vessels from hemangioblastic precursor cells) within
the villous mesenchyme gives rise to the formation of
the first placental vessels (tertiary villi). Only later, the
connection to the fetal vessel system will be established.

The villi are organized in villous trees that cluster
together into a series of spherical units known as lob-
ules or placentones. Each placentone originates from the
chorionic plate by a thick villous trunk stemming from a
trabecula. Continuous branching of the main trunk results
in daughter villi mostly freely ending in the intervillous
space [5,6].

Trophoblast cell columns [1,2]

During penetration of the syncytial trabeculae, the cytotro-
phoblast cells reach the maternal endometrial tissues
while the following mesenchymal cells do not penetrate
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Fig. 3.3 Schematic representation of the developing embryo and its surrounding tissues at about 8-10 weeks of pregnancy. The
amnionic cavity with the embryo inside is marked off by the amnion that has already contacted the chorion. From the chorion,
villous trees protrude into the intervillous space where some villi have direct contact with the basal plate (anchoring villi). At these
sites trophoblastic cell columns are the source for all extravillous trophoblast cells invading maternal tissues. Interstitial trophoblast
cells derived from these columns invade the endometrium and myometrium, while a subset of these cells penetrates the spiral
arteries first as intramural and then as endovascular trophoblast cells. Onset of maternal blood flow into the placenta starts in the
upper regions of the placenta (the abembryonic pole) where development is slightly delayed. The local high concentrations of oxygen

contribute to the regression of villi at the abembryonic pole.

to the tips of the trabeculae. At the tips multiple lay-
ers of cytotrophoblast cells are developing, referred to as
trophoblastic cell columns (Fig. 3.3). Only those cytotro-
phoblast cells remain as proliferative stem cells that are
in direct contact with the basement membrane separating
trophoblast from mesenchyme of the anchoring villi.

Subtypes of extravillous trophoblast [1,2,7-9]

The formation of cell columns does not result in a com-
plete trophoblastic shell but rather in separated columns
from which extravillous trophoblast cells invade maternal
uterine tissues (Fig. 3.3). These cells migrate as inter-
stitial trophoblast into the endometrial stroma, while a
subset of the interstitial trophoblast further penetrates the
wall of the uterine spiral arteries (intramural trophoblast),
finally reaching the vessels’ lumen (endovascular tro-
phoblast) (Fig. 3.3). Some of the interstitial trophoblast cells
fuse and generate the multinucleated trophoblast giant cells
(Fig. 3.4) at the boundary between the endometrium and
myometrium.

Plugging of spiral arteries

The invasion of extravillous trophoblast cells is the ulti-
mate means to transform maternal vessels into large-bore

conduits to enable adequate supply of oxygen and nutri-
ents to the placenta [1,2,10-12]. However, free transfer
of maternal blood to the intervillous space is only estab-
lished at the end of the first trimester of pregnancy [13,14].
Before the free transfer of maternal blood can occur, the
extent of invasion and thus the number of endovascular
trophoblast is so great that the trophoblast cells aggregate
within the vessels’ lumen and plug the distal segments of
the spiral arteries (Fig. 3.3). Hence, before 10-12 weeks of
gestation, the intervillous space contains mostly glandu-
lar secretion products together with a plasma filtrate that
is free of maternal blood cells (Fig. 3.3) [13,14].

The reason for such a paradoxical plugging of already
eroded and transformed arteries may be as follows: lack of
blood cells keeps the placenta and the fetus in alow oxygen
environment of less than 20 mmHg in the first trimester of
pregnancy. This low oxygen environment may be neces-
sary to prevent the formation of free radicals that affect
the growing fetus in this critical stage of tissue and organ
development [15-17].

Onset of maternal blood flow [13,14]

At the end of the first trimester the trophoblastic plugs
become pervious and maternal blood cells enter the
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Fig. 3.4 Trophoblast differentiation and subtypes. The
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trophoblast cells that start to invade maternal tissues are termed
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intervillous space establishing the first arterial blood flow
to the placenta. The inflow starts in those upper parts of
the placenta that are closer to the endometrial epithelium
(Fig. 3.3). These sites are characterized by a slight delay in
development since the deeper parts have been the first to
develop directly after implantation (Fig. 3.3). Therefore, at
these upper sites the plugs inside the vessels contain fewer
cells, enabling blood cells to penetrate the plugs earlier,
and blood flow starts first at these sites. Here the placental
villi degenerate in larger parts and the chorion becomes
secondarily smooth. The regression leads to the formation
of the fetal membrane or chorion laeve. The remaining part
of the placenta develops into the chorion frondosum, the
definitive disc-shaped placenta.

Basic structure of villi
Villous trophoblast [1,2]
The branches of the syncytial trabeculae are the forerun-

ners of the placental villi. Throughout gestation the syncy-
tial cover remains and forms the placental barrier between
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the maternal blood floating in the intervillous space and
the fetal vessels within the mesenchymal villous core.

Cytotrophoblast [1,2]

The layer of the mononucleated cytotrophoblast cells is the
basal layer of villous trophoblast and located underneath
the multinucleated syncytiotrophoblast (see Fig. 3.1c).
These stem cells rest on a basement membrane, main-
taining their proliferative activity throughout gestation.
Hence, the total number of villous cytotrophoblast cells
continuously increases during pregnancy, from about 1 x
10” at 13-16 weeks to about 6 x 10° at 37-41 weeks of
gestation.

During gestation, cytotrophoblast cells are prevented
from coming into direct contact with maternal blood.
Damaged areas of syncytiotrophoblast are filled with
fibrin-type fibrinoid (a blood clot product) to cover the
exposed cytotrophoblast cells and to separate them and to
keep them from coming into direct contact with maternal
blood [18].

Syncytiotrophoblast [1,2]

The syncytiotrophoblast is a multinucleated layer without
lateral cell borders, hence there is a single syncytiotro-
phoblast covering all villi of a single placenta. Microvilli
on its apical surface provide amplification of the sur-
face (sevenfold) and are in direct contact to the maternal
blood floating within the intervillous space (see Fig. 3.1¢).
Growth and maintenance of the syncytiotrophoblast is
completely dependent on the fusion with the underly-
ing cytotrophoblast, since syncytial nuclei do not display
transcriptional activity.

Within the syncytiotrophoblast the incorporated nuclei
first exhibit a large and ovoid shape, while during mat-
uration they become smaller and denser. Finally, they
display envelope convolution, increased packing density
and increased heterochromatinization [19,20].

Syncytial fusion by far exceeds the needs for growth
since the syncytiotrophoblast needs steady input for the
maintenance of its functional and structural integrity.
Consequently, the nuclei that are incorporated into the
syncytium are accumulated and packed into protrusions
of the apical membrane. These syncytial knots are then
extruded into the maternal circulation [21].

Trophoblast turnover [1,2,21-23]

Like every epithelium, the villous trophoblast displays a
continuous turnover comprising:
1 proliferation of cytotrophoblast stem cells,
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2 differentiation of post-proliferative daughter cells (2-
3 days),

3 syncytial fusion of these cells with the overlying syncy-
tiotrophoblast,

4 further differentiation and maturation within the syn-
cytiotrophoblast (3—4 weeks),

5 aging and late apoptosis at specific sites of the syncy-
tiotrophoblast, and finally

6 packing of old material into syncytial knots and extru-
sion of membrane-sealed corpuscles into the maternal
circulation.

Trophoblast release

Throughout gestation, syncytial knots are released into the
maternal circulation [21-27] and are mostly lodged in the
capillary bed of the lung. Hence, they can be found in
uterine vein blood but not in arterial blood of a pregnant
woman. It has been estimated that in late gestation up to
150,000 such corpuscles or 2-3 g of trophoblast material
enter the maternal circulation each day [1,21].

Current knowledge places the multinucleated syncy-
tial knots as products generated by apoptotic mechanisms
[23]. As such, they are surrounded by a tightly sealed
plasma membrane not releasing any content into the
maternal blood. Hence, induction of an inflammatory
response of the mother is not a normal feature of preg-
nancy. However, during placental pathologies with a
disturbed trophoblast turnover such as pre-eclampsia the
release of syncytiotrophoblast material is altered to a more
non-apoptotic release. This necrotic or aponecrotic release
of material could easily induce the endothelial damage
typical of pre-eclampsia [21-23,25-27].

Villous stroma [1,2]

The stromal villous core comprises the population of fixed
connective tissue cells including;:

1 mesenchymal cells and fibroblasts in different stages of
differentiation up to myofibroblasts [28,29],

2 placental macrophages (Hofbauer cells) and

3 placental vessels with smooth muscle cells and endothe-
lial cells.

Oxygen as regulator of villous development

There is an increasing recognition of the role oxidative
stress inside the placenta plays in the pathophysiology
of pregnancy disorders ranging from miscarriage to pre-
eclampsia [1,13,15-17,30-32]. During the first trimester,
villous trophoblast is well adapted to low oxygen; and
it appears that trophoblast is more susceptible to raised
oxygen rather than low oxygen [23,30,32]. Hence, during

the first trimester if the upper side of the placenta is oxy-
genated by the onset of maternal blood flow, villi display
increased evidence of oxidative stress, become avascular
and finally regress. These physiological changes at the abe-
mbryonic pole result in the formation of the chorion laeve
(Fig. 3.3).

If such early onset of maternal blood flow and con-
sequently early onset of oxygenation occurs inside the
whole placenta damage to the placenta itself will result.
The most severe cases are missed miscarriages, while less
severe cases may continue but may lead to pathologies
such as pre-eclampsia and intrauterine growth restriction
(IUGR) [13,17]. It becomes more and more clear that in pre-
eclampsia increased oxidative stress is evident; and recent
data point to hyperoxic changes or to the occurrence of
fluctuating oxygen concentrations [23,30].

Fetal membranes [1,2,33-35]

Fluid accumulation within the amnionic cavity, that is,
between embryo and chorionic sac leads to a complete
separation of embryo and surrounding extraembryonic
tissues, only leaving the developing umbilical cord as the
connection between placenta and embryo. The amnionic
mesenchyme comes into direct contact with the chori-
onic mesoderm lining the inner surface of the chorionic
sac. Both tissue layers do not fuse, and it remains that
amnion and chorion can easily slide against each other.
As described above, it is only at the implantation pole that
the definitive placenta develops. Due to regression of villi,
most of the surface of the chorionic sac (about 70%) devel-
ops in such a way that the early chorionic plate, together
with the amnion, remnants of villi and the early basal plate
fuse and form a multilayered compact structure termed
the chorion laeve or fetal membranes.

Layers of the chorion laeve

The layers of the chorion laeve from the fetal to the
maternal side are as follows (Fig. 3.5):

1 Amnionic epithelium. It is a single cuboideal epithelium
secreting and resorbing the amnionic fluid and involved
in removal of carbon dioxide and pH regulation.

2 Amnionic mesoderm. It is a thin layer of connective tissue
separated from the amnionic epithelium by a basement
membrane.

3 Chorionic mesoderm. This second layer of connective tis-
sue is separated from the amnionic mesoderm by slender,
fluid-filled clefts. It is continuous with the connective
tissue of the chorionic plate.

4 Extravillous trophoblast of the fetal membranes. This specific
type of extravillous tropohblast does not display invasive
properties and is separated from the chorionic mesoderm
by another basement membrane.
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Fig. 3.5 Layers of the fetal membranes. The amnionic
epithelium is a simple epithelium that secretes and resorbs the
amnionic fluid. The two layers of connective tissues (amnionic
and chorionic mesoderm) are separated by fluid-filled clefts.
The extravillous trophoblast of the fetal membranes displays a
non-invasive phenotype and is embedded in a self-secreted
matrix, termed matrix-type fibrinoid. Finally, on the maternal
side the fetal membranes are covered by capsular decidua of
maternal origin.

5 Capsular decidua. This layer of maternal cells is directly
attached to the extravillous trophoblast. At the end of
the implantation process, the decidua closes again over
the developing embryo, generating the capsular decidua.
During the early second trimester, the capsular decidua
fuses with the opposite wall of the uterus causing obliter-
ation of the uterine cavity.

Characteristics [1,2]

After separation from the uterine wall, the fetal mem-
branes have a mean thickness of about 200-300 um at
term. The presence of the decidua capsularis on the outer
surface of the fetal membranes after delivery indicates
that separation of the membranes takes place in between
maternal tissues rather than along the materno-fetal inter-
face. Due to the absence of vascular structures inside the
chorionic as well as amnionic mesoderm, all paraplacen-
tal exchanges between fetal membranes and fetus have to
pass the amnionic fluid.

Ultrasound [36-45]

Using ultrasound just a few days after the expected men-
strual period a gestational sac with a diameter of 2-3 mm
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can be detected within the uterine endometrium. Devel-
opmental changes in the structure and organization of the
placenta and membranes can be seen by ultrasound [40].
Minor anatomical variations, such as cysts and lakes, can
readily be distinguished from lesions that destroy func-
tioning villous tissue, such as infarcts and intervillous
thrombi. Small placentas typically have eccentric cords,
due to chorionic regression, and can have progressive
parenchymal lesions — these features are typical in early-
onset IUGR [41]. Placental location and cord insertion
are relevant to document. Pathological placental inva-
sion (placenta acreta or percreta) may be suspected by
ultrasound, and can be confirmed by magnetic resonance
imaging (MRI).

Doppler ultrasound

Pulsed and colour Doppler ultrasound are valuable tech-
niques for placental assessment. Umbilical cord flow can
be seen at 7-8 weeks, though end-diastolic flow (EDF) is
not established until 14 weeks. Early-onset IUGR pregnan-
cies may be characterized by absent EDF in the umbilical
arteries [41], associated with small malformed placen-
tas, and defective angiogenesis in the gas-exchanging
terminal placental villi [42]. A major role for Doppler ultra-
sound in placental assessment is to determine maternal
flow in the uterine arteries. This screening test is per-
formed either at the 18-20-week anatomical ultrasound
or at a separate 22-week visit [43]. Integration of placen-
tal ultrasound, uterine artery Doppler and first 4 second
trimester biochemistry screening tests (PAPP-A, hCG and
AFP) is an effective way of screening for serious placental
insufficiency syndromes before threatening fetal viability,
thereby directing care to a high-risk pregnancy unit [44].

Colour power Doppler

Colour power angiography (CPA) is an extended appli-
cation in Doppler ultrasound and velocimetry. CPA can
be used to map out the vasculature within the placenta
when combined with three-dimensional reconstruction
(Fig. 3.6). This technique is able to identify red blood cells
in small vessels with a diameter of more than 200 pum [45].
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Further reading

For further reading on

structural characteristics of the placenta, see [1] or [2];

the definition of fibrinoid, see [18];

trophoblast and its changes during pre-eclampsia, see [23];

a detailed descriptions on pathologies of the macroscopic
features of the placenta, see [1];

the classification of villi and the types of villi, see [1];

stereological parameters of the growing placenta, see [20];

syncytial fusion and the involvement of apoptosis, see [22]
and [23];

the impact of oxygen on placental development and
placental-related disorders of pregnancy, see [16];

the composition and characteristics of fetal membranes, see [35];

rupture of fetal membranes, see [34];

placental assessment by ultrasound, see [37];

placental Doppler, see [40,43,44];

developmental placental pathology, see [1,37].



Chapter 4: Normal fetal growth

Jason Gardosi

Developments in ultrasound imaging techniques and
analysis of large databases have improved our under-
standing of normal fetal growth and maturation. Its under-
standing is of immediate relevance for the assessment of
fetal well-being at any stage of pregnancy.

Length of pregnancy

In any large database, the distribution of the length of
pregnancy is skewed because babies are more likely to
be born preterm than post-term and at a wider range of
gestations into the early preterm period. Thus neither the
mean nor median, but the modal value is used to denote
the typical length of pregnancy.

Starting from the time of conception, this typical length
of gestation and the fetal age at the end of pregnancy
is 266 days or 38 weeks (= conceptual age). In most
(but by no means all) cases conception occurs in mid-
cycle and thus 2 weeks are added to denote menstrual
age. By convention, gestational age is also expressed in
this manner: the formulae used for dating pregnancies
by ultrasound, to determine the length of pregnancy at
any point and the expected date of delivery (EDD), also
add a standard 2 weeks to derive ‘gestational age’. The
typical length of pregnancy is 280 days or 40.0 weeks;
term is conventionally denoted as 37-42 weeks, preterm as
<37.0 weeks and post-term >42.0 weeks. However, these
cut-offs may be varied for the purpose of looking at spe-
cific issues. For example, prematurity <34 weeks denotes
babies that are more likely to require some form of spe-
cial care; and limits of >290 days or even >287 days (41.0
weeks) have been used to study the effects of post-term
pregnancy.

Determination of gestational age

Accurate dating of pregnancy is important for a number
of reasons, each of them constituting milestones which
are more important than the prediction of the actual EDD
itself:

1 Antenatal screening. Values for serum tests for chromo-
somal abnormalities (e.g. Down’s syndrome), PAPP-A,
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HCG or oestriol are strongly related to gestational age
and may give false readings if the ‘dates’ are wrong. This
can result in missing that a pregnancy is at risk, or in
providing false positives and in unnecessary, invasive
diagnostic procedures such as chorionic villous sampling
or amniocentesis.

2 Estimating fetal viability at extreme prematurity. Between
say 23 and 28 weeks, the chance of a baby’s survival is
heavily dependent on the gestational age [1] and inaccu-
rate dates may lead to wrong advice to the parents and
inappropriate management.

3 Post-term pregnancy. Prolonged gestation is associated
with a rise in perinatal morbidity and mortality. The rea-
sons for this are not well understood, but it has become
established practice to offer mothers induction of labour
in pregnancies that go beyond 290-294 days.

Before the advent of ultrasound, the menstrual age was
used to determine gestational dates and the EDD. How-
ever, dating by menstrual history has several problems [2].
First the last menstrual period (LMP) may not be accu-
rately remembered in a substantial proportion of cases.
Second, dating by LMP assumes that conception occurred
in mid-cycle, whereas it may have occurred earlier or
(more likely) later. If the usual length of a woman's cycle
tended to be longer, say 35 instead of 28 days, then an
adjustment needs to be made by adding 7 days to the
EDD. This is often not done, but even if it is, it rep-
resents an imprecise science as the actual length of the
follicular phase at the beginning of that pregnancy is
not known.

Dating by ultrasound has made the determination of
gestational age more precise. The ultrasound scan dat-
ing can be done on the basis of the fetal crown rump
length (CRL), which is reliable between 7 and 12 weeks,
or in the second trimester, between say 15 and 22 weeks,
by the bi-parietal diameter (BPD) or the head circumfer-
ence (HC). There are few studies which have compared
whether first or second trimester measurement is more
accurate in routine practice. Between 13 and 15 weeks, dat-
ing by ultrasound can be less accurate, as the fetus flexes,
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associated with ultrasound dates.

making CRL difficult, while it may be too early for accurate
measurements of the head (BPD or HC).

Ultrasound measurement can also have error, but this
error is smaller than that of the LMP. Based on stud-
ies from pregnancies achieved with assisted reproduction
techniques, that is, where the exact date of conception was
known, the error of routine scan dating by ultrasound
was normally distributed and had a standard deviation
of +4, which means a 95% confidence interval of —8 to
+8 days [3]. In contrast, LMP dating error is heavily
skewed towards overestimation of the true gestational age,
with a 95% confidence interval of —9 to +27 days [4].

One manifestation of such a tendency of overestima-
tion is that many pregnancies which are post-term by LMP
dates and considered in need for induction of labour are
in fact not post-term if ultrasound dates are used. About
three-quarters of “post-term” (>294 days) pregnancies by
LMP are not post-term by ultrasound (11.3 to 3.6%) [5].
This would suggest that many ‘post-term’ pregnancies in
clinical practice as well as in studies in the literature prior
to routine dating by ultrasound were in fact not post-term
but mis-dated (Fig. 4.1).

As an ultrasound scan is performed in most pregnan-
cies in the UK at some stage in the first half of pregnancy,
it is now recommended that gestation dates should pref-
erentially be determined by ultrasound [2]. In many units,
practices and protocols have sprung up whereby the LMP
is used unless it has a discrepancy of greater than 7, 10 or
14 days from the dates by ultrasound. However, this is not
based on any evidence; in fact, even within 14, 10 or even
7-day cut-offs, scan dates are known to be more accurate
than LMP dates in predicting the actual date of delivery [5].

196 203 210 217 224 231 238 245 252 259 266 273 280 287 294 301

Gestation (days)

Small for gestational age and intrauterine
growth restriction

The traditional method of denoting a small baby as being
below 2500 g, or 1500 g, does not distinguish between
smallness due to short gestation and smallness due to
intrauterine growth restriction (IUGR).

The terms small for gestational age (SGA), average for
gestational age (AGA) and large for gestational age (LGA)
are therefore preferred, which adjust the limit for the aver-
age at the respective gestational age. Traditionally, the 10th
and 90th centiles respectively are used, although the 5th
and 95th, or the 3rd and 97th (equivalent to £+2 standard
deviations) can also be applied. However, SGA is not syn-
onymous with IUGR as it includes pathological as well as
constitutional smallness.

Increasingly, it has become apparent that birthweight
and fetal growth vary with a number of factors, apart
from gestational age. These factors can be physiological
(constitutional) or pathological.

Physiological factors include birth order (parity), mater-
nal characteristics such as height, weight and ethnic origin
and fetal gender [6]. Coefficients have been derived to
allow for the normal birthweight ranges to be adjusted,
from which then growth curves can be drawn (see
below) [7].

Pathological factors affecting growth include smoking,
alcohol, social class and deprivation, multiple pregnancy,
and pregnancy complications such as placental failure and
related underlying conditions associated with hyperten-
sive diseases in pregnancy, antepartum haemorrhage and
diabetes (see Chapter 27). However, such variables should
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not be adjusted for, as the standard should reflect the opti-
mal growth potential of the fetus. For example, it is well
established that maternal smoking adversely affects fetal
growth; however, the standard or norm should not be
adjusted downwards if a mother smokes, but it should
be ‘optimized’ as if the mother did not smoke, to allow
better detection of the fetus that is affected.

In practice, well-dated birthweight databases with suffi-
cient details about maternal characteristics and pregnancy
outcome are used to derive the coefficients needed to
adjust for constitutional variation.

Fetal weight gain

In the first half of pregnancy, the fetus develops its organ
systems and grows mainly by cell division. In the second
half, most growth occurs by increase in cell size.

Determination of what is ‘normal’ is essential for the
identification of abnormal growth in day-to-day clinical
practice. Imaging techniques have allowed us to get a bet-
ter understanding of normal fetal growth. They include
two-dimensional and three-dimensional ultrasound as
well as assessment of Doppler flow (see Chapter 19).

Previously, normal growth’ was inferred from birth-
weight curves which showed wide ranges especially at
early (preterm) gestations and flattening of the curve
at term. A marked terminal flattening of birthweight
curves is evident in some birthweight standards still in
widespread use [8]. However, this is an artefact due to
misdating, because LMP error is more likely to over- rather
than underestimate true gestational age (Fig. 4.1). Many
birthweights end up being plotted at later gestations than
they should be, producing the erroneous impression of a
flattening of fetal growth at term.

Fig. 4.2 Ultrasound versus birth weight
standard at 32 weeks gestation. The line
shows ultrasound weight estimations
derived from pregnancies which have
proceeded to normal term delivery. The
curve is characterized by a relatively
narrow, normal distribution. The
histogram shows birth weights of
babies born at this same, preterm
gestation in dataset of approximately
40,000 cases in the Midlands. The
distribution shows a lower median, a
wider range and negative skewness.

Birthweight curves also tend to show a depression or
negative skewness at preterm gestations. This is associated
with the known fact that many preterm births, includ-
ing those following spontaneous onset of labour, are of
babies whose growth was restricted in utero [9,10]. In con-
trast, ultrasound curves based on fetuses which continue
growth until normal term delivery show no such skewness
(Fig. 4.2).

In utero growth of the fetus is assessed by fetal biom-
etry, including measurements of the head, abdomen and
the femur. The results can be plotted on separate charts to
check whether the growth is within normal limits. Alterna-
tively, the measurements can be used to calculate and plot
estimated fetal weight (EFW), which is now considered
to be a more appropriate method to monitor fetal growth
during pregnancy [11].

In fact, longitudinal ultrasound studies have shown that
variation and the normal range of fetal weight is con-
stant throughout pregnancy, at about 10-11%, and that
growth continues until birth without any slowing [7,12,13]
(Fig. 4.3).

The dynamics of growth in normal pregnancy can be
studied by converting the weight-for-gestation curve into
a ‘proportionality’ curve, where term weight in normal
pregnancies is equated to 100%. As Fig. 4.4 shows, half of
this weight should be expected to be reached at 31 weeks,
and a third and two thirds should be reached by 28 and
31 weeks, respectively.

Such proportionality curves can be used to project back-
wards the predicted, individually adjusted birthweight
endpoint. These constitutional variables can result in an
infinite number of combinations, which require calcula-
tion by computer software (such as GROW - Gestation
Related Optimal Weight software — www.gestation.net) to
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Fig. 4.4 ‘Proportionality’ fetal growth curve. The line represents
an equation derived from an in utero weight curve, transformed
into a % term weight versus gestation curve for any predicted
term (280 day) birthweight point.
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produce individually adjusted or ‘customized’ norms for
fetal growth in each pregnancy (Fig. 4.5).

Thus ‘normal’ growth is not an ‘average’ for the
population, but one that defines the optimal growth that

28

30 32 34

weeks

36 38 40 42

a fetus can achieve, that is, the ‘growth potential’ of
each baby.

A number of studies have shown that standards for
normal birthweight and growth adjusted for constitu-
tional variation are better than local population norms to
separate physiological and pathological smallness. Cus-
tomized standards improve detection of pathologically
small babies [14,15]. Smallness defined by customized
standards were also more strongly associated with adverse
pregnancy outcomes such as stillbirth, neonatal death
or low Apgar scores [16] and were more closely linked
with a number of pathological indicators such as abnor-
mal antenatal Doppler, caesarean section for fetal distress,
admission to the neonatal unit and prolonged hospital
stay [17].

Significantly, each of these studies showed that babies
that are considered small only by the (unadjusted) pop-
ulation method do not have an increased risk of adverse
pregnancy outcome. In the general population, up to a
third of babies are false positively small when general
rather than individually adjusted norms for fetal growth
are used, which can result in many unnecessary investi-
gations and parental anxiety. Conversely, about a third of
babies who should be suspected to be at risk are missed.
In population subgroups such as minority ethnic groups,
application of an unadjusted population standard results
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Fig. 4.5 Two examples of customized fetal growth curves, using GROW.exe version 5.11 (www.gestation.net). The charts can be used
to calculate previous baby weights and ultrasound estimated fetal weight(s) in the current pregnancy. Serial fundal height
measurements can also be plotted. The graphs are adjusted to predict the optimal curve for each pregnancy, based on the variables
entered (maternal height and weight, parity and ethnic group). In the example, a baby born at 37.0 weeks weighing 2500 g was
within normal limits for Mrs Small (51st centile) but FGR for Mrs Large (5th centile) as the latter’s predicted optimal growth curve is
steeper. The pregnancy details entered are shown on the top left, together with the (computer-) calculated body mass index (BMI).
The horizontal axis shows the day and month of each gestation week, calculated by the software on the basis of the EDD.



in even more false positives and false negatives. The
individual or customized method to determine normal
fetal growth is recommended by guidelines of the Royal
College of Obstetricians and Gynaecologists [18].

In summary, thanks to imaging techniques such as ultra-
sound, normal fetal maturation and growth can be better
defined. Fetal growth is subject to constitutional variation
which needs to be adjusted for. Such adjustment results
in better definition of normal growth, and improved
identification of the fetus whose growth is pathologically
affected.
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Chapter 5: Pre-conception counselling

Andrew McCarthy

Prepregnancy care

Traditionally obstetric care has been focused on ensuring
a ‘healthy” baby was delivered alive, free of the effects of
hypoxic ischaemic damage and of perinatal infection. It is
an intimidating prospect to consider that in the next few
decades, obstetric care may have to assume greater respon-
sibilities that can shape the lifelong risk of acquired disease
for the individual neonate rather than simply immediate
neonatal morbidity. It is in this context that prepregnancy
care currently takes place.

Specific pre-conception counselling arises in a number
of different environments. For doctors in primary care
it will be dominated by the low-risk woman for whom
advice on diet and access to care will be most important.
The quality of this advice may have the potential to sig-
nificantly affect public health. In a hospital setting, it will
mostly involve women with specific complications seek-
ing advice on the potential for successful pregnancy and
implications for background medical conditions.

Age

Questions often arise as to the advisability of pregnancy
at certain ages. Advanced maternal age is associated with
increased risks of pre-eclampsia, gestational diabetes, inci-
dental medical problems, aneuploidy and miscarriage.
While this may sound overwhelming, and translates into
increased maternal mortality [1], the vast majority of
mothers in their forties will deliver satisfactorily and
should not be deterred from conceiving unless there are
specific issues for concern. Often concern about ane-
uploidy and miscarriage has a greater influence than
maternal disease.

There are occasions when it is advisable to conceive
at a younger age than planned, that is, in the pres-
ence of mild renal failure a satisfactory outcome may
be anticipated, whereas a delay with consequent loss of
renal function may result in a very-high-risk pregnancy.
The natural history of background medical conditions
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must be considered when advising on optimal age for
conception.

Diet and weight

There is little that the well-motivated woman can do
to affect pregnancy outcome that is based on evidence,
but weight has a clear impact on pregnancy outcome,
that is, low body mass index (BMI) is associated with
intrauterine growth retardation, high BMI with increased
fetal weight, possibly greater risks of neural tube defects
[2], gestational diabetes, risk of dystocia and shoulder
dystocia, anaesthetic complications and other associated
morbidity [3,4].

Maternal obesity is increasingly common, with
increased calorie intake and increased fat intake. The
potential implications of this change on developmental
programming are huge, with subsequent increased risk of
ischaemic heart disease, hypertension and type II diabetes
in adult life [5,6]. There is also the potential for this to be
amplified between generations specifically with reference
to insulin resistance. The concept of functional deficit in
response to adverse intrauterine stimuli must be extended
to other stimuli such as medication or toxicology where
structural deficits have attracted most attention in the past.

Folic acid is important in relation to risk of neural tube
disorders. Some studies have suggested that a higher folic
acid intake is associated with a lower risk of neural tube
defect. This has been addressed in two ways. In the first
instance some countries have fortified foods to increase
folic acid content. These programmes have met with some
success [7]. The alternative strategy is to advise women
of childbearing age to take folic acid supplementation by
way of tablets [8]. This clearly has the disadvantage that
vulnerable women may never receive the message, com-
pliance may be poor and offers no protection to unplanned
pregnancies. There is also some evidence suggesting risk
of other structural anomalies, that is, cardiac or cran-
iofacial abnormalities, may also be reduced by folate
supplementation [9].
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Table 5.1 Issues that arise when counselling in a low-risk setting

Issue Aims

Diet Achieve normal BMI

Balanced diet
Vitamin supplementation
Lifestyle factors

Folic acid 400 mg daily (unless fortified food policy in place) 5 mg for high-risk mothers
Avoid excessive caffeine intake [11]

Reduce alcohol intake as much as possible

Stop smoking
Review past medical history

Identify potential problems

Achieve good control of chronic disease

Review medications
Review family history
Genetic disorders
Review obstetric history
Check smear history
Reduce risk of viral disease

Identify potential problems, e.g. thrombosis and diabetes

Specialist genetic counselling

Previous pre-eclampsia or other preterm delivery: offer specialist advice

Ensure abnormal cytology appropriately treated

Check rubella immunity (varicella, hepatitis B and HIV are normally checked antenatally)

Infants of diabetic mothers are at increased risks of con-
genital abnormality, though it is not clear that all such
abnormalities can be related to HbA1lc levels [9,10]. This
raises some doubt about the relationship to hypergly-
caemia, though small elevations in HbAlc still increase
risk of abnormality. It is known that infants of diabetic
mothers are at increased risk of neural tube defects. There
is concern that hyperglycaemia in non-diabetic women is
predicted by high BMI, and that this is associated with
increased risk of neural tube defects.

Excessive retinoic acid exposure in early pregnancy can
also disrupt development, that is, craniofacial and CNS
abnormalities have been described with isotretinoin which
isused to treat acne [9]. Increased vitamin A intake in early
pregnancy has been shown to increase risks of neural tube
and heart defects. It is clear that there is a relationship
between dietary intake and gene expression in the fetus
which influences early development.

Pre-conceptual counselling in the low-risk
setting

The issues that must be addressed in a pre-conceptual
review in a low-risk setting are outlined in Table 5.1.

Rubella immunity must be checked. Most women in
developed countries will be immune, and therefore par-
ticular care must be taken to screen immigrant groups.
HIV and hepatitis are not normally checked other than in
women undergoing fertility treatment or in immunocom-
promised groups, though a case can be made for such a
check prior to conception. Hepatitis C and varicella may
be checked selectively.

It is worth enquiring about the health of the male part-
ner. Smoking cessation programmes are more available
now and there has been concern about the smoking in male

partner and miscarriage risk [12]. Regardless of this risk,
it would be a clear advantage for the father to not smoke
and the incentive of a healthy environment for the child
may help smoking cessation. Occasionally fathers are on
medication which may have implications for fertility and
review of such medication may be worthwhile.

