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Preface

Obstetrics by Ten Teachers is an iconic text. First published as Midwifery by Ten
Teachers in 1917 under the editorship of Comyns Berkley (Obstetric and
Gynaecological Surgeon to the Middlesex Hospital), the book is now in its 20th
edition and has reached a landmark centenary, cementing its place as one of the
oldest, most respected and most popular English language texts on the subject.

As editors who were once students and readers of this textbook, we fully
appreciate the responsibility of revising a much-loved classic. Befitting of the
next century, the book has been almost completely rewritten by ‘Ten Teachers’, all
internationally renowned experts in their fields and all intimately involved in the
delivery of both undergraduate and postgraduate teaching in the UK and Ireland, to
reflect the current undergraduate curriculum. This volume has been edited
carefully to ensure consistency of structure, style and level of detail, in common
with those of its sister text Gynaecology by Ten Teachers. The books can
therefore be used together or independently as required.

The aim of the book as detailed in the preface of the first edition, published
100 years ago, still pertains today:

This book is frankly written for students preparing for their final examination
and in the hope that it will be useful to them afterwards and to others who have
passed beyond the stage of examination.

Thus, while the 20th edition is written for medical students, we hope that the text
retains its relevance for trainee obstetricians, general practitioners, midwives and
other health care professionals with an interest in the field. Furthermore, in line
with the popularity of this book elsewhere in the world and reflecting the fact that
in 2017, the global burden of maternal morbidity and mortality is greatest in low
resource settings, the 20th edition includes a global health perspective throughout.

It has been a privilege and an honour to be the editors of this textbook as it
reaches this important milestone; we echo a century of previous editors in hoping



that this book will enthuse a new generation of doctors to become obstetricians
and work to make pregnancy and childbirth an even safer and more fulfilling
experience.

Louise C Kenny
Jenny E Myers
2017
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CHAPTER 1
Obstetric history and

examination

LOUISE C KENNY AND JENNY E
MYERS

Introduction
Obstetric history
Obstetric examination
Presentation skills
History template
Further reading

LEARNING OBJECTIVES

To understand the principles of taking an obstetric history.
To understand the key components of an obstetric examination.
How to perform an appropriate obstetric examination.

Introduction




Taking a history and performing an obstetric examination are different compared
with the history and examination in other specialities. The main difference is that
the patient is normally a healthy woman undergoing a normal life event. Antenatal
care is designed to support this normal physiological process and to detect early
signs of complications. The type of questions asked during the history change with
gestation, as does the purpose and nature of the examination. The history will
often cover physiology, pathology and psychology and must always be sought with
care and sensitivity.

Introduction

When meeting a patient for the first time, always introduce yourself; tell the
patient who you are and why you have come to see them. Make sure that the
patient is seated comfortably. Some women will wish another person to be
present, even just to take a history, and this wish should be respected.

The questions asked must be tailored to the purpose of the visit. At a booking
visit, the history must be thorough and meticulously recorded. Once this baseline
information is established, there is no need to go over this information at every
visit. All women attend for routine antenatal visits (usually performed by the
midwife or general practitioner [GP]) and occasionally women attend for a
specific reason or because a complication has developed.

Some areas of the obstetric history cover subjects that are intensely private. In
occasional cases there may be events recorded in the notes that are not known by
other family members, such as previous terminations of pregnancy. It is vital to be
aware of and sensitive to each individual situation.

Dating the pregnancy

Pregnancy has been historically dated from the last menstrual period (LMP), not
the date of conception. The median duration of pregnancy is 280 days (40 weeks)
and this gives the estimated date of delivery (EDD). This assumes that:

» The cycle length is 28 days.

» Ovulation occurs generally on the 14th day of the cycle.



» The cycle was a normal cycle (i.e. not straight after stopping the oral
contraceptive pill or soon after a previous pregnancy).

The EDD is calculated by taking the date of the LMP, counting forward by 9
months and adding 7 days. If the cycle is longer than 28 days, add the difference
between the cycle length and 28 to compensate.

In most antenatal clinics, there are pregnancy calculators (wheels) that do this
for you (Figure 1.1). Pregnancy-calculating wheels do differ a little and may give
dates that are a day or two different from those previously calculated. There is
also an extensive range of pregnancy calculator Apps for smartphones available to
download for free (Figure 1.2). However, almost all women who undergo
antenatal care in the UK will have an ultrasound scan in the late first trimester or
early second trimester. The purposes of this scan are to establish dates, to ensure
that the pregnancy is ongoing and to determine the number of fetuses. If performed
before 20 weeks, the ultrasound scan can be used for dating the pregnancy. After
this time, the variability in growth rates of different fetuses makes it unsuitable for
use in defining dates. It has been shown that ultrasound-defined dates are more
accurate than those based on a certain LMP. This may be because the actual time
of ovulation in any cycle is much less fixed than was previously thought.
Therefore, the National Institute for Health and Care Excellence (NICE) guideline
on Antenatal Care recommends that that pregnancy dates are set only by ultrasound
using the crown—rump measurement between 10 weeks 0 days and 13 weeks 6
days, and the head circumference from 14 to 20 weeks. Regardless of the date of
the LMP this EDD is used.



Figure 1.1 Gestation calendar wheel.



Estimated Date of Delivery:
Mon, May 9, 2016
Estimated Gestational Age on 03/04/2016:

34 6/7 weeks

September

Figure 1.2 Gestation calendar App on a smartphone. (Courtesy of Dr Andrew Yu,
Yale University.)

It is important to define the EDD at the booking visit, as accurate dating is
important in later pregnancy for assessing fetal growth. In addition, accurate
dating reduces the risk of premature elective deliveries, such as induction of
labour for post-mature pregnancies and elective caesarean sections.



Social history

The social history requires considerable sensitivity, but it is a vitally important
part of the obstetric history as social circumstances can have a dramatic influence
on pregnancy outcome. The most recent report from the UK, Confidential
Enquiries into Maternal Deaths and Morbidity (2009-12) echoes previous reports
and details that maternal mortality is higher amongst older women, those living in
the most deprived areas and amongst women from some ethnic minority groups.
Importantly, one-third of women who experience domestic violence are hit for the
first time while pregnant and women are known to be at higher risk of domestic
abuse, leading to homicide when pregnant or postpartum. Women who are
experiencing domestic abuse, may be at higher risk of abuse during pregnancy and
of adverse pregnancy outcome, because they may be prevented from attending
antenatal appointments, may be concerned that disclosure of their abuse may
worsen their situation and be anxious about the reaction of health professionals.

Enquiring about domestic violence is extremely difficult. It is recommended
that all women are seen on their own at least once during pregnancy, so that they
can discuss this, if needed, away from an abusive partner. This is not always easy
to accomplish. If you happen to be the person with whom this information is
shared, you must ensure that it is passed on to the relevant team, as this may be the
only opportunity the woman has to disclose it. Sometimes, younger women find
medical students and young doctors much easier to talk to. Be aware of this.

Smoking, alcohol and drug intake also form part of the social history. Smoking
causes a reduction in birthweight in a dose-dependent way. It also increases the
risk of miscarriage, stillbirth and neonatal death. There are interventions that can
be offered to women who are still smoking in pregnancy (see Chapter 3, Normal
fetal development and growth and Chapter 6, Antenatal obstetric complications).

Complete abstinence from alcohol is advised, as the safety of alcohol is not
proven. However, alcohol is probably not harmful in small amounts (less than one
drink per day). Binge drinking is particularly harmful and can lead to a
constellation of features in the baby known as fetal alcohol syndrome (see Chapter
3, Normal fetal development and growth and Chapter 6, Antenatal obstetric
complications).

Enquiring about recreational drug taking is more difficult. Approximately 0.5—
1% of women continue to take recreational drugs during pregnancy. Be careful not
to make assumptions. During the booking visit, the midwife should enquire
directly about drug taking. If it is seen as part of the long list of routine questions
asked at this visit, it is perceived as less threatening. However, sometimes this



information comes to light at other times. Cocaine and crack cocaine are the most
harmful of the recreational drugs taken, but all have some effects on the pregnancy,
and all have financial implications (see Chapter 6, Antenatal obstetric
complications).

By the time you have finished your history and examination you should know
the following facts that are important in the social history:
» Whether the patient is single or in a relationship and what sort of support she has

at home.

» Generally whether there is a stable income coming into the house.

» What sort of housing the patient occupies (e.g. a flat with lots of stairs and no lift
may be problematic).

» Whether the woman works and for how long she is planning to work during the
pregnancy.

» Whether the woman smokes/drinks or uses drugs.

» If there are any other features that may be important.

Previous obstetric history

Past obstetric history is one of the most important areas for establishing risk in the
current pregnancy. It is helpful to list the pregnancies in date order and to discover
what the outcome was in each pregnancy.

The features that are likely to have impact on future pregnancies include:

» Recurrent miscarriage (increased risk of miscarriage, fetal growth restriction
[FGR)).

» Preterm delivery (increased risk of preterm delivery).

» Early-onset pre-eclampsia (increased risk of pre-eclampsia/FGR).

» Abruption (increased risk of recurrence).

» Congenital abnormality (recurrence risk depends on type of abnormality).

» Macrosomic baby (may be related to gestational diabetes).

» FGR (increased recurrence).

» Unexplained stillbirth (increased risk of gestational diabetes).

The method of delivery for any previous births must be recorded, as this can
have implications for planning in the current pregnancy, particularly if there has



been a previous caesarean section, difficult vaginal delivery, postpartum
haemorrhage or significant perineal trauma.

The shorthand for describing the number of previous pregnancies can be
confusing: gravidity is the total number of pregnancies regardless of how they
ended, parity is the number of live births at any gestation or stillbirths after 24
weeks. In terms of parity, twins count as 2. Therefore, a woman at 12 weeks in her
first pregnancy who has never had a pregnancy before is gravida 1, para 0. If she
delivers twins and comes back next time at 12 weeks, she will be gravida 2, para
2 (twins). A woman who has had six miscarriages with only one live baby born at
32 weeks and is pregnant again will be gravida 8, para 1. Sometimes, this
shorthand is also used to describe the number of pregnancies that did not result in
live birth or stillbirth after 24 weeks. The last case would thus be defined as para
1+6.

However, when presenting a history, it is much easier to describe exactly what
has happened: for example, ‘Mrs Jones is in her eighth pregnancy. She has had six
miscarriages at gestations of 8—12 weeks and one spontaneous delivery of a live
baby boy at 32 weeks. Baby Tom is now 2 years old and healthy.’

Past gynaecological history

The regularity of periods used to be important in dating pregnancy (as above).
Women with very long cycles may have a condition known as polycystic ovarian
syndrome. This is a complex endocrine condition and its relevance here is that
some women with this condition have increased insulin resistance and a higher
risk for the development of gestational diabetes.

Contraceptive history can be relevant if conception has occurred soon after
stopping the combined oral contraceptive pill or depot progesterone preparations,
as again, this makes dating by LMP more difficult. Also, some women will
conceive with an intrauterine device still in situ. This carries an increase in the
risk of miscarriage.

Previous episodes of pelvic inflammatory disease increase the risk for ectopic
pregnancy. This is only of relevance in early pregnancy. However, it is important
to establish that any infections have been adequately treated and that the partner
was also treated.

The date of the last cervical smear should be noted. Every year a small number
of women are diagnosed as having cervical cancer in pregnancy, and it is
recognized that late diagnosis is more common around the time of pregnancy
because smears are deferred. If a smear is due, it can be taken in the first



trimester. It is important to record that the woman is pregnant, as the cells can be
difficult to assess without this knowledge. It is also important that smears are not
deferred in women who are at increased risk of cervical disease (e.g. previous
cervical smear abnormality or very overdue smear). Gently taking a smear in the
first trimester does not cause miscarriage and women should be reassured about
this. Remember that if it is deferred at this point, it may be nearly a year before the
opportunity arises again. If there has been irregular bleeding, the cervix should at
least be examined to ensure that there are no obvious lesions present.

If a woman has undergone treatment for cervical changes, this should be noted.
Knife cone biopsy is associated with an increased risk for both cervical
incompetence (weakness) and stenosis (leading to preterm delivery and dystocia
in labour, respectively). There is probably a very small increase in the risk of
preterm birth associated with large loop excision of the transformation zone
(LLETZ); however, women who have needed more than one excision are likely to
have a much shorter cervix, which does increase the risk for second and early
third trimester delivery.

