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Professor Sir John Dewhurst

Professor Sir John Dewhurst died on 1 December 2006.
Jack, as he was known to all his colleagues, was a doyen
amongst obstetricians and gynaecologists of the twenti-
eth century. His reputation was internationally renowned
and he became a worldwide expert in paediatric and ado-
lescent gynaecology, for which he received due accolade.
He was also an outstanding teacher of obstetrics and
gynaecology, and, as such, this textbook, which he began
in the 1970s, is testament to his dedication to the passing
on of knowledge to others. In 1976 he became President

of the Royal College of Obstetricians and Gynaecologists,
a post he held for 3 years, for which he was subsequently
knighted. He retired in 1986 after a long and distinguished
career, but his legacy lives on and he will be remembered
with great affection and professional respect by all who
knew him.

Keith Edmonds
December 2011
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Preface to the Eighth Edition

As I write this, it is almost 40 years since the 1st edition
of Dewhurst’s Postgraduate Obstetrics and Gynaecology was
published. There are only a very few books that have
stood the test of such longevity and it is a tribute to the
concept that Jack Dewhurst had that the book continues
now into its 8th edition. Jack’s concept was to provide the
postgraduate student with an advanced and integrated
text for education and it is that philosophy which carries
into this, the 8th, edition. No textbook can be totally com-
prehensive, and any postgraduate student reading this
text we hope will be stimulated by the knowledge gained
to go on and acquire further, more in-depth and specialist
knowledge.

This edition has been redesigned with the hope that the
readers will acquire knowledge in as quick and as com-
prehensive a way as possible. The specialty continues to
develop and advance and gynaecology particularly is
becoming increasingly a medical specialty and less of a
surgical one. This of course is to the benefit of women as
therapeutic advances offer them an increasing range of
options to improve their quality of life. Obstetrics becomes
increasingly focused on differentiating between the
normal and the complicated pregnancy, with increasing

Xiv

emphasis on improved treatments for medically compro-
mised mothers and fetuses and subsequently neonates.
Again, quality of life is the overriding tenet as the practice
of obstetrics and gynaecology improves worldwide.

It is still extremely sad that a quarter of a million
women die every year worldwide as a result of childbirth
and it is hoped that this volume will make some contribu-
tion towards improving these figures.

Many new authors have accepted the challenge to con-
tribute to this edition and, along with those authors who
have contributed in the past, I offer my sincere thanks for
the time and effort they have put into constructing their
chapters. We hope we have done this in a way that the
reader will find intellectually challenging and rewarding.

Finally, I would like to thank my secretary, Liz Manson,
who has been the tower of strength behind the production
of this volume, and also the team at Blackwell Publishing,
which has changed several times during the nidation of
this edition but has never wavered in their endeavour to
achieve the final vision.

Keith Edmonds
December 2011



Preface to the First Edition

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

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

ment is chosen, what advantages one choice has over
another, what complications are to be expected, etc.
Practical matters, we believe, are better learnt in practice
and with occasional reference to specialized textbooks
devoted solely to them.

A word may be helpful about the manner in which the
book is set out. We would willingly have followed the
advice given to Alice when about to testify at the trial of
the Knave of Hearts in Wonderland, ‘Begin at the begin-
ning, keep on until you come to the end and then stop’.
But this advice is difficult to follow when attempting to
find the beginning of complex subjects such as those to
which this book is devoted. Does the beginning lie with
fertilization; or with the events which lead up to it; or
with the genital organs upon the correct function of which
any pregnancy must depend; or does it lie somewhere
else? And which direction must we follow then? The dis-
orders of reproduction do not lie in a separate compart-
ment from genital tract disease, but each is clearly
associated with the other for at least part of a woman'’s
life. Although we have attempted to integrate obstetrics
with gynaecology and with their associated specialties,
some separation is essential in writing about them, and
the plan we have followed is broadly this — we begin with
the female child in utero, follow her through childhood to
puberty, through adolescence to maturity, through preg-
nancy to motherhood, through her reproductive years to
the climacteric and into old age. Some events have had to
be taken out of order, however, although reiteration has
been avoided by indicating to the reader where in the
book are to be found other sections dealing with different
aspects of any subject under consideration. We hope that
our efforts will provide a coherent, integrated account of
the field we have attempted to cover which will be to the
satisfaction of our readers.

Sir John Dewhurst
1972
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Chapter 1

Maternal Physiology

Fiona Broughton Pipkin

Department of Obstetrics and Gynaecology, City Hospital, Nottingham, UK

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

Maternal response to pregnancy

Normal pregnancy evokes a systemic inflammatory
response, which includes the endothelium [2]. This may
explain the greater risk of cardiovascular disease in later
life of parous women in comparison with nulliparous
women. Markers of oxidative ‘stress’ rise progressively
throughout the first and second trimesters, but plasma
concentrations of some endogenous antioxidants, such as
superoxide dismutase, rise in parallel. The free radical
superoxide is generated through a variety of pathways,
including placental ones, but is more damaging when
converted to the peroxide radical, a reaction catalysed by
free iron in the plasma. Increasing concern is being
expressed about over-supplementation with iron, espe-
cially in conjunction with vitamin C (which increases
absorption) in pregnant women without evidence of iron
deficiency and several studies have shown evidence of
increased oxidative stress in such women [3]. Conversely,
the low dietary selenium intake in women in the UK may
predispose to lower activity of the antioxidant gluta-
thione peroxidase and thioredoxin systems in pregnancy.

Immunology
Only two types of fetal tissue come into direct contact

with maternal tissues: the villous trophoblast and the
extravillous trophoblast. Villous trophoblast, which is a

continuous syncytium, is bathed in maternal blood but
seems to be immunologically inert and never expresses
HLA class I or class Il molecules. Extravillous trophoblast
is directly in contact with maternal endometrial /decidual
tissues and does not express the major T-cell ligands,
HLA-A or HLA-B; the HLA class I molecules which are
expressed are the trophoblast-specific HLA-G and HLA-C
and HLA-E. The decidual uterine natural killer (NK) cells,
the main type of decidual lymphocyte, differ from those
in the systemic circulation. They express surface killer
immunoglobulin-like receptors (KIRs), which bind to
HLA-C and HLA-G on trophoblast. HLA-E and HLA-G
are effectively monomorphic, but HLA-C is polymorphic,
with two main groups, HLA-C1 and the HLA-C2. The
KIRs are very highly polymorphic, but again fall into two
main classes, KIR-A (non-activating) and KIR-B (multiply
activating). Thus the very polymorphic KIR in maternal
tissues and the polymorphic HLA-C in the fetus make up
a potentially very variable receptor-ligand system.

The effect of this on implantation has been inferred
from indirect evidence. Both recurrent miscarriage and
pre-eclampsia are associated with poor trophoblast inva-
sion. The maternal KIR genotype may be AA, AB or BB.
Since the identifiable trophoblast HLA-C allotypes are
HLA-C1 and HLA-C2, there are nine possible combina-
tions. It has been shown that if the maternal KIR haplo-
type is AA, and the trophoblast expresses any HLA-C2,
then the possibility of miscarriage or pre-eclampsia is
significantly increased. However, even one KIR-B pro-
vides protection [4]. HLA-C2 is highly inhibitory to tro-
phoblast migration, and thus appears to need ‘activating
KIR’ to overcome it.

The uterus

The first-trimester human embryo appears to gain nutri-
ents histiotrophically, from the endometrial glands. These
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glandular secretions are rich in carbohydrates, lipids and
growth factors and can well support early growth while
the conceptus is small [5]. The outer third of the myo-
metrium, as well as the endometrium, is anatomically
changed by pregnancy, and once a pregnancy has gone
beyond the first trimester, these changes appear to be
irreversible. The most striking change is in the spiral
arteries, which undergo extensive remodelling. Extravil-
lous trophoblast attacks these vessels as interstitial cells
within the stroma, and as endovascular cells within the
vascular lumen. In normal pregnancy, the summed effects
are the conversion of these vessels into floppy thin-walled
vessels that do not respond to vasoconstrictor stimuli, so
allowing the maximum flow to reach the placenta. This
remodelling is only completed in the early second trimes-
ter, but is impaired in both pre-eclampsia and normoten-
sive intrauterine growth restriction.

The uterus must be maintained in quiescence until
labour is initiated. The mechanisms responsible for this
have not been fully elucidated, but include locally-
generated nitric oxide, probably acting through cyclic
GMP or voltage-gated potassium channels, while a
number of hormones such as prostacyclin, prostaglandin
(PG)E; and calcitonin gene-related peptide act through G,
receptors, and are relaxatory.

The cardiovascular system

There is a significant fall in total peripheral resistance by
6 weeks’ gestation to a nadir of about 40% by mid-
gestation, resulting in a fall in afterload. This is “perceived’
as circulatory underfilling, which activates the renin-
angiotensin—aldosterone system and allows the necessary
expansion of the plasma volume (PV) (Fig. 1.1) [6,7]. By
the late third trimester, the PV has increased from its
baseline by about 50% in a first pregnancy and 60% in a
second or subsequent pregnancy. The bigger the expan-
sion, the bigger, on average, the birthweight of the
baby. The total extracellular fluid volume rises by about
16% by term, so the percentage rise in PV is dispropor-
tionate to the whole. The plasma osmolality falls by about
10mosmol/kg as water is retained.

The heart rate rises synchronously, by 10-15bpm, so
the cardiac output begins to rise [8]. There is probably a
fall in baroreflex sensitivity as pregnancy progresses,
and heart rate variability falls. Stroke volume rises a little
later in the first trimester. These two factors push the
cardiac output up by 35-40% in a first pregnancy, and by
about 50% in later pregnancies; it can rise by a further
third in labour (Fig. 1.2). Table 1.1 summarizes the per-
centage changes in some cardiovascular variables during
pregnancy.

Measuring systemic arterial blood pressure in preg-
nancy is notoriously difficult, but there is now broad con-
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Fig. 1.1 Flow chart of the probable sequence of initial
cardiovascular activation. ALD, aldosterone; BP, systemic arterial
blood pressure; CO, cardiac output; HR, heart rate; PROG,
progesterone; PV, plasma volume; RAS, renin—angiotensin
system; Symp NS, sympathetic nervous system; TPR, total
peripheral resistance; Uy,, urinary sodium excretion.

sensus that Korotkoff 5 should be used with auscultatory
techniques [9]. However measured, there is a small fall in
systolic, and a greater fall in diastolic, blood pressure
during the first half of pregnancy, resulting in an increased
pulse pressure. The blood pressure then rises steadily, in
parallel with an increase in peripheral sympathetic activ-
ity, and even in normotensive women there may be some
late overshoot of non-pregnant values. Supine hypoten-
sion occurs in about 8% of women in late gestation as the
uterus falls back onto the inferior vena cava, reducing
venous return.

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

The venous pressure in the lower circulation rises,
for both mechanical and hydrodynamic reasons. The
pulmonary circulation is able to absorb high rates of
flow without an increase in pressure so pressure in the
right ventricle, and the pulmonary arteries and capil-
laries, does not change. Pulmonary resistance falls in
early pregnancy, and does not change thereafter. There
is progressive venodilatation and rises in venous disten-
sibility and capacitance throughout a normal preg-
nancy, possibly because of increased local nitric oxide
synthesis.
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Fig. 1.2 Major haemodynamic changes
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Table 1.1 Percentage changes in some cardiovascular variables
during pregnancy.

First Second Third
trimester trimester trimester
Heart rate (bpm) +11 +13 +16
Stroke volume (mL) +31 +29 +27
Cardiac output (L/min) +45 +47 +48
Systolic blood pressure -1 +1 +6
(mmHg)
Diastolic blood pressure -6 -3 +7
(mmHg)
MPAP (mmHg) +b +b +5
Total peripheral resistance =27 =27 -29

(resistance units)

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

Source: data from Robson et al. [8].

The respiratory system

Tidal volume rises by about 30% in early pregnancy to
40-50% above non-pregnant values by term, with a fall in
expiratory reserve and residual volume (Fig. 1.3) [10].
Neither forced expiratory volume in 1s (FEV;) nor peak
expiratory flow rate are affected by pregnancy, even in

Weeks of pregnancy

women with asthma. The rise in tidal volume is largely
driven by progesterone, which appears to decrease the
threshold and increase the sensitivity of the medulla
oblongata to carbon dioxide. Respiratory rate does not
change, so the minute ventilation rises by a similar
amount. This over-breathing begins in every luteal phase;
the Pco, is lowest in early gestation. Progesterone also
increases erythrocyte carbonic anhydrase concentration,
which will also lower Pco, Carbon dioxide production
rises sharply during the third trimester, as fetal metabo-
lism increases. The fall in maternal Pco, allows more
efficient placental transfer of carbon dioxide from the
fetus, which has a Pco, of around 55mmHg (7.3kPa). The
fall in Pco, results in a fall in plasma bicarbonate concen-
tration (to about 18-22mmol/L compared with the
normal of 24-28 mmol /L), which contributes to the fall in
plasma osmolality; the peripheral venous pH rises slightly
(Table 1.2 and Fig. 1.4).

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

There is an increase of about 16% in oxygen consump-
tion by term due to increasing maternal and fetal demands.
Since the increase in oxygen-carrying capacity of the
blood (see section Haematology) is about 18%, there is
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Table 1.2 The influence of pregnancy on some respiratory
variables.

Non-pregnant Pregnant — term

PO, (MmHg) 93 (12.5kPa) 102 (13.6kPa)
0, consumption (mL/min) 200 250

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

Poo,)| —— [HCO31],

Hyperventilation

I Plasn;; (Na*],

Chemoreceptor sensitization

v
Plasma osmoIaIityﬂ
PrOG 1

Fig. 1.4 Flow chart of the effects of over-breathing. HCO5,
bicarbonate; Na*, sodium; Pco,, carbon dioxide tension;
PROG, progesterone.

actually a fall in arteriovenous oxygen difference.
Pulmonary blood flow, of course, rises in parallel with
cardiac output and enhances gas transfer.

Pregnancy places greater demands on the cardiovascu-
lar than the respiratory system [11]. This is shown in the
response to moderate exercise (Table 1.3).

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

Table 1.3 Although the increases in resting cardiac output and
minute ventilation are of the same order of magnitude in
pregnancy, there is less spare capacity for increases in cardiac
output on moderate exercise than for increases in respiration.

Resting Exercise
Cardiac +33% (4.5-6L/min) +167% (up to 12L/min)
output
Minute +40% (7.5-10.5L/min) +1000% (up to ~80L/min)
ventilation
Haematology

The circulating red cell mass rises by 20-30% during preg-
nancy, with increases in both cell number and size. It rises
more in women with multiple pregnancies, and substan-
tially more with iron supplementation (~29% compared
with 17%). Serum iron concentration falls, the absorption
of iron from the gut rises and iron-binding capacity rises
in a normal pregnancy, since there is increased synthesis
of the B;-globulin, transferrin. Plasma folate concentration
halves by term, because of greater renal clearance,
although red cell folate concentrations fall less. In the late
1990s, one-fifth of the female population aged 16-64 in
the UK were estimated to have serum ferritin levels below
15ug/L, indicative of low irons stores [12]; a similar
survey appears not to have been undertaken since then
(UK Scientific Advisory Committee on Nutrition Report



2008). Pregnant adolescents seem to be at particular risk
of iron deficiency. Even relatively mild maternal anaemia
is associated with increased placental weight/birthweight
ratios and decreased birthweight. However, inappropri-
ate supplementation can itself be associated with preg-
nancy problems (see above) [13]. Erythropoietin rises in
pregnancy, more so if iron supplementation is not taken
(55% compared with 25%) but the changes in red cell
mass antedate this; human placental lactogen may stimu-
late haematopoiesis.

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

The total white cell count rises, mainly because of
increased polymorphonuclear leucocytes. Neutrophil
numbers rise with oestrogen concentrations and peak
at about 33 weeks, stabilizing after that until labour and
the early puerperium, when they rise sharply. Their
phagocytic function increases during gestation. T and B
lymphocyte counts do not change but their function is
suppressed, making pregnant women more susceptible to
viral infections, malaria and leprosy. The uterine NK cells
express receptors that recognize the otherwise anomalous
combination of human lymphocyte antigens (HLA-C, -E
and -G) expressed by the invasive cytotrophoblasts. This
is likely to be central to the maternal recognition of the
conceptus [14] (see above).

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

Coagulation

Continuing low-grade coagulopathy is a feature of
normal pregnancy [15]. Several of the potent procoagula-
tory factors rise from at least the end of the first trimester
(Fig. 1.5). For example, factors VII, VIII and X all rise,
and absolute plasma fibrinogen doubles, while anti-
thrombin III, an inhibitor of coagulation, falls. The eryth-
rocyte sedimentation rate rises early in pregnancy due
to the increase in fibrinogen and other physiological
changes. Protein C, which inactivates factors V and VIII,
is probably unchanged in pregnancy, but concentrations
of protein S, one of its cofactors, fall during the first two
trimesters. An estimated 5-10% of the total circulating
fibrinogen is consumed during placental separation,
and thromboembolism is one of the main causes of
maternal death in the UK. Plasma fibrinolytic activity is
decreased during pregnancy and labour, but returns to
non-pregnant values within an hour of delivery of the
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Fig. 1.5 Alterations in the coagulation pathways associated with
human pregnancy. Factors which increase during normal
pregnancy are in bold type. Modified from Letsky EA. The
haematological system. In: Chamberlain G, Broughton Pipkin F
(eds) Clinical Physiology in Obstetrics, 3rd edn. Oxford: Blackwell
Science, 1998: 71-110.

Table 1.4 Percentage changes in some coagulation (upper) and
fibrinolytic variables and fibronectin levels are expressed from
postpartum data in the same women. The mean values shown
are those at the end of each trimester and are thus not
necessarily the maxima. Note the very large rise in PAI-2
(placental type PAI) and TAT III complexes in the first trimester.

First Second Third

trimester trimester trimester
PAI-1 (mg/mL) -10 +68 +183
PAI-2 (mg/mL) +732 +1804 +6554
t-PA (mg/mL) -24 -19 +63
Protein C (% activity) -12 +10 +9
AT Il (% activity) -21 -14 -10
TAT 1l +362 +638 +785
Fibronectin (mg/L) +3 =12 +53

PAI, plasminogen activator inhibitor; t-PA, tissue plasminogen
activator antigen; AT llI, antithrombin III; TAT IlI, thrombin—
antithrombin [l complex.

Source: Data from Halligan et al. [16].

placenta, suggesting strongly that the control of fibrinoly-
sis during pregnancy is significantly affected by placen-
tally derived mediators. Table 1.4 summarizes changes
in some coagulation and fibrinolytic variables during
pregnancy.
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Fig. 1.6 The changes in renal function during pregnancy are
largely complete by the end of the first trimester and are thus
proactive not reactive to the demands of pregnancy. The
filtration fraction falls during the first trimester but begins to
return to non-pregnant levels during the third trimester.
(Reproduced from Bayliss and Davison [17], with permission.)

The renal system

The kidneys increase in size in pregnancy mainly because
renal parenchymal volume rises by about 70% with
marked dilatation of the calyces, renal pelvis and ureters
in most women [17]. Ureteric tone does not decrease, but
bladder tone does. The effective renal plasma flow (ERPF)
is increased by at least 6 weeks’ gestation and rises to
some 80% by mid-pregnancy falling thereafter to about
65% above non-pregnant values (Fig. 1.6). This increase
is proportionally greater than the increase in cardiac
output, presumably reflecting specific vasodilatation,
probably via increased renal prostacyclin synthesis. The
glomerular filtration rate (GFR) also increases, by about
45% by the ninth week, only rising thereafter by another
5-10%, but this is largely maintained to term, so the filtra-
tion fraction falls during the first trimester, is stable
during the second, and rises towards non-pregnant values
thereafter. However, these major increments do not
exhaust the renal reserve. The differential changes in
ERPF and GEFR in late pregnancy suggest a mechanism
acting preferentially at the efferent arterioles, possibly
through angiotensin II.

The filtered load of metabolites therefore increases
markedly, and reabsorptive mechanisms frequently do
not keep up (e.g. glucose and amino acids; see below).
These changes have profound effects on the concentra-
tions of certain plasma metabolites and electrolytes and
‘normal’ laboratory reference ranges may thus be inap-
propriate in pregnancy. For example, plasma creatinine
concentration falls significantly by the fourth week of
gestation and continues to fall to mid-pregnancy, to below

50mmol/L, but creatinine clearance begins to fall during
the last couple of months of pregnancy, so plasma creati-
nine concentration rises again.

Total body water rises by about 20% during pregnancy
(~8.5L) with a very sharp fall in plasma osmolality
between weeks 4 and 6 after conception, possibly through
the actions of human chorionic gonadotrophin (hCG).
The volume-sensing arginine vasopressin release mecha-
nisms evidently adjust as pregnancy progresses. As well
as water present in the fetus, amniotic fluid, placenta and
maternal tissues, there is also oedema fluid and increased
hydration of the connective tissue ground substance with
laxity and swelling of connective tissue.

The pregnant woman accumulates some 950 mmol of
sodium in the face of high circulating concentrations of
progesterone, which competes with aldosterone at the
distal tubule. The potentially natriuretic prostacyclin also
rises markedly, with a small rise in atrial natriuretic
peptide (ANP). This stimulates the renin-angiotensin
system, with increased synthesis and release of ald-
osterone from the first trimester. The raised plasma prol-
actin may also contribute to sodium retention. It is
assumed that glomerulotubular balance must also change
in pregnancy to allow the sodium retention that actually
occurs. There is a fall of some 4-5mmol/L in plasma
sodium by term, but plasma chloride does not change.
Curiously, some 350 mmol of potassium are also retained
during pregnancy, in the face of the much-increased GFR,
substantially raised aldosterone concentrations and a
relatively alkaline urine. Renal tubular potassium reabsorp-
tion evidently adjusts appropriately to the increased fil-
tered potassium load.

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

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

Urinary calcium excretion is also twofold to threefold
higher in normal pregnancy than in the non-pregnant
woman, even though tubular reabsorption is enhanced,
presumably under the influence of the increased concen-
trations of 1,25-dihydroxyvitamin D. To counter this,



intestinal absorption doubles by 24 weeks, after which it
stabilizes. Renal bicarbonate reabsorption and hydrogen
ion excretion appear to be unaltered during pregnancy.
Although pregnant women can acidify their urine, it is
usually mildly alkaline.

Total protein and albumin excretion both rise during
pregnancy, to at least 36 weeks, due to the increased GFR,
and changes in both glomerular and tubular function.
Thus in late pregnancy, an upper limit of normal of
200mg total protein excretion per 24-hour collection is
accepted. The assessment of proteinuria in pregnancy
using dipsticks has been shown to give highly variable
data.

The gastrointestinal system

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

The gallbladder increases in size and empties more
slowly during pregnancy but the secretion of bile is
unchanged. Cholestasis is almost physiological in preg-
nancy and may be associated with generalized pruritus
but only rarely produces jaundice.

Energy requirements

The energy cost of pregnancy includes ‘stored” energy in
maternal and fetal tissues, and the greater energy expend-
iture needed for maintenance and physical activity. The
weight gained during pregnancy arises from the products
of conception, the increased size of maternal tissues such
as the uterus and breasts, and the greater maternal fat
stores. The basal metabolic rate has risen by about 5% by
the end of pregnancy in a woman of normal weight [18].
The average weight gain over pregnancy in a woman of
normal body mass index (BMI) is about 12.5kg. The
average weight gain from pre-pregnancy values at 6-18
months after delivery is 1-2kg, but in about one-fifth of
women can be 5kg or more [19]. Obese women usually
put on less weight during pregnancy, but retain more post
partum. A 5-year follow-up of nearly 3000 women found
that parous women gained 2-3kg more than nulliparous
women during this time. They also had significantly
greater increases in waist/hip ratio, an independent risk
factor for future cardiovascular disease [20].
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Carbohydrates/insulin resistance

Pregnancy is hyperlipidaemic and glucosuric. Although
neither the absorption of glucose from the gut nor the
half-life of insulin seem to change, and the insulin
response is well-maintained, by 6-12 weeks’ gestation
fasting plasma glucose concentrations have fallen by
0.11mmol/L, and by the end of the first trimester the
increase in blood glucose following a carbohydrate load
is less than outside pregnancy [21]. This increased sensi-
tivity stimulates glycogen synthesis and storage, deposi-
tion of fat and transport of amino acids into cells. The
uptake of amino acids by the mother for gluconeogenesis
may also be enhanced. After mid-pregnancy, resistance to
the action of insulin develops progressively and plasma
glucose concentrations rise, though remaining below
non-pregnant levels (Fig. 1.7). Glucose crosses the pla-
centa readily and the fetus uses glucose as its primary
energy substrate, so this rise is presumably beneficial to
the fetus. Fetal and maternal glucose concentrations are
significantly correlated.

The insulin resistance is presumably largely endocrine-
driven, possibly via increased cortisol or human placental
lactogen. Plasma leptin concentrations are directly cor-
related with insulin resistance during pregnancy [22]
while concentrations of glucagons and the catecho-
lamines are unaltered. Adiponectin concentrations fall in
pregnancy and are negatively correlated with fasting
insulin concentrations and white fat mass. Adiponectin
concentrations are also low in other insulin-resistant
states, but whether this is cause or effect is still
uncertain.

Lipids

Total plasma cholesterol falls early in pregnancy, reaching
its lowest point at 6-8 weeks, but then rises to term. There
is a striking increase in circulating free fatty acids and
complex lipids in pregnancy, with approximately three-
fold increases in very low density lipoprotein (VLDL)
triglycerides and a 50% increase in VLDL cholesterol
by 36 weeks [23], which is probably driven by oestro-
gens. High-density lipoprotein (HDL) cholesterol is also
increased. Birthweight and placental weight are directly
related to maternal VLDL triglyceride levels at term.
The hyperlipidaemia of normal pregnancy is not athero-
genic because the pattern of increase is not that of athero-
genesis, although pregnancy can unmask pathological
hyperlipidaemia.

Lipids undergo peroxidation in all tissues as part of
normal cellular function. Excess production of lipid can
result in oxidative stress, with damage to the cell mem-
brane. During normal pregnancy, increases in plasma
lipid peroxides appear by the second trimester in step
with the general rise in lipids and may taper off later
in gestation [24]. As the peroxide levels rise so do those
of vitamin E and some other antioxidants; this rise
is proportionately greater than that of peroxides so
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physiological activities are protected. Lipid peroxidation
is also active in the placenta, increasing with gestation.
Since the placenta contains high concentrations of unsatu-
rated fats under conditions of low Pao,, antioxidants such
as vitamin A, the carotenoids and provitamin A caroten-
oids are required to protect both mother and fetus from
free radical activity.

Early in pregnancy fat is deposited but from mid-
pregnancy it is also used as a source of energy, mainly by
the mother so that glucose is available for the growing
fetus [25] and to provide energy stores for the high meta-
bolic demands of late pregnancy and lactation. The accu-
rate measurement of pregnancy-related fat deposition is
technically difficult, but total accretion is estimated at
about 2-6kg. The absorption of fat from the intestine is
not directly altered during pregnancy. The hormone
leptin acts as a sensor alerting the brain to the extent of
body fat stores. Concentrations rise threefold during
pregnancy and are directly correlated with total body fat;
they are not related to the basal metabolic rate during
gestation. Recent animal studies suggest that the hypo-
thalamus, which contains the appetite-regulating centres,
is desensitized to the effects of leptin in pregnancy. This
allows the mother to eat more than she otherwise would
consider doing, with consequent fat deposition.

Endocrine systems

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

Placental hormones
hCG is the signal for pregnancy, but indirect effects, such
as the oestrogen-driven increased hepatic synthesis of the
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insulin response, a pattern which could be
explained by relative resistance to insulin.

Min

binding globulins for thyroxine, corticosteroids and the
sex steroids, also affect the mother’s endocrinological
function. The fetoplacental unit synthesizes very large
amounts of oestrogens and progesterone, both probably
being concerned with uterine growth and quiescence
and with mammary gland development. However, they
also stimulate synthesis of a variety of other important
hormones. Oestrogens stimulate both the synthesis of
vascular endothelial growth factor (VEGF) and its
tyrosine kinase receptors and angiogenesis; the two are
linked. VEGF appears to interact with other placentally
produced hormones and angiopoietin-2 as major players
in the development of the villous capillary bed in early
human pregnancy. The peroxisome proliferator-activated
receptor-y (PPARY) is a member of the nuclear receptor
superfamily and has an important role in modulating
expression of numerous other genes. It is expressed in
human villous and extravillous cytotrophoblast. PPARy
binds to, and is activated by, natural ligands such as
eicosanoids, fatty acids and oxidized low-density lipopro-
teins. Studies in knockout mice have shown it to be essen-
tial for placental development.

The hypothalamus and pituitary gland

The pituitary gland increases in weight by 30% in first
pregnancies and by 50% subsequently. The number of
lactotrophs is increased and plasma prolactin begins
to rise within a few days of conception and by term
may be 10-20 times as high as in the non-pregnant
woman; the secretion of other anterior pituitary hor-
mones is unchanged or reduced. hCG and the gonado-
trophins share a common o-subunit, and the rapidly
rising hCG concentration suppresses secretion of both
follicle-stimulating hormone and luteinizing hormone,
thus inhibiting ovarian follicle development by a blunt-
ing of response to gonadotrophin-releasing hormone.



Thyroid-stimulating hormone (TSH) secretion responds
normally to hypothalamic thyrotropin-releasing hormone
(also synthesized in the placenta). Adrenocorticotrophic
hormone (ACTH) concentrations rise during pregnancy,
partly because of placental synthesis of ACTH and of a
corticotrophin-releasing hormone and do not respond to
normal control mechanisms.

The adrenal gland

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

The measurement of plasma catecholamines has inher-
ent difficulties, but there is now broad consensus that
plasma catecholamine concentrations fall from the first to
the third trimester. There is some blunting of the rise in
noradrenaline (reflecting mainly sympathetic nerve activ-
ity) seen on standing and isometric exercise in pregnancy,
but the adrenaline response (predominantly adrenal) is
unaltered [26].

The thyroid gland

hCG may suppress TSH in early pregnancy because they
share a common o-subunit. The thyroid remains nor-
mally responsive to stimulation by TSH and suppres-
sion by triiodothyronine (T3). There is a threefold rise in
the thyroid’s clearance of iodine, allowing the absolute
iodine uptake to remain within the non-pregnant range.
Thyroid-binding globulin concentrations double during
pregnancy, but other thyroid-binding proteins do not
increase. Overall, free plasma T3 and thyroxine (T4) con-
centrations remain at the same levels as outside preg-
nancy (although total levels are raised), and most
pregnant women are euthyroid. Free T4 may fall in late
gestation [27].

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

The parathyroid glands and

calcium metabolism

Calcium homeostasis changes markedly in pregnancy
[28,29]. Maternal total plasma calcium falls because
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albumin concentration falls, but unbound ionized calcium
is unchanged. Synthesis of 1,25-dihydroxycholecalciferol
increases, promoting enhanced gastrointestinal calcium
absorption. Parathyroid hormone (PTH) regulates the
synthesis of 1,25-dihydroxyvitamin D in the proximal
convoluted tubule. There is a fall in intact PTH during
pregnancy but a doubling of 1,25-dihydroxyvitamin D;
PTH-related protein (PTHrP) is also present in the mater-
nal circulation. The main sources of PTHrP are the fetal
parathyroid gland and the placenta. It is presumably pla-
centally derived PTHrP that is transferred into the mater-
nal circulation and affects calcium homeostasis by acting
through the PTH receptor.

Renal hormones

The renin-angiotensin system is activated from very early
in pregnancy (see section on the cardiovascular system
above). A vasodilator component to the renin-angiotensin
system has recently been described in which angiotensin
1-7 is the agonist; angiotensin 1-7 rises during pregnancy
and may stimulate release of both nitric oxide and pros-
tacyclin. Synthesis of erythropoietin appears to be stimu-
lated by hCG; its concentration rises from the first
trimester, peaking in mid-gestation and falling somewhat
thereafter. Prostacyclin is a potent vasodilator, synthe-
sized mainly in the renal endothelium. Concentrations
begin to rise rapidly by 8-10 weeks of gestation, being
fourfold higher than non-pregnant values by the end of
the first trimester.

The pancreas

The size of the islets of Langerhans and the number of 3
cells increase during pregnancy, as does the number of
receptor sites for insulin. The functions of the pancreas in
pregnancy are considered above.

The endothelium

The endothelium synthesizes a variety of hormones, both
vasodilator (e.g. prostacyclin, VEGF-A, nitric oxide) and
vasoconstrictor (e.g. endothelin-1). The vasodilators are
mostly upregulated in pregnancy, and allow the early fall
in total peripheral resistance. Interestingly, although the
lipid profile in pregnancy appears to be atherogenic,
endothelial function in normal pregnancy, as assessed
by flow-mediated dilatation, is not impaired. This may be
due to the increased oestradiol concentrations, which
upregulate endothelial nitric oxide synthase.

Conclusion

This chapter attempts to outline the physiology of normal
pregnancy. The changes mostly begin very early indeed,
and it may be that two of the major problems of preg-
nancy, intrauterine growth retardation and pre-eclampsia,
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are initiated even before the woman knows that she is
pregnant. Better understanding of the mechanisms of
very early normal pregnancy adaptation may help us to
understand the abnormal.

:9 Summary box 1.1

e Each ovulatory menstrual cycle prepares the potential
mother for the physiological changes of pregnancy.
Progesterone is the prime mover, and before conception
initiates such changes as increased tidal volume, heart rate
and glomerular filtration rate, as well as endometrial
priming. These changes are proactive, not reactive, and in
normal pregnancy are greater than physiologically
necessary.

Early pregnancy is associated with a systemic
inflammatory response. The mother’s immune response is
altered to allow implantation and placentation and the
remodelling of the spiral arteries.

Total peripheral resistance falls very early, followed by the
blood pressure; plasma volume and cardiac output rise.
Alveolar ventilation and oxygen-carrying capacity increase
more than oxygen consumption. Even normal pregnancy is
associated with low-grade coagulopathy.

Renal filtration increases very early. The rise in filtered
sodium load activates the renin-angiotensin system,
allowing sodium retention and the increased plasma
volume. Plasma concentrations of various analytes are
reduced both because of increased filtration and plasma
volume expansion. Aminoaciduria and glycosuria are
common.

e The average weight gain over pregnancy in a woman of
normal BMI is about 12.5kg. Some of this is usually
retained after delivery. Pregnancy is associated with insulin
resistance and hyperlipidaemia; there is considerable fat
deposition.

The placenta is a powerhouse of hormone and cytokine
synthesis, modifying the mother’s physiology for the
demands of pregnancy.
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The placenta was already recognized and venerated by
the early Egyptians, while it was the Greek physician
Diogenes of Apollonia (c. 480 Bc) who first ascribed the
function of fetal nutrition to the organ. Aristotle (384 to
322 BC) reported that the chorion membranes fully enclose
the fetus, but it was only in 1559 during the Renaissance
that Realdus Columbus introduced the term “placenta’,
derived from the Latin for a flat cake.

Structural characteristics of the
human placenta

Placental shape

On the gross anatomic level, the placenta of eutherian
animals can be classified according to the physical inter-
actions between fetal and maternal tissues [1]. Such inter-
actions may be restricted to specific sites or may be found
covering the whole surface of the chorionic sac and the
inner uterine surface. On this gross anatomical level, the
human placenta is classified as a discoidal placenta, confin-
ing interactions to a more or less circular area (Fig. 2.1a).

Materno-fetal interdigitations

The next level of classification is based on the interdigita-
tions between maternal and fetal tissues. In the human
placenta maternal and fetal tissues are arranged is such a
way that there are three-dimensional tree-like structures
called wvillous trees of fetal tissues that float in a lake of
maternal blood [1]. Like the knots and branches of a tree,
the fetal tissues repeatedly branch into smaller and
slender villi (Fig. 2.1b).

Materno-fetal barrier

On the level of interactions between uterine and fetal
tissues, the human displays an invasive type of implanta-
tion and placentation [1]. The uterine epithelium is pen-
etrated, and invasion of fetal cells into maternal tissues
results in erosion into maternal vessels leading to bathing
of placental villi in the mother’s blood. An epithelial layer

termed villous trophoblast, which comes into direct contact
with maternal blood and which builds the placental
barrier between maternal and fetal tissues, covers placen-
tal villi (Fig. 2.1c).

This type of placentation is termed haemomonochorial
since on the maternal side there is only blood and no
longer blood vessels (haemo) and on the fetal side there
is only one layer of trophoblast (monochorial) between
maternal blood and the fetal capillaries (Fig. 2.1c).

Vascular arrangement

It is not only the thickness and exact histological nature
of the placental barrier that defines the rate of diffusional
exchange. Another important determinant is the direction
of blood flows of mother and fetus in relation to each
other. The vascular arrangement of the human placenta
cannot be clearly defined due to the branching of the
villous trees into all directions and a respective maternal
blood flow somehow bypassing these branches. Therefore,
this unpredictable and variable flow pattern has been
termed multivillous flow (Fig. 2.1d) [1].

:3 Summary box 2.1

® The human placenta is a discoidal placenta.

e The interdigitations between maternal and fetal tissues are
arranged as tree-like structures called villous trees, which
are surrounded by a multivillous flow of maternal blood.

e The villous trophoblast builds the placental barrier between
maternal blood and fetal tissues (haemomonochorial
placentation).

Macroscopic features of the
term placenta

Measures
The placenta at term displays a round disc-like appear-
ance, with insertion of the umbilical cord in a slightly
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Fig. 2.1 Schematic representation of the structural characteristics
of the human placenta. (a) The human placenta displays a
discoidal shape. (b) The materno-fetal interdigitations are
arranged in villous trees bathing in maternal blood that floats
through the intervillous space. (c) The hemochorial type of
placentation results in a materno-fetal barrier composed of

eccentric position on the fetal side of the placenta [1]. The
average measures of a delivered placenta at term are as
follows: diameter 22cm, central thickness 2.5cm, and
weight 450-500g. However, one has to keep in mind that
these data may vary considerably due to the mode of
delivery, especially content versus loss of maternal and/
or fetal blood.

Tissue arrangements

On the fetal side of the placenta, the avascular ammnion
covers the chorionic plate. Underneath the amnion, cho-
rionic vessels continue with those of the umbilical cord
and are arranged in a star-like pattern. At the other end,
these vessels continue with those of the villous trees
where the capillary system between arteries and veins is
located. The villous trees originate from the chorionic
plate and float in a lake of maternal blood [1]. On the
maternal side of the placenta, the basal plate is located (Fig.
2.1b). It is an artificial surface generated by separation of
the placenta from the uterine wall during delivery. The

Maternal blood"
in the intervillous space

(b)
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Uterine vein

(d) Spiral artery

villous trophoblast in direct contact with maternal blood.

(d) Fetal and maternal blood flows are arranged in a multivillous
flow. CT, cytotrophoblast; FC, fetal capillary; FEn, fetal
endothelium; FEr, fetal erythrocyte; MC, mesenchymal cells;
MEr, maternal erythrocyte; ST, syncytiotrophoblast.

basal plate is a colourful mixture of fetal trophoblasts and
maternal cells of the decidua, all of which are embedded
in trophoblast-secreted matrix-type fibrinoid, decidual
extracellular matrices, and fibrin-type fibrinoid. At the
placental margin, chorionic plate and basal plate fuse
with each other, thereby closing the intervillous space and
generating the fetal membranes or chorion laeve.

Q Summary box 2.2

The layers of a delivered placenta from the fetal to the

maternal side comprise:

e avascular amnion (epithelium and mesenchyme)

e vascularized chorionic plate (mesenchyme with blood
vessels)

e villous trees directly connected to the chorionic plate

e maternal blood in the intervillous space surrounding the
villous trees

e basal plate with a mixture of fetal and maternal cells.
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Blastocyst

Uterine epithelium

. Uterine decidual stroma

Endometrial gland and capillaries

Fig. 2.2 During implantation of the blastocyst, trophoblast cells
in direct contact with maternal tissues syncytially fuse and give
rise to the syncytiotrophoblast. Only this multinucleated tissue is
able to penetrate the uterine epithelium and to implant the
developing embryo.

Placental development

Trophoblast lineage

At the transition between morula and blastocyst, the tro-
phoblast lineage is the first to differentiate from the inner
cell mass, the embryoblast (Fig. 2.2) [2]. Only after attach-
ment of the blastocyst to the endometrial epithelium does
further differentiation of the trophoblast occur. Exact
knowledge of the processes in the human is still lacking,
but it is anticipated that at this stage the first syncytial
fusion of trophoblasts takes place. Fusion of those tro-
phoblasts in direct contact with maternal tissues as well
as the embryoblast generates the very first syncytiotro-
phoblast and only this layer is able to penetrate the
uterine epithelium (Fig. 2.2).

Prelacunar stage

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

All the differentiation and developmental stages of the
placenta described so far take place before fluid-filled
spaces within the syncytiotrophoblast can be detected.
This is why this stage is termed ‘prelacunar” [1].

Lacunar stage
At day 8-9 post conception, the syncytiotrophoblast gen-
erates a number of fluid-filled spaces within its mass.

These spaces flow together forming larger lacunae (lacunar
stage), and are finally separated by parts of the syncytio-
trophoblast (trabeculae) that cross the syncytial mass
from the embryonic to the maternal side [1].

At the end of this stage, at day 12 post conception, the
process of implantation is completed. The developing
embryo with its surrounding extraembryonic tissues is
totally embedded in the endometrium, and the syncytio-
trophoblast surrounds the whole surface of the concep-
tus. Mesenchymal cells derived from the embryo spread
over the inner surface of the trophoblast (the extraembry-
onic mesoderm), thus generating a new combination of
trophoblast and mesoderm, termed chorion.

The development of the lacunar system subdivides the
placenta into its three compartments.

1 The embryonically oriented part of the trophoblast
together with extraembryonic mesoderm will develop
into the chorionic plate.

2 The trabeculae will become the anchoring villi, while
the growing branches will develop into floating villi. The
lacunae surrounding the villi will turn into the intervillous
space.

3 The maternally oriented part of the trophoblast
together with components of maternal decidual tissues
will develop into the basal plate.

Early villous stage

Starting on day 12 post conception, proliferation of
cytotrophoblast pushes trophoblasts to penetrate the
syncytial trabeculae, reaching the maternal side of the
syncytiotrophoblast by day 14. Further proliferation of
trophoblasts inside the trabeculae (day 13) stretches
the trabeculae resulting in the development of syncy-
tial side branches filled with cytotrophoblasts (primary
villi) [1].

Shortly after, the mesenchymal cells from the extraem-
bryonic mesoderm follow the cytotrophoblast and pene-
trate the trabeculae and the primary villi, thus generating
secondary villi with a mesenchymal core. At this stage,
there is always a complete cytotrophoblast layer between
penetrating mesenchyme and syncytiotrophoblast.

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

The villi are organized in villous trees that cluster
together into a series of spherical units known as lobules
or placentomes. Each placentome originates from the cho-
rionic plate by a thick villous trunk stemming from a
trabecula. Continuous branching of the main trunk results
in daughter villi mostly freely ending in the intervillous
space, the floating villi.



Trophoblastic cell columns

During penetration of the syncytial trabeculae, the
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the multinucleated trophoblast giant cells (Fig. 2.4) at the

cytotrophoblasts reach the maternal endometrial tissues
while the following mesenchymal cells do not penetrate

to the tips of the trabeculae. At the tips of the anchor-
ing villi multiple layers of cytotrophoblasts develop,
referred to as trophoblastic cell columns (Fig. 2.3) [1,3].
Only those cytotrophoblasts remain as proliferative stem
cells that are in direct contact with the basement mem-
brane separating trophoblast from mesenchyme of the

anchoring villi.

Subtypes of extravillous trophoblast

The formation of cell columns does not resultin a complete
layer of a trophoblastic shell but rather is mostly organized
as separated columns from which extravillous tropho-
blasts invade into maternal uterine tissues (Fig. 2.3) [1]. All
these cells migrate as interstitial trophoblast into the
endometrial stroma [4], while a subset of the interstitial
trophoblast further penetrates the wall of the uterine spiral
arteries (intramural trophoblast), finally reaching the vessels’
lumen (endovascular trophoblast) (Fig. 2.3) [5]. Another
subset of the interstitial trophoblast penetrates the walls
of uterine glands, finally opening such glands towards
the intervillous space (endoglandular trophoblast) (Fig. 2.4)
[6]. Some of the interstitial trophoblasts fuse and generate

Fig. 2.3 Schematic representation of the
developing embryo and its surrounding
tissues at about 8-10 weeks of pregnancy.
The amnionic cavity with the embryo inside
is marked off by the amnion that has
already contacted the chorion. From the
chorion, villous trees protrude into the
intervillous space where some villi have
direct contact with the basal plate
(anchoring villi). At these sites trophoblastic
cell columns are the source for all
extravillous trophoblast cells invading
maternal tissues. Interstitial trophoblast
cells derived from these columns invade
endometrium and myometrium, while a
subset of these cells penetrates the spiral
arteries first as intramural and then as
endovascular trophoblast cells. Onset of
maternal blood flow into the placenta starts
in the upper regions of the placenta (the
abembryonic pole) where development is
slightly delayed. The local high
concentrations of oxygen contribute to the
regression of villi at the abembryonic pole.
This in turn leads to the formation of the
smooth chorion, the fetal membranes.

Plugging of spiral arteries

The invasion of extravillous trophoblasts is the ultimate
means of transforming maternal vessels into large-bore
conduits that enable adequate supply of oxygen and
nutrients to the placenta [1,7]. However, free transfer of
maternal blood to the intervillous space is only estab-

boundary between endometrium and myometrium.

lished at the end of the first trimester of pregnancy [8].
Before the free transfer of maternal blood can occur, the

Amnionic cavity

€l

FAintervillou

extent of invasion and thus the number of endovascular
trophoblasts is so great that the trophoblasts aggregate
within the vessel lumina and plug the distal segments of
the spiral arteries (Fig. 2.3). Hence, before 10-12 weeks of
gestation, the intervillous space contains mostly glandu-
lar secretion products from the eroded uterine glands
together with a plasma filtrate that is free of maternal
blood cells (histiotrophic nutrition) (Fig. 2.3) [8,9].

The reason for such a paradoxical plugging of already
eroded and transformed arteries may be because the lack
of blood cells keeps the placenta and the embryo in a
low-oxygen environment of less than 20mmHg in the
first trimester of pregnancy. This low-oxygen environ-
ment may be necessary to reduce formation of free

Uterine
epithelium
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Fig. 2.4 Trophoblast differentiation and subtypes. The
trophoblast lineage is the first to develop at the blastocyst stage.
From this stage onwards, further differentiation leads to the
generation of the syncytiotrophoblast and subsequently to the
two main trophoblast types of placental villi, villous
cytotrophoblast and villous syncytiotrophoblast. The trophoblast
cells that start to invade maternal tissues are termed extravillous
trophoblast. From the interstitital trophoblast all other subtypes
of extravillous trophoblast develop.

radicals that affect the growing embryo in this critical
stage of tissue and organ development [10,11].

Onset of maternal blood flow

At the end of the first trimester the trophoblastic plugs
become pervious and maternal blood cells enter the inter-
villous space, establishing the first arterial blood flow to
the placenta (haemotrophic nutrition) [8,11]. The inflow
starts in those upper parts of the placenta that are closer
to the endometrial epithelium (the abembryonic pole of the
placenta) (Fig. 2.3). These sites are characterized by a
slight delay in development since the deeper parts at the
embryonic pole have been the first to develop directly after
implantation (Fig. 2.3). Therefore, at these upper sites the
plugs inside the vessels contain fewer cells, enabling
blood cells to penetrate the plugs earlier, and thus blood
flow starts at these sites first. Here the placental villi
degenerate in larger parts and the chorion becomes sec-
ondarily smooth. The regression leads to the formation of
the fetal membrane or chorion laeve. The remaining part
of the placenta develops into the chorion frondosum, the
definitive disc-shaped placenta.

f) Summary box 2.3

L

e Blastocyst stage: differentiation of the trophoblast lineage.

e Day 7-8 post conception: prelacunar stage of placental
development.

e Day 8-9 post conception: lacunar stage of placental
development.

e Day 12 post conception: implantation completed, embryo
completely surrounded by placenta.

e Day 14 post conception: differentiation of extravillous
trophoblast.

e Day 20 post conception: development of placental vessels

and blood cells independent of vessel development in the

embryo proper.

First trimester: histiotrophic nutrition.

Second and third trimester: haemotrophic nutrition.

Basic structure of villi

Villous trophoblast

The branches of the syncytial trabeculae are the fore-
runners of the placental villi. Throughout gestation the
syncytial cover remains and forms the placental barrier
between maternal blood floating in the intervillous space
and the fetal vessels within the mesenchymal core of the
villi [1].

Villous cytotrophoblast
The layer of mononucleated villous cytotrophoblast cells
is the basal layer of the villous trophoblast compart-
ment resting on the basal lamina underneath the multi-
nucleated layer of syncytiotrophoblast (see Fig. 2.1c) [1].
Villous cytotrophoblasts are a heterogeneous population:
a subset proliferate throughout gestation (in contrast to
the mouse, which terminally differentiates its chorionic
trophoblast in mid-gestation), some exhibit a progenitor
status because they can be induced to differentiate along
the extravillous pathway, while others are in varying
stages of differentiation, preparing for syncytial fusion
directed by the transcription factor GCM1 (glial cell
missing-1) [12,13]. The number of villous cytotrophob-
lasts continuously increases during pregnancy, from
about 1 x 10’ at 13-16 weeks to about 6 x 10° at 37-41
weeks of gestation. These cells are gradually dispersed
into a discontinuous layer in the third trimester due to the
rapid expansion and specialization of the peripheral pla-
cental villi responsible for gas and nutrient exchange.
Villous cytotrophoblasts do not normally come into
direct contact with maternal blood, unless focal damage
occurs to the overlying syncytiotrophoblast: if focal areas
of syncytiotrophoblast are lost, for example due to focal
necrosis, the deficit is filled with fibrin-type fibrinoid (a
maternal blood clot product) that covers the exposed
cytotrophoblasts [14].



Syncytiotrophoblast

The syncytiotrophoblast is a multinucleated layer without
lateral cell borders, hence there is a single syncytiotro-
phoblast covering all villi of a single placenta [1]. Microvilli
on its apical surface provide amplification of the surface
(sevenfold) and are in direct contact with the maternal
blood floating within the intervillous space (see Fig. 2.1c).
Growth and maintenance of the syncytiotrophoblast is
dependent on the fusion with the underlying cytotro-
phoblasts, since syncytial nuclei do not proliferate.

Within the syncytiotrophoblast the incorporated nuclei
first exhibit a large and ovoid shape, while during matu-
ration they become smaller and denser. Finally, they
display envelope convolution, increased packing density
and increased heterochromatinization [15]. These are the
typical features of apoptosis, a physiological process in
the normal placenta.

Syncytial fusion by far exceeds the needs for growth of
the placental villi. Continuous syncytial fusion brings
new cellular material into the syncytiotrophoblast includ-
ing proteins like Bcl-2 and Mcl-1 that focally retard apop-
tosis [16]. Although a subset of syncytial nuclei is capable
of RNA transcription in normal pregnancy [17], syncytial
fusion remains critical for maintaining the functional
and structural integrity of the syncytiotrophoblast, for
example secretion of hormones such as chorionic gona-
dotrophin and the surface expression of energy-dependent
transporters for the uptake of molecules such as glucose
or amino acids. Consequently, the nuclei that are incorpo-
rated into the syncytiotrophoblast remain within this
layer for at least 3—4 weeks. Then, the older nuclei accu-
mulate and are packed into protrusions of the apical
membrane known as syncytial kots [15].

Trophoblast turnover

Like every epithelium, the villous trophoblast exhibits the
phenomenon of continuous turnover comprising [1]:

1 proliferation of a subset of cytotrophoblast progenitor
cells;

2 differentiation of post-proliferative mononucleated
daughter cells (2-3 days);

3 syncytial fusion of finally differentiated cells with the
overlying syncytiotrophoblast;

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

5 ageing and late apoptosis at specific sites of the
syncytiotrophoblast;

6 packing of old material into syncytial knots; and finally
7 extrusion of membrane-sealed apoptotic corpuscles
(syncytial knots) into the maternal circulation.

The majority of apoptotic syncytial knots are extruded
from the syncytiotrophoblast surface into the maternal
circulation [16]. In pathological pregnancies the molecu-
lar control of trophoblast differentiation is altered. In
cases of severe early-onset intrauterine growth restriction

The Placenta and Fetal Membranes 21

(IUGR) this physiology is likely disturbed in favour
of greater apoptotic shedding, while in cases of pre-
eclampsia this physiology is disturbed in favour of both
greater apoptotic shedding and the release of necrotic and
aponecrotic material into the maternal circulation [15,18].

Trophoblast release

Throughout gestation, syncytial knots are released into
the maternal circulation and are mostly lodged in the
capillary bed of the lung [19-21]. Hence, they can be
found in uterine vein blood but not in arterial or periph-
eral venous blood of a pregnant woman. It has been esti-
mated that in late gestation up to 150000 such corpuscles
or 2-3¢g of trophoblast material can enter the maternal
circulation each day [1].

Current knowledge places the multinucleated syncytial
knots as products generated by apoptotic mechanisms
[15,20]. As such, they are surrounded by a tightly sealed
plasma membrane not releasing any content into the
maternal blood. Hence, induction of an inflammatory
response in the mother is not a normal feature of preg-
nancy. However, during placental pathologies with a
disturbed trophoblast turnover such as pre-eclampsia,
the release of syncytiotrophoblast material is altered
[20,22,23]. This necrotic or aponecrotic release of trophob-
last material could contribute to the endothelial damage
typical of pre-eclampsia [19,20,22,23].

Villous stroma

The stromal villous core comprises the population of
fixed and moving connective tissue cells, including:

* mesenchymal cells and fibroblasts in different stages of
differentiation up to myofibroblasts [24];

e placental macrophages (Hofbauer cells); and

¢ placental vessels with smooth muscle cells and endothe-
lial cells [1].

Oxygen as regulator of villous development
There is increasing recognition of the role that oxidative
stress inside the placenta plays in the pathophysiology of
pregnancy disorders ranging from miscarriage to pre-
eclampsia [1,8,10,11,25,26]. During the first trimester,
villous trophoblast is well adapted to low oxygen, and it
appears that trophoblast is more susceptible to raised
oxygen rather than low oxygen [20,27]. Hence, during the
first trimester if the abembryonic part of the placenta is
oxygenated by onset of maternal blood flow, villi display
increased evidence of oxidative stress, become avascular
and finally regress. These physiological changes result in
the formation of the smooth chorion, the chorion laeve
(see Fig. 2.3).

If such early onset of maternal blood flow and conse-
quently early onset of oxygenation also occurs in the
embryonic part of the placenta, damage to the whole
placenta will result. The most severe cases are missed
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miscarriages, while less severe cases may continue but
may lead to pathologies such as pre-eclampsia and IUGR
[8,11]. It is becoming increasingly evident that the aetiol-
ogy of pre-eclampsia involves increased oxidative stress,
mostly without changes in the extravillous subset of tro-
phoblast [28]. Recent data point to hyperoxic changes or
to the occurrence of fluctuating oxygen concentrations
[20,29].

Q Summary box 2.4

Villous trophoblast as the outermost epithelial layer of

placental villi

e Cytotrophoblast: progenitor cells to maintain the
syncytiotrophoblast throughout pregnancy.

e Syncytiotrophoblast: multinucleated, in direct contact with
maternal blood.

e Syncytiotrophoblast: shedding of apoptotic material into
maternal blood, at the end of gestation about 3g daily.

e Pre-eclampsia: quantity and quality of syncytial shedding
are altered. More fragments are released, mostly owing to
necrosis and aponecrosis.

Villous stroma

e Mesenchymal cells and fibroblasts.

e Macrophages (Hofbauer cells).

e \essels with media and endothelium.

Fetal membranes

During early embryonic development, the amnionic cavity
increases in size and finally surrounds and encases the
complete embryo. Fluid accumulation within the amni-
onic cavity leads to complete separation of the embryo
from surrounding extraembryonic tissues, leaving only
the developing umbilical cord as the connection between
placenta and embryo. The amnionic mesenchyme comes
into direct contact with the chorionic mesoderm lining the
inner surface of the chorionic sac (see Fig. 2.3). Both tissue
layers do not fuse, and it remains that amnion and chorion
can easily slide against each other [1,30].

As described above, it is only at the implantation/
embryonic pole that the definitive placenta develops.
Owing to regression of villi, most of the surface of the
chorionic sac (about 70%) develops in such a way that the
early chorionic plate, together with the amnion, remnants
of villi and the covering decidual tissues (capsular decidua),
fuse and form a multilayered compact structure termed
the chorion laeve or fetal membranes.

u Amnionic epithelium
- (resting on a basement membrane)
[:‘,Zf’ ''''''''''''''''''' Amnionic mesoderm

(avascular; separated from the chorionic
mesoderm by slender, fluid filled clefts)

e """:.: Chorionic mesoderm
B 3 = (vascular; separated from extravillous
e | trophoblast by a basement membrane)

Extravillous trophoblast
(embedded in self-secreted
matrix-type fibrinoid)

Capsular decidua
(decidualized endometrial stroma in
the chorion laeve)

Fig. 2.5 Layers of the fetal membranes. The amnionic epithelium
is a simple epithelium that secretes and resorbs the amnionic
fluid. The two layers of connective tissues (amnionic and
chorionic mesoderm) are separated by fluid-filled clefts. The
extravillous trophoblast of the fetal membranes displays a
non-invasive phenotype and is embedded in a self-secreted
matrix, termed matrix-type fibrinoid. Finally, on the maternal
side, the fetal membranes are covered by the capsular decidua of
maternal origin.

Layers of the chorion laeve

The layers of the chorion laeve, from the fetal to the
maternal side, are as follows (Fig. 2.5).

1 Amnionic epithelium. A single cuboideal epithelium
secreting and resorbing the amnionic fluid and involved
in removal of carbon dioxide and pH regulation [31].

2 Ammnionic mesoderm. A thin layer of avascular connective
tissue separated from the amnionic epithelium by a base-
ment membrane.

3 Chorionic mesoderm. This second layer of connective
tissue is separated from the amnionic mesoderm by
slender fluid-filled clefts. It is continuous with the con-
nective tissue of the chorionic plate, which contains the
branching vessels to and from the umbilical and villous
vessels.

4 Extravillous trophoblast of the fetal membranes. This spe-
cific type of extravillous trophoblast does not display
invasive properties and is separated from the chorionic
mesoderm by a basement membrane.

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



Characteristics of the chorion laeve

After separation from the uterine wall, the fetal mem-
branes have a mean thickness of about 200-300um at
term [1]. The presence of the capsular decidua on the
outer surface of the fetal membranes after delivery indi-
cates that separation of the membranes takes place
between maternal tissues rather than along the materno-
fetal interface. Owing to the absence of vascular struc-
tures inside the connective tissues of the fetal membranes,
all paraplacental exchange between fetal membranes and
fetus has to pass the amnionic fluid.

(D Summary box 2.5

Layers of the fetal membrane, the chorion laeve
e Amnionic epithelium.

e Amnionic mesoderm.

e Chorionic mesoderm.

e Extravillous trophoblast.

e Decidua caspularis (maternal tissues).

Ultrasound

Using ultrasound just a few days after the expected men-
strual period, a gestational sac with a diameter of 2-3mm
can be detected within the uterine endometrium.
Developmental changes in the structure and organization
of the placenta and membranes can be seen by ultrasound
[32]. Minor anatomical variations, such as cysts and lakes,
can readily be distinguished from lesions that destroy
functioning villous tissue, such as infarcts and intervil-
lous thrombi. Small placentas typically have eccentric
cords, due to chorionic regression, and can have progres-
sive parenchymal lesions, features typical of early-onset
TUGR [33]. It is important to document placental location
and cord insertion. Pathological placental invasion (pla-
centa percreta) may be suspected by ultrasound, and can
be confirmed by magnetic resonance imaging (MRI) [34].

Doppler ultrasound

Pulsed and colour Doppler ultrasound are valuable tech-
niques for placental assessment. Umbilical cord flow can
be visualized at 7-8 weeks, though end-diastolic flow
(EDF) is not established until 14 weeks. Early-onset [IUGR
may be characterized by absent EDF in the umbilical
arteries even by 22 weeks [33], associated with small mal-
formed placentas and defective angiogenesis in the gas-
exchanging terminal placental villi [35]. A major role for
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Doppler ultrasound in placental assessment is determin-
ing maternal flow in the uterine arteries [36]. This screen-
ing test is performed either at the 18-20 week anatomical
ultrasound or at a separate 22-week visit [37]. Integration
of placental ultrasound, uterine artery Doppler and first-
and second-trimester biochemistry screening tests (PAPP-
A, hCG, PP13 and AFP) is an effective way of screening
for serious placental insufficiency syndromes before they
threaten fetal viability, thereby directing care to a high-
risk pregnancy unit [38,39].

Pregnancies with multiparameter placental dysfunc-
tion in the 19-22 week window exhibit a 40% posi-
tive predictive value of delivery before 32 weeks due to
clinical complications of placental insufficiency (IUGR,
pre-eclampsia, abruption, stillbirth). Placental villous inf-
arction complicates over 60% of such cases yet maternal
thrombophilia is rare [38]. Since the normal healthy pla-
centa expresses surface anticoagulant proteins, abnormal
formation of the placenta may be the underlying cause of
multifocal placental infarction. If this is the case, placental
function testing in subsequent pregnancies may be a
better determinant of future risk than maternal throm-
bophilia screening in the non-pregnant period.

Colour power Doppler

Colour power angiography (CPA) is an extented appli-
cation in Doppler ultrasound and velocimetry. CPA
can be used to map the vasculature within the placenta
when combined with three-dimensional reconstruction
(Fig. 2.6). This technique is able to identify red blood cells
in vessels with a diameter of more than 200um [40].
Because the technique is three-dimensional, it can also
be used to measure the proximal uterine arteries and
therefore determine uterine artery blood flow rather
than the descriptive assessment of the flow velocity wave-
form used in current practice.

<7 Summary box 2.6

L

Ultrasound (including Doppler and colour power

Doppler ultrasound)

e \Week 3: visualization of the gestational sac.

e \Week 7-8: visualization of blood flow in the umbilical cord.

e \Week 13 until delivery: visualization of placental vessels
with diameter larger than 200 um.

e \Week 14: establishment of EDF in the umbilical arteries.

Week 18-22: screening of uterine arteries for pathological

flow patterns.

e \Week 22: early-onset IUGR can be predicted by absent
EDF in the umbilical arteries.
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Further reading

Structural characteristics of the placenta, see [1]

Definition of fibrinoid, see [14]

Trophoblast and its changes during pre-eclampsia, see [28]
Detailed descriptions of pathologies and their impact on macro-

Cl

scopic features of the placenta, see [1]
assification of villi and the types of villi, see [1]

Stereological parameters of the growing placenta, see [41]
Syncytial fusion and the involvement of apoptosis, see [19, 20]
Impact of oxygen on placental development and placental-related

disorders of pregnancy, see [42]

Composition and characteristics of fetal membranes, see [31]
Rupture of fetal membranes, see [30]

Placental assessment by ultrasound, see [43]

Placental Doppler, see [32, 36, 37]

Developmental placental pathology, see [1, 43]

Placental biochemistry in clinical practice, see [44]

Role of a placenta clinic, see www.mountsinai.on.ca/care/

placenta-clinic



Chapter 3

Normal Fetal Growth

Jason Gardosi
West Midlands Perinatal Institute, Birmingham, UK

Developments in ultrasound imaging techniques and
analysis of large databases has improved our understand-
ing of normal fetal growth and maturation. Such an
understanding is of immediate relevance for the assess-
ment of fetal well-being at any stage of pregnancy.

Length of pregnancy

In any large database, the distribution of the length of
pregnancy is skewed because babies are more likely to be
born preterm than post-term, and at a wider range of
gestations in the preterm period. Thus neither the mean
nor median but the mode is the best measure to denote
the typical length of pregnancy (Fig. 3.1).

Starting from the time of conception, the typical length
of gestation, and the fetal age at the end of pregnancy, is
266 days or 38 weeks (i.e. ‘conceptual age’). In most (but
not all) cases, conception occurs in mid-cycle, and thus 2
weeks are added to denote menstrual age. By convention,
gestational age is also expressed in this manner: the for-
mulae used for dating pregnancies by ultrasound, to
determine the length of pregnancy at any point and the
expected date of delivery (EDD), also add a standard 2
weeks to derive ‘gestational age’. The typical length of
pregnancy is 280 days or 40.0 weeks; term is convention-
ally denoted as 37-42 weeks, preterm as less than 37.0
weeks and post-term as more than 42.0 weeks. However,
these cut-offs may be varied for the purpose of looking at
specific issues. For example, prematurity less than 34
weeks denotes babies that are more likely to require some
form of special care; and limits of 290 days or more (EDD

+ 10) or even 287 days or more (41.0 weeks) have been
used to study the effects of post-term pregnancy or for
protocols to induce post-term pregnancy.

:9 Summary box 3.1

e The typical (modal) length of pregnancy is 280 days (40.0
weeks) from the first day of last menstrual period
(gestational age), or 266 days (38.0 weeks) from the date
of conception (conceptional age).

e ‘Term’ is defined as 37.0-42.0 weeks gestational age
(259-294 days), although post-term is sometimes also
defined as >290 days (EDD + 10).

Determination of gestational age

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

1 Antenatal screening. Values of serum tests for chromo-
somal abnormalities (e.g. Down’s syndrome), such as
pregnancy-associated plasma protein A (PAPP-A), human
chorionic gonadotrophin (hCG) or oestriol, are strongly
related to gestational age and may give false readings
if the ‘dates’ are wrong. As a result, it may be over-
looked that the pregnancy is at risk, or false positives are
produced, which can lead to unnecessary invasive diag-
nostic procedures such as chorionic villous sampling or
amniocentesis.

Dewhurst’s Textbook of Obstetrics & Gynaecology, Eighth Edition. Edited by D. Keith Edmonds.
© 2012 John Wiley and Sons, Ltd. Published 2012 by John Wiley and Sons, Ltd.
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pregnancies) in Nottingham, 1988-1995,
which had a record of the last menstrual
period (LMP) and an ultrasound dating —ty

scan. The graph shows a general left shift
associated with ultrasound dates.

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

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

Before the advent of ultrasound, the menstrual age was
used to determine gestational dates and the EDD.
However, dating by menstrual history has several prob-
lems [2]. Firstly, the last menstrual period (LMP) may not
be accurately remembered in a substantial proportion of
cases. Secondly, dating by LMP assumes that conception
occurred in mid-cycle, whereas it may have occurred
earlier or (more likely) later. If the usual length of a
woman'’s cycle tends to be longer, say 35 instead of 28
days, then an adjustment needs to be made by adding 7
days to the EDD. This is often not done, but even if it is,
it represents an approximation only, as the actual length
of the follicular phase at the beginning of that pregnancy
is not known.