Counselling for women with medical
disorders

Women with serious medical disorders require specific
care and counselling prior to pregnancy. The aim is to
provide seamless care from chronic disease state to early
conception to delivery and back to long-term care. This
has not been achieved within many traditional patterns
of care. The aims of prepregnancy care in this context are
outlined in Table 5.2.

Itis important for women with certain medical problems
that consideration is given to first trimester complications.
Women with bleeding disorders will need admission plans
in the event of miscarriage or ectopic pregnancy and
clear plans for ultrasound assessment of pregnancy to try
and prevent emergency admission. Hyperemesis can have
more profound implications for women with diabetes
making control at a critical time difficult to achieve and
for women on maintenance medication such as steroids
or other immunosuppressive treatment. Thromboembolic
disorders can pose very specific risks in the first trimester
as vomiting and hyperemesis can predispose to increased
risks of thrombosis. Threshold for admission and assess-
ment needs to be adjusted accordingly.

Medications should be prescribed pre-conceptually that
are in general safe in the first trimester [13]. Some medi-
cations are important for long-term well-being and physi-
cians may be reluctant to stop them to await conception.
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Table 5.2 Issues that need to be considered when giving
pre-conceptual advice to women with background medical
conditions

Trimester Plan

First Clear contact arrangements with medical team

Medications consistent with safe use in pregnancy

Or clear plan to change treatment in first trimester

Clear plan in the event of first trimester
complications

Appropriate medication

High-quality anomaly scanning as appropriate

Availability of perinatal care for late second
trimester delivery, i.e. 25-28 weeks

Appropriate medical and surgical backup

Clear plan for disease flares or incidental
complications

Smooth transition to optimal treatment to meet
long-term healthcare needs

Second

Third
Puerperium

Conception may only be achieved after unpredictable peri-
ods of time and many will choose to leave women with
hypertension or renal compromise on angiotensin con-
verting enzyme (ACE) inhibitors, with a view to cessation
of treatment as early as possible in the first trimester [14].
The same arguments may apply to warfarin treatment in
women at high risk of thromboembolism. It is clear that
seamless care with medical clinics is necessary for such
treatment plans and well-informed patients.

The importance of good control in the diabetic mother
has been covered in Chapter 27. Prior to pregnancy
assessment of co-morbidities such as retinal disease, renal
function and blood pressure control all aid a smooth tran-
sition into pregnancy. The cause of renal compromise is
best addressed prior to pregnancy, and in the presence of
nephrotic syndrome a plan for thromboprophylaxis needs
to be instituted.

Phenylketonuria (PKU) is a specific genetic condition
where appropriate dietary treatment can influence disease
expression. This will have implications for an infant of
an affected mother. Mothers with rare conditions of this
nature tend to be well informed and to have ready access
to specialist advice.

Conditions in which pregnancy is
contraindicated

There are some medical conditions in which pregnancy is
contraindicated. There is a general reluctance to instruct
women not to get pregnant as ultimately it is their deci-
sion. In the presence of pulmonary hypertension with up
to a 50% risk of mortality it is reasonable to give explicit
advice against conception and advise on contraception

Table 5.3 Drugs known to be teratogenic [13]

Drug Vulnerable period Harm

Warfarin First trimester Warfarin embryopathy
(abnormal cartilage
and bone formation)
Second and third  Fetal cerebral haemorrhage
Warfarin microcephaly
ACE Inhibitors Probably all Fetal renal dysgenesis
trimesters
Uncertain
(evidence mainly
relates to first

trimester)

Statins [15] CNS and limb defects

Antiepileptic  First trimester Neural tube defects,
drugs [13,16] oral clefts, cardiac defects
Valproate [17] Probably second Developmental delay
and third
Tetracycline Second and third Staining of dentition
Retinoids First +? Multiple defects described

*This list is not exhaustive. Excellent reviews are available to guide
clinicians and there are now many websites that offer continuously
updated advice on risks of teratogenicity and the limitations of the
advice that may be offered. www.uspharmacist.com

accordingly. Some other cardiac conditions may carry sim-
ilar advice and contraception for this high-risk group may
warrant specialist input. Respiratory compromise may
mean that pregnancy is contraindicated. It will usually be
clear that severe compromise is present in such patients
as evidenced by their background medical condition such
as cystic fibrosis or their limited exercise tolerance. A spe-
cialist opinion should always be sought before informing
a patient that pregnancy is contraindicated. In the pres-
ence of certain cancers such as breast cancer, the focus will
be more on ensuring a specific disease-free interval prior
to conception. In the presence of renal compromise, the
advice may be that pregnancy is better attempted sooner
rather than later, that is, that conception occurs in mild
to moderate renal failure rather than severe renal fail-
ure with advancing maternal age. Previous breakthrough
thromboses in high-risk women may mean that pregnancy
should not be considered. Clinical scenarios as described
above are excellent opportunities to review contracep-
tive needs and to ensure that reliable methods, which are
appropriate to the medical conditions involved, are being
used.

Known teratogens

Most drugs are safe to use in pregnancy. When offer-
ing pre-conceptual care, medications must be reviewed
to ensure that there are no inappropriate risks of terato-
genicity. In certain clinical situations some risk must be
taken, that is, with antiepileptic drugs (Table 5.3).



Table 5.4 Medications for which a washout period may be
required

Medication Clinicaluse ~ Concerns
Bisphosphanates ~ Osteoporosis Very long tissue
half-life
Very limited data
Methotrexate [18] Rheumatoid Known potential teratogen
arthritis But reassuring data

available for certain
treatment regimes
Maintain high dose of
folic acid
Rheumatoid Known teratogen

arthritis

Leflunemide

There have been major advances in drug therapy for
women with rheumatic disease. This may resultin patients
presenting to obstetricians on medication which the obste-
trician may not be familiar with. In such situations the
doctor must seek expert advice. Some of these medica-
tions require a substantial washout period to minimize
risk of teratogenicity. This can result in a recurrence of
morbidity from the underlying disease, such that most
patients would wish to be forewarned, and have a clear
plan for assisted conception in the absence of spontaneous
pregnancy (Table 5.4).

It is clear that there is a paucity of data in relation to
the potential for functional deficits following treatment
in pregnancy, that is, is there a renal deficit as a result
of stopping ACE inhibitors at 6-7 weeks gestation? Or
are there subtle immunological sequelae from the use of
immunosuppressive treatment regimes in rheumatologi-
cal disorders? Such putative functional deficits must be
weighed against the need for long-term cardiovascular
protection and protection against lupus flares. Nonethe-
less every effort must be made to gather long-term data
on the offspring of mothers treated during pregnancy
to gather this information. The duration of follow-up
required makes this a difficult task, but one which is likely
to become more important as healthcare improves, society
becomes richer, more drug treatment becomes available
and side effects of treatment become less well tolerated.

Psychiatric disease

Psychiatric disease also warrants good quality prepreg-
nancy care and counselling. There are often concerns about
transmission of mental illness to children, and risks of
destabilizing mental illness. The estimate is that there is a
10-15% risk of schizophrenia or manic depressiveillnessin
offspring. Risks of instability and potential plans for with-
drawing medication must be discussed thoroughly with
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the professional most involved in long-term management
of such patients, that is, commonly the psychiatrist and
general practitioner.

Obstetric complications

Obstetric concerns may also lead to advice to avoid
pregnancy, that is, previous recurrent post-partum haem-
orrhage or multiple uterine scars with risk of placenta
accreta. Women with prior histories of early onset or
severe pre-eclampsia or preterm delivery may warrant
prepregnancy counselling. Recurrence risks and treat-
ment plans have been addressed in Chapters 13 and 18.
Women may come for counselling following a previous
traumatic delivery. Such visits are usually very valuable
in helping women come to terms with adverse events in
previous pregnancies, offering explanations for previous
management plans and making clear plans for subse-
quent pregnancies. It is not uncommon for women to
choose not to conceive following particularly traumatic
deliveries, as they perceive that they will necessarily be
exposed to the same stress with subsequent pregnancies.
The extent to which such situations arise has not been suf-
ficiently formally studied. One visit for counselling in such
circumstances can be very rewarding.

Organizational issues

The need for a smooth transition into pregnancy has been
emphasized above. It is also clear that a similar smooth
transition must take place after delivery. The puerperium
is a very-high-risk time for cardiac patients and is also
the time when considerable loss of renal function can
occur in women with renal disease. Bleeding disorders
can cause major morbidity in the puerperium and optimal
control of insulin regimes can help the breastfeeding dia-
betic mother. Prompt treatment of flares of immunological
problems can prevent major problems in the puerperium.
It is frequently the case that traditional obstetric care
becomes complacent once delivery has taken place. It is
vitally important that good communication between spe-
cialist and obstetric teams takes place after delivery and
that senior input continues for such patients. Plans for this
transition must be put in place when care is handed over
in early pregnancy.
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Chapter 6: Antenatal care

Timothy G. Overton

Introduction

The care of pregnant women presents a unique challenge
to modern medicine. Most women will progress through
pregnancy in an uncomplicated fashion and deliver a
healthy infant requiring little medical or midwifery inter-
vention. Unfortunately, a significant number will have
medical problems which will complicate their pregnancy
or develop such serious conditions that the lives of both
themselves and their unborn child will be threatened. In
1928, a pregnant woman faced a 1 in 290 chance of dying
from an obstetric complication related to the pregnancy;
the most recent Confidential Enquiry into Maternal and
Child Health put this figureat 1in 19,020 [1]. Undoubtedly,
good antenatal care has made a significant contribution
to this reduction. The current challenge of antenatal care
is to identify those women who will require specialist
support and help while allowing uncomplicated pregnan-
cies to progress with minimal interference. The antenatal
period also allows the opportunity for women, especially
those in their first pregnancy, to receive information froma
variety of health-care professionals regarding pregnancy,
childbirth and parenthood.

Aims of antenatal care

Antenatal education
PROVISION OF INFORMATION

Women and their husbands/partners have the right to be
involved in all decisions regarding their antenatal care.
They need to be able to make informed decisions con-
cerning where they will be seen, who will undertake their
care, which screening tests to have and where they plan
to give birth. Women must have access to evidence-based
information in a format that they can understand. Current
evidence suggests that insufficient written information is
available especially at the beginning of pregnancy and
that information provided can be misleading or inaccu-
rate. “The Pregnancy Book’ [2] provides information on
the developing fetus, antenatal care and classes, rights

and benefits as well as a list of useful organizations. Many
leaflets have been produced by the Midwives Information
and Resource Service (MIDIRS) helping women to make
informed objective decisions during pregnancy. Written
information is particularly important to help women
understand the purpose of screening tests and the options
that are available and to advise on lifestyle considerations
including dietary recommendations. Available informa-
tion needs to be provided at the first contact and must
take into account cultural and language barriers. Local
services should endeavour to provide information that
is understandable to those whose first language is not
English and to those with physical, cognitive and sensory
disabilities. Translators will be required in clinics with an
ethnic mix.

Couples should also be offered the opportunity to attend
antenatal classes. Ideally such classes should discuss phys-
iological and psychological changes during pregnancy,
fetal development, labour and childbirth and how to care
for the newborn baby. Evidence shows a greater acqui-
sition of knowledge in women who have attended such
classes compared with those that have not.

LIFESTYLE CONCERNS

Atan early stage in the pregnancy women require lifestyle
advice, including information on diet and food, work dur-
ing pregnancy and social aspects, for example, smoking,
alcohol, exercise and sexual activity.

Women should be advised of the benefits of eating a bal-
anced diet such as plenty of fruit and vegetables, starchy
foods such as pasta, bread, rice and potatoes, protein, fibre
and dairy foods. They should be informed of foods that
could put their fetus at risk. Listeriosis is caused by the
bacterium Listeria monocytogenes which can present with
a mild, flu-like illness but is associated with miscarriage,
stillbirth and severe illness in the newborn. Contaminated
food is the usual source including unpasteurized milk,
ripened soft cheeses and pate. Toxoplasmosis contracted
through contact with infected cat litter, or undercooked

39



40  Chapter 6

meat can lead to permanent neurological and visual prob-
lems in the newborn if the mother contracts the infection
during pregnancy. (Salmonella food poisoning has not
been shown to have adverse fetal effects.) To reduce
the risk, pregnant women should be advised to thor-
oughly wash all fruits and vegetables before eating and
to cook well all meats including ready-prepared chilled
meats. Written information from the Food Standards
Agency — ‘Eating While you are Pregnant’ can also be
helpful. Women who have not had a baby with spina
bifida, should be advised to take folic acid, 400 mg/day,
from pre-conception until 12 weeks of gestation to reduce
the chance of fetal neural tube defects (NTDs). A recent
study has failed to show the efficacy of this strategy in
analysing population incidence of NTD. This is suggested
to relate to inadequate pre-conceptual taking of folate
and/or poor compliance. Suggestions of adding folate
to certain foods, for example, flour to ensure popula-
tion compliance remain debatable. Current evidence does
not support routine iron supplementation for all pregnant
women and can be associated with some unpleasant side
effects such as constipation. However, any woman who
shows evidence of iron deficiency must be encouraged to
take iron therapy prior to the onset of labour or any excess
blood loss at delivery will increase maternal morbidity.
The intake of vitamin A (liver and liver products) should
be limited in pregnancy to approximately 700 mg/day
because of fetal teratogenicity.

Because alcohol passes freely across the placenta,
women should be advised not to drink excessively dur-
ing pregnancy. Current evidence suggests that there is no
harm in drinking 1-2 units of alcohol per week. Binge
drinking and continuous heavy drinking causes the fetal
alcohol syndrome, characterized by low birthweight, a
specific facies, and intellectual and behavioural difficulties
later in life.

Approximately 27% of women are smokers at the time
of birth of their baby. Smoking is significantly associated
with a number of adverse outcomes in pregnancy includ-
ing an increased risk of perinatal mortality, placental
abruption, preterm delivery, preterm premature rupture
of the membranes, placenta praevia, low birthweight,
etc. While there is evidence to suggest that smoking
may decrease the incidence of pre-eclampsia this must
be balanced against the far greater number of negative
associations. Although there is mixed evidence for the
effectiveness of smoking cessation programmes, women
should be encouraged to partake. Pregnant women who
are unable to stop smoking should be informed of the ben-
efits of reducing the number of cigarettes they smoke. A
50% reduction can significantly reduce the fetal nicotine
concentration and is associated with an increase in the
birthweight.

Women who use recreational drugs must be advised
to stop or be directed to rehabilitation programmes. Evi-
dence shows adverse effects on the fetus and its subse-
quent development.

Continuing moderate exercise in pregnancy or regular
sexual intercourse does not appear to be associated with
any adverse outcomes. Certain physical activity should
be avoided such as contact sports which may cause unex-
pected abdominal trauma. Scuba diving should also be
avoided because of the risk of fetal decompression disease
and an increased risk of birth defects.

Physically demanding work, particularly those jobs
with prolonged periods of standing may be associated
with poorer outcomes such as preterm birth, hypertension
and pre-eclampsia and small-for-gestational-age babies
but the evidence is weak and employment per se has not
been associated with increased risks in pregnancy. Women
require information regarding their employment rights in
pregnancy and health-care professionals need to be aware
of the current legislation.

Help for the socially disadvantaged and single mothers
must be organized and ideally a one-to-one midwife allo-
cated to support these women. The midwife should be able
to liaise with other social services to ensure the best envi-
ronment for the mother and her newborn child. Similar
individual help is needed for pregnant teenagers and mid-
wife programmes need to provide appropriate support for
these vulnerable mothers.

Common symptoms in pregnancy

It is common for pregnant women to experience unpleas-
ant symptoms in pregnancy caused by the normal physi-
ological changes. However, these symptoms can be quite
debilitating and lead to anxiety. It is important that health-
care professionals are aware of such symptoms, can advise
appropriate treatment and know when to initiate further
investigations.

Extreme tiredness is one of the first symptoms of
pregnancy and affects almost all women. It lasts for
approximately 12-14 weeks then resolves in the majority.

Nausea and vomiting in pregnancy is one of the com-
monest early symptoms. While it is thought that this
may be caused by rising levels of human chorionic
gonalotropin (hCG) the evidence for this is conflicting.
Hyperemesis gavidarum, where fluid and electrolyte
imbalance and nutritional deficiency occur, is far less
common complicating approximately 3.5/1000 deliver-
ies. Nausea and vomiting in pregnancy varies in severity
but usually presents within 8 weeks of the last menstrual
period. Cessation of symptoms is reported by most by
about 16 weeks. Various non-medical treatments have
been advocated including ginger, vitamins B6 and B12,



and P6 acupressure. There is evidence for the effectiveness
of each of these but concerns about the safety of vitamin
B6 (pyridoxine) remains and there is limited data on the
safety of vitamin B12 (cyanocobalamin).

Constipation complicates approximately one-third of
pregnancies usually decreasing in severity with advanc-
ing gestation. It is thought to be related in part to poor
dietary fibre intake and reduction in gut motility caused
by rising levels of progesterone. Diet modification with
bran and wheat fibre supplementation helps, as well as
increasing daily fluid intake.

Heartburnis also a common symptom in pregnancy, but
unlike constipation, occurs more frequently as the preg-
nancy progresses. It is estimated to complicate one-fifth of
pregnancies in the first trimester rising to three quarters
by the third trimester. It is due to the increasing pressure
caused by the enlarging uterus combined with the hor-
monal changes that lead to gastro-oesophageal reflux. It is
important to distinguish this symptom from the epigastric
pain associated with pre-eclampsia which will usually be
associated with hypertension and proteinuria. Symptoms
can be improved by simple lifestyle modifications such
as maintaining an upright posture especially after meals,
lying propped up in bed, eating small frequent meals and
avoiding fatty foods. Antacids (especially Gaviscon®), H,
receptor antagonists and proton-pump inhibitors are all
effective, although it is recommended that the latter be
used only when other treatments have failed because of
its unproven safety in pregnancy.

Haemorrhoids are experienced by 1 in 10 women in
the last trimester of pregnancy. There is little evidence
for either the beneficial effects of topical creams in preg-
nancy or indeed their safety. Diet modification may help
and in extreme circumstances surgical treatment consid-
ered although this is unusual since the haemorrhoids often
resolve after delivery.

Varicose veins occur frequently in pregnancy. They do
not cause harm and while compression stockings may help
symptoms they unfortunately do not prevent varicose
veins from appearing.

The nature of physiological vaginal discharge changes
in pregnancy. If, however, it becomes itchy, malodorous
or is associated with pain on micturition, it may be due to
an underlying infection such as trichomoniasis, bacterial
vaginosis or candidiasis. Appropriate investigations and
treatment should be instigated.

Screening for maternal complications
ANAEMIA

Maternal iron requirements increase in pregnancy because
of the demands of the developing fetus, the formation of
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the placenta and the increase in the maternal red cell mass.
With an increase in the maternal plasma volume of up
to 50% there is a physiological drop in the haemoglobin
(Hb) concentration during pregnancy. It is generally rec-
ommended that an Hb level below 11 g/dlup to 12 weeks’
gestation or less than 10.5 g/dl at 28 weeks signifies
anaemia and warrants further investigation. A low Hb
(8.5-10.5 g/dl) may be associated with preterm labour and
low birthweight. Routine screening should be performed
at the booking visit and at 28 weeks gestation. While there
are many causes of anaemia including thalassaemia and
sickle cell disease, iron deficiency remains the commonest.
Serum ferritin is the best way of assessing maternal iron
stores and if found to be low iron supplementation should
be considered. Routine iron supplementation in women
with a normal Hb in pregnancy has not been shown to
improve maternal or fetal outcome and is currently not
recommended.

BLOOD GROUPS

Identifying the maternal blood group and screening for
the presence of atypical antibodies is important in the
prevention of haemolytic disease, particularly from rhe-
sus alloimmunization. Routine antibody screening should
take place at booking in all women and again at 28 weeks’
gestation in those who did not have antibodies at booking.
Detection of atypical antibodies should prompt referral
to a specialist fetal medicine unit. In the UK, 15% of
women are RhD negative and should be offered anti-D
prophylaxis after potentially sensitizing events (such as
amniocentesis or antepartum haemorrhage) and routinely
at 28 and 34 weeks’ gestation [3].

INFECTION

Maternal blood should be taken early in pregnancy and
with consent screened for hepatitis B, HIV, rubella and
syphilis. Identification of women who are hepatitis B car-
riers can lead to a 95% reduction in mother to infant
transmission following postnatal administration of vac-
cine and immunoglobulin to the baby. Women who are
HIV positive can be offered treatment with antiretroviral
drugs which, when combined with delivery by Caesarean
section and avoidance of breast feeding, can reduce the
maternal transmission rates from approximately 25 to 1%
[4]. Such women need to be managed by appropriate
specialist teams. Rubella screening aims to detect those
women who are susceptible to the virus allowing post-
natal vaccination to protect future pregnancies. All women
who are rubella non-immune must be counselled to avoid
contact with any infected person and if inadvertently she
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does, she must report the event to her midwife or doc-
tor. Serial antibody levels will determine whether infection
has occurred. Vaccination during pregnancy is contraindi-
cated because the vaccine may be teratogenic. Although
the incidence of infectious syphilis is low, there have
been a number of recent outbreaks in England and Wales.
Untreated syphilis is associated with congenital syphilis,
neonatal death, stillbirth and preterm delivery. Following
positive screening for syphilis, testing of a second speci-
men is required for confirmation. Interpretation of results
can be difficult and referral to specialist genitourinary
medicine clinics is recommended. Current evidence does
not support the routine screening for cytomegalovirus,
hepatitis C or toxoplasmosis.

Asymptomatic bacteriuria occurs in approximately 2—-
5% of pregnant women and when untreated is associ-
ated with pyelonephritis and preterm labour. Appropriate
treatment will reduce the risk of preterm birth. Screening
should be offered early in pregnancy by midstream urine
culture.

HYPERTENSIVE DISEASE

Chronic hypertension pre-dates pregnancy or appears in
the first 20 weeks whereas pregnancy-induced hyperten-
sion develops in the pregnancy, resolves after delivery and
is not associated with proteinuria. Pre-eclampsia defines
hypertension that is associated with proteinuria occurring
after 20 weeks and resolving after birth. Pre-eclampsia
occurs in 2-10% of pregnancies and is associated with
both maternal and neonatal morbidity and mortality [5].
Risk factors include nulliparity, age of 40 years and above,
family history of pre-eclampsia, history of pre-eclampsia
in a prior pregnancy, a body mass index greater than 35,
multiple pregnancy and pre-existing diabetes or hyper-
tension. Hypertension is often an early sign that pre-dates
the development of serious maternal and fetal disease and
should be assessed regularly in pregnancy. There is lit-
tle evidence as to how frequently blood pressure should
be checked and so it is important to identify risk fac-
tors for pre-eclampsia early in pregnancy. In the absence
of these, blood pressure and urine analysis for protein
should be measured at each routine antenatal visit and
mothers should be warned of the advanced symptoms of
pre-eclampsia (frontal headache, epigastric pain, vomiting
and visual disturbances).

GESTATIONAL DIABETES

Currently there is little agreement as to the definition of
gestational diabetes, whether we should routinely screen
for itand how to diagnose and manage it. Accordingly, the
National Institute for Clinical Excellence (NICE) recently

recommended that routine screening for gestational dia-
betes should not be offered [3].

PSYCHIATRIC ILLNESS

The importance of psychiatric conditions related to preg-
nancy was highlighted in the most recent Confidential
Enquiry into Maternal and Child Health [1]. At booking,
details of a significant history of psychiatric illness should
be established and at-risk women referred for specialist
psychiatric assessment during the pregnancy.

PLACENTA PRAEVIA

In approximately 1.5% of women the placenta will cover
the os on the 20-week scan but by delivery, only 0.14% will
have placenta praevia. Only those women whose placenta
covers the os in the second trimester should be offered a
scan at 36 weeks to check the position. If this is not clear
on transabdominal scan, a transvaginal scan should be
performed.

Screening for fetal complications
CONFIRMATION OF FETAL VIABILITY

All women should be offered a ‘dating’ scan. This is best
performed between 10 and 13 weeks’ gestation and the
crown-rump length measured when the fetus is in a neu-
tral position (i.e. not curled up or hyperextended). Current
evidence shows that the estimated day of delivery pre-
dicted by ultrasound at this gestation will reduce the need
for induction of labour at 41 weeks when compared with
the due date predicted by the last menstrual period. In
addition, a dating scan will improve the reliability of
serum screening for Down’s syndrome, diagnose multiple
pregnancy and allow accurate determination of chorion-
icity and diagnose up to 80% of major fetal abnormalities.
Women who present after 14 weeks’ gestation should be
offered a dating scan by ultrasound assessment of the
biparietal diameter or head circumference.

SCREENING FOR DOWN’S SYNDROME

Current recommendations from the National Screening
Committee and the National Institute for Clinical Excel-
lence advocate that Down'’s screening programmes should
detect 60% of affected cases for a 5% false positive rate.
By 2007 the detection rate should be 75% for a 3% false
positive rate. These performance measures should be age
standardized and based on a cut-off of 1/250 at term. There
are numerous screening strategies operational in the UK
at the present time using either first trimester ultrasound
markers (nuchal translucency) or maternal serum markers



(alpha-fetoprotein, oestriol, free-beta hCG, inhibin-A and
pregnancy associated plasma protein A) in either the first
or second trimester. Some programmes use a combina-
tion of both serum and ultrasound markers. To achieve
the 2007 targets, it is likely that combination screening
will be required. Because screening for Down’s syndrome
is a complex issue, health-care professionals must have
a clear understanding of the options available to their
patients. Unbiased, evidence-based information must be
given to the woman at the beginning of the pregnancy so
that she has time to consider whether to opt for screen-
ing and the opportunity to clarify any areas of confusion
before the deadline for the test passes. Following a ‘screen
positive’” result the woman needs careful counselling to
explain the test result does not mean the fetus has Down’s
syndrome and to explain the options for further testing by
either chorion villus sampling or amniocentesis. A positive
screen test does not mean further testing is mandatory.
Likewise, a woman with a ‘screen negative’ result must
understand the fetus may still have Down’s syndrome (see
‘Fetal medicine in clinical practice’).

SCREENING FOR STRUCTURAL ABNORMALITIES

The identification of fetal structural abnormalities allows
the opportunity for in utero therapy, planning for delivery,
for example, when the fetus has major congenital heart
disease, parental preparation and the option of termina-
tion of pregnancy should a severe problem be diagnosed.
Major structural anomalies are present in about 3% of
fetuses screened at 20 weeks’ gestation. Detection rates
vary depending on the system examined, skill of the
operator, time allowed for the scan and quality of the ultra-
sound equipment. Follow-up data is important to audit
the quality of the service. Women must appreciate the
limitations of such scans. Local detection rates of vari-
ous anomalies such as spina bifida, heart disease, facial
clefting and the like should be made available. Written
information should be given to women early in pregnancy
explaining the nature and purpose of such scans highlight-
ing conditions that are not detected such as cerebral palsy
and many genetic conditions. It is important to appreci-
ate that the fetal anomaly scan is a screening test which
women should opt for rather than have as a routine part of
antenatal care without appropriate counselling (see ‘Fetal
medicine in clinical practice’).

SCREENING FOR FETAL WELL-BEING

Each antenatal clinic attendance allows the opportunity
to screen for fetal well-being. Auscultation for the fetal
heart will confirm that the fetus is alive and can usu-
ally be detected from about 14 weeks of gestation. While
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hearing the fetal heart may be reassuring there is no evi-
dence of a clinical or predictive value. Likewise there is
no evidence to support the use of routine cardiotocog-
raphy in uncomplicated pregnancies. Physical examina-
tion of the abdomen by inspection and palpation will
identify approximately 30% of small-for-gestational-age
fetuses [6]. Measurement of the symphysio-fundal height
in centimetres starting at the uterine fundus and end-
ing on the fixed point of the symphysis pubis has a
sensitivity and specificity of approximately 27 and 88%,
respectively, although serial measurements may improve
accuracy. Customized growth charts make adjustments for
maternal height, weight, ethnicity and parity. Their use
increases the antenatal detection of small-for-gestational-
age fetuses and result in fewer unnecessary hospital
admissions. While the evidence for the benefits of plotting
serial symphysio-fundal height measurements is limited,
it is recommended that women are offered estimation of
fetal size at each antenatal visit and when there is concern,
referred for formal ultrasound assessment. Traditionally,
women have been advised to note the frequency of fetal
movements in the third trimester. Although the evidence
does not support formal counting of fetal movements to
reduce the incidence of late fetal death, women who notice
a reduction of fetal movements should contact their local
hospital for further advice.

Organization of antenatal care

Antenatal care has been traditionally provided by a com-
bination of general practitioners, community midwives
and hospital midwives and obstetricians. The balance has
depended on the perceived normality of the pregnancy at
booking. However, pregnancy and childbirth is to a certain
extent an unpredictable process. The frequency of antena-
tal visits and appropriate carer must be planned carefully
allowing the opportunity for early detection of problems
without becoming over-intrusive.

Who should provide the antenatal care?

A meta-analysis comparing pregnancy outcome in two
groups of low-risk women, one with community-led ante-
natal care (midwife and general practitioner) and the
other with hospital-led care did not show any differences
in terms of preterm birth, Caesarean section, anaemia,
antepartum haemorrhage, urinary tract infections and
perinatal mortality. The first group had a lower rate
of pregnancy-induced hypertension and pre-eclampsia
which could reflect a lower incidence or lower detection
[7]. Clear referral pathways need to be developed, how-
ever, that allow appropriate referral to specialists when
either fetal or maternal problems are detected.
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There is little evidence regarding women’s views on
who should provide antenatal care. Unfortunately, care
is usually provided by a number of different professionals
often in different settings. Studies evaluating the impact
of continuity of care do not generally separate the ante-
natal period from labour. The studies consistently show
that with fewer caregivers women are better informed and
prepared for labour, attend more antenatal classes, have
fewer antenatal admissions to hospital and have higher
satisfaction rates. Differences in clinical end-points such
as Caesarean section rates, post-partum haemorrhage,
admission to the neonatal unit and perinatal mortality
are generally insignificant [3]. While it would appear
advantageous for women to be seen by the same midwife
throughout pregnancy and childbirth there are practical
and economic considerations that need to be taken into
account. Nevertheless, where possible, care should be
provided by a small group of professionals.

Documentation of antenatal care

The antenatal record needs to document clearly the care
the woman has received from all those involved. It will
also serve as a legal document, a source of useful informa-
tion for the woman and a mechanism of communication
between different health-care professionals. There is now
good evidence that women should be allowed to carry
their own notes. Women feel more in control of their preg-
nancy and do not lose the notes any more often than the
hospital! In addition, useful information will be avail-
able to clinicians should the women require emergency
care while away from home. Many areas of the UK are
endeavouring to work towards a standard format for the
records. This would be of benefit to those women who
move between hospitals so that the caregivers would
automatically be familiar with the style of the notes. If we
are to move to an electronic patient record, there must be
general agreement in a minimum data set and a standard
antenatal record would be a step in this direction.

Frequency and timing of antenatal visits

There had been little change in how frequently women
are seen in pregnancy for the last 50 years. In 2003, the
National Institute for Clinical Excellence produced a clin-
ical guideline entitled ‘Antenatal care; routine care for
the healthy pregnant woman’ [3]. This document recog-
nized the large amount of information that needs to be
discussed at the beginning of pregnancy particularly with
regard to screening tests. The first appointment needs to
be early in pregnancy, certainly before 12 weeks if pos-
sible. This initial appointment should be regarded as an
opportunity for imparting general information about the

Table 6.1 Factors indicating the need for additional specialist
care in pregnancy

Conditions such as hypertension, cardiac or renal disease,
endocrine, psychiatric or haematological disorders, epilepsy,
diabetes, autoimmune disease, cancer or HIV

Factors that make the woman vulnerable such as those
who lack social support

Age 40 years and older or 18 years and younger

BMI greater than or equal to 35 or less than 18

Previous Caesarean section

Severe pre-eclampsia or eclampsia

Previous pre-eclampsia or eclampsia

Three or more miscarriages

Previous preterm birth or midtrimester loss

Previous psychiatric illness or puerperal psychosis

Previous neonatal or stillbirth

Previous baby with congenital anomaly

Previous small-for-gestational or large-for-gestation aged baby

Family history of genetic disorder

(By kind permission of the National Collaborating Centre for
Women’s and Children’s Health)

pregnancy such as diet, smoking, folic acid supplemen-
tation etc. A crucial aim is to identify those women who
will require additional care in the pregnancy (Table 6.1).
A urine test should be sent for bacteriological screen and
a booking for ultrasound arranged. Sufficient time should
be set aside for an impartial discussion of the screening
tests available including those for anaemia, red-cell anti-
bodies, syphilis, HIV hepatitis and rubella. Because of
the complexity of Down’s syndrome, this too should be
discussed in detail and supplemented with written infor-
mation. Ideally another follow-up appointment should be
arranged before the screening tests need to be performed
to allow further questions and arrange a time for the tests
following maternal consent.

The next appointment needs to be around 16 weeks
gestation to discuss the results of the screening tests. In
addition, information about antenatal classes should be
given and a plan of action made for the timing and fre-
quency of future antenatal visits including who should see
the woman. As with each antenatal visit, the blood pres-
sure should be measured and the urine tested for protein.
The 20-week anomaly scan should also be discussed and
arranged and women should understand its limitations.