Previous ectopic pregnancy increases the risk of recurrence to 1 in 10. Women
who have had an ectopic pregnancy should be offered an early ultrasound scan to
establish the site of any future pregnancies.

Recurrent miscarriage may be associated with a number of problems.
Antiphospholipid syndrome increases the risk of further pregnancy loss, FGR and
pre-eclampsia. Balanced translocations can occasionally lead to congenital
abnormality, and cervical incompetence can predispose to late second and early
third trimester delivery. Also, women need a great deal of support during
pregnancy if they have experienced recurrent pregnancy losses.

Multiple previous first trimester terminations of pregnancy potentially increase
the risk of preterm delivery, possibly secondary to cervical weakness. Sometimes,
information regarding these must be sensitively recorded. Some women do not
wish this to be recorded in their hand-held notes.

Previous gynaecological surgery is important, especially if it involved the
uterus, as this can have potential sequelae for delivery. In addition, the presence
of pelvic masses such as ovarian cysts and fibroids should be noted. These may
impact on delivery and may also pose some problems during pregnancy. Donor
egg or sperm use is associated with an increased risk of pre-eclampsia. However,
legally, you should not write down in notes that a pregnancy is conceived by in
vitro fertilization (IVF) or donor egg or sperm unless you have written permission
from the patient. It is obviously a difficult area, as there is an increased risk of
maternal problems in these pregnancies and therefore the knowledge is important.



Generally, if the patient has told you herself that the pregnancy was an assisted
conception, it is reasonable to state that in your presentation.

Medical and surgical history

All pre-existing medical disease should be carefully noted and any associated
drug history also recorded. The major pre-existing diseases that impact on
pregnancy and their potential effects are shown below (also see Chapter 10,
Medical complications of pregnancy).

Previous surgery should be noted. Occasionally, surgery has been performed
for conditions that may continue to be a problem during pregnancy, such as
Crohn’s disease.

Psychiatric history is important to record. These enquiries should include the
severity of the illness, care received and clinical presentation, and should be
made in a systematic and sensitive way at the antenatal booking visit. If women
have had children before, you can ask whether they had problems with depression
or ‘the blues’ after the births of any of them. Women with significant psychiatric
problems should be cared for by a multidisciplinary team, including the midwife,
GP, hospital consultant and psychiatric team.

Major pre-existing diseases that impact on

pregnancy

» Diabetes mellitus: macrosomia, FGR, congenital abnormality, pre-eclampsia,
stillbirth, neonatal hypoglycaemia.

« Hypertension: pre-eclampsia.

« Renal disease: worsening renal disease, pre-eclampsia, FGR, preterm
delivery.

« Epilepsy: increased fit frequency, congenital abnormality.

« Venous thromboembolic disease: increased risk during pregnancy; if
associated thrombophilia, increased risk of thromboembolism and possible
increased risk of pre-eclampsia, FGR.

« Human immunodeficiency virus (HIV) infection: risk of mother-to-child
transfer if untreated.

« Connective tissue diseases (e.g. systemic lupus erythematosus), pre-eclampsia,
FGR.



« Myasthenia gravis/myotonic dystrophy: fetal neurological effects and
increased maternal muscular fatigue in labour.

Drug history

It is vital to establish what drugs a woman has been taking for their condition and
for what duration. This includes over-the-counter (OTC) medication and
homeopathic/herbal remedies. In some cases, medication needs to be changed in
pregnancy. For some women it may be possible to stop their medication
completely for some or all of the pregnancy (e.g. mild hypertension). Some
women need to know that they must continue their medication (e.g. epilepsy, for
which women often reduce their medication for fear of potential fetal effects, with
detriment to their own health).

Very few drugs that women of childbearing age take are potentially seriously
harmful, but a few are, and it is always necessary to ensure that drug treatment is
carefully reviewed. Prepregnancy counselling is advised for women who are
taking potentially harmful drugs such as some anticonvulsant drugs.

Family history
Family history is important if it can:

» Impact on the health of the mother in pregnancy or afterwards.
» Have implications for the fetus or baby.
Important areas are a maternal history of a first-degree relative (sibling or
parent) with:
» Diabetes (increased risk of gestational diabetes).
» Thromboembolic disease (increased risk of thrombophilia, thrombosis).
» Pre-eclampsia (increased risk of pre-eclampsia).
» Serious psychiatric disorder (increased risk of puerperal psychosis).
For both parents, it is important to know about any family history of babies

with congenital abnormality and any potential genetic problems, such as
haemoglobinopathies.



Finally, any known allergies should be recorded. If a woman gives a history of
allergy, it is important to ask about how this was diagnosed and what sort of
problems it causes.

While the incidence amongst the obstetric population is small, adherence to the
principles of infection reduction is vital. In any clinical setting, arms should be
bare from the elbow down. Alcohol gel should be used when moving from one
clinical area to another (e.g. between wards), hands should always be washed or
gel used before and after any patient contact.

Before moving on to examine the patient, it is important to be aware of the
clinical context. The examination should be directed at the presenting problem, if
any, and the gestation. For instance, it is generally unnecessary to spend time
defining the presentation at 24 weeks’ gestation unless the presenting problem is
threatened preterm labour.

Maternal weight and height

The measurement of weight and height at the initial examination is important, to
identify women who are significantly underweight or overweight. Women with a
body mass index (BMI) [weight (kg)/height (m?)] of <20 are at higher risk of fetal
growth restriction and increased perinatal mortality. In the obese woman (BMI
>30), the risks of gestational diabetes and hypertension are increased.
Additionally, fetal assessment, both by palpation and ultrasound, is more difficult.
Obesity is also associated with increased birthweight and a higher perinatal
mortality rate.

In women of normal weight at booking, and in whom nutrition is of no concern,
there is no need to repeat weight measurement in pregnancy.

Blood pressure measurement

Blood pressure measurement is one of the few aspects of antenatal care that is
truly beneficial. The first recording of blood pressure should be made as early as
possible in pregnancy and thereafter it should be performed at every visit.



Hypertension diagnosed for the first time in early pregnancy (blood pressure
>140/90 mmHg on two separate occasions at least 4 hours apart) should prompt a
search for underlying causes (i.e. renal, endocrine and collagen-vascular disease).
Although 90% of cases will be due to essential hypertension, this is a diagnosis of
exclusion and can only be confidently made when other secondary causes have
been excluded (see Chapter 9, Hypertensive disorders of pregnancy).

How to measure blood pressure in pregnancy

« Measure the blood pressure with the woman seated or semi-recumbent.

« Use an appropriately sized cuff. Large women will need a larger cuff. Using
one too small will over-estimate blood pressure.

« If using an automated device, check it has been validated for use in pregnancy.

» Ensure that manual devices have been recently calibrated.

« Convention is to use Korotkoff V (i.e. disappearance of sounds), as this is
more reproducible than Korotkoff IV.

«» Deflate the cuff slowly so that you can record the blood pressure to the nearest
2 mmHg.

» Do not round up or down.

Q VIDEO 1.1

How to measure blood pressure in pregnancy:
http://www.routledgetextbooks.com/textbooks/tenteachers/obstetricsv1.1.php

Urinary examination

All women should be offered routine screening for asymptomatic bacteriuria by
midstream urine culture early in pregnancy. Identification and treatment of
asymptomatic bacteriuria reduces the risk of pyelonephritis. The risk of ascending
urinary tract infection in pregnancy is much higher than in the non-pregnant state.
Acute pyelonephritis increases the risk of pregnancy loss/premature labour and is
associated with considerable maternal morbidity.


http://www.routledgetextbooks.com

At repeat visits, urinalysis using automated reagent strip readers should be
performed. If there is any proteinuria, a thorough evaluation with regard to a
diagnosis of pre-eclampsia should be undertaken.

General medical examination

In fit and healthy women presenting for a routine visit there is little benefit in a
full formal physical examination. However, when a woman presents with a
problem, or in women in certain at-risk groups, there may be a need to undertake a
much more thorough physical examination.

Cardiovascular examination

Routine auscultation for maternal heart sounds in asymptomatic women with no
cardiac history is unnecessary. However, if a woman has previously lived in an
area where rheumatic heart disease is prevalent and/or has a known history of
heart murmur or heart disease, she should undergo cardiovascular examination
during pregnancy.

Breast examination

Formal breast examination is not necessary. Women should, however, be
encouraged to perform self-examination at regular intervals.

Examination of the pregnant abdomen

This is a critical part of routine antenatal care and is an essential skill to learn as
a medical student. Always have a chaperone with you to perform this examination
and before starting, ask about pain and areas of tenderness.

To examine the abdomen of a pregnant woman, place her in a semi-recumbent
position on a couch or bed. In late pregnancy women should never lie completely
flat; the semi-prone position or a left lateral tilt will avoid aortocaval
compression. The abdomen should be exposed from just below the breasts to the
symphysis fundus.

g VIDEO 1.2

Examination of the pregnant abdomen:
http://www.routledgetextbooks.com/textbooks/tenteachers/obstetricsv1.2.php


http://www.routledgetextbooks.com

Inspection

» Assess the shape of the uterus and note any asymmetry.
» Look for fetal movements.

» Note any signs of pregnancy such as striae gravidarum (stretch marks) or linea
nigra (the faint brown line running from the umbilicus to the symphysis pubis).

» Look for scars. The common areas to find scars are:

suprapubic (caesarean section, laparotomy for ectopic pregnancy or ovarian
masses);

sub-umbilical (laparoscopy);
right iliac fossa (appendicectomy);
right upper quadrant (cholycystectomy).

Palpation
The purpose of palpating the pregnant abdomen is to assess:

» The number of babies.

» The size of the baby.

» The lie of the baby.

» The presentation of the baby.
» Whether the baby is engaged.

Symphysis—fundal height measurement

Symphysis—fundal height (SFH) should be measured and recorded at each
antenatal appointment from 24 weeks’ gestation. Most UK hospitals now use
customized SFH charts, which are generated at the first antenatal visit and are
customized to each individual, taking into account the height, weight, ethnicity and
parity of the woman (Figure 1.3). Using two standard deviations of the mean, it is
possible to define the 10th and 90th centile values and these are normally marked
on the chart.

Feel carefully for the top of the fundus and for the upper border of the
symphysis pubis. Place the tape measure on the symphysis pubis and, using a tape
measure with the centimetre marks face down, measure to the top of the fundus.
Turn the tape measure over and read the measurement. Plot the measurement on an
SFH chart. The mean fundal height measures approximately 20 cm at 20 weeks
and increases by 1 cm per week so that at 36 weeks the fundal height should be



approximately 36 cm. However, the value of customized charts is that they are
more sensitive and specific and serial measurements are of greater value in
detecting growth trends than one-off measurements.

A large SFH raises the possibility of:

» A multiple pregnancy.
» Macrosomia.

» Polyhydramnios.
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Figure 1.3 A customized symphysis—fundal height chart illustrating the 10th, 50th
and 90th centiles and normal fetal growth. (Courtesy of Perinatal Institute.)

A small SFH raises the possibility of:
» FGR.



» Oligohydramnios.

QO VIDEO 1.3

Symphysis-fundal height (SFH) measurement:
http://www.routledgetextbooks.com/textbooks/tenteachers/obstetricsv1.3.php

Fetal lie, presentation and engagement

After measuring the SFH, next palpate to count the number of fetal poles (Figure
1.4). A pole is a head or a bottom. If you can feel one or two, it is likely to be a
singleton pregnancy. If you can feel three or four, a twin pregnancy is likely.
Sometimes large fibroids can mimic a fetal pole; remember this if there is a
history of fibroids.

Next assess the fetal lie and presentation. This is only necessary in late
pregnancy as the likelihood of labour increases (i.e. after 36 weeks in an
uncomplicated pregnancy).

If there is a pole over the pelvis, the lie is longitudinal regardless of whether
the other pole is lying more to the left or right. An oblique lie is where the leading
pole does not lie over the pelvis, but just to one side; a transverse lie is where the
fetus lies directly across the abdomen.