Dating by ultrasound has made the determination of
gestational age more precise. The ultrasound scan dating
can be done on the basis of the fetal crown-rump length
(CRL), which is reliable between 7 and 12 weeks, or in the
second trimester between say 15 and 22 weeks by the
biparietal diameter (BPD) or the head circumference
(HC). There are few studies which have compared
whether first or second trimester measurement is more
accurate in routine practice. Between 13 and 15 weeks,

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

Gestation (days)

dating by ultrasound can be less accurate, as the fetus
flexes, making CRL difficult, while it may be too early for
an accurate measurement of the head (BPD or HC).

Ultrasound measurement can also have error, but this
error is smaller than that of LMP. Based on studies from
pregnancies achieved with assisted reproduction tech-
niques, i.e. where the exact date of conception was known,
the error of routine scan dating by ultrasound was nor-
mally distributed and had a standard deviation of +4,
which means a 95% confidence interval of —8 to +8 days
[3]. In contrast, LMP dating error is heavily skewed
towards overestimation of the true gestational age, with
a 95% confidence interval of -9 to +27 days [4].

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

As an ultrasound scan is performed in most pregnan-
cies in the UK at some stage in the first half of pregnancy,
it is now recommended that gestation dates should pref-
erentially be determined by ultrasound [2]. In many units,
protocols have evolved whereby LMP is used unless it
has a discrepancy of greater than 7, 10 or 14 days from
the dates by ultrasound. However, this is not based on
any evidence; in fact, even within 14, 10 or even 7 day
cut-offs, scan dates are known to be more accurate than
LMP dates in predicting the actual date of delivery [5].
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;P Summary box 3.2

e Ultrasound dating is more accurate than menstrual history,

even when the discrepancy between the two dates is less

than 10 or 7 days.

Accurate determination of gestational age is important for:

o prenatal screening for fetal anomalies, to interpret
gestational age-sensitive tests;

o assessment of fetal viability in extremely preterm
gestations;

o antenatal assessment of fetal growth;

o]

determining when the pregnancy is post-term.

Small for gestational age and
intrauterine growth restriction

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

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

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

Physiological factors include birth order (parity), mater-
nal characteristics such as height, weight and ethnic
origin, and fetal gender [6]. Coefficients have been derived
to allow the normal birthweight ranges to be adjusted [6],
from which growth curves can then also be derived (see
below) [7]. In practice, well-dated birthweight databases
with sufficient details about maternal characteristics and
pregnancy outcome are used to derive the coefficients
needed to adjust for constitutional variation.

Ultimately, the rate of significant pathological SGA
should mirror the risk of adverse outcome. However,
applying population centiles to small mothers results in
a disproportionately large number of SGA babies which
is not related to an increased risk of adverse outcome [8].
Conversely, population centiles underestimate the
number of SGA babies in big mothers. In contrast, when
the standard for growth/birthweight is adjusted for
maternal variables, the rate of SGA corresponds very
closely to that of perinatal mortality. This is illustrated in

PMR (%q) SGA (%)
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Fig. 3.2 Perinatal mortality rate (PMR) and smallness for
gestational age (SGA) by customised (SGAcust) and population-
based centiles (SGApop), according to maternal weights within
normal body mass index (BMI 20-24.9). ¢ test for difference of
slopes: PMR vs. SGAcust, P = 0.743; PMR vs. SGApop, P < 0.001.

Fig. 3.2, which compares symmetrically small and large
mothers (i.e. body mass index within normal range).

Pathological factors affecting growth include smoking,
alcohol, social class and deprivation, multiple pregnancy,
and pregnancy complications such as placental failure
and related underlying conditions associated with hyper-
tensive diseases in pregnancy, antepartum haemorrhage
and diabetes (see Chapters 11 and 13). Although they
clearly affect growth, such variables should not be
adjusted for, as the standard needs to reflect the optimal
growth potential of the fetus. For example, it is well estab-
lished that maternal smoking adversely affects fetal
growth; however the standard or norm should not be
adjusted downwards if a mother smokes, but instead
‘optimized’ as if the mother did not smoke, to allow
better detection of the fetus that is affected.

Adjustment of the standard for constitutional factors
not only improves detection but also allows a better
understanding of how pathology affects growth. For
example, smoking is known to be associated with a birth-
weight deficit that can be quite substantial by the end of
pregnancy, even after adjusting for different constitu-
tional characteristics of mothers who smoke (e.g. they are
on average shorter). The birthweight deficit at term is also
dose dependent: compared with non-smokers, mothers
who admit at the booking visit to smoking one to nine
cigarettes a day have babies which weigh on average
153 g less at term; 10-20 cigarettes a day, 215g less; and
20+ cigarettes a day, 246g less [7].
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Fig. 3.3 Ultrasound versus birthweight < 10+
standard at 32 weeks’ gestation. The line
shows ultrasound weight estimations derived
from pregnancies which have proceeded to
normal term delivery. The curve is 5
characterized by a relatively narrow normal
distribution. The histogram shows birthweights
of babies born at this same, preterm gestation
in a dataset of approximately 40000 cases in
the Midlands. The distribution shows a lower 0.8
median, a wider range and negative skewness.
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Q Summary box 3.3

e SGA is not synonymous with IUGR, as it includes
constitutional as well as pathological smallness.

e Adjusting for constitutional factors improves the
association between SGA and pathology, making it a more
useful clinical measure.

e Babies that are only constitutionally small do not have an

] i 90th

A 50th

- 10th

increased risk of adverse outcome.

Fetal weight gain

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

Determination of what is ‘normal’ is essential for the
identification of abnormal growth in day-to-day clinical
practice. Imaging techniques have allowed us to get a
better understanding of normal fetal growth. These
include two-dimensional and three-dimensional ultra-
sound as well as assessment of Doppler flow (see
Chapter 18).

Previously, normal growth” was inferred from birth-
weight curves, which showed wide ranges especially at
early (preterm) gestations, and flattening of the curve at
term. A marked terminal flattening of the curve is evident
in some birthweight standards still in widespread use [9].
However, this is an artefact due to misdating: because
LMP error is more likely to overestimate rather than
underestimate true gestational age, as shown above, the
birthweights in many cases end up being plotted at later
gestations than they should be, producing the erroneous
impression of a flattening of fetal growth at term.

o
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|
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Fig. 3.4 Fetal growth curves derived from longitudinal
ultrasound scans of normal pregnancies, showing a normal
distribution and no flattening at term.

Many birthweight curves also show a depression or
negative skewness at preterm gestations. This is associ-
ated with the known fact that many premature births,
including those following spontaneous onset of labour,
are of babies whose growth was restricted in utero [10,11].
In contrast, ultrasound curves based on fetuses which
continue growth until normal term delivery show no such
skewness [12-14] (Figs 3.3 and 3.4).

The dynamics of growth in normal pregnancy can be
studied by converting the weight-for-gestation curve into
a ‘proportionality” curve, where term weight in normal
pregnancies equates to 100%. As Fig. 3.4 shows, half of
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Fig. 3.5 ‘Proportionality” fetal growth curve. The line represents
an equation derived from an in utero weight curve, transformed
into a percent term weight versus gestation curve for any
predicted term (280 day) birthweight point. % weight =

299.1 — 31.85GA + 1.094GA* — 0.01055GA®.

this weight should be expected to be reached at 31 weeks,
and one-third and two-thirds should be reached by 28
and 34 weeks, respectively (Fig. 3.5).

Such proportionality curves can be used to project back-
wards the predicted, individually adjusted birthweight
end-point. The constitutional variables affecting growth
can result in an infinite number of combinations, which
require calculation by computer software, such as GROW
(Gestation Related Optimal Weight software; www.
gestation.net), to produce individually adjusted or ‘cus-
tomised’ norms for fetal growth in each pregnancy (Fig.
3.6). Thus ‘normal” growth is not an ‘average’ for the
population, but one that defines the optimal growth that
a fetus can achieve, i.e. the ‘growth potential” of each baby.

A number of studies have shown that standards for
normal birthweight and growth adjusted for constitu-
tional variation are better than local population norms
to separate physiological and pathological smallness.

Customised standards improve detection of pathologi-
cally small babies in high- and low-risk populations
[15,16]. Smallness defined by customised standards were
also more strongly associated with adverse pregnancy
outcome such as stillbirth, neonatal death or low Apgar
scores [17,18] and were more closely linked with a number
of pathological indicators such as abnormal antenatal
Doppler, Caesarean section for fetal distress, admission to
the neonatal unit and prolonged hospital stay [19].
Significantly, each of the studies showed that babies
considered small only by the (unadjusted) population
method do not have an increased risk of adverse preg-
nancy outcome. In the general population, up to one-third
of babies are false-positively small when general rather
than individually adjusted norms for fetal growth are
used, which can result in many unnecessary investiga-
tions and parental anxiety. Conversely, about one-third of
babies who should be suspected to be at risk are missed.
In population subgroups such as minority ethnic
groups, application of an unadjusted population stand-
ard results in even more false positives and false nega-
tives. The individual or customised method to determine
normal fetal growth is recommended by guidelines of the
Royal College of Obstetricians and Gynaecologists [20].

Q Summary box 3.4

e Curves to define normal fetal growth should be derived
from ultrasound rather than birthweight standards, as
preterm births are not normal and have a high association
with abnormal growth.

e ‘Normal' growth is not an average for the population, but
one that defines the optimal growth that each fetus can
achieve, i.e. its ‘growth potential’, adjusted for
constitutional factors and free from any pathological
influences.

e Use of unadjusted population centiles results in many
babies within subgroups of the population (e.g. ethnic
groups, high body mass index) being falsely categorized as
normal or small.
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ethnic origin). In the example, a baby born at 37.0 weeks
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Chapter 4

Pre-conception Counselling

Mandish K. Dhanjal

Queen Charlotte’s & Chelsea Hospital, London, UK

A woman who enters pregnancy in a good state of health
with a healthy diet and well-controlled medical disease is
more likely to have a healthy pregnancy and a good
outcome than a woman who enters pregnancy with an
unhealthy lifestyle and uncontrolled medical disease. Pre-
conception or pre-pregnancy counselling involves seeing
women several months prior to conception in order to
discuss and modify lifestyle choices and assess and
improve medical health before pregnancy. There is cur-
rently no UK guidance on pre-conception counselling,
although the National Institute for Health and Clinical
Excellence (NICE) has identified it as an important area
in their antenatal guidelines [1].

Purpose of pre-conception counselling

All women considering having a baby should see their
general practitioner (GP), and a specialist in pre-pregnancy
counselling if they have a medical disease, prior to con-
ceiving. The purpose of this consultation is to:

e inform the woman and her partner of general advice,
and advice about lifestyle behaviours including exercise,
diet, smoking and drinking;

e detect any medical issues that will impact on preg-
nancy and advise if pregnancy should not be contem-
plated at present;

e assess any known medical conditions and optimize the
state of the disease, in particular adjusting medications;
e discuss how the above may impact on the pregnancy,
fetus and the mother;

e identify couples who are at risk of having babies with
genetic disorders and refer them for genetic advice before
they embark on pregnancy; and

e discuss contraception if it is considered that pregnancy
is not advisable at present or if the woman prefers not to
get pregnant yet.

Broadly, for any medical condition, there should be a
discussion about whether becoming pregnant has risks
for the mother or fetus.

* Mother: disease exacerbation (antenatally or postna-
tally), maternal mortality.
e Fetus: malformations (genetic, teratogens), in utero
growth restriction, preterm delivery, stillbirth, neonatal
morbidity and mortality.

Pre-pregnancy counselling will inform women of their
risks, empowering them to make an informed decision
whether or not to proceed with pregnancy. It will allow
planning or prevention of pregnancy, and access to the
appropriate multidisciplinary specialized services if
necessary.

i? Summary box 4.1

e All women should have pre-conception counselling to
inform them of their own health and the health of their
fetus in pregnancy, empowering them to make an
informed decision whether or not to proceed with
pregnancy.

e |t allows planning or prevention of pregnancy, and access
to the appropriate multidisciplinary specialized services if
necessary.

Who needs pre-conception counselling?

All women will benefit from the general advice offered
by GPs. The last report of the confidential enquiry into
maternal deaths specifically recommended that pre-
conception counselling be provided for women of child-
bearing age with pre-existing serious medical or mental
health conditions that may be aggravated by pregnancy,
in particular the commoner conditions including epi-
lepsy, diabetes, congenital or known acquired cardiac
disease, autoimmune disorders, obesity with body mass
index (BMI) of 30 or more, and severe pre-existing or past
mental illness [2]. The recommendation especially applies
to women prior to having assisted reproduction and other
fertility treatments.

Dewhurst’s Textbook of Obstetrics & Gynaecology, Eighth Edition. Edited by D. Keith Edmonds.
© 2012 John Wiley and Sons, Ltd. Published 2012 by John Wiley and Sons, Ltd.
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Timing of pre-conception counselling

This should ideally take place 3-6 months prior to con-
ceiving; however, few women are motivated enough to
see a doctor prior to getting pregnant, even if they have
a medical illness. Dedicated pre-pregnancy clinics or
pre-pregnancy health check clinics would be ideal,
but very few health authorities offer this service.
Additionally it is estimated that 25-40% of pregnancies
are unplanned. Pre-conception advice should therefore
occur opportunistically when women attend their GP or
their specialist for contraception, review of their medical
disease or if they are referred to infertility clinics.

The average age of first sexual intercourse is 16 years
and 0.78% of girls under the age of 16 years in the UK get
pregnant [3]. The UK has the highest teenage pregnancy
rate in western Europe and the USA has the highest rate
in the Western World. Some medical conditions, such as
complex congenital heart disease, would necessitate a dis-
cussion about pregnancy during adolescence (12-15 years
old) depending on the degree of maturity of the child.
This is not to encourage pregnancy in these teenagers, but
to educate them of the risks that unintended pregnancy
may hold for them.

Implicit in any discussion is the need for adequate con-
traception (see Chapter 40).

Healthcare professionals who should
undertake pre-conception counselling

GPs are best placed to do this as they have a long-term
relationship with their patients and will usually be seeing
them for contraceptive advice and for other medical con-
ditions. Specialists also have a role, particularly diabe-
tologists, neurologists and cardiologists who will be
seeing adolescents and women of reproductive age for
regular checks of their diabetes, epilepsy or heart disease.
Pre-conception counselling is vital in these groups as it
can directly influence pregnancy outcome. Unfortunately
some specialists may be reluctant to discuss the implica-
tions of medical disease and the associated medications
in pregnancy because they are not up to date with current
specific advice on pregnancy.

Maternal medicine specialists and obstetric physicians
are ideally placed to offer pre-conception advice. They are
well informed as to the effects of various medical diseases
in pregnancy and are aware of the implications of drug
use in pregnancy. Many will have dedicated pre-
conception clinics in tertiary care. Many maternal medi-
cine specialists will also be able to offer detailed
contraceptive advice and in many instances are able to
administer long-acting contraceptives, avoiding delay in
gaining effective contraception.

Table 4.1 Foods that can affect the fetus in very early pregnancy.

Food Risk of Fetal risk in early
containing pregnancy
Unpasteurized milk Listeria Miscarriage
Soft mould-ripened
cheeses (e.g.

Camembert, Brie,
blue-veined cheese)

Paté (including vegetable
paté)

Uncooked or under-cooked
ready made meals

Raw shellfish (e.g. oysters)

Uncooked or cured meat
(e.g. salami)

Liver and liver products

Toxoplasma Fetal CNS defects
Excess vitamin Cranial-neural crest
A tissue defects
Shark, swordfish and Methylmercury ~ Fetal CNS defects

marlin

CNS, central nervous system.

General pre-conception advice

Diet

Women intending to conceive should be encouraged to
eat fruit, vegetables, starchy foods (bread, pasta, rice and
potatoes), protein (lean meat, fish, beans and lentils), fibre
(wholegrain breads, fruit and vegetables) and dairy foods
(pasteurized milk, yoghurt and hard, cottage or processed
cheese) [1]. These will assist in increasing the stores of
vitamins, iron and calcium.

The unpredictability regarding the exact moment a
woman becomes pregnant leads to the recommendation
that women trying to conceive should avoid the foods
listed in Table 4.1, which may contain organisms or sub-
stances that can be harmful in early gestation. Even a
planned pregnancy is not detected until 5-6 weeks of
gestation, at which stage vulnerable organs, particularly
the central nervous system, have already started develop-
ing and the neural tube is completely formed.

Vegetarians and vegans are at risk of nutritional defi-
ciencies and may benefit from advice from a dietitian.

Women who have a heavy intake of caffeine should be
advised to cut down before pregnancy. The Food
Standards Agency recommends that pregnant women
should limit their consumption of caffeine in pregnancy
to 300mg daily or less (four cups of coffee, eight cups of
tea, or eight cans of cola) [1]. High caffeine intake mildly
increases the risk of fetal growth restriction.

Supplements
Folic acid 0.4mg daily should be recommended to all
women trying to conceive and should be continued until



12 weeks’ gestation along with an increase in folate-
containing foods as this has been shown in randomized
controlled trials to significantly reduce the incidence of
fetal neural tube defects (NTDs) such as spina bifida and
anencephaly [4]. A higher dose of folic acid (5mg daily)
is required in women:

* with a previous pregnancy affected by an NTD [5];

e who themselves are affected with an NTD;

¢ with a sibling or parent affected with an NTD;

e taking antifolate drugs (e.g. most antiepileptic agents
and 5-aminosalicylate drugs used in inflammatory bowel
disease); or

e with diabetes [6].

Some countries have fortified certain foods (e.g. flour,
cereals) with folate in order to help protect those women
who cannot afford medical supplementation and those
who have an unplanned pregnancy [7]. There is some
evidence that the risk of other congenital malformations
may be reduced with folate and multivitamin supplemen-
tation [8].

Vitamin D can be beneficial for some women from the
Indian subcontinent, Middle East and the Horn of Africa
who, through a combination of diet (phytates in chapatti
flour) and poor sun exposure, can be prone to vitamin D
deficiency and osteomalacia that can present with muscle
and bony pain [1]. A large World Health Organization
trial has shown that if women who have low dietary
intake of calcium are given calcium supplements, their
risk of developing pre-eclampsia is halved [9].

Smoking

Women should be advised to stop smoking prior to preg-
nancy. They are usually aware of the risks to their own
health of smoking, but are often less aware of the risks to
the fetus, which include miscarriage, placental abruption,
placenta praevia, premature rupture of membranes,
preterm delivery, low birthweight, cleft lip and cleft
palate, perinatal mortality, sudden infant death syndrome
and impaired cognitive development [1]. Discussion of
these risks often provides a strong motivation to pregnant
women to stop smoking. It is estimated that if all preg-
nant women stopped smoking there would be a 10%
reduction in fetal and infant deaths. Advice from the
doctor, smoking cessation programmes and self-help
manuals have been shown to help women stop smoking.

Alcohol

Women should limit alcohol intake to one to two standard
units of alcohol per week as recommended by NICE as
there is no evidence of fetal harm with this degree of
consumption [1]. The dangers to the fetus of drinking
alcohol in pregnancy occur with greater consumption, so
that women who binge drink or drink heavily are at risk
of subfertility, miscarriage, aneuploidy, structural con-
genital anomalies, fetal growth restriction, perinatal death
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and developmental delay [10]. Binge drinkers are more
likely to have an unplanned pregnancy and hence may
continue to drink erratically in the first trimester without
knowing they are pregnant. Fetal alcohol syndrome
occurs in 0.6 per 1000 live births (Canadian data) and is
characterized by distinctive facial features, low birth-
weight, and behavioural and intellectual difficulties in
later life. There is a further spectrum of fetal alcohol dis-
orders [10]. Alcohol misuse can result in maternal ill
health and is a significant cause of maternal death [2].

Body weight

Women should be advised to enter pregnancy with a
normal BMI of 20-24.9kg/m? Overweight women (BMI
25-299kg/m? and obese women (BMI>30kg/m?
should lose weight by dieting and exercise before con-
ceiving. They may require referral to a dietitian. They
should be informed of the adverse pregnancy outcomes
associated with obesity (Table 4.2) [11].

For women who are morbidly obese (obesity grade III)
with a BMI of 40kg/m” or more it is very difficult to
achieve a normal BMI. In addition to referral to a dieti-
tian, they should be assisted to lose weight by a variety
of methods including prescription of weight reduction
medication in a carefully supervised manner and referral
for gastric surgery. They should strongly be advised to
defer pregnancy until they have lost weight.

Women who are underweight (BMI <20kg/m?) may
find it difficult to conceive due to anovulatory cycles.
They have an increased chance of fetal intrauterine
growth restriction.

Table 4.2 Risks of obesity to mother and her offspring.

Maternal risks of obesity
Subfertility

Miscarriage
Hypertensive disease
Gestational diabetes
Thromboembolism
Infection

Cardiac disease
Instrumental deliveries
Caesarean section
Postpartum haemorrhage
Maternal death

Risks to offspring of maternal obesity
Neural tube defects

Large for dates

Preterm delivery

Shoulder dystocia

Increase in birthweight

Neonatal hypoglycaemia

Offspring obese as children and adults
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-’) Summary box 4.2
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Women should modify their diet, stop or reduce smoking
and alcohol intake, aim to enter pregnancy with a

normal BMI and take folic acid supplementation

peri-conceptionally.

Advice regarding medications

It is a misconception that most drugs are harmful in preg-
nancy. Unfortunately this is an inaccurate belief held by
the public and many health professionals including
doctors. Many women will discontinue vital medications
as soon as they realize they are pregnant and risk a flare
of their disease, which will cause harm to them and their
babies.

Women with medical diseases on treatment should
have a discussion regarding the safety profile of the
medications in pregnancy, before they conceive. There
are valid concerns about the safety of some drugs in
pregnancy, but most commonly used medications have
good safety data and can continue to be taken in
pregnancy. Even if a drug is known to have a risk of
teratogenicity, the consequences of discontinuing it
may be worse than the effects of taking it, justifying
continuation of therapy (e.g. antiepileptic drugs). The
smallest effective dose should be used. If a drug with
a better safety profile is available, it should be used
instead.

Drugs that are harmful to the fetus may have an effect
depending on the time of exposure.
® Pre-embryonic stage (0-14 days after conception): can
result in miscarriage, e.g. methotrexate, misoprostol,
mifepristone, thalidomide, retinoids.

e First trimester: affect organogenesis resulting in
congenital malformation (teratogen), e.g. antiepileptic
drugs, angiotensin-converting enzyme (ACE) inhibitors,
warfarin.

¢ Second and third trimester: can cause growth restric-
tion, affect neuropsychological behaviour (e.g. high-dose
sodium valproate), or have toxic effect on fetal tissues
(e.g. ACE inhibitors, tetracycline).

It is important to know when harmful drugs carry a
risk of fetal harm as use of an individual drug at a differ-
ent stage in pregnancy may have no effect on the fetus,
for example a teratogen will bear the risk of congenital
malformation with first trimester use, but may be safe to
use thereafter if required. A list of known teratogens and
drugs that are safe to use in pregnancy is shown in
Table 4.3.

Table 4.3 Drug safety in pregnancy.

Drugs that are harmful in pregnancy
NSAIDs (except low-dose aspirin)

Warfarin

Tetracycline, doxycycline, ciprofloxacin
Paroxetine

ACE inhibitors, angiotensin receptor blockers
Statins

Retinoids

Drugs that can be used in pregnancy (if clinically necessary: benefits
outweigh risks)

Analgesics (paracetamol, codeine)

Antacids, ranitidine, omeprazole

Most antibiotics (avoid trimethoprim in first trimester and at term)

Most antidepressants (some SSRIs, tricyclic antidepressants)

Antihypertensives: methyldopa, nifedipine, labetolol, doxazosin,
prazosin, hydralazine

Antiemetics (cyclizine, promethazine, prochlorperazine,
metoclopramide, domperidone)

Antihistamines

Beta-agonists

Inhaled steroids

Hormones (insulin, thyroxine)

Laxatives

Low-dose aspirin

ACE, angiotensin-converting enzyme; NSAID, non-steroidal anti-
inflammatory drug; SSRI, selective serotonin reuptake inhibitor.

Q Summary box 4.3

* Most commonly used medications have good safety data
and can continue to be taken in pregnancy in the smallest
effective dose.

e Inform women of any risks to pregnancy of medications
they are taking.

e Change teratogenic medications before pregnancy if
possible (may not be appropriate with some known
teratogens (e.g. antiepileptic drugs).

Advice related to maternal age

Delaying childbirth is associated with worsening repro-
ductive outcomes, with more infertility, miscarriage and
medical comorbidity and an increase in maternal and
fetal morbidity and mortality.

Table 4.4 shows the dramatic decline in fertility and rise
in miscarriage rate in women over the age of 40 years [12].
The fertility rate is taken from 10 different populations
that did not use contraception between the seventeenth
and twentieth centuries. This provides the best approxi-
mation of the ability of women to conceive. In current
times, the fertility rate in older women is increasing
as many older women resort to assisted reproductive



Table 4.4 Risk of infertility and spontaneous miscarriage with
age [12].

Maternal age (years) Fertility rate per 1000

married women

Spontaneous
miscarriages (%)

20-24 470 I
25-29 440 12
30-34 400 15
35-39 330 25
40-44 190 51
>45 40 93

Table 4.5 Risk of pregnancy-specific diseases with age [14].

Pregnancy-related disease Maternal age

20-29 years >40 years
Pre-eclampsia 3.4% 5.4%
Gestational diabetes 1.7% 7%

Table 4.6 Risk of Down’s syndrome (trisomy 21) with maternal
age.
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be informed of these risks and advised that prenatal diag-
nosis, both screening and definitive testing, is available in
pregnancy (see Chapter 17). The option of termination of
pregnancy or continuation of pregnancy in the event of
an affected fetus should be discussed.

Older mothers have poorer uterine contractility and a
higher incidence of assisted vaginal deliveries and caesar-
ean sections compared with younger mothers. The babies
of older mothers are more likely to be of low birth weight
and the stillbirth rate at all gestations is higher. At 41
weeks’ gestation, the risk of a stillbirth in women aged
35-39 years is nearly double that of a woman in her twen-
ties. The risk rises to 3.5-fold higher in women over 40
years [15]. However, it is important to remember that the
absolute risk of stillbirth is still small.

The Royal College of Obstetricians and Gynaecologists
states that women who start a family in their twenties or
complete it by age 35 years face significantly reduced
risks. Women contemplating delaying pregnancy should
be told the health consequences of this and advised that
completion of childbearing in their twenties will vastly
reduce their obstetric and medical risks. If they do delay
pregnancy to their forties for whatever reason, they
should be supported. The absolute risks to the mother
remain small, although risks of miscarriage and aneu-

ploidy are high.

Maternal age (years) Risk of chromosomal Risk of Down's

abnormality syndrome
15-24 1in 500 1in 1500
25-29 1in 385 1in 1100
35 1in 178 1in 350
40 11in 63 1in 100
45 1in 18 1in 25

technologies (ART) (see Chapter 46) such as in vitro ferti-
lisation in order to conceive. The risks of ART include an
increased incidence of ovarian hyperstimulation syn-
drome and multiple pregnancies, which further com-
pounds all maternal age-related risks.

The risk of pre-existing hypertension, obesity, diabetes,
ischaemic heart disease and cancer all increase with age
and are twofold to fivefold greater in women over the age
of 40 compared with women in their twenties [13]. These
risks need to be put into context, as the absolute inci-
dences of these diseases are low. Table 4.5 shows how the
risks of pre-eclampsia and gestational diabetes increase
with maternal age. Maternal death in women over 40
years of age, although rare, is triple that of women in their
early twenties [2].

Chromosomal abnormalities increase dramatically
with increasing maternal age (Table 4.6). Women should

() Summary box 4.4
”

Delaying childbirth is associated with worsening reproductive
outcomes, with more infertility, miscarriage, chromosomal
abnormalities and medical comorbidity and an increase in
maternal and fetal morbidity and mortality.

Genetic counselling

Couples who have had a previous child with a chromo-
somal abnormality, an inherited disease such as cystic
fibrosis and Fanconi’s anaemia, or with a family history
of a genetic disorder should be referred for genetic coun-
selling so that they can be informed of the risks of recur-
rence and whether prenatal diagnosis is available for
detection of the disorder. In some cases pre-implantation
genetic diagnosis is available (see Chapter 46).

Conditions where pregnancy is
not recommended

There are some conditions where pregnancy is not recom-
mended due to the high risks of maternal and fetal mor-
bidity and mortality.

¢ Pulmonary arterial hypertension (mortality up to 40%).
¢ Severe systemic ventricular dysfunction.
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® Previous peripartum cardiomyopathy with any resid-
ual impairment of left ventricular function.

e Severe left heart obstruction, e.g. aortic/mitral stenosis
with valve area <1cm?.

e Marfan syndrome with aortic dilatation >4 cm.

¢ Diabetes with HbA ;. >10%.

e Severe respiratory compromise, e.g. forced vital capac-
ity <1L.

e Breast cancer within last 2 years.

e Severe renal failure (creatinine >250mmol/L).

e Recurrent uterine scar rupture.

The most effective contraceptive should be used in
these circumstances. Other methods of having a family
including surrogacy and adoption should be discussed if
pregnancy is not recommended. If maternal life expect-
ancy is limited, discussion on the appropriateness of
having a baby (by pregnancy, surrogacy or adoption) as
well as issues of childcare in the event of maternal mortal-
ity or severe morbidity should be discussed.

i\? Summary box 4.5

If pregnancy is not recommended due to severe maternal or
fetal risks:

e Use the most effective contraceptive.

e Discuss surrogacy and adoption if maternal life expectancy

is not severely limited.

Specific medical diseases

Pre-eclampsia

Women with alow dietary intake of calcium given calcium
supplements at a dose of at least 1g before and during
pregnancy can halve their risk of developing pre-
eclampsia [9]. Women who have had pre-eclampsia in a
previous pregnancy have a 10% chance of recurrence. The
recurrence is higher if the onset was early (<34 weeks’
gestation), and in this group administration of low-dose
aspirin from early pregnancy is associated with reduced
risks of developing pre-eclampsia [16]. Women should be
advised to start aspirin as soon as their pregnancy test is
positive. They should not take it before conception as this
may increase their risk of luteinized unruptured follicle
syndrome, which can lead to female subfertility.

Hypertension

Women with pre-existing hypertension should have had
secondary causes excluded and an assessment made of
end-organ damage in those with long-standing hyperten-
sion. Their current drug treatment and blood pressure
control needs to be reviewed, with replacement of tera-
togenic drugs (e.g. ACE inhibitors, angiotensin receptor
blockers) with safer agents [17].

Diabetes

Many international guidelines exist on pre-conception
care of women with diabetes, the latest being from
NICE [18] and the American Diabetes Association [19].
Pre-pregnancy control of diabetes directly influences mis-
carriage and congenital malformation rates. NICE recom-
mends weight reduction for women with a BMI over
27kg/ m?, monitoring metabolic control and achieving an
HbA, target of less than 6.1% before conception to help
reduce these risks. The woman and her partner should be
taught about awareness and management of hypoglycae-
mia. Pregnancy is not recommended in women with HbA,,
over 10% and adequate contraception should be provided
until target glucose and HbA, levels are achieved. Women
should take a higher dose of folic acid around conception
as diabetes is associated with an increased incidence of
NTDs. Pre-existing retinopathy can progress rapidly in
pregnancy and should be treated before pregnancy [18].

Renal impairment

Women with renal disease should be advised to conceive
when their degree of renal impairment is mild to moder-
ate. Delaying pregnancy may result in further loss of renal
function. A pregnancy in these circumstances not only
increases the risk of pre-eclampsia, fetal growth restric-
tion and preterm delivery, but also the chances of accel-
erating the onset of end-stage renal failure.

Cardiac disease

Women with cardiac disease should have a risk assess-
ment, with full history, examination and investigations as
appropriate (e.g. ECG, echocardiogram, MRI). The effects
of the cardiac disease on pregnancy and the effects of the
pregnancy on the cardiac disease should be assessed, par-
ticularly the risk of deterioration, effect of treatment or
intervention in pregnancy in event of deterioration, and
fetal and maternal mortality risk. Some cardiac conditions
may require surgical correction prior to pregnancy, for
example severe mitral stenosis requiring valvuloplasty or
valve replacement. Other conditions may require plan-
ning of alteration of anticoagulation in early pregnancy
(e.g. metal heart valves). Some conditions have such a
high maternal mortality associated with them that preg-
nancy is not recommended (e.g. pulmonary arterial
hypertension). A decision should be reached whether
pregnancy should be contemplated, delayed or avoided,
with adequate contraceptive advice [20].

The long-term prognosis following pregnancy is impor-
tant. Despite one successful pregnancy, some conditions
have a high recurrence risk (e.g. peripartum cardiomy-
opathy) and others can deteriorate with age, increasing
the risk to future pregnancies. Referral should be made
to a geneticist where there is a family history of heart
disease with features suggesting an underlying genetic or
chromosomal abnormality.
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Pre-existing

e Fully assess, and optimize medical and surgical treatment
before conception.

e Discuss impact of disease and medications on the
pregnancy, fetus and the mother.

e Conceive when disease quiescent or well controlled.

Previous pregnancy-related disease
e Discuss recurrence risks and strategies for prevention of
recurrence.

Previous poor obstetric history

Women who have had a previous traumatic delivery or
adverse pregnancy outcome may benefit from a discus-
sion with an obstetrician prior to conception. They should
all have had a debrief following the delivery, but may
have unresolved issues or uncertainties regarding the
risks of another pregnancy. This visit would allow plans
for frequency of antenatal care, requirements for fetal sur-
veillance and delivery plans to be discussed, allowing
couples to make an informed decision prior to contem-
plating further pregnancy.
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The care of pregnant women presents a unique challenge
to modern medicine. Most women will progress through
pregnancy in an uncomplicated fashion and deliver a
healthy infant requiring little medical or midwifery inter-
vention. Unfortunately, a significant number will have
medical problems that will complicate their pregnancy or
develop such serious conditions that the lives of both
themselves and their unborn child will be threatened. In
1928, a pregnant woman faced a 1 in 290 chance of dying
from an obstetric complication related to the pregnancy;
the most recent Confidential Enquiry into Maternal and
Child Health put this figure at 1in 21416 [1]. Undoubtedly,
good antenatal care has made a significant contribution
to this reduction. The current challenge of antenatal care
is to identify those women who will require specialist
support and help while allowing uncomplicated preg-
nancies to progress with minimal interference. The ante-
natal period also allows the opportunity for women,
especially those in their first pregnancy, to receive infor-
mation from a variety of healthcare professionals regard-
ing pregnancy, childbirth and parenthood.

Aims of antenatal care
Antenatal education

Provision of information

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

list of useful organizations. Many leaflets have been pro-
duced by the Midwives Information and Resource Service
(MIDIRS) that help women to make informed objective
decisions during pregnancy. The Royal College of
Obstetricians and Gynaecologists has also produced
many pregnancy-related patient information leaflets,
most of them accompanying the relevant ‘Green-top
Guidelines’ for clinicians. Written information is particu-
larly important to help women understand the purpose
of screening tests and the options that are available and
to advise on lifestyle considerations including dietary rec-
ommendations. Available information needs to be pro-
vided at first contact and must take into account cultural
and language barriers. Local services should endeavour
to provide information that is understandable to those
whose first language is not English and to those with
physical, cognitive and sensory disabilities. Translators
will be frequently required in clinics with an ethnic mix.

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

Lifestyle concerns

At an early stage in the pregnancy women require life-
style advice, including information on diet and food,
work during pregnancy and social aspects, for example
smoking, alcohol, exercise and sexual activity.

Women should be advised of the benefits of eating a
balanced diet that contains plenty of fruit and vegetables,
starchy foods such as pasta, bread, rice and potatoes,
protein, fibre and dairy foods. They should be informed
of foods that could put their fetus at risk. Listeriosis is
caused by the bacterium Listeria monocytogenes which can
present with a mild flu-like illness but is associated with
miscarriage, stillbirth and severe illness in the newborn.
Contaminated food is the usual source including
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unpasteurized milk, ripened soft cheeses and paté.
Toxoplasmosis contracted through contact with infected
cat litter or undercooked meat can lead to permanent
neurological and visual problems in the newborn if the
mother contracts the infection during pregnancy.
(Salmonella food poisoning has not been shown to have
adverse fetal effects.) To reduce the risk, pregnant women
should be advised to thoroughly wash all fruits and veg-
etables before eating and to cook all meats thoroughly,
including ready-prepared chilled meats. Written informa-
tion from the UK Food Standards Agency (Eating While
you are Pregnant) can also be helpful. For example, the
Food Standards Agency advises women to reduce the
consumption of caffeine to 200mg/day (equivalent to
two mugs of instant coffee), because of its association
with low birthweight and miscarriage.

Women who have not had a baby with spina bifida
should be advised to take folic acid 400 pug/day from pre-
conception until 12 weeks of gestation to reduce the
chance of fetal neural tube defects (NTDs). However,
research has failed to show the efficacy of this strategy in
analysing the population incidence of NTDs. This may be
due to inadequate pre-conceptual intake of folate and /or
poor compliance. Suggestions of adding folate to certain
foods (e.g. flour) to ensure population compliance remain
debatable. Current evidence does not support routine
iron supplementation for all pregnant women and can be
associated with some unpleasant side effects such as con-
stipation. However, any woman who is iron deficient
must be encouraged to take iron therapy prior to the onset
of labour as any excess blood loss at delivery will increase
maternal morbidity. The intake of vitamin A (liver and
liver products) should be limited in pregnancy to approx-
imately 700mg/day because of fetal teratogenicity.

Because alcohol passes freely across the placenta,
women should be advised not to drink excessively during
pregnancy. The current UK advice for pregnant women
is to avoid alcohol consumption in the first 3 months of
pregnancy and, if they choose to drink alcohol, to limit
their consumption to one to two units once or twice per
week. Binge drinking and continuous heavy drinking
causes the fetal alcohol syndrome, characterized by low
birthweight, a specific facies, and intellectual and behav-
ioural difficulties later in life.

Approximately 27% of women are smokers at the time
of birth of their baby. Smoking is significantly associated
with a number of adverse outcomes in pregnancy, includ-
ing an increased risk of perinatal mortality, placental
abruption, preterm delivery, preterm premature rupture
of the membranes, placenta praevia and low birthweight.
While there is evidence to suggest that smoking may
decrease the incidence of pre-eclampsia, this must be bal-
anced against the far greater number of negative associa-
tions. Although there is mixed evidence for the
effectiveness of smoking cessation programmes, women
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should be encouraged to use local NHS Stop Smoking
services and the NHS pregnancy smoking helpline [3].
Pregnant women who are unable to stop smoking should
be informed of the benefits of reducing the number of
cigarettes they smoke. A 50% reduction can significantly
reduce the fetal nicotine concentration and is associated
with an increase in the birthweight.

Women who use recreational drugs must be advised to
stop or be directed to rehabilitation programmes. Evidence
shows adverse effects on the fetus and its subsequent
development.

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

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

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

Common symptoms in pregnancy

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

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

Nausea and vomiting in pregnancy is one of the com-
monest early symptoms. While it is thought that this may
be caused by rising levels of human chorionic gonado-
trophin (hCG), the evidence for this is conflicting.
Hyperemesis gravidarum, where fluid and electrolyte
imbalance and nutritional deficiency occur, is far less
common, complicating approximately 3.5 per 1000
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pregnancies. Nausea and vomiting in pregnancy varies in
severity but usually presents within 8 weeks of the last
menstrual period. Cessation of symptoms is reported by
most by about 16 weeks. Various non-medical treatments
have been advocated including ginger, vitamins B, and
By, and P6 acupressure. There is evidence for the effec-
tiveness of each of these but concerns about the safety of
vitamin By (pyridoxine) remains and there are limited
data on the safety of vitamin B;, (cyanocobalamin).
Antihistamines (prochlorperazine, promethazine) and
metoclopramide appear to be the pharmacological agents
of choice, as they reduce nausea and are safe in relation
to teratogenicity, although they are associated with drow-
siness [4].

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

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

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

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

The nature of physiological vaginal discharge changes
in pregnancy. However, if it becomes itchy, malodorous
or is associated with pain on micturition, it may be
due to an underlying infection such as trichomoniasis,

bacterial vaginosis or candidiasis. Appropriate investiga-
tions and treatment should be instigated.

Backache is another potentially debilitating symptom,
with an estimated prevalence of up to 61% in pregnancy.
There is limited research on effective interventions for
backache, but massage therapy, exercise in water and
back care classes may be helpful in symptom relief.

Screening for maternal complications

Anaemia

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

Blood groups

Identifying the maternal blood group and screening for
the presence of atypical antibodies is important in the
prevention of haemolytic disease, particularly from
rhesus alloimmunization. Routine antibody screening
should take place at booking in all women and again at
28 weeks’ gestation irrespective of their rhesus D (RhD)
status. Detection of atypical antibodies should prompt
referral to a specialist fetal medicine unit. In the UK, 15%
of women are RhD negative and should be offered anti-D
prophylaxis after potentially sensitizing events (e.g.
amniocentesis or antepartum haemorrhage) and rou-
tinely at either 28 and 34 weeks’ gestation or once at 32
weeks depending on the dosage of anti-D immunoglobu-
lin used [3]. In the future, all RhD-negative women may
have routine diagnosis of fetal RhD status by analysing
free fetal DNA in the maternal plasma. This will allow
targeted anti-D administration to women with RhD-
positive fetuses, which will result in cost savings and
allow many women to avoid an unnecessary blood
product. A feasibility study has already been performed
[5] and another UK study is currently ongoing.



Haemoglobinopathies

Screening for sickle cell disease and thalassaemias is
important and each country will have a different screen-
ing strategy depending on the prevalence of these condi-
tions. In the UK, this screening should be offered to all
women as early as possible in pregnancy. If the regional
sickle cell disease prevalence is high, laboratory screening
should be offered. If the regional sickle cell disease preva-
lence is low, the initial screening should be based on the
Family Origin Questionnaire.

Infection

Maternal blood should be taken early in pregnancy and
with consent screened for hepatitis B, HIV, rubella and
syphilis. Identification of women who are hepatitis B car-
riers can lead to a 95% reduction in mother-to-infant
transmission following appropriate postnatal administra-
tion of vaccine and immunoglobulin to the baby. Women
who are HIV positive can be offered treatment with
antiretroviral drugs which, when combined with delivery
by Caesarean section and avoidance of breast-feeding,
can reduce the maternal transmission rates from approxi-
mately 25% to 1% [6]. Such women need to be managed
by appropriate specialist teams. Rubella screening aims
to detect those women who are susceptible to the virus,
allowing postnatal vaccination to protect future pregnan-
cies. All women who are rubella non-immune must be
counselled to avoid contact with any infected person and
if inadvertently they do, they must report the event to
their midwife or doctor. Serial antibody levels will deter-
mine whether infection has occurred. Vaccination during
pregnancy is contraindicated because the vaccine may be
teratogenic. Although the incidence of infectious syphilis
is low, there have been a number of recent outbreaks in
England and Wales. Untreated syphilis is associated with
congenital syphilis, neonatal death, stillbirth and preterm
delivery. Following positive screening for syphilis, testing
of a second specimen is required for confirmation.
Interpretation of results can be difficult and referral to
specialist genitourinary medicine clinics is recommended.
Current evidence does not support routine screening for
cytomegalovirus, hepatitis C, toxoplasmosis or group B
Streptococcus.

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

Hypertensive disease

Chronic hypertension pre-dates pregnancy or appears in
the first 20 weeks, whereas pregnancy-induced hyperten-
sion develops in the pregnancy, resolves after delivery
and is not associated with proteinuria. Pre-eclampsia is
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defined as hypertension that is associated with protein-
uria occurring after 20 weeks and resolving after birth.
Pre-eclampsia occurs in 2-10% of pregnancies and is asso-
ciated with both maternal and neonatal morbidity and
mortality [7]. Risk factors include nulliparity, age 40 years
and above, family history of pre-eclampsia, history of
pre-eclampsia in a prior pregnancy, body mass index
(BMI) greater than 35, multiple pregnancy and pre-
existing diabetes or hypertension. Hypertension is often
an early sign that pre-dates the development of serious
maternal and fetal disease and should be assessed regu-
larly in pregnancy. There is little evidence as to how fre-
quently blood pressure should be checked and so it is
important to identify risk factors for pre-eclampsia early
in pregnancy. In the absence of these, blood pressure and
urine analysis for protein should be measured at each
routine antenatal visit and mothers should be warned of
the advanced symptoms of pre-eclampsia (frontal head-
ache, epigastric pain, vomiting and visual disturbances).
However, when risk factors are present, more frequent
blood pressure measurements and urine analyses should
be considered.

Gestational diabetes

Currently there is little agreement as to the definition of
gestational diabetes, whether we should routinely screen
for it and how to diagnose and manage it. However, there
has been increasing evidence that ‘treating” gestational
diabetes is more beneficial than expectant management
[8]. Consequently, the National Institute for Health and
Clinical Excellence (NICE) recently recommended screen-
ing for gestational diabetes using risk factors in a healthy
population [3]. Women with risk factors should be tested
for gestational diabetes using the 2-hour 75-g oral glucose
tolerance test.

Psychiatric illness

The importance of psychiatric conditions related to preg-
nancy was highlighted in the 2000-2002 Confidential
Enquiry into Maternal and Child Health [9]. A significant
number of maternal deaths due to or associated with
psychiatric causes were also reported in the most recent
enquiry [1]. At booking, women should be asked about
history of significant mental illness or previous psychiat-
ric treatment. Family history of perinatal mental illness is
also important. If mental illness is suspected, further
referral for assessment should be made. Good communi-
cation, particularly with primary care, is paramount.

Placenta praevia

In approximately 1.5% of women the placenta will cover
the os on the 20-week scan, but by delivery only 0.14%
will have placenta praevia. Only those women whose
placenta covers the os in the second trimester should be
offered another scan at 32 weeks to check the placental
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position. If this is not clear on transabdominal scan, a
transvaginal scan should be performed. There is no evi-
dence for the effectiveness of a routine screening pro-
gramme for vasa praevia at 20 weeks. However, the
Society of Obstetricians and Gynaecologists of Canada
advises that transvaginal ultrasound may be considered
for all women at high risk for vasa praevia (e.g. low or
velamentous cord insertion) [10].

Screening for fetal complications

Confirmation of fetal viability

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

Screening for Down’s syndrome

Current recommendations from NICE advocate that all
women in the UK are offered the combined screening test
for Down’s syndrome between 11 and 14 weeks’ gesta-
tion. Those that book later should be offered serum screen-
ing between 15 and 20 weeks’ gestation. The National
Screening Committee further refined these guidelines in
2010, stating that the detection rate should be 90% for a
screen positive rate of 2%. Because screening for Down'’s
syndrome is a complex issue, healthcare professionals
must have a clear understanding of the options available
to their patients. Unbiased, evidence-based information
must be given to the woman at the beginning of the preg-
nancy so that she has time to consider whether to opt for
screening and the opportunity to clarify any areas of con-
fusion before the deadline for the test passes. Recognizing
the importance of this, NICE currently recommends that
the first two antenatal appointments take place before 12
weeks’ gestation to allow the woman adequate time to
make an informed decision about whether to have screen-
ing. Following a ‘screen positive’ result the woman needs
careful counselling to explain that the test result does not
mean the fetus has Down’s syndrome and to explain the
options for further testing by either chorion villus sam-
pling or amniocentesis. A positive screen test does not
mean further testing is mandatory. Likewise, a woman

with a ‘screen negative’ result must understand that the
fetus may still have Down’s syndrome (see ‘Fetal medi-
cine in clinical practice’).

Screening for structural abnormalities

The identification of fetal structural abnormalities allows
the opportunity for in utero therapy, planning for delivery,
for example when the fetus has major congenital heart
disease, parental preparation and the option of termina-
tion of pregnancy should a severe problem be diagnosed.
Major structural anomalies are present in about 3% of
fetuses screened at 20 weeks’ gestation. Detection rates
vary depending on the system examined, skill of the
operator, time allowed for the scan and quality of the
ultrasound equipment. Follow-up data are important for
auditing the quality of the service. Women must appreci-
ate the limitations of such scans. Local detection rates of
various anomalies such as spina bifida, heart disease,
facial clefting and the like should be made available.
Written information should be given to women early in
pregnancy explaining the nature and purpose of such
scans, highlighting conditions that are not detected such
as cerebral palsy and many genetic conditions. It is impor-
tant to appreciate that the fetal anomaly scan is a screen-
ing test which women should opt for rather than have as
a routine part of antenatal care without appropriate coun-
selling (see ‘Fetal medicine in clinical practice’). In 2010
the NHS Fetal Anomaly Screening Programme published
a document for national standards and guidance for the
mid-trimester fetal anomaly scan [11]. These standards set
out the basis for the ultrasound screening service in
England, describing what can and, importantly, what
cannot be achieved.

Screening for fetal well-being

Each antenatal clinic attendance allows the opportunity
to screen for fetal well-being. Auscultation for the fetal
heart will confirm that the fetus is alive and can usually
be detected from about 14 weeks of gestation. While
hearing the fetal heart may be reassuring, there is no
evidence of a clinical or predictive value. Likewise there
is no evidence to support the use of routine cardiotoco-
graphy in uncomplicated pregnancies. Physical examina-
tion of the abdomen by inspection and palpation will
identify approximately 30% of small-for-gestational age
fetuses [12]. Measurement of the symphysis—fundal
height in centimetres starting at the uterine fundus
and ending on the fixed point of the symphysis pubis
has a sensitivity and specificity of approximately 27 and
88%, respectively, although serial measurements may
improve accuracy. While evidence for the benefits of plot-
ting serial symphysis—fundal height measurements is
limited, it is recommended that women are offered esti-
mation of fetal size at each antenatal visit; when there is



concern, they should be referred for formal ultrasound
assessment. Ultrasound assessment of fetal growth for a
suspected large fetus is not recommended in a low-risk
pregnancy.

Customized growth charts make adjustments for
maternal height, weight, ethnicity and parity. However,
there is no good-quality evidence that their use improves
perinatal outcomes [3].

Traditionally, women have been advised to note the
frequency of fetal movements in the third trimester.
Although the evidence does not support formal counting
of fetal movements to reduce the incidence of late fetal
death, women who notice a reduction of fetal movements
should contact their local hospital for further advice.

Organization of antenatal care

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

Who should provide the antenatal care?

A meta-analysis comparing pregnancy outcome in two
groups of low-risk women, one with community-led
antenatal care (midwife and general practitioner) and the
other with hospital-led care did not show any differences
in terms of preterm birth, Caesarean section, anaemia,
antepartum haemorrhage, urinary tract infections and
perinatal mortality. The first group had a lower rate of
pregnancy-induced hypertension and pre-eclampsia,
which could reflect a lower incidence or lower detection
[13]. However, clear referral pathways need to be devel-
oped that allow appropriate referral to specialists when
either fetal or maternal problems are detected.

There is little evidence regarding women'’s views on
who should provide antenatal care. Unfortunately, care is
usually provided by a number of different professionals
often in different settings. Studies evaluating the impact
of continuity of care do not generally separate the ante-
natal period from labour. The studies consistently show
that with fewer caregivers women are better informed
and prepared for labour, attend more antenatal classes,
have fewer antenatal admissions to hospital and have
higher satisfaction rates. Differences in clinical end-points
such as Caesarean section rates, postpartum haemor-
rhage, admission to the neonatal unit and perinatal mor-
tality are generally insignificant [3]. While it would
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appear advantageous for women to be seen by the same
midwife throughout pregnancy and childbirth, there are
practical and economic considerations that need to be
taken into account. Nevertheless, where possible, care
should be provided by a small group of professionals.

Documentation of antenatal care

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

Frequency and timing of antenatal visits
There has been little change in how frequently women are
seen in pregnancy for the last 50 years. In 2003, NICE
produced a clinical guideline entitled Antenatal Care:
Routine Care for the Healthy Pregnant Woman, which was
updated and revised in 2008 [3]. This document recog-
nized the large amount of information that needs to be
discussed at the beginning of pregnancy, particularly
with regard to screening tests. The first appointment
needs to be early in pregnancy, certainly before 12
weeks if possible. This initial appointment should be
regarded as an opportunity for imparting general infor-
mation about the pregnancy such as diet, smoking and
folic acid supplementation. A crucial aim is to identify
those women who will require additional care during the
pregnancy (Table 5.1). A urine test should be sent for
bacteriological screen and a dating ultrasound scan
arranged. Sufficient time should be set aside for an impar-
tial discussion of the screening tests available including
those for anaemia, red-cell antibodies, syphilis, HIV, hep-
atitis and rubella. Because of the complexity of Down’s
syndrome, this too should be discussed in detail and sup-
plemented with written information. Ideally another
follow-up appointment should be arranged before the
screening tests need to be performed to allow further
questions and to arrange a time for the tests following
maternal consent.
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Table 5.1 Factors indicating the need for additional specialist
care in pregnancy.

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

Factors that make the woman vulnerable (e.g. those who lack social
support)

Age 40 years and older or 18 years and younger

BMI =35 or <18

Previous Caesarean section

Severe pre-eclampsia or eclampsia

Previous pre-eclampsia or eclampsia

Three or more miscarriages

Previous preterm birth or mid-trimester loss

Previous psychiatric illness or puerperal psychosis

Previous neonatal death or stillbirth

Previous baby with congenital anomaly

Previous small-for-gestational or large-for-gestational age baby

Family history of genetic disorder

Source: With kind permission of the National Collaborating Centre
for Women'’s and Children’s Health.

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

At each visit the symphysis—fundal height is plotted,
the blood pressure measured and the urine tested for
protein. At 28 weeks’ gestation, blood should be taken for
haemoglobin estimation and atypical red-cell antibodies.
Anti-D prophylaxis should be offered to women who are
rhesus negative. A follow-up appointment at 34 weeks
will allow the opportunity to discuss these results. A
second dose of anti-D should be offered at 34 weeks.
At 36 weeks, the position of the baby needs to be
checked and if there is uncertainty, an ultrasound scan
arranged to exclude breech presentation. If a breech
is confirmed, external cephalic version should be
considered. For women who have not given birth by 41
weeks, both a membrane sweep and induction of labour
should be discussed and offered. Additional appoint-
ments at 25, 31 and 40 weeks are proposed for nulliparous
women.

In summary, a total of 10 appointments is recom-
mended for nulliparous women and seven appointments
for multiparous women, assuming they have uncompli-
cated pregnancies.

f) Summary box 5.1

L

e The administration of folic acid 400 ug/day is
recommended to reduce the incidence of NTDs.

e \Women should be informed of the harmful effects of

smoking in pregnancy.

Nulliparous women require more antenatal appointments.

e \Women with risk factors should be referred to specialist
obstetric care.

e At booking, women should be asked about history of
significant mental illness, previous psychiatric treatment or
family history of perinatal mental illness.

e Dating scan should be performed between 10 and 13
weeks' gestation by measuring the crown-rump length.

e All women in the UK should be offered the combined

screening test for Down’s syndrome between 11 and 14

weeks' gestation.

Antihistamines (prochlorperazine, promethazine) and

metoclopramide appear to be the pharmacological agents

of choice for nausea and vomiting in pregnancy.

It is recommended that women are offered estimation of

fetal size by symphysis—fundal height measurement at

each antenatal visit; when there is suspicion of a small
fetus, they are referred for formal ultrasound assessment.
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Chapter 6

Spontaneous Miscarriage
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Spontaneous miscarriage is an unfortunate outcome of
early pregnancy. Despite its frequency, however, there is
still scope for improvement in patient care as it remains
responsible for considerable emotional and psychological
trauma in patients. Recognizing and addressing this issue
allows doctors to improve patient care. Part of this effort
has involved the development of early pregnancy units
providing dedicated care for these women. These units
also improve clinical care from a diagnostic and manage-
ment standpoint. In the UK, early pregnancy complica-
tions rarely result in maternal death. The most recent
triennial report (2005-2007) reported one maternal death
from spontaneous miscarriage although there were 18
direct deaths from maternal sepsis including deaths in
early pregnancy [1].

With the advent of commercially available, sensitive
and affordable pregnancy tests, women present at increas-
ingly earlier points in pregnancy looking for reassurance
and confirmation of viability. It is important that while
their anxiety is recognized, we proceed along safe and
familiar diagnostic pathways to avoid misdiagnosis. It is
also important to recognize that pregnancy is a dynamic
process and that a diagnosis of viability early in the first
trimester does not necessarily signify that the pregnancy
will continue, although if a fetal heart pulsation is detected
at 6 weeks’ gestation there is a 90% chance that the preg-
nancy will continue beyond the first trimester [2].

The rate of miscarriage varies depending on the gesta-
tion of pregnancy and maternal age. Up to 50% of early
pregnancies will fail within 4 weeks from last menstrual
period (LMP), so-called biochemical pregnancies. By 6
weeks’ gestation, the rate is one in five pregnancies and
by the second trimester the rate has fallen to 1 in 40 [3]
(Fig. 6.1).

Definition

Spontaneous miscarriage is defined as the spontaneous
loss of a pregnancy prior to viability, taken legally in the

UK as a gestation date of 23 weeks 6 days. Beyond this,
fetal demise is classified as stillbirth. First-trimester mis-
carriage occurs below 12 weeks’ gestation and accounts
for the majority. The overall rate is 20%. Second-trimester
miscarriages are less common, accounting for 1-4% of all
miscarriages [5]. While some second-trimester miscar-
riages can be explained as first-trimester losses where the
diagnosis is made in the second trimester, nevertheless it
seems likely that the causes are different.

The recent Royal College of Obstetricians and
Gynaecologists (RCOG) guidelines of October 2006 have
helped clarify the different definitions and terminology
and how they have changed with a move away from the
word ‘abortion’, which is firmly associated with thera-
peutic abortion among the general public (Table 6.1). The
importance of accurately defining the different types
of miscarriage is that it provides the bedrock upon
which comparative research can be built, to better under-
stand the relative benefits and outcomes of treatment
options.

Terminology

The definitions in Table 6.2 can be seen to be a mixture of
clinical and ultrasound-based diagnosis and are often
suggested prospectively and confirmed retrospectively.
Care must be taken when relying solely on a clinical diag-
nosis because this is often refuted by ultrasound. For
example, in cases where the clinical picture suggests com-
plete miscarriage, there will be ultrasound evidence of
retained products in 45% of patients [6] though the clini-
cal significance remains uncertain.

Aectiology
Although the causes of miscarriage in first and second

trimester appear different, there is inevitably some
overlap, in addition to the occasional situation where

Dewhurst’s Textbook of Obstetrics & Gynaecology, Eighth Edition. Edited by D. Keith Edmonds.
© 2012 John Wiley and Sons, Ltd. Published 2012 by John Wiley and Sons, Ltd.
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Fig. 6.1 Estimated rates of fetal mortality by weeks of
gestation [4].

Table 6.1 Recommended terms for use in miscarriage.

Previous term Recommended term

Spontaneous abortion

Threatened abortion

Inevitable abortion

Incomplete abortion

Complete abortion

Missed abortion/anembryonic
pregnancy

Blighted ovum

Septic abortion

Recurrent abortion

Miscarriage

Threatened miscarriage

Inevitable miscarriage

Incomplete miscarriage

Complete miscarriage

Missed miscarriage/early fetal
demise

Delayed/silent miscarriage

Miscarriage with sepsis

Recurrent miscarriage

diagnosis of a first-trimester miscarriage is delayed until
the second trimester.

First-trimester miscarriage

Evidence suggests that a significant proportion of miscar-
riages result from chromosomal abnormalities. It is likely
that abnormal implantation has a role to play in some
cases and this is an area of current research. The fre-
quency of chromosomally abnormal tissue among
first-trimester miscarriages is 50-70% [7]. The follow-
ing chromosomal abnormalities are associated with
miscarriage.

¢ Trisomies: 68%, mainly trisomy 16, 21 and 22.

e Triploidy: 17.1%.

¢ Monosomy: 9.8% (XO, Turner’s syndrome).

Other implicated causes of first-trimester miscarriage
include the following:

* Maternal disease: antiphospholipid syndrome, diabe-
tes, thyroid disease.

Table 6.2 Definitions of terms in common usage.

Term Definition
Threatened Vaginal bleeding in the presence of a viable
miscarriage pregnancy
Inevitable Vaginal bleeding in the presence of an open
miscarriage cervical os and pregnancy-associated tissue
still present*
Incomplete Vaginal bleeding that is ongoing where
miscarriage pregnancy tissue has already been passed
but ultrasound suggests the presence of
further products within the uterine cavity
Complete Clinical definition: cessation of bleeding and a
miscarriage closed cervix following miscarriage

Ultrasound definition: an empty uterus with a
falling hCG where an intrauterine pregnancy
was previously confirmed

Missed Miscarriage occurring in the absence of
miscarriage/early symptoms or minimal symptoms, where the

fetal demise pregnancy is still visible within the uterus
Recurrent Three or more consecutive early pregnancy
miscarriage losses
Biochemical Pregnancy not located on scan where there is/

pregnancy loss has been a positive pregnancy test which

then becomes negative

Empty sac Sac with absent or minimal structures

Pregnancy of Positive pregnancy test where the location of
unknown the pregnancy is not identifiable
location

Pregnancy of The presence of intrauterine structures,
unknown confirming the location of the pregnancy,
viability but no fetal heart beat to confirm its

viability t

* Extreme caution needs to be taken before making this diagnosis as
it can be easy to mistake a parous os (external os open as a result
of previous vaginal delivery) and the open cervix of inevitable
miscarriage. It is a term probably best avoided.

TThe RCOG Green-top Guideline No. 25 (October 2006) indicates a
diagnosis of pregnancy of unknown viability in the presence of a
gestation sac <20mm in diameter with no obvious gestation sac or
yolk sac or a fetal crown-rump length of <6 mm with no obvious
fetal heart beat. This suggests that if the gestation sac is >20mm or
fetal pole >6-10mm, then the diagnosis of miscarriage can be made
but the data supporting this involve relatively small numbers of
cases suggesting the need for caution and in general makes it
advisable to rescan 7-10 days later to confirm the findings.

¢ Drugs: methotrexate, some antiepileptic drugs.

e Uterine abnormalities: the role of fibroids is uncertain
but they may be implicated [5].

e Infection: varicella, rubella and other viral illnesses.

Second-trimester miscarriage
e Cervix: cervical injury from surgery, cone biopsy and
large loop excision of the transformation zone [8].



¢ Infection: may occur with or without ruptured mem-
branes. May be local to the genital tract or systemic.

e Thrombophilias.

e Uterine abnormalities: submucous fibroids and con-
genital distortion of the cavity (uterine septae) may be
implicated.

¢ Chromosomal abnormalities: these too may not become
apparent until the second trimester.

Diagnosis

:v Summary box 6.1

v

It is important to recognize that pregnancy is a dynamic
process and although at any point viability of a pregnancy
can be confirmed, it does not necessarily imply that the

pregnancy will continue.

Diagnosis is based on appropriate history-taking, exami-
nation and suitably directed diagnostic tests.

History-taking

* LMP: remember to confirm length of cycle, regularity,
and use of contraception around time of conception, any
of which can alter the presumed timing of ovulation
(assumed as 15 days after LMP for the purpose of calcu-
lating gestation) and hence result in over- or under-
estimation of gestational age.

e Symptoms: pain and/or bleeding. It used to be taught
that the presentation of one before the other helped dif-
ferentiate between ectopic and intrauterine pregnancy
but it is clear that this is not the case. The location and
nature of the pain is also a poor prognostic indicator.
Urinary frequency or diarrhoea can be subtle signs of
peritoneal irritation due to intraperitoneal bleeding, asso-
ciated with ectopic pregnancy.

¢ Past obstetric and gynaecological history may provide
evidence of risk factors for other non-pregnancy-related
causes of bleeding or indicate risk factors for ectopic preg-
nancy, such as sexually transmitted infection or pelvic
inflammatory disease. It is important to ascertain the last
smear date and any history of cervical abnormality/
colposcopic treatment.

¢ Past medical history: poorly controlled diabetes melli-
tus is known to be associated with miscarriage and other
chronic illnesses may also be implicated, although these
tend to be associated with reduced fertility (capacity to
conceive) rather than fecundity (capacity to maintain a
pregnancy).

® Medication: prescribed, non-prescribed and recrea-
tional.
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Examination

General examination

A general examination to assess the immediate well-being
of the patient is mandatory. Young women can mask blood
loss and significant decompensation is a late sign; there-
fore attention should be given to the subtle sign of blood
loss in addition to pulse and blood pressure, respiratory
rate, pallor, reduced consciousness, and capillary return.
Peritoneal distension may also result in bradycardia.

Abdominal palpation

® Determine the fundal height: the uterus generally
becomes palpable above the pelvic brim at 12 weeks’
gestation, although this will be affected by multiple preg-
nancy and the presence of uterine fibroids.

¢ Examine for evidence of other pelvic masses, which
may explain the presence of pain (e.g. ovarian torsion,
degenerating fibroids).

* Look for evidence of intra-abdominal bleeding or gen-
eralized tender distension of the abdomen.

¢ Confirm location of pain.

Vaginal examination

Vaginal examination will reveal whether the cervix is
open or if products of conception are identifiable at the
cervical os. If so, the relevant tissue should be removed
and sent for histopathological diagnosis, as on rare occa-
sions a decidual cast (in the presence of an ectopic preg-
nancy) can mimic products of conception. Products of
conception cannot be confirmed on macroscopic inspec-
tion unless fetal parts are seen. Where there is a history
of complete miscarriage, 45% of patients will show ultra-
sound evidence of retained products and up to 6% will
have an ectopic pregnancy [9].

Speculum examination of the vagina is also a good
opportunity to inspect the cervix and vagina to exclude
local causes of blood loss in addition to the quantity of loss
at presentation as patient description can be misleading.

Differential diagnosis (Table 6.3)

Hydatidiform mole is a relatively rare but important com-
plication of pregnancy that should be considered in all
cases of miscarriage and, where possible, tissue sent for
histological confirmation of products of conception. It is
clear, however, that in the presence of spontaneous mis-
carriage at home that this is not possible. It is likely that
in these cases, where there is clinically significant molar
change, women will present with ongoing bleeding and
the diagnosis considered at this stage.

Diagnostic tools
Ultrasound

Ultrasound has progressed enormously since its first use
in pregnancy in 1967. It has a pivotal role to play in
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Table 6.3 Differential diagnosis.

Uterine size* Cervix Blood loss Pain

Threatened Equivalentto  Closed  Any Variable
miscarriage dates
Incomplete Smaller than Open Usually Present
miscarriage dates heavy
Complete Smaller than Closed  Previously Previously
miscarriage dates heavy, present,
now now
settling absent
Missed Variable Closed  Variable Variable
miscarriage

*Remember that the presence of fibroids may give a distorted
assessment of uterine size.

diagnosis of miscarriage. However, care must be taken in
diagnosing miscarriage on the basis of ultrasound find-
ings alone because of natural variation in the appearance
of structures and the inevitable uncertainty that sur-
rounds dating. This is particularly relevant in the
current climate of sensitive urinary pregnancy tests where
women are presenting at increasingly early gestations,
requesting reassurance scans; depending on the timing of
presentation, it may be several weeks before a viable
pregnancy can be visualized. Where there is any doubt,
it is mandatory that a repeat scan is undertaken after a
minimum of 7 days to confirm a suspicion of non-viable
pregnancy.