At each visit the symphysio-fundal height is plotted,
the blood pressure measured and the urine tested for pro-
tein. At 28 weeks’ gestation, blood should be taken for
haemoglobin estimation and atypical red-cell antibodies.
Anti-D prophylaxis should be offered to women who are
rhesus negative. A follow-up appointment at 32 weeks will
allow the opportunity to discuss these results. A second
dose of anti-D should be offered at 34 weeks. At 36 weeks,
the position of the baby needs to be checked and if there



is uncertainty, an ultrasound scan arranged to exclude
breech presentation. If a breech is confirmed, external-
cephalic version should be considered. If placenta praevia
had been noted at 20 weeks a follow-up scan at 36 weeks is
needed. For women who have not given birth by 41 weeks,
both a membrane sweep and induction of labour should
be discussed and offered.
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Chapter 7: Normal labour

A.A. Calder

Of all the experiences of the human condition, birth surely
represents the most important. Human society places
great importance upon it: for social, not to mention legal,
reasons knowledge of our birth date is a lifelong require-
ment. Much more important than its timing is the need for
our birth to release us towards independent existence with
the fullest possible endowment for physical and intellec-
tual development. Despite its enormous importance it is
doubtful if any of us can recollect any of this experience.

In contrast, few, if any, women can forget their birth-
giving experiences; yet the imperative that the offspring
should complete the birth process unscathed applies
almost equally to the mother. The spectrum of maternal
experiences of childbirth extends from exhilarated, ful-
filled and enriched mothers, to those women who are
permanently crippled physically or emotionally and even,
still all too commonly, those who pay for the experience
with their lives. Safe motherhood is a wholly reason-
able expectation but one which still ranks too low in the
priorities of male-dominated political arenas.

Amidst the complexity and sophistication that is mod-
ern obstetrics it is important to remind ourselves of the
simple objective of every pregnancy, namely the delivery
of a healthy baby to a healthy mother. The fullest possi-
ble understanding of the birth process, its perturbations
and appropriate management policies is central to that
objective.

Physiology of the birth process

Traditional teaching of the mechanisms of labour has
focused on the three participants:

1 The powers.

2 The passages.

3 The passenger.

It would be difficult to improve on this approach but before
addressing these in detail it is first necessary to consider
the pregnancy phase. The labour phase represents a frac-
tion (perhaps only 1/1000th) of the total time between
conception and birth. For the preceding 999 parts it is
imperative that the mother is not in labour, thus ensuring
that the offspring grows and develops to the appropriate

46

extent before birth. The fetus then undergoes a complex
process of maturation. Hitherto dependent almost entirely
on the placenta via its umbilical lifeline for nutritional, res-
piratory and excretory functions, not to mention a host of
other regulatory processes, the fetus must be prepared for
its adaptation to extrauterine life by maturational changes
in several key organ systems, notably the lungs. These
processes probably occupy several weeks at the end of
pregnancy.

For successful reproduction the uterus must display
two fundamental qualities. It must first receive and nur-
ture the pregnancy, and it must then launch the finished
product into the world. In these two roles it must dis-
play diametrically opposite properties and to do so it
has two components, very different in both structure
and function — the corpus uteri and the cervix uteri. The
corpus is almost entirely composed of smooth muscle —
the myometrium. This must remain quiescent through
almost the entire course of pregnancy before performing
its contractile heroics during labour. In contrast, the cervix
contains little muscle, consisting largely of connective tis-
sue whose principal component is collagen. The collagen
in the cervical stroma must retain the cervix in a firmly
closed condition throughout pregnancy and then be capa-
ble of yielding during labour to allow passage of the fetus
to delivery. Just as fetal maturation is a gradual process,
so too is the ‘maturation” which concerns the corpus and
the cervix, and it seems clear that the complex endocrine
and other changes which ‘mature” both the fetus and the
uterus are, in normal conditions, intimately linked.

While labour proper is generally a process lasting a few
hours, its onset, far from being sudden, is the culmina-
tion of a gradual process which has been evolving over
several weeks. This development phase of preparation for
parturition has been suitably entitled prelabour [1].

Prelabour and labour: hormonal and
immunological mechanisms

The multitude of biological substances which interact in
the control of the human birth process seem to increase
almost daily. To catalogue more than 60 such factors might



Table 7.1 A far from comprehensive list of substances and
categories of substances which are known to participate in the

birth process

Actin

Adenylate cyclase

Adhesion molecules
(ICAM, VCAM, etc.)

Adrenaline

Bradykinin

Calcium

Calmodulin

Chemokines

Chondroitin sulphate

Collagen

Collagenases

Connexin 43

Corticotrophin (ACTH)

Corticotrophin-releasing factor

Cortisol

cAMP

cGMP

Cyclo-oxygenase-1

Cyclo-oxygenase-2

Cytokines

Dehydroepiandrosterone sulphate

Dermatan sulphate

Endothelins

Glycosaminoglycans

G proteins

Gravidin

Inositol trisphosphate

IL-8

Leukotrienes

Lipocortin
Lipopolysaccharide
Lipoxygenase
Magnesium

Matrix metalloproteinases
Monocyte chemotactic protein-1
Myosin

Myosin light chain kinase
Neutrophil elastase
Nitric oxide
Noradrenaline
Oestrogens

Oxytocin

Oxytocinase
Phosphatases
Phosphodiesterase
Phospholipases
Platelet-activating factor
Potassium

Progesterone

Prostacyclin
Prostaglandin dehydrogenase
Prostaglandin E
Prostaglandin Fyy
Proteoglycans

Relaxin

Sodium

Substance P

Sulphatase

Surfactant

Vasopressin

Those shown in italic are discussed in detail in the text

seem extravagant, yet such a list can readily be made
(Table 7.1). A detailed description of the precise inter-
active roles of these factors is beyond the scope of this
chapter. Discussion is mainly restricted to the roles of those
shown in italic type in Table 7.1, since these are of special
importance, both to the natural process and to its clini-
cal manipulations. This description is inevitably a gross
oversimplification of a hugely complex process, but one
which may afford the clinician the appropriate insights
with which to manage the problems of labour and delivery.

KEY SUBSTANCES

Everyday clinical experience, not least from the effective
use of natural substances or drugs which interfere with
their function, suggests that the following may deserve
special prominence: progesterone, calcium, oxytocin and
prostaglandins (especially PGE; and PGF,,). Less obvi-
ously, to these may be added: connexin 43, cortisol,
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Fig. 7.1 Schematic diagram of uterine contractility quantitation
through the course of labour and delivery (from [2]).

cyclicadenosine monophosphate (AMP), prostacyclin, the
prostaglandin-degrading enzyme prostaglandin dehy-
drogenase, and various cytokines and chemokines,
notably interleukin 8 (IL-8, the neutrophil attractant and
activating peptide) and monocyte chemotactic peptide
(MCP-1).

TRANSITION FROM PREGNANCY TO LABOUR

The classical studies of Caldeyro-Barcia [2] demonstrate
the gradual ‘coming to the boil’ of myometrial contractility
during “prelabour” which occupies the last seventh or so
of pregnancy (Fig. 7.1). Although the parameter shown on
the vertical axis is Caldeyro’s Montevideo unit whereby
he quantifies uterine contractility as the product of the
frequency and amplitude of contractions, the same figure
pattern could be used, simply by altering the labelling, to
illustrate a host of other events. These include the con-
centrations of myometrial gap junctions, those elements
consisting of the protein connexin 43 which allow the
spread of action potentials between smooth muscle cells
by intercellular transmission of ions thereby allowing indi-
vidual myometrial fibres to change from a disorganized
rabble into a disciplined regiment marching to the same
drum beat in labour. Equally the factor in question might
be the myometrial sensitivity to oxytocin or the concen-
tration of various receptors in the myometrium. Nor does
the recipe for this broth contain only myometrial ingre-
dients. To these can be added fetal endocrine changes
(which may carry responsibility for initiating the process)
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as well as a contribution from the cervix. The numerical
expression of cervical ripening, the Bishop score, also fits
Caldeyro’s diagram during prelabour and labour almost
perfectly.

ACTIVATION OF THE MYOMETRIUM

The individual myometrial fibre contracts when the two
filaments actin and myosin combine by phosphorylation
by the enzyme myosin light chain kinase to form acti-
nomyosin. This reaction requires increased availability
of intracellular calcium, released from stores within the
cell (mainly in the sarcoplasmic reticulum) which may be
provoked by oxytocin or PGF, or both via the second
messenger inositol trisphosphate. Additionally, extracel-
lular calcium may be transported into myometrial cells via
calcium channels.

Conversely, contractility of the myometrial cell may be
inhibited by progesterone and by the intracellular avail-
ability of cAMP, a mechanism which the use of 8 mimetic
agents as tocolytics seeks to exploit.

RIPENING OF THE CERVIX

The substance most closely associated by clinicians with
cervical ripening is PGE; and this probably reflects a key
biological role for this compound. Softening of the cervix
entails not only degradation of stromal collagen, but also
changes in the proteoglycan complexes and water content
of the ground substance, which may be likened to glue or
cement binding individual collagen fibrils into the rigid
bundles which confer on the tissue its tensile strength. The
process of cervical ripening remains improperly under-
stood, but recent studies of a number of inflammatory
mediators, notably IL-8 and MCP-1 have focused attention
on neutrophils and monocytes recruited from the circula-
tion as likely factors in the process. Neutrophils are a rich
source of collagenases and neutrophil elastase as well as
matrix metalloproteinase enzymes which play a crucial
role in the breakdown of cervical collagen. One attractive
hypothesis [3] implicates PGE; as mainly responsible for
vasodilatation of cervical capillaries and increasing their
permeability to circulating neutrophils which are captured
by surface adhesion molecules and drawn into the cervical
stroma under the chemoattractant influence of IL-8. This
chemokineis also responsible for stimulating their degran-
ulation within the tissues to release these collagenolytic
enzymes. Monocytes are also recruited into the cervix by
MCP-1 and might potentially play a unifying role as a
source of both PGE; and IL-8. Both IL-8 and MCP-1 may
prove in time to be effective agents in the pharmacological
orchestration of cervical ripening.

INTEGRATION OF CONTROL PATHWAYS

Studies in humans, subhuman primates, domestic species
(notably sheep), rodents, and especially guinea pigs have
allowed concepts to be elaborated to explain the biolog-
ical control of human parturition. As emphasized above,
the transition from pregnancy maintenance to birth devel-
ops gradually during a month or more of ‘prelabour’.
From early naive concepts which credited the mother
as responsible for initiating labour by producing oxy-
tocin from her posterior pituitary, the hypothesis has
gradually been developed whereby the control is ini-
tiated and largely vested within the fetoplacental unit
(Fig. 7.2). The key component appears to be the fetal brain
whose influence is exerted on fetoplacental endocrinology
via the hypothalamopituitary-adrenoplacental axis. Acti-
vation of corticotrophin (adrenocorticotrophic hormone
or ACTH) stimulates adrenal production of (1) cortisol
which brings about maturation of the fetal lungs with
the generation of pulmonary surfactant; and (2) dehy-
droepiandrosterone sulphate. The latter, a key precursor
of placental oestradiol production, ordains a shift in the
oestrogen to progesterone ratio in favour of oestrogen
and provokes an endocrine dialogue between fetus, pla-
centa, membranes and uterus (Fig. 7.3). Cortisol promotes
maturation of the fetal lungs and this, together with
similar events in the fetal kidneys, may modify the con-
tent of the amniotic fluid and thereby activate the fetal
membranes (amnion and chorion), particularly in respect
of prostaglandin synthesis. By means of such biological
changes in the fetal components - fetus, placenta, amniotic
fluid and the membranes —a new dialogue is created with
the uterine (maternal) tissues which envelop them - the
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Fig. 7.2 The fetoplacental unit and the intrauterine and uterine
structures with which it interacts.
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Fig. 7.3 Scheme of the principal biochemical factors
participating in the control of human labour.

decidua, myometrium and cervix — producing a positive
cascade of interactions among prostaglandins, cytokines
and oxytocin.

PROSTAGLANDINS - ESSENTIAL REGULATORS OF
PARTURITION

Only one small group of compounds involved in labour,
the prostaglandins, appear to play an essential command
role. It is probably no exaggeration to state that without
prostaglandins labour is impossible, whereas when they
appear in abundance labour is irresistible. PGF,, appears
to be the principal prostaglandin generating contractil-
ity of the myometrium, while PGE; is more important
in the process of cervical ripening. The main sources of
these prostanoids within the uterus are, respectively, the
decidua and the amnion. Conveniently placed in inti-
mate contact between these structures lies the chorion,
a rich source of the prostaglandin-degrading enzyme
15-hydroxyprostaglandin dehydrogenase (PGDH). Acti-
vation of uterine prostaglandins in labour is vested in
the inducible isoform of cyclo-oxygenase, COX-2, and
it seems likely that the high capacity of the chorion to
metabolize prostaglandins represents a defence mecha-
nism against the early and inappropriate production of
prostaglandins before the scheduled time. The influences
which may bring about this precocious production of
prostaglandins include trauma, haemorrhage and (most
importantly) infection, now recognized as a major fac-
tor in initiating many premature deliveries. The chorion
may thus be regarded as a biological metabolic barrier
rather like blotting paper designed to mop up unwelcome
prostaglandins.

Normal labour 49

CERVICAL EFFACEMENT - THE KEY TO SUCCESSFUL
DELIVERY

As is emphasized below, effacement of the cervix is
an essential prerequisite to its dilatation and one which
depends on the softening and ripening of its connective
tissue. Attention has focused on the apparent obstacle pre-
sented by the chorion to PGE; derived from the amnion. It
must be conceded that the PGE; required in cervical ripen-
ing might be synthesized within the cervical stroma itself,
but an alternative and attractive hypothesis lies in the pos-
sibility that a selective loss of PGDH activity in that area of
chorion overlying the cervix might afford access of PGE;
from the amnion and amniotic fluid to the precise part
of the cervix where it is most required, namely the inter-
nal cervical os. Support for such a concept comes from
the clinical observation that loss of the fetal membranes
from that key site following either their spontaneous or
their artificial rupture adversely prejudices the prospects
of successful delivery. Recently we have provided evi-
dence that the area of fetal membranes overlying the cervix
changes from exhibiting the highest activity of PGDH dur-
ing pregnancy to the lowest during labour ([4]; Fig. 7.4).
Nature may thus have provided a mechanism whereby the
long firm cervix is progressively softened and shortened
from the top downwards during the process of ‘taking
up’ or effacement. Beginning just below the fibromuscu-
lar junction (Fig. 7.5) the softened tissue at the internal
0s is progressively transported outwards around the fetal
presenting part and the ‘fore-waters’ thereby bringing the
lower portions of the cervix into intimate contact with that
fetal membrane source of PGE,.

SUBSEQUENT COURSE OF CLINICAL LABOUR

Clinical labour, as opposed to prelabour, is considered to
begin with the onset of regular painful uterine contrac-
tions. The events of prelabour should have set everything
in place for a comparatively short birth process, but not
all labours will follow a straightforward course. In its sim-
plest terms, labour consists of the muscle of the uterine
corpus progressively stretching the cervix over the fetal
head by means of rhythmic contraction and retraction.
This process is usefully compared to pulling on a woollen
jumper with a tight polo neck, where the action of the arms
represent the contractions of the myometrium, while the
changes in the neck of the garment replicate effacement
and dilatation of the cervix. This analogy can be carried
further with the observation that just as the first attempt
at pulling on the garment is generally the most difficult,
so too is the first labour. Furthermore, appropriate flexion
of the head to present the cranial vertex to the neck of the
garment, or the womb, is just as important for the wearer
as it is for the fetus.
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Fig. 7.5 Shape change in the cervix with the approach of labour (FM] = fibromuscular junction).

Effacement is thus a vital forerunner to dilatation. The
uneffaced cervix cannot dilate although this is less abso-
lute in parous women than in nulliparous. Early stages of
dilatation appear before the parous cervix is fully effaced.

PARTOGRAPHY

The simplest partogram plots dilatation of the cervix in
centimetres against time in hours. This concept was intro-
duced by Friedman in New York in 1954. ‘The graphic
analysis of labour’ [5] was the first of a series of clas-
sical contributions whereby the science of partography
was established, to become the cornerstone of clinical
evaluation of progress in labour. Figure 7.6 shows the
Friedman curve of cervimetric progress in normal labour.
The sigmoid nature of Friedman’s curve is a source of
some interest. The gradual rise in the latent phase (0-3 cm
dilatation) is followed by the steep slope of the active phase
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Fig. 7.6 The classic ‘sigmoid’ curve of progress of cervical
dilatation during labour (after [5]).



(4-9 cm) and then a short less steep curve to full dilatation.
Although the intensity of uterine contractions may rise
during the course of labour, there is no evidence of any sig-
nificant surge coinciding with the change from the latent
to the active phase. Rather the slow rate of cervimetric
progress in latent labour has more to do with the evolu-
tion of effective uterine contractility and the completion of
cervical effacement. The steepening of the rate of progress
after 3 cm dilatation is also partly explained by improved
alignment of the traction force of the myometrium on the
cervix as thelatter begins to turn around the contours of the
advancing presenting part which also begins to ‘wedge’ its
way into the dilating os. By the same token the final decel-
eration phase reflects mechanical factors, the slowing rate
of the final centimetre of dilatation being explained on the
basis that the dilating head has farther to travel down the
birth canal to stretch the cervix to full dilation as the widest
part of the fetal head passes through; in addition, the cer-
vical tissue has to be moved further by the myometrium
to reach that configuration.

The duration of the phases of Friedman'’s original curve
is now viewed with some scepticism: a latent phase of
more than 10 h seems as excessive as an active phase of less
than 2 h seems unduly short. Later studies have modified
these initial estimates such that the latent phase might be
expected to last between 3 and 8 h and the active between
2 and 6 h depending on parity and other factors including
the distinction between spontaneous and induced labours.
Of special importance in respect of the latent phase, how-
ever, is the almost insurmountable difficulty of defining
when it starts. As has already been emphasized, labour
evolves as the culmination of weeks of prelabour and
the borderline between the two is impossible to define
precisely.

The second sentence of Friedman'’s first paper reads: ‘Of
the major observable events that occur during labour, i.e.
the force, frequency and duration of uterine contractility,
descent of the presenting fetal part, and cervical efface-
ment and dilatation, only the last named was selected for
detailed study because it seemed to parallel overall progress
best” [emphasis added]. While one might argue that this
parameter is in some circumstances not the best mirror
of progress (e.g. when cervical dilatation continues in a
labour obstructed by cephalopelvic disproportion) and
that ultimately the best measure is descent of the fetus
through the birth canal, cervimetry has become accepted
as the first measure of progress because it is simple to
comprehend, easy to measure, reproducible and subject
to little observer error. Later partograms have in some
aspects been simplified, while in others they have become
more sophisticated (Figs 7.7 and 7.8). The issue of rate of
cervimetric progress can be reduced to a target of 1 cm/h
(always recognizing that first labours may be expected to
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Fig. 7.7 The partogram with ‘alert’ and ‘action’ lines proposed
by Philpott and Castle [6,7].

take longer). Conversely, a useful additional component
to the partogram is a record of descent of the presenting
part, since that represents the ultimate measure of labour
progress.

The refinements of partography suggested by Philpott
and Castle [6,7] some 25 years ago not only added alert
lines and action lines to the graph with material advan-
tages for clinical management, they also displayed the
descent of the presenting part (see Fig. 7.7). The measure
of descent is usually made at the same time as that of
dilatation during a vaginal examination and is based on
recording the level of the presenting part relative to the
level of the ischial spines (the station). It should not be
forgotten, however, that in circumstances of caput forma-
tion and moulding of the fetal head such an observation
may exaggerate progress. The simple and often neglected
assessment of how much fetal head (usually expressed
as fifths) can be felt above the pelvic brim by abdominal
examination may in the final analysis represent a more
valid and reliable measure of progress.

PROGRESS IN LABOUR

The modern approach to labour, and the clinical impera-
tive of ensuring its adequacy, has been influenced by the
work of O'Driscoll and colleagues at the National Mater-
nity Hospital in Dublin. Much of this issue is addressed
in Chapter 22 of O’'Driscoll and Meagher [8] which in its
entirety represents one of the most significant milestones
in modern obstetrics.

Poor progress in labour can be attributed to faults in the
powers, the passages or the passenger (P). Faults in the
powers should be considered first. Uterine contractions
may be hypotonic or incoordinate. Clinical assessment of
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Fig. 7.8 The simple partogram favoured by
the National Maternity Hospital, Dublin.

this is subjective and unreliable; external tocography may
assist somewhat; internal tocography using an intrauter-
ine pressure sensor may be best but has never really
progressed beyond a research tool. In general, if poor uter-
ine action is suspected steps should be taken to improve it.
If the fetal membranes are still intact they should be rup-
tured, but ideally only if the cervix is fully effaced and at
least 3 cm dilated. Intravenous oxytocin is the cornerstone
of therapy and this issue is addressed in the next chapter.

There is evidence that primary dysfunctional labour may
be associated with deficient production of PGFy, [9] but
to date no studies have supported the clinical use of this
agent to correct such problems, perhaps because it causes
unpleasant side effects.

Faults in the passages may come from distortion in the
maternal bony pelvis by disease, damage or deformity.
There is little that can be done to overcome these, and
unless they present only marginal difficulty, delivery by



Caesarean section is usually required. The soft tissues of
the birth canal - cervix, vagina, perineum, and so on —
may, if rigid, obstruct progress.

The passenger may be uncooperative by being exces-
sively large, in the wrong position or presentation, or in
the wrong attitude, notably with a deflexed head.

If these problems prove insurmountable then Caesarean
section is necessary, but in most labours where progress is
slow it is appropriate to take steps to maximize the qual-
ity of uterine contractility, an expedient which may often
overcome minor problems of the passages or the passenger
or both.

MANAGEMENT AND SUPERVISION OF NORMAL
LABOUR

The first imperative in the conduct of labour is to deter-
mine whether labour has in fact started. The accurate
diagnosis of labour is essential because so much depends
on defining starting points. The diagnosis is often diffi-
cult, notably when preterm (see Chapter 21) and reliance
on observing contractions is not enough by itself. A pro-
gressive change in the cervix over a few hours will confirm
established labour, and so a vaginal examination at the
time of admission to the labour ward is important to
establish a baseline.

The partogram should be started “provisionally’ unless
the initial assessment indicates that labour is unlikely. The
mother’s vital signs should be recorded and this should
be repeated at intervals, pulse and blood pressure at least
every hour and temperature every 3 h. Abnormal record-
ings require that the frequency of these observations be
increased. The mother should be encouraged to empty
her bladder regularly and her urine should be tested on
each occasion for the presence of ketones, sugar, protein
and blood.

It is important to establish when painful regular con-
tractions began and what their frequency has been since.
A graphic record should thus be made of the apparent
strength, frequency and, if possible, the duration of the
contractions.

FETAL MEMBRANES

Particular attention should be paid to the condition of
the fetal membranes. If the history suggests that they
have ruptured before admission it is important to look
for confirmatory evidence of this especially during the
initial vaginal examination. Adequate clear liquor drain-
ing is generally a reassuring sign that the fetus is in good
condition to withstand the rigours of labour. In contrast
scanty or absent liquor when it is fairly certain that the
membranes have ruptured or have been ruptured should
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occasion concern and prompt steps to establish more
clearly the condition of the fetus, such as cardiotocography
and, if feasible, blood gas estimation.

It is important to note the presence of blood or meco-
nium in the liquor. The possibility that the blood may be
fetal in origin should always be considered and appro-
priate diagnostic steps taken. The presence of meconium
staining should lead to similar responses in clarifying the
fetal condition as should the apparent absence of liquor.

The timing of amniotomy is critical. Some mothers
resent the assumption that the membranes should always
be ruptured when it becomes feasible to do so, a practice
of which many obstetricians and midwives can be guilty.
Mothers who crave ‘natural childbirth’ may see this as
clinical interference and their wish to have the membranes
left intact should be respected unless there is a clear ben-
efit to be argued in favour of their rupture. Although
Theobald is remembered for his dictum ‘intact membranes
are the biggest single hindrance to progress in labour’,
if the labour is progressing well, and the mother and
offspring seem well, there is no compelling requirement
for amniotomy. Nevertheless there would seem to be
an optimum time for amniotomy during the course of
spontaneous labour. This lies at the point of transition
from latent to active labour when the contractions are
well in train and the cervix is fully effaced and dilated
3—4 cm. Earlier amniotomy may be counterproductive,
but if performed around this point then the subsequent
labour is likely to be more efficient. Furthermore, fetal
surveillance is enhanced by the opportunity to examine
the amniotic fluid directly for meconium or blood stain-
ing and by applying a fetal scalp electrode if desired. In
addition, although the quality and strength of contrac-
tions may be improved there is no persuasive evidence
that labour is any more painful. Indeed requirements
for analgesia are likely to be reduced partly because the
increased efficiency of labour is reflected in its shorter
duration.

PAIN RELIEF

We have come a long way in the century and a half since
James Young Simpson discovered the analgesic effects
of chloroform and applied them in the first significant
attempts to relieve the anguish of labouring women in
1847. A wide variety of analgesic options have been pro-
vided for labouring women; a detailed account of their
advantages and disadvantages will not be offered here.
The benefits of pain relief in labour, however, extend far
beyond mere humanitarian ones, and it should be clearly
recognized that appropriate pain relief may improve the
general course and success of labour. Obstetricians may
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still argue about whether epidural analgesia can on occa-
sion lead to increased need for other interventions such
as operative delivery, or may even adversely influence the
progress of labour, but there seems little doubt concerning
its overall benefits.

A THREE-POINT SCHEME FOR LABOUR SUPERVISION

Failure to reach the simple objective of intrapartum care —
ensuring the delivery of a healthy baby to a healthy ful-
filled mother — results in unhappiness, complaints and
litigation, and may even lead to death or damage of moth-
ers or babies. Opportunities for failure are numerous and
varied.

The proposals with which this chapter concludes are
designed to avoid these problems and are based on the
following concerns:

1 Problems when they arise often do so from the neglect
of simple basic principles.

2 Lines of communication, responsibility and authority
need to be clearly defined.

3 Meticulous record keeping is essential, including
the need for the author of the record to be easily
identified.

With this in mind, the three fundamental requirements
in labour are to ensure that: (1) the mother is well; (2) the
fetus is in good condition; and (3) the labour is progress-
ing. Itis imperative to identify who is the lead professional
in the care of each and every labour. This is likely to be a
qualified midwife in most normal labours, but might be
an obstetrician depending on the particular circumstances.
In tune with the broad philosophy which has evolved
in the latter half of the twentieth century that labour is
a journey whose duration and progress should be care-
fully observed and managed, the three issues listed above
should be addressed at regular intervals and recorded in
a disciplined fashion, perhaps every hour. Thus at these
intervals (and perhaps at longer intervals by a more senior
midwife or obstetrician if indicated) the lead carer should
formally pose the questions: (1) Is the mother well? (2) Is
the fetus in good condition? (3) Is the labour progressing?
The answer to each will be either ‘yes’, ‘no’ or ‘unclear’.
If the answer to all three is ‘yes’, no special investigation
is called for. If the answer to any is unclear, steps must be
taken to clarify it. Where the answer to a question is 'no’,
steps are required to rectify the problem.

Examples of problems for the mother include distress
from pain, ketosis, hypertension or bleeding. Possible
trouble for the fetus would most commonly be fetal heart
abnormalities, meconium staining or bleeding. Finally,
failure to progress in labour demands early recognition
and, where possible, correction.
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Fig. 7.9 Scheme for expanded partogram. For each of Mother
(M), Fetus (F) and Progress (P) the observer records Satisfactory
(s) or Unclear (u) or Poor (p) at each recording interval.
Whenever an entry is either u or p a number is entered against
PROBLEM/ACTION which relates to an entry in the expanded
text, e.g. (1) Progress in labour seems poor, head still 4/5
palpable contractions irregular. Registrar review requested.
Signed: A Smith, midwifery sister. (2) V.E. shows cervix 3 cm
dilated vertex at 0-3, some caput. Amniotomy performed,
moderate clear liquor. Signed: C Jones, obstetric registrar.

(3) Slight meconium staining of liquor. Continuous fetal
monitoring begun. Signed: P White, SHO in obstetrics.

The record of answers to these three recurring ques-
tions could readily be entered on the partogram. Most
hospital partograms contain a large section on which
to plot the blood pressure and pulse, most of which is
largely wasted space. A simple redesign of the partogram
to include a requirement to record the above scheme of
answers (Fig. 7.9) could constitute a significant advance in
intrapartum care.
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Chapter 8: Fetal monitoring during

labour

James A. Low

What is the problem?

The objective of fetal monitoring during labour is
the prediction and diagnosis of fetal asphyxia before
fetal/newborn morbidity with particular reference to
brain damage has occurred.

Fetal asphyxia is defined as ‘a condition of impaired
blood gas exchange leading, if it persists, to progressive
hypoxemia and hypercapnia’ [1]. The operative term in
this definition is “progressive’. Hypoxemia and hypercap-
nia as an event during labour may occur in a transient
fashion with physiological but no pathological signifi-
cance. Fetal asphyxia of pathological significance during
labour requires progressive hypoxemia with a significant
metabolic acidosis.

Thus the diagnosis of fetal asphyxia requires a blood gas
and acid-base assessment. In respect to intrapartum fetal
asphyxia, the threshold at delivery beyond which cerebral
dysfunction or brain damage may occur is an umbilical
artery base deficit greater than 12 mmol/1L

Relationship of fetal asphyxia to brain damage

During the last 50 years, asphyxia has been examined in
the research laboratory using a number of different animal
models. These studies have confirmed that fetal asphyxia
of a particular degree and duration may cause brain dam-
age. However, the striking feature of all these studies is
that in spite of a uniform single exposure to asphyxia
many fetuses have no brain damage, some will have
brain damage and a few fetal deaths will occur. The out-
come is influenced by the fetal response to asphyxia. Fetal
cardiovascular compensation with an increase of arterial
pressure, centralization of cardiac output and increased
cerebral blood flow will maintain cerebral oxygen con-
sumption in spite of the hypoxemia. However if the
asphyxia continues, a point will be reached when fetal car-
diovascular decompensation reverses this process leading
to cerebral hypoxia and, if sustained, brain damage. Vari-
ability of this fetal cardiovascular response is an important
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Fig. 8.1 The outcome, i.e. no brain damage/brain damage is a
result of the characteristics of the fetal asphyxia and the quality
of the fetal cardiovascular compensation.

factor in the differing outcome in these laboratory
studies.

Our understanding of the relationship between fetal
asphyxia and brain damage has been based on these stud-
ies in the research laboratory. It has become evident that
the relationship between fetal asphyxia and brain dam-
age is complex and may be influenced by a number of
factors including: maturity of the fetus; degree, duration
and nature of the asphyxia and the quality of the fetal
cardiovascular response (Fig. 8.1).

The clinical introduction of microelectrode blood gas
systems provided the opportunity to examine these mea-
sures in all pregnancies at delivery without risk to the
fetus and newborn. Umbilical vein and artery blood gas
and acid-base measures at delivery represent valuable ref-
erence points of asphyxia during labour. The umbilical
vein reflects the effectiveness of maternal fetal blood gas
exchange while the umbilical artery reflects the acid—base
status of the fetus. Reference data for these measures in
the umbilical vein and artery for 21,744 deliveries in our
centre are presented in Table 8.1.

Recognizing the importance of these measures, recent
studies have emphasized the need for quality data to pro-
vide the basis for interpretation [2]. Several procedural and
technical errors may occur during umbilical cord blood
sampling and subsequent blood gas analysis. Optimal



Table 8.1 Mean blood gas and acid-base
measures for 21,744 deliveries

Umbilical vein Umbilical artery

Mean SD Mean SD
pH 7.340 0.07 7.248 0.069
pcon 40.4 7.7 54.5 9.7
po2 27.2 6.1 15.1 5.1
BD 3.0 2.7 6.8 3.2

BD, base deficit.

interpretation requires a paired sample from both umbili-
cal veinand artery. A single sample from the umbilical vein
will define venous metabolic state but cannot rule out an
arterial metabolic acidosis. During sampling, two aliquots
may be drawn from the umbilical vein. Such a procedu-
ral error is implied when the vein-artery pH difference
is less than 0.02. The accuracy of the calculated measures
of metabolic acidosis is dependent upon the quality of the
pH and pco, estimations. The accuracy of the pco, estima-
tion should be questioned when the pco, value is outside
the physiological range or the pco; artery—vein difference
is a negative value or less than 4 mgHg. In these circum-
stances, the interpretation should be limited to pH alone.

An umbilical artery blood measure of metabolic acido-
sis is the best indicator of tissue oxygen debt experienced
by the fetus. Recent studies have suggested an increased
risk to the fetus begins when the umbilical artery base
deficit exceeds the mean [3]. In a study to determine the
threshold for significant morbidity, moderate and severe
newborn complications occurred only in the fetuses with
anumbilical artery base deficit >12 mmol/1. The incidence
of moderate and severe complications with an umbilical
artery base deficit 12-16 mmol/1 was 10% [4]. There is
a progression of frequency of such complications with
increasing metabolic acidosis with a 40% incidence of
moderate and severe complications when the umbilical
artery base deficit was >16 mmol/L

The objective of clinical studies since the introduction
of microelectrode blood gas systems has been to deter-
mine if the concepts emerging from the research laboratory
are relevant to the human fetus. The findings are con-
sistent with the contention that a fetus may experience
asphyxia without morbidity; however, the occurrence of
fetal asphyxia of a particular degree and duration may
cause cerebral dysfunction in the newborn [5,6] and in
some cases brain damage accounting for handicap in
surviving children [7,8].