Presentation can either be cephalic (head down) or breech (bottom/feet down).
Using a two-handed approach and watching the woman’s face, gently feel for the
presenting part. The head is generally much firmer than the bottom, although even
in experienced hands it can sometimes be very difficult to tell. At the same time as
feeling for the presenting part, assess whether it is engaged or not. If the whole
head is palpable and it is easily movable, the head is likely to be ‘free’. This
equates to 5/5th palpable and is recorded as 5/5. As the head descends into the
pelvis, less can be felt. When the head is no longer movable, it has ‘engaged’ and
only 1/5th or 2/5th will be palpable (Figure 1.5). Do not use a one-handed
technique, as this is much more uncomfortable for the woman.


http://www.routledgetextbooks.com

Figure 1.4 Palpation of the gravid abdomen.

It can be helpful to determine the fetal position (i.e. whether the fetal head is
occipito-posterior, lateral or anterior) as this will make auscultating the fetal heart
beat easier.

Auscultation

If the fetus has been active during your examination and the mother reports that the
baby is active, it is not necessary to auscultate the fetal heart. Mothers do like to
hear the heart beat though and therefore using a hand-held device can allow the
mother to hear the heart beat. If you are using a Pinard stethoscope, position it
over the fetal shoulder. Hearing the heart sounds with a Pinard takes a lot of
practice. If you cannot hear the fetal heart, never say that you cannot detect a heart
beat; always explain that a different method is needed and move on to using a
hand-held Doppler device. If you have begun the process of listening to the fetal
heart, you must proceed until you are confident that you have heard the heart. With
twins, you must be confident that both have been heard.

Pelvic examination

Routine pelvic examination during antenatal visits is not necessary. However,
there are circumstances in which a vaginal examination is necessary (in most
cases a speculum examination is all that is needed). These include:

» Excessive or offensive discharge.



» Vaginal bleeding (in the known absence of a placenta praevia).
» To perform a cervical smear.
» To confirm potential rupture of membranes.

» To confirm and assess the extent of female genital mutilation (FGM) in women
who have been subjected to this.
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Figure 1.5 Palpation of the fetal head to assess engagement.

Before commencing the examination, consent must be sought and a female
chaperone (nurse, midwife, etc. and never a relative) must be present (regardless
of the sex of the examiner).

Assemble everything you will need (swabs, etc.) and ensure the light source
works. Position the patient semi-recumbent with knees drawn up and ankles
together. Ensure that the patient is adequately covered. If performing a speculum
examination, a Cusco speculum is usually used (Figure 1.6). Select an appropriate
size. Proceed as follows:

» Wash your hands and put on a pair of gloves.

» If the speculum is metal, warm it slightly under warm water first.

» Apply sterile lubricating gel or cream to the blades of the speculum. Do not use
antiseptic cream if taking swabs for bacteriology.

» Gently part the labia.



» Introduce the speculum with the blades in the vertical plane.

» As the speculum is gently introduced, aiming towards the sacral promontory (i.e.
slightly downward), rotate the speculum so that it comes to lie in the horizontal
plane with the ratchet uppermost.

» The blades can then slowly be opened until the cervix is visualized. Sometimes
minor adjustments need to be made at this stage.

» Assess the cervix and take any necessary samples.

» Gently close the blades and remove the speculum, reversing the manoeuvres
needed to insert it. Take care not to catch the vaginal epithelium when removing
the speculum.

Figure 1.6 A Cusco speculum.

A digital examination may be performed when an assessment of the cervix is
required. This can provide information about the consistency and effacement of
the cervix that is not obtainable from a speculum examination.

The contraindications to digital examination are:

» Known placenta praevia or vaginal bleeding when the placental site is unknown
and the presenting part unengaged.

» Prelabour rupture of the membranes (increased risk of ascending infection).

The patient should be positioned as before. Examining from the patient’s right,
two fingers of the gloved right hand are gently introduced into the vagina and
advanced until the cervix is palpated. Prior to induction of labour, a full
assessment of the Bishop’s score can be made (see Chapter 12, Labour: normal
and abnormal).



Other aspects of the examination

In women with suspected pre-eclampsia, the reflexes should be assessed. These
are most easily checked at the ankle. The presence of more than three beats of
clonus is pathological (see Chapter 9, Hypertensive disorders of pregnancy).

Oedema of the extremities affects 80% of term pregnancies and is not a good
indicator for pre-eclampsia as it is so common. However, the presence of non-
dependent oedema such as facial oedema should be noted.

S KEY LEARNING POINTS

« Always introduce yourself and say who you are.

» Make sure you are wearing your identity badge.

» Wash your hands or use alcohol gel.

» Be courteous and gentle.

« Always ensure the patient is comfortable and warm.

» Always have a chaperone present when you examine patients.

« Tailor your history and examination to find the key information you need.
» Adapt to new findings as you go along.

» Present in a clear way.

« Be aware of giving sensitive information in a public setting.

Presentation skills

Part of the art of taking a history and performing an examination is to be able to
pass this information on to others in a clear and concise format. It is not necessary
to give a full list of negative findings; it is enough to summarize negatives, such as,
there is no important medical, surgical or family history of note. Adapt your style
of presentation to meet the situation. A very concise presentation is needed for a
busy ward round. In an examination, a full and thorough presentation may be
required. Be very aware of giving sensitive information in a ward setting where
other patients may be within hearing distance. The following template will prove
useful for ensuring that you capture all the relevant history.

History template




Demographic details

Name.

Age.

Occupation.

Make a note of ethnic background.

Presenting complaint or reason for attending.

This pregnancy

Gestation, LMP or EDD.

Dates as calculated from ultrasound.
Single/multiple (chorionicity).

Details of the presenting problem (if any) or reason for attendance (such as
problems in a previous pregnancy).

What action has been taken?

Is there a plan for the rest of the pregnancy?

What are the patient’s main concerns?

Have there been any other problems in this pregnancy?

Has there been any bleeding, contractions or loss of fluid vaginally?

Ultrasound

What scans have been performed?
Why?

Were any problems identified?



Past obstetric history

List the previous pregnancies and their outcomes in order.

Gynaecological history

Periods: regularity.
Contraceptive history.
Previous infections and their treatment.

When was the last cervical smear? Was it normal? Have there ever been any that
were abnormal? If yes, what treatment has been undertaken?

Previous gynaecological surgery.

Past medical and surgical history

Relevant medical problems.

Any previous operations: type of anaesthetic used, any complications.

Psychiatric history

Postpartum blues or depression.
Depression unrelated to pregnancy.

Major psychiatric illness.

Family history

Diabetes, hypertension, genetic problems, psychiatric problems, etc.

Social history

Smoking/alcohol/drugs.

Marital status.



Occupation, partner’s occupation.
Who is available to help at home?

Are there any housing problems?

Drugs

All medication including OTC medication.

Folate supplementation.

Allergies

To what?

What problems do they cause?

National Institute for Health and Care Excellence. Antenatal care. Available at
http://www.nice.org.uk/guidance/qs22 (last accessed 01.02.2016).

Saving Lives, Improving Mothers’ Care. Surveillance of maternal deaths in the
UK 2011-13 and lessons learned to inform maternity care from the UK and
Ireland. Confidential Enquiries into Maternal Deaths and Morbidity 2009-13.
MBRRACE-UK Available at
https://www.npeu.ox.ac.uk/downloads/files/mbrrace-uk/reports/yMBRRACE-
UK%20Maternal%20Report%202015.pdf (last accessed 23.03.2016).
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CHAPTER 2

Antenatal care
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Overview

The development of antenatal care
Overview of antenatal care
Identification of high-risk women
Governance of maternity care
Further reading

Self assessment

LEARNING OBJECTIVES

To understand the principles of routine antenatal care.

To be aware of the rationale for, and purpose of, clinical investigations during
each trimester.

To differentiate normal pregnancy symptoms from potential underlying
pathology.

Overview




Every year in England and Wales approximately 700,000 babies are delivered.
The majority of these women are healthy low-risk women with no pre-existing
medical problems and have spontaneous vaginal deliveries. A minority will have
pre-existing medical conditions that may be affected by pregnancy or may affect
the course of pregnancy and require specialist input. The purpose of antenatal care
is to optimize pregnancy outcomes for women and their babies through providing
support and reassurance to low-risk women and by stratifying care, allowing
those at high risk of adverse pregnancy events to receive specialized care in a
timely manner.

This chapter provides information on best practice for baseline care of all
pregnancies and comprehensive information on the antenatal care of the healthy
woman with an uncomplicated singleton pregnancy. It provides evidence-based
information on baseline investigations that are performed and indications for
referral to specialist care.

Modern maternity care has evolved over more than 100 years. Many of the
changes have been driven by political and consumer pressure and a recognition of
the need to align appropriate care to optimal outcomes. Antenatal care continues
to evolve with the ongoing publication of good quality research directed at
optimizing perinatal outcomes for women and their babies, but the scope and
delivery of antenatal care varies widely across the globe, with maternal mortality
rates varying substantially between low- and high-income countries. In 2016,
approximately 830 women die every day from preventable causes related to
pregnancy and childbirth; 99% of all these maternal deaths occur in low-income
countries.

History of maternity care in the UK

In 1929, the government in the UK released a document that stated a minimum
standard for antenatal care that was so prescriptive in its recommendations that
until very recently it was practised in many regions, despite the lack of research to
demonstrate effectiveness. The National Health Service Act 1946 came into effect
on 5 July 1948 and created the National Health Service (NHS) in England and
Wales. The introduction of the NHS provided for maternity services to be
available to all without cost. As part of these arrangements, a specified fee was



paid to the general practitioner (GP) depending on whether he or she was on the
obstetric list (undertaking pregnancy care). This encouraged a large number of
GPs to take an interest in maternity care, reversing the previous trend to leave this
work to midwives.

Antenatal care became perceived as beneficial, acceptable and available for
all. This was reinforced by the finding that the perinatal death rate seemed to be
inversely proportional to the number of antenatal visits. In 1963, the first perinatal
mortality study showed that the perinatal mortality rate was lowest for those
women attending between 10 and 24 times in pregnancy. This failed to take into
account prematurity and poor education as reasons for decreased visits and
increased mortality. However, antenatal care became established, and with
increased professional contact came the drive to continue to improve outcomes,
with an emphasis on decreasing maternal and perinatal mortality.

The development and introduction of ultrasound to antenatal care late in the
1960s had a considerable influence on antenatal care, initially limited to
confirming multifetal pregnancies, but later being used increasingly for detection
of fetal anomalies. This new intervention became quickly established but limited
evidence exists supporting its routine regular use. The move towards hospital
deliveries began in the early 1950s. At this time, with limited hospital maternity
facilities, 1 in 3 were planned home deliveries. The Cranbrook Report in 1959
recommended sufficient hospital maternity beds for 70% of all deliveries to take
place in hospital, and the subsequent Peel Report (1970) recommended that a bed
should be available for every woman to deliver in hospital if she so wished.

Obstetricians were not alone in the movement towards hospital deliveries.
Women themselves were pushing to at least be allowed the choice to deliver in
hospital. By 1972, only 1 in 10 deliveries were planned for home, and the
publication of the Social Services Committee report in the Short Report (1980)
led to further centralization of hospital delivery. It made a number of
recommendations. Among these were:

» An increasing number of women should be delivered in large units; selection of
women should be improved for smaller consultant units and isolated GP units
and home deliveries should be phased out further.

» It should be mandatory that all pregnant women be seen at least twice by a
consultant obstetrician — preferably as soon as possible after the first visit to the
GP in early pregnancy and again in late pregnancy.

This and subsequent reports including UK government reports in 1982, 1984
and 1985, ‘Birth to Five’ (Department of Health, 2005) and the 2012/13 Choice



Framework (Department of Health, 2012) led to a policy of increasing
centralization of units for delivery and, consequently, maternity care.

The gradual decline in maternal and perinatal mortality was thought to be due
in greater part to hospital deliveries, although proof for this was lacking. Indeed,
the decline in perinatal mortality was least in those years when hospitalization
increased the most. As other new interventions became available and were
increasingly used, such as continuous fetal monitoring and induction of labour, a
change in practice began to establish these as the norm for most women, without
robust evaluation of their impact through randomized controlled trials or other
high-quality research methodology. In England and Wales between 1966 and 1974,
the induction rate rose from 12.7% to 38.9%. During the 1980s, with increasing
consumer awareness, the unquestioning acceptance of unproven technologies was
challenged. Women, led by groups such as the National Childbirth Trust (NCT),
began to question not only the need for any intervention but also the need to come
to the hospital at all. The professional bodies also began to question the
effectiveness of antenatal care.