The ultrasound landmarks visible on transvaginal scan
are as follows.
e Week 5: visible gestation sac.
e Week 6: visible yolk sac.
e Week 6: visible embryo.
* Week 7: visible amnion.
Failure to identify these landmarks at the presumed ges-
tational age may not necessarily indicate a miscarriage.
Dating in early pregnancy is taken from the first day of
LMP and conception presumed to have taken place on
day 15. Clearly this leaves a large window for inaccuracy
due to varying cycle lengths, delayed ovulation and inac-
curate recall of menstrual dates.

Serum human chorionic gonadotrophin

There is little evidence to support the role of beta human
chorionic gonadotrophin (B-hCG) in determining viabil-
ity after the visualization of an intrauterine gestation sac
and yolk sac, as considerable variation exists in the
normal increase in B-hCG and occasionally falls are iden-
tified in the presence of subsequently viable pregnancy.
Furthermore, the effect of twin pregnancy on B-hCG rise
is uncertain.

B-hCG does have a role in managing pregnancies of
unknown location as it is reported to rise exponentially
in the early stages of pregnancy, with at least a 66% rise
in 48 hours [10]. However, variation in this increase does
not necessarily exclude viable pregnancy. Furthermore, it
is important to recognize that tests are rarely exactly 48
hours apart due to timing of presentation and this will
determine interpretation as well.

Progesterone
The main role of progesterone lies in the assistance it
provides in determining the likely outcome of pregnancy
of unknown location rather than in diagnosing miscar-
riage, although a progesterone level of less than 20nmol /L
suggests a non-viable pregnancy, a level above 60nmol/L
a live pregnancy (without determining its location) while
values between 20 and 60nmol/L are equivocable [11]. Its
usefulness is further limited by the capacity of many labo-
ratories to provide same day results. Progesterone levels
assist in determining which patients are suitable for
expectant management, in the case of pregnancy of
unknown location and ectopic pregnancy. For example if
an ectopic pregnancy is identified and the progesterone
level is below 20nmol/L, then expectant management is
more likely to be successful than where the progesterone
level is above 60nmol/L. Where the pregnancy is known
to be intrauterine, there is no role for monitoring proges-
terone levels.

Progesterone levels are also not valid where patients
are taking exogenous progesterone as is often the case
with assisted conception/recurrent miscarriage.

:9 Summary box 6.2

e Ultrasound has a role to play, but caution must be
excercised when diagnosing miscarriage on a single scan.

e \Wide variation in normal levels of hCG at any gestation
limits its use for assessment of viability.

e Progesterone levels do not correlate sufficiently well with
viability to be a useful tool in diagnosing miscarriage.

Management

Management options fall into three groups: medical, sur-
gical or expectant. Factors to be taken into account when
discussing these options with patients include the
following.

* Type of miscarriage: expectant management is less
useful for delayed miscarriage and medical management
appears to hold no benefit for the management of incom-
plete miscarriage [12].

® Gestation at which miscarriage is diagnosed: care
needs to be taken where miscarriage is diagnosed at later



gestations (11 weeks and above where there is a missed
miscarriage). These patients are at risk of heavier bleed-
ing compared with earlier gestations and should be
warned of such and possibly encouraged to consider sur-
gical evacuation as the first line of treatment. If their pref-
erence is for medical evacuation, then this is more
appropriately carried out in an inpatient setting.

e Facilities available at individual units: out-of-hours
access to emergency care and advice in case of heavy
bleeding with medical or expectant management. Capacity
of units to offer inpatient medical management.

* Medical history: cardiac disease and sickle cell anaemia
for example. The risks are increased in the presence of
haemorrhage and so generally among these patients sur-
gical evacuation, being associated with less blood loss, is
the most appropriate choice.

e Patient choice.

e Cost.

Expectant management

Historically, women have been offered surgical manage-
ment as the main treatment for miscarriage. However, the
recognition of potentially serious risks associated with
curettage has resulted in a move away from intervention
and a wider choice of options being offered to women.
Up to 85% of miscarriages will resolve spontaneously
within 3 weeks of the diagnosis. The rate of success partly
depends on the length of delay in intervention. There is
also debate as to how to confirm the diagnosis of com-
plete miscarriage, whether by ultrasound or symptoms.
It seems likely that the best course to take involves both,
rather than relying solely on a defined thickness of
endometrium. Furthermore, the regularity and vascular-
ity of the contents of the endometrial cavity are probably
more important than the thickness alone. Again, the lack
of agreement in defining completeness of a miscarriage
hampers efforts to assess effectiveness of treatment
options.

Patient satisfaction with expectant management
depends on appropriate patient selection (earlier gesta-
tion, singleton pregnancy, social circumstances) and
counselling. Patients should be made aware of what to
anticipate (pain and bleeding), be given advice regarding
analgesia and what to do with the tissue passed. The
advice should be backed up with written information and
contact details in case of concern or complications.

Surgical management

Surgical management involves evacuation of the uterus
by dilatation and suction curettage (‘evacuation of
retained products of conception” is the term in general
usage in the UK.) The procedure can be performed under
general or local anaesthesia depending on local experi-
ence. Cervical dilatation can be assisted by cervical
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priming with a prostaglandin (e.g. misoprostol) a
minimum of 1 hour prior to the procedure and is strongly
recommended when the woman has not had a previous
vaginal delivery [1]. This is believed to reduce the pres-
sure required to dilate the cervix and hence risk of failure
of the procedure, retained products and uterine perfora-
tion. Curettage is usually safe but it is important to
counsel women about the associated risks. These include
the risk of general anaesthesia (if relevant), the risk of
infection or retained products (3-5%) and potential
bleeding in association with this and the 0.5% risk of
uterine perforation which could lead to other organ
damage and the need to progress to laparoscopy or
laparotomy in those circumstances. Patients should be
reassured that in the presence of a uterine perforation and
the absence of additional complications, the implications
for future fertility are negligible. Asherman’s syndrome,
where intrauterine synechiae develop and interfere with
conception, used to be said to arise from over-vigorous
curettage. However, there is little supporting evidence
for this.

Medical management

Medical management of miscarriage involves using uter-
otonic therapy, alone or in conjunction with antihormone
therapy, to achieve evacuation of the uterine cavity.

Available uterotonic agents include gemeprost and
misoprostol, both of which are prostaglandin (PG)E; ana-
logues. Gemeprost is licensed for use in management of
uterine evacuation. It requires refrigeration and is more
expensive that misoprostol. Misoprostol is not licensed
for gynaecological use, can be stored at room temperature
and is significantly less costly. It can also be given orally
as well as per vagina or rectum. Side effects include
nausea, vomiting and diarrhoea, which can be problem-
atic. There is no evidence to support the use of other
uterotonics such as ergometrine, oxytocin or other prosta-
glandins in this situation. PGE, analogues can be used in
conjunction with antihormone therapy: mifepristone, an
antiprogesterone, can be used to sensitize the uterus to
the effects of uterotonics and may improve complete
evacuation rates. The effect of mifepristone is maximal
36—48 hours after treatment.

Overall, the success rate of medical management (72—
93%) is similar to that of expectant management (75-85%)
[13], but medical management has the advantage that
patients can control the course of events by timing medi-
cation to allow the miscarriage to take place. However,
success rates are dependent on how much time has
elapsed following treatment: the longer the wait, the
higher the success rate. Compared with surgical man-
agement, there is significantly more associated blood
loss but no increased requirement for blood transfusion.
Reassuringly, rates of infection between the three options
are similar [14].
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;P Summary box 6.3

e Expectant, medical and surgical management of
miscarriage are all viable options in first-trimester
miscarriage and the decision should be based on patient
choice as well as clinical situation.

e The incidence of infection is not significantly higher in any

management group.

Blood loss is heaviest in medical and expectant

management compared with surgical though with no

increased risk of blood transfusion. This should be taken
into account when counselling certain groups, for example
patients with sickle cell anaemia, in whom blood loss
should be kept to a minimum.

Rhesus status

Despite the absence of antigens on the surface of embry-
onic red blood cells until 12 weeks’ gestation, there is
concern regarding the possibility of sensitization of
rhesus-negative women from early pregnancy events.
Current guidelines from the British Blood Transfusion
Society and the RCOG are quoted below.

Spontaneous miscarriage

Anti-D immunoglobulin should be given to all non-
sensitized RhD-negative women who have a spontaneous
miscarriage after 12 weeks of pregnancy. Published data
on which to base recommendations in earlier miscar-
riages are scant. There is evidence that significant feto-
maternal haemorrhage only occurs after curettage to
remove products of conception but does not occur after
complete spontaneous miscarriages [15,16]. Anti-D
immunoglobulin should therefore be given when there
has been an intervention to evacuate the uterus. On the
other hand, the risk of immunization by spontaneous
miscarriage before 12 weeks’ gestation is negligible when
there has been no instrumentation to evacuate the prod-
ucts of conception and anti-D immunoglobulin is not
required in these circumstances.

Threatened miscarriage

Anti-D immunoglobulin should be given to all non-
sensitized RhD-negative women with a threatened mis-
carriage after 12 weeks of pregnancy. Where bleeding
continues intermittently after 12 weeks’ gestation, anti-D
immunoglobulin should be given at 6-weekly intervals.
Evidence that women are sensitized after uterine bleed-
ing in the first 12 weeks of pregnancy where the fetus is
viable and the pregnancy continues is scant [17], though
there are very rare examples. Against this background,
routine administration of anti-D immunoglobulin
cannot be recommended. However, it may be prudent to

administer anti-D immunoglobulin where bleeding is
heavy or repeated or where there is associated abdominal
pain, particularly if these events occur as gestation
approaches 12 weeks.

The recommended dose of anti-D immunoglobulin for
miscarriage is 250 units before 20 weeks’ gestation and
500 units after 20 weeks. It is further recommended that
a Kleijhauer test be performed to assess the quantity of
feto-maternal haemorrhage after 20 weeks.

:7 Summary box 6.4

L

Anti-D is required in the following circumstances for

non-sensitized RhD-negative women:

e spontaneous miscarriage 12 weeks and beyond;

® miscarriage at any gestation where there has been
intervention (medical or surgical) or if spontaneous where
the bleeding is heavy or repeated;

e threatened miscarriage at 12 weeks and beyond - if repeat
episodes, then anti-D should be repeated at 6-weekly
intervals.

Psychology and counselling

Pregnancy loss at any gestation is an emotional time for
women and it is important that counselling reflects that.
The language used should be sensitive, avoiding terms
such as pregnancy failure or abortion, which in layman’s
terms implies therapeutic abortion and has no place in
terminology relating to miscarriage. Where possible, all
information given should be supported by written mate-
rial as, again, it is recognized that while we as doctors
believe our counselling to have been thorough, in reality
a distressed patient may take in very little and it is quite
possible that any information given will need to be
repeated before it is absorbed. Service provision should
allow for that.

Post-traumatic stress disorder is a possibility. If psycho-
logical symptoms persist, patients should be encouraged
to seek assistance.

Conclusion

Miscarriage is a frequent outcome of pregnancy. It is, for
the most part, unavoidable. Therefore patient manage-
ment should be focused on making the experience as
bearable as possible by taking time over explanation and
discussion of options to allow patients to feel supported
and in control. Within the framework described, patients
should be allowed to make choices best suited to
them. Information should be backed up by written
explanation.
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Recurrent Miscarriage
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Definition

Recurrent miscarriage has several definitions. The Royal
College of Obstetricians and Gynaecologists defines
recurrent miscarriage as the loss of three or more consecu-
tive pregnancies before viability [1]. The term therefore
includes all pregnancy losses from the time of conception
until 24 weeks of gestation [1]. However, advances in
neonatal care have resulted in a small number of babies
surviving birth before 24 weeks of gestation. Hence some
late second-trimester miscarriages can also be considered
as extreme preterm labour. At the other end of the spec-
trum is the issue of biochemical pregnancy losses. The
European Society of Human Reproduction and
Embryology defines biochemical losses as a transient
positive pregnancy test without ultrasonic visualization
of the pregnancy [2]. Miscarriage can be further classified,
on ultrasound findings, into loss of an empty gestation
sac (loss of pregnancy before 10 weeks” gestation) or loss
of fetus (loss of a pregnancy after visualization of fetal
heart activity) [2] (Table 7.1).

Despite attempts at standardization of definitions,
some investigators consider women with two consecutive
losses as recurrent miscarriage, as two losses have been
found to increase the chance of a subsequent pregnancy
ending in miscarriage [3].

Epidemiology

Approximately 15% of all pregnancies that can be visual-
ized on ultrasound end in pregnancy loss [4]. Three or
more losses affect 1-2% of women of reproductive age
and two or more losses affect around 5% [4]. Despite
extensive investigation of women with three or more mis-
carriages, the cause of recurrent pregnancy loss remains
unknown in the majority of cases [5].

Advancing maternal age is associated with miscar-
riage. Age-related miscarriage rates are as follows: 12-19
years, 13%; 20-24 years, 11%; 25-29 years, 12%; 30-34

years, 15%; 35-39 years, 25%; 40-44 years, 51%; and 45 or
more years, 93% [6]. This is because with increasing
maternal age there is a decline in both the number and
quality of the remaining oocytes.

An increasing number of previous miscarriages also
adversely affects the risk of future miscarriage [5]. A
history of a live birth followed by consecutive miscar-
riages does not reduce the risk of further miscarriage
substantially [5]. Being both underweight and obese has
been associated with recurrent miscarriage [7].

ED Summary box 7.1

e Recurrent miscarriage is defined as three consecutive
pregnancy losses.

e Miscarriages should be further classified on the basis of
ultrasound findings into biochemical, empty gestation sac,
fetal or second trimester.

* In women with recurrent miscarriage, poor prognostic
factors for further miscarriage include number of previous
losses, maternal age and obesity.

Other associated factors and their
management

Factors that have been associated with early recurrent
miscarriage include parental and fetal chromosomal
abnormalities [8,9], structural uterine abnormalities [10],
antiphospholipid syndrome [11], some thrombophilias
[12], autoimmune disease, and endocrinological disor-
ders such as polycystic ovarian syndrome and untreated
diabetes [13]. It is important to realize that many of these
associations are weak and there are only a very few pub-
lished observational studies that give prognostic implica-
tions for positive tests for conditions associated with
recurrent miscarriage. Hence the evidence that many of
the associated factors are causative is poor. There are even
fewer high-quality large-scale randomized controlled
trials showing that a treatment for women with recurrent
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Table 7.1 Classification of miscarriage.

Gestation Fetal heart
range (weeks)  activity

Type of
miscarriage

Ultrasound findings

First trimester

Biochemical 0-6 Never Not visualized
Empty 4-10 Never Empty gestation
gestation sac or large sac
sac with minimal
structures
without fetal
heart activity
Fetal 6-12 Lost Crown-rump
length and fetal
heart activity
previously
identified
Second 12-24 Lost Fetus identified of
trimester size equivalent

to 12-24 weeks'
gestation

miscarriage is effective at preventing a subsequent mis-
carriage. Ideally, evaluation of a couple with recurrent
miscarriage would achieve the aim of guiding manage-
ment options by finding contributory factors to the preg-
nancy losses, providing prognostic value in the subsequent
pregnancy and directing treatment of proven benefit to
improve live birth rates. This ideal has not been achieved
by current research.

Structural genetic factors

Fetal chromosomal abnormality

Chromosomal abnormality in the miscarried pregnancy
is the most common cause of early pregnancy loss, espe-
cially in older women. This accounts for up to 70% of
early pregnancy losses, falling to only 20% when the preg-
nancy loss is between 13 and 20 weeks’ gestation [8].
Defects are commonly trisomy, polyploidy or monosomy.
Ideally, products of conception should be sent for karyo-
typing, as an abnormal fetal karyotype is diagnostic for
the cause of miscarriage and is an important prognostic
factor, suggesting a successful outcome of more than 75%
in the next pregnancy [8]. However, this investigation is
not perceived to be cost-effective.

Parental chromosomal abnormalities

Parental chromosomal abnormalities are found in about
2% of women with recurrent pregnancy loss, with the
most common being a balanced reciprocal transloca-
tion [14]. Couples with balanced translocations are at
risk of conceiving future children with unbalanced
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translocation. Hence, when an abnormality is found, the
couple can be referred to a clinical geneticist for counsel-
ling and offered prenatal diagnosis. However, a large
case series of couples with recurrent miscarriage and bal-
anced translocation have found the risk of unbalanced
translocation in offspring to be less than 1% [15]. This
1% miscarriage rate is close to the miscarriage rate of
normal pregnancies after invasive prenatal diagnosis.
Observational studies of couples with recurrent miscar-
riage and balanced translocations have found live birth
rates of over 70% in the subsequent pregnancy [15]. This
70% live birth rate is similar to that in couples with recur-
rent miscarriage without chromosomal abnormalities [4].
Thus, the cost-effectiveness of investigating parental
karyotype has been questioned [14]. If balanced trans-
location is detected, supportive care with the option of
invasive prenatal diagnosis is appropriate [1].

There was hope that pre-implantation genetic diagno-
sis (PGD) and assisted reproductive techniques (ART)
would improve the live birth rate for women with recur-
rent miscarriage and balanced translocations. However,
in practice PGD-ART has a series of disadvantages. Not
all the cells in a four- or eight-cell embryo are genetically
identical, so PGD is not a reliable measure of the preg-
nancy karyotype. The pregnancy rate and live birth rate
from PGD-ART is lower than from natural conception
[16]. Furthermore, natural conception involves the selec-
tion of normal oocytes, then the selection of normal preg-
nancy, allowing genetically abnormal pregnancies to
miscarry. These natural selection steps are circumvented
in PGD-ART, creating large numbers of abnormal
embryos. However, consideration can be given to PGD
where women have subfertility and recurrent miscarriage
and a balanced translocation, as observational studies
show that PGD-ART has better pregnancy outcomes,
despite lower rates of embryo transfer and shorter time
to a successful pregnancy [16].

:D Summary box 7.2

e Recurrent miscarriage is associated with parental balanced
translocations.

e In the presence of a balanced translocation couples still
have a 70% live birth rate in a subsequent pregnancy.

e Only 1% of offspring from couples with balanced
translocations have unbalanced translocations.

e Parental karyotyping is no longer thought to be
cost-effective.

Anatomical factors

Congenital uterine anomaly
The prevalence of congenital uterine anomaly, such as
septated, bicornuate or arcuate uterus, in the general
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population is about 6.7% but approximately 16.7% in
women with recurrent miscarriage [10], though a direct
causative link is uncertain due to the vast difference in
criteria and techniques for diagnosing abnormal uterine
morphology. Advances in hysteroscopic surgery mean
that these malformations can be corrected using a resec-
toscope. Observational studies suggest that surgery (hys-
teroscopic metroplasty) may improve pregnancy outcome
[17,18]. However, there have been no randomized con-
trolled trials of this treatment so efficacy of intrauterine
surgery has yet to be demonstrated [19].

Cervical weakness

Cervical weakness is a recognized contributing factor to
second-trimester loss. The diagnosis of this condition can
be based on history, resistance to Hegar dilators, or trans-
vaginal sonographic assessment of the cervix in preg-
nancy. Treatment with cervical cerclage is associated
with potential hazards related to the surgery and the
risk of stimulating uterine contractions and hence
should only be considered in women who are likely to
benefit [1].

Transabdominal cerclage has been advocated as a treat-
ment for second-trimester miscarriage and the prevention
of early preterm labour in selected women with a previ-
ous failed transvaginal cerclage and/or a very short
and scarred cervix [20,21]. A systematic review concluded
that abdominal cerclage may be associated with a lower
risk of perinatal death or delivery before 24 weeks of
gestation and a higher risk of serious operative complica-
tions [21]. However, there have been no published rand-
omized controlled trials of vaginal versus abdominal
suture.

Acquired uterine anomaly

Acquired uterine abnormalities such as fibroids or intrau-
terine adhesions (Asherman’s syndrome) have also been
associated with recurrent miscarriage. The location, size
and number of fibroids do not significantly influence
postoperative pregnancy rates but observational studies
report a trend towards lower pregnancy rates with larger
fibroids in the submucous region [22]. Again there are no
randomized controlled trials of hysteroscopic corrective
treatment.

:3 Summary box 7.3

e Recurrent miscarriage is associated with uterine structural
abnormalities.

e Observational studies suggest that hysteroscopic surgery
is effective.

e Hysteroscopic surgery has not been proven to be effective

in randomized controlled trials.

Prothrombotic factors

Antiphospholipid syndrome

Antiphospholipid syndrome (APS) has a prevalence of
15% in women with first-trimester recurrent miscarriage
and this, as well as a single second-trimester miscarriage,
is one of the clinical components for diagnosis of the
syndrome [11,23]. Treatment options including low-dose
aspirin (LDA), heparin, prednisolone and intravenous
immunoglobulin (IVIG) have been investigated. A sys-
tematic review showed that prednisolone and IVIG
do not improve pregnancy outcomes and are associated
with increased risk of diabetes and premature birth [24].
The same review concluded that LDA alone was not of
significant benefit but a combination of LDA and unfrac-
tionated heparin reduced subsequent pregnancy loss by
54% [24]. Thus, LDA and heparin are the recommended
treatment for women with recurrent miscarriage and
APS [1]. In clinical practice, low-molecular-weight
heparins are preferred as they have reduced risk of throm-
bocytopenia, only need once-daily administration and
levels do not need to be monitored. However, low-
molecular-weight heparin may not have the same effect
in reducing risks of miscarriage in APS [24]. Even when
treated, women with APS have high-risk pregnancies
and should be monitored for complications in all three
trimesters [1].

Thrombophilia

Some thrombophilias, factor V Leiden mutation, acti-
vated protein C resistance, prothrombin gene G20210A
mutation and protein S deficiency have been significantly
associated with recurrent miscarriage [12]. However,
there is still controversy about the prognostic implica-
tions of positive tests. A full thrombophilia screen can
produce abnormal results in 20% of women with uncom-
plicated obstetric histories. Thus it is uncertain if all
women with early recurrent miscarriage should be
screened for thrombophilia [25]. Treatment with LDA
with or without low-molecular-weight heparin has
been proposed as thromboprophylaxis to prevent puta-
tive placental infarcts or vascular thrombosis. Small initial
studies suggest there may be beneficial effects with
thromboprophylaxis in terms of improved live birth
rates [26,27]. However, more recently, high-quality large
randomized controlled trials failed to substantiate an
improvement in live birth rate in women with either idio-
pathic or thrombophilia-associated recurrent miscarriage
[28-31]. Thus, there is no evidence to support the use
of LDA and heparin in the treatment of women with
recurrent miscarriage without APS. However, thrombo-
prophylaxis to prevent maternal thrombosis does need
to be considered in women with multiple risk factors
for this.



:9 Summary box 7.4

e Recurrent miscarriage is associated with thrombophilia.

* In the presence of APS, aspirin and heparin are thought to
be effective treatments.

e In the absence of APS, neither aspirin and heparin nor
aspirin alone have been found to prevent miscarriage.

Endocrinological factors

Polycystic ovarian syndrome

There is an association between polycystic ovarian syn-
drome and recurrent miscarriage. The possible mecha-
nisms for this are hyperandrogenism and insulin
resistance [32]. However, the variation in criteria for diag-
nosing polycystic ovarian syndrome makes it difficult to
assess the importance and the prognostic value of detect-
ing it. Nevertheless, a simple, safe and cheap way to
reduce pregnancy loss in obese women with polycystic
ovarian syndrome is weight loss [33]. Small studies
suggest there may be a role for metformin in reducing
miscarriage rates, especially in the presence of an abnor-
mal glucose tolerance test, and metformin is now regarded
as having low risks to pregnancy [32,34]. However, a
randomized controlled trial in infertile women indicated
that clomifene is superior to metformin in achieving
live births but made no difference to the rates of miscar-
riage [35].

Abnormalities of glucose metabolism and
thyroid disorders

It is known that well-controlled thyroid disorders and
diabetes are not risk factors for recurrent miscarriage.
Thus national guidelines do not recommend routine
screening in the absence of symptoms [1,25].

Immunological factors

Immunological mechanisms are thought to play a part in
the success of pregnancy where the maternal immune
system interacts with the allogeneically dissimilar
embryo.

Antithyroid antibodies

The presence of antithyroid antibodies has been associ-
ated with a higher pregnancy loss rate, the underlying
mechanisms of which are either autoimmune or mild
thyroid insufficiency [13,36]. A small study suggested that
women with recurrent miscarriage and antithyroid anti-
bodies but normal thyroid function tests may benefit from
levothyroxine treatment [37]. Further large-scale trials are
needed to substantiate this finding.
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Natural killer cells

Another immunological factor of interest involves the
natural killer (NK) cells that can be found in the periph-
eral blood or endometrium. Both peripheral and uterine
NK cells have been associated with recurrent miscarriage
[38,39]. However, there is still considerable controversy in
the exact role and function of NK cells in recurrent mis-
carriage and the prognostic value of increased numbers
or function of these cells is uncertain [40]. A systematic
review of 20 trials of various immunotherapies, such as
paternal cell immunization, third-party-donor-cell immu-
nization, trophoblast membrane infusion and intrave-
nous immune globulin, showed no significant beneficial
effect over placebo in improving live birth rates [41].

Idiopathic recurrent miscarriage

Tender loving care

Women with recurrent miscarriage are anxious and
appreciate reassurance when they fall pregnant again.
Three-quarters of these women with idiopathic recurrent
miscarriage will achieve a live birth in the subsequent
pregnancy with tender loving care involving regular reas-
surance scans and psychological support in a dedicated
early pregnancy assessment unit [5,43].

Aspirin

Empirical use of aspirin is common. However, a recent
systematic review showed no evidence of an improve-
ment in live birth rates in women with recurrent miscar-
riage [43] and in a randomized controlled trail there was
a trend towards aspirin increasing the chance of miscar-
riage [29,43].

Progesterone

Progesterone is needed for successful early pregnancy. A
systematic review of progesterone supplementation
found that it did not significantly reduce the risk of mis-
carriage [44]. A subgroup analysis on women with recur-
rent miscarriage found that it did show a significant
decrease in the miscarriage rate but these studies were
small and of poor quality. Further high-quality large-scale
randomized controlled trials are needed.

Human chorionic gonadotrophin

A small randomized controlled trial of human chorionic
gonadotrophin (hCG) found no benefit, but a subgroup
analysis found an improved live birth rate with hCG in
women with oligomenorrhoea [45].

Conclusions

The management of recurrent miscarriage is challenging
because of lack of evidence-based effective treatments.
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Couples with recurrent miscarriage can be offered inves-
tigations and supportive care. Empirical treatment in
women with idiopathic recurrent miscarriage should be
avoided and entry into high-quality and methodologi-
cally sound trials should be considered whenever possi-
ble in order to improve the evidence base for this
distressing condition.
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Chapter 8

Gestational Trophoblast Tumours

Philip Savage and Michael Seckl

Charing Cross Hospital, London, UK

Gestational trophoblast tumours (GTT) arise from the
cells of conception and form a range of related conditions,
from the generally benign partial hydatidiform mole
through to the aggressive malignancies of choriocarci-
noma and placental site trophoblast tumours (PSTT). The
combination of this unique biology, relative rarity and
effective therapies makes trophoblast tumours an
extremely interesting and important area of gynaecologi-
cal and oncological care.

Despite the rarity of these illnesses, patients with molar
pregnancies requiring additional treatment after evacua-
tion can expect successful treatment outcomes, with
overall cure rates for GTT approaching 100% [1]. For
patients with choriocarcinoma and PSTT, using the treat-
ments that have been established for over 25 years, the
majority of patients can also be treated with a high expec-
tation of cure with minimal long-term toxicity [2].

With the effectiveness of the current medical therapies,
the main developments in trophoblast disease manage-
ment in the UK are aimed at improving supportive care.
These areas include strategies for ensuring human chori-
onic gonadotrophin (hCG) monitoring after molar preg-
nancies, improvements in pathology reporting and
maintaining clinical awareness for the earlier diagnosis of
choriocarcinoma and placental site tumours.

For nearly 40 years the UK has had centralized surveil-
lance, follow-up and treatment facilities for GTT and
much of the content of this chapter is based on the experi-
ence from the Trophoblast Tumour Centre at Charing
Cross Hospital in London.

Classification, demographics and
risk factors

The World Health Organization classification for GTT
divides trophoblast tumours into premalignant partial
and complete hydatidiform moles and the malignant
diagnoses of invasive mole, choriocarcinoma and
PSTT.

The reported incidence of molar pregnancies in Europe
and North America is in the order of 0.2-1.5 per 1000 live
births [3] and a recent study from the UK has indicated
an overall incidence of one molar pregnancy per 591
viable conceptions for the period 2000-2009 [4]. Overall,
partial molar pregnancies are more common than com-
plete moles, with an approximate ratio of 60:40. Whilst
there are some modest variations in the incidence of
molar pregnancies based on race and geography, there are
two clearly documented risk factors for an increased risk
of molar pregnancy: the extremes of maternal age and a
previous molar pregnancy.

The relative risk for molar pregnancies is highest at the
extremes of the reproductive age group. The results from
the recent England and Wales analysis, summarized in
Table 8.1, indicate that there is a modest increased risk for
younger teenagers, a relatively level risk for women aged
1645 and then increasing risks after the age of 45 and
particularly for those over the age of 50. Of interest the
risk of partial molar pregnancy remains relatively
unchanged across the age group, with most of the change
in overall risk due to an increased incidence of complete
molar pregnancies. In the 18-40 age group, complete
moles make up about 40% of all molar pregnancies,
but in the 45+ age group they account for over 90% of
cases [4].

Premalignant pathology
and presentation

Partial mole

The genetic origins of complete and partial molar preg-
nancies are demonstrated in Fig. 8.1. Partial moles are
triploid with 69 chromosomes comprising two sets of
paternal and one set of maternal chromosomes.
Macroscopically and on ultrasound scanning during the
first trimester partial mole will often resemble normal
products of conception. The embryo can appear viable on
an early ultrasound scan but becomes non-viable by week
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10-12. The histology of partial mole shows less swelling
of the chorionic villi than in a complete mole and there
may be only focal changes. As a result the diagnosis of
partial mole can often be missed after a miscarriage or
evacuation, unless the products are sent for expert patho-
logical review.

Table 8.1 Risk of molar pregnancy compared with the number of
viable conceptions at varying maternal ages in England and
Wales.

Age Per cent partial Per cent complete Overall risk of
moles of viable moles of viable molar pregnancy
conceptions conceptions

13 0.08 0.32 1in 250

14 0.07 0.20 1in 370

15 0.04 0.21 1in 400

20 0.05 0.06 1in 909

25 0.09 0.06 1in 666

30 0.11 0.05 1in 625

35 0.11 0.05 1in 625

40 0.18 0.09 1in 370

45 0.29 0.75 1in 96

50+ 0.59 16.2 1in6

Source: adapted from Savage et al. [4].

MNormal conception

A single sperm with 23 chromosomes fertilizes an
egg with 23 chromosomes

230N
O

Partial mole

Two sperms fertilize an egg
This results in a triploid conceptus with 69 chromosomes
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The clinical presentation of partial mole is most fre-
quently via a failed pregnancy rather than irregular bleed-
ing or by detection on routine ultrasound. The obstetric
management is by suction evacuation and histological
review; all patients with partial mole should be followed
up by registration and serial hCG measurement.

Fortunately, partial mole rarely transforms into malig-
nant disease, and there is an overall risk of 0.5-1% of
patients requiring chemotherapy after a partial mole [5].

Complete mole

In complete moles the genetic material is totally male in
origin, resulting from the fertilization of an ‘empty’ anu-
cleate oocyte lacking maternal DNA. The chromosome
complement is most commonly 46XX, which results from
one X chromosome-carrying sperm that duplicates its
DNA, or less frequently 46XY or 46XX from the presence
of two separate sperm.

The clinical diagnosis of complete mole most often
occurs as a result of first-trimester bleeding or an abnor-
mal ultrasound. There is no fetal material and the histol-
ogy shows the characteristic oedematous villous stroma.
The textbook ‘bunch of grapes’ appearance is only seen
in the second trimester and as most cases are diagnosed
earlier, this is now rarely observed in UK practice. The
typical macroscopic appearances of a complete mole are
shown in Plate 8.1. Obstetric management is by suction

Complete mole

All 46 chromosomes are from the father
May involve one or two sperm

Monospermic complete mole

The paternal chromosomes double up
230N P
@ —_— @ — G,

The maternal
chromosomes are lost

Dispermic complete mole

Fertilization
by two sperm

280y f23
@ —_— —

The maternal
chromosomes are lost

Fig. 8.1 The genetic origin and structure of a normal conception, partial mole and complete molar pregnancy.
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evacuation followed by registration and serial hCG
measurement. Complete mole pregnancies have an
appreciable risk of proceeding to invasive disease, with
approximately 15% of patients with complete mole requir-
ing chemotherapy.

Registration and surveillance

Overall 90% of patients with molar pregnancies will not
need any additional treatment following their evacuation.
In these patients the residual trophoblast tissue cells fail
to proliferate and as the cells stop growing, the hCG levels
return to normal. At present there is no effective prognos-
tic method that allows accurate distinction between the
patients who will develop invasive disease after evacua-
tion and the majority who will not. As a result all patients
with molar pregnancy should be registered for an hCG
follow-up system. The use of this approach allows the
early identification of patients whose disease is continu-
ing to proliferate, while also allowing careful observation
of patients with more slowly falling hCG levels, so mini-
mizing unnecessary chemotherapy:.

Patients taking part in an hCG surveillance programme
have the need for additional treatment determined by the
pattern of their hCG results. Table 8.2 shows the Charing
Cross Hospital recommended indications for treatment.
Those patients recovering from molar pregnancy enrolled
in the surveillance service and who go on to require treat-
ment have a cure rate approaching 100%, and over 95%
will initially fall into the low-risk treatment group.
Overall, from the 1400 patients registered annually
approximately 8% receive chemotherapy.

Malignant pathology and presentation

Invasive mole (chorioadenoma destruens)

Invasive mole nearly always arises from a complete mole
and is characterized by invasion of malignant cells into
the myometrium, which can lead to perforation of the

Table 8.2 The indications used at Charing Cross Hospital for
initiating chemotherapy treatment in patients with gestational
trophoblast tumours.

Raised hCG level 6 months after evacuation (even if falling)

hCG plateau in three consecutive serum samples

hCG >20000IU/L more than 4weeks after evacuation

Rising hCG in two consecutive serum samples

Pulmonary, vulval or vaginal metastases unless the hCG level is
falling

Heavy vaginal bleeding or gastrointestinal/intraperitoneal bleeding

Histological evidence of choriocarcinoma

Brain, liver, gastrointestinal metastases or lung metastases >2cm on
chest radiography

hCG, human choriocarcinoma.

uterus. Microscopically, invasive mole has a similar his-
tological appearance as complete mole but is character-
ized by the ability to invade into the myometrium and
local structures if untreated. Fortunately, the incidence of
invasive mole in the UK has fallen substantially with the
introduction of routine ultrasound, the earlyevacuation
of complete moles and effective hCG surveillance, and is
now rare.

Choriocarcinoma

Choriocarcinoma is histologically and clinically overtly
malignant and presents the most frequent emergency
medical problems in the management of trophoblast
disease. The diagnosis often follows a complete mole
when the patients are usually in a surveillance pro-
gramme but can also arise in unsupervised patients after
a non-molar abortion or term pregnancy. The clinical
presentation of choriocarcinoma can be from the disease
locally in the uterus leading to bleeding, or from distant
metastases that can cause a wide variety of symptoms,
with the lungs, central nervous system and liver the most
frequent sites of distant disease.

The cases of choriocarcinoma presenting with symp-
toms from distant metastases can be diagnostically chal-
lenging. However, the combination of the gynaecological
history and elevated serum hCG usually makes the diag-
nosis clear and so avoids biopsy, which can be hazardous
due to the risk of severe haemorrhage as demonstrated
following a liver biopsy in Fig. 8.2. On the occasions when
choriocarcinoma pathology is available, the characteristic
findings show the structure of the villous trophoblast but
sheets of syncytiotrophoblast or cytotrophoblast cells,
haemorrhage, necrosis and intravascular growth are
common. The genetic profile of choriocarcinoma is a
range of gross abnormalities without any specific charac-
teristic patterns.

Fig. 8.2 CT scan of the abdomen in a patient with
choriocarcinoma demostrating multiple liver metastases and a
large subcapsular haematoma secondary to a core biopsy.



Placental site trophoblast tumour
Placental site trophoblast tumour was originally described
in 1976 [6] and is the rarest form of gestational trophoblast
disease with four to six cases annually in the UK. PSTT
most commonly follows a normal pregnancy but can also
occur after a non-molar abortion or a molar pregnancy.
In contrast to the more common types of trophoblast
disease, which characteristically present fairly soon after
the index pregnancy, in PSTT the average interval between
the prior pregnancy and presentation is 3.4 years. The
most frequent presentations are amenorrhoea or abnor-
mal bleeding. In nearly all cases the serum hCG level is
elevated, but is characteristically lower for the volume of
disease than in the other types of GTT. The tumour can
arise after any type of pregnancy including complete and
partial moles and is believed to be derived from the
non-villous trophoblast. The pathology is characterized
by intermediate trophoblastic cells with vacuolated
cytoplasm, the expression of placental alkaline phos-
phatase and hCG, and the absence of cytotrophoblast and
villi. The clinical presentation of PSTT can range from
slow-growing disease limited to the uterus to metastatic
disease, with lung and liver the most common sites of
distant spread [7].

The role of hCG in trophoblast disease
diagnosis and management

Produced predominantly by syncytiotrophoblast cells,
hCG is a glycosylated heterodimer protein consisting of
the oo and B units held together by non-covalent bonds.
In malignant disease a number of hCG variants can occur,
including hyperglycosylated hCG, nicked hCG, hCG
missing the  subunit C-terminal peptide and the free
subunit. With the potential exception of a few atypical
cases of PSTT, hCG is constitutively expressed by all
malignant trophoblast tumours.

The measurement of hCG allows estimation of tumour
bulk, forms an important part of the assessment of the
patient’s disease risk and provides a simple method to
follow the response to treatment. The hCG level can be
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measured by a variety of immunoassays but at present
there is no internationally standardized assay and the
various commercially available kits used in different hos-
pitals can vary in their ability to detect different portions
of partially degraded hCG molecules and so can give
divergent results and occasional false negatives [8,9].

In the absence of tumour hCG production, the serum
half-life of hCG is 24-36 hours; however, in the clinical
situation total hCG levels characteristically show slower
rates of fall as the tumour cells continue to produce some
hCG as their number decreases with treatment.

Prognostic factors and
treatment groups

Data from the early days of successful chemotherapy
treatment for trophoblast disease show clearly that there
is a relationship between the level of elevation of hCG at
presentation, the presence of distant metastases and the
reducing chances of cure with single-agent chemother-
apy. This relationship and the impact on treatment choice
and cure rate were first codified by the Bagshawe scoring
system published in 1976 [10]. Subsequently there have
been a number of revisions and parallel systems intro-
duced that are broadly similar to this original. Table 8.3
shows the revised 2000 International Federation of
Gynaecology and Obstetrics (FIGO) prognostic score.
From assessment of these parameters, an estimate of the
risk category can be obtained and patients offered initial
treatment either with single-agent chemotherapy if their
score is 6 or less or multiagent combination chemother-
apy for scores of 7 and over [11].

Low-risk disease management

Over 90% women with molar pregnancies in the UK who
require additional treatment following their initial evacu-
ation fall into the low-risk treatment category as defined
by the FIGO prognostic scoring system. The role of
repeated uterine evacuation in the management of these

Table 8.3 The International Federation of Gynaecology and Obstetrics (FIGO) prognostic scoring system employed for assessing the

intensity of the initial chemotherapy treatment.

Scores 0 1 2 4

Age (years) <40 >40 - -
Antecedent pregnancy Mole Abortion Term -

Months from index pregnancy <4 4-6 7-13 >13
Pre-treatment hCG (IU/L) <1000 1000-10000 1000-100000 >100000
Largest tumour size <3cm 3-5cm >5cm -

Site of metastases Lung Spleen, kidney Gastrointestinal Brain, liver
Number of metastases - 1-4 5-8 >8

Previous chemotherapy -

Single agent

Two or more drugs
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patients has been a subject of uncertainty until recently.
A number of recent studies looking at the impact of
repeated evacuation in women with rising or static hCG
levels following their first evacuation have suggested that
a repeated procedure is rarely curative [12,13]. Based on
these data, the current recommendation is that a repeated
evacuation should only be considered if the hCG level is
under 5000IU/L and tissue is seen in the uterine cavity
on ultrasound.

For patients meeting the FIGO standard for low-risk
treatment, the most widely used protocol is methotrexate
given intramuscularly with oral folinic acid rescue fol-
lowing the schedule shown in Table 8.4. The first course
of treatment should be administered in hospital with the
subsequent courses administered at home. However,
patients with an hCG level above 10000IU/L often stay
in for up to 3weeks as they have a higher risk of bleeding,
particularly as the tumour shrinks rapidly with the initial
chemotherapy. Bleeding usually responds well to bed rest
and less than 1% of low-risk patients require emergency

Table 8.4 The low-risk methotrexate and folinic acid
chemotherapy treatment schedule.

interventions such as vaginal packing, embolization or
hysterectomy.

The low-risk chemotherapy treatment is usually well
tolerated without much major toxicity. Methotrexate does
not cause alopecia or significant nausea and myelosup-
pression is extremely rare. Of the side effects that do
occur, the most frequent problems are from pleural
inflammation, mucositis and mild elevation of liver func-
tion tests. For low-risk patients with lung metastases
visible on their chest radiographs, the policy at Charing
Cross Hospital is to add central nervous system (CNS)
prophylaxis with intrathecal methotrexate administration
to minimize the risk of development of CNS disease.

Treatment is continued until normalization of the
serum hCG level and then it is usual to continue treat-
ment for another three cycles (6 weeks) to ensure eradica-
tion of any residual disease that is below the level of
serological detection [1]. A typical example of the treat-
ment graph for a patient successfully completing meth-
otrexate chemotherapy is shown in Fig. 8.3.

An overview of the data for the 1990s indicates that
67% of patients in the low-risk group will only require
treatment with the methotrexate protocol to successfully
complete their therapy. Patients who have an inadequate
response to methotrexate therapy as shown by an hCG
plateau or rise have their treatment changed to second-
line therapy. This may be either single-agent actinomycin
D (0.5mg for days 1-5 every 2weeks if hCG is below
300IU/L) or etoposide, methotrexate, actinomycin D,
cyclophosphamide and vincristine (EMA /CO) combina-
tion chemotherapy if hCG is above 300IU/L (Table 8.5).

An individual example of the pattern of hCG levels
during the course of management is shown in Fig. 8.4.
This demonstrates the rise in hCG that led to the

Fig. 8.3 The treatment and human
chorionic gonadotrophin (hCG) graph of a
low-risk patient with a gestational
trophoblast tumour, successfully treated

Dec with methotrexate and folinic acid
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Day 2 Folinic acid 15mg p.o. at 6 p.m.
Day 3 Methotrexate 50mg i.m. at noon
Day 4 Folinic acid 15mg p.o. at 6 p.m.
Day b Methotrexate 50mg i.m. at noon
Day 6 Folinic acid 15mg p.o. at 6 p.m.
Day 7 Methotrexate 50mg i.m. at noon
Day 8 Folinic acid 15mg p.o. at 6 p.m.
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introduction of methotrexate chemotherapy; following
this, the hCG initially falls but after two cycles appears to
plateau. The introduction of second-line treatment with
EMA /CO chemotherapy leads to a rapid fall in hCG to
normal and the completion of chemotherapy after 6 weeks
further treatment. Overall the survival in this group is
nearly 100% and the sequential introduction of additional
chemotherapy as necessary minimizes the potential long-
term carcinogenic risks of excess treatment.

High-risk disease management

Historical data from treatment prior to the introduction
of multiagent chemotherapy demonstrated that less than
one-third of high-risk patients would be cured with
single-agent therapy [14]. The introduction of combina-
tion chemotherapy treatments in the 1970s transformed
this situation, and modern data indicate a cure rate for
high-risk patients of 85-90% using EMA /CO chemother-
apy [2,15]. This combination delivers a dose-intense treat-
ment with the five chemotherapy agents, delivered in two

Table 8.5 EMA /CO chemotherapy.
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groups 1 week apart as shown in Table 8.5. This approach
to chemotherapy, rather than the more usual 3 or 4 weekly
cycles used in other malignancies, appears to be the most
effective approach to this rapidly proliferating malig-
nancy. Overall the EMA-CO regimen is well tolerated and
serious or life-threatening toxicity is rare and the majority
of patients tolerate treatment without any major
problems.

However, these drugs are myelosuppressive and gran-
ulocyte colony-stimulating factor (G-CSF) support is fre-
quently helpful. Fortunately, serious or life-threatening
toxicity is rare and the majority of patients tolerate treat-
ment without any major problems. As in the low-risk situ-
ation, treatment is continued for 6 weeks after the
normalization of hCG. In selected patients the dose of
etoposide can be reduced after the hCG falls to normal,
to contain the total dose exposure and so minimize the
potential risk of developing secondary malignancies. An
example of a high-risk patient treated in this case with
high-risk chemotherapy regimen is shown in Fig. 8.5,
which demonstrates the resolution of extensive lung
metastases and normalization of hCG levels in response
to treatment.

Of the high-risk patients treated with EMA/CO,

Week 1 approximately 17% develop resistance to this combina-
Day 1 Actinomycin D 0‘5m29_"v' tion and require a change to second-line drug treatment.
IE/Itofr? Stlde 1t003:gg/m /I'Vz' . In this situation, the EP/EMA or TE/TP regimens may be
ethotrexate 300mg/m? i.v. C . . .
. X gLy used, which incorporate cisplatin and additional etopo-
Day 2 Actinomycin D 0.5mg i.v. .. . T . . K
Etoposide 100 mg/m? i.v. side into the combination along with paclitaxel in the TE/
Folinic acid 15mg p.o. 12-hourly x 4 doses TP regimen. These treatments, combined with surgery
Starting 24 hours after commencing methotrexate mostly to the uterus for defined areas of drug-resistant
Week 2 disea.lse, produce a cure ra’Fe approaching 99% in t'hi.s
Day 8 Vincristine 1.4mg/m? (maximum 2 mg) relatively small group of patients[16,17]. We aim to mini-
Cyclophosphamide 600 mg/m? mize short-term infective risks and long-term bone toxic-
ity by avoiding the routine use of dexamethasone in
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Fig. 8.5 The pre-treatment chest CT scan
(a), treatment graph (b) and post-treatment
CT scan (c) in a 29-year-old woman

100000+
10000+
— C
£ 1000+
9 E
V) C
< 100¢
107? 2 = - = Ey
E 3 z ) z E
E § 2l é 4* * ) -
= s 9 g g ¥ g g
2 TRt It Bt R 2
5] NREE $e Eogn Enka Soi SEE 5
QS 2Oun wo owno owno own ok
£ §EEE 28 Egcs E828 E82 85E | B
S o Foudod eu B U el wou LT W W
o T asEispRrpspirpspipsonor ¢ oxb
& 52553025020:5020:80>
= VARBRNGYLSZA ot o A ANV ; ; ;
(b) Jan 2007 Feb Mar Apr May Jun Aug Sep
Date

antiemetics, as this can be associated with both
Pneumocystis infection and avascular necrosis of the
femoral head.

Approximately 4% of patients presenting with trophob-
last disease have cerebral metastases at the time of diag-
nosis. In contrast to most other malignancies, where
cerebral metastases are associated with a very poor prog-
nosis, trophoblast patients with CNS disease can rou-
tinely be cured of their disease. Treatment may include an
initial surgical resection if the disease is superficial and
then chemotherapy with modified EMA /CO containing
a higher dose of methotrexate which enhances penetra-
tion into the CNS. This treatment, combined with intrath-
ecal methotrexate administration, has produced a cure
rate of 86% for patients with CNS disease who are
fit enough at presentation to commence effective treat-
ment [18].

Management of placental site

trophoblast disease

The original description of PSTT suggested a relatively
benign malignancy. However, further data demonstrated
that this is a malignancy that can often metastasize but
can frequently be cured with effective therapy.

presenting with respiratory failure
secondary to choriocarcinoma 2 months
after the birth of a healthy child.

The optimal management of PSTT depends on the
staging. When disease is limited to the uterus, curative
treatment can usually be achieved with hysterectomy
alone. For patients with disseminated disease the recom-
mended treatment is with EP/EMA chemotherapy, which
is continued for 6-8 weeks after the normalization of the
hCG level. Following successful chemotherapy treatment,
hysterectomy is generally recommended as viable tumour
cells may persist in the uterine wall. The data for patients
with PSTT treated between 1976 and 2006 demonstrates
a 100% cure rate for those presenting within 4 years of the
antecedent pregnancy, but a poorer prognosis for those
presenting after a longer interval [7].

Risk of relapse and late

treatment complications

For the majority of patients with trophoblast disease who
achieve a serological remission the outlook is very bright
in terms of the very low risks of relapse, the high possibil-
ity of further successful pregnancies and only modest
long-term health risks from the chemotherapy exposure.
Once the hCG has fallen to normal, the risk of relapse is
less than 2% for patients starting in the low-risk category
and 8% for patients in the high-risk EMA/CO category



[19]. Generally, recurrences occur within the first 12
months after treatment. For the patients who initially had
successful treatment and then relapse, treatment with
further chemotherapy, and on occasion surgery to sites of
disease, leads to cure in over 80% of cases. In contrast the
outlook for the small number of patients who do
not reach a normal hCG level with their first-line combi-
nation chemotherapy regimen is less good, with subse-
quent treatment leading to a cure rate of approximately
50% [19].

Subsequent fertility

Following chemotherapy treatment, fertility is usually
maintained and regular menstrual periods restart 2-6
months after the completion of chemotherapy. However,
chemotherapy treatment does bring the average age of
the menopause forward, by approximately 1 year for
those treated with methotrexate and 3 years for those
treated with EMA /CO [20].

Further pregnancy should be deferred for 12 months
after treatment to avoid any teratogenic effects on devel-
oping oocytes and to minimize the possible confusion
from the rising hCG levels between a new pregnancy and
disease relapse. The modest impact on future fertility is
reflected in the data demonstrating that 83% of women
wishing to conceive after chemotherapy treatment have
been able to have at least one live birth. Despite the fre-
quent long exposure to cytotoxic chemotherapy in the
high-risk group, there does not appear to be any signifi-
cant increase in fetal abnormalities [21].

Many patients after experiencing one molar pregnancy,
and particularly those who require chemotherapy, are
anxious about the problem occurring again in any subse-
quent pregnancy. While the data suggest that the risk of
a further molar pregnancy is about 10-fold higher than in
the normal population, this only equates to an approxi-
mate 1 in 70 risk [22]. This risk appears to be independent
of chemotherapy exposure, being similar for those
patients who required chemotherapy and those where the
molar pregnancy was cured by evacuation alone.

Long-term toxicities

With the prolonged follow-up data available from the
patients with trophoblast disease treated from the 1970s
onwards, it is clear that exposure to combination chemo-
therapy carries some long-term health risks. Data from a
study of 1377 patients treated at Charing Cross Hospital
show that those receiving combination chemotherapy
have enhanced risks of developing a second malignancy.
From this series of patients, the overall relative risk (RR)
was increased 1.5-fold and is particularly marked for
myeloid leukaemia (RR 16.6), colon cancer (RR 4.6), breast
cancer (RR 5.8) and melanoma (RR3.41) [23]. This data-
base is being updated and as the cohorts of treated
patients get older, these risks may further increase. In
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contrast, the patients treated with single-agent methotrex-
ate do not appear to have increased risks of second
malignancies.

This long-term health concern from the use of combina-
tion chemotherapy reinforces the benefits derived from
an effective surveillance programme that allows treat-
ment to be commenced with single-agent methotrexate in
the large majority of women with GTT after a molar
pregnancy.

Personal and psychological issues

Despite the high cure rate and relatively low long-term
toxicity from chemotherapy treatment, it is unsurprising
that the diagnosis of a gestational tumour and particu-
larly treatment with chemotherapy can result in a number
of psychological sequelae.

The main areas that can lead to stress in the short term
include the loss of the pregnancy, the impact of the
‘cancer’ diagnosis, the treatment process and the delay of
future pregnancy. During chemotherapy treatment issues
regarding potential side effects, emotional problems and
fertility concerns are frequent and patients will benefit
from the support of an experienced counsellor. A number
of studies have shown that these concerns can remain for
many years, with feelings regarding the wish for more
children, a lack of control of fertility and an ongoing
mourning for the lost pregnancy still frequently reported
5-10 years after successful treatment [24,25]. A number of
surveys have demonstrated the wish of many patients to
have more support throughout their diagnosis and treat-
ment through counselling and other forms of support.
With the rarity of the diagnosis, providing expert counsel-
ling close to home is likely to be challenging, but support
in the form of the patients internet forum on www.
mymolarpregnancy.co.uk has proved extremely useful to
many patients in the UK and elsewhere.

Summary

All forms of GTT including molar pregnancies are rare
and their aetiology, biologyand responsiveness to treat-
ment are very different from other form of malignancy.

Over 90% of molar pregnancies will be cured with the
first evacuation and the cases that require chemotherapy
are generally cured with very low toxicity treatment.
Choriocarcinoma and PSTT, the rarer forms of GTT, can
occur with a wide variety of presentations and a formal
hCG measurement should be performed in all women
with a new diagnosis of metastatic cancer.

In the UK there is a well-established centralized sur-
veillance and treatment service that links all the obstetric
and gynaecology teams in the UK with an effective
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8 Cole LA, Shahabi S, Butler SA et al. Utility of commonly used
commercial human chorionic gonadotropin immunoassays in
the diagnosis and management of trophoblastic diseases. Clin
Chem 2000;47:308-315.

9 Harvey RA, Mitchell HD, Stenman UH et al. Differences in total
human chorionic gonadotropin immunoassay analytical spe-
cificity and ability to measure human chorionic gonadotropin
in gestational trophoblastic disease and germ cell tumours.
] Reprod Med 2010;55:285-295.

10 Bagshawe KD. Risk and prognostic factors in trophoblastic neo-
e Molar pregnancies occur at an approximate rate of 1 per plasia. Cancer 1976;38:1373-1385.
500 viable conceptions for women in the UK. The risk of a 11 FIGO Oncology Committee. FIGO staging for gestational tro-
molar pregnancy increases with maternal age: for women phoblastic neoplasia. Int | Gynaecol Obstet 2002;77:285-287.
aged 45 the risk is 1 in 96; for women aged 50 and over 12 van Trommel NE, Massuger LF, Verheijen RH et al. The curative
the risk is 1 in 6.

registration, follow-up and expert treatment service.
There is a 24-hour emergency advice and treatment
service available in both major centres in the UK and they
are always willing to give advice on any UK and overseas
patient on request.

:3 Summary box 8.1

effect of a second curettage in persistent trophoblastic disease:

The risk of requiring chemotherapy treatment after the
evacuation is approximately 15% for complete molar
pregnancies and 1% for partial moles. Modern treatment
produces cure rates of nearly 100% using primarily
low-toxicity methotrexate chemotherapy.

Choriocarcinoma is a rare diagnosis, with an incidence of 1
per 50000-100000 conceptions. The majority of cases
occur after a normal pregnancy but the diagnosis can
occur after a molar pregnancy or a miscarriage. The
presenting symptoms and findings in choriocarcinoma can
be varied and it is recommended that every women
presenting with previously undiagnosed cancer should
have a formal laboratory hCG check.

e The UK has a national service for the registration,
surveillance and specialist treatment of gestational
tumours. All patients with proven or suspected molar
pregnancies should be registered and expert advice for
emergency cases is available 24 hours a day.
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Ectopic Pregnancy

Davor Jurkovic
King’s College Hospital, London, UK

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

Epidemiology and aetiology

Over the past 30 years the incidence of ectopic pregnancy
has increased in most industrialized countries. The inci-
dence of ectopic pregnancy may be expressed in various
ways, for example number of births, number of pregnan-
cies or number of women of reproductive age may be
used as a denominator. Because of difficulties in register-
ing all pregnancies, the number of women aged 1544 is
often used as the denominator when comparing the
figures from different populations. The reported annual
incidence rates vary between 100 and 175 per 100000
women aged 1544 [3]. In recent years a stabilization or
even decline of ectopic rates has been noted in some coun-
tries such as Sweden and Finland. The incidence of ectopic
pregnancy in the UK has changed little in recent years,

with 9.6 per 1000 pregnancies in 1991-1993 and 11.1 per
1000 pregnancies in 2003-2005 [2].

The perceived increase in the incidence of ectopic preg-
nancy may be due to a number of factors. The increase
may be a true reflection of the larger number of cases in
the population or a result of the improved sensitivity of
diagnostic tests for ectopic pregnancy. In the past a
significant number of ectopic pregnancies may have
resolved spontaneously without being detected, which is
less likely to occur in modern clinical practice. Therefore
the increased incidence of ectopic pregnancy may be
partly explained by the increased effectiveness of
screening.

A number of factors have been identified that increase
individual risk of ectopic implantation. An association
between increased maternal age and ectopic pregnancy
has been well documented in the past. The incidence of
ectopic pregnancy is three times higher in women aged
35-44 compared with those in the age group 15-24
[4,5]. In recent years the age at first conception has
increased, which may have contributed to the increased
incidence.

The observed increase in incidence of ectopic preg-
nancy could also be attributed to an increase in risk
factors such as sexually transmitted infections. A recent
meta-analysis showed that the odds of having an ectopic
pregnancy are significantly higher in women with a
history of pelvic infection, multiple partners and early
age of intercourse. Odds were particularly high in women
with history of chlamydia infection [6]. Another study
from Sweden also supports an association between
ectopic pregnancy and preceding infection by chlamydia.
These data showed that a surge in the incidence of ectopic
pregnancy was preceded by a similar peak in the inci-
dence of acute salpingitis 15 years earlier [7]. It has also
been found that the reduction in the rate of chlamydia
infection due to screening and treatment leads to con-
comitant decline in the incidence of ectopic pregnancy.
However, the findings from epidemiological studies may
have been confounded by other factors and they should
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Table 9.1 Risk factors for tubal ectopic pregnancy.

History of previous ectopic pregnancy
IUCD or sterilization failure

Pelvic inflammatory disease
Chlamydia infection

Early age of intercourse and multiple partners
History of infertility

Previous pelvic surgery

Increased maternal age

Cigarette smoking

Strenuous physical exercise

In utero diethylstilbestrol exposure

be interpreted with caution. It is possible that the tempo-
ral association between the incidence of chlamydia infec-
tion and ectopic pregnancy may actually be due to the
changes in screening policies for chlamydia and continu-
ous improvement of diagnostic methods for the detection
of ectopic pregnancy.

All methods of contraception are effective in reducing
the number of both intrauterine and extrauterine preg-
nancies. However, when pregnancies occur as a result of
contraceptive failure, the risk of ectopic pregnancy is sig-
nificantly increased in women who fall pregnant after
tubal sterilization or while using the intrauterine contra-
ceptive device (IUCD), but not in women conceiving due
to the failure of oral hormonal contraception or barrier
methods [8].

Other factors associated with an increased risk of
ectopic pregnancy include previous pelvic surgery,
history of infertility, in utero diethylstilbestrol exposure,
strenuous physical exercise and cigarette smoking. The
risk of ectopic pregnancy among black women and other
ethnic minorities is 1.6 times higher than the risk among
white women in the USA [4].

In women with previous ectopic pregnancy the risk of
recurrent ectopic pregnancy is 12-18%. The future risk
increases further with every successive occurrence [9,10]
(Table 9.1).

() Summary box 9.1

v

e The incidence of ectopic pregnancy in the UK remains
stable.

e The incidence of ectopic pregnancy increases with
maternal age.

e A history of sexually transmitted disease increases the
chance of ectopic pregnancy.

e All methods of contraception reduce the number of

ectopic pregnancies.
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Mortality

Ectopic pregnancy remains an important cause of mater-
nal mortality worldwide. Figures from the USA show that
the incidence of ectopic pregnancy increased fourfold
between 1972 and 1987. At the same time the mortality
has decreased nearly sixfold, from 19.6 to 3.4 per 10000
cases. However, the absolute number of deaths has
decreased by less than half, from 47 to 30 cases per year
[11]. In the UK both the number of ectopics and the
number of deaths have been static in the last 12 years,
with the mortality rate at 4 per 10000 pregnancies [2].
This trend has been maintained despite a massive expan-
sion over the last decade in the services available to
women with suspected early pregnancy complications. A
possible explanation is that women with the most serious
forms of ectopic pregnancy, such as interstitial ectopics,
are typically asymptomatic until sudden rupture accom-
panied by massive internal bleeding occurs. The lack of
early warning signs prevents women seeking the semi-
elective services available to them.

Pathophysiology

Any abnormality in tubal morphology or function may
lead to ectopic pregnancy. In normal pregnancy the egg
is fertilized in the fallopian tube and the embryo is trans-
ported into the uterus. It is believed that the most impor-
tant cause of ectopic pregnancy is damage to the tubal
mucosa, which could obstruct embryo transport due to
scarring. The other possibility is that a small defect in the
mucosa attracts implantation in the fallopian tube [12].
The mucosal damage may be caused by infection or surgi-
cal trauma. However, evidence of tubal damage is lacking
in many cases of ectopic pregnancy. In these women the
cause of ectopic pregnancy may be dysfunction of tubal
smooth muscle activity. In general, oestrogens stimulate
tubal myoelectrial activity while progesterone has an
inhibitory effect. An altered oestrogen/progesterone ratio
may affect tubal motility in different ways. Abnormally
high oestrogen levels may cause tubal spasm, which
could block transport of the embryo towards the uterine
cavity. This may be an explanation for increased rates of
ectopics following ovarian hyperstimulation and post-
coital oral contraception. Conversely, pharmacological
doses of progesterone in women using progesterone-only
contraception could cause complete tubal relaxation
leading to retention of the fertilized egg within the tube
[13]. Embryonic abnormalities have also been studied in
an attempt to explain the occurrence of ectopics in the
absence of tubal pathology and although the majority of
tubal pregnancies are non-viable, the incidence of chro-
mosomal defects is no higher than in samples obtained
from intrauterine pregnancies [14].
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Clinical presentation

The clinical presentation of ectopic pregnancy is very
variable and reflects the biological potential of pregnancy
to develop beyond a very early stage. This in turn is
largely determined by the location of pregnancy within
the tube. In general, more proximal implantation to the
uterine cavity shows more advanced development.
Ampullary ectopics, which represent 70% of all tubal
ectopics, rarely develop beyond a very early stage and
clinical symptoms of tubal abortion may be present as
early as 5 weeks’ gestation. On the other hand, one-third
of interstitial tubal ectopics develop in a similar way to
healthy intrauterine pregnancies with evidence of a live
embryo on ultrasound examination. These pregnancies
tend to be clinically silent until sudden rupture occurs
[15].

Most ectopic pregnancies represent a form of early
pregnancy failure and the first symptom is usually brown
vaginal discharge, which starts soon after the missed
menstrual period. However, the amount of bleeding
varies and in some women it can be quite heavy. Passage
of a decidual cast may sometimes lead to an erroneous
diagnosis of miscarriage. Abdominal pain is usually a late
feature in the clinical presentation of ectopic pregnancy.
The localization of pain is not specific and it is not unusual
for women to complain of pain on the side contralateral
to the ectopic. Some women may complain of period-like
pain or upper abdominal discomfort. The pain is usually
caused by tubal miscarriage and bleeding through the
fimbrial end of the tube into the peritoneal cavity. The
pain varies in intensity and does not necessarily reflect
the volume of blood lost inside the abdominal cavity.
About 10-20% of ectopic pregnancies present without
bleeding [16]. In a significant proportion of these cases a
viable embryo is detected on ultrasound scan, which
increases the risk of rupture. Pain associated with rupture
tends to be more intense, with signs of peritonism on
abdominal palpation. Severe rupture sometimes presents
with nausea, vomiting and diarrhoea, which may resem-
ble a gastrointestinal disorder. This confusing picture may
cause delay in the diagnosis of ectopic pregnancy. Indeed
this misdiagnosis was made in more than one-third of
women who have died from ectopic pregnancy in the UK
since 1998 [2]. However, significant intra-abdominal
bleeding can be recognized by the typical signs of haem-
orrhagic shock, including pallor, tachycardia, hypoten-
sion and oliguria.

Women with suspected early pregnancy complications
have traditionally been subjected to vaginal examination
including speculum and bimanual palpation. Speculum
examination has very little value in the detection of
ectopic pregnancy. It may help to diagnose miscarriage
by visualization of the products of conception within the
cervix or vagina. Although this reduces the chance of an

ectopic, it does not eliminate the possibility of a hetero-
topic pregnancy.

Palpation of pelvic organs is also of limited diagnostic
value. Most ectopic pregnancies are very small and cannot
be felt on palpation. The assessment of uterine size is
rarely helpful and cervical excitation is not a specific sign
of an ectopic [17]. Internal examination is unpleasant for
women and is often uncomfortable even in those with
normal intrauterine pregnancies. One could also argue
that the application of significant pressure on a tube
swollen with an ectopic pregnancy during such an exami-
nation could facilitate tubal rupture and complicate the
further management of ectopic pregnancy. In modern
clinical practice where ultrasound diagnostic facilities are
readily available, vaginal examination in women with
suspected ectopic pregnancy is of little value and it should
not be routinely employed.

:9 Summary box 9.2

e Symptoms of ectopic pregnancy vary depending on the
location of the pregnancy within the tube.

e The most common symptom is brown vaginal discharge.

e Abdominal pain is a late symptom due to intraperitoneal
bleeding.

Diagnosis

Surgery

Traditionally, the diagnosis of ectopic pregnancy was
made at surgery and then confirmed on histological
examination following salpingectomy. At laparoscopy an
unruptured ectopic pregnancy typically presents as a
well-defined swelling in the fallopian tube [18] (Fig. 9.1).
The diagnosis may be difficult in the presence of exten-
sive pelvic adhesions, which impair visualization of the
tubes. Anecdotal cases of false-positive and false-negative
laparoscopic findings have been reported, but no formal
assessment of the accuracy of laparoscopy in the diagno-
sis of ectopic pregnancy has been published. Some authors
have advocated the use of dilatation and curettage in the
diagnosis of ectopic pregnancy. The presence of chorionic
villi helps to provide some reassurance since the inci-
dence of heterotopic pregnancy is relatively low, but as
mentioned previously it does not exclude an ectopic.
However, the majority of women with absent villi on
curettage do not have ectopic pregnancies on subsequent
laparoscopy and therefore the diagnostic value of curet-
tage is very limited [19].