Prevalence of intrapartum fetal asphyxia

The classification of fetal asphyxia in the research labora-
tory is based upon continuous measures of the degree and
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Table 8.2 Prevalence of intrapartum fetal asphyxia

Rate per 1000 live births

Fetal asphyxia Preterm Term

Prevalence 73 25
Mild 38 21
Moderate/severe 35 4

duration of the asphyxia and the quality of the fetal car-
diovascular response. Since most measures obtained in the
laboratory are not available in the clinical setting, the clin-
ical classification of asphyxia as mild, moderate or severe
is based on the presence of metabolic acidosis to con-
firm the occurrence of asphyxia with measures of neonatal
encephalopathy and other organ system complications to
express the severity of the asphyxia [9].

Clinical studies in recent years have provided insight
into the prevalence of mild, moderate and severe fetal
asphyxia during the intrapartum period. The prevalence
and severity of fetal asphyxia at delivery in preterm and
term pregnancies at delivery is outlined in Table 8.2.

Thereis no evidence of an association between mild fetal
asphyxia and major deficits while long-term follow-up
has demonstrated no association with minor disabilities
later in childhood [10]. These findings suggest that mild
fetal asphyxia represents a window of opportunity in clin-
ical management when a diagnosis of fetal asphyxia can
be confirmed and if necessary intervention initiated to
prevent cerebral dysfunction and deficits in these children.

Although the prevalence of intrapartum fetal asphyxia
as determined at delivery has been established the dura-
tion and nature of the asphyxia in most cases is not known.
Since the duration and nature of the asphyxia cannot be
determined it is not known when the asphyxia identified
at delivery began before the onset of labour and how often
the asphyxia identified at delivery represents the last in a
series of asphyxial exposures that may have begun before
the onset of labour.

Prediction and diagnosis of fetal asphyxia

The diagnosis of fetal asphyxia requires a blood gas and
acid-base assessment. A reliable method to provide a con-
tinuous recording of fetal acid—base status in the clinical
setting is not yet available. At the present time a diag-
nosis can be confirmed by means of periodic fetal blood
sampling during labour or at delivery for a blood gas and
acid-base assessment. Thus, the requirements are criteria
to identify the fetus at risk for fetal asphyxia to justify the
intervention for fetal blood sampling particularly during
labour for a fetal blood gas and acid-base assessment.
The clinical paradigm that has been widely used to iden-
tify the fetus at risk of asphyxia combines clinical risk
scoring with fetal heart rate surveillance. This has not
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resolved the problem due to shortfalls of each element of
the paradigm that have become evident with increasing
clinical experience.

CLINICAL RISK SCORING

The limitations of clinical risk scoring have been demon-
strated in several studies. In our experience, 23-40% of
fetal asphyxia occurred in pregnancies with no clinical risk
factors [11,12]. The term ‘low risk’ based on clinical mark-
ers cannot be applied in regard to fetal asphyxia during
labour.

In those cases in which clinical risk factors were present,
a wide range of clinical complications determined risk
with no single risk factor demonstrating a strong asso-
ciation with intrapartum fetal asphyxia. The positive
predictive value for both antepartum and intrapartum risk
factors for intrapartum fetal asphyxia was 3%. Thus clin-
ical risk scoring has a major problem with false positive
prediction of intrapartum fetal asphyxia.

Electronic fetal heart rate monitoring

The publication by Edward Hon in 1958 [13] reflects the
beginning of the expectation that electronic fetal heart rate
monitoring (EFM) would be useful in the prediction of
intrapartum fetal asphyxia.

Observations during the 1960s and 1970s supported the
contention that EFM could be a useful screening test for
the prediction of intrapartum fetal asphyxia. Our clini-
cal experience paralleled that of other investigators in this
field with anecdotal examples of an association between
abnormal fetal heart rate patterns and fetal asphyxia with
a range of outcomes. Laboratory studies demonstrated
a relationship between fetal heart rate behaviour and
fetal hypoxemia and metabolic acidosis. Late decelera-
tions have been shown to occur when fetal oxygen tension
decreases below a critical level. The interval between the
onset of the contraction and the onset of the deceleration
reflects the time necessary for fetal oxygen tension to fall
below this threshold [14,15]. Late decelerations due to
fetal hypoxemia in a previously normoxic fetus are due
to chemoreceptor initiated reflex bradycardia which can be
blocked by atropine, while in previously hypoxic fetuses
the bradycardia is presumably due to a direct effect upon
the myocardium [16]. Based on such reports the use of
EFM expanded rapidly in the 1970s.

The evaluation of EFM as a screening test

There are two requirements for a screening test. The clin-
ical problem must justify intervention. Intrapartum fetal
asphyxia is important and in selected circumstances jus-
tifies intervention. The benefits of the test must outweigh
the harm. It was recognized in the late 1970s that this had
not been determined.

The introduction of EFM was associated with a reduc-
tion in the number of intrapartum fetal deaths [17]. How-
ever, intrapartum fetal deaths continue to be reported
in studies of perinatal mortality. In the UK Confidential
Enquiry into stillbirths and death in infancy, 9% of all
deaths between 20 and 44 weeks of gestation were related
to labour and, of the normally formed babies weigh-
ing at least 2500 g, 4.3% could be linked to intrapartum
events [18].

Well-designed, randomized, controlled trials are pro-
posed as a means of providing a measure of the true risks
and benefits of a medical intervention. There have been
no randomized clinical trials to compare no fetal heart rate
surveillance with intermittent fetal heart rate auscultation.
Nine randomized clinical trials, three with electronic fetal
monitoring alone and six with electronic fetal monitoring
with scalp sampling, have been analysed in the Cochrane
Pregnancy and Child Birth Data Base [19,20]. The random-
ized clinical trials comparing intermittent auscultation
and continuous EFM have not provided consistent evi-
dence that EFM was associated with a decrease of fetal
and newborn morbidity. The randomized clinical trials
have made an important contribution, confirming the
occurrence of false positive interpretation of electronic
fetal heart rate recording with unnecessary interventions.
These studies have demonstrated that electronic fetal heart
rate monitoring in relation to intermittent auscultation
has been associated with increased incidence of Caesarean
section for fetal distress and dystocia, increased operative
delivery and general anaesthesia. It must be recognized
that these outcomes are not due to the method of fetal
heart rate surveillance but are a result of inappropriate
interpretation of the fetal heart rate data.

Clinical management guidelines for EFM

Faced with the available evidence, national organiza-
tions began to prepare consensus papers in regard to
fetal surveillance during labour. Examples of the most
recent clinical guidelines include: ACOG Technical Bul-
letin Number 207, 1995 in United States [21]; SOGC
Clinical Practice Guideline Number 112, 2001 in Canada
[22]; and RCOG Evidence-based Clinical Guideline Num-
ber 8, 2001 in the United Kingdom [23]. These guidelines
prepared by recognized experts in the field endeavoured
to reflect the best evidence available at that time.

What is missing from all the current guidelines is a spe-
cific algorithm for the interpretation of fetal heart rate
patterns. The ACOG and the SOGC guidelines classify
fetal heart rate patterns as reassuring and non-reassuring.
Detailed criteria and time are not noted. The Royal College
Evidence-based Guidelines have defined traces as normal,
suspicious and pathological. No guidelines have provided



data as to the sensitivity, specificity and predictive value
of the patterns as defined.

This issue was addressed by an NIH research-planning
workshop in 1997 [24]. The specific purpose of the work-
shop was to develop standardized and unambiguous
definitions of fetal heart rate tracings for future research.
Although all members of the workshop were of the opin-
ion that EFM was of value, there was no consensus
regarding strict guidelines for clinical management using
fetal heart rate (FHR) patterns. The position expressed was
that many fetuses have FHR tracings that are intermedi-
ate between two extremes, that is, normal and patterns so
severe that the fetus is at risk of morbidity or mortality. The
workshop concluded that evidence-based algorithms for
management awaits further research. This view has been
recently expressed again [25].

An FHR algorithm to predict fetal asphyxia
Interpretation of the FHR record

Two issues important in the interpretation of an FHR
record are the classification of FHR variables and inter-
observer reliability in the visual interpretation of these
variables.

Many definitions of the individual FHR variables, base-
line FHR, baseline FHR variability, accelerations and
decelerations have been provided. A good example is pro-
vided in the RCOG Evidence-based Clinical Guideline
Number 8. However differences of classification criteria
remain, particularly for decelerations. In the classification
of late decelerations, some clinicians have given first pri-
ority to the timing of the nadir of the deceleration, whereas
others have emphasized the waveform. In the interpreta-
tion of the waveform, both the onset to the nadir [26] and
the residual component of the waveform have been exam-
ined [27]. Until a consensus is developed, criteria should
be clearly defined and consistently used.

Although progress is being made in the computer-based
interpretation of FHR records, with few exceptions, clin-
ical records are read visually. The limited inter-observer
reliability for the interpretation of FHR variables has been
well documented [28]. Our experience has demonstrated
the following good-to-fair inter-observer Kappa values:
baseline FHR, 0.70; baseline FHR variability, 0.55; FHR
accelerations, 0.57; variable decelerations, 0.46 and late
and prolonged decelerations, 0.57. Scoring FHR patterns
over time can offset this limited inter-observer reliability
of individual FHR variables. The record should be scored
in 10 min epochs (cycles). Determination of the pattern
requires careful scoring of a number of cycles that in most
cases can be achieved with six cycles representing 1 h of
the FHR record. Our experience has been a high degree
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of inter-observer reliability in the classification of FHR
patterns in 1 h of recording [29].

An FHR algorithm to predict fetal asphyxia

We have addressed this question. A matched case control
study was conducted in term pregnancies to demonstrate
that a threshold of FHR patterns can be defined and that
intermediate patterns of FHR can be determined for intra-
partum fetal asphyxia [29]. The FHR records were scored
for each FHR variable for six 10-min cycles in each hour.

FHR variables with an independent association with
fetal asphyxia (i.e. umbilical artery base deficit greater
than 16 mmol/I at delivery) in this study were absent
as well as minimal baseline variability and late and pro-
longed decelerations. Three FHR patterns were defined
based on the presence of these four FHR variables in six
10-min cycles in 1 h. The patterns proposed as an algo-
rithm for the interpretation of electronic FHR records are
outlined in Table 8.3.

A number of relevant observations emerged from this
study. The sensitivity of predictive and potentially predic-
tive FHR patterns was good identifying 75% of the cases
with fetal asphyxia. In the 25% of cases not identified,
the fetal asphyxia was mild. The positive predictive value
of a predictive FHR pattern that occurred in 17% of the
cases was very good. However, in these cases the fetal
asphyxia was already moderate or severe. The positive
predictive value of potentially predictive FHR patterns,
10 and 5% respectively, was very poor. These potentially
predictive patterns accounted for over 50% of the fetal
asphyxia ranging from mild to moderate in degree.

The potentially predictive patterns unless clarified by
supplementary tests represent a dilemma for the clini-
cian. The pattern can be ignored and in ten cases, fetal
asphyxia will not be present in nine; however, in one case,
fetal asphyxia accounting for at least 50% of asphyxia will
be present and continue. On the other hand, the pattern
can serve as an indication for intervention leading to an
unnecessary intervention in nine out of ten cases.

Table 8.3 Predictive and potentially predictive fetal heart
rate patterns for intrapartum fetal asphyxia

Baseline Decelerations
variability late/prolonged
(cycles/h) (cycles/h)
Predictive Absent > 1 + >2
Potentially
predictive
#1 Minimal > 2 + >2
#2 Minimal > 2 or >2
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Can an algorithm of predictive FHR patterns prevent
moderate/severe fetal asphyxia

Although there is no Grade 1 definitive evidence that the
benefits of EFM outweigh the harm, our experience would
support the contention that this EFM algorithm used as
a screening test can make a difference in the outcome of
some cases.

The benefits of EFM as a screening test in the prediction
and prevention of intrapartum fetal asphyxia derived from
a decade of experience was examined in term and preterm
pregnancies [30,31]. A predictive or potentially predictive
FHR pattern was present in most cases. Intervention and
delivery occurred in 98 of the 166 term pregnancies and 21
of the 24 preterm pregnancies. A predictive or potentially
predictive FHR pattern was the indication for intervention
in most cases.

This assessment paradigm did not prevent all cases of
moderate or severe fetal asphyxia. However in some cases,
prediction and diagnosis leading to intervention during
the first or second stage of labour likely prevented the
progression of mild to moderate or severe asphyxia and
limited the severity of moderate asphyxia.

Supplementary assessments

The predictive value of vibroacoustic stimulation with an
acceleration response as a means of ruling out fetal aci-
dosis has been equivocal [32,33]. A number of trials of
amnioinfusion, particularly in the presence of oligohy-
dramnios, have demonstrated a beneficial effect, reducing
variable decelerations and the rate of Caesarean section for
fetal distress [34,35].

The assessment of the fetal electrocardiographic (ECG)
waveform is an attractive option since the signal can be
obtained from the same fetal scalp electrode used for
recording the FHR. Laboratory studies have examined
the effect of hypoxemia and acidosis on the ST segment.
In studies of acute hypoxemia, the ratio of the T-wave
height to QRS height increased [36], although this asso-
ciation has not been a consistent finding [37]. Preliminary
clinical observations suggested caution in the interpre-
tation of ST waveforms [38]. The recent development of
higher order FHR analysis has provided monitoring sys-
tems that can add automated fetal electrocardiographic
ST segment analysis to the standard FHR and uterine con-
traction information which have been applied in a number
of clinical trials. Meta-analysis of two randomized clinical
trials of FHR assessment with the support of ST waveform
analysis has shown that the number of babies born with
metabolic acidosis at delivery could be reduced in con-
junction with a reduction of operative deliveries for fetal
distress [39]. Subsequent reports indicate some limitations

of the sensitivity of ST waveform analysis in the identifica-
tion of fetal asphyxia with a significant metabolic acidosis
[40,41].

Fetal pulse oximetry was introduced to provide a
non-invasive measure of oxygen saturation to improve
intrapartum assessment during labour. However, the
randomized clinical trials have not provided convinc-
ing evidence that this supplementary test will reduce
unnecessary intervention [42,43].

Near-infrared spectroscopy (NIRS) has been developed
as a means of continuous, non-invasive real time mea-
surement of change in fetal cerebral oxygenation and
hemodynamics during labour. Preliminary reports of the
application of this technology for fetal assessment during
labour have been published [44,45].

Although these supplementary tests provide additional
information, further research remains to be done before
the role of these tests in clinical practice can be determined.

Current challenges in fetal monitoring

There are a number of issues that must be considered if
the current paradigms are to be effective in the prediction
and diagnosis of intrapartum fetal asphyxia.

The first issue is to acknowledge the diversity of fetal
asphyxia. Fetal asphyxia is not either on or off but rather
simulates a dimmer switch that may vary in duration and
degree. This may range from mild hypoxemia beginning
in the antepartum period as demonstrated in cordocen-
tesis studies to acute near total fetal asphyxia associated
with a sentinel event such as a uterine rupture or prolapsed
cord. Fetal asphyxia may occur in either a continuous or
intermittent fashion, features that may relate to the effect
of uterine contractions during labour on utero-placental
blood flow. On the other hand, there is a correspond-
ing range in the effectiveness of the fetal cardiovascular
compensation that serves as the defence mechanism pro-
tecting the fetal brain, a response that may be confounded
by the concurrent presence of intrauterine infection and
cytokines.

In the development of clinical management protocols,
it is important to remember that fetal surveillance can-
not prevent fetal asphyxia or brain damage due to fetal
asphyxia that occurs before fetal surveillance begins. The
objective of fetal monitoring is the prediction of mild
fetal asphyxia and prevention of progression to moderate
or severe fetal asphyxia with newborn cerebral dysfunc-
tion and brain damage. The window of opportunity for
the prediction and diagnosis of mild fetal asphyxia will
vary widely in relation to the diversity of fetal asphyxia.
The determination of the duration of this window in
the individual clinical situation is difficult because of the
limited information available in respect to the duration,



degree and nature of the asphyxia and the quality of
the fetal cardiovascular response. This makes the defini-
tion of a ‘decision-delivery time’ in clinical management
protocols difficult.

At present the primary screening test available for
the prediction of the fetus at risk for fetal asphyxia is
EFM. The second and most important issue is the lack
of a detailed algorithm for the interpretation of FHR
patterns with appropriate recommendations for manage-
ment. Although the FHR algorithm outlined in this presen-
tation requires further testing in clinical trials it highlights
the difficulties facing the clinician at the present time.

If an algorithm such as this is to be used the FHR record
must be continuously scored to identify predictive and
particularly potentially predictive patterns. A predictive
pattern is an indication for intervention. If the objec-
tive to prevent moderate and severe asphyxia is to be
achieved, the clinician cannot wait for a predictive FHR
pattern at which point the fetal asphyxia is usually already
moderate or severe. The key to the problem is the inter-
mediate patterns expressed by the potentially predictive
patterns in this algorithm that accounts for 50% of the fetal
asphyxia. Potentially predictive patterns require supple-
mentary assessments because of the associated high false
positive rate. A blood gas and acid-base assessment is
required to confirm the diagnosis.

The final issue is a fetal surveillance protocol for low-
risk obstetric patients’ who account for approximately
25% of fetal asphyxia. Current guidelines advocate the
use of intermittent auscultation in the surveillance of
the ‘low-risk obstetric patient’ even though there are no
randomized clinical trials to support the benefit of this pro-
cedure. If the goal of prevention of fetal asphyxia is to be
achieved, the intermediate potentially predictive patterns
must be identified. This requires the early recognition of
minimal baseline variability and late or prolonged decel-
erations by auscultation. Even in a continuously recorded
FHR record, the inter-observer reliability for the discrim-
ination between moderate and minimal baseline FHR
variability and between variable and late decelerations is
low. It is not realistic to anticipate that intermittent auscul-
tation can effectively determine FHR patterns in six 10-min
cycles over 1 h to identify the onset of potentially pre-
dictive patterns. It is counter intuitive to anticipate that
current fetal assessment protocols for ‘low-risk obstetric
patients’ are effective.
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Chapter 9: Analgesia and anaesthesia

John A. Crowhurst

Pain

The distress and pain women often endure while they are struggling
through a difficult labour are beyond description, and seem to be
more than human nature would be able to bear under any other
circumstances.

Medical men may oppose for a time the superinduction of anaes-
thesia in parturition, but our patients will force the use of it upon
the profession. The whole question is, even now, one merely of time.

These statements by James Young Simpson in 1847 [1] are
still most pertinent, as they encapsulate today’s widely
held view of both parturients and most perinatal care-
providers. Firstly because most of today’s labouring
women do not want to suffer severe pain, and more
importantly they know that it is no longer necessary
to do so.

Pain is defined by the International Association for the
Study of Pain as: ‘An unpleasant, subjective, sensory &
emotional experience associated with real or potential tis-
sue damage, or described in terms of such damage.” In
colloquial terms, ‘Pain is what hurts’, and is an unneces-
sary accompaniment to most labours. Severe pain is com-
mon, affecting some 60-70% of nulliparous and 35-40%
of multiparous labours. So many factors may contribute
to pain in labour that a specific aetiological diagnosis of
the causes of such pain is difficult, but ALL causes of pain
must be considered, and investigated, before analgesia is
administered. While contraction pain, cervical dilatation
and second stage labour pain have obvious physiologi-
cal causes, the basis of severe pain in any individual may
be due to obstructed labour; fetal position; extreme anx-
iety; uterine hyperstimulation; uterine rupture or extant
pathology, such as fibromyata or other tumours; haemor-
rhoids, adhesions or scarring from previous surgery, and
so on.

The effects of severe pain are principally a sympathetic
autonomic response and include exhaustion, dehydra-
tion, misery, raised heart rate, blood pressure, oxygen
and glucose consumption, decreased blood flow and oxy-
gen to placenta and fetus, hyperventilation and cramps.

Obviously in many individuals such effects are undesir-
able and in some may even be life-threatening.

While many authors distinguish between physiological
and pathological pain of any kind, in the individual, if
severe enough to exceed that person’s threshold of toler-
ance, it results in the sympathetically mediated responses
listed above. In such circumstances, pain relief should
be readily available. Most women desire to be in con-
trol when they are in labour, but many cannot achieve
this if/when they cannot cope with severe pain. For most
women, the duration, nature and severity of pain in labour
is unpredictable. Thus it is prudent to advise all expectant
mothers to keep an open mind about pain and its relief,
and to understand the advantages and disadvantages,
benefits and risks of all techniques of analgesia available.
In at-risk pregnancies, be they due to fetal, obstetric or
maternal factors, analgesia or anaesthesia is almost always
required, and frequently recommended. If such risk fac-
tors increase the hazards of any anaesthetic procedure,
consultation with an anaesthetist during the pregnancy
is prudent.

Obstetric analgesia and anaesthesia

The ideal analgesic technique in labour should:

1 Providerapid, effective and safe pain relief for all stages.
2 Not compromise maternal vital physiology or normal
activity.

3 Not compromise fetal vital physiology or well-being.

4 Not hamper the normal processes of labour.

5 Be flexible enough to convert to anaesthesia for urgent
operative delivery or other intervention, e.g. manual
removal of placenta.

Meeting such an ideal would leave the mother awake,
alert, comfortable and able to void, bear down, and, if
desired, even ambulate throughout labour. Unfortunately
such ideals are rarely met in medicine, but for the past
twenty or so years the development of low-dose neu-
raxial anaesthesia and analgesia (epidural and combined
spinal-epidural (CSE)) has all but achieved these.
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There are two strategies for obstetric analgesia:

1 Reduction of the perception of pain, i.e. reduction of the
brain’s perception of, and the body’s and mind’s response
to, pain —i.e. reduce the effects of pain.

2 Reduction of the transmission of pain, i.e. reduction of
the ability of the nerves to conduct pain.

Three methods of implementing these strategies are
possible:

1 Psychological techniques, such as a positive attitude, pre-
natal education, conditioning (physical and mental relax-
ation) and hypnosis are helpful to many women for mild
and moderately severe pain.

2 Physical methods include massage, relaxation techniques
and transcutaneous electrical nerve stimulation (TENS),
but like the psychological techniques listed above, they
often fail when pain exceeds one’s threshold of tolerance.
3 Pharmacological techniques may be systemic or regional /
local.

Systemic drugs are as effective as they are for trauma,
post-operative or other severe pain situations, but in the
parturient they may have the disadvantage of affecting
uteroplacental blood flow and the fetus, either directly
or indirectly. Nevertheless, some gaseous drugs such
as nitrous oxide and sevoflurane have extremely rapid
action, elimination and minimal metabolism and accumu-
lation, which properties make them ideal for intermittent
use, ‘with contractions’. As with all systemic, centrally-
acting drugs, however, side effects such as vertigo, nausea
and drowsiness limit their efficacy.

Parenterally administered analgesics have been popu-
lar in obstetrics for many decades, but the same caveats
apply. Older opiates such as morphine and pethidine
(meperidine) are difficult to titrate to effect; are usually
given intramuscularly, resulting in variable absorption
and efficacy, and with prolonged, or poorly timed use,
accumulate in the fetus and affect fetal well-being and
neonatal cardiorespiratory physiology. This is particularly
true of pethidine and its primary metabolite, norpethi-
dine, when pethidine is used throughout a long labour.
However, two opioids — Fentanyl and Remifentanil —
which are potent, short acting and rapidly redistributed
and metabolized are most efficacious and safe if given
in accordance with approved guidelines and monitoring.
Small intravenous boluses of fentanyl (20-25 mcg) may be
given in the second stage of labour to alleviate pain and
assist the mother to cooperate. This is particularly use-
ful when a spontaneous delivery is imminent and there is
no indication for epidural or other anaesthesia. Neonatal
depression is uncommon, but if it does occur it is readily
reversed with a single dose of naloxone into the umbilical
cord vein.

Ketamine is a potent non-opioid analgesic, which, in
small intermittent intravenous doses (3-5 mg), is useful

too for short-term, late-second-stage analgesia in selected
patients.

Both fentanyl and remifentanil can be self-administered
by patient-controlled analgesia (PCA) devices. Remifen-
tanil in particular holds much promise in this context, but
there have been few controlled trials to date. Most anaes-
thetists would recommend a PCA regime with either of
these agents when neuraxial analgesia is contraindicated,
provided that attending midwives have been trained in
supervising this type of analgesia.

Regional, most commonly neuraxial, analgesia has dra-
matically changed medical and public attitudes to obstet-
ric anaesthesia and pain relief since the 1980s. Although
lumbar epidurals have been the benchmark neuraxial
technique since the late 1960s, the classic observations
of Wang [2] and Behar [3], that demonstrated the spinal
actions of neuraxial opioids, opened a remarkable chapter
of development of epidural and spinal blockade. When
intraspinal opioids are combined with local anaesthetics
(LAs), their action is synergistic, enabling lower dose of
both drugs to be used to provide neural blockade of vary-
ing intensity [4]. These techniques, still widely referred to
as ‘epidurals’, include continuous subarachnoid (spinal)
anaesthesia (CSA), epidurals, and particularly low-dose
CSE are most suitable for labour analgesia in the vast
majority of parturients and are quickly and reliably con-
vertible to anaesthesia for operative delivery or other
obstetric or surgical interventions [4]. CSE, and less com-
monly CSA, have largely replaced the use of ‘single-shot’
spinal anaesthesia for operative delivery in most obstetric
units in the UK [5,6]. Similarly, low-dose CSE is rapidly
becoming the preferred choice of neuraxial analgesia for
labour [7].

Caudal epidural block, while useful for some gynaeco-
logical procedures, is now rarely used in obstetrics, and is
not recommended. Trans-vaginal pudendal block is occa-
sionally used for a ‘lift-out” forceps or ventouse delivery,
but the failure rate is high (30%), LA dose is high, which
may cause acute toxicity and there is a risk of injection into
the fetal head.

In the rare situations when the obstetrician is the sole
operator or does not have expert anaesthesia services
available, a low-dose single shot spinal anaesthetic at
L34 or L4-5is arguably the best anaesthesia for operative
vaginal delivery or repair of vaginal/perineal trauma.

The most common type of CSE used for analgesia is
the needle-through-needle techniqueillustrated in Fig. 9.1.
The procedure comprises a low-dose intrathecal injec-
tion of LA, usually bupivacaine (2-2.5 mg) plus fen-
tanyl (15-25 mcg), followed by insertion of an epidural
catheter which is used for ongoing analgesia or anaes-
thesia if required. For anaesthesia the subarachnoid dose
is increased appropriately. Compared with single-shot
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Fig. 9.1 Needle-through-needle CSE technique.

Table 9.1 Low-dose CSE compared with epidural and S-S
spinal

S-S spinal*  Epidural CSE
Onset of action (min) Fast (1-5)  Slow (10-20) Fast (1-5)
Median pain 0 0-3 0
score 60-90 min
Total drugs dose Low High Low
Observable leg 100 5-50 0-40
weakness (%)*
Postdural puncture ~ 1-2 0.3-1.0 0.2-0.7
headache (%)
Hypotension (%) 20-80 5-10 5-10
Failure (i.e. GAis 1.7-6.0 2-6 0.3-0.7
required) (%)
Pruritus (%)* 50-80 20-80 20-80
Duration (min) 60-240 00 o0

Source: Modified from Paech M (2003) Anesth Clin North Am 21,
1-17.

* Single-shot spinal anaesthesia dose = 2 — 3x subarachnoid dose
of CSE.

* These side effects are dose dependent with epidural and CSE.
High ranges associated with full anaesthesia doses.

spinal anaesthesia, a subarachnoid dose of 50% or less
will provide surgical anaesthesia for Caesarean delivery
in >70% cases [6,7]. In the remainder, the epidural is
‘topped-up’ to establish the required level of block.

The advantages of this CSE technique compared with
epidural injection alone are listed in Table 9.1. Foremost
are the rapidity of onset, the markedly reduced failure
rate and the reduced density of motor block in the legs,
which, with low dose, can be fine-tuned to permit normal
ambulation in >90% of labouring women [8,9].

Ambulation in labour has not been shown to signifi-
cantly affect the mode of delivery, but the ‘lighter’ degree
of blockade and the ability to ambulate have been shown
to provide much greater satisfaction and ‘control’ [9-11].
To permit safe ambulation, all delivery unit staff must be
appropriately trained and certain conditions must be met
(Table 9.2). Despite many studies, the only definitive test

Analgesia and anaesthesin 65

Table 9.2 Requirements for safe ‘walking epidurals’ in labour

Cooperative, understanding parturient

Presenting part of fetus engaged and well applied to cervix

Minimal or no motor and proprioceptive block

No postural hypotension

Continuous fetal monitoring (CTG), when indicated

Suitable conditions: good epidural catheter fixation; attending
midwife; disconnect (bung) IV line; no shoes; safe, even floor
without cables, steps, mats, etc.

to assess a mother’s ability to ambulate is to allow her
to judge her own ability. This should be done in stages,
firstly monitoring blood pressure and vital signs, includ-
ing Cardiotocograph (CTG) when sitting on the bedside,
then standing. When walking or moving about her room,
no mother should be left unattended.

Disadvantages of CSE include a slightly more complex
technique, but this is easily mastered, and the dural punc-
ture made by the fine gauge, atraumatic spinal needle,
which is not significantly different from when epidurals
alone are used. Hypotension is uncommon with low-dose
epidural or CSE and is easily monitored and corrected [12].
The fact remains, however, that neuraxial blockade is an
invasive technique with the potential for serious, though
fortunately rare, morbidity.

The true incidence of traumatic neuropathy, infections,
such as epidural abscess and meningitis is unknown with
estimates between 1 in 5000 to 1 in 15,000 [13,14]. These
complications can be minimized, if not prevented entirely,
with careful attention to skilled technique. Peripheral
nerve injuries due to labour and delivery are far more
common and have been reported as frequently as almost
1% (96 in 10,000) in a population of women receiving all
kinds of analgesia [15]. Such neuropraxias almost always
recover within a year.

Spinal epidural haematoma (SEH) is a very significant
risk in patients with a coagulopathy or who are receiving
thromboprophylactic therapy. Following the introduc-
tion of low molecular weight heparins (LMWHs), many
cases of SEH were reported, especially in the United
States, where LMWH doses were 1.5 times that used
in Europe and elsewhere. Clear communication between
anaesthetist and obstetrician, and strict guidelines must be
observed when neuraxial block and anticoagulant therapy
are used together.

While neuraxial anaesthesia is the most commonly used
procedure for operative delivery, it is not appropriate for
all women. There are several important contraindications,
see Table 9.3.

Apart from pain, there are many obstetric indications
for neuraxial block in labour. In these cases — breech and
other malpresentations; previous operative delivery; large
fetus; multiple pregnancy —itis generally agreed that such
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Table 9.3 Contraindications to neuraxial blockade

Absolute Patient refusal
Raised intracranial pressure
Infection: systemic and localized
Uncorrected hypovolaemia

Relative ~ Coagulopathy, anticoagulant therapy

Spinal/neurological pathology, abnormality

Some complex cardiovascular and other conditions
Inadequately skilled management team

Urgency (Degree of urgency)

mothers should have a neuraxial block administered dur-
ing labour, so that if the need for intervention arises, the
epidural catheter can be quickly ‘topped-up’ to provide
appropriate anaesthesia.

For instrumental delivery, where maternal ‘powers’ are
required, the top-up block can be tailored to provide sen-
sory blockade of sacral dermatomes and up to the T10
level, while retaining motor power in the abdominal mus-
cles. Bearing down can then be instituted in time with
contractions.

For abdominal delivery, the epidural is topped-up
with dosage sufficient to provide relaxation of abdominal
muscles, and a sensory block of dermatomes to T4.

One disadvantage of neuraxial anaesthesia for operative
delivery is that the anaesthesia does not provide tocolysis,
although this can be achieved with intravenous glyceryl
trinitrate or other drugs, (see ‘Acute tocolysis’, p. 67)
Because severe pain increases sympathetic tone with a
resultant rise in blood pressure, oxygen consumption and
redistribution of cardiac output resulting in reduced utero-
placental perfusion, many at-risk parturients can benefit
from optimal analgesia during labour. Pre-eclampsia and
other hypertensive states, and other cardio-respiratory
disorders are therefore good indications for neuraxial anal-
gesia in labour, even if severe pain is absent. In high-risk
patients, neuraxial anaesthesia for surgery or operative
delivery is often the technique of choice. Low-dose CSE
can provide marked haemodynamic stability in parturi-
ents with severe aortic or mitral stenosis; obstructive
cardiomyopathy and pulmonary hypertension delivered
by elective Caesarean section [16]. Such patients require
expert team management, beginning early in the preg-
nancy. Because maternal and fetal morbidity and mortality
is high in such cases, early consultation with a cardiolo-
gist and an anaesthetist is imperative so that management
plans can be agreed to, both for ongoing monitoring
and care, and for elective or emergency delivery. Any
anaesthesia in such patients is potentially hazardous, and
because neuraxial techniques may fail, a back-up strategy
must be planned for, with all appropriate facilities and
carers.