The government set up an expert committee to review policy on maternity care
and to make recommendations. This committee produced the document Changing
Childbirth (Department of Health, Report of the Expert Maternity Group, 1993),
which provided purchasers and providers with a number of action points aiming
to improve choice, information and continuity for all women. It outlined a number
of indicators of success to be achieved within 5 years:

» The carriage of hand-held notes by women.

» Midwifery-led care in 30% of pregnancies.

» A known midwife at delivery in 75% of cases.

» A reduction in the number of antenatal visits for low-risk mothers.

This landmark report provided a new impetus to examine the provision of
maternity care in the UK and enshrined choice as a concept in maternity care.

More recently, government documents on maternity care such as Maternity
Matters (2007) aimed to address inequalities in maternity care provision and
uptake; it enables commissioners to assess maternity care in their area and to
ensure that safe and effective care is available to all women. Maternity care now
centres on increased choices for women and empowerment of couples, including
birth at home or in a stand-alone midwifery unit. The most recent Maternity
Review (2016) emphasized the following principles:

» Personalized woman-centred care.



» Continuity of carer.
» Better postnatal and perinatal mental health care.
» A fairer payment system for different types of care.

» Safer care, with multiprofessional working and training and measurement of
performance using routinely collected data

The aims of antenatal care are:

» To optimize pregnancy outcomes for women and babies.

» To prevent, detect and manage those factors that adversely affect the health of
mother and baby.

» To provide advice, reassurance, education and support for the woman and her
family.

» To deal with the “‘minor ailments’ of pregnancy.
» To provide general health screening.

Antenatal care aims to make the woman the focus. Women should be treated
with kindness and dignity at all times, and due respect given to personal, cultural
and religious beliefs. Services should be readily accessible and there should be
continuity of care. There is a need for high-quality, culturally appropriate, verbal
and written information on which women can base their choices, through a truly
informed decision-making process, which is led by them.

In the UK and many countries worldwide, maternity care for an individual
woman is provided by a community-based team of midwives and family
practitioners (such as GPs), a hospital consultant team or a combination of the
two. Some women have complex pregnancies and in these instances a hospital-
based obstetric team leads their antenatal care and they are said to have consultant
care. Many more women have pregnancies where there are no overtly
complicating factors and these women usually have community-based care and are
said to be under midwifery care. A further group have risk factors identified at
booking, for example previous caesarean section, which mandate clinical input by
obstetricians but where the majority of routine care can still be provided by the
community team. This is referred to as shared care.



Advice, reassurance and education

Pregnancy is a time of great uncertainty and stress and this is compounded by the
many physical changes experienced by the woman during her pregnancy. Common
symptoms include nausea, heartburn, constipation, shortness of breath, dizziness,
swelling, backache, abdominal discomfort and headaches. Generally, these reflect
physiological adaptations to pregnancy but may become extremely debilitating for
the pregnant woman. Occasionally they will represent the first presentation of a
more serious problem.

Information regarding smoking, alcohol consumption and the use of drugs (both
legal and illegal) during pregnancy is extremely important. In some populations
almost one-third of women smoke during pregnancy, despite its association with
fetal growth restriction, preterm labour, placental abruption and intrauterine fetal
death. A major role of antenatal care is to help women limit these harmful
behaviours during pregnancy, for example by inclusion in smoking cessation
programmes. Alcohol or illegal substance misuse may require more specialized
skills from support services including perinatal mental health teams. The
information given should be of high quality and evidence based. It should be
provided in a manner appropriate to the woman and in different formats (e.g.
written information) where appropriate and possible.

Parentcraft education is the term often used to describe formal group
discussion of issues relating to pregnancy, labour and delivery and care of the
newborn. These sessions offer an opportunity for couples to meet others in the
same situation and help to establish a network of social contacts that may be
useful after the delivery. They may include a tour of the maternity department, the
aim of which is to lessen anxiety and increase the sense of maternal control
surrounding delivery.

First trimester

When a woman becomes pregnant one of the first interactions with the health
services is known as the booking visit. At this point, or shortly afterwards, a
midwife will take a detailed history, examine the woman and perform a series of
routine investigations (with the woman’s consent) in order that appropriate care
can be offered. If risk factors are identified that may potentially impact on the
pregnancy outcome, the midwife will access specialized services on behalf of the
woman. This may mean referral to a hospital consultant obstetric clinic or other



specialist services as appropriate. Medical or psychosocial issues raised at the
booking visit may need to be explored in some depth.

Body mass index and weight assessment

Height and weight should be measured at the booking visit, body mass index
(BMI) calculated and assessed and women counselled accordingly. If the BMI is

more than 35 kg/m?, it is recommended that the woman is reviewed by an obstetric
consultant or other healthcare professional who can provide appropriate advice
on the increased pregnancy risks (Table 2.1) and interventions to minimize
excessive gestational weight gain. The Institute of Medicine have guidelines on
recommended weight increase in pregnancy. For normal weight women (BMI
18.5-24.9 kg/m?) the recommended total weight gain in pregnancy is 11-16 kg
(25-35 1b); for overweight women (BMI 25-29.9 kg/m?) 7—11 kg (15-25 1b); and
for obese (>30 kg/m?) women 5-9 kg (11-20 1b).

Women with raised BMI should be counselled regarding appropriate weight in
pregnancy and counselled regarding the risks. In general, the risks increase as
BMI rises.

General pregnancy dietary advice

The Royal College of Obstetricians and Gynaecologists (RCOG) provides the
following dietary advice for optimal weight control in pregnancy:
» Do not eat for two; maintain your normal portion size and try and avoid snacks.

» Eat fibre-rich foods such as oats, beans, lentils, grains, seeds, fruit and
vegetables as well as whole grain bread, brown rice and pasta.

» Base your meals on starchy foods such as potatoes, bread, rice and pasta,
choosing whole grain where possible.

» Restrict intake of fried food, drinks and confectionary high in added sugars, and
other foods high in fat and sugar.

» Eat at least five portions of a variety of fruit and vegetables each day.
» Dieting in pregnancy is not recommended but controlling weight gain in
pregnancy is advocated.

It may be difficult for pregnant women to make these changes to their diets for
the first time in their adult life, and further work is needed to determine how to



enable pregnant women to follow this guidance.

General exercise advice

Aerobic and strength conditioning exercise in pregnancy is considered safe and
beneficial. It may help recovery following delivery, reduce back and pelvic pain
during pregnancy and contribute to overall wellness. The aim of exercise during
pregnancy is to stay fit, rather than to reach peak fitness. Contact sports should be
avoided and if the pregnant woman has any coexisting medical conditions, a more
tailored exercise programme may be needed. However, there are very few
pregnant women for whom some exercise is not appropriate and health care
professionals can encourage women to maintain walking, swimming and other
forms of non-contact exercise. Pelvic floor exercises during pregnancy and
immediately after birth may reduce the risk of urinary and faecal incontinence in
the future. Following delivery, generally it is safe to resume exercise gradually as
soon as the woman feels ready.

Table 2.1 Maternal and neonatal complications associated with
increased BMI in pregnancy



Maternal Fetal
Antenatal

Difficulty accurately assessing growth and anatomy  Increased congenital malformations; if BMI >40 kg/m?, risk
of fetus of neural tube defects is three times that of a woman with
a BMI <30 kg/m?
If BMI =30 kg/m?, high-dose folic acid (5 mg once daily) is
recommended prepregnancy and for first 12 weeks'’
gestation

Increased risk of GDM: three times more likely to Macrosomia and associated complications
develop GDM than women whose BMI <30 kg/m?

Hypertensive disorders of pregnancy: increased Fetal growth restriction and associated complications
risk of chronic hypertension, gestational
hypertension and pre-eclampsia

Increased risk of VTE

Miscarriage; overall miscarriage risk is 20%, which
increases to 1 in 4 (25%) if BMI =30 kg/m?

Stillbirth: doubling of stillbirth risk from 0.5% to 1 in 100 (1%)
Intrapartum

Difficulty with analgesia (epidurals and spinal) and
general anaesthesia if needed

Difficulty with monitoring in labour
Increased instrumental delivery rate
Increased caesarean section rate

Macrosomia and shoulder dystocia: risk of macrosomia
(neonatal weight >4 kg) increases from 7% to 14%
compared to women with a BMI of between 20 and 30 kg/m?

Postnatal

VTE risk

Wound breakdown and infection
Postnatal depression

Increased risk of childhood obesity and diabetes in later life

BMI, body mass index; GDM, gestational diabetes; VTE, venous thromboembalism.

The RCOG provides modified heart rate target zones for exercise in pregnancy.
These are age dependent and are as follows: women <20 years of age: target
range 140-155 beats per minute (bpm); 20-29 years of age: 135-150 bpm; 30—39
years of age: 130-145 bpm; and >40 years of age: 125-140 bpm.

Breastfeeding education



Breastfeeding protects against diarrhoea and common childhood illnesses such as
pneumonia, and may also have longer-term health benefits for the mother and
child, such as reducing the risk of obesity later in life. Breastfeeding has also been
associated with a higher intelligence quotient (IQ) in children, although it is not
clear whether this is a result of confounding. The World Health Organization
(WHO) recommends initiation of breastfeeding within an hour of birth, exclusive
breastfeeding for the first 6 months of life and continued breastfeeding beyond 6
months and at least up to 2 years of age. Although evidence for interventions to
promote breastfeeding are limited, a recent systematic review demonstrated that
the greatest improvements in initiation and continuation of breastfeeding were
seen when education was provided concurrently across the various settings
including home, community and the health system. Baby-friendly hospital support
in the health system was the most effective intervention to improve rates of any
breastfeeding. As a result, early education in pregnancy about breastfeeding is
advocated to improve uptake and engage pregnant women with breastfeeding
services to allow them to be fully prepared.

Options for pregnancy care

Following the booking visit and assessment of potential risks a woman may
discuss their expectations for the pregnancy and discuss where they would like to
receive their antenatal care and deliver their baby. Provided that there are no
contraindications to midwifery-led care (such as medical comorbidities or
previous obstetric complications that may warrant consultant-led care), the
options available for delivery include:

» Home birth: according to the Birthplace Study, in England and Wales
approximately 2% of women opt to deliver at home, cared for by a midwife. The
advantages of home birth include familiar surroundings, no interruption of labour
to go to hospital, no separation from other children or the woman’s partner
during or after birth, continuity of care and reduced interventions. The
disadvantages are that 45% of first time mothers (and 12% of multiparous
mothers) planning home birth are transferred to hospital and a poor perinatal
outcome occurs in approximately twice as many first time home birth mothers
compared with first time mothers delivering in hospital (9.3 vs. 5.3 adverse
perinatal events/1,000 births; adjusted odds ratio 1.75, 95% confidence intervals
1.07-2.86). Other disadvantages include limited analgesic options (e.g. no
epidurals are available).



» Midwifery units or birth centres: these may be stand-alone where they are
located on a separate site to hospital birth centres or adjacent to hospitals (‘co-
located’) with access to obstetric, neonatal and anaesthetic care. Advantages of
midwifery units may include continuity of care, fewer interventions and
convenience of location. Disadvantages include transfer out to a hospital birth
centre (40% nulliparous women and 10% of multiparous women) and limited
access to certain analgesic options. There was no difference in the risk of
adverse perinatal outcomes between midwifery units and hospital units (4.5
adverse perinatal events/1,000 births in freestanding midwifery unit vs. 4.7
events/1,000 in alongside midwifery unit vs. 5.3 events/1,000 in obstetric unit).

» Hospital birth centre: in hospital birth centres midwives continue to provide
care during labour but doctors are available should the need arise. There is
direct access to obstetricians, anaesthetists and neonatologists. Disadvantages
include lack of continuity of care and a greater likelihood of intervention
(compared to midwifery units and home birth).

Antenatal urine tests

Asymptomatic bacteriuria is associated with increased risk of preterm delivery
and the development of pyelonephritis during pregnancy. A mid-stream specimen
of urine (MSU) should be sent for culture and sensitivity at the booking visit to
screen for asymptomatic bacteriuria. Urinalysis is performed every antenatal visit.
Urine is screened for protein (to detect renal disease or pre-eclampsia), persistent
glycosuria (to detect pre-existing diabetes or gestational diabetes [GDM]) and
nitrites (to detect urinary tract infections). If nitrites are detected on urine dipstick
testing, a MSU is sent for microscopy, culture and sensitivity to detect
asymptomatic bacteria and appropriate treatment initiated if a positive culture is
identified.