Ultrasound
With the advent of diagnostic ultrasound and the increas-
ing use of conservative treatment, the diagnosis of ectopic



Fig. 9.1 A laparoscopic view of an isthmic tubal ectopic
pregnancy with bleeding from the fimbrial end of the tube.
(Courtesy of Dr E. Saridogan, University College Hospital,
London.)

pregnancy is increasingly made without the help of
surgery. The sensitivity of ultrasound examination in the
diagnosis of ectopic pregnancy depends on the quality of
ultrasound equipment and the experience and skill of the
operator. With the use of transabdominal ultrasound,
direct visualization of ectopic pregnancy is rarely possi-
ble. The only value of transabdominal ultrasound is there-
fore the detection of an intrauterine pregnancy in women
with clinical suspicion of an ectopic. Even the diagnosis
of intrauterine pregnancy is difficult to make with confi-
dence until 6-7 weeks’ gestation. In addition, it is almost
impossible to differentiate between interstitial ectopics
and intrauterine pregnancies on transabdominal scan. For
these reasons transabdominal ultrasound should not be
routinely used in women with a clinical suspicion of
ectopic pregnancy.

Transvaginal scanning provides much clearer images of
pelvic structures in comparison to transabdominal scan-
ning. By using the transvaginal approach it is possible to
palpate pelvic organs under visual control, which enables
assessment of their mobility and helps to establish the
source of pelvic pain. Gentle pressure applied with the tip
of the probe may be used to see whether the suspected
tubal ectopic moves separately from the ovary. This
‘sliding organs’ sign helps to avoid false-positive diagno-
sis of ectopic pregnancy in women with a prominent
corpus luteum on ultrasound [20,21]. In experienced
hands, transvaginal ultrasound will detect 75-80% of
clinically significant tubal ectopics at the initial examina-
tion [22]. The remaining 20-25% can be detected on
follow-up visits and ultrasound should rarely fail to
visualize an ectopic preoperatively. The reported sensi-
tivity of preoperative ultrasound examination (includ-
ing follow-up scans) is 87.0-99.0% with a specificity of
94.0-99.9% [22,23]. However, the majority of these studies

Ectopic Pregnancy 79

 ive embryo
yolk sae

Fig. 9.2 An ultrasound image of a tubal ectopic gestational sac
left of the uterus, which contained a live embryo and a yolk sac.

included follow-up ultrasound examinations, so not all
ectopic pregnancies were visualized on the initial trans-
vaginal ultrasound scan. Some women would initially
have had an inconclusive transvaginal ultrasound exami-
nation and would have been classified as ‘pregnancy of
unknown location’.

The morphology of ectopic pregnancy can be classified
into five categories: gestational sac with a live embryo
(Fig. 9.2), sac with an embryo but no heart rate, sac con-
taining a yolk sac, an empty gestational sac and solid
tubal swelling. The first three morphological types are
very specific and enable a conclusive diagnosis of an
ectopic to be made. The potential for false-positive diag-
nosis is higher when the sac is empty or in cases with an
inhomogeneous tubal swelling [23,24].

The presence of free fluid in the pouch of Douglas is a
frequent finding in women with normal intrauterine
pregnancies and it should not be used to diagnose an
ectopic. However, the presence of blood clots is important
and is a common finding in ruptured ectopics. Blood clots
appear hyperechoic and irregular on the scan and they
may be mistaken for bowel loops. Checking for the pres-
ence of peristalsis helps in the differential diagnosis.

In women with ectopic pregnancy, bleeding within the
uterine cavity may resemble an early intrauterine preg-
nancy (‘pseudosac’). The distinction between a pseudosac
and a true gestational sac may be difficult on transab-
dominal scan. Therefore a transvaginal scan should be
performed in all women at risk of ectopic pregnancy and
with an empty sac on transabdominal scan, in order to
differentiate between the two using the criteria listed in
Table 9.2 (see also Figs 9.3 and 9.4).

In women with intrauterine pregnancy on the scan, the
possibility of heterotopic pregnancy should be excluded.
This is particularly the case in women who conceived
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Table 9.2 Differential diagnosis between early intrauterine
gestational sac and pseudosac.

Early gestational sac

Pseudosac

Location

Shape

Borders
Colour flow pattern

Below the midline
echo buried into
the endometrium

Steady, usually round

Double ring
High peripheral flow

Along the cavity line,
between
endometrial layers

May change during
scan, usually ovoid

Single layer

Avascular

4— Gestational sac

- Decidua

Fig. 9.3 A longitudinal section through the uterus showing a
normal early intrauterine pregnancy at 5 weeks’ gestation. The
sac is surrounded by a well-defined layer of trophoblast tissue

and thick decidua.

Fluid within
&7 uterine cavity

h o Decidua

Fig. 9.4 Uterine cavity distended with fluid resembling an
intrauterine pregnancy (pseudosac) in a woman with a tubal

ectopic pregnancy.

after stimulation of ovulation or in vitro fertilization. In
symptomatic women with spontaneous pregnancies it is
helpful to examine the number of corpora lutea. If more
than one corpus is present, a concomitant ectopic needs
to be excluded.

:.? Summary box 9.3

e Transabdominal ultrasound has a limited role in the
diagnosis of ectopic pregnancy.

e Transvaginal scanning is the imaging modality of first
choice.

e Transvaginal ultrasound can detect 75-80% of ectopic
pregnancies on the initial examination and the remaining
20-25% will be detected during follow up.

Biochemical measurements

Serum human chorionic gonadotrophin

Serum human chorionic gonadotrophin (hCG) measure-
ments have traditionally been used as a secondary inves-
tigation in women with suspected ectopic pregnancy in
whom ultrasound examination has failed to identify an
intrauterine or ectopic pregnancy. With the use of transab-
dominal ultrasound, a normal pregnancy could be
seen in most cases when serum hCG exceeds 65001U/L
(Third International Reference 75/537, World Health
Organization) [25]. With transvaginal ultrasound this
threshold can be lowered to 1000IU/L [26]. These obser-
vations have helped to introduce the concept of ‘discrimi-
natory hCG zone’ above which a normal intrauterine
pregnancy should be detectable on ultrasound scan.
However, the concept of discriminatory zone is often mis-
interpreted in clinical practice. There are many clinicians
who assume that in the absence of a visible intrauterine
pregnancy on ultrasound scan, serum hCG reading below
a predefined level equals normal intrauterine pregnancy
and that a reading above that level is diagnostic of an
ectopic [27]. This is clearly not the case as hCG levels are
often high in the aftermath of a complete miscarriage
because of its long clearance half-time of 24-36 hours. It
has also been shown that more than 50% of ectopics,
which are detectable on the scan, present with hCG levels
below 1000IU/L [28,29]. In view of this, the concept of a
discriminatory zone is of limited value in clinical practice
and is only useful in assessing asymptomatic women
with uncertain menstrual dates.

Abnormally slow rise in serum hCG has also been used
to diagnose ectopic pregnancy. In normal early pregnancy
the hCG doubling time is 1.4 days before 5 weeks’ gesta-
tion and 2.4 days from then until 7 weeks’ gestation. A
prolonged hCG doubling time is an indicator of an abnor-
mal pregnancy. However, it cannot discriminate between



intrauterine miscarriages and ectopics. It has also been
shown that in about 10% of ectopic pregnancies, serum
hCG increases at a normal rate [28].

The use of hCG to select patients for expectant, medical
and surgical management of ectopic pregnancy and to
assess the efficacy of treatment at follow-up visits is dis-
cussed later.

Progesterone

Progesterone production from the corpus luteum is
dependent on the slope of hCG increase in early preg-
nancy. The half-life of progesterone clearance is only 2
hours compared with 24-36 hours for serum hCG [30]. As
a result serum progesterone levels will respond quickly
to any decrease in hCG production. Measurement of pro-
gesterone can therefore be used as a bioassay of early
pregnancy viability. Serum progesterone below 20nmol/L
reflects fast decreasing hCG levels and can be used to
diagnose spontaneously resolving pregnancies with a
sensitivity of 94% and specificity of 91% [28]. Progesterone
levels above 60nmol/L indicate a normal increase in hCG
levels, but values between 20 and 60nmol/L are strongly
associated with abnormal pregnancies. In clinical practice
serum progesterone measurements are particularly useful
in women with a non-diagnostic ultrasound scan.
Although the majority of these women have failed intrau-
terine pregnancies, they are usually followed up with
serial hCG measurement because of the fear of missing
potentially significant ectopic pregnancies. The routine
measurement of serum progesterone can reliably diag-
nose pregnancies in regression and can reduce by 50-60%
the need for follow-up scans and serial hCG measure-
ments in pregnant women with non-diagnostic scan find-
ings [28,31].

Management

Surgery

Surgery has been traditionally used for both the diagnosis
and treatment of ectopic pregnancy. In the second half of
the twentieth century laparoscopy was mostly used as a
diagnostic tool and open surgery was used to treat ectopic
pregnancy. With recent advances in operative laparos-
copy, the minimally invasive approach has also become
accepted as the method of choice to treat most tubal
ectopic pregnancies. There are important advantages of
laparoscopic over open surgery, including less postopera-
tive pain, shorter hospital stay and faster resumption of
social activity [32]. However, the future reproductive out-
comes following laparoscopic or open surgery are not
significantly different. Although the rate of recurrent
ectopics is slightly lower following laparoscopic surgery,
the rate of subsequent intrauterine pregnancies appears
to be similar [33].
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It remains unclear whether laparoscopic salpingotomy
with tubal conservation offers any advantage over
salpingectomy. Laparoscopic salpingotomy is usually
a longer operation, with a higher risk of intraoperative
and postoperative bleeding. In addition there is a 10-
15% risk of persistent trophoblast following salpingot-
omy, which may require further surgical or medical
treatment. However, data from observational studies
indicate that tubal conservation results in slightly
higher rates of subsequent intrauterine pregnancy [34].
Until this finding is tested in a prospective randomized
trial, the choice between removal of the tube and
tubal conservation should be made depending on the
circumstances in each individual case. At present there
is a consensus that tubal conservation should be
attempted if a woman desires further pregnancies and
there is evidence of contralateral tubal damage at laparo-
scopy. In the presence of a healthy contralateral tube,
salpingectomy may be performed with the patient’s
consent [33].

Medical management

Medical management of ectopic pregnancy has grown in
popularity in recent years following several observational
studies that reported success rates in excess of 90% using
single-dose systemic methotrexate [35]. However, the
diagnosis of ectopic pregnancy was based in many cases
on monitoring the dynamics of serum hCG and proges-
terone, rather than on direct visualization of the ectopic
on ultrasound or at laparoscopy. It is therefore possible
that in a significant number of cases intrauterine miscar-
riages were misdiagnosed as ectopics, contributing to the
high success rates. Nevertheless, there are some obvious
attractions of medical treatment such as the option to
manage patients on an outpatient basis and avoidance of
surgery. However, due to the need for prolonged follow-
up and the increased failure rate in women presenting
with higher initial hCG measurements, medical treatment
is only cost-effective in ectopics with serum hCG below
1500IU/L [36].

Selection criteria for treatment with methotrexate are
usually strict and are listed in Table 9.3. Two randomized
trials that compared methotrexate to surgery showed that
only one-third of all tubal ectopics satisfied these criteria
and were suitable for medical treatment, with success
rates between 65 and 82% [37,38]. The overall contribu-
tion of methotrexate to successful treatment of tubal
ectopics was between 23 and 30% while all other women
required surgery. The other problem with methotrexate is
the risk of tubal rupture and blood transfusion, which
occurred significantly more often in women receiving
methotrexate compared with those who had surgery,
emphasizing the need for very close follow-up [37]. There
is also a risk of side effects such as gastritis, stomatitis,
alopecia, headaches, nausea and vomiting. Disturbances
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Table 9.3 Selection criteria for conservative management of tubal
ectopic pregnancy.

Minimal clinical symptoms

Certain ultrasound diagnosis of ectopic

No evidence of embryonic cardiac activity

Size <bcm

No evidence of haematoperitoneum on ultrasound scan

Low serum hCG (methotrexate <3000 IU/L; expectant <1500 IU/L)

in hepatic and renal function and leucopenia or thrombo-
cytopenia may also occur.

In view of this, the overall role of methotrexate in the
management of ectopic pregnancy is limited, but may be
offered on an individual basis to highly motivated women
with small unruptured ectopics and a serum hCG level of
1500-3000IU/L who are likely to comply with well-
organized follow-up.

Expectant management

Expectant management has important advantages over
medical treatment as it follows the natural history of the
disease and is free from the serious side effects of meth-
otrexate. The progress of ectopic pregnancy is easier to
monitor as serum hCG measurements accurately reflect
trophoblastic activity of the ectopic pregnancy, with rising
levels indicating an increased risk of rupture. This is dif-
ferent from medical treatment, which is characterized by
an initial rise in serum hCG following administration of
methotrexate in cases with both successful and unsuc-
cessful outcomes. Therefore with medical treatment it is
often impossible to be confident about the probability of
successful treatment for up to a week following injection,
which increases the risk of adverse outcomes in compari-
son to expectant management.

Expectant management requires prolonged follow-up
and may cause anxiety to both women and their carers.
However, the main limiting factor in the use of expectant
management is the relatively high failure rate and the
inability to identify with accuracy the cases likely to fail
this type of management. To minimize the risk of failure
many authors have used very strict selection criteria for
expectant management, such as initial hCG level below
250IU /L [39]. The use of these strict selection criteria has
resulted in relatively high success rates, sometimes reach-
ing 70-80% [40,41]. However, only a small minority of
ectopics were considered suitable for expectant manage-
ment, resulting in a low overall contribution to successful
management of tubal ectopics of only 7-25%. Recent
studies have shown that by using more liberal selection
criteria for expectant management up to 40% of all tubal
ectopics may resolve spontaneously on expectant treat-
ment [18]. This observation also reflects the increased
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Fig. 9.5 Relative frequencies of different morphological types of
ectopic pregnancy detected on ultrasound scan in the last two
decades. The proportion of more severe forms such as live
ectopics and well-formed gestational sacs is decreasing, while
the proportion of mild forms such as small solid ectopics is
increasing. This finding reflects the ability of modern equipment
to detect tubal ectopics, rather than the change in the nature of
the condition.

sensitivity of modern ultrasound equipment, which
enables detection of very small ectopics (Fig. 9.5). It is
very likely that a large proportion of these small ectopics
went undiagnosed in the past and were treated as early
intrauterine miscarriages. However, the sensitivity of
equipment will probably improve further in the future
and it is imperative for modern practice to continue
efforts to refine the selection criteria for expectant man-
agement of tubal ectopics.

According to the current literature the success of expect-
ant management may be determined by the serum hCG
levels at the initial presentation. In general, if hCG is less
than 1500IU/L and the ectopic pregnancy is clearly
visible on ultrasound scan, the success of expectant man-
agement is 60-70% [18]. The addition of the serum pro-
gesterone and morphological features of ectopics on
ultrasound scan enable further refinement in the predic-
tion of the likely success of expectant management.

Long-term fertility outcomes in women treated expect-
antly are similar to those in women treated by conserva-
tive surgery or medically. Several authors have examined
reproductive outcomes in women with ectopic pregnan-
cies following successful expectant management com-
pared with those who required surgery. They found no
significant differences in the ipsilateral tubal patency
rates and the rates of subsequent intrauterine and extra-
uterine pregnancy [42]. Therefore the main advantage
of expectant management is avoidance of any interven-
tion, rather than improvement in the reproductive
outcomes.



Fertility after tubal ectopic pregnancy
Intrauterine pregnancy rates following ectopic pregnancy
range between 50 and 70% [42]. Recurrent ectopic preg-
nancies occur in 6-16% of women with previous history
of ectopics [43] and these women should be offered early
scans in all future pregnancies to detect recurrent ectopics
before complications can occur.

O Summary box 9.4

e Tubal ectopic pregnancy can be managed surgically or
medically.

e Strict criteria need to be observed to choose a medical
route.

e Methotrexate is the medical treatment of choice.

e |ntrauterine pregnancy rates after ectopic pregnancy are
50-70%.

e Recurrent ectopic pregnancy rates of 6-16% can be
expected in women with a history of ectopic pregnancy.

Non-tubal ectopics

Interstitial ectopics

The implantation of the conceptus in the proximal portion
of the fallopian tube, which is within the muscular wall
of the uterus, is called an interstitial pregnancy. The inci-
dence of interstitial ectopic is 1 in 2500-5000 live births
and accounts for 2-6% of all ectopic pregnancies [44]. Risk
factors predisposing to an interstitial pregnancy are the
same as those for tubal ectopics and include previous
ectopic pregnancy (40.6%), assisted reproduction treat-
ment (37.5%) and sexually transmitted infections (25%)
[45]. A unique predisposing factor to interstitial preg-
nancy is previous ipsilateral salpingectomy. Maternal
morbidity associated with interstitial pregnancy is still
high, and the maternal mortality rate of this form of
ectopic pregnancy is about 2-2.5% [2].

Interstitial pregnancy remains the most difficult type of
ectopic to diagnose preoperatively. This is partly due to
lack of any symptoms prior to sudden rupture. In modern
clinical practice the diagnosis of interstitial pregnancy
should be made non-invasively using transvaginal ultra-
sound. The diagnosis is based on visualization of the
interstitial tube adjoining the lateral aspect of the uterine
cavity and the gestational sac, and the presence of a con-
tinuous myometrial layer surrounding the chorionic sac
[46] (Figs 9.6 and 9.7).

Ruptured interstitial pregnancy usually presents dra-
matically with severe intra-abdominal bleeding, which
requires urgent surgery. Haemostasis can usually be
achieved by removing the pregnancy tissue and suturing
the rupture site. However, in cases of extreme bleeding a
cornual resection or in rare cases a hysterectomy may be
necessary to arrest the bleeding.
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Fig. 9.6 Schematic illustration of interstitial pregnancy.
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Fig. 9.7 An oblique section through the uterus showing an
empty uterine cavity and the interstitial portion of the tube
adjoining the cavity and an ectopic sac. The sac is completely
surrounded by a myometrial mantle, which is typical of
interstitial pregnancy.

Earlier non-invasive ultrasound diagnosis prior to the
rupture facilitates the use of laparoscopic surgery for
the treatment of interstitial ectopic pregnancy. Various
procedures have been described including laparoscopic
cornual resection, cornuostomy or salpingotomy [47].
Intramyometrial vasopressin injection and suture-loop
tourniquet through broad ligament have been used to
reduce intraoperative blood loss.

Unruptured interstitial pregnancy less than 12 weeks
in size can be managed conservatively. Medical treatment
with methotrexate should be given to all women with
rising serum hCG on follow-up visit. Good results have
been reported with both systemic and local methotrexate
[48,49]. However, in viable interstitial pregnancies local
injection under ultrasound guidance is preferable as it
enables fetocide to be carried out at the same time,
which increases the success rate of medical treatment.
Small interstitial pregnancies with declining serum
hCG levels can be managed expectantly without any
intervention.

Apart from the side effects of methotrexate, the main
disadvantage of conservative treatment is the time taken
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Fig. 9.8 A7 weeks’ Caesarean scar pregnancy with the
gestational sac herniating into the myometrial defect.

for the pregnancy to be fully absorbed; in larger pregnan-
cies this may take up to a year.

Pregnancies located below the internal os:
cervical and Caesarean scar ectopics

Cervical pregnancy is defined as the implantation of the
conceptus within the cervix, below the level of the inter-
nal os. Caesarean scar pregnancy is a novel entity that
refers to a pregnancy implanted into a deficient uterine
scar following previous lower segment Caesarean section
[50]. Prior to the introduction of high-resolution trans-
vaginal scanning, the distinction between cervical and
Caesarean scar pregnancies was not possible. In older
literature 33% of ‘cervical’ pregnancies occurred in
women with a history of previous Caesarean section,
which indicates that scar pregnancies probably account
for a significant number of ectopics below the level of the
internal os [51].

The common characteristic of both cervical and
Caesarean scar pregnancies is implantation into myome-
trial defects following previous intrauterine surgery (Fig.
9.8). In the case of cervical pregnancy, implantation is
usually into the false passage that occurred during previ-
ous attempts at cervical dilatation. As a result of myome-
trial involvement, surgical evacuation of cervical or
Caesarean ectopics often results in serious haemorrhage.
The bleeding tends to be more severe with increasing
gestation. Pregnancies below the internal os are often
viable and it is not unusual for Caesarean ectopics to
progress to full term. In these cases women usually
develop placenta praevia/accreta, which is often compli-
cated by severe postpartum haemorrhage and peripar-
tum hysterectomy [52].

An attempt to remove cervical or Caesarean section
pregnancy is likely to cause severe vaginal bleeding, and
hysterectomy rates of 40% have been described when
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Fig. 9.9 An anterior myometrial defect is clearly visible
following evacuation of a Caesarean pregnancy.

dilatation and curettage was attempted without preop-
erative diagnosis of cervical pregnancy [53]. Various
methods directed at reducing the bleeding from the
implantation site have been used in conjunction with dila-
tation and curettage, including insertion of a Foley cath-
eter into the cervix, intracervical vasopressin injection,
cervical Shirodkar cerclage, transvaginal ligation of the
cervical branches of uterine arteries or angiographic
uterine artery embolization. The use of any of these
methods in conjunction with dilatation and curettage
reduces the risk of hysterectomy to less than 5% (Fig. 9.9).

Similar to other types of ectopic pregnancy, medical
treatment with methotrexate or expectant management
can be used in smaller non-viable cervical pregnancies.
Although conservative management is successful in some
cases, it is associated with prolonged vaginal bleeding
that may last for many months and there is also a risk of
infection and sepsis. For these reasons surgery should be
used in preference for cervical/Caesarean scar ectopics
except in very small cases on non-viable pregnancies
which can be managed expectantly [54].

The risk of recurrence of cervical/Caesarean ectopics
is low, and provided the next pregnancy is located nor-
mally within the uterine cavity, it is likely to be uncom-
plicated [54].

Ovarian pregnancy

Ovarian pregnancy is defined as the implantation of the
conceptus on the surface of the ovary or inside the ovary,
away from the fallopian tubes. There are no direct risk
factors associated with primary ovarian pregnancy,
although there are reports of associations with the use of
IUCDs, pelvic inflammatory disease and assisted concep-
tion [55]. Chance might also have played a role in some
cases, as recurrent cases of ovarian pregnancy have rarely
been reported.



Fig. 9.10 A case of ovarian pregnancy diagnosed on ultrasound
scan. The gestational sac with a distinctive trophoblastic ring is
seen lateral to a cystic corpus luteum.

The diagnosis of ovarian pregnancy is rarely achieved
preoperatively, so most women are treated surgically as
the diagnosis is reached only at operation [56]. On ultra-
sound scan a small ovarian pregnancy can be seen
implanted into the ovary next to the corpus luteum
(Fig. 9.10).

Laparoscopy has emerged as the gold standard method
for the management of most ovarian pregnancies. The
technique of laparoscopic removal depends on the size
and location of the pregnancy within the ovary, as well as
the patient’s haemodynamic status. Conservative laparo-
scopic surgery involves ovarian resection or aspiration of
the pregnancy combined with coagulation of the implan-
tation site using a thermocoagulator [57]. However, in
cases with profuse intraoperative bleeding an oophorec-
tomy or salpingo-oophorectomy may be necessary to
achieve haemostasis.

Abdominal pregnancy

Abdominal pregnancy is a rarity that only a few gynae-
cologists will encounter during their professional career.
Most abdominal pregnancies are the result of reimplanta-
tion of ruptured undiagnosed tubal ectopic pregnancies.
With the increasing accuracy of first-trimester transvagi-
nal scanning it is likely the prevalence of advanced
abdominal pregnancy will decrease even further in the
future. The clinical and ultrasound features of an early
abdominal pregnancy are very similar to those of tubal
ectopic pregnancy. However, viable abdominal pregnan-
cies that progress beyond the first trimester are typically
missed on routine transabdominal scanning. Abdominal
pregnancy should be suspected in women with persistent
abdominal pain later in pregnancy and in those who com-
plain of painful fetal movements. In abdominal preg-
nancy it is often difficult to obtain clear images of the
fetus due to overlying bowel loops, and there is often
evidence of oligohydramnios and early intrauterine
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growth resriction. Perinatal mortality is high (>40%)
and the incidence of fetal malformations is also
increased [58].

In women with clinical suspicion of abdominal preg-
nancy a transvaginal scan should be performed to assess
the uterus and establish the continuity between the cervi-
cal canal, uterine cavity and gestational sac. If pregnancy
is clearly outside the uterine cavity, the differential diag-
nosis includes abdominal pregnancy and pregnancy in an
atretic non-communicating cornu of a unicornuate uterus.
Visualization of both interstitial portions of the tubes
favours the diagnosis of abdominal pregnancy.

Treatment of abdominal pregnancy is surgical. The
timing of the intervention depends on clinical signs and
the patient’s symptoms. In advanced abdominal pregnan-
cies accompanied by normal fetal development diag-
nosed in the late second trimester, termination of
pregnancy may be delayed for a few weeks until the fetus
reaches viability. At surgery the gestational sac should be
opened carefully avoiding disruption of the placenta. The
fetus should be removed, the cord cut short and the pla-
centa left in situ [59]. Any attempt to remove the placenta
may result in massive uncontrollable haemorrhage.
Adjuvant treatment with methotrexate is not necessary
and the residual placental tissue will absorb slowly over
a period of many months, sometimes a few years. The
placental tissue left in situ may become infected and lead
to the formation of a pelvic abscess, which may require
drainage.

Conclusions

Improvements in non-invasive diagnosis of ectopic preg-
nancy have led to substantial changes in the management
of this common condition. Nowadays women diagnosed
with ectopic pregnancy typically present with mild symp-
toms, either because the diagnosis is made early in the
natural history of disease before rupture occurs or because
ectopic pregnancy is already failing. The ability to deter-
mine the potential of ectopic pregnancy to do harm can
be used to offer women different management options,
ranging from expectant management to surgery. Even
when surgery is required, the operation can usually be
performed semi-electively using a minimally invasive
approach. Despite these major improvements, there is no
room for complacency as the mortality rates of ectopic
pregnancy have remained stubbornly constant for the last
two decades. The main future challenge is therefore to
devise strategies that lead to further reduction in the mor-
tality of ectopics. Additional efforts are also required to
refine selection criteria for conservative management of
ectopics, in particular for expectant management. Tubal
conservation at surgery also remains an important issue
and efforts should continue to improve surgical
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techniques of salpingotomy in order to minimize iatro-
genic damage to the tube and preserve future fertility.
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Induced abortion is one of the most commonly practised
gynaecological procedures in the UK. Surgical abortion
by vacuum aspiration or dilatation and curettage was the
main method from the 1960s, with the introduction of
vacuum aspiration and flexibile catheters forming the
turning point in practice by reducing volume of blood
loss and perforation risk. The late 1980s and 1990s
saw exciting new developments in medical methods
for early abortion and an improvement in medical
methods for mid-trimester termination with the introduc-
tion of mifepristone, one of the most significant develop-
ments in fertility control of recent years. The result has
been an ever-evolving extension of patient choice and a
diversification in the provision of abortion services,
with an emphasis on safety and efficacy, with widened
opportunity for delivery outwith hospital settings. In
2009, 189100 abortions were performed in England and
Wales [1] and there were 13005 abortions in Scotland [2],
both rates showing a decrease on previous years for the
first time. There is a clear link with deprivation and
around one-quarter of women will have had a previous
abortion. Around one in three British women will have
had an abortion by the age of 45 [3]. In the UK, over 98%
of abortions are undertaken on the grounds that the
pregnancy threatens the mental or physical health
of the woman or her children [1,2]. It is these abortions
which form the focus for this chapter. A minority of
abortions are undertaken because of fetal abnormality,
multi-fetal pregnancy reduction and selective termina-
tion for abnormality and the special legal, ethical and
service issues relating to these merit separate
consideration.

The availability of NHS abortion provision varies con-
siderably throughout the UK and improving timely access
to quality abortion services remains a major sexual health
priority. The closer alignment of abortion care with sexual
healthcare has been advantageous in delivering an inte-
grated care package, with improved sexual health risk
assessment and testing, alongside improved and

immediate provision of the full range of contraceptive
methods, particularly the long-lasting implant and intra-
uterine methods.

The law and abortion

The legal criteria surrounding abortion are specific to the
country of practice. The abortion legislation in the UK is
based on the 1967 Abortion Act [4] as amended by the
Human Fertilisation and Embryology Act 1990 [5].
Amendments to the abortion law were considered during
the passage of the Human Fertilisation and Embryology
Bill in the parliamentary session 2007-2008. Members of
Parliament were informed by a report from the cross-
party Science and Technology Committee [6], which
included updated information on fetal pain and viability,
along with the Government response authored by the
Department of Health [7], but these were not fully con-
sidered by the House and abortion statute remains
unchanged. Before an abortion can proceed, a certificate
must be signed by two medical practitioners authorizing
the abortion and this certificate requires to be retained for
a period of at least 3 years. A notification form, which is
forwarded to the Chief Medical Officer (CMO) for the
relevant country, must be signed by the doctor taking
responsibility for the procedure, although with medical
termination it is frequently members of the nursing team
who administer the drugs that have been pre-prescribed
by the doctor. Most abortions are undertaken on the statu-
tory grounds C or D, which state that the pregnancy has
not exceeded its 24th week and where continuance of the
pregnancy would involve risks greater than if the preg-
nancy were terminated of injury to the physical or mental
health of the woman or of the existing children of her
family (Table 10.1).

It should be noted that the Abortion Act does not apply
in Northern Ireland where grounds for abortion are very
highly restricted. Following direction from an appeal
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Table 10.1 Statutory grounds for legal abortion in the UK.

A The continuance of the pregnancy would involve risk to the
life of the pregnant woman, greater than if the pregnancy
were terminated

B The termination is necessary to prevent grave permanent
injury to the physical or mental health of the pregnant
woman

C The pregnancy has not exceeded its 24th week and the

continuance of the pregnancy would involve risk, greater
than if the pregnancy were terminated, of injury to the
physical or mental health of the pregnant woman
D The pregnancy has not exceeded its 24th week and the
continuance of the pregnancy would involve risk, greater
than if the pregnancy were terminated, of injury to the
physical or mental health of the existing child(ren) of the
family of the pregnant woman
E There is a substantial risk that if the child were born it
would suffer from such physical or mental abnormalities
as to be seriously handicapped
To save the life of the pregnant woman
G To prevent grave permanent injury to the physical or mental
health of the pregnant woman

-

hearing on a judicial review in 2004, guidance for profes-
sionals on the termination of pregnancy in Northern
Ireland was published in 2009 [8] and up-to-date informa-
tion on the issue is available on the Family Planning
Association’s website (www.fpa.org.uk/).

Doctors looking after women requesting abortion care
should apply principles of good practice as described in
the General Medical Council (GMC) document Duties of
a Doctor [9]. There is a conscientious objection clause
within the Abortion Act and the British Medical
Association (BMA) has produced a useful overview on
the legal and ethical position [10]. Where practitioners
have a conscientious objection they should provide advice
and organize the first steps for arranging an abortion,
where the request meets the legal requirements. This
would usually include prompt referral to another doctor
as appropriate. Doctors and nurses can refuse to take part
in an abortion but cannot refuse to take part in any emer-
gency treatment.

Before an abortion proceeds, a clinician will certainly
wish to be certain that all legal statute is fulfilled but it is
also important to be sure that a woman has considered
all her options carefully and is sure of her decision and
gives informed consent. In recent years, sexual and repro-
ductive health services and abortion providers have
become more aware of the specific needs of young women
and a competent young person can give her own consent,
although supportive encouragement is given for the
involvement of parents/carers and an assessment is
always made to identify any child protection concerns.
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:9 Summary box 10.1

e Abortion practice is governed by law with which
practitioners must be familiar.

e Good communication, information provision and supportive
counselling are essential.

e Abortion is a frequent and safe gynaecological procedure.

e Abortion has an association with intimate partner violence.

e Sexually transmitted infection (including HIV) risk
assessment and testing is important.

e Provision of contraceptive advice and initiating the method
at the time of abortion is an essential part of abortion care.

Counselling and pre-assessment
for abortion

Gestation is a major determinant of the options available
for abortion and a decision is usually reached by the
woman in consultation with her medical carers and preg-
nancy counsellors. The abortion method chosen has to be
acceptable to the woman as well as being safe and effec-
tive. Full guidelines on good practice for the care of
women requesting induced abortion have been published
by the Royal College of Obstetricians and Gynaecologists
(RCOG, guideline update in progress 2010) [11]. Choice
is an integral part of abortion care and provision of infor-
mation, along with sensitive counselling, is essential to
help the woman select an abortion method that is right
for her and which will optimize the abortion experience.
Increasingly, women are referred to dedicated abortion
services offering care separately from other gynaecologi-
cal patients but with the full support of a gynaecological
service should that be required. There is strong evidence
supporting a lower risk of complications for abortions
undertaken at earlier gestations. Because of this, services
need to be organized to offer arrangements which mini-
mize unnecessary delay.

At the pre-assessment consultation, counselling and
choice of procedure are likely to dominate, but it is also
an opportunity to screen for any pre-existing medical con-
ditions that might require cross-specialty liaison and,
despite the sensitivities of abortion, it is unusual for a
woman to withhold her permission for this to happen.
Increasingly self-assessment questionnaires are used as
part of the consultation. For serious medical conditions
the risks of abortion are going to be lower than the risks
of a continued pregnancy. The pre-assessment also pro-
vides an opportunity to enquire about previous contra-
ceptive methods and to plan for intended use of
contraception in the future. There should be routine
enquiry about gender-based violence with appropriate
support and information provided, recognizing the fre-
quent association of domestic abuse with abortion, in
particular repeat abortion [12]. It is usual to check the
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body mass index and blood pressure for all patients.
Patients opting for general anaesthetic surgical abortion
will need auscultation of chest and heart. Although an
idea of gestational age would have been gained from the
menstrual history, it is well recognized that menstrual
recall may be inaccurate and bimanual examination is
very limited for assessing gestation. The greater accuracy
of either abdominal or vaginal ultrasound, as relevant to
the anticipated gestation, means that ultrasound is now,
for most centres, routine practice. Viability and pregnancy
location can also be confirmed. It is important that this
scan is undertaken in a sensitive setting and manner and
the patient is advised that it is not necessary for her to
watch the ultrasound examination in progress. A full
blood count is recommended if a pre-existing medical
condition should indicate the possibility of anaemia, for
example renal disease. A thalassaemia and sickle cell
screen may also be relevant. It is also a useful opportunity
to confirm immunity to rubella and to offer subsequent
immunization if not immune. All patients have blood sent
for confirmation of ABO and rhesus status with antibody
screening. All unsensitized rhesus-negative women
should be given anti-D prophylaxis.

Increasingly, centres include pre-test discussion and
offer testing for human immunodeficiency virus (HIV),
syphilis, hepatitis B and hepatitis C, but unless a policy
for routine screening has been adopted and accepted,
such testing remains on a selective basis and may be
influenced by the personal history, sexual health risk
assessment, recent testing history and population disease
prevalence. Cervical screening is not essential to abortion
care but again there is an opportunity to check that screen-
ing is up to date and, where it is not, opportunistic cervi-
cal screening can be offered. For all tests it is important
to ensure that the result can be communicated to the
woman and appropriate action taken on any abnormal
result.

Screening for genital tract infection is helpful for iden-
tifying pathogens that increase the risk of post-abortion
infection and pelvic inflammatory disease, as well as the
long-term sequelae of tubal factor infertility and ectopic
pregnancy. The most important infecting organisms are
Chlamydia trachomatis and Neisseria gonorrhoeae. Bacterial
vaginosis is also associated with increased infection risk.
Control group data from trials of prophylactic antibiotics
for abortion suggest that infection complications occur in
up to 1 in 10 termination cases, but infection rate data
vary widely. A full infection screen, including for sexually
transmitted infections (STIs), allows the opportunity for
patient follow-up and partner notification and treatment
to avoid reinfection. Prophylactic antibiotics at the time
of abortion are advocated by many and a meta-analysis
by Sawaya ef al. [13] showed a reduction in risk for sub-
sequent infective morbidity of around 50%, with the pro-
tective effect also evident in the low-risk patient group.

However, that approach still leaves the women at risk
from reinfection from unrecognized and untreated part-
ners. A third, and possibly ideal, strategy would provide
a prophylactic regimen effective against bacterial vagino-
sis and Chlamydia along with a full vaginal STI screen [14].
Prophylaxis and a ‘screen and treat’ policy have been
compared in a randomized trial which concluded that
universal prophylaxis is at least as effective as a policy of
screen and treat in reducing the short-term infective com-
plications of abortion and could be provided at lower
direct cost [15], but the study did predate the introduction
of the more sensitive nucleic acid amplification chlamy-
dia and gonorrhoea tests.

The RCOG Guideline Development Group in the UK
[11] recommended that all abortion services should adopt
a strategy to reduce post-abortion infective problems and
the very minimum recommendation is for antibiotic
prophylaxis against Chlamydia and bacterial vaginosis.
Metronidazole 1g rectally at the time of abortion, or
800 mg oral metronidazole plus 1g oral azithromycin post
procedure, would be a suitable regimen. Azithromycin
seems to be increasingly favoured over a 7-day course of
doxycycline, where patient compliance can be more prob-
lematic. However, the evidence for specific prophylactic
antibiotic regimens and timing remains limited.

Choosing the method of abortion

The determining factors in an individual woman’s choice
for medical or surgical abortion are complex. Some
women see advantages in the surgical methods, which are
simple and quick and associated with a relatively low risk
of complication or failure. Medical methods are often
favoured because they appear more physiological, like a
miscarriage, and avoid the need for uterine instrumenta-
tion and share the advantages of low rates of complica-
tion and failure. Some women feel that they lack control
when a surgical procedure is undertaken, whereas others
specifically wish to remain unaware and have the proce-
dure undertaken by their clinician. In 1991, the anti-
progestogen mifepristone was licensed for termination
up to 9 weeks’ gestation and since then an extensive lit-
erature has built up to support the safety, efficacy and
acceptability of the medical regimen for early first-
trimester abortion [16-19]. In 1995 there was an extension
of the licence to include pregnancies over 13 weeks’ gesta-
tion. At present, the medical regimen is not licensed for
use in women over 9 and up to 13 weeks’ gestation and
the majority of abortions at these gestations remain surgi-
cal. However, there is randomized trial evidence compar-
ing medical and surgical abortion at 10-13 weeks’
gestation confirming that the medical regimen is an effec-
tive alternative to surgery with high acceptability [20].
Increasing numbers of units now offer medical abortion
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>

Manual vacuum aspiration
(MVA)

Suction termination under local or
general anaesthetic

<

Specialist practitioner surgical abortion by
dilation and evacuation (D+E)

»
>

Medical termination mifepristone + single
dose prostaglandin

<

Fig. 10.1 Methods of abortion suitable at
different gestations.

as an alternative choice at these gestations In our experi-
ence about half of women in the late first trimester opt for
medical methods. While ideally abortion services should
be able to offer a choice of recommended methods across
all the gestation bands, the minimum recommended by
the RCOG guideline is that a service should be able to
offer abortion by one of the recommended methods in a
particular gestation band (Fig. 10.1).

Scottish statistics indicate that 70% of all abortions are
now medical and 81% are undertaken medically at gesta-
tions under 9 weeks [2]. Medical abortion has been slower
in its introduction in England and Wales and there con-
tinues to be significant variation in its provision across
health authorities. Interestingly, the introduction of
medical abortion has not affected the overall abortion
rate. That women value choice of method appropriate to
the gestation of their pregnancy has been confirmed from
patient surveys [21,22]. Both methods can be used for
multiple pregnancy.

The RCOG guidelines recommend that conventional
suction termination should be avoided at very early ges-
tations under 7 weeks because the procedure is three
times more likely to fail to remove the gestation sac than
where the termination is performed between 7 and 12
weeks [23]. Although medical termination has been advo-
cated at these very early gestations under 7 weeks, there
is renewed interest in manual vacuum aspiration (MVA)
under local anaesthesia, combined with ultrasound to
confirm aspiration and using strict protocols to identify
tissue and where necessary track subsequent B-human
chorionic gonadotrophin (hCG) levels. The selection of
medical or surgical method for later abortions beyond 15

Medical termination mifepristone and repeated
doses of prostaglandin

weeks depends on the availability of healthcare personnel
who are trained and willing to participate in late dilata-
tion and evacuation (D+E). There are fewer abortions at
these gestations and they tend to be undertaken within
the specialist independent sector. It is the case that as
gestational age increases the safety of second-trimester
surgical abortion depends highly on the operator’s skill
and experience. Clinics and clinicians usually set the
limits for operative care based on these considerations.
Hysterotomy, with its high associated morbidity and
mortality, has disappeared from practice.

Day-case care is recognized as a cost-effective model of
service provision and a typical abortion service will be
able to manage well over 90% of its patients on a day-care
basis. Pre-existing medical problems, social factors, geo-
graphical distance and the possibility of a planned day
case subsequently requiring overnight stay because of
surgical or medical problems will, of course, influence the
day-care rate. Those women undergoing a mid-trimester
procedure in particular should be advised of the possible
need for an overnight stay, although again this is for a
minority, around 3% of mid-trimester procedures in
practice.

Medical abortion in the first trimester

The anti-progestogen mifepristone is used in combination
with prostaglandin doses to achieve medical abortion.
There are few contraindications to medical termination,
but include suspected ectopic pregnancy, where an intra-
uterine device is in place and unable to be removed prior
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to abortion, chronic adrenal failure, long-term steroid use,
haemorrhagic disorders, treatment with anticoagulants,
known allergy to mifepristone or misoprostol, acute por-
phyria and breast-feeding women. Most anaemic women
with a haemoglobin under 9.5 or 10g/dL are also
excluded, as transfusion rates for blood, although very
low, are higher for medical than for surgical procedures.
Medical abortion may have advantage in obese women
where the cervix can be difficult to visualize, where
fibroids may obstruct access to the uterine cavity and for
some uterine anomalies. Because telephone interactions
are more frequent for medical abortions, language skills
and ability to understand have to be taken into account.

Medical abortions need to be performed in hospitals or
premises registered for abortion. The patient attends
briefly to take the mifepristone dose and attends subse-
quently for day-patient admission, usually 36-48 hours
later. It is customary for legal reasons to supervise the
swallowing of the mifepristone tablets, but side effects are
trivial and the women can leave after 10 min. Women may
bleed slightly in the 48 hours following the mifepristone
dose and, particularly at early gestations, a very small
number may miscarry. The route of prostaglandin admin-
istration and regimens vary, and have been refined to
cause fewer side effects, be more cost-effective and to be
more acceptable to staff and women. While it has been
customary in this country for women to remain
under supervision for 4-6 hours after prostaglandin
administration, during which time the majority will have
expelled the pregnancy (Table 10.2), more recently women
have gone home after the misoprostol dose has been
taken.

It must be noted that home self-administration of miso-
prostol has become the standard of care elsewhere in the
world, such as the USA and increasingly in Sweden and
France, for gestations up to 63 days. For supervised pro-
cedures the nursing staff confirm passage of the products.
The amount of bleeding can be variable, but is often
similar to a heavy period and increases with gestation. It
is usual for women to have some lower abdominal cramp
which will require administration of oral analgesia and a
minority at later gestation might require opiate analgesia.
The length of gestation influences the efficacy and com-
plete abortion rate for the procedure, as well as com-
plications, but this is more of an issue at 9-13 weeks’
gestation. The risk of a continuing pregnancy, particularly
in the 9-13 week gestation band, remains a problem,
and those units undertaking medical abortions at these
gestations are careful in counselling women regarding
this. Where women pass only minimal or no products
of conception, ultrasound should be carried out.
An unrecognized ongoing pregnancy would be of par-
ticular concern because of the risk of fetal abnormality
associated with misoprostol use. Surgical evacuation is
required.

Table 10.2 Examples of medical regimens.

Up to 7 weeks (49 days) of gestation

*Mifepristone 200mg orally followed 36-48 hours later by
misoprostol 800 ug administered vaginally either by the woman or
clinician (600 ug sublingually is a suitable alternative)

7-9 weeks (49-63 days) of gestation

If abortion has not occurred 4 hours after misoprostol administration,
a second dose of 400ug misoprostol may be administered
vaginally or orally (depends on bleeding or preference). (This would
be a 400-ug dose by sublingual administration where a sublingual
regimen is being followed)

Other licensed regimen up to 9 weeks of gestation
Mifepristone 600 mg orally (200mg also effective) followed 36-48
hours later by gemeprost 1 mg vaginally

9-13 weeks of gestation

*Mifepristone 200mg orally followed 36-48 hours later by
misoprostol 800 g vaginally. A maximum of four further doses of
misoprostol 400 ug may be administered at 3-hour intervals,
vaginally or orally depending on amount of bleeding

Mid-trimester abortion (13-24 weeks of gestation)

*Mifepristone 200mg orally followed 36-48 hours later by
misoprostol 800 g vaginally, then misoprostol 400ug orally, at
3-hour intervals, to a maximum of four oral doses

Other licensed regimen

Mifepristone 600mg orally (200mg also effective) followed 36-48
hours later by gemeprost 1 mg vaginally every 3 hours, to a
maximum of five pessaries (6mg)

*These regimens are unlicensed.

Early medical abortion at gestations up to

9 weeks

Where mifepristone is available, single agents have been
abandoned in favour of combined regimens of mifepris-
tone plus prostaglandin. For many years a 600-mg dose
of mifepristone was recommended for early medical
abortion but lower-dose mifepristone (200mg) is equally
as effective and is also more economical. A Cochrane
review concluded that the dose could be lowered to
200mg without significantly decreasing efficacy and a
multicentre trial conducted by the World Health
Organization (WHO) further assessed the effect of reduc-
ing the dose of mifepristone [24,25]. In 2007 the 200-mg
dose of mifepristone used in conjunction with a vaginal
prostaglandin analogue was approved by the European
Medicines Agency, applicable across the entire European
Union. Although gemeprost is the conventional prostag-
landin analogue used for abortion, it has the disadvan-
tage of cost and is not stable at room temperature. The
alternative prostaglandin analogue misoprostol is also
effective and now the most frequently used in practice,



having substituted gemeprost over the years. Misoprostol
is more effective if administered vaginally rather than
orally [26-28]. A large review of 2000 women undergoing
medical abortion up to 63 days’ gestation using mifepris-
tone 200mg followed by a single dose of misoprostol
800ug given vaginally achieved a complete abortion rate
of 97.5% [29]. It was noticed, however, that efficacy sig-
nificantly decreased at gestations of 49 days or greater. A
subsequent large case series has shown that mifepristone
in combination with two doses, rather than a single dose
of misoprostol abolishes this gestation effect [30]. There
is current research interest in evaluating shorter time
intervals between mifepristone and misoprostol.

Medical abortion in the late first trimester
(9-13 weeks)

Data continue to accumulate for the high uptake, accept-
ability and efficacy of medical termination at 9-13 weeks
and although still unlicensed at these gestations, it is
likely to be offered as a choice for women undergoing
abortion in many units. A randomized trial [31] compar-
ing vacuum aspiration under general anaesthesia with
medical abortion using a regimen of mifepristone 200mg
followed 36-48 hours later by up to five doses of misopr-
ostol showed that complete abortion rates for women not
requiring a second procedure were 94.6% in the medical
group and 97.9% in the surgical group, which was not a
statistically significant difference. The same group subse-
quently reported a consecutive series of 1076 women at
64-91 days of gestation managed using the same regimen.
The complete abortion rate for the series was 95.8%, with
an ongoing pregnancy rate of 1.5% and a clear gestation
effect was apparent [32]. Other studies have been consist-
ent with a 5-10% evacuation rate quoted. Local experi-
ence in Aberdeen would suggest that most patients abort
after three doses of misoprostol but up to two further
doses to a total of five doses will result in higher complete
abortion rates and is worth trying while planning surgical
evacuation later. In contrast to regimens up to 9 weeks,
where home self-care is possible, women undergoing late
first-trimester medical abortion have all been kept in a
supervised and observed clinical environment for the
procedure. In many ways late first-trimester abortions
should be managed as second-trimester abortions.

Mid-trimester medical abortion
Mid-trimester medical abortion with mifepristone fol-
lowed by prostaglandin has been shown to be safe and
effective, with shorter induction to abortion intervals than
previous methods with prostaglandin alone or supple-
mented by oxytocin infusion. Again randomized trial
evidence supports use of a 200-mg mifepristone dose [33].
The induction abortion interval tends to be longer with
increasing gestation [34] and reported cumulative experi-
ence suggests that 97% of women abort successfully on
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the day of treatment within five doses of misoprostol. A
second or third day of treatment may be required to com-
plete the termination medically and patients should be
forewarned of this possibility. Surgical evacuation of the
uterus is not required routinely following mid-trimester
medical abortion and should only be undertaken where
there is clinical evidence that the abortion is incomplete
and this is likely to be required in less than 8% of cases
[34]. Gentle suction evacuation of placental tissue is often
possible without resort to general anaesthesia as the cer-
vical os is wide open.

Analgesia requirements

Abdominal pain is a common accompaniment to medical
abortion. Analgesia requirements have been reported to
be higher for women of younger age, higher gestation
and longer-induction abortion interval, while women
with a previous live birth(s) are less likely to use analgesia
[35]. In a series of over 4000 women undergoing medical
abortion up to 22 weeks’ gestation, 72% used analgesia,
the majority (97%) using oral analgesia and only 2.3%
requiring intramuscular opiate [35]. The role of pre-
emptive analgesia use needs to be evaluated, although
the RCOG Guideline Group took the view that require-
ments for analgesia vary and there was no benefit for
routine administration of a prophylactic analgesic.
However, itisimportant that a range of oral and parenteral
analgesics are available to meet women’s needs and many
centres do use analgesia routinely.

i} Summary box 10.2

e \Women value choice for the method of abortion.

* Medical abortion is a suitable alternative to surgical
abortion, with high efficacy and patient acceptability.

e Mifepristone followed 36-48 hours later by a prostaglandin
analogue, usually misoprostol, is highly effective for
abortion.

e There is a clear gestation effect and after 49 days
additional doses of prostaglandin are required.

e Misoprostol is more effective administered vaginally than
orally, with sublingual and buccal administration being
associated with more frequent side effects.

Surgical abortion

Surgical abortion is performed in either a hospital setting
or dedicated facility in a designated clinic. General anaes-
thesia used to be standard practice in the UK, although
use of local anaesthesia, paracervical block, with or
without sedation, is increasingly being offered, the shorter
recovery and observation period with local anaesthesia
being a distinct advantage. Vacuum aspiration is the
standard procedure, using a plastic cannula for aspiration
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with complete avoidance of sharp instruments within the
uterus, thereby minimizing the risk of uterine damage.
Suction termination may be safer under local anaesthesia,
but studies comparing the safety of local and general
anaesthesia have been observational or only partially
randomized.

Many clinicians avoid surgical termination under 7
weeks’ gestation because of the risk of failure to remove
the pregnancy. However, with the increased sensitivity of
pregnancy tests, many women now present at very early
gestations, shortly after a first period has been missed. For
these women, it is not acceptable to defer the abortion
until a suitable gestation for surgery and their preference
might not necessarily be for medical abortion; indeed, in
certain circumstances, there could be contraindications to
medical abortion. Suction abortions performed at less
than 7 weeks’ gestation are three times more likely to fail
toremove the gestation sac than those performed between
7 and 12 weeks [23].

The 1990s saw renewed interested in MVA which had
its origins in the 1960s in relation to the practice of ‘men-
strual extraction’. MVA can take longer than electronic
vacuum procedures, especially as the gestation increases
towards 9 weeks. For MVA, uterine evacuation is accom-
plished using a 4-, 5- or 6-mm flexible cannula attached
to a 50-mL hand-held, manual vacuum syringe. It is less
noisy than electronic aspiration, an advantage for awake
patients. At early gestation, following cervical priming, it
may be possible to directly pass the thin aspirating
cannula without further dilatation, avoiding a cervical
block. MVA had largely been abandoned after the legali-
zation of abortion because of its failure rate, but modern
protocols relying on high-resolution ultrasound before
and after the procedure, careful immediate tissue inspec-
tion linked with hCG assay are effective. Although the
technique is well established in the USA, there is renewed
interested in introducing these early surgical abortion
techniques in the UK, where they are ideally suited to
early gestation and awake patients. Creinin and Edwards
[36] report a continuing pregnancy rate of only 0.13%, but
other series have reported 2.3% rates [37]; indeed, if con-
ventional electronic suction abortion is the only method
available within a service, the RCOG Guideline Group
recommendation is to defer the procedure until the preg-
nancy has exceeded 7 weeks’ gestation. It should be noted
that there is no randomized trial evidence comparing
MVA with medical termination at present.

Conventional suction abortion is appropriate at 7-15
weeks’ gestation although, possibly reflecting the skill
and experience of practitioners, many units adopt medical
abortion at gestations above 12-13 weeks.

Cervical priming prior to surgical abortion reduces the
complications of cervical injury, uterine perforation,
haemorrhage and incomplete evacuation. Younger patient
age is a risk factor for cervical damage, and increasing

Table 10.3 Cervical priming agents for surgical abortion

*Misoprostol 400 g (two 200-ug tablets) administered vaginally or
sublingually, either by the woman or clinician, 3 hours prior to
surgery

Gemeprost 1 mg vaginally, 3 hours prior to surgery

Mifepristone 200mg orally 36-48 hours prior to surgery

*This regimen is unlicensed.

gestation, particularly in multiparous women, is associ-
ated with uterine perforation. Mifepristone and the pros-
taglandin analogues gemeprost and misoprostol are
effective cervical priming agents (Table 10.3). In the UK,
gemeprost is the licensed preparation, although there is
evidence that misoprostol is an effective lower-cost alter-
native and in practice is the most commonly used priming
agent. The optimal time interval for misoprostol admin-
istrationis atleast 3 hours before surgery [38]. Mifepristone
has also been shown to be an effective priming agent [39].
Mifepristone has higher efficacy than gemeprost and
misoprostol when given 48 hours ahead of surgery, but
mifepristone has the disadvantage of requiring adminis-
tration 36—48 hours ahead of the abortion and there could
be problems with preoperative bleeding. More recent
work suggests that the sublingual route of administration
of misoprostol is also effective for cervical priming, but is
associated with an increased rate of gastrointestinal side
effects, although it has the convenience of being able to
be self-administered by the woman in advance of attend-
ing for the procedure, reducing time spent within the
surgical facility [40].

Performing surgical abortion

Good technique is fundamental and aseptic technique
should be observed, with careful and gentle instrumenta-
tion to avoid injury to cervix or uterus. The operation
itself is straightforward with low complication rates but
skill and experience are important so that serious compli-
cations are quickly recognized and remedied. Precise
techniques vary among operators. After confirming the
position, size and shape of the uterus by bimanual exami-
nation, it is usual to apply a vulsellum or tenaculum to
the cervix and to dilate the cervix. The suction cannula
should be positioned in the mid to upper fundus and
when the operator is sure of correct placement, suction
can be turned on. The cannula is gently rotated in a back
and forth motion withdrawing only as far as the internal
os until the flow of tissue and fluid has ceased and a gritty
sensation is felt as the cannula moves against the wall of
the contracted empty uterus.

Sometimes sponge or polyp forceps may be required to
remove products from the cervical canal. Sharp curettage
should be avoided. Because of low rates of haemorrhage,
oxytocics are not routinely administered. The surgeon



should ascertain that the major elements of the pregnancy
are removed and are in keeping with the gestation of the
pregnancy.

The risk of uterine perforation at the time of surgical
abortion is of the order of 14 in 1000 from reports of large
reviewed case series. The potential consequences result-
ing from visceral damage are so serious that if a perfora-
tion is suspected a laparoscopy should be undertaken as
a minimum to confirm whether there is a perforation;
certainly when there is any possibility or suspicion of
bowel injury, formal surgical laparotomy should be
undertaken. The advantages of cervical priming in reduc-
ing the risk of cervical injury have been outlined. Precise
rates are difficult to state because of the varying defini-
tions of cervical injury and variable data collection.
Overall, the rate of cervical injury is not thought to be
greater than 1% for first-trimester vacuum aspiration [11].
Cervical injury is more frequent and more serious with
D+E in the second trimester. Failure to remove the preg-
nancy with ongoing pregnancy is a recognized associa-
tion with surgical termination and the quoted failure rate
is around 2.3 per 1000 surgical abortions [23]. The rate is
increased for multiparous women, for abortions under-
taken at less than 7 weeks’ gestation, where small can-
nulas are used or in the presence of a uterine anomaly
(usually unrecognized prior to abortion) or where the
procedure is undertaken by an inexperienced clinician.
Ultrasound is increasingly used in the operating room to
confirm pregnancy evacuation and is useful when under-
taking more challenging abortions to confirm safe access
to the uterine cavity and guide the evacuation.

Surgical abortion after the first trimester

Late D+E is practised extensively in the USA and there
are skilled practitioners in England, the Netherlands,
France and parts of Australia. Otherwise, it is not widely
performed and, for example, in Scotland mid-trimester
terminations are almost exclusively undertaken using
modern medical termination methods. D+E has not found
favour among NHS gynaecologists in England, but is
morewidely used by thenon-NHS providers. Conventional
first-trimester surgical evacuation can be used up to 15
weeks’ gestation, but thereafter specific techniques of cer-
vical preparation and special instruments need to be
used. More modern methods of aggressive cervical prepa-
ration, coupled with extensive clinical experience of the
procedure, have improved safety. The use of real-time
ultrasound scanning during the procedure can reduce the
perforation rate. A retrospective cohort study compared
complication rates of D+E and contemporary methods of
medical abortion using misoprostol, but even excluding
women in the medical group who had surgical evacua-
tion of retained placental tissue, the complication rates
were greater in the medical termination group compared
with D+E (22% vs. 4%) [41]. Historically, it was felt that

Induced Abortion 95

D+E was a risk factor for subsequent adverse pregnancy
outcome with pregnancy loss and preterm delivery. A
recent retrospective case analysis suggests that this is not
the case [42]. There has been no randomized controlled
trial of late medical abortion and D+E and a pilot rand-
omized controlled trial in the USA found that women
declined randomization for the perceived advantages of
D+E [43]. The procedure can really only be safely under-
taken by gynaecologists who have been trained specifi-
cally in the technique and have an adequate clinical
throughput to maintain their skills. The difficulty in com-
paring the two techniques is that medical abortion is asso-
ciated with more minor complications but surgery can
cause rare serious complications.

i? Summary box 10.3

e Cervical priming is important and optimally achieved with
misoprostol 400 ug administered vaginally or sublingually 3
hours ahead of abortion.

e Aspiration abortion can be performed at very early
gestation with meticulous tissue examination and
appropriate follow-up arrangements to ensure complete
evacuation of the pregnancy.

e Surgical skill and experience are important.

e Surgical abortion after 15 weeks requires additional
specific training in the technique and sufficient caseload to
maintain skills.

Future directions

Studies from the USA have reported high efficacy and
acceptability of early medical abortion in home settings
and home care is established in the USA. Evaluation in
the context of a randomized trial has not occurred. A
multicentre questionnaire survey, sponsored by the
Family Planning Association, to assess women'’s views on
the home administration of misoprostol for medical abor-
tion indicated that there is acceptability and support for
this approach [44]. Pilot work for home self-administration
of misoprostol at early gestations up to 56 days has also
confirmed feasibility and acceptability in a UK setting
[45] and although further research is required, it is a
development which could radically change the provision
of abortion services and might have important cost impli-
cations and be relevant to shifting the balance of care
away from hospital to community.

More recent research has focused on the time interval
between mifepristone and misoprostol administration.
Acceptability is higher for the shorter time intervals [46].
Only the non-oral routes have sufficient efficacy to be
considered. Vaginal, sublingual and buccal routes have all
been considered in different studies and investigations
have examined various time intervals between
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administration of mifepristone and administration of
misoprostol, i.e. within 15min, after 6-8 hours and after
23-25 hours.

It is likely to be an area for further research and the
acceptability of timing and dosing routes and dose fre-
quency need to be examined in more depth against effi-
cacy. What women feel are important factors will help
refine medical options further to optimize individual
care.

Complications and problems

Legal abortion in developed countries is extremely safe.
Sadly, illegal unsafe abortion remains a major contributor
to maternal mortality on a global basis. Complications do
increase with older age, multiparity and increasing ges-
tational age. Complications are usually categorized into
those which occur immediately at the time of the proce-
dure and those which arise subsequently. Most of the
immediate complications have been discussed directly in
relation to the medical and surgical procedures. The
study of long-term complications is challenging and has
been limited by data quality and the limitations of study
design.

The most common complication to occur following ter-
mination is for the patient to present with problematic
bleeding or pain and it is important for retained products
and infection to be excluded. Ultrasound is extremely
useful in helping to resolve the situation. Trials of prophy-
lactic antibiotics for abortion do suggest a reduction in
infective complications. Most infections tend to be pol-
ymicrobial and respond well to oral broad-spectrum anti-
microbial therapy and aspiration of any confirmed
retained products. However, clinicians should always be
vigilant for rare infections associated with rapid multisys-
tem deterioration as these serious infections are associ-
ated with cytotoxin release and can be rapidly fatal. The
causitive organisms are certain strains of Staphylococcus
aureus, group A Streptococcus, certain clostridial strains of
Clostridium perfringens (formerly welchii) and Clostridium
sordellii. The latter has been associated with a cluster of
deaths in the USA but no European deaths have been
reported and the precise aetiology remains under
investigation.

Major reviews have been undertaken regarding subse-
quent risk for breast cancer after termination and the
conclusion rebuts any causal relationship between
induced abortion and subsequent increased risk for breast
cancer [47,48]. Women often have concerns regarding
their future reproductive health. Evidence continues to
confirm that there is no proven association with subse-
quent ectopic pregnancy, placenta praevia or secondary
infertility. Published literature regarding an association
with preterm birth has been conflicting, with the earlier

studies suggesting no effect but more recent studies
showing a positive link [49-51]. Studies are influenced by
competing and confounding risks and, when retrospec-
tive, by selective recall on the part of the woman. Many
women report a sense of relief following abortion while
others report complex emotional feelings in the 2-3 weeks
immediately afterwards, although these subsequently
settle. Sadness is common and should be acknowledged
as part of a normal response. Most services offer follow-
up support counselling as required. Some studies suggest
higher rates of psychiatric illness or self-harm among
women who have previously had an abortion, but inter-
pretation needs to be careful, as the situation may reflect
a continuation of pre-existing conditions.

There is no convincing evidence that abortion is associ-
ated with major negative psychiatric sequelae [52] and
psychological problems should always be viewed in the
context of alternative outcomes for the pregnancy such as
birth and child-rearing or adoption, which may have
carried greater emotional risk.

:9 Summary box 10.4

e Abortion is one of the safest clinical intervention
procedures in medical practice.

Complication rates increase with increasing gestation.
Prophylactic antibiotics reduce post-abortion infection but
the optimum regimen and timing remains unclear.

e Major haemorrhage is infrequent but requirement for
transfusion, although infrequent, is more likely after
medical abortion.

Ultrasound has an important role in recognizing failed
abortion and retained products for further management.
Evaluating possible adverse long-term outcomes is difficult
but, with the possible exception of a slightly increased risk
of preterm labour in a subsequent pregnancy, there is no
evidence to suggest significant adverse health outcomes.

Post-abortion follow-up

First and foremost it is important to offer contraceptive
advice prior to discharge and to provide starter supplies
or initiate the method immediately following termina-
tion. Women should also be given a written account of
the symptoms that they could experience following abor-
tion and which would require urgent medical consulta-
tion. A 24-hour telephone helpline number should be
available if women have concerns about pain, bleeding or
high temperatures. Urgent emergency gynaecology
assessment and admission needs to be available to back
up abortion services. It is usual practice to offer a 2-week
follow-up appointment with either the abortion service
or the referring clinician, but there is no proven benefit to
follow-up [53]. In practice many women seem to default
on this appointment.



The discharge letter on the day of termination should
contain sufficient information about the procedure to
allow another practitioner to deal with any complications.
Counselling support should be available for any woman
or partner who wishes this following termination and
proactive support given for women who have a previous
history of mental health problems. Women who experi-
ence particular difficulty after termination are often those
who have been ambivalent prior to the procedure, who
lack a supportive partner, who have a previous mental
health problem or who have held strong opinions and
considered abortion to be wrong.

Summary

Abortion is one of the most frequent but safest procedures
in modern medicine. Complications and failure are not
completely avoidable, but can be minimized by careful
attention to detail at the pre-screening visit and with
careful medical and surgical practice, based on the avail-
able published evidence and guidelines. It is important
that the gestation is accurately assessed. If prophylactic
antibiotics are not used, infection screening including for
STIs should be undertaken. For surgical procedures,
sound aseptic techniques should be employed. The clini-
cians involved should be experienced and comfortable
with the procedures which they perform. There should be
a high index of suspicion for possible complications and
the patient must have good and easy access to clinical
services for post-abortion advice and management of
complications. Abortion is a necessary part of fertility
control, but efforts aimed at improving utilization, acces-
sibility and availability of emergency contraception and
regular contraception should remain a sexual health
priority.
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Pre-eclampsia is an idiopathic disorder of pregnancy
characterized by proteinuric hypertension. Recent esti-
mates indicate that over 63000 women die worldwide
each year because of pre-eclampsia and its complications,
with 98% of these occurring in developing countries [1].
In the UK, pre-eclampsia is the second largest cause of
both direct maternal death and perinatal loss, responsible
for the death of six to nine women annually [2] and over
175 babies [3]. More than 10% of women will develop
pre-eclampsia in their first pregnancy and although the
overwhelming majority of these will have successful
pregnancy outcomes, the condition can give rise to severe
multisystem complications including cerebral haemor-
rhage, hepatic and renal dysfunction and respiratory
compromise. The development of strategies to prevent
and treat the disorder has been challenging due to
an incomplete understanding of the underlying
pathogenesis.

Pathophysiology

The pathogenesis of pre-eclampsia originates in the pla-
centa. The disease can occur in the absence of fetal tissue
(molar pregnancy) and manifestations of the disease will
only resolve following delivery of the placenta. The blue-
print for establishing pre-eclampsia is determined at the
outset of pregnancy when placental trophoblast invades
the maternal uterine spiral arteries at the time of implanta-
tion. In pregnancies destined to be complicated by pre-
eclampsia, transformation of the spiral arteries isimpaired,
with suboptimal remodelling of small-capacitance con-
stricted vessels into dilated large-capacitance conduits.
The prevailing theory has been that the subsequent rela-
tive placental ischaemia causes release of vasoactive
factors into the circulation which then give rise to
endothelial-mediated end-organ damage and clinical
manifestations of the disease. Scientific endeavours to
determine these elusive vasoactive factors have largely
been responsible for pre-eclampsia being known as the
‘disease of theories’.