Informed consent for anaesthetic
procedures

Through the 1990s, in developed countries, the number of
women receiving an anaesthetic procedure in association
with a pregnancy increased to more than 60% [17] in line
with the increasing popularity of, and demand for, neurax-
ial analgesia — older mothers, obesity, increased Caesarean
delivery rates, in vitro fertilization procedures and the like.

Because ALL expectant mothers may require analgesia
or anaesthesia it is imperative that appropriate informa-
tion on all aspects of pain, analgesia and anaesthesia is
given to all women in the antenatal period. When anx-
iety, fear or refusal is expressed, a consultation with
an obstetric anaesthetist should be arranged during the
pregnancy. Such pre-education is mandatory to prevent
difficulties in obtaining informed consent when the anal-
gesia or anaesthesia is required or requested, especially in
urgent or emergency situations and when the mother is
experiencing severe pain [18].

General anaesthesia

‘If we could induce anaesthesia without loss of consciousness,
most would regard it as a even greater advance’, remarked
James Young Simpson soon after a maternal anaesthetic
death in the early days of chloroform anaesthesia in 1847
[1]. In 2000, The National Sentinel Caesarean Section
Audit reported that general anaesthesia (GA) was used in
less than 30% of Caesarean deliveries, and most of these
were emergencies [19]. At Queen Charlotte’s Hospital,
London, GAis used for only 5% of all Caesarean deliveries.
Moreover GA remains the anaesthesia of choice for failed
neuraxial blocks; situations when regional anaesthesia is
contraindicated and other surgery in pregnancy and the
puerperium — see also below. Indeed the ‘greater advance’
prophesied by Simpson can be seen in the marked reduc-
tion in maternal mortality as neuraxial anaesthesia has
superceded GA during the past 50 years. GA in preg-
nancy is considered far more hazardous than for the
normal population, with airway difficulties, failed intu-
bation, pulmonary aspiration of gastric contents and their
sequelae accounting for the majority of deaths. How-
ever, the triennial Confidential Maternal Mortality Reports
since 1952 repeatedly suggested that most of the direct
anaesthetic deaths attributed to GA, whatever the cause,
could have been prevented with better communication
between obstetricians and anaesthetists. As stated above,
ALL gravidae are potential candidates for anaesthesia,
and this is often required in an emergency. As expectant
mothers are a ‘captive’ population attending for regular
antenatal care and review, it is imperative that anaesthetic
risk factors be identified, and an appropriate anaesthetic



Table 9.4 Principal anaesthetic risk factors

Patient refusal of analgesic/anaesthetic procedures
Previous complications or adverse reactions to anaesthesia
Proven sensitivity or allergy to anaesthetic drugs

Severe medical disorders

Anticoagulant therapy or risk of coagulopathy
Thrombocytopaenia

Airway abnormalities

Obesity

Spinal abnormalities or previous spinal surgery
Intervertebral disc prolapse

Neurological disease

(Some) complex obstetric and/or fetal situations

Planned operative delivery or other surgery in pregnancy

consultation arranged early in the pregnancy. ‘At-risk’
gravidae should include all those with such risk factors,
even though there may be no perceived obstetric, fetal
or medical complications. Major anaesthetic risk factors
are listed in Table 9.4, but this list is not comprehensive.
Clinical judgement should always govern the need for
antenatal anaesthesia consultation in many cases.

Because ALL parturients are at risk of pulmonary aspira-
tion of gastric contents, prophylactic antacid and/or H-2
blocking premedication is standard practice before both
regional and GA.

General anaesthesia is usually used for emergencies and
for surgery when neuraxial block is contraindicated. How-
ever, in many labours, the likelihood for operative or
assisted delivery can be anticipated, and an urgent GA
avoided by having neuraxial analgesia already in situ,
which can be used to induce anaesthesia quickly when
required.

Many anaesthetists will recommend a combination of
general and neuraxial anaesthesia for Caesarean hysterec-
tomy and other complicated surgery, enabling the mother
to be awake for the delivery, and then receive GA for
the remainder of the operation. The epidural catheter is
then used for post-operative analgesia. Similarly for fetal
surgery, or other surgery during pregnancy, combined GA
and block is frequently used. Such combination provides
optimal tocolysis with volatile anaesthetic agents such as
isoflurane.

Modern GA drugs do not increase the risk of uterine
atony post-delivery, but uterine tone should be monitored
closely and appropriate oxytocics administered as needed.

Acute tocolysis

Tocolytic drugs are discussed elsewhere, but during oper-
ative delivery and fetal surgery the anaesthetist may be
required to provide acute tocolysis. Arguably, volatile
anaesthetic drugs are the most effective acute tocolytics,
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but by definition they induce unconsciousness and thus
general anaesthesia. Intravenous alternatives are avail-
able, and can be used with regional anaesthesia, but they
must be used with caution and appropriate monitoring lest
cardiovascular collapse occur. As outlined above, GA, and
optimal tocolysis are often preferred for complex surgery
involving uterine manipulations, and some multiple preg-
nancy deliveries, for example, conjoined or monoamniotic
twins.

In summary, modern obstetrics includes anaesthetic
procedures for most parturients. Close cooperation, con-
sultation and planning, minimal use of general anaes-
thesia, especially in emergency situations have markedly
reduced maternal and perinatal mortality and morbid-
ity, and will continue to do so. All expectant mothers
may require analgesia or anaesthesia, so risk factors must
be sought and acted upon antenatally to maintain the
impressive record of safety of anaesthesia in obstetrics.
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Chapter 10: Puerperium and lactation

D. Keith Edmonds

The puerperium is a period that lasts from delivery of the
placenta till 6-12 weeks after delivery. It is a time of enor-
mous importance to the mother and her baby and yet it
is an aspect of maternity care that has received relatively
less attention than pregnancy and delivery. During the
puerperium the pelvic organs return to the non-gravid
state, the metabolic changes of pregnancy are reversed
and lactation is established. In the absence of breastfeed-
ing, the reproductive cycle may start again within a few
weeks. The puerperium is a time which is steeped in
cultural customs and rituals in many different countries
and indeed many of the medical recommendations about
the puerperium have developed as adaptations of socially
acceptable traditions rather than science.

The puerperium is also a time of psychological adjust-
ment and while most mothers’ enjoyment of the arrival of
a newborn baby is obvious the transition to becoming a
responsible parent and the anxiety about a child’s welfare
will influence the mothers’ ability to cope. These anxi-
eties may be compounded if she is tired after her labour
or if she has any medical complications. However, the
majority of women are subjected to another problem that
new mothers find very difficult to cope with and this is
the plethora of well-meaning but conflicting advice from
doctors, midwives, relatives and friends. Here again, the
cultural influences may be at conflict with the mother’s
own beliefs. It is extremely important that an atmosphere
be created whereby a mother can learn to handle her baby
with confidence, and here the influence of midwifery and
obstetric staff plays an important role in trying to estab-
lish what will be an important part of their lives. In caring
for a woman during the early puerperium, the role of the
obstetrician and midwife is to monitor the physiological
changes of the puerperium, to diagnose and treat any post-
natal complications, to establish infant feeding, to give
the mother emotional support and to advise about con-
traception and other measures which will contribute to
continuing health. It is important to bear in mind that
maternal death may still occur in the puerperium and
hence its importance cannot be understated.

Physiology of the puerperium

There are two major physiological events that occur during
the puerperium. The first is the establishment of lactation
and the second is the return of the physiological changes
of pregnancy to the non-pregnant state. During the first
2 weeks after childbirth, the changes in the organs are quite
rapid but some take 6-12 weeks to complete.

The uterus

The crude weight of the pregnant uterus at term is approxi-
mately 1000 g and the weight of the non-pregnant uterus is
between 50 and 100 g. By 6 weeks post-partum, the uterus
has returned to its normal size and from a clinical perspec-
tive, the uterine fundus is no longer palpable abdominally
by 10 days post-partum. The cervix itself is very flaccid
after delivery but within a few days returns to its original
state. The placental site in the first 3 days after delivery is
infiltrated with granulocytes and mononuclear cells and
this reaction extends into the endometrium and the super-
ficial myometrium. By the seventh day there is evidence
of the regeneration of endometrial glands and by day 16
post-partum the endometrium is fully restored. Decidual
necrosis begins on the first day and by the seventh day a
well-demarcated zone exists between necrotic and viable
tissue. The presence of mononuclear cells and lympho-
cytes persists for about 10 days and it is presumed that
this acts as some form of antibacterial barrier. Haemosta-
sis immediately after a birth is accomplished by arterial
smooth muscle contraction and compression of vessels
by the uterine muscle. The vessels in the placental site
are characterized during the first 8 days by thrombo-
sis, hyalinization and obliterative fibrinoid endarteritis.
Immediately post delivery, bleeding lasts for several hours
and then rapidly diminishes to a red-brown discharge by
the third or fourth day post-partum. This vaginal dis-
charge is known as lochia and after the third or fourth
day the discharge becomes mucopurulent and sometimes
malodorous. This is known as the lochia serosa and it
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has a mean duration of 22-27 days. However, 10-15% of
women will have lochia serosa for at least 6 weeks [1]. Not
infrequently, there is a sudden but transient increase in
uterine bleeding between 7 and 14 days post-partum. This
corresponds to the shedding of the slough over the pla-
cental site and as myometrial vessels are still at this stage
larger than normal it accounts for the dramatic bleeding
that can occur with this phenomenon. However, it is self-
limiting and subsides within 1-2 h. A new endometrium
will grow from the basal layers of the decidua but this is
influenced by the method of infant feeding. If lactation
is suppressed, the uterine cavity may be covered by new
endometrium within 3—4 weeks, but if lactation is estab-
lished, endometrial growth may be suppressed for many
months.

Ovarian function

Women who breastfeed their infants will be amenorrhoeic
for long periods of time, often until the child is weaned.
However, in non-lactating women, ovulation may occur
as early as 27 days after delivery although the mean time
is approximately 70-75 days. Among those women who
are breastfeeding, the mean time to ovulation is 6 months.
Menstruation resumes by 12 weeks post-partum in 70%
of women who are not lactating and the mean time to
the first menstruation is 7-9 weeks. The risk of ovula-
tion within the first 6 months post-partum in women
exclusively breastfeeding is between 1 and 5% [2]. The
hormonal basis of puerperial ovulation suppression in lac-
tating women appears to be the persistence of elevated
serum prolactin levels. Prolactin levels fall to the nor-
mal range by the third week post-partum in non-lactating
women but remain elevated to the sixth week post-partum
in lactating women.

Cardiovascular and coagulation system

Changes take place in the cardiovascular and coagula-
tion systems which have practical and clinical implications
and these are summarized in Table 10.1. Although both
heart rate and cardiac output fall in the early puerperium
there may be an early rise in stroke volume and together
with the rise in blood pressure due to increased periph-
eral resistance it is a time of high risk for mothers with
cardiac disease. Such mothers require extra supervision
at this time (see Chapter 26). Although it is assumed that
by 6 weeks the woman’s body has changed physiologi-
cally back to the non-pregnant state, it can be seen from
Table 10.1 that cardiac output may remain elevated for up
to 24 weeks post-natally. During the immediate post-natal
period, fibrinolytic activity is increased for 1-4 days before
it returns to normal by 1 week. Platelet counts are normal

Table 10.1 Changes in the cardiovascular and coagulation
systems during the puerperium

Early puerperium Late puerperium

Cardiovascular

Heart rate Fall - 14% by 48 h Normal by 2 weeks

Stroke volume  Rise over 48 h Normal by 2 weeks

Cardiac output Remains elevated and =~ Normal by 24 weeks
then falls over 48 h

Blood pressure  Rises over 4 days Normal by 6 weeks

Initial increase and
then fall

Plasma volume Progressive decline

in first week

Coagulation

Fibrinogen Rise in first week Normal by 6 weeks
Clotting factors Most remain elevated =~ Normal by 3 weeks
Platelet count  Fall and then rise Normal by 6 weeks
Fibrinolysis Rapid reversal of Normal by 3 weeks

pregnancy inhibition
of tissue plasminogen
activator

Adapted from Dunlop [29].

during pregnancy but there is a sharp rise in platelets after
delivery, making it a time of high risk for thromboembolic
disease [3].

Urinary tract

During the first few days the bladder and urethra may
show evidence of mild trauma sustained at delivery
although these changes are usually associated with local-
ized oedema. These are transient and do not remain in
evidence for long. The changes that occur in the urinary
tract during pregnancy disappear in a similar manner
to other involutional changes and within 2-3 weeks the
hydroureter and pelvic dilatation in the kidney are almost
eliminated and completely return to normal by 6-8 weeks
post-partum.

Weight loss

There is an immediate loss of 4.5-6 kg following birth
due to the placenta, amniotic fluid and blood loss that
occurs at delivery. By 6 weeks post-partum, 28% of women
will have returned to their pre-pregnancy weight and in
those women who did not have excessive weight gain in
pregnancy, they should have returned to their normal pre-
pregnancy weight by 6 months post-partum. Women with
excessive weight gain in pregnancy (>15 kg) are likely to
find that at 6 months they still have net gain of 5 kg, which
may persist indefinitely [4]. Breastfeeding has no effect
on post-partum weight loss unless lactation continues for
6 months [5] and diet and exercise have no effect on the



growth of infants who are being breastfed and women can
therefore be encouraged to return to normal activity and
to regain their weight even though they are lactating [6].

Thyroid function

Thyroid volume increases by approximately 30% during
pregnancy and this returns to normal over a 12-week
period. Thyroxine and triiodothyronine return to normal
within 4 weeks post-partum.

Hair loss

Hair growth slows in the puerperium and women will
often experience hair loss as temporarily more hair is lost
than regrown. This is a transient phenomenon but it is
important for women to realize that this may take between
6 months and a year to return to normal.

Management of puerperium

The morbidity associated with the puerperium is underes-
timated and an important review (Table 10.2) shows that
after childbirth mothers have high levels of post-partum
problems. Thirty-one per cent of women felt that they had
major problems for up to 8 weeks post-partum. In trying to
reduce the impact of this morbidity there are a number of
principles which need to be applied in planning post-natal
care. These include:

1 Continuity of care. An ideal pattern of care is one that
offers continuity from the antenatal period through child-
birth and into the puerperium involving the smallest team
of health professionals with which the mother can identify.
2 Motherfinfant bonding. It is now well established that
mothers and their partners should be able to hold and
touch their babies as soon as possible after delivery. Good

Table 10.2 Proportion of mothers having major, intermediate
and minor morbidity after childbirth

In hospital (0-5 days) At home (up to 8 weeks)

n = 1249 n=1116

Percentage Percentage

of women 95%CI of women 95% CI
Minor 67 64-69 74 71-77
Intermediate 60 58-63 48 46-57
Major 25 22-27 31 29-34
From Glazener et al. [15].
Minor problems: tiredness, backache, constipation, piles,

headache. Intermediate: perineal pain, breast problems, tearful-
ness/depression. Major: hypertension, vaginal discharge, abnormal
bleeding, stitch breakdown, voiding difficulties/incontinence,
urinary infection, side effects of epidural.
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post-natal facilities which allow rooming in, privacy and
the opportunity for close contact play an important part in
helping parents to have a good experience of childbirth.
3 Flexible discharge policies. The optimum duration of post-
natal stay varies with the needs of the individual mother
and her baby. Some mothers will elect to have a home
confinement, some will elect to have early discharge at
6 h post-natally and others may have greater needs, par-
ticularly those who have had complicated deliveries and
those who wish to establish breastfeeding before going
home. The current pressure on maternity services in the
Western world means that any length of stay in hospital to
respond to maternal needs as opposed to medical neces-
sity has meant that this flexibility has been curtailed. While
this has not had an impact on successful breastfeeding, the
psychological morbidity may have increased.

4 Emotional and physical support. Mothers require help and
support after childbirth and this may come from her part-
ner, relatives and friends. Good professional support is
also important and good communication between hospi-
tal staff, community midwives, the general practitioner
and health visitor is essential.

Routine observations

During the patient’s stay in hospital, she will be asked if
she has any complaints and regular checks are made of
her pulse, temperature, blood pressure, fundal height and
lochia. The perineum should be inspected daily if there
has been any trauma and the episiotomy or other wounds
checked for signs of infection. It is also important that uri-
nary output is satisfactory and that the bladder is being
emptied completely. These observations are necessary to
give the earliest warning of any possible complications.

Ambulation in the puerperium

It is now well established that early mobilization after
childbirth is extremely important. Once the mother has
recovered from the physical rigours of her labour, she
should be encouraged to mobilize as soon as possible. The
physiotherapist has an important role to play in returning
the patient to normal health during the puerperium and
limb exercises will be particularly important to encour-
age venous flow in the leg veins of any mother who has
been immobilized in bed for any reason. Exercises to the
abdominal and pelvic floor muscles are most valuable in
restoring normal tone which may have been lost during
pregnancy.

Complications of the puerperium

Serious and sometimes fatal complications may arise dur-
ing the puerperium. The most serious complications are
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Table 10.3 Deaths from pulmonary embolism reported by
Confidential Enquiry into Maternal and Child Health

Table 10.4 Deaths from puerperal sepsis as reported in
Confidential Enquiry into Maternal and Child Health

Total Total
Triennium deaths Rate/100,000 Post-natal Rate/100,000 Triennium deaths Rate/million Post-natal Rate/million
1985-87 30 13 13 0.6 1985-87 9 4 2 0.9
1988-90 24 1.0 11 0.5 1988-90 17 7.2 4 1.7
1991-93 30 1.3 17 0.7 1991-93 15 6.5 4 1.7
1994-96 46 2.1 25 1.1 1994-96 16 7.3 11 5.0
1997-99 31 1.5 13 0.6 1997-99 18 8.5 4 1.9
2000-02 25 1.3 16 0.8 2000-02 13 6.5 5 25

thromboembolism, infection and haemorrhage, as well as
mental disorders and breast problems.

Thrombosis and embolism

The Confidential Enquiry into Maternal and Child Health
2000-2002 [7] shows that pulmonary embolism is still a
major cause of death in the puerperium. Of a total of 25
deaths that occurred in the triennium, 16 occurred in the
post-natal period. Table 10.3 illustrates how the rate of pul-
monary embolism as a cause of death has remained static
since 1985. The report identifies that there are three major
areas that give rise to this increased risk of pulmonary
embolism. These were increased maternal age, a family
history of thromboembolism and obesity with its asso-
ciated lack of mobility. Of the 16 deaths that occurred,
7 occurred within 7 days of delivery and 6 in the sub-
sequent 2 weeks. The other 3 deaths occurred after this
time. Currently, the use of prophylactic, subcutaneous,
low molecular weight heparin as prophylaxis in the puer-
perium is given only to women who are having Caesarean
sections but attention should be given to this increased
risk group for prophylactic heparin in the puerperium
following vaginal delivery.

Puerperal infection

Puerperal pyrexia may have several causes but it is an
important clinical sign which merits careful investigation.
Infection may occur in several sites and each needs to be
investigated in the presence of elevated temperature.

Genital tract infection

Genital tract infection continues to present a life-
threatening problem to women and Table 10.4 shows the
risk of puerperal sepsis and maternal death over the last
17 years. The most virulent organism is beta-haemolytic
streptococcus but more commonly Chalmydia, Escherichia
coli and other gram negative bacteria will be the infec-
tive agents. Table 10.5 summarizes the main causes of
post-natal pyrexia. Early diagnosis and treatment are

Table 10.5 Risk factors for
post-natal depression

Unmarried

Under age 20

Brought up by single parent

Poor parental support in childhood
Poor relationship with partner
Socially disadvantaged

Poor achievement educationally
Low self-esteem

Previous emotional problems
Previous depressive illness

imperative if the long-term sequelae are to be avoided. Of
importance in the five deaths that occurred between 2000
and 2002, four out of the five became ill in the community
and it is important that healthcare professionals who are
caring for women after discharge from hospital should be
aware of the dangers of puerperal sepsis and the need for
early treatment.

Urinary tract infection

This is a common infection in the puerperium following
the not infrequent use of catheterization during labour.
Some women will also develop urinary retention and
require indwelling catheters. E. coli is the commonest
pathogen and again early treatment is advised.

Respiratory infection

These are now seen less commonly during the puerperium
as fewer women have a general anaesthetic for delivery.
However, chest symptoms may be a sign of pulmonary
embolism and in all women who present with any chest
problems a possible diagnosis of pulmonary embolism
should be considered.

Other causes

Any surgical wound should be examined for evidence
of infection and this is obviously important following



Caesarean section. Wound infection may manifest itself
as a reddened, tender area, deep to the incision, which
may be surrounded by induration. Treatment will depend
on the extent and severity of the infection. If the infection
is well localized it may discharge spontaneously or if an
abscess has formed this may require incision and drainage.
The use of broad spectrum antibiotics will be required
and bacteriological specimens should be sent for exami-
nation. It is occasionally necessary to re-suture wounds
after infection but often wounds will granulate from the
base and heal spontaneously. The legs should always be
inspected if a puerperal pyrexia is present because of the
risk of thrombophlebitis and it may also be a sign of deep
venous thrombosis. The breasts should be examined for
signs of breast infection; breast abscess formation is very
unusual until after the fourteenth post-natal day.

Urinary complications

Other than infection, urinary retention is the common-
est complication following delivery especially if there has
been any trauma to the urethra or oedema round the blad-
der neck. A painful episiotomy may make it very difficult
for women to spontaneously micturate and retention of
urine may occur. Following epidural anaesthesia, there
may be temporary interruption of the normal sensory
stimuli for bladder function and over-distension of the
bladder may occur. It is extremely important that, in the
immediate post-natal period, urinary retention is avoided
as over-distension may lead to an atonic bladder, which
is then unable to empty spontaneously. If the bladder is
distended, it is usually palpable abdominally but if this
is not the case or the clinician is uncertain of the abdomi-
nal findings, an ultrasound scan should be performed to
determine the volume of urine retained in the bladder. The
treatment of urinary retention is to leave an indwelling
catheter on continuous drainage for 48 h. The patient can
be ambulant during this time and after the bladder has
been continuously emptied, the catheter can be removed
and then the volumes of urine passed can be monitored.
If there is any suspicion that further retention is occur-
ring, then a suprapubic catheter should be inserted so that
the bladder can undergo a further period of continuous
drainage and then intermittent clamping of the catheter
can be instituted until normal bladder function returns.

Incontinence of urine

Urinary incontinence will occur in many women imme-
diately following delivery and approximately 15% of
women will have urinary incontinence which persists
for 3 months after birth [8]. However, a recent study
by Glazener et al. [9] showed that three quarters of
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women with urinary incontinence 3 months after child-
birth still have this 6 years later. Urinary incontinence
is more frequently seen following instrumental deliv-
ery and least frequently seen after elective Caesarean
section. Urinary fistulae are uncommon in obstetric prac-
tice today although direct injury from the obstetric forceps
may occasionally occur. Complications to the ureter are
most commonly seen at a complicated Caesarean section
when ureteric injury may either result in a ureteric fistula
or ureteric occlusion. Women with this type of urinary
problem should not be managed by obstetricians but
should be referred to a urological colleague for surgical
management.

Incontinence of faeces

It is now recognized that 35% of women undergoing
their first vaginal delivery develop anal sphincter injury
[10,11]. Approximately 10% will still have anal symptoms
of urgency or incontinence at 3 months post-natal. Again,
in the 6-year follow-up study by Glazener et al. [9], there
was no improvement in this anal incontinence rate over
time and at 6 years the faecal incontinence rate actually
increased to 13%. The aetiology of this type of anal sphinc-
ter trauma is complex in the same way as the mechanisms
that maintain continence are complex. Instrumental deliv-
ery is a recognized cause of trauma and randomized trials
suggest that the use of the vacuum extractor is associated
with less perineal trauma than forceps delivery [12,13].
In looking at the incidence of anal incontinence, forceps
delivery gave a 32% incidence versus 16% for vacuum
extraction. The incidence of third and fourth degree tears
varies enormously from centre to centre suggesting the
clinical ability to recognize this type of trauma may vary.
In those women who have a recognized anal sphincter
rupture, 37% continue to have anal incontinence despite
primary sphincter repair [14].

Secondary post-partum haemorrhage

Delayed post-partum bleeding occurs in 1-2% of patients.
It occurs most frequently between 8 and 14 days post-
partum and in the majority of these cases it is due to
sloughing of the placental site. However, if this bleeding
is not self-limiting, further investigation will be required.
Ultrasound examination of the uterine cavity will usu-
ally determine whether there is a significant amount of
retained products although it can be at times difficult to
distinguish between blood clot and retained placental tis-
sue. Suction evacuation of the uterus is the treatment of
choice and if this is required, it is imperative that antibiotic
cover is given. If curettage is not required immediately to
arrest bleeding, it is best to start antibiotics at least 12 h
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beforehand. This will reduce the risk of endometritis lead-
ing to uterine synechae. A combination of metronidazole
and augmentin can be used in those patients who have
endometritis without retained products of conception. In
those that do have retained products who require curet-
tage, intravenous antibiotics in the form of metronidazole
and a cephalosporin or clindomycin are the antibiotics of
choice. Great care must be taken at the time of curettage
as the infected uterus is soft and easy to perforate. Rarely,
these measures do not result in cessation of the bleeding
and in life-threatening circumstances embolization of the
uterine arteries may be effective in controlling the bleed-
ing, as may the use of uterine tamponade using a Foley
catheter balloon.

Puerperal psychological disorders

Mild pyschological and transient depression is extremely
common in the few days post-partum. This transient state
of tearfulness, anxiety, irritation and restlessness has been
variously described as ‘the blues’ and it may occur in
up to 70% of women. It is usually resolved by day 10
post-natally and is probably associated with disruptive
sleep patterns and the adaptation and anxiety of having
a newborn baby. The changes in steroid hormone levels
that occur immediately following delivery are not corre-
lated with this transient depressive state and because it is
transient no therapy is needed. Post-partum depression
occurs in approximately 8-15% of women and this disor-
der may vary in severity from mild to suicidal depression
[15]. The signs and symptoms of post-natal depression are
not different from those of depression in non-pregnant
women and there are a number of antenatal factors that
increase the risk of major post-partum depression. These
are outlined in Table 10.5. There is a high incidence of
recurrence of post-partum depression in subsequent preg-
nancies (around 50%). Mode of delivery has not been
associated with an increased risk of post-partum depres-
sion but early recognition of this condition is extremely
important. When diagnosed early and treated the prog-
nosis is extremely good, although symptoms may persist
for up to a year. Unfortunately, there may be delays in
the diagnosis as this type of depression occurs most com-
monly when the mother has returned home and is in the
community. A worrying trend over the last few years has
been that suicide is now the leading cause of maternal
mortality. In the Confidential Enquiry into Maternal and
Child Health 2000-2002 [7], there were a total of 30 deaths
in the post-natal period in relation to psychiatric disor-
ders. These 30 deaths were the result of suicide by hanging,
jumping from a height, cutting of the throat or overdose.
It is therefore obvious that patients at risk must be identi-
fied in the antenatal period and communication between

the hospital, obstetrician, midwife, GP, healthcare worker
and the psychiatric liaison services must be improved if
we are to reduce the level of suicide.

Post-natal psychosis

Approximately 0.1% of women post-partum may exhibit
some signs of psychosis. Post-partum psychosis is usually
characterized by an increased degree of anxiety, a com-
bination of mania and depression, suicidal thoughts, an
expression of delusion and a wish to self-harm or to harm
the baby. Women manifesting signs of post-partum psy-
chosis should be referred immediately to a psychiatrist
and transferred to a mother and baby unit where they can
be appropriately cared for as 5% of these women may com-
mit suicide and the infanticide rate is also 5% if they are
not treated.

Counselling of patients after perinatal
death

When a woman and her family experience a loss associ-
ated with pregnancy, special attention must be given to
the grieving that they are going to undergo. Mourning
is an extremely important part of coping and the clinical
signs and symptoms of grief are important to recognize
so that the healthcare workers can be sympathetic to this
grieving process. These symptoms include sleeplessness,
fatigue, poor eating habits, preoccupation with pictures
of the baby, feelings of guilt, hostility and anger and
a general disruption in the normal pattern of daily life.
Unless the clinicians are aware of these changes, misun-
derstanding may occur and the ability to help the process
of grieving will be lost. These families require a sympa-
thetic person so that they have the opportunity to express
and discuss their feelings in an open way. The establish-
ment of identified individuals who are trained to deal with
perinatal death is extremely important and centres should
have doctors, midwives and counsellors available to help
the grieving families. It is also extremely important that
trained individuals are able to help the family with the
legal and administrative processes that are needed in asso-
ciation with the death so that they are not overburdened
with these which will then interfere with their ability to
grieve. Counselling and support for these families may
need to go on for many weeks or months after the event
and appropriate staff must be available to help them.

Drugs during lactation

Drugs which are taken by a breastfeeding mother may
pass to the child and it is important to consider whether
particular drugs will have any effect on the fetus. This



Table 10.6 Comparison of the constituents of
human and cow’s milk

Constituent Human milk Cow’s milk
Energy (kcal/100 ml) 75 66

Protein (g/100 ml) 1.1 3.5

Fat (g/100 ml) 4.5 3.7
Lactose (g/100 ml) 6.8 4.9
Sodium (mmol/1) 7 22

is often a difficult problem and the reader is referred to
Shehata et al. [16] on Drugs in Pregnancy.

Infant feeding

The major physiological event of the puerperium is the
establishment of lactation. Some mothers in developed
countries still reject breastfeeding in favour of artificial
feeding but there is increasing evidence of the important
short-and long-term benefits of breastfeeding.

Advantages of breastfeeding
NUTRITIONAL ASPECTS OF BREAST MILK

Human milkis nota constant substance because colostrum
differs from mature milk and the milk of the early puer-
perium differs from the milk of late lactation. Indeed,
the content of milk varies at differing stages of the same
feed. Nevertheless, the approximate concentrations of
human milk and cow’s milk show substantial differences
(Table 10.6) with human milk having less protein but
more fat and lactose. A number of specific components
also differ between human milk and formulae, such as
the long-chain polyunsaturated fatty acids, which have
important neurodevelopmental consequences for the baby
[17]. Thereis no doubt that breast milk is the ideal nutrition
for the human baby.

PROTECTION AGAINST INFECTION

One of the most important secondary functions of breast-
feeding is to protect the infant against infection. This is
particularly important in developing countries where it
has been estimated that in each year there are 500 mil-
lion cases of diarrhoea in infants and children and about
20 million of these are fatal. The extent to which breast-
feeding protects against infection in infants in developed
countries, however, has been a matter of dispute. In a
study from Dundee, Scotland, it was found that babies
who had been breastfed for at least 3 months had greatly
reduced incidences of vomiting and diarrhoea compared
with babies who were either bottlefed from birth or com-
pletely weaned within a short time of delivery [18]. This
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study also found that the protection against gastrointesti-
nal illness in breastfed babies persisted beyond the period
of breastfeeding itself and, in the developed country set-
ting at least, was not undermined by the early introduction
of at least some supplements. There was a smaller pro-
tection against respiratory tract infections but not against
other illnesses.

Anumber of mechanisms contribute to the anti-infective
properties of breast milk. Breast milk contains lactofer-
rin which binds iron, and because E. coli requires iron
for growth, the multiplication of this organism is inhib-
ited. Breastfeeding also encourages colonization of the gut
by non-pathogenic flora which will competitively inhibit
pathogenic strains. In addition, there are bacteriocidal
enzymes, such as lysozyme, present in breast milk, which
will contribute to its protective effect.

The most specific anti-infective mechanism, how-
ever, is an immunological one. If a mother ingests a
pathogen which she has previously encountered, the gut-
associated lymphoid tissue situated in the Peyer’s patches
of the small intestine will respond by producing spe-
cific immunoglobulin A, which is transferred to the breast
milk via the thoracic duct (Fig. 10.1). This immunoglob-
ulin, which is present in large amounts in breast milk,
is not absorbed from the infant’s gastrointestinal tract
but remains in the gut to attach to the specific offend-
ing pathogen against which it is directed. In this way
the breastfed infant is given protection from the endemic
infections in the environment against which the mother
will already have immunity. Breast milk contains living
cells, such as polymorphs, lymphocytes and plasma cells
and although their functions are not yet fully understood
they may also be active against invading pathogens.

BREASTFEEDING AND NEUROLOGICAL DEVELOPMENT

A number of studies have shown positive associations
between breastfeeding and improved childhood cognitive
functions, such as increased intelligence quotient, which
persist even after allowing for potential confounding vari-
ables. For example, one study found that, at 2 years
of age, babies who had been breastfed for more than
4monthshad a9.1 pointadvantage in the Bayley score [19].
Other studies have shown similar but smaller benefits
and preterm babies also have improved neurological
development if exposed to breast milk [20,21].

The mechanism for the improved neurological develop-
mentis not fully understood but the presence of long-chain
w-3 fatty acids in breast milk, particularly docosohexanoic
acid, may be important; the composition of the infant brain
is sensitive to dietary intake but the relationship between
the biochemical composition of brain lipid and cogni-
tive function is not yet known. Nevertheless, the possible
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Fig. 10.1 Pathways involved in the secretion of
immunoglobulin A in breast milk by the enteromammary
circulation. (Courtesy of Professor R.V. Short, Melbourne,
Australia.)

beneficial effect of breastfeeding on cognitive function is
a topic of great potential importance.