Blood pressure assessment

Blood pressure falls by a small amount (a few mmHg) in the first trimester and
increases to prepregnancy levels by the end of the second trimester. First trimester
blood pressure assessment also allows the detection of previously unrecognized
chronic hypertension; this enables early initiation of treatment including
antihypertensive agents (to reduce episodes of severe hypertension in the mother)
and low-dose aspirin, which improves maternal (reduced pre-eclampsia) and



fetal (decreased perinatal mortality) outcomes in women with chronic
hypertension.

Booking tests in pregnancy

Table 2.2 lists the booking tests often performed at the booking visit.

Full blood count

Full blood count (FBC) measurement allows identification of women with
anaemia, to allow early initiation of treatment. Anaemia in pregnancy is defined as
a haemoglobin (Hb) <110 g/l in first trimester, <105 g/l in second and third
trimesters and <100 g/1 in the postpartum period. The detection of anaemia should
prompt examination of the mean cell volume to identify likely iron deficiency
anaemia (microcytic anaemia) or folate or vitamin B12 deficiency (macrocytic
anaemia). Further investigations may include B12, folate or iron (ferritin) studies.
Appropriate treatment should be initiated.

In accordance with the British Society for Haematology recommendations for
anaemic women in pregnancy, a trial of oral iron should be considered as the first-
line management option, with an increment demonstrated at 2 weeks confirming a
positive response. Women with known haemoglobinopathy should have serum
ferritin checked and offered oral supplements if their ferritin level is <30 pg/l.

A FBC also allows the identification of low platelets, which may rarely
represent de-novo immune thrombocytopaenic  purpura.  Gestational
thrombocytopaenia (a fall in platelet count in pregnancy) rarely presents in the
first trimester and is more commonly detected beyond 28 weeks’ gestation. Hence
a low platelet count in the first trimester warrants further investigation and
haematological input; in many settings the threshold for referral is <100 x 10%]1
but individual maternity units may set their own criteria. A baseline platelet count
is also useful later in pregnancy if there are concerns regarding conditions such as
pre-eclampsia or haemolysis, elevated liver enzymes and low platelets (HELLP)
syndrome, which may present with thrombocytopaenia.

Blood group

A blood group is checked at booking to identify rhesus D-negative women so that
they may be informed regarding the risks of rhesus isoimmunization and
sensitization from a rhesus D-positive fetus. Anti-D is administered to rhesus D-



negative women in instances of potential sensitizing events such as postchorionic
villous sampling, amniocentesis or trauma to the maternal abdomen.

Table 2.2 Summary of booking investigations

Investigation Indication
FBC Haemoglobin, platelet count, mean cell volume
MSU Asymptomatic bacteriuria

Blood group and antibody screen  Bhesus status and atypical antibodies

Haemoglobinopathy screening Screening is based on the FOQ and blood test results

Infection screen Hepatitis B, syphilis, HIV, (and rubella status)

Dating scan and first trimester Accurate pregnancy dating with provision of risk assessment for trisomy 21,
screening 18 and 13 and identification of major congenital anomalies

FBC, full blood count; FOQ, Family Origin Questionnaire; HIV, human immunodeficiency virus; MSU, mid-stream urine.

The British Committee for Standards in Haematology recommends that
following potentially sensitizing events, anti-D immunoglobulin should be
administered as soon as possible and always within 72 hours of the event. In
pregnancies less than 12 weeks’ gestation, anti-D immunoglobulin prophylaxis is
only indicated following ectopic pregnancy, molar pregnancy, therapeutic
termination of pregnancy and in cases of uterine bleeding where this is repeated,
heavy or associated with abdominal pain. The minimum dose of anti-D should be
250 IU and a test for feto-maternal haemorrhage is not required. For potentially
sensitizing events between 12 and 20 weeks’ gestation, a minimum dose of 250 U
should be administered within 72 hours of the event and a test for feto-maternal
haemorrhage is not required. Women who are rhesus D negative are now offered
prophylactic anti-D administration at 28 weeks’ gestation. Antenatal anti-D
immunoglobulin prophylaxis using either a single large dose at 28 weeks’
gestation or two doses, given at 28 and 34 weeks’ gestation, achieves a significant
reduction in the incidence of maternal sensitization to rhesus D due to occult
sensitizing events. Rhesus D-negative women also receive anti-D postpartum once
a baby is confirmed as being rhesus D positive on testing of a cord blood sample.

Assessment of blood group in all pregnant women at 28 weeks’ gestation also
identifies those with other atypical antibodies so that appropriate monitoring can
be put in place. Newer techniques such as non-invasive prenatal testing of
maternal blood for fetal rhesus status (determined by analysis of cell-free fetal
deoxyribonucleic acid [cffDNA]) may limit the need for anti-D prophylaxis to
mothers whose fetuses are known to be rhesus D positive. This is considered
more reliable than testing a partner’s blood group due to biological paternity not



always being that of the assumed partner. For further details, see Chapter 6,
Antenatal obstetric complications.

Gestational diabetes

Women who have had previous GDM should be offered a glucose tolerance test
or random blood glucose in the first trimester, with the aim of detecting pre-
existing diabetes that may have developed since a preceding pregnancy.

Thalassaemia

Thalassaemia is a group of inherited blood disorders where the Hb is abnormal as
a result of mutations in genes that code Hb. They are inherited in an autosomal
recessive pattern. Although the thalassaemias can occur worldwide, the carrier
rate is particularly common in people from Southeast Asia, and also affects those
of Mediterranean, North African, Middle Eastern, Indian and Asian origin. A
mutation that affects the alpha chain causes alpha-thalassaemia and beta-
thalassaemia occurs as a result of a mutation in the beta chain. The alpha chains
are produced by four genes, two on each chromosome 16, inherited as pairs. The
severity of the condition depends on how many of those genes have been altered.
If one gene is mutated, women are asymptomatic. If women carry two mutations
(alpha-thalassaemia trait) they may have mild anaemia. Haemoglobin H disease
occurs when an individual carries three mutated genes and will lead to chronic
anaemia that requires regular blood transfusion. Alpha-thalassaemia major occurs
when all four genes are mutated and is associated with a high incidence of
intrauterine death.

There are only two beta genes, one each on chromosome 11. The beta-
thalassaemia phenotype can range from moderate to severe. Beta-thalassaemia
major occurs when both beta genes are affected and affected individuals will
require blood transfusions for the rest of their life. Beta-thalassaemia intermedia
is the milder form of the condition and is non-transfusion dependent. Screening for
thalassaemia in the UK is offered to all pregnant women at booking visit using the
Family Origin Questionnaire (FOQ) and/or FBC results; those at high risk of
having an affected fetus should be then referred to a fetal medicine unit to discuss
the option of invasive confirmatory testing.

Sickle cell screen

Similar to the other haemoglobinopathies, certain ethnic groups are at higher risk
of carrying sickle cell trait. The carrier rate for sickle cell trait (HbAS) is



approximately 1 in 10 among Afro-Caribbean people but as high as 1 in 4 in
people from West Africa. The carrier frequency for haemoglobin C trait (HbAC)
is approximately 1 in 30 but up to 1 in 6 in some groups (e.g. Ghanaians). HbSS
(homozygous sickle cell disease) is the most serious form of the disease and these
patients have chronic haemolytic anaemia and suffer from sickle cell crisis, which
may be precipitated by infection. Women can also have the combination of HbS
and another B-globin variant such as HbSC. These individuals have slightly
milder features than seen in HbSS but are still at risk of sickle cell crises.
Partners of women with sickle cell disease or trait are offered screening early in
pregnancy with the option of invasive testing to detect an affected fetus if both
parents are carriers.

First trimester infection screen
Rubella

For many years maternal immunity to rubella has been tested at booking visits in
most countries. The national organization Public Health England has recently
stopped routine testing for rubella (from April 2016) on the grounds that rubella
infection levels in the UK are so low they are defined as eliminated by the WHO.
Rubella infection in pregnancy is now very rare; the mumps, measles, rubella
(MMR) immunization programme has demonstrated that over 90% children aged
up to 2 years had received at least one mumps, measles and rubella vaccination.
As the screening test used can potentially give inaccurate results and cause
unnecessary stress among women, the screening programme has been stopped.

The majority of pregnant women are rubella immune and no further action is
required. In instances where a woman is found not to be immune, she is advised to
avoid contact with individuals known to be currently infected, and offered the
combined MMR vaccination following delivery (see Chapter 11, Perinatal
infections).

Syphilis

Syphilis is a sexually transmitted disease caused by transmission of Treponema
pallidum, a spirochaete bacterium. In pregnancy it may cause miscarriage or
stillbirth and can cause active disease in newborn infants if contracted antenatally.
Between 2011 and 2012, there were 2,978 cases of syphilis diagnosed in the UK.
Although diagnosis is rare in pregnancy, due to the increasing incidence of the
disease and the fact that it may be safely treated with penicillin in pregnancy,



women continue to be routinely screened for syphilis in pregnancy (see Chapter
11, Perinatal infections).

Hepatitis B

Hepatitis screening is performed in pregnancy to reduce infant infection; without
preventive measures 90% of babies born to mothers with hepatitis B will contract
the virus and develop chronic infection, which is associated with liver failure,
cirrhosis and hepatocellular carcinoma. If a baby is born to a woman with active
hepatitis B, then the infant should receive hepatitis B vaccine and one dose of
hepatitis B immune globulin within the first 12 hours of life. This confers over
95% protection against chronic hepatitis B infection. The infant will need require
additional doses of hepatitis B vaccine at 1 and 6 months of age. The test for
screening for hepatitis B involves detection of hepatitis B surface antibody
(HBsAD or anti-HBs). Detection of the antibody implies immunity to hepatitis B.
Hepatitis B surface antigen (HBsAg) indicates the presence of hepatitis B in the
blood. Hepatitis B core antibody (HBcAb or anti-HBc) indicates that a person
may have been exposed to the hepatitis B virus (see Chapter 11, Perinatal
infections).

Hepatitis C

The National Institute for Health and Care Excellence (NICE) -currently
recommends that pregnant women should not be offered routine screening for
hepatitis C virus because there is insufficient evidence to support its clinical and
cost effectiveness. Screening for hepatitis C may be offered to women considered
to be at high risk; this includes current or previous intravenous drug use and
hepatitis B and/or human immunodeficiency virus (HIV) infection. The risk of
transmitting the virus from mother to child is approximately 5%, but this increases
significantly up to 36% if there is coinfection with HIV. Screening is performed by
examining for hepatitis C virus immunoglobulin (Ig) G antibodies (see Chapter 11,
Perinatal infections).

HIV

The estimated HIV prevalence among pregnant women in the UK is 2 per 1,000.
With appropriate interventions risk of transmission to the neonate is as low as
0.1%. Interventions to minimize vertical transmission include initiation of
antiretroviral therapy (ART) by 24 weeks’ gestation if naive to ART, planned
elective caesarean section for those with viral load >400 HIV ribonucleic acid



(RNA) copies/ml at 36 weeks’ gestation and exclusive formula feeding from birth
regardless of viral load and ART use. It is recommended that women who decline
initial screening should be offered screening again at 28 weeks’ gestation.

Ultrasound for first trimester dating and screening

Accurate dating through first trimester ultrasound is key to avoiding issues later in
pregnancy such as incorrect identification of growth restriction and inadvertent
induction of labour for postdates pregnancy. First trimester ultrasound also
enables early identification of multifetal pregnancies, screening for trisomies and
examination of the fetus for gross anomalies such as anencephaly and cystic
hygromas. The dating scan and first trimester screening is best performed between
11+3 and 13+6 weeks’ gestation, when the crown-rump length (CRL) measures
between 45 and 84 mm. From 14 and 20 weeks’ gestation the head circumference
is used to date the pregnancy.

Beyond 20 weeks’ gestation, the impact of genes and environmental factors can
cause variability in fetal size. Dating a pregnancy by ultrasound scan therefore
becomes progressively less accurate as the gestation advances. This is just one of
the potential problems of ‘late booking’.

First trimester screening currently involves:

» Measurement of nuchal translucency (NT). The median and 95th centile for NT
is 1.2 mm and 2.1 mm with a CRL of 45 mm, and 1.9 mm and 2.7 mm for a CRL
of 84 mm.