Several candidates have been considered in the role of
a key circulating vasoactive factor, including interleukins,
tumour necrosis factor (TNF)-o. and components of the
angiotensin pathway. Whilst all these elements are subject
to modification in pre-eclamptic pregnancies, it has not
been possible to demonstrate that any have an initiating
role in the disease process. Pre-eclampsia is a disease of
higher primates only and the lack of a clinically relevant
animal model has been a significant research obstacle.
The discovery of soluble fms-like tyrosine kinase (sFlt)-1
has been particularly exciting because it is the first candi-
date that has been demonstrated to cause a pre-eclampsia
phenotype in an animal model [4].

sFlt-1 is variant of vascular endothelial growth factor
receptor (VEGFR)-1, which has an extracellular ligand-
binding domain but lacks the transmembrane and cyto-
plasmic domains. Circulating sFlt-1 is therefore able
to competitively bind to VEGF and placental growth
factor (PGF) and therefore reduce biologically active
binding of these factors that usually promote angiogen-
esis and placentation. Women with pre-eclampsia have
increased circulating levels of sFLT-1 and reduced circu-
lating free VEGF and PGFE. VEGEF is important in main-
taining normal fenestration of the glomerular endothelium
[5,6] and it has been suggested that the early renal mani-
festations of pre-eclampsia may be a consequence of the
particular sensitivity of the kidney to reduced levels of
VEGE. In animals it has been shown that both VEGF and
PGF must be reduced to cause a pre-eclampsia phenotype
[4]. In vitro and in vivo studies [7] have shown that the
hypoxic placenta produces increased levels of sFLt-1 and
primate studies [8] indicate that this may be sufficient to
produce a pre-eclampsia phenotype. Another factor in
this story is endoglin (sEng), a modified form of the trans-
forming growth factor (TGF)-B coreceptor. sEng is also
increased in pre-eclampsia and has been shown to
augment the effect of sFlt-1 and is particularly associated
with hepatic endothelial damage [9]. Importantly, sFlt-1,
PGF and sEng have been shown to be elevated in the
serum of women destined to suffer pre-eclampsia several
weeks in advance of clinically evident disease [10].

Dewhurst’s Textbook of Obstetrics & Gynaecology, Eighth Edition. Edited by D. Keith Edmonds.
© 2012 John Wiley and Sons, Ltd. Published 2012 by John Wiley and Sons, Ltd.

101



102 Chapter 11

;P Summary box 11.1

e The pathogenesis of pre-eclampsia remains elusive but a
greater scientific knowledge of the condition is emerging.

® Pre-eclampsia accounts for approximately 25% of all very
low birthweight infants, a significant number of preterm
births and has a high perinatal mortality.

e Pre-eclampsia is the second most frequent cause of direct
maternal death.

e These deaths are avoidable as substandard care
complicates 90% of these deaths.

An intriguing aspect of this hypothesis is its link to a
potential explanation as to why smokers have a reduced
incidence of pre-eclampsia. The combustible component
of cigarette smoke induces haemoxidase (HO)-1. This is a
stress response gene that has a cellular protective role,
particularly against hypoxic injury. HO-1 degrades haem
into biliverdin, carbon monoxide (CO) and free iron. Both
biliverdin and CO have been demonstrated to reduce
endothelial expression of sFlt-1and sEng[11]. Appreciation
of the potential role of the HO-1 pathway has led to the
suggestion that pharmacological agents known to have
HO-1 activity might be useful in ameliorating pre-
eclampsia. Statins are widely used outside obstetrics to
reduce serum lipids and forthcoming studies will evalu-
ate whether their theoretical potential can be translated
safely and usefully into pregnancy.

Defining hypertensive disease
in pregnancy

There has always been considerable debate over the most
appropriate definition of the hypertensive disorders in
pregnancy. It has been recognized that there are benefits
in having a broader clinical definition whilst retaining a
very tight phenotypic research definition. Hypertension
complicates 6-12% of all pregnancies [12], and includes
two relatively benign conditions (chronic and gestational
hypertension) and the more severe conditions of pre-
eclampsia or eclampsia. Pre-eclampsia complicates 3-5%
of all pregnancies, and is characterized by placental and
maternal vascular dysfunction that may lead to adverse
outcomes such as severe hypertension, stroke, seizure
(eclampsia), renal and hepatic injury, haemorrhage, fetal
growth restriction, or even death [13].

The diagnosis of pre-eclampsia, and hence the predic-
tion of adverse events, is based on traditional but some-
what unreliable and non-specific clinical markers such as
blood pressure, urine protein excretion, and symptoms.
For example, more than 20% of women who have eclamp-
sia will fail to meet the common diagnostic criteria of
pre-eclampsia prior to their event, making the prediction
of this adverse outcome extremely difficult [14].

Conversely, only 0.7-5.0% of women with classically
defined pre-eclampsia will experience any composite
adverse outcomes [15].

For this reason consistency is required both for clinical
management and to allow the comparison of outcomes
from clinical units/regions. The recently published NICE
Clinical Guideline 107 [16] has defined management
pathways for hypertension in pregnancy in the UK. The
list below outlines the NICE definitions associated with
hypertension in pregnancy used in this chapter.

o Gestational hypertension: new hypertension presenting
after 20 weeks without significant proteinuria.

e Pre-eclampsia: new hypertension presenting after 20
weeks with significant proteinuria.

o Chronic hypertension: hypertension that is present at the
booking visit or before 20 weeks or if the woman is
already taking antihypertensive medication when referred
to maternity services. It can be primary or secondary in
aetiology.

e Eclampsia: a convulsive condition associated with
pre-eclampsia.

® HELLP syndrome: haemolysis, elevated liver enzymes
and low platelet count.

o Severe pre-eclampsia: pre-eclampsia with severe hyper-
tension and/or with symptoms, and/or biochemical
and/or haematological impairment.

e Significant proteinuria: defined as a urinary protein/
creatinine ratio of greater than 30mg/mmol or a vali-
dated 24-hour urine collection result showing greater
than 300mg protein.

® Mild hypertension: diastolic blood pressure 90-99 mmHg,
systolic blood pressure 140-149 mmHg.

® Moderate hypertension: diastolic blood pressure 100-
109 mmHg, systolic blood pressure 150-159 mmHg.

e Severe hypertension: diastolic blood pressure 110mmHg
or greater, systolic blood pressure 160 mmHg or greater.

:'? Summary box 11.2

e Pre-eclampsia is a multisystem disease diagnosed by the
characteristic appearance of gestational hypertension and
gestational proteinuria.

Gestational hypertension is a persistent de novo blood
pressure >140/90mmHg occurring after 20/40 gestation in
pregnancy. On its own it carries little additional morbidity.
Gestational proteinuria is a protein excretion above 300 mg
per 24 hours (equivalent to a protein/creatinine ratio of

30 mg/mmol).

There are errors associated with the measurement of both
blood pressure and proteinuria in pregnancy which can be
minimized by a combination of good technique and
automated devices.

All the above conditions can occur superimposed on
chronic hypertension, making diagnosis difficult.

Postnatal follow-up is essential to confirm the ‘pregnancy
diagnosis’ and to advise about long-term risk.




Measuring blood pressure and
proteinuria in pregnancy and
pre-eclampsia

The errors associated with blood pressure measurement
have been well described in both non-pregnant and preg-
nant populations. Care in taking these measurements
will reduce false-positive and false-negative results and
improve clinical care. Machine/device errors have led to
strict validation protocols for automated blood pressure
devices in specific populations and clinical settings [17]
and the human errors inherent in manual readings have
led to guidelines on the measurement of blood pressure
with both manual and automated devices in clinical prac-
tice [18]. Digit preference (the practice of rounding the
final digit of blood pressure to zero) occurs in the vast
majority of antenatal measurements and simply taking
care to avoid this will limit inaccurate diagnoses. Using a
standard bladder in a sphygmomanometer cuff will sys-
tematically undercuff 25% of an average antenatal popu-
lation. Having large cuffs available and using them will
prevent the over-diagnosis of hypertension [19]. Keeping
the rate of deflation to 2-3mmHg/s will prevent over-
diagnosis of diastolic hypertension, as will using Korotkoff
5, which is now universally recommended for diagnosing
diastolic hypertension. Korotkoff 4 (the muffling of the
sound) is less reproducible, and randomized controlled
trials confirmed that it is safe to abandon it, except in
those rare situations when the blood pressure approaches
zero [20,21].

The reliable detection of proteinuria is essential in dif-
ferentiating those pregnancies with pre-eclampsia from
those with gestational or chronic hypertension and, in the
process, identifying those pregnancies most prone to
adverse outcome. The measurement of significant pro-
teinuria, traditionally 300mg excretion in a 24-hour
period, is also prone to collection and measurement error.
The collection of 24-hour urine samples is not practical as
a routine test and so urine dipstick screening is employed
as a first-line screening test with secondary tests employed
to confirm positive dipstick diagnoses. Visual dipstick
reading is unreliable [22] but the use of automated dip-
stick readers significantly improves the accuracy of dip-
stick testing and as such is recommended by NICE for use
in pregnancy [23]. NICE also recommends that quantifi-
cation of proteinuria should follow diagnosis. There are
two methods that NICE supports. The first is the 24-hour
urine protein estimation and this requires that an assess-
ment of sample completeness is undertaken, with meas-
urement of creatinine excretion being the most common.
NICE also supports the use of the protein/creatinine ratio
test. This test is done on a ‘spot’ urine sample and is
therefore much quicker. This test has been shown in
numerous studies to be comparable to the 24-hour urine
protein estimation [24]. The threshold for defining
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Table 11.1 Risk factors to identify women at increased risk of
pre-eclampsia.

Any single high-risk factor

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

Or two or more moderate risk factors

First pregnancy

Age 40 years or older

Pregnancy interval of more than 10 years

Body mass index of 35kg/m? or more at first visit
Family history of pre-eclampsia

Multiple pregnancy

significant proteinuria by this test is 30 mg protein/mmol
creatinine.

Risk assessment and risk reduction

There have been attempts to screen the antenatal popula-
tion for pre-eclampsia over the past 60 years, with over
100 potential biochemical, biophysical or epidemiological
candidate tests. Despite not yet having a single universal
test to apply, it is still possible to advise women regarding
their risk of pre-eclampsia from their clinical history and
some investigations.

NICE guidelines for routine antenatal care [25]
emphasize that a woman’'s risk of pre-eclampsia should
be evaluated. Several risk factors for pre-eclampsia
are known and these have been incorporated into the
NICE recommendations [26,27]. Table 11.1 outlines
risk factors that should be identified at booking to iden-
tify women at risk of pre-eclampsia. Many of the risk
factors listed in this table are modifiable and may lead
to a reduction in risk either prior to or between
pregnancies.

Individual risk is not a simple numerical addition. A
family history of pre-eclampsia in a first-degree relative
is significant and two relatives even more so, whilst expo-
sure over time to paternal antigen through increased
periods of cohabitation and non-barrier contraception can
reduce risk as can prior miscarriage or termination of
pregnancy. Pre-eclampsia is more common at the extremes
of reproductive age and is increased further following
IVF treatment, particularly with donor sperm. Other
factors often associated with increasing age, such as
obesity, gestational and pre-gestational diabetes, and
any disease affecting the cardiovascular system are
potent risk factors for pre-eclampsia. The relative risk for
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Table 11.2 Relative risks of developing pre-eclampsia.

Relative risk Confidence intervals

Antiphospholipid syndrome 9.72 4.34-21.75
Previous history of 7.19 5.83-8.83
pre-eclampsia

Pre-existing diabetes 3.56 2.54-4.99
Multiple pregnancy 2.93 2.04-4.21
Nulliparity 2.91 1.28-6.61
Family history 2.90 1.70-4.93
Raised BMI

Before pregnancy 2.47 1.66-3.67
At booking 1.65 1.28-1.88
Age over 40 1.96 1.34-2.87
Raised diastolic blood 1.38 1.01-1.87

pressure (>80mmHg)

pre-eclampsia for some of these risk factors is shown in
Table 11.2 [27].

Clearly, from the relative risks quoted, the majority of
women who are high risk will still not develop pre-
eclampsia whilst a considerable number of cases will arise
de novo in the ‘low-risk” population. Identifying women
at risk will allow increase in surveillance and use of pro-
phylactic therapies can be considered. If adequate pre-
ventive measures become available, then these screening
test will become increasingly important. Tests that might
be employed to screen the population (high or low risk)
for pre-eclampsia centre on the identification of poor pla-
cental function, which is an almost universal prerequisite
for the clinical condition. Doppler assessment of the
maternal uterine circulation is considered to be a promis-
ing test. This test when ‘positive” demonstrates the high
resistance in the uterine arteries as well as a ‘notch” appar-
ent within the Doppler waveform. These two features
have been used in isolation and combination to screen
low- and high-risk populations. Early studies suggested
that approximately one in five women who have an
abnormal Doppler at 20 weeks’ gestation will develop
pre-eclampsia [28], and at 24 weeks’ gestation the predic-
tion value is greater. In 2008, NICE recommended that
uterine artery Doppler screening should not be employed
universally for low-risk women [25]. More recently NICE
Clinical Guideline 107 recommended that this test should
not be universally employed in high-risk women based
on the relatively poor quality of the studies performed to
date. However, it did recognize its potential and made a
research recommendation regarding its use in the man-
agement of high-risk women.

No other biophysical test other than accurate measure-
ment of blood pressure in the first trimester has either
any clinical application or is practical enough to employ
in clinical practice. Numerous haematological and

biochemical markers have been used to both predict and
evaluate pre-eclampsia. For example, in women who
have chronic hypertension the measurement of uric acid
and platelets can help in determining those who suffer
superimposed pre-eclampsia; again the tests lack sensitiv-
ity and specificity [29]. Furthermore, very few of these
markers have been independently evaluated for their
ability to separately predict the timing or severity of spe-
cific adverse outcomes such as placental abruption, severe
hypertension, neurological injury and fetal growth restric-
tion. The reason for this is that the biomarkers previously
studied were mostly generic indicators of vascular activa-
tion and dysfunction, which arise late in the pre-eclamptic
disease process and which are not specific to pre-eclampsia
or even to pregnancy.

As outlined previously, recent advances have identified
a class of pregnancy-specific angiogenic and anti-
angiogenic factors (e.g. PGE, VEGF) that are produced by
the placenta and which closely correlate with the preclini-
cal and clinical stages of pre-eclampsia [10,30-33]. Assays
of these markers are currently under assessment as tools
to predict and/or diagnose pre-eclampsia prior to the
onset of clinical disease and significant morbidity. The
FASTER trial of 2003 demonstrated that, when measured
as part of the quadruple aneuploidy screen at 15-18
weeks’ gestation, the odds ratios for the development of
pre-eclampsia when inhibin-A and B human chorionic
gonadotrophin (hCG) levels are above the 95th centile
were 3.42 (95% CI 2.7 and 4.3) and 2.20 (95% CI 1.7 and
2.9), respectively [34].

In 2008, the Society of Obstetricians and Gynaecologists
of Canada Genetics Committee, following systematic
review, suggested that abnormal uterine artery Doppler
in combination with an elevated o-fetoprotein (AFP),
hCG and inhibin-A, or decreased pregnancy-associated
plasma protein A (PAPP-A), identifies a group of women
at increased risk of intrauterine growth restriction and
pre-eclampsia. They also stated that multiple maternal
serum screening markers at present should not be used
for population-based screening as false-positive rates are
high, sensitivities are low and no protocols have shown
improved outcome [35].

Screening is important to focus resources on high-risk
women as well as to identify those in whom prophylactic
therapies might have some benefit. Aspirin and calcium
have been found to have a beneficial effect whilst other
agents, most recently antioxidants, have not proven
useful. NICE Clinical Guideline 107 recommends low-
dose aspirin therapy (75mg/day) for all high-risk women
from 12 weeks’ gestation. Antiplatelet agents were associ-
ated with statistically significant reductions in the risk of
pre-eclampsia in moderate-risk women and in high-risk
women (moderate-risk women: 25 studies, N = 28469, RR
0.86, 95% CI 0.79-0.95; high-risk women: 18 studies,
N =4121, RR 0.75, 95% CI 0.66-0.85).



A meta-analysis using individual-patient data from
32217 women and their 32819 babies found a statistically
significant reduction in risk of developing pre-eclampsia
(RR 0.90, 95% CI 0.84-0.97). The data from this study
suggest that one case of pre-eclampsia would be pre-
vented for every 114 women treated with antiplatelet
agents. In addition to the 10% reduction in pre-eclampsia
in high-risk women receiving antiplatelet agents, there
was a 10% reduction in preterm birth. No particular sub-
group of women in the high-risk group was substantially
more or less likely to benefit from antiplatelet agents.
There was no statistically significant difference between
women who started treatment before 20 weeks (RR 0.87,
95% CI 0.79-0.96) and those who started treatment after
20 weeks (RR 0.95, 95% CI 0.85-1.06; P = 0.24). Of impor-
tance there were no statistically significant differences
between women receiving antiplatelet agents and those
receiving placebo in the incidence of potential adverse
effects such as antepartum haemorrhage, placental abrup-
tion or postpartum haemorrhage, but there was a reduc-
tion in the risk of preterm birth before 37 weeks (RR 0.93,
95% CI 0.89-0.98) [36].

Trials of calcium to prevent pre-eclampsia are more
controversial. There is good evidence that in areas where
the dietary intake of calcium is low, calcium supplemen-
tation reduces the risk of pre-eclampsia but this is also
influenced by prior risk status. In studies conducted
where dietary calcium intake is normal, supplementation
was not found to be of benefit. No other intervention can
be recommended, including magnesium, folic acid, anti-
oxidants (vitamins C and E), fish oils or bed rest. Diet or
lifestyle changes may be beneficial for general health and
weight loss may reduce the prior risk of hypertensive
disease but modifications such as a low-salt diet have no
proven benefit.

Chronic hypertension

Women with chronic hypertension should receive pre-
pregnancy care. This should aim to determine the severity
and cause of the hypertension; review potentially tera-
togenic medications such as angiotensin-converting
enzyme (ACE) inhibitors, angiotensin receptor blockers
(three times the risk of congenital abnormality) and diu-
retics; inform women of the risk associated with preg-
nancy and of prophylactic strategies (all should receive
low-dose aspirin in pregnancy); and to assess comorbidi-
ties such as renal impairment, obesity or coexistent
diabetes.

The main risk is of superimposed pre-eclampsia, but
even in its absence the perinatal mortality is increased.
Drugs appropriate for treating hypertension in pregnancy
include methyldopa, labetalol, nifedipine and hydrala-
zine. Safety data on other antihypertensives are lacking

Hypertensive Disorders 105

but there are several where no association with congenital
abnormality has been established and so they can be used
when clinically indicated.

Blood pressure control should be tailored to the indi-
vidual. Where the chronic hypertension is secondary to
other disease then the care should be multidisciplinary
with the appropriate physician aiming to keep blood
pressure below 140/90mmHg and often at lower limits.
When the chronic hypertension is uncomplicated (usually
essential) the target should be 150-155/80-100mmHg
[16].

There is a recognized risk of fetal growth restriction
(FGR) in this group and so serial fetal biometry is recom-
mended and women should be seen with increased fre-
quency to maintain blood pressure control and to screen
for pre-eclampsia. Delivery should be for either fetal indi-
cations or for poor hypertension control once corticoster-
oids for fetal lung maturity have been given if less than
34 weeks’ gestation.

At term, NICE recommends delivery after 37 weeks
when agreed with the individual, so long as blood pres-
sure control is maintained. Following delivery blood
pressure should be maintained below 140/90 mmHg and
medication should be reviewed and optimized for both
blood pressure control and breast-feeding.

Gestational hypertension

Gestational hypertension is relatively common and as
such most units will assess women identified in the com-
munity in their day unit. Here, the first assessment is of
proteinuria to identify those with pre-eclampsia. In the
absence of proteinuria NICE Clinical Guideline 107 rec-
ommends an integrated package of care dependent on
blood pressure.
e If blood pressure 140-149/90-99 mmHg, then review
weekly and test for proteinuria only (as described above).
e If blood pressure 150-159/100-109 mmHg, then treat
with labetalol as first line and target blood pressure is
140-150/80-100mmHg. Check urea and electrolytes,
liver function tests and full blood count once, then review
twice weekly testing for proteinuria only.
e If blood pressure >160/>110mmHg, then admit until
below 159/109mmHg and treat as above. When control-
led review twice weekly as above. Test for proteinuria
each visit and also retest bloods weekly.
The guideline also recognizes that the earlier the presen-
tation, the greater the likelihood of progression to pre-
eclampsia and the frequency of visits should be adjusted
accordingly. Gestational hypertension does not require
aspirin prophylaxis and patients do not require routine
hospital admission if blood pressure is controlled.

Fetal monitoring is also controversial. The suspected
small baby (from customized symphysis—fundal height
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measurment) should be investigated with fetal biometry.
No benefit (reduction in perinatal mortality) has been
shown in trials where additional monitoring is offered to
women with gestational hypertension where FGR was
absent. As such the generic advice given to all pregnant
women regarding awareness of fetal movements is all
that NICE Clinical Guideline 107 recommends.

A large randomized controlled trial, the HYPITAT
study [37], compared delivery at term (by induction of
labour) with conservative care for gestational hyperten-
sion and mild pre-eclampsia. This study showed a reduc-
tion in severe hypertension in pre-eclamptic women but
not gestational hypertension and no neonatal benefits
were noted. Following this NICE suggests that women
are not induced prior to 37 weeks unless blood pressure
is uncontrolled and beyond 37 weeks that time of delivery
is a balanced judgement of risk agreed between the obste-
trician and the woman.

It is imperative that women with gestational hyperten-
sion are followed up with a postnatal visit where their
blood pressure is checked. Those who remain hyperten-
sive require specialist review and a percentage of these
women will be found to have chronic hypertension
and they require cardiovascular risk assessment and
advice.

:9 Summary box 11.3

e Pre-eclampsia requires admission to hospital but
gestational hypertension does not.

e Blood pressure of 140-149/90-99 mmHg does not require
pharmacological treatment.

e Blood pressure of 150-159/100-109 mmHg requires
treatment to achieve a target blood pressure of
130-149/80-99 mmHg.

e Blood pressure of >160/>110mmHg requires urgent
treatment to achieve target blood pressure as above.

Pre-eclampsia

Pre-eclampsia is diagnosed when there is significant pro-
teinuria in the presence of gestational hypertension. The
relationship between the level of proteinuria and mater-
nal and fetal complications is poor. One systematic review
[38] found that there was an increased risk of stillbirth
with proteinuria and a reduced likelihood of stillbirth in
the absence of proteinuria (at a level of 5g per 24 hours).
Because of this NICE recommends that when pre-
eclampsia has been diagnosed women should be admit-
ted to hospital, blood pressure should be treated as for
gestational hypertension and proteinuria does not need
to be requantified. NICE recommends conservative care

up to 34 weeks’ gestation with steroid administration for
fetal lung maturity as well as individualized plans for
fetal monitoring, recognizing the increased risk associ-
ated with coincident FGR. NICE recommends delivery
with a stable blood pressure when hypertension is severe
after 34 weeks and after 37 weeks when hypertension is
mild or moderate. When women present late (after 37
weeks) they should be delivered after 24—48 hours of sta-
bilization [37].

Planning delivery

Delivery of the placenta remains the only intervention
which leads to resolution of both the clinical and bio-
chemical manifestations of pre-eclampsia. Unfortunately,
some women will initially deteriorate in the immediate
postpartum period before the recovery phase and all the
serious complications of pre-eclampsia can be encoun-
tered at this time. It is therefore important that women
are delivered in an environment where they can be closely
monitored and appropriately managed. In most cases this
will be a consultant-led delivery facility able to provide
continuing postnatal surveillance, although some women
will require high dependency or intensive care particu-
larly if systemic complications develop. The mode of
delivery will depend upon gestation, severity of maternal
disease, degree of fetal compromise as well as maternal
and clinician preference.

Isolated controlled hypertension or mild
pre-eclampsia

Women with treated hypertension or mild pre-eclamspsia
at term who labour spontaneously or following induction
of labour should continue their antihypertensive medica-
tion and have their blood pressure monitored hourly.
Haematological and biochemical parameters should only
be checked in women who have not previously been
under surveillance or in whom those investigations are
not up to date [16]. Cardiotocography is recommended
during active labour, particularly if there is any suspicion
of FGR and labour attendants should be vigilant for signs
of abruption. Providing hypertension remains well con-
trolled there is no evidence to support routine limitation
of the duration of second stage and many women
should therefore be able to achieve delivery without
instrumentation.

Active third-stage management is encouraged as
women with pre-eclampsia will be less tolerant of post-
partum haemorrhage. Ergometrine is associated with
exacerbation of hypertension and should not be used
routinely. Oxytocin is the recommended drug for
routine management of the third stage in the UK and this
also applies to hypertensive women. In the event of
postpartum haemorrhage it should be remembered that
pharmacological uterotonic alternatives to ergometrine



such as misoprostol can also be associated with
hypertension.

Severe pre-eclampsia

The diagnosis of severe pre-eclampsia is usually made
along with a decision to deliver once the maternal condi-
tion has been stabilized. Women should be managed in a
high-dependency environment by a multidisciplinary
team of senior clinicians including high-risk midwifery
staff, obstetricians and anaesthetists in a clinical setting
where additional support can be obtained if needed from
intensivists, nephrologists, haematologists, hepatologists,
neurologists and neonatologists. Care is focused around
careful fluid management, treatment of hypertension,
prevention/treatment of eclamptic fits and prompt recog-
nition and supportive management of any complications
which arise prior to the recovery phase.

Treatment of hypertension

Uncontrolled hypertension, particularly persistent systo-
lic pressures above 160mmHg or mean arterial pressures
sustained above 125mmHg, lead to compromised cere-
bral autoregulation. The associated complications of cer-
ebral haemorrhage and encephalopathy are the leading
cause of maternal mortality in hypertensive pregnancies
in the UK and it is for this reason that one of the key
recommendations from the most recent CEMACE report
[2] was that severe hypertension should be more actively
controlled. The aim of treatment is to gradually reduce
blood pressure and sustain levels in the region of
150/80-100mmHg.

The most common antihypertensive agents used in the
UK for acute management of hypertension in pregnancy
are labetalol (0- and B-receptor blocker), hydralazine
(o-receptor blocker) and calcium channel blockers (nifed-
ipine). The available meta-analyses have failed to demon-
strate that one agent is a more effective antihypertensive
in this population and the choice of drug therefore
depends upon the pharmacological profile and antici-
pated side effects in an individual clinical scenario.
Labetalol can be administered by oral and intravenous
routes, nifedipine is given orally and hydralazine is
reserved for intravenous administration in UK obstetric
practice. Prior to delivery it is important to prevent pre-
cipitous drops in blood pressure, which will be associated
with a reduction in placental perfusion and can give rise
to fetal distress particularly in growth-restricted babies.
Rapid reduction in blood pressure is most commonly
seen following hydralazine and this has led some clini-
cians to recommend a 500-mL bolus of colloid to be given
before or at the same time as the first dose of hydralazine.
Itis currently unclear if this practice reduces the incidence
of fetal compromise or if the practice is associated with
any increased maternal morbidity especially fluid
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overload. Certainly there is no role for fluid preloading
following delivery of the baby. Precipitous drops in blood
pressure can also be a feature of nifedipine especially if
they are coadministered with magnesium sulphate when
potentiation of the vasodilative action can be problematic.
Labetalol has therefore emerged as the first-line agent (in
non-asthmatics) and is currently the only agent in this
group to be licensed in the UK for the acute treatment of
hypertension in pregnancy.

Prevention and treatment of eclamptic fits
Magnesium sulphate is the recommended drug to treat
and prevent eclampsia. The Magpie (Magnesium Sulphate
for Prevention of Eclampsia) trial [14] recruited 10141
women with pre-eclampsia and randomized them to
receive magnesium sulphate or placebo. The incidence of
eclampsia was significantly lower in women who received
magnesium sulphate. The greatest effect was seen in
women who were at the highest risk: 63 women with
severe pre-eclampsia needed to be treated to prevent a fit
in contrast to 100 women with mild or moderate disease.
No benefit was seen in other outcomes including mater-
nal or neonatal morbidity or mortality.

Cochrane reviews have reported that magnesium sul-
phate is superior to diazepam or phenytoin for the treat-
ment of eclampsia [39]. The incidence of recurrent
maternal fits is reduced and improved neonatal outcomes,
including reduced need for admission to special care baby
unit or ventilation, are seen in women who delivered fol-
lowing magnesium sulphate.

The precise mechanisms by which magnesium sul-
phate acts to reduce cerebral irritability is unclear. It is a
vasodilating agent and contributes to reduction of cere-
bral perfusion pressures but it also has other relevant
properties including membrane stabilization. Magnesium
sulphate is emerging as a potential agent to reduce rates
of cerebral palsy in preterm infants, although the mecha-
nism and optimal dose for this purpose remain unclear.
These properties may contribute to improved neonatal
outcomes in women who deliver preterm due to
pre-eclampsia.

Magnesium is given intravenously as a 4-g loading
dose over 5min followed by an infusion of 1g/hour
which is usually maintained for 24 hours. Recurrent sei-
zures should be treated with a further dose of 2-4 g over
5min and diazepam should be reserved for use in women
who continue to fit despite magnesium sulphate. The
therapeutic range for magnesium plasma levels is 4-8 mg/
dL; toxicity causes loss of deep tendon reflexes at 10mg/
dL and respiratory paralysis at 15mg/dL. The drug is
excreted in the urine and toxicity is therefore more likely
inwomen whohave renal manifestations of pre-eclampsia.
Calcium gluconate 1g (10mL of 10% solution) over 2min
is administered to reverse magnesium toxicity with ven-
tilatory support if required.
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;P Summary box 11.4

e Magnesium sulphate is the drug of choice for the
treatment of eclamptic seizures.

e Magnesium sulphate is the drug of choice for the
prevention of eclamptic seizures.

e Over 25% of eclamptic seizures will occur postnatally.

Fluid management

The combination of vascular endothelial injury and the
normal physiological fluid shifts during the early post-
partum period make pre-eclamptic women particularly
vulnerable to pulmonary oedema at this time. Six deaths
were reported to the Confidential Enquiry into Maternal
Deaths in the UK between 1994 and 1996 and in all women
injudicious fluid management in pre-eclampsia was felt
to be a significant contributory factor. Encouragingly, fol-
lowing recommendations made in that report for tighter
fluid management there were no deaths in this group of
patients in the following triennial report attributed to
iatrogenic fluid overload.

The current recommended practice is to restrict fluid
intake to 80 mL /hour until a postpartum diuresis is estab-
lished. In women where there are ongoing losses or where
persistent minimal urine output raises concerns about
renal injury, invasive monitoring may help guide fluid
replenishment whilst avoiding overload.

Anaesthetic issues
Both regional and general anaesthesia can be problematic
in the pre-eclamptic patient. Epidural anaesthesia is often
advocated for labouring pre-eclamptic women due to the
belief that it will contribute to lowering of blood pressure
by both reducing pain-associated anxiety and peripheral
vasodilatation. Whilst there may be a modest antihyper-
tensive effect there do not appear to be any significant
improvements in maternal or fetal outcomes in women
who have epidural anaesthesia for labour. As in the
general obstetric population, epidural anaesthesia is asso-
ciated with a longer second stage and increased incidence
of instrumental delivery. There is therefore no evidence
to recommend the routine use of epidural anaesthesia in
labouring pre-eclamptic women and the diagnosis should
not influence the woman'’s choice of analgesia for labour.
An important exception to this is women who have severe
pre-eclampsia with thrombocytopenia. A platelet count
below 80 x 10°/L is a contraindication to regional anaes-
thesia due to the increased risk of spinal haematoma.
General anaesthesia can be complicated by exacerba-
tion of severe hypertension in response to intubation.
Furthermore, laryngeal oedema can make intubation
technically difficult and should only be undertaken by

senior anaesthetic clinicians. The greatest risks are seen in
women who have not been appropriately stabilized prior
to anaesthesia.

Complications

Hepatic

Approximately 12% of women with severe pre-eclampsia
will develop HELLP syndrome, characterized by haemo-
lysis, elevated liver enzymes and low platelet count. Not
all components are necessarily evident at presentation
and the diagnosis is not necessarily associated with the
most severe hypertensive presentations. Many affected
women will be asymptomatic or will present with non-
specific malaise and nausea, although a few will describe
classical epigastric and right upper quadrant tenderness.
The diagnosis is based on laboratory investigations
including a blood film, platelet count and measurement
of liver transaminases. Treatment is largely supportive.
High-dose steroids have been used to try to hasten the
recovery of thrombocytopenia but this has not been
shown to be associated with any improved maternal out-
comes and is not recommended.

Rarely, liver ischaemia can cause intrahepatic haemor-
rhage and subcapsular haematoma. This complication is
associated with a significant risk of maternal mortality.
Conservative management with ultrasound surveillance
may be appropriate in the postpartum patient who is
haemodynamically stable and where the haematoma is
not expanding. Measures described to achieve haemosta-
sis at laparotomy include compression, haemostatic
sutures, application of topical coagulation agents, emboli-
zation or lobectomy.

Renal

Although glomerular capillary endotheliosis is a classical
pathological feature of pre-eclampsia and relative oligu-
ria is common in the early postpartum period, these fea-
tures usually resolve spontaneously. Acute renal failure is
a rare complication of pre-eclampsia, with an estimated
incidence of 1 in 10000-15000 pregnancies. Obstetric
haemorrhage is a much more common precipitating
factor in this population. Treatment is supportive; meticu-
lous fluid management along with a high-protein, low-
potassium diet and daily electrolyte monitoring will
usually be sufficient whilst awaiting spontaneous resolu-
tion. Dialysis is rarely required in women who do not
have pre-existing renal pathology.

Neurological

Neurological sequelae of pre-eclampsia, other than fits,
include cerebral haemorrhage, encephalopathy and tem-
porary blindness (amaurosis). Disruption of cerebral
autoregulation, increased perfusion pressures and



increased vascular permeability are contributory factors
but the aetiology is complicated by haemoconcentration
predisposing to thrombosis and vasospasm associated
with fits. Any focal neurological signs should be investi-
gated with cranial imaging to exclude other pathologies
but no specific treatment is recommended.

Postnatal management

One-third of women who have had pregnancy-induced
hypertension or pre-eclampsia will sustain hypertension
in the postnatal period and this increases to over 75% in
women who have had preterm delivery triggered by
maternal hypertensive disease. Poorly managed hyper-
tension causes anxiety for the woman and her carers,
delays discharge to the community and can occasionally
put her at risk of significant complications. There is
little evidence to inform clinicians when managing post-
partum hypertension and until such evidence is available
a pragmatic approach has been recommended [16].
Women should remain in hospital until they are asymp-
tomatic, their blood pressure is stable within safe limits
and their biochemical indices are resolving.

All women who have been prescribed antenatal anti-
hypertensives should have these continued in the postna-
tal period. Women who have been given methydopa
should be changed to an alternative agent before the third
postnatal day due to the association of methyldopa with
postpartum depression. If the blood pressure is persist-
ently below 140/90mmHg, then reduce the dose. Most
women will not require medication beyond 6 weeks.
Commonly prescribed antihypertensive agents which
have no known effects on breast-feeding infants include
labetalol, atenolol, metoprolol, nifedipine, enalapril and
captopril.

Women who have not previously been treated with
antihypertensives should have their blood pressure moni-
tored four times daily while an inpatient and should be
treated if blood pressure is above 150/100 mmHg. Women
in the community should have their blood pressure meas-
ured once between days 3 and 5 using a similar threshold
for treatment. If medication is initiated, follow-up should
be within 48 hours to ensure an appropriate response.

Over 25% of eclampsia will present in the postnatal
period, often in women who have not been previously
identified as having hypertensive disease [40]. Any
woman describing severe headache or epigastric pain
postnatally should have pre-eclampsia excluded. Women
who have developed pre-eclampsia should be offered an
obstetric review around 6 weeks after birth. This affords
the opportunity to confirm that hypertension and pro-
teinuria have resolved, or to arrange referral for further
investigation if there are concerns about underlying
pathology. Women should be made aware of their risk of
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developing pre-eclampsia in future pregnancies; overall
the risk of recurrence is around 16% but this increases to
55% if they were delivered before 28 weeks’ gestation due
to hypertensive disease. This discussion should also iden-
tify any other modifiable risk factors which might be
addressed prior to embarking on another pregnancy, for
example weight management. Finally, women should be
made aware of the emerging evidence that pre-eclampsia
is thought to identify a group who are at increased risk
of future cardiovascular morbidity [41]. It is hoped that
this awareness will encourage modification of other life-
style factors (e.g. smoking cessation) that may ameliorate
this risk.
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Chapter 12

Heart Disease in Pregnancy

Catherine Nelson-Piercy
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Although pregnancies complicated by significant heart
disease are rare in the UK, Europe and the developed
world, cardiac disease remains the leading cause of
maternal death in the UK [1]. There were indirect deaths
attributed to cardiac disease in 2006-2008, giving a death
rate of 2.3 per 100000 maternities. The maternal mortality
rate from cardiac disease has continued to rise since the
early 1980s. The major causes of cardiac deaths over the
last 10 years are cardiomyopathy (predominantly peri-
partum), myocardial infarction and ischaemic heart
disease, and dissection of the thoracic aorta and sudden
adult death syndrome. In the UK, rheumatic heart disease
is now extremely rare in women of childbearing age and
mostly confined to immigrants. There were no maternal
deaths reported from rheumatic heart disease from 1994
until 2002, but there were two deaths in the 2003-2005
triennium [2].

Women with congenital heart disease, having under-
gone corrective or palliative surgery in childhood and
surviving into adulthood, are encountered more fre-
quently. These women may have complicated pregnan-
cies. Women with metal prosthetic valves face difficult
decisions regarding anticoagulation in pregnancy and
have a greatly increased risk of haemorrhage.

Because of significant physiological changes in preg-
nancy, symptoms such as palpitations and signs such as
an ejection systolic murmur are very common and inno-
cent findings. Not all women with significant heart
disease are able to meet these increased physiological
demands. The care of the pregnant and parturient woman
with heart disease requires a multidisciplinary approach
involving obstetricians, cardiologists and anaesthetists,
preferably in a dedicated antenatal cardiac clinic. This
allows formulation of an agreed and documented man-
agement plan encompassing management of both planned
and emergency delivery.

The most common and important cardiac conditions
encountered in pregnancy are discussed below.

Physiological adaptations to
pregnancy, labour and delivery

Blood volume starts to rise by the fifth week after concep-
tion secondary to oestrogen- and prostaglandin-induced
relaxation of smooth muscle that increases the capaci-
tance of the venous bed. Plasma volume increases and red
cell mass rises, but to a lesser degree, thus explaining the
physiological anaemia of pregnancy. Relaxation of smooth
muscle on the arterial side results in a profound fall in
systemic vascular resistance and together with the
increase in blood volume determines the early increase in
cardiac output. Blood pressure falls slightly, but by term
has usually returned to the pre-pregnancy value. The
increased cardiac output is achieved by an increase in
stroke volume and a lesser increase in resting heart rate
of 10-20bpm. By the end of the second trimester the
blood volume and stroke volume have risen by between
30 and 50%. This increase correlates with the size and
weight of the products of conception and is therefore
considerably greater in multiple pregnancies as is the risk
of heart failure in heart disease [3].

Although there is no increase in pulmonary capillary
wedge pressure, serum colloid osmotic pressure is
reduced. The gradient between colloid oncotic pressure
and pulmonary capillary wedge pressure is reduced by
28%, making pregnant women particularly susceptible to
pulmonary oedema. Pulmonary oedema will be precipi-
tated if there is an increase in cardiac preload (such as
infusion of fluids), increased pulmonary capillary perme-
ability (such as in pre-eclampsia), or both.

In late pregnancy in the supine position, pressure of
the gravid uterus on the inferior vena cava (IVC) causes
a reduction in venous return to the heart and a conse-
quent fall in stroke volume and cardiac output. Turning
from the lateral to the supine position may result in a 25%
reduction in cardiac output. Pregnant women should
therefore be nursed in the left or right lateral position
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wherever possible. If the mother has to be kept on
her back, the pelvis should be rotated so that the
uterus drops forward and cardiac output as well as utero-
placental blood flow is optimized. Reduced cardiac
output is associated with reduction in uterine blood flow
and therefore placental perfusion; this can compromise
the fetus.

Labour is associated with further increases in cardiac
output (15% in the first stage and 50% in the second
stage). Uterine contractions lead to autotransfusion of
300-500mL of blood back into the circulation and the
sympathetic response to pain and anxiety further elevate
heart rate and blood pressure. Cardiac output is increased
more during contractions but also between contractions.
The rise in stroke volume with each contraction is
attenuated by good pain relief and further reduced by
epidural analgesia and the supine position. Epidural
analgesia or anaesthesia causes arterial vasodilatation
and a fall in blood pressure [4]. General anaesthesia is
associated with a rise in blood pressure and heart rate
during induction but cardiovascular stability thereafter.
Prostaglandins given to induce labour have little effect
on haemodynamics but ergometrine causes vasoconstric-
tion and Syntocinon can cause vasodilation and fluid
retention.

In the third stage up to 1L of blood may be returned to
the circulation due to the relief of IVC obstruction and
contraction of the uterus. The intrathoracic and cardiac
blood volume rise, cardiac output increases by 60-80%
followed by a rapid decline to pre-labour values within
about 1 hour of delivery. Transfer of fluid from the
extravascular space increases venous return and stroke
volume further. Those women with cardiovascular
compromise are therefore most at risk of pulmonary
oedema during the second stage of labour and the imme-
diate postpartum period. All the changes revert quite
rapidly during the first week and more slowly over
the following 6 weeks, but even at 1 year significant
changes still persist and are enhanced by a subsequent
pregnancy [5].

Normal findings on examination of the cardiovascular
system in pregnancy

These may include a loud first heart sound with exagger-
ated splitting of the second heart sound and a physiologi-
cal third heart sound at the apex. A systolic ejection
murmur at the left sternal edge is heard in nearly all
women and may be remarkably loud and be audible all
over the precordium. It varies with posture and if unac-
companied by any other abnormality it reflects the
increased stroke output. Venous hums and mammary
souffles may be heard. Because of the peripheral vasodila-
tation the pulse may be bounding and in addition ectopic
beats are very common in pregnancy.

Cardiac investigations in pregnancy

Troponin is not affected by pregnancy and remains a valid
test for myocardial ischaemia. The ECG axis shifts supe-
riorly in late pregnancy due to a more horizontal position
of the heart. Small Q waves and T-wave inversion in the
right precordial leads are not uncommon. Atrial and ven-
tricular ectopics are both common.

The amount of radiation received by the fetus during a
maternal chest X-ray (CXR) is negligible and CXR should
never be withheld if clinically indicated in pregnancy.
Transthoracic echocardiography is the investigation of
choice for excluding, confirming or monitoring structural
heart disease in pregnancy. Transoesophageal echocardi-
ography is also safe with the usual precautions to avoid
aspiration. Magnetic resonance imaging (MRI) and chest
computerized tomography (CT) are safe in pregnancy.
Routine investigation with electrophysiological studies
and angiography are normally postponed until after
pregnancy but angiography should not be withheld in,
for example, acute coronary syndromes.

General considerations in pregnant
women with heart disease

The outcome and safety of pregnancy are related to:

e presence and severity of pulmonary hypertension;

e presence of cyanosis;

¢ haemodynamic significance of the lesion;

e functional NYHA (New York Heart Association) class
as determined by the level of activity that leads to dysp-
noea [6].

Most women with pre-existing cardiac disease tolerate
pregnancy well if they are asymptomatic or only mildly
symptomatic (New York Heart Association class II or less)
before the pregnancy, but important exceptions are pul-
monary hypertension, Marfan’s syndrome with a dilated
aortic root, and some women with mitral or aortic
stenosis.

Cardiac events such as stroke, arrhythmia, pulmonary
oedema and death complicating pregnancies in women
with structural heart disease are predicted by [7]:

e a prior cardiac event or arrhythmia;

e NYHA classification above class II;

® cyanosis;

e left ventricular ejection fraction <40%;

e left heart obstruction, i.e. mitral valve area <2cm?
aortic valve area <1.5 cm?, aortic valve gradient (mean —
non-pregnant) >30mmHg.

These features therefore also act as reasons to refer to
specialist centres for counselling and management of the
pregnancy.

Women with cyanosis (oxygen saturation below 80—
85%) have an increased risk of fetal growth restriction,



fetal loss, and thromboembolism secondary to the reac-
tive polycythaemia. Their chance of a live birth in one
study was less than 20% [8].

Women with the above risk factors for adverse cardiac
or obstetric events should be managed and counselled by
a multidisciplinary team including cardiologists with
expertise in pregnancy, obstetricians with expertise in
cardiac disease, fetal medicine specialists and paediatri-
cians. There should be early involvement of obstetric
anaesthetists and a carefully documented plan for
delivery.

Specific cardiac conditions

Congenital heart disease

Asymptomatic acyanotic women with simple defects
usually tolerate pregnancy well. Many defects will have
been treated surgically or by the interventional paediatric
cardiologist but others are first discovered during preg-
nancy. Women with congenital heart disease are at
increased risk of having a baby with congenital heart
disease, and should therefore be offered genetic counsel-
ling if possible before pregnancy [9] and detailed scan-
ning for fetal cardiacanomalies with fetalechocardiography
by 18-20 weeks’ gestation.

Acyanotic congenital heart disease

Atrial septal defect

After bicuspid aortic valve (which is much commoner in
males), secundum atrial septal defect (ASD) is the com-
monest congenital cardiac defect in adults. Paradoxical
embolism is rare and arrhythmias do not usually develop
until middle age. Mitral regurgitation caused by mitral
leaflet prolapse develops in up to 15% of uncorrected
ASDs. Pulmonary hypertension is rare.

No problems are anticipated during pregnancy but
acute blood loss is poorly tolerated. It can cause massive
increase in left-to-right shunting and a precipitous fall in
left ventricular output, blood pressure and coronary
blood flow and even lead to cardiac arrest.

Ventricular septal defect and patent ductus

Like regurgitant valve disease, these defects, which
increase the volume load of the left ventricle, are well
tolerated in pregnancy unless the defects are large and
complicated by pulmonary vascular disease.

Pulmonary stenosis

Pulmonary stenosis does not usually give rise to symp-
toms during pregnancy. However, when severe and
causing right ventricular failure, balloon pulmonary val-
votomy has been successfully carried out during preg-
nancy. The procedure is best performed during the second
trimester with uterine shielding.

Heart Disease in Pregnancy 113

Aortic stenosis

Left ventricular outflow tract obstruction at any level can
cause problems during pregnancy. Pre-pregnancy assess-
ment is the ideal. Significant obstruction results if aortic
valve area is less than 1cm? or if the non-pregnant mean
gradient across the valve is above 50 mmHg. Indications
that pregnancy will be high risk include failure to achieve
a normal rise in blood pressure without the development
of ST- or T-wave changes during exercise, impaired left
ventricular function and symptoms including chest pain
syncope or pre-syncope.

The ECG will normally show left ventricular hypertro-
phy and the Doppler transaortic valve velocity will rise
during pregnancy if the stroke volume increases in a
normal fashion. If left ventricular systolic function is
impaired, the left ventricle may not be capable of generat-
ing a high gradient across the valve. Therefore a low
gradient may be falsely reassuring.

Any patient who develops angina, dyspnoea or resting
tachycardia should be admitted to hospital for rest.
Administration of a B-adrenergic blocking drug will
increase diastolic coronary flow time and left ventricular
filling with resultant improvement in angina and left ven-
tricular function. If despite these measures angina, pul-
monary congestion and left ventricular failure persist or
progress, balloon aortic valvotomy needs to be consid-
ered [10]. These valves are intrinsically not ideal and
severe aortic regurgitation may be created, but if success-
ful the procedure may buy time and allow completion of
the pregnancy. The procedure can also be carried out for
relief of discrete subaortic stenosis but with some risk of
causing mitral regurgitation.

Coarctation of the aorta

Most cases encountered will already have been surgically
corrected, although residual narrowing is not uncommon.
Ideally, any narrowing or pre- or post-stenotic dilatation
or aneurysm formation should be assessed with MRI
prior to pregnancy. Aortic coarctation may first be diag-
nosed during pregnancy and should always be consid-
ered when raised blood pressure is recorded at booking,
especially if investigation for secondary causes of
pre-existing hypertension has not previously been
undertaken.

Although the blood pressure can be lowered, adequate
control cannot be maintained during exercise, which
brings the risk of cerebral haemorrhage or aortic dissec-
tion [11]. The woman should therefore be advised to rest
and avoid exertion. The risk of dissection is increased in
patients with pre-existing aortic abnormality associated
with coarctation, Marfan’s syndrome or other inherited
disorders of connective tissue.

Hypertension should be aggressively treated, and to
minimize the risk of rupture and dissection beta-blockers
are the ideal agents. Left ventricular failure is unlikely in
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the absence of an associated stenotic bicuspid aortic valve
or endocardial fibroelastosis with impaired left ventricu-
lar function. Normal delivery is usually possible, although
severe coarctation would indicate a shortened second
stage.

Marfan’s syndrome

A majority (80%) of patients with Marfan’s syndrome
have some cardiac involvement, most commonly mitral
valve prolapse and regurgitation. Pregnancy increases the
risk of aortic rupture or dissection usually in the third
trimester or early after birth. The risk of type A aortic
dissection in pregnant women with Marfan’s syndrome
is around 1%, even in the absence of a dilated aortic root
[6]. Progressive aortic root dilatation and an aortic root
dimension above 4cm are associated with increased risk
(10%) [12]. Women with aortic roots greater than 4.6cm
should be advised to delay pregnancy until after aortic
root repair or root replacement with resuspension of the
aortic valve [13].

Conversely, in women with minimal cardiac involve-
ment and an aortic root of less than 4cm pregnancy
outcome is usually good, although those with a family
history of aortic dissection or sudden death are also
at increased risk since in some families aortic root dis-
section occurs in the absence of preliminary aortic dilata-
tion [6].

Management should include counselling regarding the
dominant inheritance of the condition, monthly echocar-
diography to assess the aortic root in those with cardiac
involvement, and beta-blockers for those with hyperten-
sion or aortic root dilatation. Vaginal delivery for those
with stable aortic root measurements is possible but elec-
tive Caesarean section with regional anaesthesia is recom-
mended if there is an enlarged or dilating aortic root.

Cyanotic congenital heart disease

Cyanotic congenital heart disease in the adult is usually
associated with either pulmonary hypertension (as in
Eisenmenger’s syndrome) or pulmonary stenosis (as in
tetralogy of Fallot). Patients with single ventricle, trans-
position of the great arteries and complex pulmonary
atresias with systemic blood supply to the lungs may all
survive to adult life with or without previous palliative
surgery.

Tetralogy of Fallot

The association of severe right ventricular outflow tract
obstruction with a large subaortic ventricular septal
defect (VSD) and overriding aorta causes right ventricu-
lar hypertrophy and right-to-left shunting with cyanosis.
Pregnancy is tolerated well but fetal growth is poor
with a high rate of miscarriage, prematurity and small-
for-dates babies. The haematocrit tends to rise during
pregnancy in cyanosed women because systemic vasodil-
atation leads to an increase in right-to-left shunting.

Women with a resting arterial saturation of 85% or more,
a haemoglobin below 18g/dL and a haematocrit below
55% have a reasonable chance of a successful outcome.
Arterial saturation falls markedly on effort so rest is pre-
scribed to optimize fetal growth but subcutaneous low-
molecular-weight heparin (LMWH) should be given to
prevent venous thrombosis and paradoxical embolism.
Most women will have had previous surgical correction
of the tetralogy and do well in pregnancy [14].

Postoperative congenital heart disease
Survivors of neonatal palliative surgery for complex
congenital heart disease need individual assessment.
Echocardiography by a paediatric or adult congenital car-
diologist enables a detailed assessment to be made.
Following the Fontan operation for tricuspid atresia or
transposition with pulmonary stenosis, the right ventricle
is bypassed and the left ventricle provides the pump for
both the systemic and pulmonary circulations. Increases
in venous pressure can lead to hepatic congestion and
gross oedema but pregnancy can be successful. It is
important that women with a Fontan circulation are kept
well filled peripartum as without optimal preload the left
ventricle cannot adequately drive the pulmonary circula-
tion. These women are usually anticoagulated with war-
farin outside pregnancy and LMWH in pregnancy.

Eisenmenger’s syndrome and pulmonary hypertension
Pulmonary vascular disease, whether secondary to a
reversed large left-to-right shunt such as a VSD
(Eisenmenger’s syndrome) or to lung or connective tissue
disease (e.g. scleroderma) or due to idiopathic arterial
pulmonary hypertension, is extremely dangerous in preg-
nancy and women known to have significant pulmonary
vascular disease should be advised from an early age to
avoid pregnancy and be given appropriate contraceptive
advice [15]. Maternal mortality is 25-40% [16].

The danger relates to fixed pulmonary vascular resist-
ance that cannot fall in response to pregnancy, and a
consequent inability to increase pulmonary blood flow
with refractory hypoxaemia. Pulmonary hypertension is
defined as a non-pregnant elevation of mean (not systolic)
pulmonary artery pressure of 25 mmHg or more at rest or
30mmHg on exercise in the absence of a left-to-right
shunt. Pulmonary artery systolic (not mean) pressure is
usually estimated using Doppler ultrasound to measure
the regurgitant jet velocity across the tricuspid valve. This
should be considered a screening test. There is no agreed
relation between the mean pulmonary pressure and the
estimated systolic pulmonary pressure. If the systolic pul-
monary pressure estimated by Doppler is thought to indi-
cate pulmonary hypertension, a specialist cardiac opinion
is recommended. If there is pulmonary hypertension in
the presence of a left-to-right shunt, the diagnosis of pul-
monary vascular disease is particularly difficult and
further investigation including cardiac catheterization to



calculate pulmonary vascular resistance is likely to be
necessary. Pulmonary hypertension as defined by Doppler
studies may also occur in mitral stenosis and with large
left-to-right shunts that have not reversed. Women with
pulmonary hypertension who still have predominant left-
to-right shunts are at lesser risk and may do well during
pregnancy, but although such women may not have pul-
monary vascular disease and a fixed pulmonary vascular
resistance (or this may not have been established prior to
pregnancy), they have the potential to develop it and
require very careful monitoring.

Modern management of pulmonary hypertension
includes drugs such as sildenafil and bosentan. With such
therapies, pulmonary pressures can be reduced to within
the normal range, and therefore pregnancy may be safely
negotiated. Although bosentan is teratogenic in animals,
the benefit of continuing therapy in pregnancy probably
outweighs this risk. In the event of unplanned pregnancy
a therapeutic termination should be offered. Elective ter-
mination carries a 7% risk of mortality, hence the impor-
tance of avoiding pregnancy if possible. If such advice is
declined, multidisciplinary care, elective admission for
bed rest, oxygen and thromboprophylaxis with LMWH
are recommended [17]. Fetal growth should be carefully
monitored.

Most fatalities occur during delivery or the first week
after birth. There is no evidence that monitoring the
pulmonary artery pressure before or during delivery
improves outcome; indeed insertion of a pulmonary
artery catheter increases the risk of thrombosis, which
may be fatal in such women. Vasodilators given to reduce
pulmonary artery pressure will (with the exception of
inhaled nitric oxide and prostacyclin) inevitably result in
a concomitant lowering of the systemic pressure, exacer-
bating hypoxaemia.

There is no evidence that abdominal or vaginal delivery
or regional versus general anaesthesia improve outcome
in pregnant women with pulmonary hypertension. Great
care must be taken to avoid systemic vasodilatation. The
patient should be nursed in an intensive care unit after
delivery. Nebulized prostacyclin can be used to try to
prevent pulmonary vasoconstriction. When sudden dete-
rioration occurs (usually in the postpartum period) resus-
citation is rarely successful and no additional cause is
found at post-mortem, although there may be concomi-
tant thromboembolism, hypovolaemia or pre-eclampsia.
Death is usually preceded by vagal slowing, a fall in
blood pressure and oxygen saturation, followed by ven-
tricular fibrillation.

Acquired valve disease
Mitral valve prolapse

This common condition may also be called ‘floppy mitral
valve” and may be sporadic or inherited as a dominant
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condition in some families with variants of Marfan’s syn-
drome. Pregnancy is well tolerated and for women with
isolated mitral valve prolapse there are no implications
for the mother or fetus in pregnancy.

Rheumatic heart disease

Mitral stenosis

Worldwide, mitral stenosis remains the most common
potentially lethal pre-existing heart condition in preg-
nancy. There are many pitfalls because (i) an asympto-
matic patient may deteriorate in pregnancy, (ii) mitral
stenosis may have increased in severity since a previous
uncomplicated pregnancy, (iii) stenosis can recur or
worsen after valvuloplasty or valvotomy and (iv) mitral
stenosis that may previously not have been recognized
may be missed during routine antenatal examination
because the murmur is low-pitched, usually quiet, diasto-
lic and submammary.

Women may deteriorate secondary to tachycardia
(related to pain, anxiety, exercise or intercurrent infec-
tion), arrhythmias or the increased cardiac output of preg-
nancy. Sinus tachycardia at rest should prompt concern.
Tachycardia is the reflex response to failure to increase
stroke volume and it reduces the time for left atrial emp-
tying during diastole so that left ventricular stroke volume
falls, the reflex sinus tachycardia accelerates and left atrial
pressure climbs. This creates a vicious circle of increasing
heart rate and left atrial pressure and can precipitate pul-
monary oedema. The anxiety caused by the dyspnoea
increases the tachycardia and exacerbates the problem
(Fig. 12.1). Pulmonary oedema may also be precipitated
by increased volume (such as occurs during the third
stage of labour or following injudicious intravenous fluid
therapy) [18]. The risks are increased with severe mitral
stenosis (mitral valve area <1cm?), moderate or severe
symptoms prior to pregnancy, and in those diagnosed late
in pregnancy.

The ECG in mitral stenosis shows left atrial P waves
and right axis deviation. The CXR shows a small heart
but with prominence of the left atrial appendage and left
atrium and pulmonary congestion or oedema. The diag-
nosis is confirmed with transthoracic echocardiography.

Women with severe mitral stenosis should be advised
to delay pregnancy until after balloon, open or closed
mitral valvotomy, or if the valve is not amenable to val-
votomy until after mitral valve replacement. Beta-blockers
decrease heart rate, increase diastolic filling time and
decrease the risk of pulmonary oedema [18] and should
be given in pregnancy to maintain a heart rate of under
90bpm. Diuretics should be commenced or continued if
indicated. It is also important that the woman does not
over-exert herself.

In the event of pulmonary oedema, the patient should
be sat up, oxygen should be given and the heart rate
slowed by relief of anxiety with diamorphine, and
20mg of intravenous furosemide administered. Digoxin
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should only be used if atrial fibrillation occurs as it does
not slow the heart in sinus rhythm (because increased
sympathetic drive easily overcomes its mild vagotonic
effect).

If medical therapy fails or for those with severe mitral
stenosis, balloon mitral valvotomy may be safely and suc-
cessfully used in pregnancy if the valve is suitable [19],
although this will require transfer to a hospital with major
cardiac facilities. Percutaneous balloon valvotomy carries
a risk of major complications of about 1%, whereas for
surgical valvotomy the risks are as follows.
® Closed valvotomy: fetal mortality 5-15%, maternal
mortality 3%.
® Open valvotomy: fetal mortality 15-33%, maternal
mortality 5%.

If an open operation on the mitral valve is likely to be
required, this should be deferred if possible until after
delivery.

Women with mitral stenosis should avoid the supine
and lithotomy positions as much as possible for labour
and delivery. Fluid overload must be avoided; even in the
presence of oliguria, without significant blood loss, the
temptation to give intravenous colloid must be resisted.
Cautious epidural analgesia or anaesthesia is suitable for
the patient with mitral stenosis as is vaginal delivery but
limitation of maternal effort with an instrumental deliv-
ery may be indicated.

Regurgitant valve disease

Patients with regurgitant valve disease, either mitral or
aortic, tolerate pregnancy much better than patients with
valvular stenosis. The systemic vasodilatation in preg-
nancy reduces regurgitant flow as does tachycardia in
patients with aortic regurgitation. When the valve disease
is of rheumatic origin the advent of sudden atrial fibrilla-
tion may precipitate pulmonary oedema. Similarly moni-
toring of left ventricular function is important in those
with severe mitral or aortic regurgitation.

Fall in heart rate

Stroke volume rises

Left atrial pressure falls

Dyspnoea settles

<~—— Beta-blocker

Fig. 12.1 Mitral stenosis.

Mechanical heart valves

Most women with prosthetic heart valves have sufficient
cardiovascular reserve to accomplish pregnancy safely.
The optimal strategy for anticoagulation in women
with metal heart valve replacements in pregnancy is
controversial since the interests of the mother and the
fetus are in conflict. These women require lifelong antico-
agulation and this must be continued in pregnancy
because of the increased risk of thrombosis. However,
warfarin is associated with warfarin embryopathy (chon-
drodysplasia punctata) if given during the period of orga-
nogenesis (6-12 weeks’ gestation) [20] and with fetal
intracerebral haemorrhage in the second and third
trimesters.

Despite a maternal international normalized ratio
(INR) within the therapeutic range, there is a greater anti-
coagulant effect on the fetus than on the mother because
the immature fetal liver produces only low levels of vita-
min K-dependent clotting factors and maternal procoagu-
lants do not cross the placenta due to their large molecular
size. The fetal risk from warfarin is dose dependent.
Women requiring more than 5mg daily are at increased
risk of teratogenesis, miscarriage and stillbirth [21,22].

Heparin and LMWH do not cross the placenta and
therefore are an attractive option. However, even in full
anticoagulant doses, they are associated with an increased
risk of valve thrombosis and embolic events [20,21,23].
Heparins can also cause retroplacental haemorrhage so
the risk of fetal loss is not eliminated. Further disadvan-
tages of unfractionated heparin include a need for
parenteral administration, powerful but short duration of
action, narrow therapeutic index, a steep dose-response
curve, increasing dose requirement during pregnancy,
and lack of agreed optimal test or target for safe and effec-
tive activity. Overshooting with incremental dosage
brings a risk of bleeding. High doses of unfractionated
heparin long term may also cause osteoporosis.



LMWHSs have a better safety profile in pregnancy and,
provided there is close monitoring of anti-Xa levels with
appropriate dose adjustments and good compliance with
twice-daily injections, recent data would suggest a low
risk of thrombotic events [23,24]. Most clinicians use con-
comitant low-dose aspirin and many women need an
increase in the LMWH dose in order to maintain peak
anti-Xa levels of 0.8-1.2IU/mL [24].

There are three basic options for anticoagulation
management.

1 Continue warfarin throughout pregnancy, stopping
only for delivery. This is the safest option for the mother
[20,21].

2 Replace warfarin with high-dose LMWH from 6 to 12
weeks’ gestation to avoid warfarin embryopathy.

3 Use high-dose LMWH throughout pregnancy.

Which option is chosen will depend on several
factors.
 The type of mechanical valve. The risk of thrombosis is
less with the newer bileaflet valves (e.g. carbomedics)
than with first-generation ball and cage (e.g. Starr—
Edwards) or second-generation single tilting disc (e.g.
Bjork-Shiley) valves.

e The position of the valve replacement. Valves in the aortic
rather than the mitral position are associated with a lower
risk of thrombosis [24].

* The size of the mechanical valve. If a valve was replaced
before the woman had finished growing, it may be rela-
tively small and this increases the risk of thrombosis.

® The number of mechanical valves. Two valves give a
higher risk of thrombosis.

® The dose of warfarin required to maintain a therapeutic
INR. If this is less than 5mg, the risk to the fetus is
reduced.

* Any previous history of embolic events.

If warfarin is used in pregnancy, serial fetal scans are
indicated to detect embryopathy and intracerebral haem-
orrhage. Warfarin should be discontinued and substi-
tuted for LMWH for 10 days prior to delivery to allow
clearance of warfarin from the fetal circulation. For deliv-
ery itself, LMWH therapy is interrupted.

Conversion from LMWH back to warfarin should be
delayed for at least 3-5 days after delivery to minimize
the risk of obstetric haemorrhage. There is a high risk of
antenatal but particularly postpartum bleeding in women
with mechanical valves [24].

In the event of bleeding or the need for urgent delivery
ina fully anticoagulated patient, warfarin may be reversed
with recombinant human factor VIIa fresh frozen plasma
and vitamin K, and heparin with protamine sulphate.
High doses of vitamin K should be avoided if possible
since it renders the woman extremely difficult to antico-
agulate with warfarin after delivery.

Thrombolytic treatment can be used for prosthetic
valve thrombosis during pregnancy, and although it may
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cause embolism or bleeding or placental separation, the
risks are lower than those of cardiothoracic surgery.

Coronary artery disease

Myocardial infarction and ischaemic heart disease are
now seen more commonly in pregnant and postpartum
women and pregnancy increases the risk of myocardial
infarction [25]. When myocardial infarction occurs in
pregnancy it often develops without a preceding history
of typical angina. Pregnant women may present with
atypical epigastric pain or nausea or dizziness as well as
with chest, neck and left arm pain. In pregnancy the
underlying cause may be due to non-atherosclerotic con-
ditions. Spontaneous coronary artery dissection and coro-
nary artery thrombosis are more common in pregnancy
[2,26]. Most occur during late pregnancy or around or
after delivery. Coronary ischaemia may be associated
with drug abuse from crack cocaine. Embolic occlusion
should always be considered and an embolic source such
as mitral stenosis or infective endocarditis sought.

The risk factors for ischaemic heart disease in preg-
nancy are the same as for the non-pregnant woman. The
risk is increased in older multigravid women and in those
who smoke and those with diabetes, obesity, hyperten-
sion, hypercholesterolaemia or a family history of coro-
nary artery disease [25,27]. There should be a low
threshold for investigating chest pain and other symp-
toms that could be due to acute coronary syndrome par-
ticularly in women with risk factors. Troponin I is not
affected by pregnancy and this should be requested along
with serial ECGs in women in whom acute coronary syn-
drome is suspected.

The management of acute myocardial infarction and
acute coronary syndrome is as for the non-pregnant
woman. Coronary angiography should be undertaken
without hesitation in order to define the pathology and
determine management. Intravenous and intracoronary
thrombolysis and percutaneous transluminal coronary
angioplasty and stenting have all been successfully per-
formed in pregnancy. Both aspirin and beta-blockers are
safe in pregnancy. Clopidogrel may be used following
stenting but should ideally be discontinued prior to deliv-
ery. There are less data for glycoprotein IIb/IIla inhibi-
tors, which are normally avoided. Statins should be
discontinued for the duration of pregnancy as they are
associated with an increased risk of malformations [28].

Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is an autosomal
dominant disease characterized by hypertrophy of the
undilated left ventricle in the absence of an abnormal
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haemodynamic load and with underlying myocyte and
myofibrillar disarray. Family studies, now sometimes
aided by genetic identification of a responsible mutant
gene, have indicated the broad spectrum of phenotypic
abnormality that exists not only between individuals at
different ages but within families. Patient series previ-
ously described from specialist centres represented a
highly skewed population of high-risk patients referred
because of disabling symptoms or a malignant family
history. In the years before echocardiography only gross
examples of the disorder could be identified but these
patients formed the basis of many of the published natural
history studies.