BREASTFEEDING AND ATOPIC ILLNESS

There are a number of reports that show lower incidences
of atopic illness such as eczema and asthma in breastfed
babies. This effect is particularly important when there is
a family history of atopic illnesses [22]. When the atopic
illness is present, it is commonly associated with raised
levels of immunoglobulin E, especially cow’s milk protein.

Oddy et al. [22] suggest that, apart from a positive fam-
ily history, the most important predisposing factor for
atopic illness is the early introduction of weaning foods.
The protective effect of breastfeeding against atopic ill-
ness, therefore, may be secondary, rather than primary,

because breastfeeding mothers tend to introduce supple-
ments at a later stage. Nevertheless, mothers with a family
history of atopic illness should be informed of the advan-
tages of breastfeeding and of the dangers of introducing
supplements too quickly.

BREASTFEEDING AND DISEASE IN LATER LIFE

Breastfeeding may be associated with reduced juvenile-
onset diabetes mellitus [23] and neoplastic disease in
childhood [24]. It is possible that some of these benefits
are related to the avoidance of cow’s milk during early life
rather than to breastfeeding per se, for example, it is pos-
sible that early exposure to bovine serum albumin could
trigger an autoimmune process leading to juvenile-onset
diabetes. Breast milk is a particularly important ingredi-
ent in the diet of preterm infants as it appears to help in
the prevention of necrotizing enterocolitis among these
particularly vulnerable babies.

BREASTFEEDING AND BREAST CANCER

There is an epidemic of breast cancer among women of
developed countries in the Western world. A number of
recent studies have shown a reduced risk of breast can-
cer among women who have breastfed their babies [25].
Because breastfeeding appears to have no effect on the
incidence of postmenopausal breast cancer, its overall
protective effect will be relatively small but the protec-
tion offered by lactation still represents an important
advantage against a much feared and common disease.

BREASTFEEDING AND FERTILITY

The natural contraceptive effect of breastfeeding has
received scant attention in the Western world because it
is not a reliable method of family planning in all cases.
Nevertheless, on a population basis, the antifertility effect
of breastfeeding is large and of major importance in the
developing world. It has to be remembered that the major-
ity of women in the developing world do not use artificial
contraception and rely on natural checks to their fertil-
ity. By far the most important of these natural checks
is the inhibition of fertility by breastfeeding. In many
developing countries mothers breastfeed for 2 years or
more, with the effect that their babies are spaced at about
3-yearly intervals. In the developing world, more preg-
nancies are still prevented by breastfeeding than by all
other methods of family planning combined. The cur-
rent decline in breastfeeding in the developing world is
a cause for great concern because, without a sharp rise in
contraceptive usage, the loss of its antifertility effect will
aggravate the population increase in these countries.



BREASTFEEDING AND OBESITY

Artificially fed children have twice the risk of child-
hood obesity in comparison to breastfed children [26].
Breastfed children have a significantly reduced blood pres-
sure [27]. These children have a significantly reduced
chance of being obese as adults and dying prematurely
from cardiovascular disease.

MECHANISMS OF LACTATIONAL AMENORRHOEA

The mechanisms of lactational amenorrhoea are complex
and incompletely understood. The key event is a suckling-
induced change in the hypothalamic sensitivity to the
feedback effects of ovarian steroids. During lactation, the
hypothalamus becomes more sensitive to the negative
feedback effects and less sensitive to the positive feed-
back effects of oestrogen. This means that if the pituitary
secretes enough follicle-stimulating hormone and luteiniz-
ing hormone to initiate the development of an ovarian
follicle, the consequent oestrogen secretion will inhibit
gonadotrophin production and the follicle will fail to
mature. During lactation there is inhibition of the normal
pulsatile release of luteinizing hormone from the anterior
pituitary gland which is consistent with this explanation.

From a clinical standpoint, the major factor is the fre-
quency and duration of the suckling stimulus although
other factors such as maternal weight and diet may be
important confounding factors. If supplementary food is
introduced rapidly at an early stage, the suckling stimulus
will fall and early ovulation and a return to fertility will
be the consequence.

Trends in infant feeding in the UK

Because of the many advantages of breastfeeding, it is
important that mothers are given accurate information
and encouraged to breastfeed successfully whenever pos-
sible. Conversely, mothers who choose to bottle feed
should be given proper instructions on best practice and
to be supported in their decision.

In the UK, about 69% of mothers overall start to
breastfeed but many discontinue after a short time. The
prevalence of breastfeeding in the UK in 2002 is shown
in Table 10.7 and the figures have shown no significant
change over the previous 10 years, although a small
increase in breastfeeding at birth is noted. Factors which
are associated with higher breastfeeding prevalence are
higher social class, primiparity, older age of mother and
place of residence (mothers in the south of the country
have a higher prevalence).

In attempting to improve these disappointing low
rates of successful breastfeeding, it is important that
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Table 10.7 Prevalence of breastfeeding from
birth until 9 months from 1985-2000

1985 1990 1995 2000

Birth 63 62 66 69
6 weeks 41 42 42 42
4 months 26 28 27 28
6 months 23 22 21 21
9 months 14 14 14 13

health professionals should understand the physiology of
lactation.

Physiology of lactation

At puberty, the milk ducts which lead from the nip-
ple to the secretory alveoli are stimulated by oestrogen
to sprout, branch and form glandular tissue buds from
which milk-secreting glands will develop (Fig. 10.2). Dur-
ing pregnancy, this breast tissue is further stimulated so
that pre-existing alveolar-lobular structures hypertrophy
and new ones are formed. At the same time milk-collecting
ducts also undergo branching and proliferation. Both
oestrogen and progesterone are necessary for mammary
development in pregnancy but prolactin, growth hormone
and adrenal steroids may also be involved. During preg-
nancy only minimal amounts of milk are formed in the
breast despite high levels of the lactogenic hormones, pro-
lactin and placental lactogen. This is because the actions
of these lactogenic hormones are inhibited by the secre-
tion of high levels of oestrogen and progesterone from the
placenta and it is not until after delivery that copious milk
production is induced.

Adipose tissue

A

Pectoral

muscles
Interlobular

connective tissue

Areola

Nipple

Mammary ducts

Mammary gland lobules

Fig. 10.2 Structure of the lactating breast.
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Fig. 10.3 Pathway of prolactin release from the anterior
pituitary gland.

Milk production

Two similar, but independent, mechanisms are involved
in the establishment of successful lactation (lactogene-
sis); the first mechanism causes the release of prolactin
which acts upon the glandular cells of the breast to stim-
ulate milk secretion (Fig. 10.3) and the second induces
the release of oxytocin which acts upon the myoepithe-
lial cells of the breast to induce the milk ejection reflex
(Fig. 10.4). Although these two mechanisms are similar,
in that they can both be activated by suckling, they are
mediated through two entirely different neuroendocrino-
logical pathways. As can be seen in Figs 10.3 and 10.4, the
key event in lactogenesis is suckling and the sensitivity of
the breast accommodates itself to this important activity.
During pregnancy the skin of the areola is relatively insen-
sitive to tactile stimuli but becomes much more sensitive
immediately after delivery. This is an ingenious physio-
logical adaptation which ensures that there is an adequate
stream of afferent neurological stimuli from the nipple to
the hypothalamus to initiate and maintain the release of
prolactin and oxytocin, both of which are required for
successful lactation.

Milk-ejection reflex

Successful breastfeeding depends as much upon effective
milk transfer from the breast to the baby as upon adequate

Milk-ejection reflex

Sensory
input
PVN
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Oxytocin
(in blood)

Milk /

ejection

—

Suckling

Fig. 10.4 Pathway of oxytocin release from the posterior
pituitary gland.

milk secretion. The milk-ejection reflex is mediated by the
release of oxytocin from the posterior pituitary gland (see
Fig. 10.4). Oxytocin causes contraction of the sensitive
myoepithelial cells which are situated around the milk-
secreting glands and also dilates the ducts by acting upon
the muscle cells which lie longitudinally in the duct walls.
Contraction of these cells, therefore, has the dual effect of
expelling milk from the glands and of encouraging free
flow of milk along dilated ducts. This is recognized by the
mother as the milk ‘let-down” and she may be aware of
milk being ejected from the opposite breast from which the
baby is suckling. In contrast to prolactin, which is secreted
only in response to suckling, oxytocin can be released in
response to sensory inputs such as the mother seeing the
baby or hearing its cry. Oxytocin has a very short half-
life in the circulation and is released from the posterior
pituitary in a pulsatile manner. As shown in Fig. 10.5 the
highestlevels of oxytocin may be released prior to suckling
in response to the baby’s cry, while prolactin is released
only after suckling commences. The milk-ejection reflex is
readily inhibited by emotional stress and this may explain
why maternal anxiety frequently leads to a failure of lacta-
tion. Successful breastfeeding depends upon engendering
confidence in the mother and ensuring correct fixing and
suckling at the breast.
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Fig. 10.5 Pattern of oxytocin release in response to the infant’s
cry (C) and to suckling (S). Redrawn from McNeilly et al. (1982)
with permission.

Another factor is of potential physiological importance
as an inhibitor of breast milk. If the milk is not effec-
tively stripped from the breast at each feed this will inhibit
lactopoiesis and lead to a fall in milk production.

Volumes of breast milk

During the first 24 h of the puerperium, the human breast
usually secretes small volumes of milk but with regular
suckling, milk volumes steadily increase and, by the sixth
day of the puerperium, an average volume of 500 ml will
be taken by the baby. Once lactation is fully established,
an average daily milk volume is about 800 ml. In well-
established lactation, it is possible to sustain a baby on
breast milk alone for 4-6 months.

Management of breastfeeding

Despite the fact that it is a physiological event, many
women experience difficulties in establishing breastfeed-
ing. The greatest asset that a nursing mother can have is
the support of an experienced and sympathetic counsel-
lor. This counsellor may be a midwife, a health visitor or
a lay person but the creation of a relaxed and confident
environment is vital for successful breastfeeding. Babies
are individuals, so there is no simple strategy that works
in every case; mothers should be encouraged to learn to
respond to their own babies but all too often well-meaning
but dogmatic and conflicting advice is given. The best
approach is to give mothers all of the options and let them
make their own decisions; they will soon learn by trial and
error what is best for their own babies. As an important
stimulus to the promotion of effective breastfeeding, the
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Table 10.8 Ten steps to successful breastfeeding

1. Have a written breastfeeding policy

. Train all staff

. Inform all pregnant women about the benefits and
management of breastfeeding

. Help mothers to initiate breastfeeding within 30 min of birth

Show mothers how to breastfeed

. Foster the establishment of breastfeeding support groups

. Practice 24 h rooming in

. Encourage breastfeeding on demand

. Give newborn infants no other food or drink, unless
medically indicated

10. Use no artificial teats

[SSIN S

N NN NS N

From UNICEF UK Baby Friendly Initiative 2004 [30].

concept of ‘baby-friendly hospitals’ has been developed
with breastfeeding being an important part of that assess-
ment. The ‘baby-friendly” initiative has adopted the 10
successful steps to breastfeeding as its central strategy and
these are outlined in Table 10.8. Support for the breastfeed-
ing mother is both an art and a science and the reader
is referred to some of the detailed texts on the subject
(e.g. [28]).
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Chapter 11: Neonatal care for

obstetricians
M.A. Thomson and A.D. Edwards

The transition to the extrauterine life
Lungs

Expansion of the lungs at birth presents a considerable
challenge to the newborn infant. In fetal life, lung liquid
is actively secreted into the alveolar space and the lung is
a fluid-filled organ. During term labour lung liquid pro-
duction ceases, high fetal blood concentrations of thyroid
hormone, adrenaline and corticosteroids cause the direc-
tion of fluid flow to be permanently reversed, preparing
the air spaces for air breathing. The majority of lung liquid
is absorbed into the pulmonary lymphatics and capillaries
with a small amount squeezed out of the lungs as a result
of high vaginal pressure during the second stage of labour.

In response to a number of stimuli following birth which
include the change in environmental temperature, audio-
visual, proprioceptive changes, touch and physiological
hypoxia which occurs when the umbilical cord is clamped
a healthy term baby usually takes the first breath within
60 s. The first breaths must generate high pressure within
the lungs to overcome several factors, such as the sur-
face tension at the air-liquid interface of collapsed alveoli,
the high flow resistance and inertia of fluid in the air-
ways and the elastic recoil and compliance of the lungs
and chest wall. Therefore initial respiratory effort results
in both large inspiratory breaths which create high neg-
ative pressures (20 cmH,0) within the lungs and forced
active expiration producing pressure ranging from 20-
100 cmH,O. Replacement of lung liquid by air is largely
accomplished within a few minutes of birth although this
may be delayed if the delivery occurs before the onset of
labour or the respiratory drive is compromised by such
factors as prematurity, surfactant deficiency, perinatal
hypoxia and general anaesthesia.

Once expanded, lung compliance is much improved
and the pressure required for normal tidal breathing is
only about 5 cmHO. Failure to reabsorb lung liquid may
produce transient tachypnoea in a term baby.

Expanded alveoli must be prevented from collaps-
ing again and this depends on the surfactant system.

Surfactant, a complex mixture of mainly phospholipids,
with smaller amounts of neutral lipids and proteins is pro-
duced by type Il alveolar cells. These cells can be identified
from about 24 weeks gestation. However, surfactant pro-
duction is limited until much later in gestation. It is the
phospholipids notably dipalmitoyl phosphatidylcholine
(DPPC) which forms a monolayer at the alveolar air-tissue
interface thereby significantly reducing surface tension
and preventing alveolar collapse. The four surfactant-
associated proteins SP-A, SP-B, SP-C, and SP-D each have
essential roles; SP-B and C aid spreading, adsorption and
recycling of the phospholipids, SP-A has a dual role in
improving surfactant function and with SP-D is part of
the innate host defence mechanism against infection.

Surfactant production and release increases during the
latter part of pregnancy under control of hormones such
as corticosteroids and thyroid hormone. Maturation of the
surfactant system can be stimulated by numerous agents
including maternal glucocorticoids. Babies born preterm
may fail to clear lung liquid or produce surfactant so that
pulmonary compliance remains low and the high neg-
ative intrathoracic pressures required for lung inflation
during the first breath persist. These infants develop respi-
ratory distress and may require ventilation and surfactant
replacement.

The heart and circulation

In the fetus, oxygenated blood from the placenta is pref-
erentially streamed through the ductus venosus to the
right atrium and across the foramen ovale into the left
atrium. Here it mixes with the small quantity of pul-
monary venous blood, then passes to the left ventricle
from where it is pumped into the aortic root and to the
cerebral and coronary circulations.

A small proportion of inferior vena cava blood enters
the right atrium and mixes with the poorly oxygenated
blood returning through the superior vena cava, pass-
ing to the right ventricle and pulmonary artery. In the
fetus, pulmonary vascular resistance is extremely high and
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very little blood passes from the pulmonary artery into
the lungs. Most blood passes though the patent ductus
arteriosus to the aorta and supplies the lower body and
placenta.

The fetal pattern of circulation is dependent on high
pulmonary vascular resistance, the presence of the patent
ductus arteriosus and the low-resistance placental com-
ponent of the systemic circulation. At birth, expansion of
the lung and the onset of air breathing increase the local
oxygen concentration within the lungs which causes a dra-
matic fall in pulmonary vascular resistance, effected by
a complex series of vasoactive mediators which include
prostaglandins and nitric oxide.

The fall in pulmonary resistance allows pulmonary
artery pressure to decrease, and thus right atrial pressure
falls below left atrial pressure, so stopping the flow of
blood from right to left atrium, and promoting mechan-
ical closure of the foramen ovale. This process is aided
by the increase in systemic vascular resistance (and thus
left heart pressures) caused by clamping of the umbilical
cord with the sudden loss of the low-resistance placental
circulation.

Increased oxygenation of arterial blood induces closure
of the arterial and venous ducts, largely by inhibition of
the dilator prostaglandins PGE, and PGI,. This system
may be immature in the preterm infant and the ductus
arteriosus may not close.

Lung expansion and oxygenation are thus essential to
the circulatory changes at birth, allowing both a fall in pul-
monary vascular resistance and the closure of the ductus
arteriosus. Situations of impaired respiratory function are
frequently associated with pulmonary hypertension lead-
ing to a physiological right to left shunt and exacerbation
of hypoxaemia. This is evident in respiratory distress syn-
drome when the pulmonary artery pressure is high, and
in conditions such as meconium aspiration or diaphrag-
matic hernia persistence of the fetal circulatory pattern is
the major clinical problem.

Haemoglobin

In the term infant, the haemoglobin concentration is high,
between 16 and 18 g/dl. Of this 80% is fetal haemoglobin
(HbF). HbF has a lower affinity for 2,3-diphosphoglycerite
which shifts the haemoglobin—-oxygen dissociation curve
to the left, leading to maximum oxygen transfer at lower
pOz levels. The proportion of HbF falls gradually dur-
ing the months after birth and by six months only 5%
haemoglobin is HbE.

The relatively high total haemoglobin concentration
also declines after birth. Haemoglobin is removed through
the formation of bilirubin which is removed by the liver;
hepatic immaturity frequently leads to jaundice in the

normal newborn infant. Excessive haemolysis or liver
impairment can lead to levels of unconjugated bilirubin
sufficiently high to cause neurological damage.

Feeding and nutrition

Human breast milk is the preferred nutrition source for
both term and preterm babies; it is associated with a sig-
nificant reduction in both morbidity and mortality. Every
effort should be made to encourage a mother to breastfeed.
There are few genuine contraindications to breastfeed-
ing; these include some rare inborn errors of metabolism
in the baby such as galactosaemia. It is not the practice
in the UK to encourage HIV-positive mothers to breast-
feed; however, this is not the case in developing countries.
Breastfeeding is generally safe for the baby if the mother
requires medication; rarely breastfeeding is absolutely
contraindicated. Examples of drugs which require caution
are given in Table 11.1. When prescribing for a breastfeed-
ing mother it is wise to check that the drug prescribed
is safe. Information can be found in the British National
Formulary; if a contraindication, caution or a potential
problem is identified, the advice of the local paediatric
pharmacist or local drug information centre should be
sought. Often alternative drugs can be prescribed and
breastfeeding continued. Information is also available via
websites such as www.ukmi.nhs.uk.

Human breast milk is a complex bioactive fluid that
alters in composition over time. Colostrum has a greater
concentration of protein and minerals than mature milk
and provides a large number of active substances and cells.
Term colostrums contains approximately 3 million cells
per ml, of which about 50% are polymorpholeucocytes,
40% macrophages, 5% lymphocytes and the remain-
der epithelial cells. Colostrum also contains antibodies,
humoral factors, growth factors and interleukins.

Table 11.1 Drugs and breastfeeding

Breastfeeding contraindicated
Cytotoxics, ergotamine, immunosuppressants, lithium,
phenindione, chloramphenicol, tetracyclines

Example of drugs to be used with caution during breastfeeding

Antiarrhythmic Amiodarone

Antibiotic Metronidazole

Anticonvulsant Gabapentin, levetiracetam,
oxcarbazepine, phenobarbital,
phenytoin, pregabalin, primidone,
topiramate, vigabatrin

Antidepressant Doxepin, selective serotonin re-uptake
inhibitors (SSRI)

Antihypertensive Betablockers

Anxiolytic Benzodiazepines, buspirone

Radioisotopes




The majority of the immunoglobin (Ig) in milk is secre-
tory IgA, with specific antibodies against antigens rec-
ognized by the mothers’ intestinal mucosa which protect
against the extrauterine environment. However, most cir-
culating immunoglobulin in the human infant is acquired
transplacentally.

Healthy term infants feeding on demand usually suckle
2 to 4 hourly. On the first day of life they require about
40 ml/kg of milk, and some 20-30 ml/kg more each day
until they take approximately 150 ml/kg per day by the
end of the first week. Infants weighing 1.5-2.0 kg need
approximately 60 ml/kg, again increasing to 150 ml/kg
per day after 1 week. Feeding infants smaller than 1.5 kg
often requires specialized practices such as gavage or
parenteral feeds.

Body composition, fluids and electrolyte metabolism

Table 11.2 shows the average body composition of appro-
priately grown infants at different gestational ages. During
pregnancy total body water declines from 94% in the
first trimester to about 70% at term. Extracellular fluid
decreases from 65% body weight at 26 weeks to 40% at
term. Administration of intravenous fluids to a mother or
Caesarean section increases the infant’s body water after
birth.

Following birth, an abrupt contraction of the extracel-
lular compartment occurs; term infants lose about 5% and
preterm infants 10-15% of body weight by diuresis during
the first 5 days. This important adjustment to extrauter-
ine life is interrupted by stress which causes secretion of
anti-diuretic hormone; infants with respiratory problems
show little weight loss until the lung condition improves.
However, infants who are sick from many causes may also
show excessive weight loss and loss of more than 10% in
a term infant is cause for concern.

The glomerular filtration rate is low in newborn infants
and only reaches mature levels by the end of the first year.
Thus infants initially require little water, and 40-60 ml/kg
per 24 h is adequate. Infants have a concomitant obliga-
tory sodium loss and do not require dietary sodium until
weight loss is complete. In a sick or preterm infant, fluid
and electrolyte administration must be carried out with
great care as well as frequent measuring of weight and
blood electrolyte concentrations.

Table 11.2 Infantile body compositions

Gestational age (weeks) 22 26 29 40
Weight (g) 500 1000 1500 3500
Water (g) 433 850 1240 2380
Fat (g) 6 23 60 525
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Temperature control

The placenta is a heat exchanger which transfers heat gen-
erated by metabolism from fetus to mother. After birth the
newborn infant functions as a homeotherm, maintaining
deep body temperature at 37°C. Heat control places a large
demand on neonatal metabolism and physiology because
a large surface area to volume ratio and wet skin make the
newborn baby vulnerable to excessive heat loss.

Newborn infants have a specialized organ for heat
production: brown adipose tissue, which allows non-
shivering thermogenesis. Catecholamines are released in
response to cold, stimulating oxidative phosphorylation
in these cells, where uncoupling energy metabolism from
ATP generation allows chemical energy to be converted
into heat. Non-shivering thermogenesis is impaired in the
first few hours of life in sick infants and after maternal
sedative administration.

Despite this, the newborn infant has a limited capacity
to maintain core temperature. At environmental tempera-
tures below 32°C non-shivering thermogenesis increases
oxygen consumption and maintains core temperature.
However, at environmental temperatures below 24°C heat
production is inadequate and the body temperature will
fall. It is therefore important to ensure the environmen-
tal temperature in delivery rooms and theatre is 20°C for
a term baby and at least 23°C if a preterm delivery is
expected to prevent initial hypothermia.

Preterm infants are at particular risk of hypothermia
because of lack of brown fat, small energy reserves, high
evaporative heat loss through immature skin and a higher
surface area to volume ratio. Sickness places extreme
demands on the infant’s homeothermic capacity and an
unstable core temperature frequently accompanies severe
illness. While a healthy term infant can be adequately
cared for by dressing and wrapping in warm blankets, sick
or preterm infants require incubators or radiant heaters to
maintain a normal core temperature.

Resuscitation of the newborn

Assessment and simple resuscitation at birth

Most infants born at term and without specific indicators
of high risk during pregnancy do not need resuscitation.
Almost all those who do can be resuscitated by simple
methods using bag and mask ventilation. A small number
of term infants and the many extremely preterm infants
require resuscitation involving endotracheal intubation.
Thus, while having equipment for resuscitation ready, the
first task of the attendant is to decide whether resuscitation
is required or not.

Assignment of American Pediatric Gross Assessment
Record (APGAR) scores as described in Table 11.3 can
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Table 11.3 Clinical evaluation of the newborn infant (Apgar scoring method)

Sign 0 1 2
Heart rate Absent Slow (below 100 beats/min) Over 100 beats/min
Respiratory effort Absent Weak Good; strong cry
Muscle tone Limp Some flexion of extremities  Active motion; extremities well flexed
Reflex irritability No response  Grimace Cry
(response to stimulation
of sole of foot)
Colour Blue; pale Body pink; extremities blue =~ Completely pink

The Apgar score is obtained by assigning the value of 0, 1 or 2 to each of five signs and summing the result.

be helpful. These scores are conventionally determined
at 1 and 5 min and describe cardiorespiratory and neuro-
logical depression. There are many causes of depression
at birth, and low Apgar scores are neither evidence of
birth asphyxia, nor, except in extreme circumstances,
a guide to neurological prognosis. Nevertheless, a low
Apgar score signifies a problem that needs explanation
and management.

It is helpful to commence a time clock at the moment of
delivery and some attendants aspirate the nasal passages
immediately after delivery to remove fluid and debris
from the pharynx and exclude choanal atresia, although
many believed this to be excessive for low-risk births.

In an infant who breathes immediately on delivery, it
takes minutes for the cerebral oxygenation concentration
to reach normal extrauterine levels and there is no reason
to believe that a short period of apnoea at birth causes
significant injury. At least three quarters of normal term
infants breathe within a minute of delivery and most of
the rest have breathed before 3 min. The low-risk new-
born can thus be safely given immediately to the mother,
while drying with a warm towel, which should then be
discarded, and the baby then covered in dry warm tow-
els to allow skin-to-skin contact with the mother. The
infant can then be observed, and failure to breath by 30 s
should persuade the attendant that resuscitation might
be needed. Initially drying, or blowing cold air or oxy-
gen over the face may stimulate respiration. If this fails
then resuscitation is appropriate. In many units preterm
babies are placed directly in plastic bags without drying. If
the bag covers the whole baby except the face better ther-
mal control is achieved and hypothermia, which is known
to significantly increase mortality and morbidity, can be
prevented.

In infants who have taken a first breath, mask venti-
lation is highly effective provided the right equipment is
used. The mask must be soft so as to form a seal around
the airway. Pressurized air or oxygen is provided either
by a compressible bag or an interruptible pressurized

gas source; both should have a valve which releases
pressure at 30 cm of water. After the airway has been ade-
quately cleared by suction, the mask is positioned over
the nose and mouth with the baby lying prone and the
bag squeezed (or gas provided) to deliver several long
inspiratory breaths followed by regular ventilation at a
rate of 30—40 breaths/min. In many cases ventilating with
air is as effective as using oxygen. This technique requires
practice and obstetricians and midwives should maintain
their skills, if necessary, using an appropriate resuscitation
dummy:.

The best guide to successful resuscitation is the baby’s
heartbeat. This can be determined in most cases by feeling
the umbilical cord or the femoral pulsation, or can be heard
through a stethoscope over the chest. A heart rate above
120 usually signifies adequate oxygenation, but a heart
rate below this implies a need for more effective therapy.
The heart rate provides a more immediate and accurate
guide to the baby’s state than respiratory effort or skin
colour and, especially for the occasional or inexperienced
resuscitator, is the best short-term measure of success or
failure.

The Resuscitation Council UK course in Neonatal Life
Support (NLS) teaches and assesses basic neonatal resus-
citation practice (www.resus.org.uk).

Advanced life support

If mask ventilation fails to produce an adequate heart rate
check again for evidence of upper airway obstruction and
aspirate the nasal passages and nasopharynx. Meconium
present in the trachea should have been aspirated under
direct vision using a laryngoscope before ventilation, but
this may need repeating. If clearing of the airway and
reventilation fails to produce a normal heart rate, endotra-
cheal intubation is required. This technique is not difficult
but requires practice and carries a considerable danger in
inexperienced hands: the endotracheal tube will enter the
oesophagus easily and significantly inhibit ventilation. If



an infant does not rapidly improve after attempted endo-
tracheal intubation, there is presumptive evidence of the
tube being in the oesophagus. It should be removed and
intubation repeated. If there is doubt it may be safer to
concentrate on bag and mask ventilation while awaiting
skilled assistance.

Once the endotracheal tube is placed, auscultate the
chest over both lungs to ascertain that breath sounds
are equal. Inequality implies that the tube has been
inserted too far and entered one lung, but could also sug-
gest major problems such as pneumothorax or congenital
diaphragmatic hernia.

Endotracheal intubation secures access for mechanical
ventilation. Initial ventilation should include an inspira-
tory time of approximately 1 s to distend collapsed alveoli,
and peak pressures sufficient to visibly move the chest.
Once the alveoli are expanded less pressure is required.
Thus the first breaths may require peak pressures of 30 cm
of water or more in term babies, whereas after this it is
usually possible to ventilate the lungs with pressures of
approximately half this, and a respiratory time of 0.5 s at
a rate of 40 breaths/min. If there is evidence or presump-
tion of surfactant deficiency, exogenous surfactant should
be administered early.

Effective ventilation is enough to resuscitate most
infants and only rarely is cardiac massage or the admin-
istration of blood because of bleeding required. On very
rare occasions, endotracheal adrenaline may need to be
administered for persistent bradycardia and if this fails
intravenous adrenaline may be given. It is no longer good
practice to administer sodium bicarbonate intravenously
to infants unless blood gases are measured or circulatory
failure is very prolonged.

Most low-risk infants who require resuscitation can be
extubated within a few minutes and can usually be nursed
by their mothers as long as (1) there is no specific problem
such as meconium aspiration, prematurity or a history
of infection and (2) adequate observation can be main-
tained. Infants who cannot be extubated successfully in
this time or who continue to have respiratory problems
require admission to a neonatal unit.

Admission to neonatal units

Approximately 8-10% of births require admission to a
neonatal unit; however, a much small number (2-3%)
require neonatal intensive care. The criteria for admis-
sion vary between units but should include the following:
(1) birth weight less than 1.8 kg or gestational age below
34 weeks, as these infants rarely feed from the nipple and
have difficulty controlling their temperature or (2) proven
or suspected illness, such as respiratory distress, cardiac
disease, fits or sepsis.
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Unnecessary admission of infants to neonatal units can
strain resources and put the infant at risk of nosocomial
disease, as well as interrupting bonding and frightening
parents. Adequate transitional care facilities are essential
to avoid misuse of neonatal care.

Examination of the newborn infant

Apreliminary examination is made in the delivery room to
establish that the baby does not have a major abnormality
such as spina bifida and the full examination at a later time.
In this way bonding and the initiation of breastfeeding are
not interrupted.

A full examination should be carried out on every baby
in the presence of the mother before discharge from hos-
pital. Ideally it should take place 24-48 h after birth;
however, if discharged before this the examination should
still be undertaken. Itis then advisable to examine the baby
again during the first week of life. Any trained practitioner
can carry out the newborn examination. A history should
be taken including maternal obstetric and family history
to identify problems in the baby that will require further
management or follow up.

During examination one relies heavily on observational
skills. Note abnormalities of posture and asymmetry of
facial or limb movements. Evidence of jaundice, poly-
cythaemia, anaemia or rashes is noted and choanal atresia
excluded.

A systematic search for congenital abnormalities can be
rapidly performed by examining along the midline and
then passing to the limbs. Starting with the head, the facial
features should be noted and thought given to dysmor-
phic syndromes. The palate needs to be examined visually
to exclude a clef palate or bifid uvula which signifies a
sub-mucus cleft. The eyes must be examined by ophthal-
moscopy to exclude cataracts: in a normal eye the red
reflex is immediately obvious. Eye movements may not be
fully coordinated in the first week of life and momentary
strabismus is common.

Examination should be made of (1) the back of the
neck and the spine for skin lesions suggesting spinal dys-
raphism; (2) the anus; (3) the genitalia; (4) the femoral
pulses; (5) hips; (6) the abdomen; and (7) the chest for
examination of the cardiovascular and respiratory system
(chest). Then the limbs are examined: digits need to be
counted and palmar and planter creases examined; the
ankles should be examined for talipes.

Examination of the cardiovascular system includes not
only auscultation of the heart but also palpation of all
pulses and the liver. Murmurs are not necessarily evidence
of cardiac abnormalities, whereas major heart disease can
occur in infants with normal heart sounds. Important signs
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of cardiac disease include cyanosis, tachypnoea, recession
and absent or high-volume pulses.

Respiratory problems also present with cyanosis, reces-
sion or tachypnoea, but these two problems can be
separated by echocardiography. If this is unavailable a
hyperoxia test may be used in which an infant is given
100% oxygen to breathe for 10-20 min and a sample of arte-
rial blood taken from the right arm. Assuming ventilation
is adequate, a baby with lung disease will normally have
an oxygen tension exceeding 20 kPa whereas in a baby
with cyanotic heart disease it normally remains below
15 kPa. The test is now more frequently undertaken with
pulse oximetry substituted for arterial blood gas measure-
ment; however, this is prone to error. As the hyperoxia test
is not infallible echocardiography is preferred.

Examination of the hip is mandatory to exclude congen-
ital dislocation. The infant lies supine, a femur is held in
either hand and the hips fully abducted until the femurs
lie parallel to the bed. If this cannot be achieved by gentle
pressure, the hip is probably dislocated and ultrasound
examination is required. The pelvis is then held firmly by
one hand while the other grasps the femur in a vertical
position, applying pressure downwards and outwards. If
the hip is unstable, this will allow the head of the femur
to leave the acetabulum. The examiner then abducts the
femur, which rides forwards and inwards as it re-enters
the acetabular cup producing a low pitched clunk: this
signifies a dislocatable hip. High-pitched clicks can also
occur because of ligamental laxity. It is wise to obtain ultra-
sound examinations of all suspect hips, in infants born
after breech delivery and in those with a family history of
congenital dislocation.