» Measurement of maternal free human chorionic gonadotrophin (f-hCG) and
pregnancy-associated plasma protein-A (PAPP-A). In trisomy 21 pregnancies the
concentration of free B-hCG is higher (around two multiples of median; MoM)
and the concentration of PAPP-A is lower (approximately 0.5 MoM).

» Maternal age.

Using an algorithm based on the above criteria the detection rate for trisomy 21
is approximately 90%. The false-positive rate can be reduced to 3% by
additionally examining the nasal bone, ductus venosus flow and tricuspid flow and
this gives a detection rate of approximately 95%. Screening may also be
performed in the second trimester between 14 and 20 weeks’ gestation and
consists exclusively of risk prediction using maternal biomarkers. The quadruple
test measures maternal alpha-fetoprotein (AFP), hCG, unconjugated oestriol (uE3)
and inhibin A and has an 80% detection with a 5% false-positive rate. Newer



technologies including non-invasive prenatal testing are now available with
reported sensitivities for detection of Down’s syndrome of more than 99% with a
screen-positive rate of <0.2%. These are discussed further in Chapter 5, Prenatal
diagnosis.

Women at high risk of developing pre-eclampsia

NICE currently recommends that women considered to be at high risk of pre-
eclampsia should have low-dose aspirin (75 mg) treatment initiated early in
pregnancy until delivery. Women considered to be high risk include:

» Hypertensive disease during a previous pregnancy.

» Chronic kidney disease.

» Autoimmune disease such as systemic lupus erythematosus or antiphospholipid
syndrome.

» Type 1 or type 2 diabetes.
» Chronic hypertension.

Furthermore, women with two or more moderate risk factors for pre-eclampsia
are also recommended to commence aspirin early in pregnancy until delivery.
Moderate risk factors for the development of pre-eclampsia include:

» Primiparity.

» Advanced maternal age (>40 years).

» Pregnancy interval of more than 10 years.
» BMI >35 kg/m? at booking visit.

» Family history of pre-eclampsia.

» Multifetal pregnancy.

All women should be screened at every antenatal visit for pre-eclampsia by
measurement of blood pressure and urinalysis for protein.

Women at high risk of preterm birth



Women considered to be at high risk of preterm birth include those with previous
preterm birth, late miscarriage, multifetal pregnancies and cervical surgery such
as previous cone biopsy. These women may be offered serial cervical length
screening with or without the use of fetal fibronectin to detect increased risk of
preterm birth. Note: no agreed screening protocol for preterm birth is available.

Fetal growth restriction

NICE guidelines recommend that symphysis—fundal height (SFH) measurements
should be performed at every antenatal appointment from 24 weeks’ gestation.
Concerns that fetal growth may be slow, or has stopped altogether, should prompt
ultrasound scanning. There is no consensus on the recommended ‘routine’ use of
ultrasound in pregnancy. The majority of units offer dating scans (at end of first
trimester) and anomaly scans (at around 20-22 weeks’ gestation) but no further
growth assessment unless clinically indicated. Some units offer an additional third
trimester growth scan but this is still being evaluated in research studies.

Vitamin D deficiency

The RCOG advises that there are no data to support routine screening for vitamin
D deficiency in pregnancy in terms of health benefits or cost effectiveness. Women
thought to be at increased risk of vitamin D deficiency on the basis of skin colour
or coverage, obesity, risk of pre-eclampsia or gastroenterological conditions
limiting fat absorption may be screened, but this testing is expensive. Daily
vitamin D supplementation with oral cholecalciferol or ergocalciferol is safe in
pregnancy. NICE guidance states that all pregnant and breastfeeding women
should be advised to take 10 pg of vitamin D supplements daily. Severe vitamin D
deficiency in pregnancy results in increased risk of neonatal rickets.

Second trimester care

Anomaly scan

Between 20 and 22 weeks’ gestation it is recommended that fetal anatomy be
assessed. This is a detailed structural scan aimed at detecting conditions such as
spina bifida, major congenital anomalies, diaphragmatic hernia and renal
agenesis. Prenatal diagnosis is covered in detail in Chapter 5.



Gestational diabetes mellitus

Universal screening for GDM is available in some countries including the USA
and Australia. However, NICE advocates risk-based screening in the UK. GDM is
diagnosed if a woman has a fasting plasma glucose level of 5.6 mmol/l or above,
or a 2-hour plasma glucose level of 7.8 mmol/I or above.

Risk factors for the development of GDM include women with previous
gestational diabetes, previous macrosomia (>4.5 kg), raised BMI (=30 kg/m?),
first-degree relative with diabetes or women of Asian, black Caribbean or Middle
Eastern origin. If risk factors are present, the woman should be offered a 2-hour
75 g oral glucose tolerance test (OGTT) at 24—28 weeks’ gestation. Women with a
previous history of GDM should have an oral glucose tolerance test at 16—18
weeks’ gestation. The test should be repeated at 24—28 weeks of pregnancy.

Many clinical, political and consumer bodies now contribute to optimizing care
for women in pregnancy. These include the following.

NICE

NICE has evaluated maternity care in great detail and continues to publish many
important guidelines relating to different aspects of pregnancy, covering antenatal,
intrapartum and postnatal care. These provide the benchmark by which Trusts are
judged in their ability to provide care. The process of guideline development is
rigorous and stakeholders are consulted at each stage of development. The
guidelines are available through the NICE website (www.nice.org.uk) and
provide the framework for standards of care within England and Wales.

National Screening Committee

Screening has formed a part of antenatal care since its inception. The National
Screening Committee is responsible for developing standards and strategies for
the implementation of these. The National Screening Committee has unified and
progressed standards for all aspects of antenatal screening across the UK. The
provision of national standards means that new tests are critically evaluated
before being offered to populations. Conditions for which screening is currently
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not recommended, such as group B streptococcus carriage, are regularly reviewed
against current evidence. The National Screening Committee recently
recommended the cessation of testing for rubella immunity.

RCOG

The RCOG has many roles. These include developing national guidelines (not
covered by the above bodies), setting standards for the provision of care, training
and revalidation, audit and research. The RCOG publishes a large number of
guidelines pertinent to pregnancy with patient information leaflets to accompany
many of these. They are reviewed 3-yearly and are accessible to all on the college
website (www.rcog.org.uk). The RCOG works in partnership with other colleges
such as the Royal College of Midwives (RCM) to set standards for maternity care.
These standards provide important drivers to organizations such as the Clinical
Negligence Scheme for Trusts in setting standards for levels of care and
performance by hospitals.

Consumer groups

As well as providing support and advice for women, often at times of great need,
consumer groups allow women to have a louder voice in the planning and
provision of maternity care. National consumer groups such as the NCT have
representatives on many influential panels, such as the National Screening
Committee and RCOG working groups. At a local level, each hospital should
have a Maternity Services Liaison Committee (MSLC). When these committees
work well, they can provide essential consumer input into service delivery at a
local level.

% KEY LEARNING POINTS

Antenatal care improves pregnancy outcomes and a variety of models exist.
There are key visits during the pregnancy when essential investigations or
decisions are taken regarding antenatal care and delivery.

Antenatal care should be seen as an opportunity for education, reassurance and
screening for potential problems.

Continued efforts should be made to improve the access to antenatal care for
disadvantaged and minority groups.



http://www.rcog.org.uk

Further reading

BCSH guideline for the use of anti-D immunoglobulin for the prevention of
haemolytic disease of the fetus and newborn. Available at
http://onlinelibrary.wiley.com/doi/10.1111/tme.12091/epdf (last accessed
02.02.2016).

British HIV Association guidelines for the management of HIV infection is
available at
http://www.bhiva.org/documents/Guidelines/Pregnancy/2012/BHIVA-
Pregnancy-guidelines-update-2014.pdf.

Fetal anomaly screening programme.
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/

Infectious Diseases in Pregnancy Screening (IDPS) Programme. UK National
Screening Committee. September 2010.
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/:

National Institute for Health and Care Excellence. Antenatal care. Available at
http://www.nice.org.uk/guidance/qs22.

Royal College of Obstetricians and Gynaecologists Clinical Guidelines.
https://www.rcog.org.uk/guidelines.

Self assessment

CASE HISTORY

Mrs Singh, a 39-year-old woman originally from Pakistan, is approximately 8
weeks’ gestation and attends a booking visit with her community midwife, who
fills out her client-held records. This is Mrs Singh’s fourth pregnancy, having
had two normal deliveries following by a caesarean section for a transverse lie.
The previous babies’ weights were 2.30 kg, 2.40 kg and 2.35 kg, all born at 39
weeks’ gestation. Mrs Singh’s booking blood pressure is 140/95 mmHg and her
BMlI is 37.

Identify the key issues raised and prepare a plan for management during the

pregnancy.



http://onlinelibrary.wiley.com
http://www.bhiva.org
https://www.gov.uk
https://www.gov.uk
http://www.nice.org.uk
https://www.rcog.org.uk

ANSWER

Mrs Singh is originally from Pakistan, although she has been a UK citizen for
many years. This makes a language problem less likely. However, there is no
record that a thalassaemia screen has ever been performed. This is important
because thalassaemia trait (carrier status) might contribute to maternal anaemia.
Furthermore, if the father of this baby is also a carrier, the child will have a 1 in
4 chance of having thalassaemia. It is reassuring that all the children are fit and
well, but this does not exclude the possibility that they are both carriers.

Mrs Singh is 39 years old. This slightly increases the risks of pregnancy
complications including pre-eclampsia, but, more significantly, it is associated
with an increase in the risk of certain fetal chromosomal abnormalities,
principally Down’s syndrome. The decision to undergo screening and invasive
testing is a personal one, often influenced by cultural and religious beliefs, but
an offer of screening should be made to all women.

Mrs Singh likely has chronic hypertension (possibly related to her body
weight) but is not currently on medication. Mrs Singh should be commenced on
75 mg aspirin to reduce the risk of pre-eclampsia. She should also be assessed
further for consideration of starting an antihypertensive agent.

Mrs Singh’s children have all been of low birthweight. It is difficult to
determine whether they were constitutionally (genetically) small, but healthy, or
whether they were pathologically small (i.e. growth restricted). Serial
ultrasound scans should be performed as surveillance for fetal growth
restriction.

Mrs Singh has a raised BMI; this increases her risks of anaesthetic
complications (such as failure to intubate or successfully site a spinal
anaesthetic) and also her risks of developing GDM. An OGTT will be
recommended at 28 weeks’ gestation to screen for this.

Finally, the mode of delivery after a previous caesarean section requires
discussion. The transverse lie was probably secondary to uterine laxity, but this
would need to be confirmed by obtaining the previous pregnancy notes. The
options for mode of delivery (vaginal birth after caesarean ‘“VBAC’ vs. elective
repeat caesarean section ‘ERCS’) will need to be discussed. Malpresentation at
term may occur again.

In conclusion, Mrs Singh has a number of factors that increase the risk of
complications in this pregnancy. Shared care under a hospital consultant would
be the appropriate form of antenatal care.



EMQ

Quadruple test.

Anatomy scan.

OGTT.

FBC.

Ferritin.

MSU.

Cervical length and fetal fibronectin.
Sickle cell testing.

Refer to fetal medicine unit.
Observe the pregnant woman.
K 75 mg aspirin.

ST IrTOoOmEHOO®m e

For each description, choose the SINGLE most appropriate answer from the list
of options. Each option may be used once, more than once or not at all.

1  You review a pregnant woman at booking visit who previously was
delivered at 32 weeks’ gestation for severe pre-eclampsia.

2 A woman attends your clinic following first trimester screening that has
shown the fetus to have a 1 in 25 risk of trisomy 21.

3 A woman attends for booking visit having had previous GDM.

4 A woman attends your booking clinic at 18 weeks’ gestation. She recently
discovered she was pregnant and is concerned about trisomy 21.

ANSWERS

1K This woman is at high risk of recurrence of pre-eclampsia and should be
commenced on low-dose aspirin.

21  Following high-risk screening the woman should be counselled regarding
the availability of invasive testing to rule out trisomy 21, with referral to a
fetal medicine unit.

3C This woman is at high risk of GDM but also of pre-existing diabetes.
Therefore she should be offered an early OGTT and a repeat test at 26-28
weeks’ gestation if the first one is negative.