HCM is not infrequently first diagnosed in pregnancy
when a systolic murmur leads to an ECG and echocardio-
graphic study. Most patients are asymptomatic and do
well. HCM used to be regarded as a rare disease with a
high risk of sudden death but is now recognized to be
relatively common, being found in 1 in 500 young adults
in a recent study and in most patients the disorder is
benign.

Patients with HCM respond well to pregnancy by a
useful increase in their normally reduced left ventricular
cavity size and stroke volume. The danger relates to left
ventricular outflow tract obstruction that may be precipi-
tated by hypotension or hypovolaemia. Symptoms of
shortness of breath, chest pain, dizziness or syncope indi-
cate the need for a beta-blocker [29]. Ventricular arrhyth-
mias are commoner in older patients but uncommon in
the young. Sudden death has only very rarely been
reported during pregnancy. It is most important in
all patients to avoid vasodilatation during labour and
delivery and during regional anaesthesia/analgesia.
Any hypovolaemia will have the same effect and
should be rapidly and adequately corrected. It is most
unusual to find hypertrophy in the infants of mothers
with HCM.

Peripartum cardiomyopathy

This pregnancy-specific condition is defined as the devel-
opment of cardiac failure between the last month of preg-
nancy and 5 months after delivery, in the absence of an
identifiable cause or recognizable heart disease prior to
the last month of pregnancy, and left ventricular systolic
dysfunction demonstrated by the following echocardio-
graphic criteria [30]:

e left ventricular ejection fraction <45%;

e fractional shortening <30%;

e left ventricular end-diastolic dimension >2.7 cm/m?.
Echocardiography shows dilatation that usually involves
all four chambers but is dominated by left ventricular
hypokinesia, which may be global or most marked in a
particular territory.

The condition is rare but the true incidence is unknown
as mild cases undoubtedly go unrecognized. Recognized
risk factors include multiple pregnancy, hypertension
(pre-existing or related to pregnancy or pre-eclampsia),
multiparity, increased age and Afro-Caribbean race.

Peripartum cardiomyopathy does not differ clinically
from dilated cardiomyopathy except in its temporal rela-
tionship to pregnancy. The severity varies from cata-
strophic to subclinical, when it may be discovered only
fortuitously through echocardiography. Diagnosis should
be suspected in the peripartum patient with breathless-
ness, tachycardia or signs of heart failure. Pulmonary
oedema is often a major feature and may be precipitated
by the use of Syntocinon or by fluids given to maintain
cardiac output during spinal anaesthesia for delivery. The
CXR shows an enlarged heart with pulmonary congestion
or oedema and often bilateral pleural effusions. Systemic
embolism from mural thrombus may herald the onset of
ventricular arrhythmias or precede the development of
clinical heart failure and pulmonary embolism may
further complicate the clinical picture.

The differential diagnosis includes pre-existing dilated
cardiomyopathy, pulmonary thromboembolism, amniotic
fluid embolism, myocardial infarction and pulmonary
oedema related to pre-eclampsia or B,-agonist therapy for
preterm labour. Echocardiography immediately impli-
cates the left ventricle and excludes pulmonary embolism
as the cause. Pre-eclampsia may rarely cause transient
impairment of left ventricular function but this normally
recovers rapidly after delivery.

Management is as for other causes of heart failure, with
oxygen, diuretics, vasodilators and angiotensin-
converting enzyme (ACE) inhibitors if after delivery.
Thromboprophylaxis is imperative. The cautious addi-
tion of a cardioselective B-adrenergic blocking drug may
be helpful if tachycardia persists, particularly if the
cardiac output is well preserved. The most gravely ill
patients will need intubation, ventilation and monitoring
with use of inotropes and sometimes temporary support
from an intra-aortic balloon pump or ventricular assist
device. Heart transplantation may be the only chance of
survival in severe cases.

About 50% of women make a spontaneous and full
recovery. Most case fatalities occur close to presentation
and cardiomyopathy is the cause of almost one-quarter
of maternal cardiac deaths [2]. Recent data show a 5-year
survival of 94% [31]. Patients should remain on an ACE
inhibitor for as long as left ventricular function remains
abnormal. Prognosis and recurrence depend on the nor-
malization of left ventricular size, which may continue to
improve for several years after delivery [32,33]. Those
women with severe myocardial dysfunction (defined as
left ventricular end-diastolic dimension >6cm and frac-
tional shortening <21%) are unlikely to regain normal
cardiac function on follow-up [34]. Those whose left



ventricular function and size do not return to normal
within 6 months and prior to a subsequent pregnancy are
at significant risk of worsening heart failure (50%) and
death (25%) or recurrent peripartum cardiomyopathy in
the next pregnancy. They should therefore be advised
against pregnancy [32]. Women who have recovered
normal left ventricular size and function should have
their functional reserve assessed using stress (exercise)
echocardiography. Even if this is normal there is a risk of
recurrent heart failure in subsequent pregnancies [29].

Arrhythmias

Atrial and ventricular premature complexes are common
in pregnancy. Many pregnant women are symptomatic
from forceful heart beats that occur following a compen-
satory pause after a ventricular premature complex. Most
women with symptomatic episodes of dizziness, syncope
and palpitations do not have arrhythmias [35].

A sinus tachycardia requires investigation for possible
underlying pathology such as blood loss, infection, heart
failure, thyrotoxicosis or pulmonary embolus. The com-
monestarrhythmia encountered in pregnancy is supraven-
tricular tachycardia (SVT). First onset of SVT (both
accessory pathway mediated and atrioventricular nodal
re-entrant) is rare in pregnancy but exacerbation of symp-
toms is common in pregnancy [35]. Half of SVTs do not
respond to vagal manoeuvres.

Propranolol, verapamil and adenosine have Food and
Drug Administration approval for acute termination of
SVT. Adenosine has advantages over verapamil including
probable lack of placental transfer and may be safely used
in pregnancy for SVTs that do not respond to vagal stimu-
lation [35]. For prevention of SVTs, beta-blockers or vera-
pamil may be used. Flecainide is safe and is used in the
treatment of fetal tachycardias. Propafenone and amio-
darone should be avoided [36], the latter because of inter-
ference with fetal thyroid function [37]. Temporary and
permanent pacing, cardioversion and automatic implant-
able defibrillators (AICD) are also safe in pregnancy. Care
is needed when bipolar diathermy is used at Caesarean
section since this may also be misinterpreted by the AICD
as venticular fibrillation leading to deployment of a shock.
The device is therefore usually inactivated during
Caesarean section.

Cardiac arrest

This should be managed according to the same protocols
as used in the non-pregnant woman. Pregnant women
(especially those in advanced pregnancy) should be
‘wedged’ to relieve any obstruction to venous return from
pressure of the gravid uterus on the IVC. This can be most
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rapidly achieved by turning the patient into the left lateral
position. If cardiopulmonary resuscitation is required,
then the pelvis can be tilted while keeping the torso flat
to allow external chest compressions. Emergency
Caesarean section may be required to aid maternal
resuscitation.

Endocarditis prophylaxis

Infective endocarditis (IE) is rare in pregnancy but threat-
ens the life of both mother and child. Fatal cases of endo-
carditis in pregnancy have occurred antenatally, rather
than as a consequence of infection acquired at the time of
delivery [2]. Treatment is essentially the same as outside
pregnancy, with emergency valve replacement if indi-
cated. As always, the baby should be delivered if viable
before the maternal operation.

The current UK recommendations from the National
Institute for Health and Clinical Excellence [38] are that
antibiotic prophylaxis against IE is not required for child-
birth. The British Society for Antimicrobial Chemotherapy
[39] and the American Heart Association have recom-
mended cover only for patients deemed to be at high risk
of developing IE (such as women with previous IE) and
for those who have the poorest outcome if they develop
IE (such as those with cyanotic congenital heart disease).
If antibiotic prophylaxis is used it should be with amoxi-
cillin 2g iv. plus gentamicin 120mg i.v. at the onset of
labour or ruptured membranes or prior to Caesarean
section, followed by amoxicillin 500 mg orally (or i.m/i.v.
depending on the patient’s condition) 6 hours later.
For women who are penicillin allergic, vancomycin
1g i.v. or teicoplanin 400mg i.v. may be used instead of
amoxicillin.

:9 Summary box 12.1

e Cardiac disease is the commonest cause of death in

pregnancy or the puerperium in the UK.

Mortality of pulmonary hypertension in pregnancy is

25-40%.

e \Women with Marfan's syndrome are at risk of aortic
dissection in pregnancy, particularly if they have a dilated
aortic root.

e \Women with mitral stenosis are at risk of pulmonary
oedema in mid-pregnancy and during or immediately after
delivery.

e |f women with mechanical valves in pregnancy are
managed with therapeutic doses of low-molecular-weight
heparin, this should be closely monitored and doses
adjusted to maintain therapeutic levels. These women
have an increased risk of bleeding, particularly after
delivery.
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Diabetes in pregnancy

Recent years have seen a rapid rise in the prevalence of
diabetes in pregnancy. This increase reflects the increasing
number of women of childbearing age with pre-gestational
type 2 diabetes mellitus (type 2 DM) and the rise in
women being diagnosed with gestational diabetes melli-
tus (GDM). Over the last two decades across Europe the
antenatal population has become older, more obese and
more ethnically diverse, all risk factors for type 2 DM and
GDM. Today in many European urban antenatal clinics
the number of women with pre-gestational type 2 DM
outnumber those with type 1 DM. Not only are pregnant
women with type 2 DM likely to be older, more obese and
belong to an non-white ethnic minority, they are also
more likely to have higher levels of social deprivation
than either women with type 1 DM or the general ante-
natal population without diabetes [1,2]. Women with type
2 DM therefore enter pregnancy with established risk
factors for a poor pregnancy outcome (Fig. 13.1).

The increasing proportion of women with type 2 DM,
with their associated risk, in today’s antenatal clinics helps
to explain why pregnancy outcomes in women with dia-
betes have not appreciably improved over the last 40 years
despite major advances in obstetric, neonatal and diabetic
care. Despite some improvement in pregnancy outcomes
reported from specialized obstetric units for women with
type 1 DM, overall congenital abnormalities, stillbirths
and perinatal deaths remain twofold to fourfold higher
among women with pre-gestational diabetes [3]. In addi-
tion around 40-50% of all births have evidence of growth
acceleration above the 90th percentile for gestational age.
The rate of Caesarean births also remains unacceptably
high at 67% of all births in an audit of over 3800 births in
2003 in England, Wales and Northern Ireland to women
with type 1 and type 2 DM. Of these Caesarean births, 56%
were performed as emergencies [2].

A small percentage of women with diabetes in preg-
nancy have a monogenetic or mitochondrial cause for
their diabetes that would have been misclassified as type
1 or 2 DM in the past but which is now being diagnosed
due to advances in genetic screening. The importance of
recognizing this cohort is that pregnancy outcome is
determined as much by the genetic mutation as by the
diabetes.

Diabetic and obstetric management, from pre-
conceptual counselling through to postnatal care, is influ-
enced by the type of diabetes the woman is experiencing
(the main categories of diabetes are shown in Table 13.1).
This chapter covers the clinical management of pregnan-
cies complicated by pre-gestational diabetes and the
screening and management of GDM. The consequences
of a diabetic pregnancy for neonates and their long-term
health are also discussed.

General principles for the management

of diabetic pregnancies

Maternal hyperglycaemia increases the risk of poor preg-
nancy outcomes (Table 13.2). Congenital abnormalities,
miscarriage, accelerated fetal growth, late stillbirth, birth
trauma and neonatal hypoglycaemia all increase with
increasing maternal glycaemia. Similarly, the long-term
health risks for the child of obesity and future risk of type
2 DM all increase with increasing maternal glycaemia. For
these reasons the principal tenet for management, from
the time of conception to the time of delivery, is to strive
for maternal euglycaemia. Apart from glycaemic manage-
ment, diabetic-specific complications such as retinopathy
and nephropathy need to be screened for and treated
when necessary.

For women with pre-gestational diabetes the associa-
tion between pre-pregnancy glycaemic control and the
risk of congenital malformations begins at the upper level
of the normal non-diabetic range [4]. The teratogenic
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RISK FACTORS
Adverse pregnancy outcome
Obesity

Age

Ethnicity

Social deprivation

Adverse
pregnancy outcome

A

Antenatal

population Diabetes

Type 2 DM

Risk factors
Antenatal population Obesity
Increasing Age
Obesity Ethnicity
Age . Social
Ethnicity deprivation

Fig. 13.1 Shared risk factors for poor pregnancy outcomes and
type 2 diabetes.

Table 13.1 The main categories of diabetes encountered in
obstetric practice.

Type 1 diabetes

Absolute or near absolute insulin deficiency due to autoimmune
destruction of pancreatic B cells. Typical presentation under 20
years old, with only 10% having a first-degree relative affected.
Not associated with obesity. Accounts for approximately 5% of all
diabetes outside pregnancy, but approximately 50% among
women of childbearing age

Type 2 diabetes

Relative insulin deficiency and decreased insulin sensitivity. Presents
typically over 20 years old, with approximately 60% having a
first-degree relative affected. Strongly associated with obesity.
Accounts for approximately 90% of all diabetes outside pregnancy
and approximately 50% among women of childbearing age

Monogenetic diabetes

Maturity-onset diabetes of the young. Owing to a single gene
mutation causing a defect in pancreatic B-cell insulin secretion.
Present from birth but typically diagnosed within the second and
third decade. Autosomal dominant with approximately 95% having
a first-degree relative affected. Not associated with obesity.
Accounts for less than 2% of all diabetes outside pregnancy

Mitochondrial diabetes

Arises from a mutation in mitochondrial DNA leading to a defect in
insulin secretion; it is thus maternally inherited. Associated with a
number of other medical problems including sensorineural
deafness, a tendency for stroke and lactic acidosis. Diabetes
usually develops in the mid thirties. Not associated with obesity.
Accounts for less than 1% of all diabetes outside pregnancy

Secondary diabetes

Diabetes due to other medical conditions, i.e. pancreatitis, cystic
fibrosis, glucocorticoids and other drugs. Accounts for
approximately 2% of all diabetes outside pregnancy

Table 13.2 The influence of maternal hyperglycaemia on mother,
fetus, neonate and young adult.

First trimester
Implantation
Embryogenesis

Inhibits trophectoderm differentiation

Increases oxidative stress affecting
expression of critical genes essential for
embryogenesis

Activates the diacylglycerol-protein kinase C
cascade, increasing congenital defects

Increases premature programmed cell death
of key progenitor cells of the blastocyst

Organogenesis

Miscarriage

Second trimester

Endocrine pancreas  Stimulates fetal B cells

Fetal growth Stimulates fetal hyperinsulinaemia that results
in growth acceleration seen on ultrasound
by 26 weeks

Third trimester

Fetal growth A major fetal substrate and determinant for
accelerated fetal growth

Stimulates hyperinsulinaemia that promotes
fat disposition including intra-abdominal fat

Stimulates hyperinsulinaemia that delays lung

maturation by inhibiting surfactant proteins

Adipose disposition

Lung maturation

Stillbirth Is associated with defects in placental
maturation that increase the risk of fetal
hypoxia

Delivery

Birth trauma By causing accelerated fetal growth there is
an increased risk of shoulder dystocia

predisposing to birth trauma and asphyxia

Neonate

Hypoglycaemia Stimulates fetal hyperinsulinaemia that
predisposes to neonatal hypoglycaemia

Alters the placental expression of calbindin
mMRNA that affects calcium status at birth

Stimulates fetal hyperinsulinaemia that
enhances antepartum haemopoiesis as
does fetal hypoxia

Stimulates fetal hyperinsulinaemia that
predisposes to hypertrophic cardiomyopathy

Hypocalcaemia

Polycythaemia

Cardiomyopathy

Adolescence/adulthood

Obesity Intrauterine exposure predisposes to the
metabolic syndrome, independent of any
genetic susceptibility

Intrauterine exposure predisposes to type 2
diabetes, independent of any genetic
susceptibility

Type 2 diabetes

effect of maternal hyperglycaemia occurs during blasto-
cyst formation and continues through the period of
embryogenesis and fetal organogenesis until the 12th ges-
tational week. In order to significantly limit early fetal
loss and the added risk of congenital abnormalities,
women with diabetes need to optimize their glycaemic



control prior to pregnancy. Hence the importance of
planned pregnancies, pre-conception counselling and the
continuation of contraception before glycaemic control
has been optimized.

The normal physiological changes in pregnancy facili-
tate maternal-placental-fetal transfer of glucose, espe-
cially postprandially. In pregnancies complicated by
diabetes, maternal glucose is transferred to the fetus
rather than being taken up preferentially in maternal
muscle or fat stores. From the 12th gestational week cir-
culating glucose in the fetus stimulates secretion of fetal
insulin, which acts as a potent intrauterine growth factor.
Hence the need for exemplary maternal glycaemic control
throughout the whole of pregnancy.

Gestational diabetes occurring de novo in the latter
half of pregnancy as a consequence of the physiological
metabolic changes of pregnancy is not associated with
congenital malformations but is associated with acceler-
ated fetal growth. There is a clear continuum of risk,
beginning within the range of normal maternal glycaemic
levels and extending up to the levels seen in type 2
DM [5].

With the rise of obesity among today’s general antena-
tal population the impact of obesity on pregnancy out-
comes is becoming clearer. Obesity is an independent risk
factor for late stillbirth, birth trauma and maternal com-
plications after delivery [6,7]. The prevention and man-
agement of obesity in women of childbearing age has
become a public health issue and is not covered in this
chapter.

All pregnancies complicated by diabetes should be
under the care of a hospital-based multidisciplinary
consultant-led team, with a named obstetrician and dia-
betologist working to locally agreed guidelines based on
national and international guidelines [8] (Table 13.3).

:9 Summary box 13.1

Increasing maternal hyperglycaemia is associated with an
increasing risk of:

e congenital malformations;

e stillbirth;

e accelerated fetal growth;

e neonatal hypoglycaemia.

Pre-conception counselling

Women with diabetes who attend a pre-conception clinic
have better pregnancy outcomes than those who do not.
In addition to giving general healthy lifestyle advice on
healthy weight management, diet, exercise, alcohol and
cigarette smoking, these clinics provide an opportunity
for glycaemic control to be intensified, high-dose folic
acid supplements (5mg) to be prescribed and medications
to be reviewed so that potentially harmful drugs, such
as angiotensin-converting enzyme (ACE) inhibitors,
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Table 13.3 A structured approach to the management of diabetic
pregnancies.

Prior to pregnancy
Pre-conception counselling

First trimester

Referral to a combined multidisciplinary diabetic obstetric antenatal
clinic

Dating scan

Screening for diabetic complications

Screening for non-diabetic comorbidities

Assessment and optimization of glycaemia

Advice on hypoglycaemia prevention

Second trimester

Optimization of glycaemic control

Screening for congenital abnormalities
Surveillance for medical obstetric complications
Assessment of fetal growth

Third trimester

Optimization of glycaemic control
Assessment of fetal growth
Timing and mode of delivery

Delivery
Protocols for insulin during labour and delivery

Post partum

Adjustment of insulin dosage
Breast-feeding

Discussing contraception

angiotensin receptor blockers and statins (HMG-CoA
reductase inhibitors), can be stopped or switched to safer
alternatives.

Pre-conception clinics provide an opportunity to
engage positively with women planning pregnancy and
allow discussion of the diabetic care pathway, including
how to rapidly access the obstetric service once pregnant.
These clinics should explain the reason for increased fetal
and maternal surveillance and provide reassurance that
with good glycaemic control the risks associated with a
diabetic pregnancy can be reduced to those approaching
the background antenatal population. It is important to
stress that any improvement in glycaemic control before
a pregnancy reduces the risk for that pregnancy [9]. The
high numbers of women who fail to engage in pre-
conception counselling is often attributed to the negative
and unsupportive messages that these women have
received over the years. Overall, 95% of women with pre-
gestational diabetes give birth to a healthy infant, although
this figure would be higher if glycaemic control in early
pregnancy could be improved.

Pre-conception clinics provide an opportunity to screen
for diabetic microvascular disease, retinopathy, nephrop-
athy and neuropathy. In addition women at risk of mac-
rovascular disease can be identified. These complications



124 Chapter 13

increase with duration of diabetes and are therefore more
common in women with type 1 than type 2 DM as many of
these women will have had type 1 DM for over 20 years.

Retinopathy can worsen with rapid improvement in
glycaemic control, as can occur during the pre-conception
period and in early pregnancy. It is therefore recom-
mended that pregnancy is postponed if significant retin-
opathy is present to allow laser treatment to be given.
Women should be reassured that although retinopathy
can deteriorate in pregnancy, it usually reverts to pre-
pregnancy levels after the birth and if required laser treat-
ment is safe in pregnancy.

As a generalization women can be reassured that any
deterioration in renal function during pregnancy usually
reverts to pre-pregnancy levels of function after the birth.
Women who have significant diabetic nephropathy (pro-
teinuria >2g per 24 hours) should be informed of their
high risk of pre-eclampsia and preterm birth. Women
with microalbuminuria and lesser degrees of proteinuria
should be made aware that they will require meticulous
blood pressure monitoring during pregnancy as they are
at increased of pregnancy-induced hypertension.

Diabetic neuropathy is more common in women with
type 1 DM, and autonomic neuropathy is particularly
problematic in pregnancy as it blunts the adrenergic and
metabolic response to hypoglycaemia, potentially leading
to frequent and severe episodes of hypoglycaemia. This
risk is especially prevalent in early pregnancy before
maternal and placental hormones have increased suffi-
ciently to increase insulin resistance and minimize this
risk. Women with autonomic neuropathy should receive
dietary advice to reduce this risk of hypoglycaemia and
their partners instructed on how to administer glucagon
for the management of severe hypoglycaemia.

Diabetes is associated with macrovascular disease and
premature coronary heart disease, and this risk increases
with duration of diabetes and increasing maternal age. A
previous history of cardiovascular disease or its diagnosis
in pregnancy is associated with significant maternal mor-
bidity, and therefore women with a previous history of
ischaemic heart disease or considered at risk from it
should be referred to a cardiologist prior to pregnancy.

To achieve the pre-pregnancy guideline glycaemic
targets (HbA,. <6.1%, fasting blood glucose <5.5mmol/L,
2-hour post-meal glucose <7.8mmol/L) requires most
women to intensify their glycaemic management prior to
pregnancy. This is best done with frequent home glucose
monitoring and the help of a diabetic specialist nurse.

For all women with type 1 DM, four to five daily insulin
injections or an insulin pump will be required. For women
not on an insulin pump, insulin should be given as part
of a basal-bolus regimen with a long-acting basal insulin,
usually given at night, and rapid or short-acting insulin
boluses taken with each meal. There is some evidence that
the risk of hypoglycaemia for women with type 1 DM in

early pregnancy is lessened with the use of an insulin
pump and suitable patients should be considered for an
insulin pump prior to pregnancy.

For women with type 2 DM, a basal-bolus regimen is
also recommended as it offers the most flexibility around
food timing and exercise and lessens the risk of hypogly-
caemia in early pregnancy. For some women who have
had type 2 DM for only a short time and have been well
controlled on diet and metformin alone, adequate glycae-
mic control may be achievable prior to and early in preg-
nancy with either a twice-daily mixture (of a short- and
medium-acting insulin) or with just a rapid-acting insulin
with meals. However, by the second trimester most
women will require a basal-bolus regimen.

Continuing with the oral agent metformin for women
with type 2 DM before pregnancy is recommended by the
UK clinical guidelines, although this is not endorsed by
other national guidelines. While there is no evidence that
the sulphonylureas are teratogenic in early pregnancy,
these agents are associated with less good glycaemic
control in pregnancy than insulin and less favourable
pregnancy outcomes.

Q Summary box 13.2

Women with pre-gestational diabetes should be informed to:

e take 5mg folic acid prior to conception and for the
following 12 weeks;

e achieve the best possible HbA;. prior to conception;

e ensure that all routine medications are safe for pregnancy;

e be screened for possible diabetic eye and kidney disease.

First trimester

Referral to a combined multidisciplinary diabetic
obstetric antenatal clinic

Pregnant women with diabetes should be cared for by a
multidisciplinary diabetic obstetric antenatal clinic. The
team should comprise a named obstetrician, diabetolo-
gist, specialized midwife, diabetic nurse and dietitian.
There needs to be clear guidance for how women and
their primary care team can access this clinic rapidly once
pregnancy is confirmed, to enable glycaemic manage-
ment to be intensified promptly. Between antenatal clinic
visits regular phone contact with the diabetic nurse
throughout the first trimester can help lessen clinic visits.

Dating ultrasound scan

An early ultrasound at 6-8 weeks should be performed
to assess viability and for dating purposes. Relying on
ultrasound scanning later in pregnancy for dating is less
accurate and this is important as the majority of women
will go on to have an elective birth before 40 gestational
weeks.



Screening for diabetic complications

Retinal screening is usually performed annually using
retinal photographs taken in primary care. All women
should have dilated eye examination preferably by retinal
photography in the first trimester with referral to an oph-
thalmologist if retinopathy is present.

Screening for diabetic nephropathy comprises meas-
urement of the albumin/creatinine ratio and serum cre-
atinine level. If either is elevated, meticulous attention
should be paid to blood pressure control, with the early
introduction of safe hypertensive agents if the blood pres-
sure is elevated. For women with significant proteinuria
or serum creatinine above 120umol/L, the introduction
of aspirin or heparin should be considered.

Women with diabetic autonomic neuropathy are at
increased risk of gastroparesis that can increase in early
pregnancy, causing nausea and vomiting, poor glycaemic
control and an increased risk of hypoglycaemia. Dietary
advice and non-pharmacological treatment should be
given prior to treatment with antiemetics such as
antihistamines.

Screening for non-diabetic maternal comorbidities
Women with type 1 DM are more susceptible to other
autoimmune diseases. The prevalence of autoimmune
thyroid disease is sufficiently high to warrant all women
with type 1 DM, not known to have thyroid disease, to
be screened in early pregnancy. Other associated autoim-
mune diseases associated with type 1 DM should only be
screened for if clinically indicated.

Women with type 2 DM are likely to have a number of
related comorbidities associated with insulin resistance,
such as obesity, hypertension and dyslipidaemia.
Hypertriglyceridaemia associated with type 2 DM is asso-
ciated with increased circulating glycerol and fatty acids
that can act as fetal fuel substrates increasing the risk of
accelerated growth. Women with type 2 DM who are
obese should receive appropriate dietary advice that
should include an appropriate weight gain target. General
encouragement to increase walking especially after meals
is helpful to lessen postprandial blood glucose rises as
well as weight gain.

Screening for chromosomal anomalies
Chromosomal abnormalities such as Down’s syndrome
are not increased in women with diabetes. However,
screening for Down’s syndrome at the end of the first tri-
mester (13 weeks 6 days) using the ‘combined” test (nuchal
translucency, B-human chorionic gonadotrophin and
pregnancy-associated plasma protein A) may detect
increased nuchal translucency due to diabetic-related mal-
formations such as structural malformations of the heart.

Assessment and optimization of glycaemia
The first HbA;. measurement taken in pregnancy pro-
vides an assessment of the level of glycaemic control
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around the time of organogenesis and is an indicator of
the risk of major congenital malformations.

To optimize maternal glycaemic control in order to
minimize excess maternal glucose transfer requires
fasting maternal plasma glucose levels below 6 mmol/L
and 1-hour postprandial levels below 7.8mmol/L. As
previously mentioned, this degree of glycaemic control
requires a highly flexible insulin regimen, best provided
by a basal-bolus insulin regimen or an insulin pump. The
newer rapid-acting insulin analogues are well suited for
targeting postprandial glycaemia and NovoRapid is
licensed for use in pregnancy; the long-acting insulin ana-
logues such as insulin glargine and insulin detemir,
although providing better basal cover than the human
intermediate-acting NHP insulins, have yet to be licensed
for use in pregnancy.

The adjustment of insulin dose is based on frequent
daily blood glucose monitoring that should include a
fasting value, a 1-hour post-meal value and a bedtime
reading. The skill in adjusting the insulin dose around
individual patients with varying lifestyles, duration of
diabetes and diabetic complications is considerable. There
is no one formula that is applicable for all women with
type 1 or type 2 DM, and the precise insulin regimen has
to be formulated on an individual basis between the
woman, who is often extremely adept in doing this
herself, and the diabetic team.

Diabetic ketoacidosis is associated with high fetal loss
and requires prompt hospital admission and treatment.
Ketoacidosis develops more quickly in pregnancy and at
lower blood glucose levels due to enhanced maternal
lipolysis. It is therefore important to remind women with
type 1 DM never to stop their insulin even if not eating
due to nausea or vomiting. Women with type 1 DM
should be able to test for ketones, preferably using blood
testing strips rather than urine ketone dipsticks. Advice
needs to be given on how to manage and monitor low
levels of ketonaemia (<1.5mmol/L) and when to seek
hospital advice urgently if unwell or if blood ketones are
higher than 1.5mmol/L. Positive tests for urinary ketones
are common before breakfast but these should clear
rapidly after the breakfast insulin dose and eating; if
urinary ketonuria is persistent, urgent medical advice is
required. Women with type 2 DM usually have sufficient
insulin to prevent ketoacidosis outside pregnancy;
however, because of the profound insulin resistance asso-
ciated with pregnancy and increased maternal lipolysis,
ketoacidosis can occasionally occur especially in the pres-
ence of vomiting.

Advice on prevention of hypoglycaemia

Maternal hypoglycaemia is frequent during early preg-
nancy in insulin-treated women. Hypoglycaemia is not
by itself harmful to the fetus but can occasionally be life-
threatening for the woman. Maternal deaths among
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women with type 1 DM continue to be reported in the
triennial report of the Confidential Enquiries into Maternal
Deaths in the UK. Risk factors for severe hypoglycaemia
are duration of type 1 DM, poor hypoglycaemic aware-
ness, autonomic neuropathy, gastroparesis, renal impair-
ment and sleeping alone. All women must be aware of
the risk of hypoglycaemia as they intensify their insulin
management and be given advice on timing of meals and
snacks; in addition family members need to be aware of
how to recognize and treat hypoglycaemia, including
how to give glucagon. All women should carry identifica-
tions cards specifying that they are taking insulin and
what to do if they become hypoglycaemic. Specific advice
on driving should include the need to perform a blood
test before getting into a car and not to drive if experienc-
ing hypoglycaemic episodes without warning signs. The
rapid-acting insulin analogues such as NovoRapid have
been shown to reduce severe hypoglycaemic episodes,
especially at night, in pregnancy.

:7 Summary box 13.3

L

Women treated with insulin should be informed that:

e maternal hypoglycaemia is frequent in early pregnancy;

e the risk of hypoglycaemia is increased with increasing

duration of type 1 diabetes;

to carry sweets and a sweet drink with them at all times;

to carry/wear some form of identification specifying that

they are taking insulin;

to instruct their partners on how and when to be able to

give glucagon;

e to stop driving if they lose their awareness of
hypoglycaemia.

Second trimester

Optimization of glycaemic control

By the start of the second trimester in non-diabetic preg-
nancies there is a fall in fasting glucose and a rise in
postprandial glucose levels. By the middle of the second
trimester, maternal insulin resistance starts to increase
due to high concentrations of circulating maternal fatty
acids and placental hormones. By term in women without
diabetes insulin secretion has to increase two to three
times to control blood glucose levels after meals. Before
20 weeks’ gestation, women with diabetes who started
pregnancy well controlled may not have needed to
increase their overall insulin dosage and some may have
actually reduced it due to nausea and decreased food
intake. However, after 20 weeks’ gestation insulin require-
ments begin to rise, usually doubling or trebling by term.
The diabetic nurse should ensure that the woman has the
knowledge and confidence to increase her own insulin in
response to her glucose readings. As the basal night-time

insulin is increased, it may be necessary to give half this
dose in the morning to avoid nocturnal hypoglycaemia.
Women with type 2 DM are usually insulin resistant
prior to pregnancy and by the second trimester, when
insulin resistance increases further, may require doses that
by the end of pregnancy exceed 300 units daily. The coad-
ministration of metformin can help to reduce the total
insulin dose required and help limit overall weight gain.

Screening for congenital abnormalities

A detailed ultrasound scan should be offered to all women
between 18 and 20 weeks’ gestation to look for major
congenital abnormalities. This scan should specifically
examine those structures most commonly affected in dia-
betic pregnancies, namely the spine, skull, kidneys and
heart. The scan should also ensure visualization of the
four chambers of the heart together with the ventricular
outflow tracts.

Surveillance for medical obstetric complications
Women should be rescreened for retinopathy using digital
retinal photographs at 26 weeks if there was any evidence
of retinopathy in the first trimester; referral to an ophthal-
mologist is required if the retinopathy has progressed.
Women with diabetes have an increased risk of hyper-
tension in pregnancy, including pre-eclampsia. Serial
clinic blood pressure measurements and urine dipstick
for protein and laboratory analysis for albumin /creatinine
ratio should be performed and any sign of hypertension
treated promptly and appropriately (see Chapter 11).

Assessment of fetal growth

Ultrasound scans for assessment of fetal growth should
start at the end of the second trimester and be repeated
every 4 weeks until 36 weeks of gestation. Serial measure-
ments of the fetal abdominal circumference expressed as
a percentile can provide an indication of growth accelera-
tion or restriction. Measurement of liquor volume should
also be recorded serially as polyhydramnios is more
common in diabetic pregnancies.

Third trimester

Optimization of glycaemic control

During the third trimester maternal insulin resistance
continues to increase along with insulin requirements.
Achieving good glycaemic control tends to become easier
as the insulin resistance protects women from severe
hypoglycaemic episodes.

If glucocorticosteroids are required for lung matura-
tion, insulin requirements over the following 72 hours
will need to increase. If two 12-mg beclomethasone or
dexamethasone injections are given at 12-24-hour inter-
vals, it is important that the insulin dose is proactively
increased or the woman admitted and intravenous insulin



(on a sliding scale) administered over the 72 hours, given
in addition to her normal insulin dose.

Assessment of fetal growth
Evidence on serial ultrasound scans of a rising abdominal
circumference percentile in relation to head circumference
or biparietal diameter is indicative of accelerated fetal
growth. This pattern of fetal growth is seen in association
with poor maternal control and the resulting fetal hyper-
insulinaemia. Fetal insulin is a potent growth factor that
promotes excessive fat disposition within the abdomen
and enlargement of the visceral organs, including the liver
and heart. While the term ‘macrosomia’ is widely used
clinically and in the literature to describe infants of
mothers with diabetes, the precise definition of macro-
somia is poorly characterized, with definitions varying
from an absolute birthweight above 4, 4.5 or 5kg to a
percentile birthweight in excess of 90, 95 or 97.5%. As
birthweight is dependent on gestational age, sex, ethnic
origin, parental height and maternal weight, any defini-
tion based on absolute weight is best avoided. With diabe-
tes it is the pattern of fetal growth rather than the absolute
or percentile birthweight that is important. The influence
of maternal obesity alone accounts for many of the infants
of mothers with type 2 DM having high birthweights.
Serial ultrasound scans also help identify infants with
fetal growth restriction or asymmetrical growth restric-
tion (poor increase in abdominal circumference centile
growth compared with head circumference). Such growth
patterns are indicative of uteroplacental insufficiency, as
frequently seen in women with renal impairment, vascu-
lar disease or hypertension. If detected, fetal monitoring
should be intensified to assess the optimal timing of birth.

Timing and mode of delivery

Because of the approximately fourfold higher risk of late
unexpected stillbirth among women with diabetes [1,10],
national and international guidelines advocate that birth
should occur before 39 weeks’ gestation, ideally between
weeks 38 and 39. The exact timing and mode of delivery
is best deferred to after the fetal ultrasound at 36 weeks,
when a more informed discussion can take place based
on maternal and fetal well-being and the estimated fetal
weight.

The high rates of emergency Caesarean section among
women with diabetes (as high as 56% of all births to all
mothers with pre-gestational diabetes between 2002 and
2003 in England, Wales and Northern Ireland) is partly a
consequence of failed induction at 38 weeks’ gestation in
nulliparous women with type 1 DM. While women with
type 2 DM are more likely to be multiparous and there-
fore induction of labour before term should be more suc-
cessful, obesity is a risk factor for poor uterine contractility
and this is probably a contributing factor to the high
Caesarean rates among women with type 2 DM.
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The risk of birth trauma increases with increasing birth-
weight. The risk of shoulder dystocia is approximately 3%
when the birthweight is 4-4.5kg, and 10-14% when the
birthweight is above 4.5kg. However, a policy based
purely on estimated birthweight by ultrasound (4000 or
4500 g) would result in an unacceptable rate of Caesarean
section. Planning mode of delivery of a large baby
detected on ultrasound of a mother with diabetes needs
to include other medical, obstetric and fetal factors.

Birth

Protocols for insulin during labour and delivery
There need to be clear written guidelines for the manage-
ment of women with diabetes on the labour ward and
how insulin therapy is managed during labour. Most
women will be admitted electively, be it for induction or
Caesarean section, and clear instructions of what diabetic
medication to take the evening prior to admission should
be given.

Women being admitted for a planned induction should
be encouraged to take their normal insulin doses the
night before. Once admitted they should continue with
their short-acting bolus insulin to cover meals, only
switching to an intravenous insulin sliding scale once in
labour or a decision has been taken to perform a Caesarean
section.

Ideally, elective Caesarean section should be planned
for early morning, with the woman advised to take her
normal bolus insulin with her evening meal and two-
thirds of her usual basal insulin the night before admis-
sion. Once on the ward an insulin sliding scale can be
started, with the dose adjusted downwards straight after
delivery (see below).

Although there is no absolute right or wrong way to
give insulin during this period, it is usual hospital policy
to start an intravenous insulin sliding scale with a 5%
glucose—insulin infusion during active labour or for an
operative delivery and this is continued until the mother
starts taking meals. During labour and delivery hourly
blood glucose monitoring should be done. Immediately
following the birth the insulin dose must be halved (see
below).

After birth

Insulin requirements drop to pre-pregnancy levels once
the placenta is delivered. Insulin is not excreted into
breast milk and is considered completely safe for use
during breast-feeding. Women with type 1 DM can recom-
mence their pre-pregnancy insulin regimen as soon as
they are eating and drinking normally. Women with type
2 DM prior to pregnancy can also restart their pre-
pregnancy doses of insulin. The post-delivery dose of
insulin should be clearly written in the hospital notes as
part of the delivery plan.
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Women with type 2 DM previously treated with met-
formin can continue this while breast-feeding as only
very low levels are excreted in breast milk. The oral
sulphonylureas in use today are highly protein bound
and, as this binding is non-ionic, they are unlikely to be
displaced by other drugs and to be free to pass into breast
milk. However, there are theoretical concerns that they
could cause neonatal hypoglycaemia if they were to be
excreted into breast milk, and for this reason metformin
is favoured over the sulphonylurea drugs when oral
hypoglycaemic drugs are required while breast-feeding.

During the postpartum period advice on suitable con-
traception should be offered and the need for pre-
conception counselling before any future pregnancy.

Screening for and management

of gestational diabetes

Gestational diabetes is glucose intolerance first recog-
nized in pregnancy. This definition includes women with
previously undiagnosed diabetes at one end of the spec-
trum and those with disturbances of glucose intolerance
resulting form the metabolic changes in late pregnancy
that abut onto the upper limit of the normal range.
Glucose intolerance in pregnancy is a continuum and
there has been enormous controversy over where the risk
to pregnancy outcome actually occurs. There is no contro-
versy that women with undiagnosed diabetes that is
detected in pregnancy should be as vigorously managed
as those women with pre-gestational diabetes. As the
background prevalence of type 2 DM increases, the per-
centage of women identified as having GDM who have
truly had undiagnosed diabetes prior to that pregnancy
will increase. A much smaller percentage of women will
be in the preclinical stages of type 1 DM. How best to
screen for pre-existing diabetes in early pregnancy has
not been resolved.

The Hyperglycemia and Adverse Pregnancy Outcome
(HAPO) study published in 2008 was a 7-year interna-
tional study that recruited 23325 pregnant women with
no prior diabetes from nine countries. Each woman
underwent a 75-g oral glucose tolerance test (OGTT)
between 24 and 32 weeks of gestation and was followed
to the end of the pregnancy [5]. This study showed that
increasing fasting glucose as well as the 1- and 2-hour
post-OGTT level were all linearly correlated to maternal,
perinatal and neonatal outcomes, defined as a birthweight
above the 90th percentile for gestational age, primary
Caesarean delivery, clinically diagnosed neonatal
hypoglycaemia, and cord-blood serum C-peptide level
above the 90th percentile. The study was also able to
demonstrate that there was a strong interaction between
maternal obesity, GDM and pregnancy outcome. The
prevalence of macrosomia among the 17244 non-obese
women in HAPO with no GDM was 6.7% (1147),

Table 13.4 Risk factors for gestational diabetes.

Body mass index >30kg/m?

Gestational diabetes in a previous pregnancy
Age >25 years

Family history of diabetes

Ethnicity: belonging to a non-white ethnic group
Previous delivery of a large baby

Previous stillbirth

compared with 10.2% for non-obese women with GDM,
13.6% for obese women without GDM, and 20.2% for
obese women with GDM.

Since the HAPO, the International Association of
Diabetes in Pregnancy Study Groups (IADPSG) Consensus
Panel has recommended cut-off thresholds for GDM after
a 75-g OGTT between 24 and 32 weeks’ gestation as
follows: plasma glucose greater than 5.1 mmol/L fasting,
10.0mmol/L at 1 hour or 85mmol/L at 2 hours [11].
These cut-offs were based on the risk of the primary
adverse outcomes being 1.75 times the estimated odds for
these outcomes. These new guidelines identified approxi-
mately 16% of the entire HAPO study cohort as having
GDM. While different criteria exist across Europe and the
USA for its diagnosis, there has been a general recognition
internationally to move towards the 75-g OGTIT as a
screening test for GDM. The decision to screen univer-
sally or to only target those women with recognized risk
factors (Table 13.4) has not been resolved. Universal
screening has cost and personnel resource implications.

The benefits of treating women who fulfil the WHO
criteria for impaired glucose tolerance (IGT) between 24
and 34 weeks’ gestation has been shown in an Australian
randomized clinical trial involving 1000 women with
GDM in which perinatal outcomes were reduced [12]. The
500 women with GDM randomized to active intervention
(which included diet, glucose monitoring and insulin if
required) showed better neonatal outcomes than those of
women who received no intervention. This study also
highlighted the 10% higher rate of induction of labour
among the intervention group, although the Caesarean
section rate was similar in both groups.

Once GDM is diagnosed the glycaemic targets set for
GDM in pregnancy should be similar to those for all
women with diabetes, namely fasting blood glucose
below 6mmol/L and 1-hour postprandial glucose below
7.8mmol/L. The first line of treatment of GDM is with
diet and modest exercise alone; however if the glycaemic
targets are not met, metformin alone or metformin and
insulin is required.

In the UK the use of metformin for the management of
GDM has been endorsed since the publication of the MiG
trial (Metformin versus Insulin for the treatment of



Gestational diabetes [13]) in 2008. This trial randomized
751 women with GDM at 20-33 weeks of gestation to
open treatment with metformin (supplemented with
insulin if required) or insulin alone. Of the 363 women
assigned to metformin, 92.6% continued to receive met-
formin until delivery and 46.3% required insulin therapy
to be added. No difference was seen in the primary com-
posite outcome of neonatal hypoglycaemia, respiratory
distress, need for phototherapy, birth trauma, 5-min
Apgar score less than 7 or prematurity. The metformin-
treated women compared with the insulin group had the
added benefit of less pregnancy weight gain and less
weight retention at 6 weeks after delivery. In addition,
more women in the metformin-treated than the insulin-
treated group stated that they would choose to receive
their assigned treatment again in a further pregnancy
(76.6% vs. 27.2%).

Although the newer sulphonylurea agents such as glib-
enclamide appear safe when given after 15 weeks’ gesta-
tion, their use with or with out metformin is not widely
used in those parts of the world where insulin is readily
accessible [14]. However, when access to insulin is prob-
lematic, oral hypoglycaemic agents provide an alternative
therapeutic option.

Among women identified as having GDM, excluding
those who have diabetes after delivery, approximately
50% will progress to type 2 DM over the subsequent 20
years. Lifestyle intervention that minimizes weight gain
and encourages physical activity has been shown to halve
the progression rate from IGT to diabetes over a 4-5 year
period among women with previous GDM, as does the
administration of metformin. It is therefore important
that all women diagnosed with GDM receive lifestyle
counselling and have their glucose tolerance status
checked annually with a fasting plasma glucose, HbA; or
OGTT. These women should also be advised to seek early
screening for glucose intolerance in any future pregnancy
as recurrence rates are high.

i} Summary box 13.4

e The glycaemic targets for GDM are similar to those for
pre-gestational diabetes.

e The UK guidelines endorse the use of metformin during

pregnancy.

Approximately 50% of women will progress to type 2 DM

over 20 years.

After a GDM pregnancy annual screening for diabetes

should occur.

Pre-conception counselling is required for future

pregnancies.

e Early screening for diabetes or GDM in future
pregnancies.
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Neonatal and longer-term consequences of a
diabetic pregnancy

The neonate of mothers with diabetes, in addition to the
increased risk of congenital abnormalities, is at increased
risk of a number of transient metabolic disturbances as
outlined in Table 13.2 [15]. The commonest metabolic dis-
turbance is hypoglycaemia, a result of persistent fetal
hyperinsulinaemia after birth when the maternal transfer
of glucose has ceased. The other metabolic conditions are
transient and can be attributed to overexposure to mater-
nal glucose and other fuel substrates.

Recent studies on children of mothers with both type 1
and type 2 DM have shown that there is an increased risk
of childhood obesity and metabolic disturbances in ado-
lescence including an increased risk of glucose intoler-
ance [16-18]. This risk is higher among children of
mothers whose glycaemic control was poor in pregnancy.
As young adults, children of mothers with diabetes have
an increased risk of type 2 DM, the diabetes emerging at
an earlier age than did their mother’s diabetes. These
follow-up studies of children of mother with diabetes are
highly suggestive that maternal diabetes can influence
aspects of fetal metabolic programming, and stresses the
importance of achieving exemplary glycaemic control in
all diabetic pregnancies.

O Summary box 13.5

L

The neonate of a women with diabetes is at increased

risk of:

e neonatal hypoglycaemia;

e childhood obesity;

e metabolic changes in adolescents that predispose to type
2 DM.

Endocrine disease

Thyroid disease is the commonest endocrine disorder in
pregnant women and this is therefore considered in more
detail than other endocrinopathies. However, pituitary,
adrenal and parathyroid disease may have serious conse-
quences for the mother and fetus and these are also
discussed.

Thyroid disease

Thyroid function in normal pregnancy

The thyroid hormones thyroxine (T4) and triiodothyro-
nine (T3) are synthesized within the thyroid follicles.
Thyroid-stimulating hormone (TSH) stimulates synthesis
and release of T3 and T4, in addition to uptake of iodide
which is essential for thyroid hormone synthesis.
Although T4 is synthesized in greater quantities, it is
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Table 13.5 Normal ranges for thyroid function tests in
pregnancy.

FT4 (pmol/L) FT3 (pmol/L) TSH (mU/L)
Non-pregnant 11-23 4-9 0-4
First trimester 11-22 4-8 0-1.6
Second trimester 11-19 4-7 0.1-1.18
Third trimester 7-15 3-5 0.7-7.3*

* Current guidance for management of thyroxine replacement in
women with autoimmune hypothyroidism is to maintain TSH
<2.5mU/L.

Source: Parker [19], Chan & Swaminathan [20] and Kotarba et al. [21].

converted into the more potent T3 by deiodination in
peripheral tissues.

During normal pregnancy the circulating levels of
thyroid-binding globulin increase, and as a consequence
total T3 and T4 levels also increase. Therefore, free
hormone levels should be measured in pregnant women.
TSH levels should be interpreted with caution in the first
trimester as human chorionic gonadotrophin has a weak
stimulatory effect on the TSH receptor. Table 13.5 sum-
marizes the normal ranges for TSH, free T4 and free T3
in pregnancy.

The fetus cannot synthesize T4 and T3 until the 10th
week of gestation, and it is therefore dependent on trans-
placental transfer of the maternal hormone. There is
increased maternal synthesis of thyroid hormones in the
first trimester as a result of transplacental passage and the
high levels of thyroid-binding globulin, and this in turn
results in an increased maternal requirement for iodide.
In areas of relative iodide deficiency this may result in the
development of maternal hypothyroxinaemia and goitre.

Hypothyroidism

Hypothyroidism affects approximately 1% of pregnant
women. Providing thyroxine replacement therapy is ade-
quate, hypothyroidism is not associated with an adverse
pregnancy outcome for the mother or fetus. There is an
established association between poorly controlled
hypothyroidism and a variety of adverse outcomes,
including congenital abnormalities, hypertension, prema-
ture delivery, fetal growth restriction and postpartum
haemorrhage. Overt hypothyroidism also causes subfer-
tility, and the presence of thyroid autoantibodies, even if
the mother is euthyroid, is associated with an increased
risk of miscarriage [22,23]. Furthermore, a study that
compared 404 women with subclinical hypothyroidism
(i.e. raised TSH with normal free T4) with 16894 controls
demonstrated an association with placental abruption
and premature delivery [24].

Severe hypothyroidism affects the subsequent intelli-
gence of the offspring of affected mothers. There is now
an emerging body of research demonstrating a relation-
ship between maternal subclinical hypothyroidism, iso-
lated hypothyroxinaemia and even positive thyroid
peroxidase antibodies and reduced intelligence and
motor development in the offspring [25-27]. It is
likely that larger prospective studies will clarify the rela-
tionship between maternal thyroid status and fetal
neurodevelopment.

Given the concerns about the fetal effects of maternal
subclinical hypothyroidism, current advice from the
British Endocrine Society is that women with hypothy-
roidism should be given thyroxine replacement at a dose
that ensures their thyroid function tests are normal, with
free T4 at the upper end of the normal range and TSH at
2.5mU/L or less [28]. The exception is for women who
have had a thyroidectomy for thyroid cancer as it is neces-
sary to suppress TSH secretion, and in whom the thyrox-
ine dose should be increased if required. Thyroxine
absorption is decreased by certain drugs including iron
and calcium supplements, and therefore it is best taken
on an empty stomach and 4 hours apart from any iron or
other supplements.

Hyperthyroidism

Hyperthyroidism affects 1 in 500 pregnant women, 90% of
whom have Graves’ disease. Graves’ disease is caused by
TSH receptor-stimulating antibodies. Women with well-
treated disease rarely have maternal complications of
pregnancy. The disease may remit during the latter trimes-
terssuch that treatment mayneed tobereduced or stopped.
In the postpartum period the disease may flare and require
treatment with the same or higher doses of antithyroid
medication. Poorly controlled hyperthyroidism is associ-
ated with several pregnancy complications, including
maternal thyrotoxic crisis, miscarriage, gestational hyper-
tension, pre-eclampsia and intrauterine growth restriction
[29,30]. The risk of these complications is reduced if the
disease is adequately controlled before delivery.

The principal drugs used to treat hyperthyroidism
(propylthiouracil and carbimazole) inhibit thyroid
hormone synthesis. The early reports of an association
between carbimazole treatment and aplasia cutis in the
fetus have not been confirmed by subsequent studies, and
there is no other evidence that either drug is associated
with congenital abnormalities. Both drugs may rarely
cause neutropenia and agranulocytosis. Therefore patients
should be aware that symptoms of infection, particularly
sore throat, may be associated with this complication and
they must have a neutrophil count checked immediately
should they occur. Once drug treatment has been com-
menced thyroid function tests should be carried out and
checked regularly. A recent joint publication from the
Food and Drug Administration and American Thyroid
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Transplacental
receptor sti

passage of TSH
mulating Ab

Fetal thyrotoxicosis
* Most common if mother not
receiving antithyroid drugs
* Affects 10%
* Fetal tachycardia
*IlUGR
* Goitre

Neonatal thyrotoxicosis
* Most common if mother is receiving anti
thyroid drugs
* Symptoms occur after maternal anti-
thyroid drugs have been cleared:
» 24-48 h post partum for PTU
* 48-72 h post partum for CBZ

* Accelerated bone maturation
* May cause fetal death

Treatment
* Maternal antithyroid drugs
« + maternal thyroxine if needed

Treatment

* Neonatal antithyroid drugs

* Treatment is required until maternal Ab
are cleared

* Regular neonatal TFTs should be checked

» Without treatment mortality rate is 15%
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Fig. 13.2 Fetal and neonatal effects of transplacental passage of thyroid stimulating hormone (TSH) receptor-stimulating antibodies.
TUGR, intrauterine growth restriction; CBZ, carbimazole; PTU, propylthiouracil; TFT, thyroid function test.

Association reported that propylthiouracil treatment is
associated with acute liver failure in 1 in 10000 adults and
1 in 2000 children [31]. It was therefore advised that this
drug should not be used as a first-line agent for hyper-
thyroidism in children or adults. However, an exception
was made for the first trimester of pregnancy due to the
possible rare association of carbimazole with aplasia
cutis. As has been mentioned above, this association is
theoretical and therefore we recommend a preference for
the use of carbimazole for new cases of hyperthyroidism
diagnosed in pregnancy.

Propylthiouracil and carbimazole both cross the pla-
centa. However, fetal hypothyroidism is rarely seen. TSH
receptor-stimulating antibodies also cross the placenta
and may influence fetal and neonatal thyroid status. The
potential consequences of transplacental passage of
thyroid-stimulating antibodies (and the relevance of con-
current administration of antithyroid medication) are
summarized in Fig. 13.2.

Women requiring antithyroid medication should not be
discouraged from breast-feeding. However, if they are
taking more than 15mg carbimazole or 150 mg propylth-
iouracil daily, the infant should be reviewed. They should
also be encouraged to feed before taking the medication
and to take divided doses.

Thyrotoxic crisis, also called ‘thyroid storm’, is a
medical emergency that can present with exaggerated
features of hyperthyroidism in addition to hyperpyrexia,
congestive cardiac failure, dysrhythmias and an altered
mental state. It may be precipitated by infection, abrupt
cessation of treatment, surgery, labour or delivery and

must be treated immediately as it can be life-threatening.
Treatment involves administration of intravenous fluids,
hydrocortisone, propranolol, oral iodine and carbimazole
or propylthiouracil.

Postpartum thyroiditis

Postpartum thyroiditis is associated with the presence of
thyroid antiperoxidase antibodies. The quoted incidence
varies between 2 and 16%. It is characterized by an initial
hyperthyroid phase that classically occurs 1-3 months
after delivery, followed by a hypothyroid phase that
usually resolves by 12 months after delivery. The hypothy-
roidism may require treatment with thyroxine, but treat-
ment should be stopped after 1 year as many cases resolve.
However, the likelihood of developing subsequent
hypothyroidism in women who have had postpartum
thyroiditis is quoted at 5% per year, so affected women
should have their thyroid function checked regularly.

Pituitary disease

The anterior pituitary secretes prolactin, growth hormone
(GH), adrenocorticotrophic hormone (ACTH), follicle-
stimulating hormone (FSH), luteinizing hormone (LH)
and TSH.

Pituitary tumours

Prolactinomas

In normal pregnancy the pituitary gland increases in size
by 50-70% as a consequence of normal lactotroph hyper-
plasia, and therefore a tumour that did not cause pressure
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effects in the non-pregnant state may do so during preg-
nancy. The most frequently seen pituitary tumours in
pregnant women are prolactinomas, although ACTH- or
GH-secreting tumours and non-functioning (i.e. non-
hormone-secreting) tumours may also be seen. Common
symptoms that occur as a consequence of enlargement of
a pituitary tumour are headache and visual disturbance,
in particular bitemporal field loss. Rarely a woman may
develop pituitary apoplexy or diabetes insipidus.

Prolactinomas are subdivided according to their size.
Tumours that measure less than 10mm in diameter are
defined as microprolactinomas and constitute the major-
ity. In non-pregnant patients, 5% of tumours are defined
as macroprolactinomas (>10mm). Women with micropro-
lactinomas can be reassured that these tumours rarely
enlarge in pregnancy. It is not necessary to continue treat-
ment with dopamine agonists once a woman with a
microprolactinoma has conceived. Surveillance should
include a clinical assessment each trimester that com-
prises assessment of the visual fields to confrontation and
enquiry for symptoms suggestive of pituitary enlarge-
ment. Serum prolactin levels should not be checked as
they increase by as much as 10-fold by week 25 of gesta-
tion. Several studies have reported the frequency of
symptomatic enlargement of microprolactinomas in preg-
nancy, and when these data are combined only 1.4% of
363 cases have symptoms of tumour enlargement [32]. In
contrast, 26.2% of 84 women with macroprolactinomas
had symptomatic tumour enlargement. Symptomatic
tumour enlargement is less likely in women with macro-
prolactinomas previously treated with surgery or irradia-
tion before pregnancy [32].

Women with macroprolactinomas should continue to
take dopamine agonists throughout pregnancy and the
visual fields should be checked with formal perimetry on
a regular basis, i.e. at least once each trimester and more
commonly if there are any concerns. Bromocriptine was
the first dopamine agonist to be used, but its use is associ-
ated with relatively common side effects, including
nausea, vomiting and postural hypotension. Therefore
cabergoline and quinagolide are used in increasing
numbers of cases as they are better tolerated and caber-
goline has the additional advantage of a longer half-life,
allowing it to be given once or twice weekly. The data
that are available indicate that bromocriptine and caber-
goline are not associated with an increased risk of
congenital abnormalities or other adverse pregnancy
outcomes. The Medicines and Healthcare Products
Regulatory Agency (MHRA) published new guidance on
the use of ergot-derived dopamine agonists in October
2008. This is because the European Medicines Agency has
published warnings and recommendations related to
cardiac fibrosis associated with these medications. There
is a higher risk with cabergoline and it clearly states
that pregnancy should be excluded before starting

cabergoline. At present it is not known whether fetal
cardiac fibrosis can occur. This new advice will change
the current treatment of pregnant women with macropro-
lactinoma. Quinagolide is a non-ergot-derived dopamine
agonist and is therefore not associated with cardiac fibro-
sis, so it is likely that this drug will be used more in future.
However, there are few published data regarding its use
in pregnancy.

Women taking dopamine agonists are usually unable
to lactate. However, breast-feeding is not contraindicated
in women with microprolactinomas as it does not cause
an increase in the size of these pituitary tumours.

ACTH-secreting tumours

Cushing’s syndrome is caused by excess circulating cor-
tisol. Cushing’s syndrome in non-pregnant individuals is
most commonly caused by ACTH-secreting tumours (i.e.
Cushing’s disease), while adrenal tumours are the com-
monest cause in pregnant women, and 21% of the adrenal
tumours are malignant [33]. The predominance of adrenal
tumours may be explained by reduced fertility in women
with pituitary tumours. Cushing’s syndrome caused by
both pituitary and adrenal tumours is considered in this
section as many of the features overlap.

Plasma levels of cortisol, ACTH and cortisol-binding
globulin are raised in pregnancy, as is urinary free corti-
sol. Therefore it is important to refer to normal ranges for
pregnancy when investigating the hypothalamic—
pituitary axis in a pregnant woman. A review of case
reports of maternal Cushing’s syndrome reported prema-
ture delivery in 12 of 23 cases, one spontaneous abortion
and two stillbirths [33]. A review of the management of
Cushing’s syndrome secondary to adrenal tumours dem-
onstrated that fetal and neonatal outcome is better if the
tumour is removed during pregnancy rather than at com-
pletion of pregnancy [34].

Untreated Cushing’s syndrome in pregnancy is associ-
ated with increased rates of maternal and fetal morbidity
and mortality, and in particular the incidence of diabetes
mellitus and hypertension is high. Treatment of Cushing’s
syndrome is primarily surgical. There have been reports
of successful use of the medical agents metyrapone, keto-
conazole and aminoglutethimide, all of which inhibit bio-
synthesis of cortisol, and of cyproheptadine which
suppresses corticotrophin-releasing hormone. However,
experience is limited due to the rarity of Cushing’s syn-
drome in pregnancy.

Other pituitary tumours

GH-secreting tumours cause acromegaly, which is associ-
ated with impaired fertility and therefore pregnancy
occurs rarely. Even in treated women there have been
very few reports of pregnancy. Women with acromegaly
usually have macroadenomas, and therefore the normal
stimulation of adjacent lactotrophs may result in



symptoms consistent with tumour expansion in preg-
nancy. It is therefore important to monitor the visual
fields using formal perimetry as for women with pituitary
macroadenomas. Women have an increased risk of IGT,
diabetes mellitus and hypertensive disease. Treatment
options include dopamine agonists to reduce the size of
adjacent lactotrophs, somatostatin analogues or surgery.
The somatostatin analogue octreotide has been used in a
small number of cases without adverse effects. The most
effective treatment for non-functioning pituitary tumours
is surgery (possibly followed by radiotherapy).

Diabetes insipidus

Diabetes insipidus is caused by deficiency of the posterior
pituitary hormone vasopressin. A subgroup of affected
women require an increased dose of desmopressin as a
consequence of placental synthesis of vasopressinase.
This may also explain why some cases present de novo in
pregnancy. Desmopressin is more effective than vaso-
pressin as it is more resistant to vasopressinase.

Lymphocytic hypophysitis

Lymphocytic hypophysitis is an inflammatory disease of
the pituitary that occurs more commonly in women and
is associated with pregnancy. Approximately 60% of cases
present with hypopituitarism and 20% present with dia-
betes insipidus [35]. It is important to distinguish lym-
phocytic hypophysitis from a pituitary adenoma as
surgery may exacerbate hypopituitarism associated with
the former. Lymphocytic hypophysitis may resolve spon-
taneously and approximately 50% of cases respond to
corticosteroids, although the condition commonly recurs
following cessation of treatment.

Sheehan’s syndrome

This term describes hypopituitarism that presents in the
late postpartum period, and which is caused by haemor-
rhage and hypotension at the time of delivery. The hypo-
tension results in avascular necrosis that affects the
anterior pituitary more commonly than the posterior
pituitary. Women most frequently present with failure of
lactation and subsequent amenorrhoea, but they may
have any feature of hypopituitarism including the more
subtle features of hypoadrenalism and hypothyroidism.

Adrenal disease

Adrenal tumours

Adrenal tumours are rare in pregnancy. The commoner
tumours secrete corticosteroids, catecholamines or aldos-
terone, causing Cushing’s syndrome, phaeochromocy-
toma or Conn’s syndrome, respectively. Non-functioning
tumours may rarely occur. Cushing’s syndrome is more
commonly caused by adrenal tumours in pregnant
women as discussed above.
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Phaeochromocytoma is rare but important to diagnose
because the maternal and fetal mortality has been quoted
as 50% if it is not treated adequately. The diagnosis should
be suspected in women with hypertension that occurs in
association with sweating, anxiety, headache or palpita-
tions. The clinical features may be paroxysmal and some
women have IGT or diabetes. The diagnosis is made with
24-hour urinary catecholamines, which should be
repeated several times if an initial test is normal. Other
investigations that may be used are plasma catecho-
lamines or a pentolinium suppression test, and there
should be a low threshold for performing magnetic reso-
nance imaging. Treatment in the first instance should be
with an alpha-blocker, for example phenoxybenzamine,
followed by a beta-blocker, for example propranolol.
Definitive treatment is surgical removal, the timing of
which is dictated by the gestational age at diagnosis, the
response to medical treatment and the accessibility of the
tumour. Laparoscopic surgery has been performed in
pregnancy to remove phaeochromocytoma with good
outcomes.

Conn’s syndrome

Primary hyperaldosteronism, also called Conn’s syn-
drome, is characterized by hypertension in association
with low serum potassium, raised plasma aldosterone
and suppressed renin activity. The pregnancy-specific ref-
erence ranges for these hormones should be used. Conn’s
syndrome usually improves in pregnancy. However,
when symptomatic the hypertension may be treated with
conventional antihypertensives. Spironolactone should
be used with caution as this may cause feminization of
the male fetus. Surgery is also a treatment option.

Hypoadrenalism

Hypoadrenalism may result from haemorrhagic destruc-
tion, for example as a consequence of severe obstetric
haemorrhage, or from autoimmune destruction (Addison’s
disease). It may present in an insidious manner with
symptoms of fatigue, hypotension, nausea, vomiting, and
ultimately with sepsis or circulatory collapse. Serum bio-
chemistry may reveal hyponatraemia and a serum corti-
sol should be checked (ideally with a cortisol-binding
globulin and in liaison with an endocrinologist). If a diag-
nosis of Addison’s disease is made, it should be remem-
bered that this commonly coexists with other autoimmune
diseases, and there should be a low threshold for screen-
ing for conditions such as pernicious anaemia, thyroid
disease or type 1 DM. Glucocorticoid replacement is man-
datory if the hypoadrenalism is suspected, although this
can usually be delayed until after the serum cortisol has
been checked. The glucocorticoid dose should be increased
to cover the stress of labour or intercurrent infections and
the woman should be advised to carry a steroid card and
medicalert bracelet. Women with hypoadrenalism are at
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particular risk if they develop hyperemesis gravidarum
and are unable to take their glucocorticoid replacement
orally. They should be admitted for intramuscular or
intravenous glucocorticoid replacement until they are
able to take their drugs by mouth.

Congenital adrenal hyperplasia

This describes several inborn errors of metabolism that
affect glucocorticoid and mineralocorticoid synthesis, the
commonest of which is 21-hydroxylase deficiency. They
are associated with reduced fertility, particularly if associ-
ated with mineralocorticoid deficiency. Affected women
who manage to conceive have increased risks of hyper-
tension and pre-eclampsia. The steroid requirement rarely
increases during pregnancy. However, the dose of gluco-
corticoids should be increased to cover labour. Women
should receive genetic counselling prior to conception to
discuss the merits of mutation screening in the partner
(for 21-hydroxylase deficiency the carrier rate is 1 in 50)
and the risk of having an affected fetus.

Parathyroid disease

Hyperparathyroidism is associated with a raised parathy-
roid hormone and may be primary, secondary or tertiary.
Primary hyperparathyroidism is most commonly caused
by a parathyroid adenoma, and is associated with hyper-
calcaemia and hypercalciuria. Secondary hyperparathy-
roidism is a normal physiological consequence of chronic
hypocalcaemia, for example in association with vitamin
D deficiency or chronic renal failure. Tertiary hyperpar-
athyroidism occurs when a clone of cells starts to function
autonomously following long-standing secondary hyper-
parathyroidism. Primary hyperparathyroidism is com-
moner inwomen and 25% of cases occur in the childbearing
years. Most pregnant women with the disease are asymp-
tomatic, although they may have symptoms of hypercal-
caemia including nephrolithiasis, pancreatitis or altered
mental state. However, the condition does have a high
perinatal complication rate, with fetal death reported as
27-31% of conservatively managed pregnancies and
tetany occurring in 50% of neonates of untreated mothers
[36]. The perinatal complication rate is reduced consider-
ably if the condition is treated and for most cases the
appropriate therapy is surgical removal of the tumour,
ideally in the first trimester.