A great deal can be learnt about an infant’s neuro-
logical status by observation and assessing posture and
tone. A normal term infant when left supine will adopt
a position in which the limbs are flexed and adducted.
If lifted and held prone the baby will momentary hold
its head extended before dropping it forward, with the
spine adopting a smooth curvature. Reflexes can also be
helpful signs of normality. To elicit the Moro reflex gen-
tle but abrupt neck extension is allowed by moving the
head, and this results in sudden extension and abduction
of the limbs followed by slower adduction and flexion.
Slow rotational movement of the head will also elicit dolls
eye movement in which the point of gaze remains rela-
tively fixed despite the movement. If the cheek is touched
gently, a rooting response will be elicited in which the baby
turns his head slightly towards the stimulus and gives a
unilateral grimace. Sucking is a valuable neurological sign,
and babies who suck well and effectively rarely have a
severe encephalopathy.

A complete examination includes measurement and
plotting on standard charts of weight and head

circumference; this forms the basis of developmental
surveillance in following years. It should also be ascer-
tained that the infant has passed meconium and urine
within 24 h of birth.

The examiner should be prepared to answer maternal
questions and discuss the merits of BCG and hepatitis
B vaccination, and routine screening tests if appropriate.
Universal newborn hearing screening has recently been
introduced in the United Kingdom. Universal biochem-
ical screening for phenylketonuria and hypothyroidism
during the newborn period is well established. In addi-
tion, galactosaemia, cystic fibrosis, haemoglobinopathies
and various aminoacidopathies are screened for in some
parts of the United Kingdom.

Disorders in the newborn period
Preterm birth

Infants born significantly before term usually require
neonatal care until around the expected date of deliv-
ery. Following the introduction of surfactant coupled with
the widespread use of antenatal corticosteroids in the
mid-90s mortality rates for these infants fell significantly
although in the smallest the risks of death remained high
(Fig. 11.1). Rates in the twenty-first century remain simi-
lar to those shown. Mortality in extremely preterm babies
can be significantly reduced if hypothermia is prevented
at birth; this is only possible if the delivery room is main-
tained at an appropriate temperature. Most survivors do
not suffer long-term disability, but in infants of less than
28 weeks gestation some 20% suffer neurodevelopmental
impairment.

The stress on parents and family of having a baby who
undergoes intensive care can be immense. They have to
suffer prolonged uncertainly about the infant’s survival
as well as a loss of control over their baby’s and their own
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Fig. 11.1 Neonatal survival among registered live births.
Redrawn from Tin et al. (1997) Br Med ] 314, 107-10.



lives. Careful preparation of parents, with visits to the
intensive care unit and meetings with unit staff may help,
but the difficulties for families in this situation should not
be underestimated.

Respiratory disorders

Abnormal breathing is a common presentation of many
illnesses in the newborn period. Intermittent or periodic
breathing is common and not usually significant. How-
ever, a respiratory rate persistently above 60 breaths/min
needs further investigation, as do periods of apnoea last-
ing more than a few seconds, especially if associated with
cyanosis and bradycardia.

Tachypnoea with recession and nasal flaring is fre-
quently the presentation of respiratory or cardiac disor-
ders, while apnoea may be the presentation of a great
many disorders such as septicaemia, meningitis, gastroin-
testinal obstruction or heart disease.

SURFACTANT DEFICIENCY

The respiratory distress syndrome caused by inadequate
surfactant production is mainly a disease of the preterm
infant. However, it can occur in term infants, particu-
larly those of diabetic mothers or after caesarean section
without labour.

Affected infants may require mechanical ventilation and
intensive care. The classical clinical presentation is an
infant with tachypnoea, subcostal and intercostal reces-
sion and nasal flaring which becomes progressively worse
over the first 60 h after birth, and a chest X-ray showing a
ground glass appearance with air bronchograms. It can be
associated with pneumothorax, bronchopulmonary dys-
plasia (BPD) and intracerebral haemorrhage although in
more mature infants it normally resolves without seque-
lae. The combined use of antenatal corticosteroids and
surfactant modify the illness, improving survival and
reducing the rates of complication such as pneumotho-
rax and intracerebral haemorrhage but have little effect
on reducing the incidence of BPD.

CONGENITAL PNEUMONIA

Congenital pneumonia is a relatively common problem
associated with a variety of microorganisms. The infant
presents with respiratory distress and a chest X-ray shows
patchy inconsistent shadowing. Treatment is with antibi-
otics and intensive care as required.

MECONIUM ASPIRATION

Inhalation of meconium before or during delivery can be
an extremely severe problem if pulmonary hypertension
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with reduced lung perfusion and severe hypoxaemia
develop. Meconium may block large and/or small air-
ways and lead to a ventilatory deficit. Although meco-
nium aspiration may be apparent at birth, severe disease
may present an hour or more later and it is important
that babies suspected of having aspirated are carefully
observed.

Treatment of meconium aspiration complicated pul-
monary hypertension requires expert intensive care.
Early surfactant administration may be beneficial, high-
frequency oscillatory ventilation and the administration
of nitric oxide reduce mortality. When other measures
fail extracorporeal membrane oxygenation should be
considered.

TRANSIENT TACHYPNOEA OF THE NEWBORN

Transient tachypnoea of the newborn is due to delayed
reabsorption of lung liquid which leads to a moderate
degree of intracostal recession and tachypnoea. In the
preterm infant this can lead to marked respiratory dis-
tress, but in a term baby needing high inspired oxygen
concentrations other causes of respiratory distress should
be excluded.

BRONCHOPULMONARY DYSPLASIA

This is a chronic condition affecting up to 50% of infants
born at 26 weeks or less. Premature delivery, pre- and post-
natal inflammation and infection, ventilation, oxygen and
poor nutrition are among the many factors contributing to
the development and persistence of BPD. The underlying
problem is an arrest in alveolar and peripheral vascular
development. The severity is variable ranging from the
need for supplementary oxygen for several weeks to pro-
longed respiratory support with a ventilator or continuous
positive airways pressure and death. A small proportion
of babies are discharged home on supplementary oxygen;
most outgrow the need by 12 months of age. All babies
born prematurely have an increased risk of respiratory ill-
ness within the first few years of life. This is increased in
the group with BPD and respiratory problems may persist
into adult life.

Cardiac disorders

Some form of congenital heart disease affects between 7
and 9 per 1000 live births of whom approximately one
quarter will present in the newborn period. Fetal anomaly
ultrasound can detect many lesions; antenatally, however,
some are more difficult to diagnose (see Chapter 17).
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Cardiac disease in the newborn baby presents in five
main ways:

CYANOSIS DUE TO REDUCED PULMONARY
BLOOD FLOW

The commonest causes are transposition of the great arter-
ies (TGA), right to left shunts such as Tetralogy of Fallot
and pulmonary or tricuspid atresia. Administration of
100% oxygen fails to increase arterial saturation and a
chest X-ray may show oligaemia. Tachypneoa may occur;
however, respiratory distress is often not a prominent
feature of the presentation whereas cyanosis may be pro-
found. A measurement of blood gases is mandatory both
to the diagnosis and as a measure of the baby’s condition:
metabolic acidosis is an ominous sign. For those present-
ing in the neonatal period immediate treatment is required
to prevent the ductus arterious from closing with transfer
to a specialist paediatric cardiac centre.

CARDIORESPIRATORY DISTRESS DUE TO INCREASED
PULMONARY BLOOD FLOW

Left to right shunting though septal defects with a con-
sequent increase in pulmonary blood flow decreases the
compliance of the lung leading to chest recession and
tachypnoea. The homeostatic response to this shunt is
fluid retention, leading to congestive cardiac failure with
a large liver and oedema. Infants with large left to right
shunts are not particularly hypoxaemic except when car-
diac failure is severe. The commonest cause of large
left to right shunts are large ventricular septal defect,
atrioventricular septal defects and patent ductus arterious.

CYANOSIS AND CARDIORESPIRATORY DISTRESS

Infants in whom mixing between systemic and pulmonary
circulations is impaired can present with breathlessness
and cyanosis. Complex conditions such as transposition
of the great arteries may lead to this presentation.

SHOCK SYNDROME DUE TO LOW CARDIAC OUTPUT

The clinical picture of shock is a desperately ill infant with
generalized pallor, cyanosis, cool peripheries and weak or
absent pulses. Breathing is laboured or gasping, and the
infantis hypotonic. Neonatal shock is usually due to major
sepsis, significant blood loss or major interruption to the
circulation such as hypoplasticleft heart syndrome, severe
coarctation of the aorta or complex cardiac defects. Shock
can also be part of the later natural history of other cardiac
defects. Causes of significant blood loss in the newborn
baby are given in Table 11.4.

Table 11.4 Blood loss in newborn infants

Fetomaternal transfusion
Fetofetal transfusion in twins
Rupture of umbilical cord vessels
Abnormal vessels — varices, aneurysm or
vasa praevia
Normal vessels — precipitate delivery
Rupture of placental vessels
Placenta praevia (abruptio placenta)
External blood loss
Cord stump
Gastrointestinal — haematemesis and
melaena
Skin injury — bruising and incisions
Internal blood loss
Cephalohaematoma
Suboponeurotic haemorrhage
Intraventricular, subarachnoid and
subdural
Liver or spleen — rupture and subcapsular

Before and
during
delivery

After delivery

THE ASYMPTOMATIC MURMUR

Murmurs are common in newborn infants and are fre-
quently innocent. A low-amplitude-ejection systolic mur-
mur is audible in some 60% of normal newborn infants.
It is normally best heard over the pulmonary area and
may be due to a ductus arterious that has not fully closed
or a pulmonary artery branch flow murmur which dis-
appears before 6 months of age. Innocent murmurs are
systolic, short, localized and may change. Infants may
develop murmurs when unwell, because of increased car-
diac output or reopening of the ductus arterious. Other
causes of asymptomatic murmurs in the newborn period
include septal defects, aortic or pulmonary stenosis and
Tetralogy of Fallot. A thorough search for other signs of
cardiac disease should be made and an expert opinion
arranged where appropriate. It is important to remem-
ber that the mention of a heart murmur can strike panic
into even the calmest of parents and the situation needs
to be handled with great tact. Rapid definitive diagno-
sis by echocardiography is the mainstay of successful
management.

Neurological disorders
NEONATAL ENCEPHALOPATHY

Neonatal encephalopathy can be caused by hypoxia
ischaemia due to birth asphyxia but also by other condi-
tions including metabolic disorders and infections. These
conditions should be excluded before a confident diag-
nosis of hypoxic ischaemic encephalopathy due to birth
asphyxia can be accepted.
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Table 11.5 Classification of severity of hypoxic ischaemic encephalopathy in the term newborn

Severity of encephalopathy

Clinical features Mild Moderate Severe
Level of consciousness Hyperalert Lethargic Stuporous, comatose
Muscle tone Normal Mild hypotonia Flaccid
Seizures None Common Interactable
Intracranial pressure ~ Normal Normal Elevated
Primitive reflexes
Suck Weak Weak or absent Absent
Moro Strong Weak Absent
Autonomic function Generalized Generalized parasympathetic activity ~Both systems depressed

sympathetic activity

EEG findings Normal (awake)

Duration <24 h 2-14 days

Early: low-voltage delta and theta
Later: periodic pattern, seizures

Early: periodic pattern and suppression
Later: generalized suppression
Weeks

Data from Sarnat and Sarnat (1976), source from Roberton’s Textbook of Neonatology 2005.

Hypoxia-ischaemia followed by resuscitation may lead
to apparent recovery followed by inexorable deteriora-
tion beginning 6-8 h later and ending in severe cerebral
injury. Consequently, it is frequently difficult to determine
the prognosis soon after birth on clinical grounds alone.
However, if asphyxia is severe or happened some time
before delivery the infant will not develop spontaneous
breathing; therefore, if despite advance life support there
is no sign of spontaneous breathing 20 min after birth the
outcome is extremely poor.

Hypoxic ischaemic encephalopathy is graded clinically
using clinical signs. A frequently used grading system —
that of Sarnat and Sarnat — is given in Table 11.5. Infants
with grade 1 encephalopathy have a very good prognosis
whereas infants with Grade 3 almost all die or are severely
impaired. About half the infants with Grade 2 have severe
neurodevelopmental impairment. Unfortunately a large
number of infants at risk fall into Grade 2, limiting the
utility of the system.

If asphyxia is suspected, further investigation is
required, preferably by paediatricians specialized in
neonatal neurology and with access to sophisticated
equipment such as electrophysiology, magnetic resonance
imaging or magnetic resonance spectroscopy. Diagnosis
and an accurate guide to prognosis can then be obtained.

CEREBRAL PALSY

Cerebral palsy is a non-progressive brain syndrome which
may not be apparent until after the first year of life and
which cannot be confidently diagnosed at birth. Popu-
lation based studies have shown that about 20% of all
cases of cerebral palsy are due to birth asphyxia in the
term infant, approximately one third are associated with

preterm birth, and the remainder have no obvious fetal or
perinatal antecedent.

CONVULSIONS

Convulsions occurring just after delivery in term infants
may be due to hypoxic ischaemic encephalopathy,
metabolic disorders, infections, hypoglycaemia, hypocal-
caemia, hypomagnesaemia or pyridoxine deficiency.
Many otherwise idiopathic fits are caused by focal cere-
bral infarction, which have a much better prognosis than
generalized hypoxic ischaemic injury but are difficult to
diagnose without magnetic resonance imaging.

BRAIN INJURY IN PRETERM INFANTS

Preterm infants are at high risk of cerebral injury and
approximately 10% of infants born preterm develop signif-
icant neurodevelopmental impairment and another 10%
have minor neurological lesions: two classical lesions
which occur in preterm infants.

First, intracerebral haemorrhage may affect only the ger-
minal layers or ventricles in which case the prognosis is
good; however, haemorrhage into the brain parenchyma
is caused by haemorrhagic infarction and this is associated
with neurodevelopmental impairment.

Second, in periventricular leucomalacia there is a gen-
eral loss of white matter, sometimes with cavitation.
Whereas haemorrhagic parenchymal infarctions can be
usually seen by cerebral ultrasonography, periventricu-
lar leucomalacia is difficult to see and is probably under
diagnosed. Both these conditions seem to be becoming
less common than a more subtle loss of cerebral matter;
this may present as dilated cerebral ventricles on cerebral
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ultrasonography but is often only apparent with mag-
netic resonance imaging. The aetiology of this condition is
poorly understood, the extremely preterm infant seems to
be most at risk. The usefulness of cerebral ultrasonogra-
phy alone to predict neurological prognosis in extremely
preterm infants is therefore limited.

The more mature preterm infants with normal ultra-
sound scans at discharge from intensive care have a
very low risk of neurodevelopmental impairment whereas
those with definable loss of brain tissue from what-
ever cause have a greater than 50% chance of long-term
impairment.

BRACHIAL PLEXUS INJURY

Brachial plexus injury occurs in 0.4-2.5 per 1000 live
births. The commonest type, Erb’s palsy, involves C5 and
6 nerve roots. The incidence has not declined over the
past few decades; however, the prognosis for recovery,
has improved with full recovery expected in the majority
of babies with Erb’s palsy. Injury to the brachial plexus
results in the characteristic waiters tip position, a fracture
to the clavical may also be present. Careful neurological
examination is needed to determine the level of the lesion
as this affects the prognosis for recovery of function; an
associated Horner’s syndrome is a bad prognostic sign.

Effects of maternal drug ingestion

Infants of mothers who take drugs such as opiates, cocaine,
amphetamines, barbiturates, benzodiazepines and some
other medical drugs may develop a withdrawal syndrome
with irritability, poor feeding, apnoea and fits. The babies
of mothers who have high alcohol or nicotine intake may
also exhibit withdrawal. Wherever possible the mother
and baby should be kept together; in many cases breast-
feeding in not contraindicated. If a history of maternal
drug abuse was known antenatally a plan of manage-
ment can be agreed before birth and a referral to the social
work team may be appropriate. Management of a baby
at risk of drug withdrawal involves careful observation
and skilled nursing. If withdrawal is severe treatment with
opiates may be required. Naloxone should never be given
to infants at risk of opiate withdrawal as it can provoke
convulsions. Many labour wards no longer stock nalox-
one for fear it will be given inadvertently to an infant of a
substance-abusing mother.

Jaundice

Jaundice beginning in the first 24 h after birth is patholog-
ical. It is usually unconjugated and the commonest causes
are haemolytic anaemia or infection. Jaundice beginning

on days 2-5 is commonly physiological, but unconjugated
hyperbilirubinaemia may have many causes including
haemolytic disease, ABO incompatability and G-6-PD
deficiency.

Guidelines for the management of neonatal jaundice
are derived from the belief that bilirubin levels greater
than 340 mmol/I in term infants can cause deafness and
kernicterus. This is based on data established when ker-
nicterus due to severe rhesus disease was common but
it has not been demonstrated that 340 mmol/1is the criti-
cal level for nervous system injury in other conditions. It is
generally believed that in preterm infants critical levels are
lower than this, especially if the infants have intercurrent
illness, while at term higher concentrations may be toler-
ated without neurological deficit provided the infant does
not have additional pathology such as infection or acido-
sis. Many authorities now advocate a more relaxed view
of neonatal jaundice in a well, term infant, but haemolytic
jaundice and jaundice in the sick or preterm infant should
always be treated aggressively. Failure to control bilirubin
levels by phototherapy should lead to urgent exchange
transfusion.

Conjugated hyperbilirubinaemia signifies liver disease
and requires urgent specialist investigation. These infants
may be at risk of complications such as significant bleeding
and neurological damage.

Hypoglycaemia

Blood glucose concentration is only one measure avail-
able of metabolic fuel and in term infants who are able
to produce and utilize ketones, it is not easy to define an
unequivocal level at which the baby is at risk of the neu-
rological sequelae of hypoglycaemia. Authorities differ,
but a pragmatic solution is to consider term infants with
two consecutive blood glucose levels below 2 mmol/l or a
single blood glucose level below 1 mmol/lin need of inter-
vention. The blood glucose must be measured using an
accurate device as commercial test strips are not adequate
for making the diagnosis of hypoglycaemia.

Conditions commonly associated with transient low
blood glucose are hypothermia, infection, prematurity,
intrauterine growth retardation and maternal diabetes.
Some infants develop transient hyperinsulinaemia, par-
ticularly infants of diabetic mothers with poor antena-
tal control or those with severe rhesus disease. Rare
causes include the Beckwith-Wiedemann syndrome and
metabolic defects such as cortisol deficiency, galac-
tosaemia and other enzyme defects of glycogenolysis,
gluconeogenesis or fatty acid g oxidation. Preterm infants
are much less able to mount a ketotic response and
hypoglycaemia should be treated promptly.



Treatment is initially to give calories in the form of
milk or as intravenous glucose infusion. Rapid bolus injec-
tions of concentrated glucose solutions (20-50%) are not
recommended. If hypoglycaemia persists investigations,
including insulin measurements, are required.

Infections

Newborn infants are particularly prone to perinatal infec-
tion; risk factors include low-birthweight infants, pro-
longed ruptured membranes, maternal fever or chorioam-
nionitis. Iatrogenic infection is problematic for those
undergoing intensive care; the presence of indwelling
cannulae, central venous lines and invasive mechanical
ventilation increase the risk. Organisms responsible for
later neonatal infection frequently come from the skin or
gut. Breastfeeding helps promote normal gut flora and
reduces the risk of acquired neonatal infections. Adher-
ence to good hand-washing practices by all staff, parents
and visitors can significantly reduce the risk of acquired
infection.

SEPTICAEMIA

The signs of systemic sepsis are non-specific. Infants may
present with apnoea, bradycardia or cyanotic episodes;
poor feeding is a common association. They may be
lethargic and hypotonic and they are hyper or hypother-
mic. Sepsis frequently presents as a metabolic acidosis or
shock and occasionally causes petechial skin rash or severe
jaundice.

Organisms which commonly cause infection in the new-
born period are group B streptococci, and gram-negatives
such as Escherichia coli or Klebsiella. The prolonged use
or multiple changes of antibiotics in the antenatal period
may increase the risk of infection with resistant organisms.
Rapid treatment with antibiotics, immediate resuscitation
and, frequently, mechanical ventilation is required. Inves-
tigations include chest X-ray, blood cultures, urine culture,
and examination and culture of the placenta. A lum-
bar puncture is performed once the baby is stable and
will tolerate the procedure. The mortality of infants who
develop septicaemia in the neonatal period is high with
a significant number of survivors developing subsequent
impairment.

GROUP B STREPTOCOCCUS INFECTION

Mortality due to maternal colonization by Group B strep-
tococcus (GBS) is reduced by antibiotic therapy to the
mother during labour and early treatment of infants with
evidence of infection. About 2% of infants of colonized
mothers develop infections, and 70% of these manifest
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risk factors at birth such as preterm labour, prolonged
rupture of the membranes or meconium stained liquor.
Urgent antibiotic therapy is indicated for these infants.
Well infants shown by surface cultures to be colonized,
do not require treatment. Recurrent GBS infection can
occur but more commonly GBS infection can occur later
in infancy when meningitis is the presenting problem.

MENINGITIS

Signs of meningitis in newborn infants are non-specific
with a bulging fontanelle; opisthotonos and seizures occur
late in the disease. Meningitis usually presents as sep-
ticaemia and can be complicated by cerebral oedema,
cerebral infarction, brain abscess or deafness. Common
causal organisms are GBS and E. coli. Listeria monocyto-
genes is a rare cause of perinatal infection in the United
Kingdom.

URINARY TRACT INFECTION

Urinary tractinfections may present as jaundice, vomiting,
poor feeding or septicaemia. The main cause is believed to
be spread of blood-borne organisms to the kidney during
septicaemia. Further investigation is essential as 35-50%
are associated with urinary tract abnormalities such as
vesico-ureteric reflux or ureterocele. Breastfeeding offers
a significant degree of protection.

EYE INFECTION

The majority of sticky eyes are not infected but are due
to a blocked nasolacrimal duct. In the absence of conjunc-
tival redness or swelling investigation for infection and
treatment with topical antibiotics is not required. Simple
measures such as cleaning with boiled water and lacrimal
duct massage suffice with symptoms usually resolving in
3-6 months. Neonatal conjunctivitis can be caused by such
organisms as Staphylococcus aureus, Chlamydia trachomatis,
Haemophlus influenzae, Streptococcus pneumoniae and Neis-
seria gonorrhoeae. Gonococcal ophthalmia usually presents
within 24 h of delivery with profuse purulent conjunctival
discharge and immediate diagnosis and treatment (sys-
temic and topical) is required to prevent damage to the
cornea.

Chlamydial ophthalmia which is now among the com-
monest causes of neonatal conjunctivitis presents between
5 and 12 days postnatal age; some babies infected as
neonates will develop chlamydial pneumonia later in
infancy. Corneal scarring is rare; 14 days systemic and
topical treatment is required. The identification of either
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N. gonorrhoeae or chlamydia in the baby requires referral
of mother and her sexual partner for investigation and
treatment.

SKIN INFECTION

Simple hygienic methods such as bathing, hand washing
and routine umbilical cord care can prevent many skin
infections. The infant’s skin is vulnerable to infection by
Staphylococci, which usually leads to small pustules or
lesions but can also cause scalded skin syndrome with
severe exfoliation. Staphylococcal infections should there-
fore be treated with antibiotics after appropriate cultures
have been taken. Streptococci can also cause skin infection
and both may cause systemic illness.

Infection of the umbilical cord is commonly limited to
periumbilical redness with a small amount of discharge.
The presence of oedema indicating cellulitis can occasion-
ally lead to complications such as spreading cellulites of
the abdominal wall, fasciitis and septicaemia and requires
treatment with systemic antibiotics.

Candidiasis usually presents after the first week of
life with napkin dermatitis with or without oral thrush.
Topical and oral treatment is required to prevent the
candidiasis returning as the gut is colonized with can-
didia. Maternal nipple candidial infection can occur in
breastfeeding mothers.

TUBERCULOSIS

Tuberculosis is a re-emergent disease and many hospitals
now offer Bacille Calmette-Guérin (BCG) immunization
to newborn infants. Infants born to mothers infected with
active tuberculosis should be vaccinated with isoniazid-
resistant BCG vaccine and kept with the mother while both
receive treatment with appropriate drugs. Breastfeeding
should be encouraged. Expert advice on drug therapy is
advisable as patterns of antibiotic susceptibility change
over time.

TETANUS

Neonatal tetanus due to infection of the umbilical stump
by Clostridium tetanii is the result of poor hygiene and is a
distressing and severe condition with extremely high mor-
tality. Opisthotonus and muscle spasms of the jaw and
limbs are presenting features and can appear very rapidly
after birth. Prevention centres on maternal vaccination
during pregnancy and education to improve hygiene and
change of local cultural practices.

Gastrointestinal disorders

OESOPHAGEAL ATRESIA OR TRACHEO-OESOPHAGEAL
FISTULA

These conditions should be suspected when there is poly-
hydramnios or excessive mucous from the mouth at birth.
The baby may show rapid onset of respiratory stress and
cyanosis particularly after the first feed. X-ray confirms
the diagnosis, the naso- or orogastric tube does not pass
into the stomach. A large bore nasogastric tube should
be placed in the oesophageal pouch, constant suction
and regular aspiration help prevent aspiration pneumo-
nia. Associated congenital anomalies occur in 50% or
more of infants. Surgery involves division of the fistula
and oesophageal repair; if primary anastomosis is not
possible lengthened procedures are required before later
oesophageal repair. Common long-term complications
are gastro-oesophageal reflux and anastomotic stricture
formation both of which may require further surgical
treatment and long-term medication. Survival is usu-
ally determined by the severity of associated congenital
anomalies and not the defect itself.

DIAPHRAGMATIC HERNIA

Herniation of the abdominal contents into the hemithorax
leads to severe respiratory difficulties with persistent pul-
monary hypertension. Most cases present with respiratory
distress and cyanosis at birth. Essential early management
is the passage of a large bore nasogastric tube into the
stomach to prevent gaseous distension, ventilation and
rapid transfer to intensive care. All these infants require
tertiary level intensive care, with access to sophisticated
mechanical ventilation and modern vasodilator therapy
such as nitric oxide. Surgery is delayed until the infant’s
respiratory status has been stabilized. Survival depends
on the degree of underlying pulmonary hypoplasia and
the presence of associated congenital anomalies such as
cardiac defects. Long-term complications include persis-
tent gastro-oesophageal reflux and respiratory problem;
neurodevelopmental problems can develop if neonatal
hypoxia was severe.

ABDOMINAL WALL DEFECTS

Exopmbhalos, in which part or all of the intestine and
abdominal organs are in a peritoneal sack outside the
abdomen, should be differentiated from gastroschisis
where a congenital defect of the abdominal wall allows
herniation of the abdominal contents without a peritoneal
sac. The former is frequently associated with other con-
genital defects, while the latter is not. Urgent surgery is



Table 11.6 Frequently asked questions
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Answers

Is milk from the newborn infant’s breast normal?

Is vaginal bleeding in girls normal?

What causes persistent sticky eye after culture and
treatment of infection?

How often should a baby feed ‘on demand’?

My baby is squinting. Is this normal?
Is my breastfed baby getting enough milk?

Normal in boys and girls

Normal

Blocked nasolacrimal duct. Will recanulate
spontaneously — does not need probing

Usually about 2—4 h, but 6 h is not uncommon
in healthy infants

Yes, in the first week after birth

If the baby is gaining weight properly, yes

required if the amniotic sac has broken and for gastroschi-
sis; immediate management is to wrap the abdominal
contents in a plastic wrapper taking care not to twist
the bowel and disrupt its vascular supply. This should
help prevent hypovalaemia due to fluid loss from the
exposed bowel. A large bore nasogastric tube is passed
and the baby’s circulatory status constantly assessed.
Hypovalaemia or excessive nasogastric output should be
treated with 20 ml/kg 0.9% sodium chloride bolus intra-
venous infusions. The risk of hypothermia is high unless
good thermal management is present from birth. Primary
repair is not always possible if the abdominal cavity is not
large enough to accommodate all the contents; a silo made
of sterile prosthetic material is attached to the abdominal
wall and the contents gradually reduced over 7-10 days.
Outcomes are worse for those requiring silo treatment as
infected complications are high. The long-term outcome
for most with exopmhalos is determined by the presence
of associated congenital anomalies. In gastroschisis 90%
or more now survive. However, their postnatal course is
often protracted and parenteral nutrition may be required
for several weeks with its risks and complications. In
addition bowel atresias and necrotizing enterocolitis may
develop.

INTESTINAL OBSTRUCTION

High intestinal obstructions usually present with vomiting
whichmay bebile stained, and this ominous sign demands
urgent investigation. Plain X-ray film of the abdomen can
confirm the presence of obstruction by showing a lack of
air in the lower gut or a sign such as the ‘double bubble’
of duodenal atresia. Hypertropic pyloric stenosis does not
usually present until 2-6 weeks of age.

Lower intestinal obstruction usually presents as failure
to pass meconium within 24 h followed by abdominal
distension with or without vomiting. Causes include Hir-
shprung’s disease, meconium ileus due to cystic fibrosis,

low bowel atresia or hypoplasia and imperforate anus.
A meconium plug can sometimes mimic obstruction espe-
cially in preterm infants.

NEONATAL NECROTIZING ENTEROCOLITIS

This poorly understood inflammatory condition is primar-
ily a condition of preterm infants and those with congenital
heart disease. It presents as an acute abdomen in the days
or weeks after birth and varies in severity from mild to
fatal. Diagnosis is clinical, aided by characteristic X-ray
changes such as air in the bowel wall or biliary tree. Treat-
ment is conservative with cessation of enteral feeding and
with antibiotics or surgery.

Common queries from parents

Many minor alterations to physiology cause alarm to par-
ents. Some common questions and responses to them are
outlined in Table 11.6 and in the absence of disease, reas-
surance is all that is required. It is wise to read your unit’s
breastfeeding policy so as not to contradict the advice
given by midwives and lactation consultants.
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Chapter 12: Spontaneous miscarriage

Joanne Topping and Roy G. Farquarson

Definition

The commonest early pregnancy complication of spon-
taneous miscarriage occurs in approximately 15-20% of
all pregnancies, as recorded by hospital episode statis-
tics. The actual figure, from community based assessment,
may be up to 30%, as many cases remain unreported
to hospital [1]. The great majority occur early before
12 weeks gestation, while mid trimester loss, between 12
and 24 weeks, occurs less frequently and constitutes <3%
of all pregnancy outcomes.

The clinical assessment of every pregnancy loss history
demands clarification of pregnancy loss type and accurate
classification, whenever possible. The traditional group-
ing of all pregnancy losses prior to 24 weeks as “abortion’
may have had pragmatic origins, but it is poor in terms
of definition and makes little sense. Increasing knowl-
edge about early pregnancy development, with the more
widespread availability of serum Beta HCG (human chori-
onic gonadotrophin) measurement, the advent of high
resolution ultrasound and a clearer description of gesta-
tional age at pregnancy loss make for a more sophisticated
assessment of miscarriage history. The advent of these
important information milestones has neither been fully
realized nor incorporated into clinical event description
for mainstream article publication.

The emergence of the Early Pregnancy Unit (EPU) in
many hospitals has addressed the need for a dedicated
clinical area for the diagnosis of miscarriage and patient
support at a distressing time [2]. With the establishment of
an EPU network, it becomes more important that a stan-
dardized diagnostic classification system be employed for
accurate and reproducible reporting of ultrasound find-
ings and clinical outcomes so that direct comparisons
between units can be readily made and understood for
both research and audit purposes.

The most recent Confidential Enquiry into Maternal
Deaths conclusively demonstrates that mortality from
ectopic pregnancy has not declined and is still on the
increase compared to rates described 10 years ago [3]. As
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the EPU represents the most likely point of ectopic preg-
nancy diagnosis, the importance of standardized report-
ing of very early pregnancy changes requires a robust
approach following recent recommendations [4].

Diagnosis
Role of ultrasound

The first demonstration of an intrauterine pregnancy by
means of transvaginal ultrasound was reported in 1967
[5]. Major improvements in ultrasound resolution since
then haverevolutionized the assessment and management
of early pregnancy problems. For instance, longitudi-
nal study of early pregnancy development can be made
in terms of viability and growth in the same patient
(Table 12.1).

Ultrasound plays a major role in maternal reassurance,
where fetal cardiac activity is seen and is pivotal in the
assessment of early pregnancy complications, such as
vaginal bleeding [6]. However, there are limits to ultra-
sound resolution of normal early pregnancy development.
Expert advice concludes that the diagnosis of an empty
gestation sac can only be made when the mean gestation
sac diameter is greater than 20 mm (Fig. 12.1), and that
the crown-rump length must be 6 mm or greater before
one can say for certain that fetal heart activity is absent
(Fig. 12.2). If measurements are below these thresholds a
repeat transvaginal ultrasound examination after at least
a week should be offered [7]. Ultrasound features such
as a sac that is much smaller than expected from a cer-
tain last menstrual period; a sac that is low in the uterus
or the presence of fetal bradycardia are strongly sugges-
tive but not diagnostic of impending miscarriage [8]. In
addition, the possibility of incorrect dates should always
be remembered by the alert clinician. Wherever possible,
the term ‘missed abortion’ should be replaced by ‘delayed
miscarriage’ [9].