4A The best screening option in the second trimester is the quadruple test.



SBA QUESTIONS

Choose the single best answer.

1  According to NICE, which of the following is NOT a risk factor for
screening for GDM?
A Previous GDM.
B Previous macrosomia (>4.5 kg).
C Maternal raised BMI (>30 kg/m?).
D European descent.

ANSWER

D Women with a raised BMI, a history of GDM or a history of macrosomia in
a previous pregnancy are at increased risk of GDM. Certain ethnic groups,
particularly women from South Asia and South East Asia are at high risk
from GDM when compared to women of European descent.

2 According to NICE, which of the following is NOT a high risk factor for
developing pre-eclampsia?
A Chronic kidney disease.
B Autoimmune disease such as systemic lupus erythematosus or
antiphospholipid syndrome.

C Thyroid disease.
D Chronic hypertension.

ANSWER

C Women considered to be at high risk of pre-eclampsia include:
e Hypertensive disease during a previous pregnancy.
e Chronic kidney disease.
e Autoimmune disease such as systemic lupus erythematosus or
antiphospholipid syndrome.
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Normal fetal development
and growth
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LEARNING OBJECTIVES

To understand that fetal growth and birthweight are important determinants of
immediate neonatal health and long-term adult health.

To appreciate the fetal, maternal and placental factors that affect fetal growth
and development.

To be familiar with the fetal circulation, the specific shunts that ensure that the
best oxygenated blood from the placenta is delivered to the fetal brain, and to
appreciate how the fetal circulation transitions at birth to an adult circulation.
To be aware of normal development of fetal organs during pregnancy, how
fetal structural abnormalities arise and what effects they have on the fetus and
neonate.




To recognize the importance of normal amniotic fluid physiology to fetal
growth and development.

An understanding of normal development, growth and maturation is important for
understanding the complications that may arise in pregnancy and for the neonate.
For example, an understanding of the development of the lungs will explain why
preterm infants are at risk of respiratory distress syndrome and term infants are
not, and why bowel protruding into the umbilical cord at 10 weeks’ gestation is
normal and is not diagnosed as an omphalocele (exomphalos).

This chapter provides an overview of the development, growth and maturation
of the main body organs and systems in the human fetus and the implications of
disordered growth.

Fetal growth and the eventual weight of the fetus at birth are important not only for
the immediate health of the neonate but also for the long-term health of the adult,
and even into the next generation. The thrifty phenotype (Barker) hypothesis says
that reduced fetal growth is strongly associated with a number of chronic
conditions later in life. This increased susceptibility results from adaptations
made by the fetus in an environment limited in its supply of nutrients. These
chronic conditions include coronary heart disease, stroke, diabetes and
hypertension.

Fetal size can be assessed antenatally in two ways, either externally by using a
tape measure to assess the uterine size from the superior edge of the pubic
symphysis to the uterine fundus (symphysis—fundal height [SFH] measurement) or
using ultrasound to measure specific parts of the fetus and then calculating the
estimated fetal weight (EFW) using equations such as those described by Hadlock
(see Chapter 4, Assessment of fetal wellbeing). The fetal size is described in
terms of its size for gestational age and is presented on centile charts. Centile
charts can be designed for a population.

Figure 3.1 shows the EFW centile chart for two fetuses. Fetus A has an EFW
that is growing normally along the 75th centile. Fetus B is small and has



suboptimal fetal growth; the EFW starts below the 5th centile and becomes
progressively further away from the normal centiles as gestation advances.

More recently, customized centile charts have been developed as illustrated in
Figure 1.2, Chapter 1, Obstetric history and examination, that take into
consideration factors that are known to affect fetal growth such as maternal height,
weight, parity, ethnicity and fetal sex.

A fetus that is less than the 10th centile is described as being small for
gestational age (SGA) (Figure 3.1 Fetus B). This is a statistical concept designed
to categorize on size but not necessarily on outcome. An SGA fetus may be
constitutionally small; in other words their growth potential was reached and they
were destined to be that small. Many fetuses that are SGA, however, have failed
to reach their full growth potential, a condition called fetal growth restriction
(FGR). FGR is associated with a significant increased risk of perinatal morbidity
and mortality. Growth-restricted fetuses are more likely to suffer intrauterine
hypoxia/asphyxia and, as a consequence, be stillborn or demonstrate signs and
symptoms of hypoxic-ischaemic encephalopathy (HIE), including seizures and
multiorgan damage or failure in the neonatal period. Other complications to which
these growth-restricted babies are more prone include neonatal hypothermia,
hypoglycaemia, infection and necrotizing enterocolitis. In the medium term,
cerebral palsy is more prevalent and it is now recognized from large
epidemiological studies that low birthweight infants are more likely to develop
hypertension, cardiovascular disease (ischaemic heart disease and stroke) and
diabetes in adult life, indicating that the impact of FGR is long lasting. One
challenge in obstetric practice is to recognize potentially small fetuses, and then,
from this group, to identify those that are ‘small and healthy’ and those that are
‘small and unhealthy’. Interventions to deliver the growth-restricted fetuses early
from the intrauterine environment may improve outcome. It is important to note,
however, that not all growth-restricted fetuses are SGA, in that while their
birthweight is within the normal range for gestation (above the 10th centile) they
still may have failed to reach their full growth potential. Detecting these fetuses is
even more difficult than identification of the small growth-restricted fetus.
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Figure 3.1 Population centile chart for estimated fetal weight by ultrasound
measurements. Fetus (A) has normal growth; fetus (B) has suboptimal growth.

Determinants of fetal growth and birthweight

Determinants of fetal growth and birthweight are multifactorial. They reflect the
influence of the natural growth potential of the fetus dictated largely by the fetal
genome and epigenome, but also by the intrauterine environment that is influenced
by both maternal and placental factors. The ultimate birthweight is therefore the
result of the interaction between the fetus and the maternal uterine environment.
Fetal growth is dependent on adequate delivery to, and transfer of nutrients and
oxygen across, the placenta, which relies on appropriate maternal nutrition and
placental perfusion. Factors affecting these are discussed below and in Chapter 9,
Hypertensive disorders of pregnancy). Other factors are important in determining
fetal growth and include, for example, fetal hormones that affect the metabolic
rate, growth of tissues and maturation of individual organs. In particular, insulin-
like growth factors (IGFs) coordinate a precise and orderly increase in growth
throughout late gestation. Insulin and thyroxine (T4) are required through late



gestation to ensure appropriate growth in normal and adverse nutritional
circumstances. Fetal hyperinsulinaemia, which occurs in association with
maternal diabetes mellitus when maternal glycaemic control is suboptimal, results
in fetal macrosomia with, in particular, excessive fat deposition. This leads to
complications such as late stillbirth, shoulder dystocia and neonatal
hypoglycaemia.

Other factors relate to fetal, maternal and placental influences.

F etal influences

Genetic

It is recognized that fetal genome plays a significant role in determining fetal size.
Obvious and sometimes severe FGR is seen in fetuses with chromosomal defects
such as the trisomies, particularly of chromosomes 13 (Patau’s syndrome) and 18
(Edward’s syndrome). Less severe FGR is common in trisomy 21 (Down’s
syndrome). The other genetic influence is fetal sex, with slightly greater
birthweights in males.

Epigenetic

Increasingly it is recognized that epigenetic changes plays a role in determining
fetal size. Epigenetic changes are modifications of deoxyribonucleic acid (DNA),
which occur without any alteration in the underlying DNA sequence and can
control whether a gene is turned on or off and how much of a particular message is
made. Genomic imprinting is an epigenetic process that silences one parental
allele, resulting in monoallelic expression. Emerging evidence shows that genes
that are paternally expressed promote fetal growth, whereas maternally expressed
genes suppress growth.

Infection

Although relatively uncommon in the UK, infection has been implicated in FGR,
particularly rubella, cytomegalovirus, Toxoplasma and syphilis (discussed in
further detail in Chapter 11, Perinatal infections). When faced with a fetus that is
found to be very small on ultrasound measurement (for example EFW less than the
5th centile for gestational age), it is common to test the maternal blood for
antibodies to these infections. The results are then compared with samples taken at
booking (see Chapter 2, Antenatal care) to determine if the mother has evidence of
seroconversion during pregnancy, which would suggest an acute infection.



Maternal influences

Physiological influences

In normal pregnancy, maternal physiological influences on birthweight include
maternal height, prepregnancy weight, age and ethnic group. Heavier and taller
mothers tend to have bigger babies and certain ethnic groups lighter babies (e.g.
South Asian and Afro-Caribbean). Parity is also an influence with increasing
parity being associated with increased birthweight. Age influences relate to the
association with age and parity (i.e. older mothers are more likely to be parous).
In older women, however, the increased risk of chromosomal abnormalities and
maternal disease, for example hypertension, lead to lower birthweights. Teenage
pregnancy is also associated with FGR.

Behavioural

Maternal behavioural influences are also important with smoking, alcohol and
recreational drug use all associated with reduced fetal growth and birthweight.
Babies born to mothers who smoke during pregnancy deliver babies up to 300 g
lighter than non-smoking mothers. This effect may be through toxins, for example
carbon monoxide, or vascular effects on the uteroplacental circulation. Stopping
smoking, even partway through pregnancy, can lead to increased birthweight.
Alcohol crosses the placenta and a dose-related effect has been noted, with up to
500 g reduction in birthweight, along with other anomalies occurring in women
who drink heavily (two drinks per day), such as developmental delay. The use of
recreational drugs is often associated with smoking and alcohol use but there is
evidence to suggest that heroin is independently associated with a reduction in
birthweight. Cocaine use is associated with spontaneous preterm birth, low
birthweight and small head circumference. Placental abruption is associated with
cigarette smoking and use of recreational drugs such as cocaine.

Chronic disease

Chronic maternal disease may restrict fetal growth. Such diseases are largely
those that affect placental function or result in maternal hypoxia. Conditions
include hypertension (essential or secondary to renal disease) and lung or cardiac
conditions (cystic fibrosis, cyanotic heart disease). Hypertension can lead to
placental infarction that impairs its function. Maternal thrombophilia can also
result in placental thrombosis and infarction.



Placental influences

Normal placental development and function from early pregnancy is key to
ensuring that the fetus receives adequate oxygen and nutrients from the mother.
Placental insufficiency occurs when there is inadequate transfer of nutrients and
oxygen across the placenta to the fetus. It can be due to poor maternal uterine
artery blood flow, a thicker placental trophoblast barrier and/or abnormal fetus
villous development. Placental infarction secondary to the maternal chronic
conditions discussed above or acute premature separation as in placental
abruption can impair this transfer and hence fetal growth. Recurrent bleeding from
the placenta (antepartum haemorrhage) can, over time, compromise placental
function, leading to poor fetal growth in the latter part of pregnancy. FGR is
discussed further in Chapter 9, Hypertensive disorders of pregnancy.

Cardiovascular system and the fetal circulation

The fetal circulation is quite different from that of the adult (Figure 3.2). The fetal
circulation is characterized by four shunts that ensure that the oxygenated blood
from the placenta is delivered to the fetal brain. These shunts are the:

» Umbilical circulation.
» Ductus venosus.
» Foramen ovale.

» Ductus arteriosus.

The umbilical circulation carries fetal blood to and from the placenta for gas
and nutrient exchange. The umbilical arteries arise from the caudal end of the
dorsal fetal aorta and carry deoxygenated blood from the fetus to the placenta.
Normally two umbilical arteries are present, but a single umbilical artery is
relatively common (approximately 0.5% of fetuses) and can be associated with
reduced fetal growth velocity and some congenital anomalies. Oxygenated blood
is returned to the fetus via the umbilical vein to the fetal liver. A small proportion
of blood oxygenates the liver but the bulk passes through the ductus venosus
bypassing the liver and joins the inferior vena cava (IVC) as it enters the right
atrium. The ductus venosus is a narrow vessel and high blood velocities are
generated within it. This streaming of the ductus venosus blood, together with a



membranous valve in the right atrium (the crista dividens), prevents mixing of the
well-oxygenated blood from the ductus venosus with the desaturated blood of the
IVC. The ductus venosus stream passes across the right atrium through a
physiological defect in the atrial septum called the foramen ovale, to the left
atrium. From here, the blood passes through the mitral valve to the left ventricle
and hence to the aorta. About 50% of the blood goes to the head and upper
extremities, providing high levels of oxygen to supply the fetal heart, upper thorax
and brain; the remainder passes down the aorta to mix with blood of reduced
oxygen saturation from the right ventricle. Deoxygenated blood returning from the
fetal head and lower body flows through the right atrium and ventricle and into the
pulmonary artery, after which it bypasses the lungs to enter the descending aorta
via the ductus arteriosus that connects the two vessels. Only a small portion of
blood from the right ventricle passes to the lungs, as they are not functional. By
this means, the desaturated blood from the right ventricle passes down the aorta to
enter the umbilical arterial circulation and be returned to the placenta for
reoxygenation.