Vitamin D deficiency

Vitamin D deficiency may be nutritional or secondary to a
metabolic disease. Nutritional deficiency of vitamin D is
particularly common in women from non-white ethnic
groups, and severe deficiency can present with osteomala-
cia and pathological fractures in pregnancy. Maternal
vitamin D deficiency is associated with neonatal morbid-
ity and impaired growth within the first year, and therefore
vitamin D supplementation is recommended in at-risk

groups. The WHO and the UK National Institute for Health
Clinical Excellence guidelines recommend 4001IU (10pug)
of vitamin D daily during pregnancy and lactation.
However, this relatively low dose is unlikely to be effective
in women with severe deficiency. We believe that high-
dose oral replacement (or in some cases intramuscular
injections) of vitamin D are appropriate in these cases.
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Providing care for women with underlying renal disease
contemplating pregnancy or those already pregnant
requires that the obstetrician has up-to-date knowledge
about pregnancy physiology, antenatal care and the tech-
nology for fetal surveillance. It is essential to appreciate
the need for multidisciplinary teamwork in a centre with
all the necessary facilities for dealing with high-risk
patients and their babies. The quoted rates for renal
disease in pregnancy range from 3 to 15 per 10000. This
chapter focuses on chronic kidney disease (CKD), women
on dialysis and kidney transplant recipients, aiming to
provide the busy clinician with information for counsel-
ling and judicious decision-making.

Pre-pregnancy assessment

The basic components should be analysis of risks as well
as provision of health education and advice plus any
interventions that might be considered helpful, all united
under the banner of that much-used word ‘counselling’
[1]. The multidisciplinary team has to decide what is
important so that active preparation for pregnancy is tai-
lored to each woman's needs, with her being encouraged
to involve her partner so that all the implications can be
discussed, including potential areas of disagreement,
even whether infertility treatment, if needed, would be
made available.

:9 Summary box 14.1

e All women of childbearing age with CKD, including those
on dialysis and kidney transplant recipients should be
made aware of the implications regarding reproductive
health, contraception, modification of remedial risk factors
and optimisation of medications.

Active preparation for pregnancy should be individualized
to each woman'’s needs and should involve her partner.
Multidiscplinary clinics are needed for the prepregnancy
assessment and antenatal care of these women.

What the patient wants to know

Aside from what the team wants to discuss and achieve
for the woman and her partner, she herself usually has
four straightforward questions.

1 Should I get pregnant?

2 Will my pregnancy be complicated?

3 Will I have a live and healthy baby?

4 Will I have problems after my pregnancy?

Often the first, and sometimes even the second, question
is bypassed, the woman immediately wanting to know
the answers to the final two questions. Therefore it is
essential to ensure that all relevant information and even
harsh realities are passed on, based on fact not
anecdote.

What the patient needs to understand
She must understand the risks and the need to improve
her own knowledge, so that she can best use the guidance
and support to make any necessary changes in her behav-
iour, attitude and medication(s). Knowledge of, and even
understanding the risks, however, may not be sufficient
to ensure the patient makes the changes because many
other factors influence her behaviour. Even when there is
an element of self-management (perhaps best exemplified
with dialysis and/or diabetes) this will also be affected
by the woman’s repertoire of beliefs, skills, intuition,
motivation and notjust her so-called knowledge, however
gained. The key is a strong, unwaivering, positive, sup-
portive relationship with the team that allows pre-
pregnancy advice to be included in the overall care
agenda as a goal-orientated process. Thus a planned preg-
nancy is one that is desired well before conception, occurs
when contraception is discontinued and where the
woman attempts to achieve optimal health beforehand.
Even if some of the answers are not favourable, a
woman, being an autonomous adult, may still choose to
plan for (or proceed with) a pregnancy in an effort to re-
establish a normal life in the face of chronic illness [2].
Indeed some women may not seek advice until already
pregnant. Occasionally, there may be ethical dilemmas
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regarding the clinician’s duty of care for women who
ignore advice; interestingly, there are studies that have
differentiated ‘healthy’ and ‘pathological’ levels of
assumed risk and which have tried to understand the
psychology of women who pursue parenthood despite
big risks to their own health and the unborn child [3].

Normal pregnancy

The renal tract undergoes marked anatomical, haemody-
namic, tubular and endocrine changes as part of the sys-
temic upheaval of maternal adaptation to pregnancy [4,5].
The kidneys enlarge because both vascular volume and
interstitial space increase but there is no accelerated renal
growth nor morphological alterations akin to compensa-
tory renal hypertrophy. The calyces, renal pelves and
ureters dilate markedly, invariably more prominent on
the right side, seen in 90% of women.

Glomerular filtration rate (GFR), measured as 24-hour
creatinine clearance (C,,), increases by 6-8 weeks’ gesta-
tion. Serum creatinine (S.;) and serum urea (Sy..), which
average 70umol/L and 5mmol/L respectively in non-
pregnant women, decrease to mean values of 50umol/L
and 3mmol/L during pregnancy. Values for S. of
80umol/L and S, of 6mmol/L, which are acceptable in
the non-pregnant state, are suspect in pregnancy. At term,
a 15-20% decrement in C., occurs, which affects S., mini-
mally. It should be remembered that S, levels may
increase up to 17 umol/L shortly after ingestion of cooked
meat (because cooking converts preformed creatine into
creatinine), and this has to be taken into account when
timing blood sampling.

The 24-hour urinary total protein excretion (TPE)
increases in normal pregnancy, and up to 300mg (some
would say 500mg) per 24 hours can be regarded as normal
[6]. So-called significant proteinuria (TPE >300mg per 24
hours) may correlate with a protein concentration of
30mg/dLin a ‘spot’ urine sample, but given the problems
with dipstick testing many still prefer a 24-hour or some
timed quantitative determination. However, an alterna-
tive may be the use of ‘spot’ urine protein/creatinine
ratios that equal 30mg/pumol or more.

Chronic kidney disease

Renal impairment and the prospects for
pregnancy and afterwards

A woman may lose up to 50% of her renal function and
still maintain S, below 125 umol/L because of hyperfiltra-
tion by the remaining nephrons; however, if renal func-
tion is more severely compromised, then further small
decreases in GFR will cause S, to increase markedly [4,7-
9]. In women with CKD, whilst the pathology may be

both biochemically and clinically silent, the internal
milieu may already be disrupted. Most individuals
remain symptom-free until GFR declines to less than 25%
of normal, and many serum constituents are frequently
normal until a late stage of disease. However, degrees of
functional impairment that do not appear to disrupt
homoeostasis in non-pregnant individuals can jeopardize
pregnancy.

:'? Summary box 14.2

e |f pre-pregnancy renal function is normal or only mildly
decreased (S, < 125umol/L) and hypertension minimal
and/or well controlled, then obstetric outcome is usually
successful.

e There is an increased risk of antenatal complications such

as pre-eclampsia, fetal growth restriction and preterm

delivery.

Offer low-dose aspirin as prophylaxis against pre-

eclampsia, starting within first trimester.

During pregnancy target blood pressure should be

140/90 mmHag.

Greater degrees of renal dysfunction (S, > 125umol/L (and

certainly >180umol/L) and/or the presence of poorly

controlled hypertension are more ominous, at least for
maternal outcome, especially long-term renal prognosis.

e The use of eGFR from the MDRD or Epi-CKD formulae is
not recommended for use in pregnancy.

The basic question for a woman with CKD must be: is
pregnancy advisable? If so, then the sooner she starts to
have her family the better, since in many cases renal func-
tion will decline with time. Women with suspected or
known CKD, not always counselled prior to pregnancy,
may present already pregnant as a fait accompli, and then
the question must be whether pregnancy should continue
(Table 14.1).

Obstetric and long-term renal prognoses differ in
women with different levels of dysfunction. Counselling
is based on two functional parameters: the degree of renal

Table 14.1 Pre-pregnancy considerations in chronic kidney
disease.

Renal pathology under consideration

Good general health

Review and optimize pre-pregnancy drug therapy

Diastolic blood pressure <80mmHg or well-controlled hypertension
with ‘safe’ medication(s)

Ser £250umol/L but preferably <180umol/L and better still
<125umol/L

No or minimal proteinuria

‘Well-controlled” comorbidities (e.g. diabetes mellitus, infections)

Relevance of obstetric history




Table 14.2 Pre-pregnancy kidney function (S.) in CKD patients
with estimates for obstetric outcome and renal functional loss.

Renal S, Problems in  Successful Permanent

status (umol/L)  pregnancy obstetric loss of kidney
(%) outcome (%)  function (%)

Mild <125 26 96 <3

Moderate =125 47 90 25

Severe >250 86 71 53

Estimates are based on 2420 women/3645 pregnancies (1972-2000)
which attained at least 24 weeks' gestation. This (unpublished
literature review) is retrospective and publications dealing with
greater degrees of dysfunction comprised fewer than 400 patients.

insufficiency and the presence or absence of hypertension
(Table 14.2). Although no formal guidelines have been
issued by any professional groups the pregnancy and
CKD literature, almost entirely retrospective, has tradi-
tionally and arbitrarily classified renal insufficiency solely
by pre-pregnancy S.: <125umol/L indicates mild insuf-
ficiency, 125-250pmol/L moderate insufficiency, and
above these levels severe insufficiency [10]. Their use
has been the mainstay of pre-pregnancy counselling for
over 25 years, consistently showing that normotensive
women with intact or only mildly decreased but stable
renal function generally do very well, experiencing
more than 95% live births, about 75% of which are appro-
priate for gestational age. These excellent statistics also
reflect a literature that has shown constantly improving
perinatal outcomes from the 1980s onwards, indicative
of the marked advances in both antenatal and neonatal
care [11-18]. With mild insufficiency there is an increased
incidence of superimposed pre-eclampsia or late preg-
nancy hypertension, as well as increased proteinuria,
exceeding the nephrotic range (3g per 24 hours) in 50%
of women in the second half of pregnancy. Pregnancy
does not appear to adversely affect the course of the CKD.

However, there are exceptions to this optimistic outlook
[18-21]. Certain types of CKD appear more sensitive to
pregnancy, including lupus nephropathy and perhaps
membranoproliferative glomerulonephritis. In addition,
women with scleroderma and periarteritis nodosa do
poorly (especially when there is marked renal involve-
ment and associated hypertension) and thus should be
counselled to avoid pregnancy. Furthermore, there is
some disagreement about whether pregnancy adversely
influences the natural history of IgA nephropathy,
focal segmental glomerulosclerosis and reflux neph-
ropathy. It seems likely that prognosis with these renal
lesions is actually similar to that of women with
mild impairment in general, provided pre-pregnancy
function is preserved and high blood pressure absent
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(Table 14.3). Lupus nephritis is considered elsewhere in
this book.

Prognosis is poorer when there are greater degrees of
renal dysfunction [18,22-27]. With moderate impairment,
live births still approach 90%, but the incidence of pre-
eclampsia, fetal growth restriction and/or preterm deliv-
ery exceeds 50%. With severe dysfunction, outlook is
more drastically curtailed. Although there is a paucity of
data for analysis in both these categories, what has
become obvious is that a cut-off S, of 250 umol/L is too
high for moderate impairment, with 180umol/L more
appropriate, and thus there is a tendency to designate
these patient groups ‘moderate to severe’ (Table 14.4).
This literature is slowly increasing and the message could
not be clearer: hypertension is common by term (60%) as
is significant proteinuria (50%) as well as deterioration in
renal function (at times rapid and substantial) and
although infant survival rates are good (80-90%), rates of
premature delivery (60%) and fetal growth restriction
(40%) underscore the very high potential for obstetric
complications in these women [22,24,28,29]. Not previ-
ously so obvious are the facts that 30-50% of women with
moderate insufficiency experience functional loss
more rapidly than would be expected from the natural
course of their renal disease and that poorly controlled
hypertension might be a harbinger of poor outcome [24].
Once S rises above 250pumol/L there are even bigger
risks of accelerated loss of renal function, and even
terminating the pregnancy may not reverse the decline
(Table 14.2).

Temporary dialysis

Temporary or acute dialysis has been advocated during
pregnancy in the face of overall deterioration in renal
function (especially when S, exceeds 20mmol/L and/
or there is refractory hyperkalaemia), severe metabolic
acidosis, pulmonary oedema responding poorly to diu-
retics and danger of volume overload with heart failure
[5,18,29,30]. Dialysis may increase the chance of success-
ful outcome by ‘buying time” for fetal maturation but it
does not arrest the inexorable decline in renal function,
ultimately to end-stage failure. In trying to avoid extreme
prematurity in this way, it has to be asked whether such
life-threatening effects on the mother’s renal prognosis
can be justified. Nevertheless, the awareness by some
women of progress in antenatal care and neonatal provi-
sion encourages them to anticipate good outcomes and
they will say that they are prepared to take a chance and
even seek assisted conception in the face of their infertil-
ity. Of importance in all the current controversies is that
the literature that forms the basis of our views is primarily
retrospective, with most patients only having mild dys-
function and women with severe to moderate disease
being limited in number. Confirmation of guidelines and
prognoses therefore requires adequate prospective trials.
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Table 14.3 Chronic renal disease and pregnancy.

Renal disease

Clinical watchpoints

Chronic glomerulonephritis and focal
glomerular sclerosis (FGS)

IgA nephropathy

Chronic pyelonephritis (infectious

tubulointerstitial disease)
Reflux nephropathy

Urolithiasis

Polycystic kidney disease

Diabetic nephropathy

Human immunodeficiency virus with
associated nephropathy (HIVAN)

Systemic lupus erythematosus

Periarteritis nodosa
Scleroderma

Previous urologic surgery

After nephrectomy, solitary and
pelvic kidneys

Can be high blood pressure late in pregnancy but usually no adverse effect if renal function is preserved
and hypertension absent before pregnancy. Some disagree, believing coagulation changes in
pregnancy exacerbate disease, especially IgA nephropathy, membranoproliferative glomerulonephritis
and FGS

Some cite risks of sudden escalating or uncontrolled hypertension and renal deterioration. Most note
good outcome when renal function is preserved

Bacteriuria in pregnancy and may lead to exacerbation

Some have emphasized risks of sudden escalating hypertension and worsening of renal function.
Consensus now is that results are satisfactory when pre-pregnancy function is only mildly affected and
hypertension is absent. Vigilance for urinary tract infections is necessary

Ureteral dilatation and stasis do not seem to affect natural history, but infections can be more frequent.
Stents have been successfully placed and sonograpically controlled ureterostomy has been performed
during gestation

Functional impairment and hypertension are usually minimal in childbearing years

No adverse effect on the renal lesion. Increased frequency of infections, oedema or pre-eclampsia.
Advanced nephropathy can be a problem

Renal component can be nephrotic syndrome or severe impairment. Scanty literature should be
considered when nephrotic proteinuria occurs suddenly, especially in immunocompromised patients

Prognosis is most favourable if disease is in remission 6 months before conception. Some increase
steroid dosage immediately after delivery

Fetal prognosis is poor. Maternal death can occur. Therapeutic abortion should be considered

If onset during pregnancy, there can be rapid overall deterioration. Reactivation of quiescent scleroderma
can occur during pregnancy and after delivery

Depending on original reason for surgery, there may be other malformations of the urogenital tract.
Urinary tract infection is common during pregnancy and renal function may undergo reversible
decrease. No significant obstructive problem, but Caesarean section might be necessary for abnormal
presentation or to avoid disruption of the continence mechanism if artificial sphincters or neourethras
are present

Pregnancy is well tolerated. Might be associated with other malformations of the urogenital tract.
Dystocia rarely occurs with a pelvic kidney

Table 14.4 Pre-pregnancy kidney function (S,) in CKD patients with estimates for obstetric complications and outcome and renal

functional loss.

Ser (umol/L) Fetal growth Preterm Pre-eclampsia Perinatal deaths Loss of >25% renal function
restriction (%) delivery (%) (%) (%)
Pregnancy (%) Persists End-stage failure
postpartum (%) in 1 year (%)
<125 25 30 22 1 2 - -
125-180 45 70 40 6 40 20 3
>180 70 >90 60 12 70 55 35

Estimates are based on literature from 1985 to 2009, with all pregnancies attaining at least 24 weeks' gestation (Davison and Winfield,
unpublished data). Modified and supplemented from Williams & Davison [8].

Note that from more recent analyses of women with severe CKD it is now apparent that an S, cut-off of 250umol/L is too high a level for
‘moderate’ renal impairment, a cut-off of 180 umol/L now being recommended [1,45].



Antenatal strategy and decision-making

These patients must be seen as early as possible. Thereafter
assessments should be at 24 week intervals until 32
weeks’ gestation and then every 1-2 weeks, depending
on the clinical circumstances [1,8].

1 Assessment of renal function by 24-hour C. and by
protein excretion (see Chapter 11), either as 24-hour excre-
tion or a spot protein/creatinine ratio.

2 Careful blood pressure monitoring for early detection
of hypertension (and assessment of its severity) and pre-
eclampsia, with consideration (in early pregnancy) of the
use of prophylactic low-dose aspirin.

3 Early detection and treatment of anaemia, usually by
oral/intravenous iron therapy. Some recommend use of
recombinant human erythropoietin if haematocrit is 20%
or less, but caution is needed as hypertension can be
caused or aggravated. Blood transfusion may need to be
considered.

4 Early detection of covert bacteriuria or confirmation of
urinary tract infection (UTI) and prompt treatment; if
there are recurrent UTIs, then antibiotic prophylaxis
should be given throughout pregnancy.

5 Biophysical/ultrasound surveillance of fetal size,
development and well-being.

The clinician must bear in mind the balance between
maternal prognosis and fetal prognosis: the effect of preg-
nancy on a particular disease and the effect of that disease
on pregnancy. The clinical watchpoints associated with
specific renal diseases are summarized in Table 14.3. The
following guidelines apply to all CKD patients.

Renal function

If renal function deteriorates significantly at any stage of
pregnancy, then reversible causes, such as UTI, subtle
dehydration or electrolyte imbalance (occasionally pre-
cipitated by inadvertent diuretic therapy), should be
sought. Near term, as in normal pregnancy, a decrease in
function of 15-20%, which affects S, minimally, is permis-
sible. Failure to detect a reversible cause of a significant
decrement is grounds to end the pregnancy by elective
delivery. When proteinuria occurs and persists, but blood
pressure is normal and renal function preserved, preg-
nancy can be allowed to continue under closer scrutiny.
With nephrotic syndrome prophylactic heparin is needed
and should be continued for 6 weeks after delivery. The
use of acute dialysis has been mentioned earlier.

Blood pressure

The conventional dividing line for obstetric hypertension
is 140/90mmHg. Most of the specific risks of hypertension
in pregnancy appear to be related to superimposed pre-
eclampsia (see Chapter 11). There is confusion about the
true incidence of superimposed pre-eclampsia in women
with CKD. This is because the diagnosis cannot be made
with certainty on clinical grounds alone; hypertension and
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proteinuria may be manifestations of the underlying CKD
and chronic hypertension alone has an increased pre-
eclampsia risk fourfold that of normotensive pregnant
women. Treatment of mild hypertension (diastolic blood
pressure less than 95 mmHg in the second trimester or less
than 100mmHg in the third) is not necessary during
normal pregnancy, but many would treat women with
CKD more aggressively, believing that this preserves
kidney function. There are still debates about the so-called
“tight control’, accuracy of automated devices and the role
of ambulatory blood pressure measurements.

Medications such as methyldopa, calcium channel
blockers, labetalol and hydralazine are safe in pregnancy.
Angiotensin-converting enzyme (ACE) inhibitors and
angiotensin receptor blockers should not be prescribed
and even if patients were taking either of these in early
pregnancy (to continue the so-called renal protection
from pre-pregnancy) they should not be continued or
recommended later on.

Fetal surveillance and timing of delivery

Serial assessment of fetal well-being is essential. In the
absence of fetal or maternal deterioration delivery should
be at or near term. If complications do arise, the judicious
moment for intervention might be determined by fetal
status (see Chapter 28). Regardless of gestational age,
most babies weighing more than 1500 g survive better in
a special care nursery than in a hostile intrauterine envi-
ronment. Planned preterm delivery may be necessary if
there is impending intrauterine fetal death, if renal func-
tion deteriorates substantially, if uncontrollable hyperten-
sion supervenes, or if eclampsia occurs. Obstetric
considerations should be the main determinant for deliv-
ery by Caesarean section.

Role of renal biopsy in pregnancy

Experience with renal biopsy in pregnancy is sparse,
mainly because clinical circumstances rarely justify the
risks [5,9]. Biopsy is therefore usually deferred until after
delivery. Reports of excessive bleeding and other compli-
cations in pregnant women have led some to consider
pregnancy as a relative contraindication to renal biopsy.
When renal biopsy is undertaken immediately after deliv-
ery in women with well-controlled blood pressure and
normal coagulation indices, the morbidity is certainly
similar to that reported in non-pregnant patients. The few
generally agreed indications for antepartum biopsy are
suspicion of rapidly progressive glomerulonephritis or
when severe nephrotic syndrome develops in early
pregnancy.

Long-term effects of pregnancy in women
with renal disease

Pregnancy does not cause deterioration or otherwise
affect rate of progression of CKD beyond what might
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be expected in the non-pregnant state, provided pre-
pregnancy kidney dysfunction was minimal and/or
hypertension is absent or very well controlled before
pregnancy [11,18,31-33]. An important factor in long-
term prognosis could be the sclerotic effect that prolonged
gestational renal vasodilatation might have in the resid-
ual (intact) glomeruli of the kidneys of these women. The
situation may be worse in a single diseased kidney, where
more sclerosis has usually occurred within the fewer
(intact) glomeruli. Although the evidence in healthy
women and those with mild renal disease argues against
hyperfiltration-induced damage in pregnancy, there is
little doubt that in some women with moderate, and cer-
tainly severe, dysfunction there can be unpredicted, accel-
erated and irreversible renal decline in pregnancy or
immediately afterwards [31].

There is also a new literature focusing on relationships
between CKD, pre-eclampsia and the remote prognosis in
both groups in terms of cardiovascular disorders and
end-stage renal failure and whether the superimposition
of pre-eclampsia on CKD hastens progression to end-
stage status [34-37]. It seems that pre-eclampsia is not a
risk factor (‘marker’ is a better term) for progression (see
Chapter 11).

New system for assessment of renal
impairment and its implications for CKD
in pregnancy

Estimated GFR

The traditional approach, with CKD defined as mild,
moderate or severe, used by most clinicians is now being
questioned. There are calls for guidance based on the
current CKD classification that is part of the US National
Kidney Foundation (NKF) K/DOQI clinical practice
guidelines, endorsed by the UK National Service
Framework for Renal Services, and now widely adopted
by nephrologists [38,40]. The cornerstone of the classifica-
tion is the use of estimated GFR (eGFR; units mL/
min/1.73m?), calculated from a formula based on S
adjusted for age, gender and race; nowadays most chemi-
cal pathology laboratories are encouraged to report eGFR.
The so-called Modified Diet in Renal Disease (MDRD)
formula was developed in the USA in a multiethnic popu-
lation of women and men with moderate renal impair-
ment and, most importantly, an eGFR below 60mL/
min/1.73m* The classification recognizes five stages of
CKD (Table 14.5).

In non-pregnant populations, eGFR is much less relia-
ble in patients with CKD stages 1 and 2 because of the
poor correlation with actual GFR when it exceeds 60mL/
min [41]. In fact over 95% of women with underlying
CKD becoming pregnant do have an actual GFR of 60 mL/
min or more.

Table 14.5 Stages of CKD classified according to the US National
Kidney Foundation.

Stage eGFR (mL/min/1.73m?
1 Kidney damage with normal or >90
even increased GFR
2 Kidney damage with mild GFR 60-89
decrease
3 Moderate GFR decrease 30-59
4 Severely low GFR 15-29
5 Kidney failure <15 or dialysis

eGFR, estimated glomerular filtration rate.
Source: Davison et al. [5], National Kidney Foundation [38,39],
Davison & Lindheimer [45], Imbasciati et al. [46].

Unlike many prediction formulae, the MDRD equation
is not individualized for body surface area and is there-
fore theoretically attractive for use in the obstetric popula-
tion in whom increased surface area is not a reflection of
increased muscle mass and therefore of increased S..
However, reports to date have not borne this out and
during pregnancy the MDRD fomula substantially under-
estimates GFR compared with the gold standard of
inulin clearance [42]. An important clinical concern
deriving from the fact that eGFR tends to underestimate
true GFR is that its use might signal to the clinician an
exaggerated deterioration in GFR, perhaps promoting
unnecessary delivery. Therefore, the use of the MDRD
equation during pregnancy to estimate GFR in women
who have known renal impairment prior to conception
or who develop renal complications during pregnancy
cannot be recommended. The same applies for the Epi-
CKD formula [43]. Also the Cockroft-Gault formula, and
many others, are inaccurate in pregnancy and there is
disagreement about using cystatin C to monitor renal
function [44].

eGFR versus S,

It might seem that a system based on GFR would be
superior to one based on S, and perhaps the database in
the literature should be converted to this new CKD clas-
sification [45]. We would argue almost certainly not, as
the great majority of pregnant women are those with mild
disease (CKD stages 1 and 2) and, as mentioned already,
the formulae for eGFR in women whose values are antici-
pated to be above 60mL/min in the non-pregnant state
are unreliable. Furthermore, the traditional system has
been easy to disseminate and is familiar among non-
nephrology specialists. Whilst defending the use of S, it
must nevertheless be mentioned that very small women
may present with normal or mildly elevated S, and



especially if their total muscle mass is quite low, so a
timed urinary creatinine clearance (a 12-hour collection
will suffice) may reveal ‘true” GFR values indicative of
more severe renal dysfunction [45].

If in the future clinicians start using the CKD system
rather than the traditional guidelines, it might be prefer-
able to stratify patients into two groups: stages 1-2, mild
renal impairment; stages 3-5, moderate to severe renal
impairment. Although no attempt has been made to
revisit earlier publications and re-analyse where possible
in terms of stages 1-5, there is one landmark prospective
study covering 23 years that has assessed the rate of
decline of maternal renal function during pregnancy in 49
white non-diabetic women with CKD stages 3-5 before
pregnancy (eGFR <60mL/min/1.73 m? pre-pregnancy) to
average 39 months after delivery [46]. This multicentre
Italian network effort confirmed earlier observations that
such women have complicated pregnancies with poor
perinatal outcomes as well as an accelerated decline in
renal function. That it took 21 years to compile this series
endorses how unusual pregnancy is in women with
advanced CKD. The main conclusion was encouraging
because while the group as a whole lost function during
pregnancy, the rate of loss was not affected by pregnancy
[33]. Also, 95% of the fetuses survived, albeit many were
born preterm and/or growth restricted. The best out-
comes were to women whose pre-pregnancy eGFR was
between 60 and 40mL/min/1.73m?, corresponding to S,
values between 125 and 141-150 umol/L or proteinuria
less than 1g/day. On the other hand, women with eGFR
below 40mL/min/1.73m? and proteinuria above 1g/day
had poorer outcomes, the combination resulting in worse
outcomes than either factor alone. Although these women
developed renal failure faster than other groups, it was
not possible to determine if pregnancy was a causal
factor.

Patients on dialysis

Dialysis and the prospects for pregnancy

and afterwards

Despite reduced libido and relative infertility, women on
long-term dialysis do conceive and must therefore use
contraception if they wish to avoid pregnancy [29,47-49].
Although conception is not common (an incidence of 1 in
200 patients has been quoted), its true frequency is
unknown because most pregnancies in dialysis patients
probably end in early spontaneous abortion. The high
therapeutic abortion rate in this group of patients (which
has decreased from 40% in the 1990s to under 15% today)
still suggests that those who become pregnant do so inad-
vertently, probably because they are unaware that preg-
nancy is possible.
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:9 Summary box 14.3

¢ Incidence of conception in chronic dialysis patients of
childbearing age is quoted as 1 in 200.

e Pregnancy poses big maternal risks but successful
obstetric outcome is now 80%, leading to a
reconsideration of counselling for these patients.

e Frequency of dialysis must be increased as soon as
pregnancy is diagnosed and management of anaemia,
nutritional issues and hypertension are very important.

Many authorities still do not advise chronic dialysis
patients to become pregnant or to continue a pregnancy
if present. In the last decade, however, fetal survival has
significantly improved from 50% to almost 80%, with 90%
attaining 36 weeks’ gestation, which has led to a recon-
sideration of counselling for these patients [50,51].
Favourable prognostics for obstetric success include time
on dialysis of less than 5 years, age under 35 years, resid-
ual urine production, and absence of or well-controlled
hypertension as well as the early diagnosis of pregnancy
thus facilitating increases in frequency and duration of
dialysis. Nevertheless, pregnancy still poses big maternal
risks, including volume overload, threat of preterm
labour, polyhydramnios (40-70%), major exacerbations of
hypertension and/or superimposed pre-eclampsia (50—
80%) and rarely, fortunately, placental abruption.

Antenatal strategy and decision-making

If women on dialysis become pregnant, they may present
for care in advanced pregnancy because it was not sus-
pected by either the patient or her doctors. Irregular men-
struation is common and missed periods are usually
ignored. Urine pregnancy tests are unreliable (even if
there is any urine available). Thus ultrasound evaluation
is needed to confirm and date pregnancy.

Dialysis policy

Some patients have gestational GFR increments despite
renal function being insufficient to sustain life without
dialysis [9,10,47,49,52-55]. The planning of dialysis strat-
egy has several aims.

1 Maintain S, below 20mmol/L (some would argue
<15mmol/L), as intrauterine fetal death is more likely if
values are much in excess of 20mmol/L. Success has
occasionally been achieved despite levels of around
28 mmol/L for many weeks but lower S,,., is definitely
associated with higher birthweight and gestational age at
delivery. Weekly dialysis should be 20 hours or more per
week, using a dialysate with a higher potassium, lower
calcium and lower bicarbonate. There is now good evi-
dence that nocturnal dialysis (up to 36 hours per week)
is associated with much better outcomes, as it can be a
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haemodialfiltration protocol too. Increased dialysis hours,
however minimal, should make control of weight gain
and dietary management easier. The potential disadvan-
tage of more dialysis is electrolyte imbalance, hence the
need to scrutinize serum chemistries at all times. Heparin
can be used for anticoagulation.

2 Avoid hypotension and maternal volume depletion
during dialysis, and a biocompatible small-surface-area
dialysis to reduce ultrafiltration per treatment may be
helpful in this regard. In late pregnancy the enlarging
uterus and supine posture may aggravate hypotensive
episodes by decreasing venous return.

3 Ensure tight control of blood pressure throughout preg-
nancy, with the diastolic blood pressure ideally main-
tained at 80-90mmHg.

4 Avoid rapid fluctuations in intravascular volume by
limiting interdialysis weight gain to about 1kg until late
pregnancy.

5 Watch serum calcium closely to avoid hypercalcaemia
and remember the potential for hypophosphataemia,
hypokalaemia and depletion of water-soluble vitamins as
well as the hazards of magnesium sulphate infusion, if
required.

6 Scrutinize carefully for preterm labour, as dialysis and
uterine contractions are associated.

Anaemia

Dialysis patients are usually anaemic, invariably aggra-
vated further in pregnancy. There is some evidence of a
positive correlation between maternal haemoglobin and
successful obstetric outcome; however, although haemo-
globin of 10g/dL or moreis advisable, the upper limit of an
optimal haemoglobin level has yet to be determined [54].
Blood transfusion may be needed (especially before deliv-
ery), with caution necessary as it could exacerbate hyper-
tension and impair the ability to control circulatory
overload, even with extra dialysis. Fluctuations in blood
volume can be minimized if packed red cells are transfused
during dialysis. Treatment of anaemia with recombinant
human erythropoietin has been ‘safely” used in pregnancy,
when requirements can be higher. The theoretical risks of
hypertension and thrombotic complications have not been
encountered, nor have adverse neonatal effects.

Hypertension

Normotension before pregnancy is reassuring. Some
patients have abnormal lipid profiles and possibly acceler-
ated atherogenesis so theoretically may not have the car-
diovascular capacity to make gestational adaptations.
Patients with diabetic nephropathy who become pregnant
are those in whom cardiovascular problems are the most
worrisome. As a generalization, blood pressure tends to be
labile and hypertension is common, although control may
be possible by careful dialysis. Ideally, diastolic blood
pressure should be maintained between 80 and 90 mmHg.

Nutrition

Despite more frequent dialysis, uncontrolled dietary
intake should be discouraged [47]. Daily oral intakes of
1.5g/kg protein, 1.5g calcium, 50mmol potassium and
80mmol sodium are advisable, with supplements of
vitamin C, riboflavin, niacin, thiamine and vitamin B
as well as iron and folic acid supplements. Vitamin D
supplements can be difficult to judge in patients
who have had parathyroidectomy. Measurement of 25-
hydroxyvitamin D levels should not be neglected, with
supplementation if needed. In addition, oral phosphate
supplements can be used if phosphate levels are low.

Fetal surveillance and timing of delivery

The same applies as with CKD. Preterm labour is common
and it may even commence during dialysis. Caesarean
section should be necessary only for obstetric reasons,
although it has been argued that elective Caesarean
section in all cases would minimize potential problems
during labour.

Peritoneal dialysis

Young women can be managed with this approach and
successful pregnancies have now been reported [56].
Outcome is not dependent on mode of dialysis (haemo-
dialysis vs. peritoneal) but there may be more infertility
in women receiving continuous ambulatory peritoneal
dialysis (PD).

With PD, although anticoagulation and some of the
fluid balance and volume problems of haemodialysis are
avoided, these women nevertheless face the same prob-
lems of hypertension, anaemia, term labour, sudden
intrauterine death and placental abruption. During preg-
nancy the number of PD exchanges must be increased
and the fill volumes of fluid may need reducing to less
than 1.5L, which might be best achieved by switching to
automated PD. The size of the enlarging uterus in late
pregnancy may make PD impossible and a temporary
switch to haemodialysis may be necessary. It should be
remembered that peritonitis can be a severe complication
of chronic ambulatory PD, accounting for the majority of
therapy failures but an increased incidence has not been
reported in pregnancy. If Caesarean section is needed
then theoretically it should be undertaken extraperito-
neally with the traditional approach requiring a switch to
haemodialysis.

Kidney transplant recipients

Transplantation and the prospects for
pregnancy and afterwards

Renal, endocrine and sexual functions return rapidly after
transplantation and assisted conception techniques are
also available. About 1 in 50 women of childbearing age



with a functioning transplant will become pregnant. Of
the conceptions, about 25% do not go beyond the initial
trimester because of spontaneous or therapeutic abortion,
but of those pregnancies in well women that do, 97% end
successfully [1,3,5,9]. In early pregnancy there may be
increased risk of ectopic pregnancy because of pelvic
adhesions following surgery, PD, intrauterine contracep-
tive device (IUCD) and/or pelvic inflammatory disease
consequent to immunosuppression. Diagnosis of ectopic
pregnancy may be delayed as irregular bleeding and pain
may be wrongly attributed to deteriorating renal function
and/or the presence of the pelvic allograft. A renal trans-
plant has even been performed with surgeons unaware
that the recipient was in early pregnancy. Obstetric
success in such cases does not negate the importance of
contraception counselling for all renal failure patients and
the exclusion of pregnancy prior to the surgery.

:9 Summary box 14.4

e About 1 in 50 women of childbearing age with a

functioning transplant becomes pregnant.

Of those pregnancies that go beyond the first trimester,

97% have successful obstetric outcome. Serial

assessment of renal function is essential along with early

diagnosis and treatment of rejection (5%), blood pressure

control and treatment of infection.

e Some immunosuppressive drugs are contraindicated in
pregnancy.

e There are no obstructive problems and/or mechanical injury
to the transplant during vaginal delivery.

A woman should be counselled from the time the various
treatments for renal failure and the potential for optimal
rehabilitation are discussed [1,2,57,58]. As mentioned at
the start of this chapter, couples who want a child should
be encouraged to discuss all the implications, including
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the harsh realities of maternal survival prospects.
Individual centres have their own guidelines. In most, a
wait of at least 1 year after transplantation is advised. By
then, the patient will have recovered from the surgery
and any sequelae, graft function will have stabilized, and
immunosuppression will be at maintenance levels. Also,
if function is well maintained at 2 years, there is a high
probability of allograft survival at 5 years (Table 14.6). As
with CKD it is preferable if pre-pregnancy S, values are
below 125umol/L, as above this level there can be more
complications and problems (Table 14.7). Interestingly,
the two significant higher S. cut-offs are 160 and
180umol/L [1]. In the non-pregnant patient the use of
eGFR is not applicable.

Antenatal strategy and decision-making

Management requires serial assessment of renal function,
early diagnosis and treatment of rejection, blood pressure
control, early diagnosis or prevention of anaemia,

Table 14.6 Pre-pregnancy considerations in renal transplant
recipients.

Good general health for about 1 year after transplantation

Stature compatible with good obstetric outcome

No or minimal proteinuria

No or well-controlled hypertension

No evidence of graft rejection

No pelvicalyceal distension on recent ultrasound or intravenous
urography

Stable graft function: S., <160umol/L, preferably <125umol/L

Drug therapy at maintenance levels: prednisolone, azathioprine,
ciclosporin and tacrolimus are ‘safe’

Mycophenolate mofetil and sirolimus are contraindicated

Source: Newcastle upon Tyne 1976, revised 1987 and 2006.
See Davison [1], Winfield & Davison [3], Davison et al. [10],
Armenti et al. [57].

Table 14.7 Pre-pregnancy kidney function (S,,) in kidney transplant recipients with estimates for obstetric complications and outcome

and loss of graft function.

Ser (umol/L) Fetal growth Preterm Pre-eclampsia Perinatal deaths Loss of >25% renal function
restriction (%) delivery (%) (%) (%)
Pregnancy (%) Persists End-stage failure
postpartum (%) in 1 year (%)
<125 30 35 24 15 4 -
125-160 50 70 45 7 20 7 10
>160 60 90 60 12 45 35 70

Estimates based on literature review (1991-2007) from 1076 women in 1498 pregnancies, with all pregnancies attaining at least 24 weeks'

gestation.
Source: Davison, unpublished data.
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treatment of any infection, and meticulous assessment of
fetal well-being (Table 14.8). As well as regular renal
assessments, liver function tests, plasma protein, and
calcium and phosphate should be checked at 6-weekly
intervals. Cytomegalovirus and herpesvirus hominis
status should be checked during each trimester and HIV
should be determined at first attendance. Haematinics are
needed if the various haematological indices show
deficiency.

Transplant function

The sustained increase in GFR characteristic of early
normal pregnancy is evident in renal transplant recipi-
ents. Immediate graft function after transplantation and
the better the pre-pregnancy GFR, the greater the incre-
ment in pregnancy. Transient 20-25% reductions in GFR
can occur during the third trimester and do not usually
represent a deteriorating situation with permanent
impairment. However, significant renal functional impair-
ment can develop in some patients during pregnancy, and
this may persist following delivery, invariably being
related to pre-pregnancy S, (Table 14.7). As a gradual
decline in function is common in non-pregnant patients,
it is difficult to delineate the specific role of pregnancy.
Most agree that pregnancy does not compromise long-
term graft progression unless there was already graft dys-
function before pregnancy [57,59,60]. Proteinuria occurs
near term in 40% of patients but disappears after delivery
and, in the absence of hypertension, is not significant
unless it exceeds 1g in 24 hours, which by some is con-
sidered to be a marker of suboptimal obstetric outcome
and/or later deterioration. Whether calcineurin inhibitors
are more nephrotoxic in the pregnant compared with
the non-pregnant patient is not known. Certainly the
literature indicates that with the advent of these
immunosuppressive agents, pre-pregnancy S levels are
higher overall than during the era of azathioprine and
steroids [60].

Transplant rejection
Serious rejection episodes occur in 5% of pregnant women.
While this incidence is no greater than that seen in non-
pregnant individuals during a similar period, it is unex-
pected because it has been assumed that the privileged
immunological status of pregnancy might benefit the allo-
graft. Rejection often occurs in the puerperium and may
be due to a return to normal immune status (despite
immunosuppression) or possibly a rebound effect from
the altered gestational immunoresponsiveness [57,61].
Chronic rejection with a progressive subclinical course
may be a problem in all recipients. Whether pregnancy
influences the course of subclinical rejection is unknown:
no factors consistently predict which patients will develop
rejection during pregnancy. There may also be a non-
immune contribution to chronic graft failure due to the

Table 14.8 Management summary for a renal transplant patient.

Before pregnancy

Patients should defer pregnancy for at least 1 year after transplant,
with appropriate and reliable contraception

Assessment of graft function

Recent biopsy and/or organ-specific tests

Proteinuria

Ser

Hepatitis B and C, cytomegalovirus, toxoplasmosis, and herpes
simplex status

Maintenance immunosuppression

Azathioprine

Ciclosporin

Tacrolimus

Corticosteroids

Mycophenolate mofetil and sirolimus contraindicated

Comorbidities (e.g. diabetes, hypertension) should be optimally
managed

Vaccinations should be given if needed (e.g. hepatitis, tetanus,
pneumococcus, human papillomavirus and influenza)

Discuss the aetiology of the original disease and genetic issues, if
appropriate

Discuss the effect of pregnancy on graft function

Discuss the risks of fetal growth restriction, preterm delivery and
low birthweight

Antenatal

Early diagnosis and dating of pregnancy

Clincial and laboratory monitoring of the graft and
immunosuppressive drug levels every 2-4 weeks until 32 weeks,
then every 1-2 weeks until delivery

Surveillance for rejection, with transplant biopsy considered if it is
suspected

Surveillance for bacterial or viral infection (e.g. cytomegalovirus,
toxoplasmosis, hepatitis in first trimester and repeat if signs of
rejection or tenderness over graft site)

Monthly urine cultures

Fetal surveillance after 32 weeks (e.g. non-stress test, sonographic
evaluation)

Monitoring of hypertension and management

Surveillance for pre-eclampsia

Screening for gestational diabetes

For kidney recipients: proteinuria is common

For kidney—pancreas recipients: immunosuppressive agents may
augment diabetogenic effect of pregnancy. All infections must be
taken very seriously

Delivery

Caesarean delivery for obstetric reasons

For kidney recipients: episiotomy on side opposite to graft.
Caesarean section may not be easy

Post partum

Monitor immunosuppressive drug levels for 3-4 weeks after
delivery, with adjustment as needed

Surveillance for rejection and consider biopsy if it is suspected

Breast-feeding is appropriate; monitor fetal drug levels

Contraception counselling is essential

Source: modified and supplemented from Armenti et al. [57].



damaging effect of hyperfiltration through remnant neph-
rons, perhaps even exacerbated during pregnancy. An
important clinical watchpoint is that rejection is difficult
to diagnose: if any of the clinical hallmarks are present
(fever, oliguria, deteriorating renal function, renal enlarge-
ment, and tenderness), then the diagnosis should be con-
sidered. Ultrasound assessment may be helpful but
without renal biopsy, rejection cannot be distinguished
from acute pyelonephritis, recurrent glomerulopathy,
possible severe pre-eclampsia, and even ciclosporin neph-
rotoxicity and therefore renal biopsy is indicated before
embarking on anti-rejection therapy [61].

Immunosuppressive therapy

Immunosuppressive therapy is usually maintained at
pre-pregnancy levels. There are many encouraging regis-
try and single centre reports of (non-complicated) preg-
nancies in patients taking ciclosporin and tacrolimus
(FK506 or Prograf). Numerous adverse effects are attrib-
uted to calcineurin inhibitors in non-pregnant transplant
recipients, including renal toxicity, hepatic dysfunction,
chronic hypertension, tremor, convulsions, diabetogenic
effects, haemolytic uraemic syndrome, and neoplasia. In
pregnancy, some of the maternal adaptations that nor-
mally occur may theoretically be blunted or abolished by
ciclosporin, especially plasma volume expansion and
renal hemodynamic augmentation. There is good evi-
dence to suggest that patients have more hypertension
and smaller babies [61,62].

From registry reports and post-marketing data, it is
evident that exposure to mycophenolate mofetil (MMF)
in pregnancy is associated with an increased incidence
and specific type of malformation, as well as a higher
incidence of spontaneous abortions in female transplant
recipients. A predominance of a particular type of birth
defect had not been reported with previous immunosup-
pressive regimens and successful pregnancies with MMF
exposure have also been reported but the conclusion
cannot be avoided that there is a characteristic pattern of
malformation after in utero exposure to MMF [63]. Indeed,
the existence of an MMF-associated embryopathy has
been proposed with consistent main features: cleft lip and
palate, microtia with atresia of the external auditory
canal, micrognathia and hypertelorum [64]. Ocular anom-
alies, corpus callosum agenesis, heart defects, kidney
malformations and diaphragmatic hernia could also be a
part of the phenotypic spectrum, which is supported by
experimental animal studies. To date, in the babies, psy-
chomotor development and growth have been reported
as normal.

Thus MMF poses a management dilemma, as a drug
with proven efficacy but of potential harm. Alternative
immunosuppression may either be less effective (e.g. aza-
thioprine) or have limited experience in this context (e.g.
sirolimus). So, in these circumstances the clinician has
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Table 14.9 Pregnancy safety information for immunosuppressive
drugs used in transplantation.

Animal reproductive Pregnancy
data category
Corticosteroids (prednisolone, Yes B
methylprednisolone, others)
Azathioprine (Imuran) Yes D
Ciclosporin (Sandimmun, Yes C
Neoral, others)
Tacrolimus (FK506, Prograf) Yes C
Antithymocyte globulin No C
(Atgam, ATG)
Antithymocyte globulin No C
(Thymoglobulin)
Muromonab-CD3 (Orthoclone No C
OKT3)
Mycophenolate mofetil Yes D
(CellCept)
Mycophenolic acid (Myfortic) Yes D
Basiliximab (Simulect) Yes B
Daclizumab (Zenapax) No C
Sirolimus (Rapamune) Yes C

B, no fetal risk, no controlled studies; C, fetal risk cannot be ruled
out; D, evidence of fetal risk.

Source: US Food and Drug Administration classification. Modified
from Armenti et al. [57,61,62].

two choices: (i) recommend pre-pregnancy changes to
immunosuppression, potentially increasing rejection risk
and in the absence of data on the efficacy of such switches,
or (ii) recommend continuation of an efficacious regimen
with potential teratogenic risk (Table 14.9).

Hypertension and pre-eclampsia

Hypertension, particularly before 28 weeks’ gestation, is
associated with adverse perinatal outcome. This may be
due to covert cardiovascular changes that accompany
and/or are aggravated by chronic hypertension. The
appearance of hypertension in the third trimester, its rela-
tionship to deteriorating renal function, and the possibil-
ity of chronic underlying pathology and pre-eclampsia is
a diagnostic problem. Pre-eclampsia is actually diagnosed
clinically in about 30% of pregnancies.

Infections

Throughout pregnancy patients should be monitored
carefully for bacterial and viral infection. Prophylactic
antibiotics must be given before any surgical procedure,
however trivial.

Diabetes mellitus
As the results of renal transplantation have improved
in those women whose renal failure is caused by
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juvenile-onset diabetes mellitus, pregnancies are now
being reported in these women. Pregnancy complications
occur with at least twice the frequency seen in the non-
diabetic patient, and this may be due to the presence of
generalized cardiovascular pathology, which is part of the
metabolic risk factor syndrome. Successful pregnancies
have been reported after combined pancreas—-kidney
allografts.

Fetal surveillance and timing of delivery
The points discussed under CKD are equally applicable
torenal transplant recipients. Preterm delivery is common
(45-60%) because of intervention for obstetric reasons and
the common occurrence of preterm labour or preterm
rupture of membranes. Preterm labour is commonly
associated with poor renal function, but in some it has
been postulated that long-term immunosuppression
may ‘weaken’ connective tissues and contribute to the
increased incidence of preterm rupture of membranes.
Vaginal delivery should be the aim; usually there are
no obstructive problems and/or mechanical injury to the
transplant [3,57]. Unless there are problems, spontaneous
onset of labour can be awaited but most advise not
exceeding 38-39 weeks’ gestation. During labour careful
monitoring of fluid balance, cardiovascular status and
temperature is mandatory. Aseptic technique is essential
for every procedure. Surgical induction of labour (by
amniotomy) and episiotomy warrant antibiotic cover.
Pain relief can be conducted as for healthy women.
Augmentation of steroids should not be overlooked.
Caesarean section should be undertaken for obstetric
reasons only.

Post-delivery management issues

Paediatric management

Over 50% of liveborns have no neonatal problems.
Preterm delivery is common (45-60%), as is fetal growth
restriction (20-30%), and occasionally the two problems
coexist. Lower birthweights are seen in infants born to
mothers who received their transplant less than 2 years
previously and the use of calcineurin inhibitors can be
associated with birthweight depression [3,61].

Breast-feeding

There are substantial benefits to breast-feeding. It could
be argued that because the baby has been exposed to
immunosuppressive agents and their metabolites in preg-
nancy, breast-feeding should not be allowed. However,
little is known about the quantities of these drugs and
their metabolites in breast milk and whether the levels are
biologically trivial or substantial. For ciclosporin, levels
in breast milk are usually greater than those in a simulta-
neously taken blood sample. There is a view that mothers
who want to breast-feed should be encouraged, so long

Table 14.10 Neonatal problems in the newborn of kidney
allograft recipients.

Preterm delivery and/or small for gestational age
Respiratory distress syndrome

Adrenocortical insufficiency

Septicaemia

Cytomegalovirus infection

Depressed haematopoiesis

Lymphoid and thymic hypoplasia

Reduced T lymphocyte and immunoglobulin levels
Chromosome aberrations in leucocytes

as the baby is thriving [3,62,64] and monitoring fetal drug
levels could be undertaken.

Long-term assessment

There are theoretical worries about in utero exposure
to immunosuppresive agents, with eventual develop-
ment of malignant tumours in affected offspring,
autoimmune complications and/or abnormalities in
reproductive performance in the next generation. Thus
paediatric follow-up is needed (Table 14.10). To date,
information about general progress in early childhood
has been good.

Maternal follow-up after pregnancy

The ultimate measure of transplant success is the long-
term survival of the patient and the graft. As it is only 40
years since this procedure became widely employed in
the management of end-stage renal failure, few long-term
data from sufficiently large series exist from which to
draw conclusions. Furthermore, the long-term results for
renal transplants relate to a period when many aspects of
management would be unacceptable by present-day
standards. Average survival figures of large numbers of
patients worldwide indicate that about 90% of recipients
of kidneys from related living donors are alive 5 years
after transplantation. With cadaver kidneys, the figure is
approximately 70%. If renal function was normal 2 years
after transplant, survival increased to over 80%. This is
why women are counselled to wait about 2 years before
considering a pregnancy even though a view is now
emerging that 1 year would be sufficient.

A major concern is that the mother may not survive
or remain well enough to rear the child she bears.
Pregnancy occasionally and sometimes unpredictably
causes irreversible declines in renal function. However,
the consensus is that pregnancy has no effect on graft
function or survival [57,59,65]. Also, repeated pregnan-
cies do not adversely affect graft function or fetal devel-
opment, provided that pre-pregnancy renal function is
well preserved and hypertension minimal and/or well
controlled.



Contraception

Oral contraception can cause or aggravate hypertension,
thromboembolism and/or subtle changes to the immune
system. This does not necessarily contraindicate its use
but careful surveillance is essential. IUCDs may aggra-
vate menstrual problems, which in turn may obscure
symptoms and signs of early pregnancy abnormalities,
such as threatened miscarriage or ectopic pregnancy. The
increased risk of chronic pelvic infection in immunosup-
pressed patients with IUCDs is a problem and, as the
insertion or replacement of a coil can be associated
with bacteraemia of vaginal origin, so antibiotic cover is
essential at this time. Lastly, the efficacy of an IUCD is
reduced in women taking immunosuppressive and anti-
inflammatory agents but many still request this method.

Gynaecological problems

There is a danger that symptoms secondary to genuine
pelvic pathology may be erroneously attributed to the
transplant because of its location near the pelvis [5].
Transplant recipients receiving immunosuppressive
therapy have a malignancy rate estimated to be 100 times
greater than normal and the female genital tract is no
exception. This association is probably related to factors
such as loss of immune surveillance, chronic immunosup-
pression allowing tumour proliferation and /or prolonged
antigenic stimulation of the reticuloendothelial system.
Regular gynaecological assessment is therefore essential
and any gynaecological management should be on con-
ventional lines, with the outcome unlikely to be influenced
by stopping or reducing immunosuppression [3,61].
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Haematological Problems in Pregnancy
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Anaemia

A normochromic, normocytic ‘anaemia’” can occur from
weeks 7-8 of gestation. This is due to the physiological
increase in plasma volume that is relatively greater than
the increase in red cell mass. However, the haemoglobin
should not fall below 11g/dL in the first trimester or
below 10.5g/dL in the second and third trimesters [1].
More marked anaemia may be due to iron, folate or, more
rarely, vitamin By, deficiency or a haemoglobinopathy.

Haematinic requirements

Pregnancy requires an iron intake of around 2.5mg/day
throughout, with perhaps 3.0-7.5mg/day required in the
third trimester. Thus iron deficiency is a very common
cause of anaemia in pregnancy worldwide. An average
Western diet supplies around 250pg/day of folate;
however, requirements increase to around 400pg/day
during pregnancy [2], with deficiency most commonly
due to a lack of folate-rich vegetables such as broccoli and
peas, often linked to social deprivation. Folate deficiency
is more common in multiple pregnancy, frequent child-
birth and adolescent mothers. The body stores around
3mg of vitamin B;,, with a daily dietary requirement of
3ug. The only By, source is animal foodstuffs and there-
fore vegetarians and vegans are most at risk of dietary
deficiency.

The effects of haematinic deficiency

The signs and symptoms of early deficiencies are non-
specific, including tiredness and features of any underly-
ing cause (Table 15.1). Aside from anaemia, folate and By,
deficiency are linked to neural tube defects [3,4]. The
effect of iron deficiency (before anaemia is manifest) on
maternal and fetal well-being is not fully understood.
Such deficiency has been associated with increased blood
loss at delivery, poor fetal iron stores, an increased
placenta/fetus weight ratio [5], premature delivery and
low birthweight [1], although these may also relate to
the underlying cause. Most subjects with folate deficiency

are identified incidentally due to a raised mean red
cell volume (MCV), but folate deficiency anaemia often
coexists with iron deficiency and more often presents
at the end of pregnancy or in the early puerperium.
Severe vitamin B, deficiency can also result in a
demyelinating neuropathy, although mild maternal By,
deficiency appears compatible with normal pregnancy

[61.

Diagnosis of haematinic deficiency

As the MCV may increase with normal gestation, the
reduction in MCV usually seen in iron deficiency is not a
reliable marker in pregnancy. Serum iron, total iron-
binding capacity (TIBC), ferritin, serum transferrin recep-
tor levels and red cell-derived protoporphyrin can all be
used to diagnose iron deficiency. However, normal preg-
nancy leads to a progressive fall in serum iron and ferritin
and an increase in TIBC, free protoporphyrin and trans-
ferrin receptor levels [7]. Thus, a number of parameters
may be required to diagnose mild deficiency, although a
markedly reduced serum ferritin (<12pg/L) remains
diagnostic. For practical purposes serum ferritin is there-
fore the best first-line investigation for suspected iron
deficiency.

Megaloblastic anaemia from By, or folate deficiency is
suggested by an MCV in excess of 100fL, with right-
shifted neutrophils on the blood film (Table 15.2). Serum
folate is sensitive to deficiency, but may be reduced with
very recent shortage of dietary folate and also reduces in
normal pregnancy. Red cell folate levels are less affected
by recent diet, but may rise in otherwise normal preg-
nancy [8,9]. If necessary, megaloblastic erythropoiesis can
be demonstrated by bone marrow examination. Serum B,
levels may fall by 30-50% during normal pregnancy, but
this is probably not a true tissue deficiency [6]. Specific
tests to diagnose intrinsic factor deficiency (from perni-
cious anaemia) involve radioisotope exposure and are
contraindicated in pregnancy, but plasma intrinsic factor
antibodies, if present, can point to a diagnosis of perni-
cious anaemia.
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Table 15.1 Causes of iron, folate and vitamin B, deficiency.

Table 15.3 Elemental iron in various oral iron preparations.

Iron

Diet: vegetarian/vegan
Blood loss

Menorrhagia

Peptic ulceration
Inflammatory bowel disease
Haemorrhoids

Varices

Aspirin

Anticoagulants

von Willebrand's disease
Malabsorption

Coeliac

Gastrectomy

Folate

Dietary

Alcoholism

Poverty

Adolescence

Malabsorption: gluten-induced enteropathy (coeliac)

Increased use:
Chronic haemolysis
Congenital red cell disorders
Haemoglobinopathy
Myeloproliferative disorders

Loss: dialysis

Miscellaneous: anticonvulsants

Vitamin B,

Dietary: vegans

Malabsorption

Pernicious anaemia

Partial gastric resection, ileal resection, intestinal stagnant loop
Crohn’s disease

Tapeworms

Tropical sprue

Miscellaneous: folate deficiency

Table 15.2 Differential diagnosis of a raised MCV.

B,, deficiency
Folate deficiency
Alcohol
Hypothyroidism
Pregnancy

Liver disease
Myelodysplasia
Haemolysis

Prophylaxis

The haemoglobin concentration is often used to screen for
haematinic deficiency, with an assessment at presentation
and again in the early third trimester. Whether routine
iron supplementation is warranted is not resolved,

Preparation Dose (mg) Elemental iron (mg)
Ferrous sulphate 300 60
325 65
Ferrous sulphate (dried) 200 65
325 105
Ferrous gluconate 300 34-35
Ferrous fumarate 325 106
322 100
200 65

because although it may result in fewer women with a
haemoglobin level less than 10g/dL in late pregnancy
and the puerperium [1], it is not clear whether this ben-
efits the mother or baby. If required, supplementation can
be achieved with 30-60mg of elemental iron daily, which
produces few side effects. Side effects are mainly seen
with replacement therapy (=200mg/day of elemental
iron). Furthermore, supplementation with more than
200mg/day will not produce a supranormal haemo-
globin or haematocrit. The amount of elemental iron
present in the common oral formulations is shown in
Table 15.3. To prevent neural tube defects, folic acid sup-
plementation (400ug/day) is routinely given in the first
trimester. It should also be taken for 3 months prior to
conception in those planning pregnancy and a higher
dose is needed if there is a previous child with a neural
tube defect or a chronic red cell disorder. Such supple-
mentation is also of value with regard to prophylaxis of
anaemia in women with potential dietary deficiency.
Folate should be continued through pregnancy in women
on antiepileptic drugs that antagonize folate metabolism,
in those with likely dietary deficiency or those with
increased demand such as multiple pregnancy.

Treatment

The treatment of established iron deficiency is with
200mg of elemental iron daily. Higher doses are not
required. Even 200mg/day of elemental iron may lead to
gastrointestinal upset, which may be dose or product
related. This is usually ameliorated by either dose reduc-
tion (100mg/day), or a change in the preparation. Iron
absorption is maximized when combined with ascorbic
acid, such as taking the iron supplements with fresh
orange juice or a vitamin C preparation. Therapy failure
occurs in malabsorption and when loss exceeds intake,
but is most commonly due to poor compliance. There are
also liquid oral iron preparations and parenteral therapy.
Parenteral therapy is useful in malabsorption and failed
compliance, but otherwise does not produce an overall
faster response than oral iron and side effects are common.



Thus in practice parenteral iron is rarely required. Proven
folate deficiency anaemia should be treated with folic acid
(5mg/day). In all such cases of anaemia, B, deficiency
must also be excluded, as folate may improve the anaemia
of By, deficiency but exacerbate any associated neurologi-
cal deterioration [10]. In B;, deficiency, a single intramus-
cular dose of 1000pg of By, should lead to a reticulocyte
response within 3-7 days. Weekly injections should be
employed until anaemia resolves and lifelong replace-
ment is often required.

i} Summary box 15.1

The haemoglobin decreases in normal pregnancy, but should
not fall below 11g/dL in the first trimester or below 10.5g/dL
in the second and third trimesters.

The thalassaemias

The thalassaemias are a heterogeneous group of genetic
disorders of haemoglobin synthesis, named after the hae-
moglobin that is deficient. The mutation may result in a
reduced rate of production of the affected gene or result
in no chain synthesis at all [11]. The majority of thalas-
saemias are inherited in a Mendelian recessive manner.
Given the diversity of genetic defects and the possibility
of genetic combinations, thalassaemias, irrespective of
their molecular basis, are often classified by their clinical
effects into thalassaemia minor, thalassaemia intermedia
and thalassaemia major. In general, thalassaemia carriers
are often symptomless and fall into the minor category.
Those with thalassaemia intermedia are more severely
affected and may often have anaemia, although this does
not require regular transfusion. In its major form, thalas-
saemia presents with lifelong transfusion dependency.

Alpha thalassaemia

Women with one or two deletions of the four o-globin
genes are usually symptom-free and have a normal preg-
nancy outcome. With haemoglobin (Hb) H disease, where
three o-globin genes are absent, there are variable clinical
features ranging from mild asymptomatic anaemia to
severe transfusion-dependent anaemia, with jaundice,
hepatosplenomegaly, growth restriction and bone abnor-
malities. Mild to moderate haemolysis is the predominant
feature. This is worsened by pregnancy, so prophylactic
folic acid (5mg/day) is needed. Gallstones are not infre-
quent due to the high red cell turnover. Infections, drugs
and fever may also worsen the anaemia. A fetus affected
by Hb Barts with no o-globin production (both parents
carrying two a-globin deletions on the same chromo-
some) will develop hydrops, polyhydramnios and

Haematological Problems in Pregnancy 153

placentomegaly [12]. There is a high risk of pre-eclampsia
in the mother. The fetus is also at risk of congenital
abnormalities. Maternal carriage of alpha thalassaemia is
associated with an MCV of less than 80 fL (often less than
70fL), a mean corpuscular haemoglobin (MCH) of less
than 27pg, with, very often, no evidence of anaemia and
normal mean corpuscular haemoglobin concentration
(MCHQ). If iron deficiency is excluded, then carriage of
thalassaemia should be suspected and the diagnosis con-
firmed with polymerase chain reaction and globin gene
analysis.

Beta thalassaemia

This condition is due to a defect in B-chain synthesis
caused by heterogeneous point mutations within the f3-
globin gene, with nearly 180 different mutations associ-
ated with its phenotype. It interferes with red cell
maturation and increases red cell destruction within the
marrow and spleen. Major forms have lifelong chronic
dyserythropoietic anaemia with splenomegaly and skel-
etal deformity. With inadequate transfusion profound
anaemia, marked skeletal deformity of the long bones and
skull, recurrent infections and death occurs. With ade-
quate transfusion anaemia is controlled but transfusion-
related iron overload will result in endocrine abnormalities
and pancreatic, hepatic and cardiac failure. This results in
failure of pubertal growth, delayed sexual development
and hypogonadotrophic hypogonadism affecting fertility.
Thus only a small number of successful pregnancies are
reported [13-15]. With significant left ventricular dys-
function or arrhythmias, pregnancy is best avoided.
Serum ferritin reflects hepatic iron stores but does not
relate well to cardiac deposition, although magnetic reso-
nance imaging can now quantify cardiac iron deposition.
When pregnancy does occur Caesarean section is common
for cephalo-pelvic disproportion due to the small stature
of the mother and the fact that the unaffected fetus has
normal growth. Spinal abnormalities should be consid-
ered with neuraxial anaesthesia. With beta thalassaemia
intermedia there is a reasonable pregnancy success rate
with well-controlled disease. However, growth restriction
and increasing anaemia are not uncommon [16].
Correspondingly, transfusion requirements increase with
increasing gestation. Where transfusion is required, the
aim should be to maintain haemoglobin over 10g/dL to
reduce the risk of fetal hypoxia. Most often, chelating
agents are discontinued on diagnosis of pregnancy (as the
safety of chelation in pregnancy has not been established)
and restarted after delivery, but folic acid supplements
are required throughout pregnancy.

Beta thalassaemia minor is usually symptom-free, but
anaemia is common in pregnancy and there may be a
higher rate of fetal growth restriction and oligohydram-
nios. However there is no overall difference in perinatal
mortality or congenital malformations. [17]. Carriers have
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normal/low haemoglobin, low MCV and MCH but
normal MCHC. More severe anaemias may be encoun-
tered in those with combined dietary deficiencies. Folic
acid supplementation should be prescribed (and oral
iron, but only if the ferritin is low) throughout
pregnancy.

Screening for thalassaemia

Population screening for haemoglobin disorders has been
practised for many years and prenatal testing for haemo-
globinopathies is recommended in at-risk groups [18].
Carriers are reliably detected by screening red cell indices,
traditionally an MCV of 80fL or less, although (as red
cells may swell with storage) an MCH of less than 27 pg
is more reliable. Electrophoresis (and exclusion of iron
deficiency where appropriate) is then used to make the
diagnosis (e.g an elevated HbA, of 3.5-7% with, or
without, an increased HbF concentration, is consistent
with beta thalassaemia heterozygote). If the HbA, per-
centage is within the normal range, and the MCH is less
than 27pg, the woman should be investigated for alpha
thalassaemia trait [11]. Prenatal diagnosis, with samples
obtained via chorionic villous sampling (CVS), amniocen-
tesis or fetal blood sampling, is possible using a variety
of methods [18,19], including pre-implantation genetic
diagnosis [20], and the diagnostic accuracy is high in spe-
cialist centres. However, examination of fetal material in
the maternal circulation is not yet suitable for the deter-
mination of fetal carriage of the majority of haemoglob-
inopathies [20,21].

Sickle cell disease

Sickle cell disease varies in presentation from a lifelong
crippling haemolytic disorder (characterized by crises
caused by infection, aplasia, infarction and haemolysis)
to a diagnosis only made on a routine blood film examina-
tion. This variation may be due to the co-inheritance of
persistence of fetal haemoglobin. With repeated crises,
bone deformity, osteomyelitis, renal failure, myocardial
infarction, leg ulceration, gallstones and cardiac failure
may develop. With repeated transfusions there is an
increased risk of blood-borne infections and iron over-
load. The outcome of pregnancy in mothers with sickling
disorders is heavily dependent on the adequacy of mater-
nal healthcare [22]. In the USA, a maternal mortality rate
of 0.25-0.5% has been reported, with 99% of pregnancies
(which were viable after 28 weeks) resulting in a live
birth. Around half of the pregnancies are complicated by
at least one painful crisis and hospital admission is often
required. There is likely to be an increased risk of pre-
eclampsia and of fetal growth restriction, possibly through

placental infarction [23]. In developing countries the
outcome of pregnancy with a major sickling disorder may
be substantially worse, with high maternal and perinatal
mortality.