As ultrasound findings are not diagnostic in a signif-
icant number of women with early pregnancy failure,



Table 12.1 Ultrasound features in early pregnancy

Gestational Anatomical

age landmarks Comments
4 weeks Eccentrically placed
2 days gestational sac
GSD 2-3 mm
5th week Double decidual sign Results from
(DDS) approximation of
d.capsularis and
d.vera
5th week GSD 5 mm Confirms intrauterine
Yolk sac (YS) pregnancy (IUP)
6th week GSD 10 mm
Embryo 2-3 mm
Cardiac activity
7th week GSD 20 mm GSD > 20 mm
Head and trunk If no yolk sac
distinguishable poor prognosis
8th week GSD 25 mm
Limb buds
Midgut herniation
Rhomboncephalon
9th week Choroid plexus, spine
limbs
10th week  Cardiac chambers,
Stomach, bladder
Skeletal ossification
11th week  Gut returning

Most structures
identified

Association of Early Pregnancy Units Guidelines
(www.earlypregnancy.org.uk).

Fig. 12.1 An empty gestations sac with mean sac diameter
31.7 mm. The sac has an irregular contour and internal
structures are seen within the sac.
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Fig. 12.2 This fetus was inert when scanned, it is very flexed
and has a maximum crown-rump length of 16.7 mm. No fetal
heart activity could be demonstrated. The findings are in
keeping with a silent miscarriage.

many units now measure various biochemical parameters,
which are used within the context of diagnostic models
to predict pregnancy outcome [10]. Similar models have
been designed to predict the success of expectant manage-
ment of failing pregnancies both intrauterine and ectopic.
To use this approach effectively one requires access to the
results of biochemical parameters within 24-48 h. This is
feasible for HCG and in some cases progesterone, but not
at present for inhibin A and insulin growth factor bind-
ing protein 1, which at present can only be recommended
within a research setting.

The impact of a diagnosis of a miscarriage should not
be underestimated. The RCOG recommends ‘Early intra-
uterine death should be regarded as of equal significance
to fetal death occurring at a later stage.” It is therefore
important that within an area where early pregnancy scans
are performed, there is a quiet room for counselling, and
staff working within this setting should have training in
the emotional aspects of early pregnancy loss.

Classification

There has been a plea to classify pregnancy losses accord-
ing to the gestation at which they occur and detail the
event, for example, intrauterine fetal death at 8 weeks
gestation (Table 12.2). In this way, possible pathophys-
iological mechanisms may be postulated and studied.
Historically, clinicians have grouped all pregnancy losses
that occur at a gestation prior to theoretical viability under
the umbrella of ‘abortion’.

Between 1 and 2% of fertile women will experi-
ence recurring miscarriage (RM) [11]. Recently, among
researchers in the field of RM, it has been recognized that
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Table 12.2 Revised nomenclature of early pregnancy events

Avoid Prefer

Egg Oocyte

Fetus Ultrasound based definition to
include fetal heart activity and /or
crown—rump length >10 mm

Embryo Absence of fetus definition

Spontaneous abortion = Spontaneous miscarriage

Early pregnancy loss ~ Pregnancy loss of <12 weeks gestation

Recurrent abortion/
Habitual abortion

Medical abortion
Menstrual abortion
Preclinical abortion
Early embryonic
demise
Anembryonic
pregnancy
Missed abortion
Embryonic death
Late abortion

Hydatidiform mole/
partial mole/
molar pregnancy

Preclinical embryo

loss

Heterotopic

pregnancy

Trophoblast
regression

Threatened abortion

Pregnancy test

No identifiable
pregnancy on
ultrasound with

positive blood /urine

HCG

Recurrent miscarriage consisting of
three early consecutive losses or two
late pregnancy losses

Termination of pregnancy

Biochemical pregnancy loss

Empty sac

Delayed pregnancy loss

Fetal loss

Late pregnancy loss between 12 and
24 weeks gestation

Gestational trophoblastic disease
(complete or partial)

Biochemical pregnancy loss

Intrauterine plus Ectopic pregnancy
(e.g. tubal, cervical, ovarian,
abdominal)

Biochemical pregnancy loss

Bleeding in early pregnancy

Serum/urine level of human
chorionic gonadotrophin (HCG)

Pregnancy of unknown location (PUL)

Words NEVER used: Abortion, habitual, preclinical.

the classification of pregnancy loss is more complex as
the developing pregnancy undergoes various important
stages, and different pathology at the time of pregnancy
loss is exhibited at these different stages. As the major-
ity of RM cases following investigation are classified as
idiopathic, it is generally accepted that within the idio-
pathic group there is considerable heterogeneity and it
is unlikely that one single pathological mechanism can
be attributed to their RM history. Furthermore, there is
considerable debate about cause and association as the
exact pathophysiological mechanisms have not been elu-
cidated. Current research is directed at theories related to

implantation, trophoblast invasion and placentation, as
well as factors which may be embryopathic.

Modern classification of pregnancy loss type

The revision of early pregnancy nomenclature is both
desirable and essential in raising the standard of report-
ing. To improve the accuracy of observational studies it
is desirable to present a clear and consistent description
of the pregnancy event that is universally understood by
the clinician. It is essential to have a clear classification
of pregnancy loss type to differentiate between fetal (late)
or empty sac (early) loss events (Table 12.3). For random-
ized controlled treatment trial reports, there is a strong
argument for mandatory karyotyping of all pregnancy
losses where supportive pharmacologic intervention is
employed. This is because a false treatment ‘failure’ may
be ascribed to a lethal trisomy or triploid karyotype.
Recent data testify to significant observations that are
observed when these karyotype outcome measures are
included [12-16].

It is understandable that a modernized classification
system cannot answer every clinical scenario but the adop-
tion of revised terminology is a better way forward than
persisting with an antiquated description that precedes
the universal use of transvaginal ultrasound findings or
serum HCG levels.

Management of miscarriage

Surgical evacuation

If a woman in the earlier months is labouring under aflooding, no
obvious danger attending, the less you actively interfere the better.
If the womans life is in jeopardy practice more vigorous may be
required

Since the nineteenth century, surgical evacuation of the
uterus has been the standard treatment offered by gynae-
cologists to those requiring treatment following first-
trimester miscarriage. This approach was based on an
assumption that retained tissue increase the risk of infec-
tion and haemorrhage. However, surgical evacuation was
introduced at a time when high rates of retained products
and infection with ensuing morbidity and mortality were
likely to be due to the high numbers of illegal terminations
of pregnancy and the absence of any antibiotic medication.

The incidence of septic miscarriage has dramatically
fallen in the United Kingdom following the introduction
of the 1967 abortion act.

Surgical evacuation remains the treatment of choice if
bleeding is excessive; vital signs are unstable or infected
tissue is retained. Fewer than 10% of women experiencing
a miscarriage fall within these categories [17]. However,



Table 12.3 Pregnancy loss classification
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Typical gestation ~ Fetal heart
Type of loss (weeks) activity Principal ultrasound finding Beta HCG level
Biochemical loss <6 Never Unknown location Low then fall
Early pregnancy loss 6-8 Never Empty sac Initial rise then fall
Late pregnancy loss  >10 Lost Crown-rump length and fetal Rise then static or fall

heart activity identified

many women when offered treatment options will still
choose surgical evacuation as it offers an immediate ter-
mination of the pregnancy and allows women to schedule
treatment around work and childcare commitments.

If surgical evacuation is to be used, suction curettage
is the method of choice as this is associated with fewer
complications [18]. Serious complications including uter-
ine perforation, cervical tears, intrauterine adhesions and
haemorrhage should be included on all patient informa-
tion leaflets and clearly stated on all surgical consent forms
prior to operation. In all cases where surgical evacuation
is the treatment option consideration should be given to
the use of a cervical priming agent.

Over the past decade alternative management options
(expectant and medical) have been developed and many
women prefer the option of a treatment without the
attendant risks associated with a surgical procedure.

EXPECTANT MANAGEMENT

Expectant management often results in absorption of
retained tissue with little associated bleeding. For those
women managed in general practice expectant manage-
ment has long been the treatment of choice.

It is likely that at least 74% of non-viable pregnancies
would miscarry successfully without intervention [19].
Observational and controlled trials of expectant manage-
ment of miscarriage show wide variations in reported
efficacy. Factors affecting the success rate were the type of
miscarriage, duration of follow-up and whether clinical
or ultrasound features were used for review. The clini-
cal dilemma is therefore which patients are suitable for
expectant management.

When ultrasound assessment of the uterine cavity is
suggestive of retained products with an antero-posterior
diameter of 15 mm or less genuine retained products
are less likely to be confirmed histologically, hence such
cases are best managed expectantly. These women are
said to have suffered a complete miscarriage. One study
showed that 98% of women treated expectantly following
a scan report of complete miscarriage had an uneventful
recovery [20].

A non-randomized study [21] provided detailed infor-
mation about short-term complications. Women with

complete miscarriage were managed expectantly, whereas
those showing retained products of conception on ultra-
sonography were treated surgically. Short-term complica-
tions occurred in 3% of those managed expectantly and
6% after surgery. The latter group suffered complications
of uterine perforation, cervical laceration and in one case
hysterectomy.

Nielsen and Hahlin [22] published the first random-
ized controlled trial which compared expectant manage-
ment with surgical evacuation. The inclusion criteria were
women with either inevitable or incomplete abortion and
they reported similar success rates and complications
in both groups. Further large-scale observational data
demonstrated spontaneous resolution in 91% for incom-
plete miscarriage, 76% for fetal loss and 66% for empty sac
pregnancy loss among 1096 consecutive patients treated
conservatively [23]. A similar outcome was confirmed in a
patient choice study of 545 women using continued ultra-
sound surveillance [24] Completed miscarriage rates are
higher in those patients who have bleeding at the time of
diagnosis [25] and those who have detectable intervillous
pulsatile blood flow on scan [26].

This data suggests that expectant management is the
treatment of choice for complete miscarriage and a valid
option for the management of incomplete miscarriage.
Success rates for silent miscarriages are lower.

MEDICAL MANAGEMENT

Several pharmacologic agents, capable of inducing abor-
tion, have become available in the last 20 years. Med-
ical termination of pregnancy is now well recognized
as an effective treatment option. It was thus a logical
progression to use these drugs in the management of
miscarriage.

Mifepristone blocks the progesterone receptors, revers-
ing the influence of progesterone during pregnancy. As
a result, there is an influx of leukocyte and red cells into
the decidua followed by the release of prostaglandins and
cytokines [27]. Addition of a synthetic prostaglandin E1
analogue results in powerful contractions, which supple-
ment those induced by the withdrawal of progesterone.
This process closely mimics events in a spontaneous
miscarriage.
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The use of medical management in cases of incomplete
miscarriage may show no great benefit over conservative
management [28]. However, in the management of silent
miscarriage there is a significant advantage. One random-
ized clinical trial demonstrated 80% success with vaginal
misoprostol compared to 16% in the placebo arm [29].

The two commonly used prostaglandin analogues are
gemeprost and misoprostol. As misoprostol is cheaper,
does not require refrigeration and can be given in different
dosages by different routes, it is the most commonly used
in recent published studies. Research seems to indicate
that although oral or sublingual misoprostol is effec-
tive, the vaginal route of administration appears to give
maximum efficacy with least side effects. An increase in
misoprostol dosage appears to achieve a slightly higher
success rate but with an increased risk of side effects
(mainly gastrointestinal).

Mifepristone may be used to induce cervical change and
is usually given orally, followed 36—48 h later by one of the
prostaglandin analogues. Mifepristone has been given in
doses ranging from 200 mg to 600 mg; however, studies
have demonstrated that the lower dosage has similar effi-
cacy but with a significant reduction in side effects, mainly
nausea and vomiting [30].

The selection of women with silent miscarriage based on
gestation and initial B-HCG level may increase the success
of medical treatment [31]. Although some centres offer
medical management as an outpatient procedure, in most
studies a significant number of women require parenteral
analgesia [32].

The treatment option should take into account the
patient’s symptoms, type of miscarriage, volume of
retained tissue and patient choice. A patient choice study
reported treatment preferences for future miscarriage in
women with a miscarriage randomized to either expectant
or surgical management [33]. Women who were managed
according to their own treatment choice held onto their
initial treatment preference (expectant versus surgical 84
and 88%, respectively). In patients who have no strong
preference impartial advice on success rates and potential
risks should be given and the patient allowed to make her
own decision.

At present we do not have any specific investiga-
tion which will help predict which miscarriages can be
successfully treated by either the medical or expectant
route.

It is very important whichever treatment option is cho-
sen that the psychological impact of miscarriage on the
patient is not overlooked. It is impossible to provide all
women who miscarry with counselling appointments due
to the high frequency with which pregnancy loss occurs.
It is, however, important that they have contact details
for the hospital and also information on local or national

support groups such as the ‘Miscarriage Association’. The
development of EPUs has helped address some of the
patient’s needs and it is essential that they are staffed by
personnel who are knowledgeable and dedicated to the
field of early pregnancy care.
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Chapter 13: Recurrent miscarriage

Raj Rai

Recurrent miscarriage (RM), the accepted definition of
which is three or more consecutive miscarriages, is rel-
atively uncommon - affecting about 1 to 2% of couples
who conceive. Three strands of evidence support the con-
tention that RM is a distinct clinical entity rather than one
which occurs purely by chance alone. First, the observed
incidence of RM is significantly higher than that expected
by chance alone (0.4%); second, a woman’s risk of mis-
carriage is directly related to the outcome of her previous
pregnancies [1]; and third, in contrast to sporadic mis-
carriage, women with RM tend to lose pregnancies with
a normal chromosome complement, suggesting the pres-
ence of a persistent underlying cause for pregnancy loss
among these women [2,3].

Despite major advances in our understanding of the
aetiology of RM over the last 20 years, even after com-
prehensive investigation, no cause for pregnancy failure
is identified in approximately 50% of couples. This has led
to the situation where women with RM have been, and
continue to be, subjected to investigations and treatments
based on anecdotal evidence, historical beliefs and the per-
sonal prejudices of their clinicians [4]. This chapter aims
to provide a comprehensive, evidence-based approach to
the investigation and treatment of RM while at the same
time highlighting new avenues of research.

Aetiology
Genetic

PARENTAL CHROMOSOME ABNORMALITIES

On the basis of conventional Geisma banding techniques,
a parental structural chromosome abnormality is identi-
fied in between 3 and 5% of couples with RM. The most
common abnormality is a balanced or reciprocal transloca-
tion. While carriers of a balanced reciprocal translocation
are phenotypically normal, abnormal segregation at meio-
sis leads to between 50 and 70% of their gametes and
hence embryos being unbalanced. Twice as many females
compared with males are identified as carrying a struc-
tural chromosome abnormality. This is most likely due
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Table 13.1 Contemporary investigative screen for recurrent
miscarriage

Male and female parental blood karyotypes

Lupus anticoagulant

IgG and IgM anticardiolipin antibodies

Factor V genotype

Factor II genotype

Activated protein C resistance

Pelvic ultrasound to determine ovarian morphology and
uterine anatomy

Early follicular phase FSH

Insulin resistance status

to structural abnormalities among males being associated
with sterility. While translocations have been reported for
all chromosomes in a variety of combinations, the clinical
miscarriage rates and subsequent pregnancy outcome for
different abnormalities have not been reported.

Until recently, little active treatment could be offered
to those with a parental karyotype abnormality other
than referral to a genetic counsellor for informed advice
regarding the prognosis for a future pregnancy. This has
changed with the introduction of in vitro fertilization
(IVF) and pre-implantation genetic diagnosis (PGD), in
which fluorescent in situ hybridization (FISH) is used to
infer the genetic status of an embryo from a single cell
biopsied three days after fertilization. However, before
embarking on this treatment avenue it should be rec-
ognized that the live birth rate/cycle for those with a
reciprocal translocation undergoing PGD is lower than
would be hoped - between 29%/oocyte retrieval rising
to 38%/embryo transfer [5]. This has to be compared to
the live birth rate among those with a reciprocal transloca-
tion who persevere with spontaneous conception where
the chance of a successful pregnancy, even after three
miscarriages, is between 50 and 65% [6] (Table 13.1).

FETAL ANEUPLOIDY

Aneuploidy (trisomy or monosomy) is the most com-
monly identified chromosome abnormality in humans



and fetal aneuploidy is the single most common cause of
miscarriage. Approximately 30% of all miscarriages are tri-
somic and a further 10% are due to either sex-chromosome
monosomy or polyploidy.

The incidence of fetal trisomy rises with increasing age
of the mother, whereas sex-chromosome monosomy and
polyploidy do not. The hypothesis of a ‘limited oocyte
pool’ in which the effect of age is due to arelative scarcity of
oocytes at optimal stages of maturation has been advanced
[7]. In support of this hypothesis, women who have lost
at least one trisomic fetus have been reported to have a
diminished ovarian reserve and to enter the menopause
at an earlier age compared to those with no such
history [8].

It is possible that some women with RM are more prone
to hetero-trisomy (recurrence of a different trisomy subse-
quent to a trisomic pregnancy). Rubio et al. [9], using FISH
to screen the embryos of couples with RM undergoing
IVE, reported a significantly higher incidence of abnor-
mal embryos (70%) compared with an age matched control
group with no history of RM.

ENDOCRINOPATHIES

Many cases of RM have been thought to be secondary to
an underlying endocrine defect. However, the search for
such a defect has proven elusive.

Interest has traditionally centred on the concept of defi-
cient secretion of progesterone by the corpus luteum lead-
ing to early miscarriage. This has come to be termed the
luteal phase defect which has been reported to be present
in between 23 and 60% of women with RM. The diagnosis
of a luteal phase defect is based on luteal phase pro-
gesterone levels and endometrial biopsies in non-fertile
cycles. This is not reliable as there is low concordance
between endocrine and histological variables in consec-
utive cycles. Moreover, pre-conceptual hormone profiles
are similar among pregnancies that are successful and
those that end in miscarriage [10].

Historically, progestational agents have been used from
early post-conception in an attempt to prevent miscar-
riage. This practice is not supported by the results of two
meta-analyses of the use of progesterone to reduce the
miscarriage rate among women with sporadic miscarriage
[11,12]. It should be noted, however, that a subgroup anal-
ysis among women with unexplained first trimester RM
suggests that progesterone use in the first trimester may
be of benefit.

Well-controlled diabetes is not a risk factor for RM.
While the prevalence of thyroid auto-antibodies are
increased among women with RM, the prospective live-
birth rate among women with RM who have thyroid
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antibodies is similar to that of those who do not have these
antibodies [13].

Of more interest is the relationship between polycys-
tic ovaries (PCO), the various endocrinopathies associated
with the polycystic ovarian syndrome (PCOS) and RM.

The prevalence of PCO, using established ultrasound
criteria, is significantly higher among women with RM
(40%) compared to those with an uncomplicated repro-
ductive history. It has previously been thought that
hypersecretion of luteinizing hormone (LH) is causal of
pregnancy loss both among women undergoing assisted
conception and those conceiving spontaneously. This is
no longer held to be the case. A prospective randomized
study reported that suppression of endogenous LH fol-
lowed by ovulation induction did not decrease the miscar-
riage rate [14]. As important, women who hypersecreted
LH and who did not have their endogenous LH sup-
pressed had an excellent live birth rate in later untreated
pregnancies.

Attention is now focused on the relationship between
PCOS, insulin resistance and pregnancy loss. Impair-
ment of insulin metabolism is a prominent feature of the
syndrome and appears to play a key pathogenetic role pre-
cipitating the cascade of other disorders associated with
PCOS. Insulin resistance has been reported to be asso-
ciated with a higher rate of miscarriage among women
with PCOS undergoing ovulation induction compared
to those not insulin resistant. Recent studies report that
the insulin-sensitizing agents, such as metformin, reduce
hyperinsulinemia, reverse the endocrinopathy of PCOS
and normalize endocrine, metabolic and reproductive
function. Retrospective studies report that metformin use
during pregnancy is associated with a significant reduc-
tion in the miscarriage rate among women with PCOS
[15]. This effect of metformin, however, remains to be
tested in a large prospective placebo-controlled study of a
well-defined cohort of women with RM.

ANTIPHOSPHOLIPID SYNDROME

Over the last decade the antiphospholipid syndrome
(APS), also known more recently as Hughes Syndrome,
has emerged as the most important treatable cause of RM.
Antiphospholipid antibodies (aPL) are a family of
approximately 20 auto-antibodies directed against neg-
atively charged phospholipids-binding proteins. Of this
family of antibodies, only the lupus anticoagulant (LA)
and the anticardiolipin antibodies (aCL) have been shown
to be of reproductive significance. The reproductive crite-
ria for the diagnosis of APS are shown in Table 13.2 [16].
Prevalence studies have reported that 15% of women
with RM have persistently positive tests for either LA
and/or aCL and hence have a diagnosis of APS [17]. In
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Table 13.2 Contemporary reproductive criteria for the
diagnosis of antiphospholipid syndrome

One or more unexplained deaths of a morphologically normal
fetus at or after the 10th week of gestation

One or more premature births of a morphologically normal
fetus before 34 weeks gestation

Three or more consecutive unexplained miscarriages before the
10th week of gestation

After Wilson et al. (1999) Arthritis Rheum. 42, 1309-11.
Together with persistently positive tests for either lupus anticoagu-
lant and/or IgG/IgM anticardiolipin antibodies.

Odds ratio

Prednisolone + aspirin o 4
vs heparin + aspirin

Prednisolone + aspirin H—1
Vs aspirin or placebo

Aspirin + heparin 9= | 54% increase in LB rate

Vs aspirin

Aspirin vs -

placebo or usual [ T T T T T 7
care 0 10 1 2 3 4

Fig. 13.1 Meta-analysis of treatments for aPL-associated
pregnancy loss. After [21].

future untreated pregnancies, women with APS have a
miscarriage rate as high as 90% [18]. The majority of mis-
carriages occur in the first trimester of pregnancy after the
establishment of fetal cardiac activity.

Pregnancy failure associated with APS has traditionally
been ascribed to thrombosis of the uteroplacental vascu-
lature. Indeed, placental thrombosis and infarction are
seen in phospholipid pregnancies but these findings are
neither universal nor specific to aPL pregnancy losses.
Not withstanding this, two randomized studies which
used aspirin in combination with heparin as thrombo-
prophylactic agents reported a significant increase in the
live birth rate from 40% with aspirin alone to 70% with
aspirin together with heparin [19,20]. These results have
been confirmed in a meta-analysis (Fig. 13.1) [21].

More recently, advances in our understanding of early
pregnancy development and of aPL biology have chal-
lenged the primacy of thrombosis as the underlying
pathology of pregnancy loss in APS. In vitro studies
report that aPL (1) impair signal transduction mechanisms
controlling endometrial cell decidualization; (2) increase
trophoblast apoptosis; (3) decrease trophoblast fusion and
(4) impair trophoblast invasion (Fig. 13.2) [22]. Inter-
estingly, the effects of aPL on trophoblast function are
reversed, atleast in vitro, by low molecular weight heparin.

25 + 25 IU/ml heparin
20
15

; -
0
RM

Control RM
aPL-ve aPL+ve

[é)]

Control RM RM
aPL-ve aPL+ve

Number of nuclei on undersurface
of membrane

Fig. 13.2 Antiphospholipid antibodies impair extra-villous
trophoblast invasion. This is restored by unfractionated heparin.
RM, recurrent miscarriage; aPL, antiphospholipid antibodies.

THROMBOPHILIC DEFECTS

Pregnancy is a hypercoaguable state secondary to both an
increase in the levels of certain coagulation factors and a
simultaneous decrease in both the levels of anticoagulant
proteins and fibrinolysis. The evolutionary advantage of
this response is to counteract the inherent instability asso-
ciated with haemochorial placentation. The hypothesis
has been advanced that some cases of recurrent miscar-
riage and later pregnancy complications are due to an
exaggerated haemostatic response during pregnancy lead-
ing to thrombosis of the uteroplacental vasculature and
subsequent fetal demise. This hypothesis is supported by
both histological data reporting that microthrombi are a
common finding in the placental vasculature of women
with recurrent miscarriage and by prospective studies
reporting an increased prevalence of thrombophilic abnor-
malities among women with recurrent miscarriage.

The first prevalence studies of coagulation abnormali-
ties among women with a history of adverse pregnancy
outcome appeared in the mid-1990s. Since this time,
numerous publications have reported the prevalence of
individual coagulation defects among women with recur-
rent miscarriage to be either similar to or increased when
compared with controls. As far as the genetic throm-
bophilic defects are concerned, two meta-analyses report
that only maternal carriage of either the Factor V (Leiden)
G1691A or the Factor II (prothrombin) G20210A mutations
are associated with RM (Fig. 13.3) [23,24].

Analagous to concepts on aPL-associated pregnancy
failure, we have escaped from the restrictive con-
cept of pregnancy loss associated with thrombophilic
defects being due to thrombosis to now emphasizing
the non-coagulant actions of thrombin. Thrombin has an
important role in cell signalling (acting via protease acti-
vating receptors). Excess thrombin generation, as seen
in hypercoaguable states, impairs decidualization of the
endometrium and increases trophoblast apoptosis.
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Fig. 13.3 Survival plot of the outcome of untreated pregnancies
among women with recurrent miscarriage who carry the Factor
V Leiden mutation and those with a Normal Factor V genotype.

Immune dysfunction
IMMUNE RESPONSE IN PREGNANCY

Traditionally, pregnancy from an immunological perspec-
tive, has been viewed as a conflict between the semi-
allogenic fetus and the mother in which fetal survival
is dependent on suppression of the maternal immune
response. However, it is clear that while lymphocyte func-
tion does indeed change during pregnancy, thereis no gen-
eralized suppression of the maternal immune response.
Indeed, the concept of immunization of the mother, for
example with paternal white blood cells, in order that she
may mount a protective immune response to prevent rejec-
tion of the genetically dissimilar fetus has been refuted by
randomized therapeutic studies [25].

Contemporary concepts in reproductive immunology
now emphasize the co-operative nature of the interaction
between individual cells and molecules of the immune
system and the fetus in governing pregnancy outcome.
In particular, interest is currently focused on the relation-
ship between Natural Killer (NK) cells and reproductive
failure.

Natural Killer cells are lymphocytes which are part of
the innate immune system. The NK cells may be divided
into those found in peripheral blood and those present in
the uterine decidua. There are important phenotypic and
functional differences between NK cells present at the two
sites. Unlike peripheral blood NK cells, uterine NK cells
have little killing ability. Micro-array analysis combined
with flow cytometric and RT-PCR studies have demon-
strated that the phenotype of uNK cells is different from
that of NK cells in peripheral blood [26]. Hence, it may be
erroneous to extrapolate data examining peripheral blood
NK cells to implantation failure and RM.
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While some have advocated the use of glucocoritcoids
as adjuvant therapy in women with raised peripheral NK
cell levels, there is no evidence base to support this.

Indeed, glucocorticoids themselves during pregnancy
are associated with an increased risk of preterm delivery
secondary to rupture of membranes and the development
of pre-eclampsia and gestational diabetes [27]. Impor-
tantly, glucocorticoid receptors are present in the stromal
compartment of the endometrium thus suggesting they
play an important role in decidualization. The effect
of exogenous glucocorticoid therapy on the endometrial
gene expression profile during decidualization has not
been examined.

The cytokine response at the maternal-fetal interface is
also the subject of current investigation. This response may
be broadly divided into being either a predominantly Th-1
type response (characterized by the production of inter-
leukin 2, interferon-y and tumour necrosis factor-8) or a
Th-2 type response (characterized by the production of
interleukins —4, —6 and —10). It has been suggested that
normal pregnancy is the result of a Th-2 type cytokine
response which allows the production of blocking anti-
bodies to mask fetal trophoblast antigens from immuno-
logical recognition by a maternal Th-1 cell-mediated
cytotoxic response [28]. In contrast, women who recur-
rently miscarry tend to produce a predominantly Th-1
type response both in the period of embryonic implanta-
tion and during pregnancy [29]. Immuno-modulation of
the cytokine response during early pregnancy represents
an important future avenue of research for therapeutic
trials.

Structural uterine abnormalities

The prevalence and reproductive implications of uter-
ine anomalies in the general population have not been
clearly established. Hence, it is difficult to assess the
contribution that congenital uterine anomalies make to
RM. The prevalence of uterine anomalies among women
with RM has been reported to range between 1.8% and
37.6% [30]. This wide range reflects the differences in
criteria and techniques used for diagnosis and the fact
that available studies have included women with two,
three or more miscarriages at both early and late stages
of pregnancy. A recent retrospective review of repro-
ductive performance in patients with untreated uterine
anomalies has suggested that these women experience
high rates of miscarriage and preterm delivery [31]. Open
uterine surgery is associated with post-operative infertil-
ity and carries a significant risk of uterine scar rupture
during pregnancy. These complications are less likely
to occur after hysteroscopic surgery but no random-
ized trial assessing the benefits of surgical correction of
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Fig. 13.4 Outcome of index pregnancy is related to
maternal age.
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Fig. 13.5 Outcome of index pregnancy is related to number of
previous miscarriages.

uterine abnormalities on pregnancy outcome has been
performed.

Management of unexplained recurrent
miscarriage

A significant number of couples investigated for recurrent
miscarriage will have no cause identified to account for
their pregnancy losses. While this is a frustrating situation
for both patient and clinician, the prospective live-birth
rate of women who are aPL negative is good [32]. The
main determinants of future pregnancy outcome are the
maternal age and the number of previous miscarriages she
has had (Figs 13.4 and 13.5). Awoman less than 38 years of
age who has had less than five consecutive first trimester
miscarriages and who is aPL negative has a 65% chance
of her next pregnancy being successful with supportive
care alone. While the scientific basis for the benefit of
supportive care in early pregnancy remains to be eluci-
dated, it is possible that elevated stress hormones (e.g.
cathecholamines and cortisol) may be able to reduce fetal
vascularization and oxygen supply and thereby induce
miscarriage.
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Chapter 14: Ectopic pregnancy

Davor Jurkovic

Introduction

First descriptions of ectopic pregnancy in England date
back to 1731 when Gifford described implantation of a
pregnancy outside the uterine cavity. Charles Meigs pro-
vided particularly vivid descriptions of severe cases of
ectopic pregnancy in the mid-nineteenth century, when
ectopic pregnancy was considered to be a rare, but univer-
sally fatal condition. With the improvements in surgical
techniques at the turn of the twentieth century ectopic
pregnancy became curable [1]. However, it was still
considered a very serious problem with high mortality
rates. This perception has changed only recently with
the increased ability to establish the diagnosis of ectopic
pregnancy non-invasively in women with minimal clini-
cal symptoms. Although there has been a massive increase
in the incidence of ectopic pregnancy in recent years, the
mortality of the disease has been static [2]. Therefore the
main challenge in modern clinical practice is to identify
and treat as early as possible cases of ectopic pregnancy
with the potential to cause serious morbidity and death,
and at the same time to minimize interventions in those
destined to be resolved without causing any harm.

Epidemiology and aetiology

Over the past 30 years the incidence of ectopic pregnancy
has dramatically increased in most industrialized coun-
tries. The incidence of ectopic pregnancy may be expressed
in various ways, for example, number of births, number
of pregnancies or number of women of reproductive age
may be used as a denominator. Due to difficulties in regis-
tering all pregnancies, the number of women aged 1544 is
often used as the denominator when comparing the figures
from different populations. The reported annual incidence
rates vary between 100 and 175 per 100,000 women aged
between 15 and 44 [3]. In recent years a stabilization or
even decline of ectopic rates has been noted in some coun-
tries such as Sweden and Finland [4]. The incidence in the
United Kingdom has changed little in the last decade with
9.6 ectopics per 1000 pregnancies in 1991-1993 and 11.0
per 1000 pregnancies in 20002002 [2].
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The perceived increase in the incidence of ectopic preg-
nancy may be due to a number of factors. The increase may
be a true reflection of the larger number of cases in the pop-
ulation or a result of the improved sensitivity of diagnostic
tests for ectopic pregnancy. In the past a significant number
of ectopic pregnancies may have resolved spontaneously
without being detected, which is less likely to occur in
modern clinical practice. Therefore the increased inci-
dence of ectopic pregnancy rate may be partly explained
by the increased effectiveness of screening.

Anumber of factors have been identified, which increase
individual risk of ectopic implantation. An association
between increased maternal age and ectopic pregnancy
has been well documented in the past. The incidence of
ectopic pregnancy is three times higher in women aged
35—44 in comparison to those in the age group 15-24 [5,6].
In recent years the age at first conception has increased,
which may have contributed to the increased incidence.

The observed increase in incidence of ectopic pregnancy
could also be attributed to an increase in risk factors such
as sexually transmitted infections. A recent meta-analysis
showed that the odds of having an ectopic pregnancy
are significantly higher in women with history of pelvic
infection, multiple partners and early age of intercourse.
Odds were particularly high in women with history of
chlamydia infection [7]. Another study from Sweden also
supports an association between ectopic pregnancy and
preceding infection by chlamydia. These data showed that
a surge in the incidence of ectopic pregnancy was pre-
ceded by a similar peak in the incidence of acute salpingitis
15 years earlier [8]. It has also been found that the reduc-
tion in the rate of chlamydia infection due to screening
and treatment leads to concomitant decline in the inci-
dence of ectopic pregnancy [4]. However, the findings
from epidemiological studies may have been confounded
by other factors and they should be interpreted with cau-
tion. It is possible that the temporal association between
the incidence of chlamydia infection and ectopic preg-
nancy may actually be due to