Superior Pulmonary

Right

atrium Descending

aorta

Inferior
vena cava

Ductus
Venosus

Umbilical

vein Proportional oxygen content of blood

Placenta Umbilical
arteries

Figure 3.2 Diagrammatic representation of fetal circulation. (Adapted from
Harrington K, Campbell S. A Colour Atlas of Doppler Ultrasonography in
Obstetrics, London: Arnold, 1995.)

Prior to birth, the ductus ateriosus remains patent due to the production of
prostaglandin E2 and prostacyclin, which act as local vasodilators. Premature
closure of the ductus arteriosus has been reported with the administration of
cyclooxygenase inhibitors. At birth, the cessation of umbilical blood flow causes
cessation of flow in the ductus venosus, a fall in pressure in the right atrium and
closure of the foramen ovale. Ventilation of the lungs opens the pulmonary
circulation, with a rapid fall in pulmonary vascular resistance, which dramatically
increases the pulmonary circulation. The ductus arteriosus closes functionally
within a few days of birth.



Occasionally, this transition from fetal to adult circulation is delayed, usually
because the pulmonary vascular resistance fails to fall despite adequate breathing.
This delay, termed persistent fetal circulation, results in left-to-right shunting of
blood from the aorta through the ductus arteriosus to the lungs. The baby remains
cyanosed and can suffer from life-threatening hypoxia. This delay in closure of the
ductus arteriosus is most commonly seen in infants born preterm (<37 weeks’
gestation). It results in congestion in the pulmonary circulation and a reduction in
blood flow to the gastrointestinal tract and brain, and is implicated in the
pathogenesis of necrotizing enterocolitis and intraventricular haemorrhage, both of
which are complications associated with preterm birth.

Central nervous system

Neural development is one of the earliest systems to begin and one of the last to
be completed during pregnancy, generating the most complex structure within the
fetus. The early central nervous system (CNS) begins as a simple neural plate that
folds to form a groove then tube, open initially at each end. Failure of these
opening to close contributes a major class of neural abnormalities called neural
tube defects (NTDs) (See Chapter 5, Prenatal diagnosis). Later development of
the fetal brain involves elaborate folding of the neurocortex that occurs from the
second half of pregnancy. There is a rapid increase in total grey matter in the last
trimester that is mainly due to a fourfold increase in cortical grey matter.

Respiratory system

The lung first appears as an outgrowth from the primitive foregut at about 3—4
weeks postconception and by 4-7 weeks epithelial tube branches and vascular
connections are forming. By 20 weeks the conductive airway tree and parallel
vascular tree is well developed. By 26 weeks, with further development of the
airway and vascular tree, type I and II epithelial cells are beginning to
differentiate. Pulmonary surfactant, a complex mixture of phospholipids and
proteins that reduces surface tension at the air-liquid interface of the alveolus, is
produced by the type II cells starting from about 30 weeks. Dilatation of the gas
exchanging airspaces, alveolar formation and maturation of the surfactant system
continues between this time and delivery at term. The fetal lung is filled with
fluid, the production of which starts in early gestation and ends in the early stages
of labour. At birth, the production of this fluid ceases and the fluid present is
absorbed. Adrenaline, to which the pulmonary epithelium becomes increasingly



sensitive towards term, appears to play a major role in this process. With the
clearance of the fluid and with the onset of breathing, the resistance in the vascular
bed falls and results in an increase in pulmonary blood flow. A consequent
increased pressure in the left atrium leads to closure of the foramen ovale.

Pulmonary surfactant prevents the collapse of small alveoli during expiration
by lowering surface tension. The predominant phospholipid in surfactant (80% of
the total) is phosphatidylcholine (lecithin), the production of which is enhanced by
cortisol, growth restriction and prolonged rupture of the membranes, and is
delayed in maternal diabetes mellitus. Inadequate amounts of surfactant result in
poor lung expansion and poor gas exchange. In infants delivering preterm, prior to
the maturation of the surfactant system, this results in a condition known as
respiratory distress syndrome (RDS). It typically presents within the first few
hours of life with signs of respiratory distress, including tachypnoea and cyanosis.
It occurs in more than 80% of infants born between 23 and 27 weeks, falling to
10% of infants born between 34 and 36 weeks. Acute complications include
hypoxia and asphyxia, intraventricular haemorrhage and necrotizing enterocolitis.
The incidence and severity of RDS can be reduced by administering steroids
antenatally to mothers at risk of preterm delivery. The steroids cross the placenta
and stimulate the premature release of stored fetal pulmonary surfactant in the fetal
alveoli.

Numerous, but intermittent, fetal breathing movements occur in utero,
especially during rapid eye movement (REM) sleep. By opposing lung recoil,
fetal breathing movements (FBM) help to maintain the high level of lung
expansion that is now known to be essential for normal growth and structural
maturation of the fetal lungs. During ‘apnoeic’ periods between successive
episodes of FBM, active laryngeal constriction has the effect of opposing lung
recoil by resisting the escape of lung liquid via the trachea. The prolonged
absence or impairment of FBM is likely to result in a reduced mean level of lung
expansion that can lead to hypoplasia of the lungs. An adequate amniotic fluid
volume is also necessary for normal lung maturation. Oligohydramnios (reduced
amniotic fluid volume), decreased intrathoracic space (e.g. diaphragmatic hernia)
or chest wall deformities can result in pulmonary hypoplasia, which leads to
progressive respiratory failure from birth.

Alimentary system

The primitive gut is present by the end of the fourth week, having been formed by
folding of the embryo in both craniocaudal and lateral directions, with the



resulting inclusion of the dorsal aspect of the yolk sac into the intraembryonic
coelom. The primitive gut consists of three parts, the foregut, midgut and hindgut,
and is suspended by a mesentery through which the blood supply, lymphatics and
nerves reach the gut parenchyma. The foregut endoderm gives rise to the
oesophagus, stomach, proximal half of the duodenum, liver and pancreas. The
midgut endoderm gives rise to the distal half of the duodenum, jejunum, ileum,
caecum, appendix, ascending colon and the transverse colon. The hindgut
endoderm develops into the descending colon, sigmoid colon and the rectum.

Between 5 and 6 weeks, probably due to the lack of space in the abdominal
cavity as a consequence of the rapidly enlarging liver and elongation of the
intestine, the midgut is extruded into the umbilical cord as a physiological hernia.
While herniated into the umbilical cord, the gut undergoes rotation prior to re-
entering the abdominal cavity by 12 weeks of gestation. Failure of the gut to re-
enter the abdominal cavity results in the development of an omphalocele
(otherwise called an exomphalos) and this condition is associated with
chromosomal anomaly (Figure 3.3).

Other malformations include those that result from failure of the normal
rotation of the gut, fistulae and atresias. Malrotation anomalies can result in
volvulus and bowel obstruction. Atresias exist when there is a segment of bowel
in which the lumen is not patent and most commonly occur in the upper
gastrointestinal tract (i.e. the oesophagus or duodenum). As the fetus continually
swallows amniotic fluid, any obstruction that prevents fetal swallowing or
passage of amniotic fluid along the gut will result in the development of
polyhydramnios (excess amniotic fluid). Gastrointestinal fistulae can also occur,
the most common being a tracheo-oesophageal fistula (TOF) (Figure 3.4), in
which a connection exists between the distal end of the oesophagus and the
trachea. Without surgical intervention the neonate can develop complications after
birth as breathing causes air to pass from the trachea to the oesophagus and
stomach, and feeding results in swallowed milk and stomach acid passing into the
lungs. Some babies with TOF also have other congenital anomalies. This is
known as VACTERL (vertebral, anal, cardiac, tracheal, (o) esophageal, renal and
limb).
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Figure 3.4 Tracheo-oesophageal fistula.

Peristalsis in the intestine occurs from the second trimester. The large bowel is
filled with meconium at term. Defecation in utero, and hence meconium in the
amniotic fluid, is associated with post-term pregnancies and fetal hypoxia.
Aspiration of meconium-stained liquor by the fetus at birth can result in meconium
aspiration syndrome and respiratory distress.

In the last trimester of pregnancy while body water content gradually
diminishes, glycogen and fat stores increase about fivefold. Preterm infants have
virtually no fat and a severely reduced ability to withstand starvation. This is
aggravated by an incompletely developed alimentary system, and may manifest in
a poor and unsustained suck, uncoordinated swallowing mechanism, delayed
gastric emptying and poor absorption of carbohydrates, fat and other nutrients.



Growth-restricted fetuses also have reduced glycogen stores and are therefore
more prone to hypoglycaemia within the early neonatal period.

Liver, pancreas and gall bladder

The pancreas, liver and epithelial lining of the biliary tree derive from the
endoderm of the foregut. The liver and biliary tree appear late in the third week or
early in the fourth week as the hepatic diverticulum, which is an outgrowth of the
ventral wall of the distal foregut. The larger portion of this diverticulum gives rise
to the parenchymal cells (hepatocytes) and the hepatic ducts, while the smaller
portion gives rise to the gall bladder.

By the sixth week, the fetal liver performs haematopoiesis. This peaks at 12—
16 weeks and continues until approximately 36 weeks.

In utero, the normal metabolic functions of the liver are performed by the
placenta. For example, unconjugated bilirubin from haemoglobin breakdown is
actively transported from the fetus to the mother, with only a small proportion
being conjugated in the liver and secreted in the bile (the mechanism after birth).
The fetal liver also differs from the adult organ in many processes; for example,
the fetal liver has a reduced ability to conjugate bilirubin because of relative
deficiencies in the necessary enzymes such as glucuronyl transferase. After birth,
the loss of the placental route of excretion of unconjugated bilirubin, in the
presence of reduced conjugation, particularly in the premature infant, may result in
transient unconjugated hyperbilirubinaemia or physiological jaundice of the
newborn.

Glycogen is stored within the liver in small quantities from the first trimester,
but storage is maximal in the third trimester, with abundant stores being present at
term. Growth-restricted and premature infants have deficient glycogen stores; this
renders them prone to neonatal hypoglycaemia.

Kidney and urinary tract

The kidney, recognized in its permanent final form (metanephric kidney), is
preceded by the development and subsequent regression of two primitive forms;
the pronephros and mesonephros. The pronephros originates at about 3 weeks in a
ridge that forms on either side of the midline in the embryo, known as the
nephrogenic ridge. In this region, epithelial cells arrange themselves in a series of
tubules and join laterally with the pronephric duct. The pronephros is non-
functional in mammals.



Each pronephric duct grows towards the tail of the embryo. As it does so it
induces intermediate mesoderm in the thoracolumbar area to become epithelial
tubules called mesonephric tubules. The pronephros degenerates while the
mesonephric (Wolffian) duct extends towards the most caudal end of the embryo,
ultimately attaching to the cloaca.

During the fifth week of gestation the ureteric bud develops as an out-pouching
from the Wolffian duct. This bud grows towards the head of the embryo and into
the intermediate mesoderm and as it does so it branches to form the collecting duct
system (ureter, pelvis, calyces and collecting ducts) of the kidney and induces the
formation of the renal secretory system (glomeruli, convoluted tubes, loops of
Henle). Subsequently the lower portions of the nephric duct will migrate caudally
(downward) and connect with the bladder, thereby forming the ureters. As the
fetus develops, the torso elongates and the kidneys rotate and migrate upwards
within the abdomen, which causes the length of the ureters to increase.

Failure of the normal migration of the kidney upwards can result in a pelvic
kidney, where it remains in the pelvic area. Abnormal development of the
collecting duct system can result in duplications such as duplex kidneys. The most
common sites of congenital urinary tract obstructive uropathies are at the
pyeloureteric junction, the vesicoureteric junction or as a consequence of
posterior urethral valves, an obstructing membrane in the posterior male urethra
(Figure 3.5). Severe obstruc