Sickle cell trait results in no change to the haematologi-
cal indices. It is diagnosed by a positive sickle test and the
demonstration of both an HbA and HbS band on gel
electrophoresis.

Sickle cell disease is diagnosed by the presence of
anaemia, the presence of sickled red cells on the blood
film, blood film appearances of hyposplenism, a positive
sickle test and the pattern of HbS and HbF, with no HbA,
on haemoglobin electrophoresis. The presence of a micro-
cytosis may suggest the co-inheritance of thalassaemia, or
the presence of iron deficiency. Higher haemoglobin (11-
13g/dL) may indicate the presence of HbC or co-
inheritance of another haemoglobin variant.

In all subjects with a major sickling disorder treatment
includes the prevention of infection. This is achieved with
prophylactic penicillin and the use of pneumococcal,
meningococcal and Haemophilus influenzae vaccinations
with antimalarial prophylaxis if appropriate. The man-
agement of a painful crisis involves adequate pain control,
treatment of any infection, maintenance of oxygenation,
hydration and thromboprophylaxis [24], although spe-
cific randomized controlled trials of management in preg-
nancy are lacking [25]. Regular blood transfusion is not
usually required. However, if haemoglobin is falling
(indicating an increase in haemolysis) and especially if
there is evidence of a falling reticulocyte count (indicating
an impending aplastic phase), then transfusion should be
given. When transfusion is required and the haemoglobin
is already less than 5g/dL, it may be that a top-up trans-
fusion to 12-14g/dL will result in sufficient dilution of
the sickle cells to the desired target level of less than 30%
of the circulating red cells. When transfusion is required
at a higher haemoglobin level (8-10g/dL), then a partial
exchange transfusion should be carried out (removing
500mL by phlebotomy while transfusing two red cell
units). The mainstay of management of a pregnancy in
women with a severe sickling disorder is folic acid sup-
plementation (5mg/day throughout pregnancy), regular
haemoglobin estimations, regular monitoring of fetal
growth and consideration of the need for transfusion [19].
Prophylactic blood transfusions in pregnancy remains
controverisal and although there may be a reduction in
the frequency of vaso-occlusive events when prophylactic
transfusion has been used [26], it seems likely that any
improvement in pregnancy outcome may relate to
improvements in the general management of pregnancy
rather than from prophylactic transfusion itself [19].
However, transfusion should be considered when there is
an acute anaemia (haemoglobin <5g/dL), pre-eclampsia,
septicaemia, acute renal failure, acute chest syndrome,



recent cerebral ischaemia of arterial origin, and when pre-
paring for surgery. Multiple pregnancy will require
assessment for transfusion on a more regular basis.

i? Summary box 15.2

L

Most patients with sickle cell trait or thalassaemia minor are
usually symptom-free and have a normal pregnancy

outcome.

Haemolytic disease of the newborn

The Rh antigens on red cells result from the action of two
genes (RHD and RHCE), leading to two haplotypes (com-
bining c or C, D or no D, e or E). Of these, RhD is the most
important in obstetrics. Around 15% of white people are
RhD negative. If an RhD-negative mother carries an RhD-
positive child, the transplacental passage of blood and
immunoglobulin may result in the development of mater-
nal anti-RhD antibody that passes to the fetus. Indeed,
there is a one in six chance of maternal anti-RhD forma-
tion in the absence of prophylaxis. Whether the mother
develops such antibodies depends on the amount of feto-
maternal haemorrhage (FMH) and any feto-maternal
ABO mismatch (as natural maternal anti-A or anti-B
may clear fetal cells before immunization occurs). RhD
haemolytic disease of the newborn (HDN) most often
occurs in the second or subsequent pregnancies, but
occasionally significant fetal haemolysis occurs in the
first [27].

Since the introduction of routine prophylaxis with anti-
RhD immunoglobulin in developed countries, there has
been a dramatic reduction in the occurrence of severe
neonatal jaundice related to RhD. Despite this, continuing
vigilance is requried as anti-RhD continues to be the com-
monest red cell antibody associated with significant fetal
and neonatal morbidity and mortality. However, other
maternal alloantibodies, directed towards RhE, Rhc, RhC
and Kell, as well as feto-maternal ABO incompatibility,
should all be considered in the diagnosis of neonatal
hyperbilirubinaemia [28].

Antenatal diagnosis and monitoring for

RhD incompatibility

All women should have their blood group determined at
pregnancy presentation and again at 28-32 weeks’ gesta-
tion. A further estimation between 34 and 36 weeks is also
recommended [29]. When a potential sensitizing event
occurs in an RhD-negative woman (Table 15.4), whether
she has circulating anti-RhD should be determined and
(if more than 20 weeks’ gestation or at delivery) an FMH
estimation carried out [30]. At delivery, the ABO/RhD
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Table 15.4 Potential RhD sensitizing events.

Antepartum haemorrhage

Abdominal trauma

Fetal external version

Ectopic pregnancy

Delivery

Invasive investigations

Amniocentesis

Chorionic villous sampling

Fetal blood sampling

Embryo reduction

Other in utero therapeutic interventions/surgery (e.g. shunt insertion,
intrauterine transfusion)

Fetal loss

Intrauterine death

Stillbirth

Miscarriage with evacuation

Complete or incomplete miscarriage >12/40

Therapeutic termination

type of the baby should be determined from a cord
sample. If the baby is RhD positive and HDN is sus-
pected, a direct antiglobulin test should be performed on
the cord blood sample [31].

Anti-RhD detected early in pregnancy is more likely to
result in HDN than if detected for the first time later on.
When any antibody associated with HDN is detected it
should be quantified. For RhD, this should be by auto-
mated methods and reported in international units, rather
than by manual titration [29]. In general, the absolute
value may not be as important as a rising titre. In addi-
tion, the RhD (as well as Kell and c) status of the fetus can
be determined from cell-free fetal DNA obtained from the
maternal circulation [32,33]. Further, although most non-
invasive methods are not sufficiently sensitive, weekly
velocimetry of the fetal middle cerebral artery may predict
moderate or severe anaemia and has begun to replace
serial amniocentesis in determining when fetal blood
sampling is required [34].

Fetal presentation
Fetal presentation varies from mild anaemia to severe
anaemia with jaundice, oedema, cardiac failure, effusions
and pulmonary haemorrhage, neurological deficits and
kernicterus, which may result in stillbirth, neonatal death
or complete resolution.

Intrauterine management

If fetal maturity permits, delivery of the fetus is indicated
when there is evidence of significant disease. When fetal
immaturity does not allow delivery, fetal transfusion
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(which has reduced perinatal mortality from 95% to 50%)
should be carried out and such transfusion is indicated
when the haematocrit is below 25% (18-26 weeks” gesta-
tion) or below 30% (after 34 weeks). The blood used
should be cross-matched against maternal serum, with a
haematocrit of 75-90% and both seronegative for cytome-
galovirus and gamma irradiated (to prevent transfusion-
related graft-versus-host disease). The aim is to increase
the haematocrit to about 45% and further transfusions
may be required every 1-3 weeks. In some circumstances
repeated maternal plasma exchange or high-dose intra-
venous human normal immunoglobulin have been used,
until fetal transfusion is possible.

Prevention

Sensitization can be prevented by suppression of the
maternal immune response to the RhD antigen. This is
achieved by the timely administration of a passive anti-
body [31,35-37]. Intramuscular anti-RhD should be
administered to all RhD-negative women within 72 hours
of delivery and, if not, within 10 days [37,38]. The dose
required should be determined by the level of FMH.
Given intramuscularly, 1251U of anti-RhD is sufficient to
protect against 1mL of RhD-positive red cells. In the UK,
2501IU is routinely given for any potential sensitizing
event before 20 weeks and 5001IU for any event after 20
weeks. If a further sensitizing event occurs more than 7
days after a prophylactic anti-RhD dose, a further dose
should be given. Routine post-delivery anti-RhD immu-
noprophylaxis has markedly reduced fetal deaths,
although cases of HDN still occur (due to other blood
groups, unrecognized sensitization in a previous preg-
nancy, red cell or platelet transfusion, inadequate treat-
ment, or unrecognized potential sensitization). Indeed,
unrecognized events are now the most important cause
of maternal sensitization in many developed countries.
Those events relating to RhD may be amenable to the
routine administration of anti-RhD to all RhD-negative
women with no detectable anti-RhD antibodies in the
third trimester [38].

Non-RhD antibodies

At least 40 red cell antigens have been associated with
HDN, including Rhe, RhC, RhE, Kell, Duffy, MNS,
Lutheran, Kidd and U. After anti-RhD, antibodies against
¢, Kell (K;) or E are the most frequently encountered anti-
bodies requiring treatment. The K; antigen is found in
9% of white people (who are virtually all heterozygous)
and 8-18% of pregnancies with detectable maternal
anti-K; result in a Kj-positive fetus, with hydrops in
about 30% of such cases. Management of such antibod-
ies requires a combination of ultrasound, paternal
genotyping, fetal blood sampling and intrauterine trans-
fusion [39].

-’) Summary box 15.3

Y
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Although RhD remains a significant cause of haemolytic
disease of the newborn, a number of other maternal
alloantibodies should be routinely considered in the diagnosis

of neonatal hyperbilirubinaemia.

Table 15.5 Thrombocytopenia in pregnancy.

Spurious (i.e. clumping or poor sampling)

Gestational

Immune thrombocytopenic purpura

Heparin-induced thrombocytopenia

Post-transfusion purpura

Acute fatty liver of pregnancy

Pre-eclampsia/HELLP syndrome

Thrombotic thrombocytopenic purpura/haemolytic uraemic syndrome
Disseminated intravascular coagulation

Drug-induced thrombocytopenia

Systemic lupus erythematosus/antiphospholipid syndrome
Viral (HIV/EBV/CMV)

Congenital thrombocythemias/thrombocytopenia
Hypersplenism

Type 2b von Willebrand's disease

Marrow dysfunction/haematinic deficiency

CMV, cytomegalovirus; EBV, Epstein—-Barr virus.

Table 15.6 Investigation of thrombocytopenia.

Blood film to exclude platelet clumps, microangiopathic haemolytic
anaemia or other haematological disorders

Coagulation screen (to include fibrinogen and p-dimer levels)

Renal and liver function tests

Antiphospholipid antibodies

Anti-DNA antibodies to exclude SLE (antinuclear antibody is sufficient
as a screening test)

SLE, systemic lupus erythematosus.

Thrombocytopenia

Towards the end of pregnancy less than 5% of women
have a platelet count below 150 x 10°/L. This gestational
thrombocytopenia carries no significance, but requires
exclusion of other disorders (Table 15.5). If the platelet
count is below 100 x 10°/L, further investigations are
required (Table 15.6).

Immune thrombocytopenic purpura

Immune thrombocytopenic purpura (ITP) results in
thrombocytopenia from autoantibody-mediated destruc-
tion of platelets. Such antibodies occur idiopathically and



Table 15.7 Causes of immune thrombocytopenic purpura.

Idiopathic

Helicobacter pylori

Systemic lupus erythematosus
Lymphoma/chronic lymphocytic leukaemia
HIV

Drugs

also in association with other disorders (Table 15.7). ITP
most commonly presents as asymptomatic maternal
thrombocytopenia, but transplacental passage of antibod-
ies can result in fetal thrombocytopenia in 9-15% and
intracerebral haemorrhage in 1.5% of babies with affected
mothers. The diagnosis of ITP in pregnancy is by exclu-
sion of other disorders [40].

Treatment

Spontaneous bleeding is unlikely with platelet counts
above 20 x 10°/L, and monitoring of the patient and
platelet count are often all that is required, with the aim
of attaining an adequate platelet count for safe delivery
(including neuraxial anaesthesia). A spontaneous vaginal
delivery or Caesarean section is considered safe from a
surgical perspective when the platelet count is above
50 x 10?/L. If the woman wishes or requires epidural or
spinal anaesthesia, then a platelet count above 80 x 10°/L
is recommended [40].

When required, treatment with either oral corticoster-
oids or intravenous immunoglobulin (IgG) produces
50-70% response rates. This response usually lasts 2-3
weeks and repeated dosing may be required. Secondary
treatments include high-dose methylprednisolone or
azathioprine, or a combination of these therapies with
intravenous IgG. Other treatments (vinca alkaloids
and cyclophosphamide) are not suitable in pregnancy
and splenectomy is also best avoided. If considered essen-
tial however, it is best carried out between 13 and 20
weeks’ gestation. The anti-CD20 antibody rituximab has
also been used in refractory cases of ITP, although its
overall place in management is not yet defined [41].
Moreover, rituximab crosses the placenta and suppresses
neonatal B-cell development. However, the overall
long-term effect of this on the fetus is unknown at
present [42].

Management of delivery

The baby’s platelet count cannot be reliably predicted
from any maternal features. Furthermore, fetal sampling
is hazardous or prone to spuriously low results. Thus,
procedures in labour and at delivery that pose an
additional bleeding risk should be avoided (fetal
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Table 15.8 Causes of thrombotic thrombocytopenic purpura/
haemolytic uraemic syndrome.

Thrombotic thrombocytopenic purpura
Congenital

Pregnancy

Drugs (e.g. clopidogrel, ticlopidine, tacrolimus)
Combined contraceptive pill

Bone marrow transplant

Systemic lupus erythematosus

Malignancy

HIV

Escherichia coli 0157

Haemolytic uraemic syndrome

Pregnancy

Infection (cytotoxin-producing E. coli or Shigella)
Drugs (e.g. ciclosporin, quinine, chemotherapy)

scalp electrode, fetal blood sampling, ventouse and rota-
tional forceps). However, there is no evidence that
Caesarean section is safer for the thrombocytopenic fetus
than an uncomplicated vaginal delivery, as the nadir in
platelets is most often 2448 hours after delivery. A
cord blood platelet count should be determined in all
babies and close monitoring is required over the next 2-5
days. The use of intravenous IgG may block the Fc-
dependent placental transfer of maternal antibodies to the
fetus.

Thrombotic thrombocytopenic
purpura/haemolytic uraemic syndrome
Thrombotic thrombocytopenic purpura (TTP) and haemo-
lytic uraemic syndrome (HUS) are characterized by
thrombocytopenia, microangiopathic haemolytic anaemia
and multiorgan failure [43]. TTP is more often associated
with neurological abnormalities and non-renal organ
ischaemia, while patients with HUS have predominantly
renal manifestations and usually present after delivery.
HUS can present with haemolysis, elevated liver enzymes
and low platelets, making it difficult to distinguish from
HELLP syndrome associated with pre-eclampsia [44—46].
TTP occurs most often as an idiopathic single episode,
although there is a congenital form that may recur. Like
HUS, it may also occur secondary to other influences
(Table 15.8).

Von Willebrand factor (vWF) is, on release from the
endothelium, cleaved by the metalloprotease ADAMTS-
13, resulting in the correct balance of vWF multimers.
TTP/HUS is characterized by a failure of this cleavage. In
TTP, this can be due to a congenital deficiency of
ADAMTS-13, but is more commonly due to an acquired
autoantibody. The resultant excess of circulating ultra-
large multimers of vWF leads to platelet aggregation and
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consumption, and in turn to microvascular thrombosis.
However, in HUS, and in many cases of TTP, ADAMTS-13
is normal and indeed a reduction in ADAMTS-13 is not
specific to TTP/HUS. Consequently, the exact mechanism
is not fully understood. However, the physiological coag-
ulation changes in pregnancy may predispose to the
condjition.

Diagnosis

HUS typically presents after birth with thrombocytope-
nia, haemolysis and renal failure, whilst TTP is a classic
pentad of fever, haemolysis, thrombocytopenia, central
nervous system signs and renal dysfunction. However, all
five are only present in around 50% of cases. TTP, particu-
larly recurrent TTP, usually presents before 24 weeks of
pregnancy. Routine blood clotting tests are often normal
in the early stages of TTP/HUS, but as the disease
progresses there may be coagulation activation and dis-
seminated intravascular coagulation. Although preg-
nancy is associated with alterations in ADAMTS-13
activity [47], measurement of ADAMTS-13 and autoanti-
bodies against ADAMTS-13 may be of value in confirm-
ing the clinical diagnosis of TTP in pregnant subjects
[48-50]. However, given the need for the rapid institution
of treatment, such test results will often only be available
after a presumptive diagnosis has been made and treat-
ment has started.

Treatment

With the exception of endotoxin-related HUS (where sup-
portive care is the main requirement) and congenital TTP,
it is unlikely that a clear distinction between the two
syndromes will be possible in the majority of pregnancy-
related cases. As a consequence, both are often considered
as a single syndrome when considering therapy, particu-
larly as there may be benefit in plasma exchange in non-
toxin-related (or atypical) HUS [51].

The mainstay of treatment is plasma exchange, which
should be instituted within 24 hours of presentation [52].
Although the optimal regimen and fluid replacement is
not certain, fresh frozen plasma (FFP) is the common
standard. However, cryosupernatant or solvent detergent-
treated FFP may be preferred. When exchange is not
immediately available, FFP alone may be beneficial and
indeed may be sufficientin congenital disease. Intravenous
methylprednisolone and aspirin (when platelets
>50 x 10°/L) are often added to plasma exchange therapy.
However, platelet transfusions should be avoided in TTP.
If the patient deteriorates or does not respond, higher
volume or frequency of exchanges or different replace-
ment fluid is recommended. As with ITP there may be a
role for rituximab in those with resistant or recurrent
disase, although, as noted above [42], its safety profile in
pregnancy is not yet determined.

;P Summary box 15.4

e A mild thrombocytopenia (platelet count >100 x 10%L) not

uncommonly occurs with increasing gestation in normal

pregnancy.

In ITP the baby's platelet count cannot be reliably

predicted from any maternal feature and any procedure

during delivery that poses an additional bleeding risk to the

baby should be avoided.

e The mainstay of treatment of TTP is plasma exchange,
which should be commenced within 24 hours of
presentation.

Venous thromboembolism

Venous thromboembolism (VTE) is a leading cause of
maternal death in the developed world and remains the
major direct cause of maternal mortality in the UK. VTE
occurs throughout pregnancy, with an estimated antena-
tal and postnatal incidence of 6-12 and 3-7 per 10000
maternities respectively. Over 40% of antenatal VTE occur
in the first trimester of pregnancy [53] and a recent report
examining maternal mortality in the UK found that two-
thirds of antenatal cases of fatal pulmonary embolism
(PE) occurred in the first trimester [54]. The incidence of
fatal PE in pregnancy has fallen since the 1950s in the UK,
largely through a reduction in the number of women
dying after vaginal deliveries. There has been less impact
on deaths in the antenatal and intrapartum period and
after Caesarean section [55], although deaths from PE
following Caesarean delivery appear to be declining, pos-
sibly due to thromboprophylaxis. The daily risk of VTE
is fourfold higher in the postnatal period compared with
the antenatal period [56].

Gestational deep venous thrombosis (DVT) usually
occurs in the ileo-femoral veins (over 70% vs. 9% in the
non-pregnant) and is therefore more likely to result in PE.
Furthermore, it is also more likely to occur in the left leg
(85-90% vs. 55% in the non-pregnant), perhaps related to
compression of the left iliac vein by the right iliac artery
[57]. Of pregnant women who experience DVT, 80% will
develop post-thrombotic syndrome, characterized by
chronic leg swelling, discomfort, skin discoloration and
leg ulceration.

Physiological changes in pregnancy

VTE is up to 10 times more common in pregnancy than
in comparable non-pregnant subjects, which may relate
to the physiological changes in the maternal circulation
and coagulation that occur in normal pregnancy as a
preparation for delivery. Virchow’s triad for VTE consists
of alterations in normal blood flow (stasis), trauma or



damage to the vascular endothelium and alterations in
the constitution of blood (hypercoagulability), and
describes the three broad categories of factors that con-
tribute to thrombosis. During normal pregnancy, hyper-
coagulability results from increases in the levels of factor
VIII and fibrinogen, reduction in protein S levels, a resist-
ance to protein C in 40% of women and impaired fibri-
nolysis [58]. Studies assessing blood flow velocity in the
lower limbs in pregnancy have shown extensive reduc-
tion in flow velocity of up to 50% by 29 weeks’ gestation,
reaching its nadir at 34-36 weeks. The changes in both
blood flow velocity and coagulation factors may persist
for up to 6 weeks after delivery. The third factor underly-
ing most venous thrombosis is vascular damage and
trauma to the pelvic veins, which may occur during
normal vaginal delivery and perhaps particularly so
during abdominal or instrumental delivery [59].

Risk factors for VTE in pregnancy
A number of risk factors for pregnancy VTE are known
(Table 15.9), such as age over 35 years (1.216 vs. 0.615 per

Table 15.9 Risk factors for venous thromboembolism (VTE) in
pregnancy.

Risk factor for VTE Adjusted odds  95% confidence

ratios interval

Previous VTE 24.8 17.1-36
Immobility 7.7 3.2-19

(If combined with BMI >25) 62 -
BMI >30 5.3 2.1-13.5
Smoking 2.7 1.5-4.9
Weight gain >21kg (vs. 7-21kg) 1.6 1.1-2.6
Parity >1 1.5 1.1-19
Age >35 1.3 1.0-1.7
Pre-eclampsia 3.1 1.8-5.3
Pre-eclampsia with intrauterine 5.8 2.1-16

growth restriction
Assisted reproductive 43 2.0-9.4

techniques
Twins 2.6 1.1-6.2
Antepartum haemorrhage 2.3 1.8-2.8
Postpartum haemorrhage 4.1 2.3-7.3
Caesarean section 3.6 3.0-4.3
Medical conditions: sickle cell 2.0-8.7

disease, SLE, heart disease,

anaemia, infection, varicose

veins
Blood transfusion 7.6 6.2-9.4

BMI, body mass index; SLE, systemic lupus erythematosus.

Source: Royal College of Obstetricians and Gynaecologists [72],
Lindqvist et al. [106], Jacobsen et al. [107], James et al. [108], Knight
[109].
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Table 15.10 Prevalence rates (%) of congenital thrombophilia in
Western populations.

Factor V Leiden 2-7
Protein C deficiency 0.2-0.33
Prothrombin 20210A 2
Antithrombin deficiency 0.25-0.55
Antiphospholipid antibodies (lupus anticoagulant and 3

anticardiolipin antibodies

Table 15.11 Risk of pregnancy-associated venous
thromboembolism in women with underlying thrombophilia.

Thrombophilic defect Risk of thrombosis

Factor V Leiden (heterozygote) 9.32
Factor V Leiden (homozygote) 34.4
Prothrombin 20210A (heterozygote) 6.8
Prothrombin 20210A (homozygote) 26.4
Protein C deficiency 4.76
Protein S deficiency 3.19

Source: Robertson et al. [110].

1000 maternities) and Caesarean (particularly emergency)
section [60]. It is well recognized that the presence of
multiple risk factors increases the risk of VTE. For
example, the combination of body mass index (BMI) 25
or more and immobility has been shown to carry a greater
than 60-fold increase in risk, whereas both factors alone
are associated with a less than 10-fold increase. Over 70%
of women who suffer a fatal or non-fatal PE in the UK
have identifiable risk factors, hence many episodes of PE
are potentially preventable with the appropriate use of
thromboprophylaxis [54]. Around 50% of episodes of
pregnancy VTE have an identifiable underlying heritable
thrombophilia (Tables 15.10 and 15.11). In addition,
acquired persistent antiphospholipid antibodies also
increase pregnancy VTE risk. From case—control and
cohort studies the thrombotic risk is about 1 in 450 in
factor V Leiden heterozygotes, about 1 in 200 in pro-
thrombin G20210A heterozygotes and about 1 in 113 in
those with protein C deficiency. Hence, the absolute VTE
risk is low for most common thrombophilias. However,
the absolute risk is much higher in those with anti-
thrombin deficiency (VTE risk of 1 in 2.8 for type 1 and 1
in 42 for type 2 deficiency) and factor V Leiden homozy-
gotes, while those with combined defects (e.g. factor V
Leiden/prothrombin G20210A compound heterozygotes)
have a pregnancy VTE risk of 4.6 in 100 [61].
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Table 15.12 Association between heritable thrombophilias and pregnancy complications: meta-analyses of observational studies.

Recurrent miscarriage IUGR Pre-eclampsia Placental abruption Late fetal loss
Factor V Leiden 2.0 (1.5-2.7) 2.7 (1.3-5.5) 2.19 (1.46-3.27) 6.7 (2.0-21.6) 3.26 (1.82-5.83)
Prothrombin G20210A 2.0 (1.0-4.0) 2.5(1.3-5.0 2.54 (1.52-4.23) 7.71 (3.01-19.76) 2.3 (1.09-4.87)
Protein C deficiency 1.57 (0.23-10.54) - 21.5 (1.1-414.4) - 1.41 (0.96-2.07)
Protein S deficiency 14.72 (0.99-218.01) 10.2 (1.1-91) 12.7 (4.0-39.7) 0.3 (0-70.1) 7.39 (1.28-42.83)
Antithrombin deficiency - - 7.1 (0.4-117.4) 4.1 (0.3-49.9) -

Data are odds ratio with 95% confidence intervals in parentheses. IUGR, intrauterine growth restriction.

Source: Rodger et al. [66].

Thrombophilia and pregnancy complications
The obstetric antiphospholipid syndrome is characterized
by the presence of maternal antiphospholipid antibodies
(lupus anticoagulant or anticardiolipin antibodies of IgG
and/or IgM isotype in blood, present in medium or high
titres on at least two occasions at least 3 months apart)
and an obstetric complication (including an episode of
VTE, recurrent miscarriage, fetal growth restriction,
severe pre-eclampsia or intrauterine fetal death) [62]. In
this syndrome, adverse pregnancy outcomes may be the
result of poor placental perfusion due to localized throm-
bosis or increased thrombin generation and placental
damage. Antiphospholipid antibodies may also interfere
with trophoblast invasion and, in vitro, heparin has been
shown to ameliorate this effect. Low-dose aspirin and
heparin are recommended in the management of women
with recurrent miscarriage and antiphospholipid syn-
drome [63,64].

The heritable thrombophilias have also been associated
with placental-mediated pregnancy complications,
including fetal growth restriction, pre-eclampsia, placen-
tal abruption and intrauterine fetal death (Table 15.12).
The putative mechanism may be related to reduced pla-
cental perfusion, fibrin deposition and thrombus forma-
tion in uterine vessels and intervillous spaces [65].
However, the association is largely based on retrospective
case—control data and is inconsistent and not confirmed
in prospective studies [66,67]. Thus there is no convincing
evidence of causation. Furthermore, there is a lack of evi-
dence to support the use of antithrombotic therapy in
women who have a heritable thrombophilia and have
experienced a pregnancy complication [68,69]. Although
a small observational study has indicated a benefit of
low-molecular-weight heparin (LMWH) [70], further
information from large clinical trials is awaited.
Meanwhile, antithrombotic intervention cannot be rec-
ommended for women with heritable thrombophilia and
pregnancy complications.

Thromboprophylaxis during pregnancy and
the puerperium

Women attending for their first antenatal visit should be
assessed for risk factors for VIE. Specifically, they should
be asked about a personal and family history of VTE and
whether an objective diagnosis was made. Women with
a personal history of VTE are at increased risk of recur-
rence during pregnancy and the puerperium. Recurrence
rates of 1.4-11.1% have been reported [71]. The risk of
recurrent VIE occurring during pregnancy is higher in
women who have previously had an unprovoked or
oestrogen-related episode compared with those whose
VTE was provoked by a temporary risk factor that is no
longer present. VTE risk assessment should occur
throughout pregnancy (and particularly before and after
delivery) since many risk factors (Table 15.9) may only
become apparent as pregnancy advances and following
delivery.

Current guidelines recommend that if a previous VTE
was associated with a temporary risk factor that is no
longer present and the event was not pregnancy or “pill’
related and there are no other risk factors, then antenatal
thromboprophylaxis should not be routinely recom-
mended [72]. In this situation, thromboprophylaxis with
LMWH should be employed in the puerperium.
Antenatally, graduated elastic compression stockings may
be employed. In contrast, women with recurrent VTE, a
previous VIE and a family history of VTE (in a first-
degree relative), additional risk factors including throm-
bophilia, or where the previous event was idiopathic or
pregnancy or ‘pill’ related should be offered antenatal
LMWH thromboprophylaxis (Table 15.13). A once-daily
regimen of LMWH is appropriate, starting from their first
presentation in pregnancy throughout the antenatal
period and for at least 6 weeks after delivery. The dose of
LMWH is based on the woman's weight (Table 15.14).

There is a lack of evidence to guide management of
asymptomatic inherited or acquired thrombophilia in



Table 15.13 Summary of antenatal thromboprophylaxis.
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Table 15.15 Symptoms and signs of venous thromboembolism.

Women who have had a previous provoked and non-oestrogen-
related VTE do not routinely require antenatal thromboprophylaxis
with LMWH

Women with a previous unprovoked VTE, or oestrogen-related
VTE (including pregnancy), or previous recurrent VTE, or other
additional risk factors for VTE should be offered antenatal
thromboprophylaxis with LMWH

Women considered to be at high risk of VTE because of multiple
risk factors (three or more) should be considered for
thromboprophylaxis with LMWH antenatally

Women with inherited or acquired thrombophilia and no previous
history of VTE do not require pharmacological thromboprophylaxis
antenatally. Exceptions include women with:

o multiple thrombophilic defects (including homozygosity for factor
V Leiden)

antithrombin deficiency

heritable thrombophilia and a strong family history of VTE,
especially if pregnancy-related

o

o

LMWH, low-molecular-weight heparin; VTE, venous
thromboembolism.

Table 15.14 Thromboprophylactic doses of LMWH during
pregnancy and the puerperium.

Weight (kg)  Enoxaparin Dalteparin Tinzaparin

<b0 20mg daily 2500 units daily 3500 units daily
50-90 40mg daily 5000 units daily 4500 units daily
91-130 60mg daily* 7500 units daily* 7000 units daily*
131-170 80mg daily* 10000 units daily* ~ 9000 units daily*
>170 0.6mg/kg/day* 75 units/kg/day* 75 units/kg/day*

*May be given in two divided doses.
Source: Royal College of Obstetricians and Gynaecologists [72].

pregnancy. These women may qualify for antenatal or
postnatal thromboprophylaxis, depending on the specific
thrombophilia and the presence of other risk factors.
Women with previous VTE who are receiving long-term
anticoagulant therapy should change to LMWH by 6
weeks’ gestation to avoid the risk of teratogenesis. These
women should be considered at very high risk of VTE
and should receive ‘treatment’ doses of LMWH (e.g.
enoxaparin 40mg 12-hourly, dalteparin 5000 units 12-
hourly or tinzaparin 4500 units 12-hourly) throughout

pregnancy.
Acute VTE in pregnancy

Diagnosis
The symptoms and signs associated with DVT are
common in normal pregnancy (Table 15.15), reflecting the

Deep venous thrombosis

Leg pain or discomfort (especially the left leg)
Swelling

Tenderness

Increased temperature and oedema

Lower abdominal pain

Elevated white cell count

Pulmonary embolism

Dyspnoea

Collapse

Chest pain

Haemoptysis

Faintness

Raised jugular venous pressure

Focal signs in the chest

Associated symptoms and signs of DVT

physiological changes of pregnancy. Indeed, less than
10% of women presenting with suspected DVT in preg-
nancy have the diagnosis confirmed and less than 6%
with suspected PE are treated after completion of diag-
nostic imaging. However, as mortality from untreated PE
is high and clinical diagnosis of VTE unreliable, diagnos-
tic imaging should be performed when VTE is suspected
and anticoagulant treatment should be commenced
(unless strongly contraindicated) until objective testing is
concluded [73]. D-dimer estimation has high negative
predictive value as a screening test for VTE in the non-
pregnant. However, elevated levels are seen during
normal pregnancy particularly at term and in the postna-
tal period [74] and are increased further in conditions
such as pre-eclampsia, preterm labour and placental
abruption. Further research and validation of diagnostic
algorithms using D-dimer for diagnosis is required to
determine whether gestation-specific reference ranges
will improve the usefulness of D-dimer testing in preg-
nancy [75].

Deep vein thrombosis
Real-time/duplex ultrasound is used to diagnose DVT
and has a sensitivity of 97% and a specificity of 94%. A
negative ultrasound result with a low level of clinical
suspicion should result in the discontinuation of antico-
agulation (Table 15.16). With a negative ultrasound but a
high level of clinical suspicion, anticoagulation should be
continued and the ultrasound repeated in 1 week, or
X-ray venography considered. If repeat testing is nega-
tive, anticoagulant treatment should be discontinued.
Where iliac vein thrombosis is suspected (which may
present with back pain and/or swelling of the entire limb)
and ultrasound does not demonstrate thrombus, pulsed
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Table 15.16 Investigation of deep venous thrombosis (DVT) and
pulmonary embolism (PE) in pregnancy.

Test results

Management

V/Q scan reports a ‘'medium’ or ‘high’
probability of PE

‘Low’ probability of PE on V/Q scan
but positive ultrasound for DVT

V/Q scan reports a low risk of PE and
there are negative leg ultrasound
examinations

V/Q scan reports a low risk of PE and
there are negative leg ultrasound
examinations, yet there is a high
level of clinical suspicion

If the clinical probability of PE is high,
even if the V/Q scan shows ‘low’
probability and leg ultrasound
examination is negative

Anticoagulant treatment
should be continued

Anticoagulant treatment
should be continued

Anticoagulant treatment can
be discontinued

Anticoagulant treatment
should continue with
repeat testing in 1 week
(V/Q scan and leg
ultrasound examination)

Alternative imaging
techniques should be
considered (see text)

Table 15.17 Estimates of fetal radiation dose during diagnostic

tests for venous thromboembolism.

Chest X-ray

Limited venography

V/Q scan (depends on isotopes used)

Low-dose perfusion scanning
(omitting ventilation scanning)

CT pulmonary angiography

<0.01mGy
<0.5mGy
5.8mGy
<0.12mGy

First trimester <0.02 MGy
Second trimester (<0.08 MGy
Third trimester <0.13mGy

Source: after Ginsberg et al. [111], except data for CT pulmonary
angiography from Winer-Muram et al. [112].

Doppler, magnetic resonance venography or conven-
tional contrast venography should be considered.

Pulmonary embolism

If PE is suspected and the woman is haemodynamically
stable, a chest X-ray (CXR) should be performed princi-
pally to exclude other disorders including pneumothorax,
pneumonia or lobar collapse. The radiation dose to the
fetus with CXR is negligible (Table 15.17). Whilst the CXR
is normal in over half of pregnant patients with objec-
tively proven PE, abnormal features caused by PE include
atelectasis, effusion, focal opacities, regional oligaemia or
pulmonary oedema. The ECG is of limited value and the
interpretation of blood gases requires consideration of
normal pregnancy physiology.

If the CXR is normal, bilateral Doppler ultrasound leg
studies should be performed (Table 15.16). A diagnosis of
DVT may indirectly confirm a diagnosis of PE and since

anticoagulant therapy is the same for both conditions,
further investigation is not usually necessary. This would
limit the radiation doses from further diagnostic tests to
the mother and her fetus.

The choice of technique for definitive diagnosis of PE
is normally between ventilation—perfusion (V/Q) scan-
ning and CT pulmonary angiography (CTPA). During
pregnancy the ventilation component of the V/Q scan can
often be omitted, thereby minimizing the radiation dose
to the fetus. In the UK, the British Thoracic Society recom-
mends CTPA as first-line investigation for non-massive
PE in non-pregnant patients [76]. However, V/Q scan-
ning has a high negative predictive value in pregnancy
and may be more reliable than CTPA [77]. When V/Q
interpretation is difficult (e.g. if the CXR is abnormal),
then CTPA is preferred. This technique delivers a lower
radiation dose to the fetus (see section below), and may
identify other pathology such as aortic dissection. The
main disadvantage of CTPA is the high radiation dose to
the maternal breasts, associated with an increased lifetime
risk of developing breast cancer.

Radiation exposure associated with diagnostic tests

CTPA delivers less radiation to the fetus than V/Q scan-
ning during all trimesters of pregnancy (Table 15.17). It
has been estimated that the risk of fatal cancer to the age
of 15 years is less than 1 in 1 million after in utero exposure
to CTPA and 1 in 280000 following a perfusion scan.
While CTPA is associated with a lower risk of radiation
for the fetus, this must be offset by the relatively high
radiation dose (20mGy) to the mother’s thorax and in
particular breast tissue. The delivery of 10mGy of radia-
tion to a woman’s breast increases her lifetime risk of
developing breast cancer. It has been estimated that the
increased risk is 13.6% (background risk 1 in 200), a figure
that has been cited widely [73,78]. Whilst this level of risk
may be an overestimate, breast tissue is especially sensi-
tive to radiation exposure during pregnancy. It therefore
seems sensible to recommend that lung V/Q scans should
be considered the investigation of first choice for young
women, especially if there is a family history of breast
cancer or the patient has had a previous chest CT scan.
Radiation exposure from pulmonary angiography is
approximately 0.5mSv to fetus and 5-30mSv to mother.

Treatment

Blood should be taken for a full blood count and coagula-
tion screen before anticoagulant therapy is commenced.
Renal or hepatic dysfunction, which are cautions for anti-
coagulant therapy, should also be assessed through urea,
electrolytes and liver function tests.

The treatment of VTE in pregnancy is heparin, with
LMWH having largely replaced unfractionated heparin
(UFH). Vitamin K antagonists are rarely employed in the
antenatal period for the treatment of VTE since they cross



the placenta and can have adverse effects on the fetus (see
below). Meta-analyses of randomized controlled trials in
non-pregnant patients indicate that LMWH is more effec-
tive and is associated with a lower risk of haemorrhagic
complications and lower mortality than UFH in the initial
treatment of DVT. A meta-analysis of randomized con-
trolled trials has shown equivalent efficacy of LMWH and
UFH in the initial treatment of PE. A systematic review of
LMWH in pregnancy has confirmed its efficacy and safety
in the management of acute thrombosis and in the provi-
sion of thromboprophylaxis.

Whilst several LMWH preparations are available, most
experience currently exists with enoxaparin, dalteparin
and tinzaparin. In non-pregnant patients with acute VTE,
LMWH is usually administered in a once-daily dose. In
view of recognized alterations in the pharmacokinetics of
dalteparin and enoxaparin during pregnancy, a twice-
daily dosage regimen is recommended for these heparins
in the initial treatment of VTE in pregnancy (enoxaparin
1mg/kg twice daily; dalteparin 100 units/kg twice daily).
Preliminary biochemical data suggest that once-daily
administration of tinzaparin (175 units/kg) may be
appropriate in the treatment of VTE in pregnancy.
Whichever preparation of LMWH is employed, the
woman should be taught to self-administer the drug by
subcutaneous injection, allowing her to be managed on
an outpatient basis until delivery.

Treatment with LMWH can be monitored by measur-
ing peak anti-Xa activity (3 hours after injection) with a
therapeutic range of approximately 0.5-1.2 units/mL.
However, for most patients such monitoring is consid-
ered unnecessary, as reliable results are found using a
dose based on weight [79]. Monitoring may be indicated
at extremes of body weight (<50 and =90kg) and in
women with recurrent VTE or renal disease. Platelet mon-
itoring is considered unneccessary in women treated
exclusively with LMWH (see below).

Risks of anticoagulant therapy in pregnancy

Both UFH and LMWH do not cross the placenta and are
not associated with teratogenicity or fetal bleeding. In
contrast, vitamin K antagonists such as warfarin, cross the
placenta and, with exposure between 6 and 12 weeks of
gestation, are associated with a characteristic embryopa-
thy (Table 15.18), which can be avoided by heparin

Table 15.18 The features of warfarin embryopathy.

Mid-facial, particularly nasal, hypoplasia
Stippled chondral calcification

Short proximal limbs

Short phalanges

Scoliosis
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substitution. The risk of warfarin embryopathy was 6.4%
in one systematic review of warfarin use during preg-
nancy in women with mechanical heart valves [80],
although other reviews have found lower levels (0.6-4%)
[81]. The risk of embryopathy may be higher with doses
of warfarin over 5mg/day. Warfarin is also associated
with fetal and neonatal haemorrhage. With fetal liver
immaturity, maternal therapeutic warfarin (INR 2-3) is
likely to result in excessive anticoagulation in the fetus.
Warfarin during the second and third trimesters may also
result in neurodevelopmental problems.

The maternal complications of anticoagulant therapy
include haemorrhage, osteoporosis, thrombocytopenia
and allergy. With UFH, the rate of major bleeding in preg-
nant patients is 2%, which is similar to heparin and war-
farin when used for the treatment of DVT in the
non-pregnant. One of the potential advantages of LMWH
over UFH is an enhanced anti-Xa (antithrombotic)/anti-
Ila (anticoagulant) ratio, resulting in a theoretically
reduced bleeding risk. UFH causes a dose-dependent loss
of cancellous bone and, if administered for more than 1
month, symptomatic vertebral fractures occur in 2-3%,
with significant density reduction evident in more than
30% with long-term therapy. LMWH carries a much lower
risk of symptomatic osteoporosis than UFH [82]. Around
3% of non-pregnant patients receiving UFH develop an
idiosyncratic immune, IgG-mediated heparin-induced
thrombocytopenia (HIT), which is frequently complicated
by extension of pre-existing VIE or new arterial throm-
bosis. The HIT risk is substantially lower with LMWH
and considered negligible if LMWH is used exclusively.
This condition should be suspected if the platelet count
falls to below 100 x 10°/L (or to less than 50% of baseline)
5-15 days after commencing heparin (or sooner with
recent heparin exposure). If ongoing anticoagulation is
needed in such patients, then the heparinoid danaparoid
sodium is recommended. Danaparoid inhibits thrombin
production and has a low rate of cross-reactivity with HIT
antibodies. A review of 91 pregnancies in 83 women con-
cluded that danaparoid is an effective and safe antithrom-
botic in pregnancies for women who are intolerant of
heparin [83]. Guidelines from North America recommend
that routine platelet count monitoring is not required in
obstetric patients who have received only LMWH as
heparin-induced thrombocytopenic thrombosis is not a
feature in pregnancies managed exclusively with LMWH
[68]. If UFH is employed or if the obstetric patient is
receiving LMWH after first receiving UFH, or if she has
received UFH in the past, the platelet count should ideally
be monitored every 2-3 days from day 4 to day 14, or until
heparin is stopped, whichever occurs first [84].

Labour and delivery
Heparin treatment should be discontinued 24 hours prior
to elective induction of labour or delivery by Caesarean
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Table 15.19 Heparin and neuraxial instrumentation.

Wiait 12 hours after prophylactic dose LMWH before epidural
instrumentation

Wiait 24 hours after the last therapeutic dose (e.g. enoxaparin
1mg/kg/12 hours) before epidural instrumentation

Wiait 10-12 hours from most recent LMWH injection before cannula
removal

No LMWH for at least 4 hours after epidural catheter removal

section. If spontaneous labour occurs, the woman should
not inject any further heparin until she has been assessed.
If heparin is required and there is a high risk of haemor-
rhage, intravenous UFH should be employed (as prompt
reversal occurs on discontinuation or with protamine).
Similarly, if the woman has a very high risk of recurrent
VTE (e.g. a VTE diagnosed near term), then therapeutic
intravenous UFH can be initiated and discontinued 4-6
hours prior to the expected time of delivery. The risk of
epidural or spinal haematoma during neuraxial instru-
mentation in pregnant patients receiving LMWH has not
been clearly quantified, but precautions are indicated
(Table 15.19).

In the UK, in non-pregnant patients it is recommended
that anticoagulant therapy should be continued for 6
weeks for calf vein thrombosis and 3 months for proximal
DVT or PE when VTE has occurred in relation to a tem-
porary risk factor, and 6 months for a first episode of
idiopathic VTE. The presence of ongoing risk factors and
the safety of LWMH have led authorities to propose that
anticoagulant therapy should be continued for the dura-
tion of the pregnancy and until at least 6 weeks after
delivery and to allow a total duration of treatment of at
least 3 months. Both heparin and warfarin are satisfactory
for use after birth and neither is contraindicated in
breast-feeding.

Management of massive life-threatening PE
Massive life-threatening PE is an obstetric and medical
emergency. It is defined as an embolus associated with
haemodynamic compromise (systolic blood pressure
<90mmHg or a drop in systolic blood pressure of
40mmHg or more from baseline for a period over 15min),
not otherwise explained by hypovolaemia, sepsis or new
arrhythmia. Hospitals should have guidelines for the
management of non-haemorrhagic obstetric shock. The
collapsed shocked pregnant woman needs to be assessed
by a multidisciplinary resuscitation team of experienced
clinicians including senior obstetricians, physicians
and radiologists, who should decide on an individual
basis whether a woman receives intravenous UFH,
thrombolytic therapy or thoracotomy and surgical
embolectomy.

Oxygen should be administered and the circulation
supported using intravenous fluids and inotropic agents
if required. Intravenous UFH is the traditional method of
heparin administration in acute VTE and remains the pre-
ferred treatment in massive PE because of its rapid effect
and extensive experience of its use in this situation. The
diagnosis should be established using either portable
echocardiography or CTPA.

In massive life-threatening PE with haemodynamic
compromise there is a case for considering thrombolytic
therapy, as anticoagulant therapy will not reduce the
obstruction of the pulmonary circulation. After thrombo-
lytic therapy has been administered, an intravenous infu-
sion of UFH can be given. There are now a large number
of published case reports on the use of thrombolytic
therapy in pregnancy, streptokinase being the agent most
frequently employed. Streptokinase, and probably other
thrombolytic agents, do not cross the placenta. No mater-
nal deaths associated with thrombolytic therapy have
been reported, and the maternal bleeding complication
rate is approximately 6%, which is consistent with that in
non-pregnant patients receiving thrombolytic therapy.
Most bleeding events occur around catheter and puncture
sites and, in pregnant women, from the genital tract. If
the patient is not suitable for thrombolysis or is mori-
bund, cardiothoracic surgeons should be consulted to
consider urgent thoracotomy.

Q Summary box 15.5

e Although venous thrombosis is often associated with the
post-partum period, a significant number of cases of fatal
pulmonary embolus occur in the first trimester.
Gestational venous thrombosis usually occurs in the
ileo-femoral veins, particularly on the left side.

Risk assessments for VTE should be performed throughout
pregnancy and the puerperium.

The clinical diagnosis of VTE is unreliable. Consequently,
objective imaging should be performed and anticoagulant
treatment used until objective testing is concluded.
Neither unfractionated nor low-molecular-weight heparins
cross the placenta.

Inherited bleeding disorders

Anumber of inherited bleeding disorders may be encoun-
tered by those providing pregnancy care. Of these, vVWF
deficiency is the most common. For some of these disor-
ders pregnancy management also includes the diagnosis,
or exclusion, of fetal carriage of these inherited defects.
However, many cases of fetal carriage remain unsus-
pected during pregnancy. Depending on the defect, a
number of pregnant haemophilia carriers may require



more active management during the pregnancy, delivery
and the puerperium. An outline of the issues surrounding
von Willebrand’s disease (vWD) and the commoner hae-
mophilias (i.e. A, B and C) are detailed below. The par-
ticular challenges surrounding other rarer disorders such
as dysfibrinogenaemia or factor (F)XIII deficiency have
been the subject of a recent comprehensive review [85].

Haemophilia A and B

Heritable deficiencies of FVIII (haemophilia A) and FIX
(haemophilia B) occur as X-linked recessive disorders.
Consequently, most females carrying an affected gene are
asymptomatic. Moreover, in the vast majority of haemo-
philia A carriers, FVIIIc levels will normalize during preg-
nancy. Women can be mildly symptomatic if (amongst
other mechanisms) they are homozygous for a mutation
or have significant lyonization (where the random inacti-
vation of the X chromosome that occurs in all cells, by
chance, inactivates more of the normal X chromosome in
the factor-producing cells). For both haemophilias,
daughters of an affected male are obligate carriers of the
disease and a female carrier of haemophilia has a 50/50
chance of passing the disorder to her son and a 50/50
chance of passing the carrier state to her daughter.

Haemophlia A results from a variety of genetic muta-
tions, although 40% of severely affected individuals have
an inversion involving intron 22 of the gene, whereas the
majority of mild disease results from point mutations.
Haemophilia A also tends to follow a similar pattern in
affected family members, reflecting the particular familial
mutation, although in 60% of cases there may be no
known family history. Haemophilia B is considerably less
common, but is more often associated with a family
history. It is also associated with a wide variety of muta-
tions, with many of these being peculiar to an individual
family. Both haemophilia A and B result in a lifelong
tendency to bleed. However, it is unusual to see bleeding
problems in the neonate and symptoms are often first
seen when the infant begins to crawl or walk. For both
haemophilias symptoms are directly related to the level
of remaining factor activity: a level below 1IU/dL leads
to severe spontaneous bleeding (often haemarthrosis); a
level of 1-51U/dL leads to moderate bleeding only after
minor trauma; and a level of 6-40IU/dL leads to mild
bleeding only after major trauma. In both haemophilia
and vWD (see below) the diagnosis may be suspected if
there is prolongation of the activated partial thromboplas-
tin time (APTT), although a normal time does not exclude
mild disease. The diagnosis of haemophilia can be con-
firmed by determining FVIIIc, FIXc and FXIc levels. In
milder cases, vVWD may also have to be excluded.

In mild haemophilia A and vWD, there should be an
assessment of the effect of the vasopressin analogue
desmopressin (DDAVP), which may increase plasma
FVIIlc and vWF by two to five times. DDAVP has no
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significant oxytocic effects [86], is not associated with
teratogenicity in animal studies and has been used in
early pregnancy to permit CVS or amniocentesis [87].
Theoretically, if used at delivery it could carry an increased
risk of fetal hyponatraemia. However, restricting its use
until after clamping of the placental cord should avoid
this. Replacement with factor products in haemophilia A
and B should be achieved with recombinant or high
purity factor preparations where possible, with dosage
based on the plasma concentration of factor required and
on the body weight or plasma volume. In general, treat-
ment should be initiated under the supervision of a physi-
cian experienced in the management of haemophilia and
in the UK there is a system of regional haemophilia
centres. In all cases, if a patient presents for care, the
centre responsible for the patient’s haemophilia care
should be contacted to determine which treatment
product is usually used and to ascertain if the patient is
known to have any inhibitor to FVIII or FIX which might
affect treatment.

Carrier detection of haemophilia

A mother is an obligate carrier of haemophilia if she has
an affected father. She is also considered a carrier if she
has had two affected sons, or if she has a family history
and one affected son. It is also likely if she has no family
history but has had an affected son. In general, the phe-
notype of haemophilia A remains constant in families and
carriage of a mild defect should result in a mildly affected
son. A reduced level of FVIIIc is consistent with carriage
of haemophilia A, although a normal level does not
exclude it, especially if an individual is pregnant. In sus-
pected cases with normal FVIIlc, it has been shown that
the ratio of plasma FVIIIc to vWF levels may help distin-
guish between carriers and non-carriers, but this is
unlikely to give useful information in pregnant subjects
because of the marked physiological changes in both
factors. Female carriage of haemophilia B is likely if there
is reduced FIX activity (which often results in a more
clear-cut distinction from non-carriers than FVIII carriage
in haemophilia A), but assessment of FIX antigen levels
is more problematic as there may be a considerable
overlap with non-haemophilic subjects. Unlike FVIII, FIX
activity does not change substantially with increasing
gestation, and in those carriers with a low level this level
tends to persist during pregnancy.

For haemophilia A there are two types of genetic diag-
nosis that can be achieved: direct and indirect evidence
of a mutation. In severe haemophiliacs, direct detection
of the intron 22 inversion, or a further common inversion
in part of the intron 22 sequence, should be carried out.
In mildly affected individuals, the indirect methods using
linkage analysis of polymorphisms can be carried out.
This requires information from several family members,
one of whom needs to carry the disease, and relies on
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normally occurring variations in the genetic nucleotide
sequence that can be used to track the mutant gene.
Alternatively, direct sequencing will give diagnostic
information in the majority of subjects. For haemophilia
B, confirmation of female carriage requires knowledge of
the mutation within the family. In general, to be certain
that an identified mutation causes haemophilia B, it is
recommended that the mutation is already included in
one of the international databases of haemophilia muta-
tions, as some mutations do not affect function.

Prenatal diagnosis

In those many cases which are sporadic, elimination of
fetal haemophilia cannot be achieved by prenatal diagno-
sis. However, when haemophilia is suspected, prenatal
diagnosis can be achieved by a number of techniques. Of
these, CVS is the method of choice. However, as it is
carried out prior to the possibility of fetal sexing by ultra-
sound, CVS may result in an unnecessary risk to a female
fetus. CVS is used to determine the fetal sex in the first
instance and, where appropriate, a known mutation can
then be detected by sequencing or, if possible, by linkage
analysis. A number of polymorphisms are informative in
about 90% of cases of haemophilia B in white people.
However, genetic diagnosis by CVS is not infallible. In the
second trimester, it is usual to offer fetal sexing by ultra-
sound. Amniocentesis can also be used to acquire fetal
genetic material, and can be carried out after the fetal sex
determination by ultrasound. However, this may lead to
the possibility of termination beyond 15 weeks’ gestation.
Cordocentesis to determine fetal levels of FVIII or FIX can
be used between 18 and 20 weeks, but is often seen as a
last resort as it may lead to the stress of an even later
termination. Isolation of free fetal DNA in the maternal
circulation is possible in the first trimester, and may be
increasingly used, in combination with ultrasound [88],
to determine fetal sex prior to 11 weeks’ gestation. In the
future the diagnosis of haemophilia itself may be achieved
by isolation of fetal cells or free fetal DNA from the mater-
nal circulation.

Antepartum carrier management

In mild haemophilia A and vWD the levels of vWF and
FVIIIc increase with gestation and thus replacement
products are rarely required in carriers before birth.
However, when early complications such as miscarriage
or ectopic pregnancy occurs, or a procedure such as amni-
ocentesis or CVS is required in a carrier, then problems
are occasionally seen. FIXc levels do not increase during
pregnancy and in more markedly affected haemophilia B
carriers, haemostatic support is more likely to be required
during pregnancy than with equivalent haemophilia A
carriers. Such support should be with recombinant factor
products, as DDAVP is usually ineffective in FIX defi-
ciency. If there is the potential for use of blood products

(even recombinant products) during the pregnancy, then
the woman should have her immunity to hepatitis A and
B checked and appropriate immunization considered.
FVIIIc or FIX levels should be checked in all carriers at
the first antenatal visit and again in the third trimester (at
28 and 34 weeks). A level of 50IU/dL of FVIII or FIX, as
appropriate, is usually sufficient to avoid haemorrhagic
problems in early pregnancy, for vaginal delivery, diag-
nostic procedures (such as amniocentesis) and Caesarean
section, and (if the level is above 501U /dL and the coagu-
lation screen is normal) epidural anaesthesia [89].

Management of delivery and puerperium

On admission to the labour suite, a full blood count, coag-
ulation screen, appropriate factor level assessment (unless
these have previously been normal) and a cross-match
sample for group and save should be performed.
Intramuscular analgesia should be avoided if the mother
has a FVIIIc level of less than 501U /dL, but such therapy
can be given intravenously. The management of delivery
must consider the possibility of fetal haemophilia. Even
if the fetus is a female it is important to remember that
she may still be at risk of bleeding because of the combi-
nation of lyonization and the reduced coagulation factor
production associated with liver immaturity. The mode
of delivery remains controversial [90], but generally
delivery should be by the least traumatic method and
vaginal delivery is often preferred for known haemo-
philia carriers, with few obstetricians recommending
Caesarean section purely on the basis of suspected (or
known) fetal haemophilia. However, the main concern is
fetal intracerebral bleeding in the course of delivery. Thus,
where the fetus may be a carrier female or affected male,
it is prudent to avoid procedures that would place the
fetus at increased risk of bleeding, such as complicated
forceps deliveries, rotational forceps, ventouse extraction,
scalp electrodes or fetal scalp blood sampling. A straight-
forward mid or low cavity forceps delivery is usually
considered to carry a reasonable risk. However, if there is
a delay in labour and an easy vaginal delivery seems less
likely, then the mother should be delivered by Caesarean
section.

In haemophilia A, as pregnancy FVIIlc levels fall
quickly to pre-pregnancy levels after delivery, haemor-
rhage is possible and FVIII levels should be maintained
above 50IU/dL for at least 3 days after vaginal delivery
and for 5 days following Caesarean section [89]. DDAVP
can be used, if required, in breast-feeding mothers as it
does not enter breast milk. For the newborn, cord deter-
mination of appropriate factor levels, on blood aspirated
by clean venepuncture from the umbilical vein, should be
obtained in all suspected or known cases if possible.
Vaccines should be given by the subcutaneous route and
intramuscular injections and heel stabs avoided until the
level of clotting factors is known. In such cases vitamin K



prophylaxis is routinely given by the oral rather than
intramuscular route. Follow-up for determination and, if
required, treatment must be organized with the appropri-
ate paediatric haemophilia centre.

Difficulties arise when a sporadic case of haemophilia
unexpectedly presents with an intracerebral haemorrhage
following vaginal delivery. In this context it is important
to remember that approximately one-third of cases of hae-
mophilia are due to new mutations. In sporadic cases,
haemophilia in the child may not be immediately consid-
ered and mild prolongation of the APTT (which occurs in
moderately affected individuals) may be interpreted as
being within normal limits for the newborn. In all sus-
pected cases, specific factor assays should be performed.
Screening for congenital dislocation of the hip should be
carried out with caution, or postponed until the results of
factor levels are known. The place of early prophylaxis
after birth remains controversial and in some areas serial
brain ultrasound scans are used to screen for intracerebral
haemorrhage. Recent advice does recommend that cranial
ultrasound /computed tomography should be performed
in neonates where the diagnosis of haemophilia has been
made and there has been a traumatic delivery or bleeding
is suspected [89].

Haemophilia C

Haemophilia C is inherited as an autosomal recessive trait
and results in reduced FXIc levels. The disorder has a
prevalence in the general population of about 1 in 1
million, but occurs at a higher frequency in the Ashkenazi
and Iraqi Jew populations. At least 28 known mutations
are known but, unlike haemophilia A and B, bleeding is
more difficult to predict. Generally, bleeding does not
correlate well with residual FXI activity. Haemarthrosis is
uncommon and spontaneous bleeding is rare. Indeed, in
many affected individuals bleeding only occurs following
surgery or trauma. Although deficiency may prolong
the APTT, this is only likely to detect homozygous sub-
jects. Thus in all suspected cases a FXIc assay should be
performed. Prenatal diagnosis is often difficult because of
the large number of mutations associated with FXI
deficiency, although two mutations predominate in
Askenazi jews, making prenatal diganosis more straight-
forward [89].

Management in pregnancy

There are a variety of studies that show no change in FXIc
levels with gestation in normal individuals [91,92],
although many show a gradual reduction [93]. It has been
recommended that factor levels should be checked at
booking, 28 weeks, 34 weeks and prior to invasive proce-
dures [89]. However, as there is no good correlation
between FXIc levels and bleeding, close monitoring of
FXIc levels may be of limited value. Postpartum haemor-
rhage occurs in 20% of homozygotes, but excessive
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bleeding may also occur in heterozygotes. In general, sub-
jects with a FXIc level below 15IU/dL have a 16-30%
chance of excessive bleeding during delivery [92,94] and
should receive prophylactic factor concentrate at the
beginning of labour or prior to a planned delivery, unless
there is a history of uneventful major surgery without
prophylaxis [89]. Even if specific haemostatic support is
thought not to be required, products should be available.
When therapy is needed, daily use of a FXI concentrate is
probably justified, with the aim of achieving a target FXIc
level of no greater than 70IU/dL (as levels greater than
100IU/dL have been associated with thrombosis [95,96]).
In those with a history of thrombosis or atherosclerosis,
FXI concentrate may not be advisable and support with
virally inactivated FFP is an alternative. If there has been
no history of bleeding, tranexamic acid could also be used
to cover delivery [91], but fibrinolysis is impaired in preg-
nancy and this should be used with caution in view of the
potential for thrombosis. The use of regional anaesthesia
remains controversial, and should be avoided in severe
cases or those with a history of significant haemorrhage
[89]. As with any other haemophilia, the possibility of
fetal carriage should be considered when planning fetal
monitoring, forceps and ventouse extraction at delivery,
although neonatal bleeding is uncommon. As FXI levels
may be low in the neonatal period, exclusion of disease
in offspring may not be possible immediately after
delivery.

von Willebrand’s disease

vWEF binds platelets to the subendothelium at the site of
vessel injury, whilst the binding of FVIII to vWF in the
plasma protects FVIII from degradation. vWD results in
a quantitative or qualitative defect in vVWF and is the most
common heritable bleeding disorder, with a frequency
that has been estimated at about 1% of many populations
[97,98]. There are three main types of vVWD: type 1 is the
most common and results in partial deficiency of vWF
and is usually mild; type 2 results in a functional defect
of vWF (of which four variants are recognized); and type
3 is more severe as it results in a virtual absence of
vWEF, with an accompanying significant effect on FVIIIc
levels [99].

A reduction in vWF results in a defect of primary hae-
mostasis leading to menorrhagia, bruising, epistaxis,
postpartum haemorrhage and bleeding after dental
extraction. In severe vWD, the accompanying reduction
in circulating FVIII also results in a mild to moderate
haemophilia A phenotype. In all suspected cases, APTT,
vWF antigen and activity, and FVIIIc levels should be
assessed. However, vWE/FVIII may rise in association
with the acute-phase response and in pregnancy [93], so
the diagnosis of mild disease can be difficult. In the
mildest and commonest form of vWD, blood levels of
vWEF will respond to an infusion of the vasopressin
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analogue DDAVP [86,100]. In subjects who do not respond
to DDAVP, treatment with plasma-derived factor concen-
trates (which contain both FVIII and vWF) is required.
Although antifibrinolytic agents are often avoided in
pregnancy, tranexamic acid may also be a useful adjunct
to other therapy, particularly in postpartum haemorrhage
and it has also been used to control or prevent bleeding
at/around delivery without apparent maternal or fetal
effects [87].

Management

All women with vWD who are contemplating pregnancy
should be advised of the risk of bleeding and offered
access to a genetic counsellor regarding the inheritance of
vWD and given information on the planned evaluation
of her offspring after delivery [99]. During pregnancy all
affected women should have rapid access to specialized
haemophilia care. If the fetus is at risk of severe (usually
type 3) vWD, prenatal diagnosis may be required,
achieved either by identifying a mutation or by analysing
restriction fragment length polymorphisms that are
known to be informative. Although vWF levels increase
with gestation, it is important to assess VWF (activity and
antigen) and FVIIIc levels between 34 and 36 weeks’ ges-
tation in all women with vWD to confirm that the levels
have increased sufficiently to allow labour and delivery
without the need for DDAVP or blood products [99].

In subjects with mild to moderate vWD, vWF levels
usually increase from weeks 6-10 of gestation, increasing
threefold to fourfold by the third trimester [92,101]. This
makes antenatal therapy unnecessary in most cases.
However, as with haemophilia A, early pregnancy com-
plications (particularly when vWF activity is below 501U/
dL) may require specific treatment to improve vWF levels.
DDAVP has been used during pregnancy, but repeated
administration and use where there is evidence of pre-
eclampsia should be avoided [89]. In more severe VWD
there is unlikely to be a rise in vVWEF with gestation
[101,102] and factor therapy may be required to cover
interventional procedures or spontaneous bleeding. In
type 2b vVWD, thrombocytopenia may develop or worsen
during pregnancy as a result of increasing platelet aggre-
gation [103]. Consequently, monitoring of the platelet
count in this group may be advisable, although treatment
is not usually required [104]. A vWE/FVIII activity level
above 50IU/dL is considered safe for vaginal delivery
and Caesarean section [89].

After delivery, the levels of vWF rapidly return to pre-
pregnancy levels. Consequently, vVIWD is associated with
a twofold to fourfold higher risk of primary and second-
ary postpartum haemorrhage [87,105]. However, in most
mild vWD, prophylactic therapy for vaginal delivery is
not needed, although treatment may be required (particu-
larly in type 2 vWD) for episiotomy or perineal tears.
Even in mild disease, epidural analgesia should not be

undertaken lightly but with due regard to the risks of
spinal haematoma, and in all cases VWF acivity above
50IU/dL is recommended before epidural analgesia is
considered [89]. As with mild haemophilia A, in those
who are known to respond to DDAVP, this can be used
to cover Caesarean section. Overall, delayed secondary
postpartum haemorrhage may be 15-20 times more
common in those with vIWD than in normal women [99]
and even in mild vIWD there will be a fall in vWF after
delivery and discharge planning in women with sympto-
matic disease should take account of the possibility of
delayed secondary postpartum haemorrhage. In particu-
lar, vWF and FVIIIc levels should be monitored in the first
days after delivery and maintained above 501U/dL for
3-5 days. After delivery all women should be advised of
the potential for postpartum haemorrhage and close
contact should be maintained between affected women
and healthcare providers throughout the puerperium
[99]. Severe vVWD is more often associated with intrapar-
tum and postpartum haemorrhage, which may occur
despite prophylaxis.

Epidural anaesthesia is not recommended for more
severe disease, but if the vVWF ristocetin cofactor level
(VWE activity) and factor VIIIc level are above 50IU/dL
and the coagulation screen is normal, regional anaesthe-
sia is not absolutely contraindicated [99]. As with all
bleeding disorders, where a fetus is at risk of inheriting
vWD, delivery should managed to minimize the risk of
trauma to the fetus. In all suspected cases, the umbilical
cord venous vWF level should be assessed with a sample
obtained by clean venepuncture. It should be noted that
this is not reliable for the exclusion of milder disease.

:'? Summary box 15.6

e Most mild or non-affected haemophilia carriers and
patients with VWD have a normal pregnancy outcome.
However, vigilance and planning are required when
complications occur, or invasive investigations are required,
particularly in early pregnancy.

e Given the possibility of fetal carriage of inherited bleeding
disorders, the delivery of affected or carrier mothers
should be by the least traumatic method.
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Chapter 16

Miscellaneous Medical Disorders

Andrew McCarthy

Imperial College Healthcare, London, UK

The Confidential Enquiry into Maternal and Child Health
[1] is referred to in Chapter 32. In the latest enquiry, cover-
ing the years 20032005, the rate of death from indirect
causes remained stable in comparison to previous years.
There were a number of deaths where vulnerable women
had not accessed care, and emphasis is placed on ensur-
ing that there are no barriers to deter vulnerable members
of society from seeking appropriate care.

Most medical conditions in this age group do not result
in serious morbidity, though many have the potential to
do so (e.g. epilepsy, asthma and migraine). It is important
that women receive good advice before pregnancy about
the potential impact of their medical condition, and enter
pregnancy with appropriate confidence about routine
medication or specific management plans to alter treat-
ment in the first trimester. This necessitates that they have
ready access to specialist help once they become preg-
nant. Some compromise in effectiveness of medical treat-
ment for long-term conditions is potentially involved,
and it is clearly appropriate that these issues will have
been addressed prior to pregnancy, for example antico-
agulation in high-risk patients or renal protection with
angiotensin-converting enzyme (ACE) inhibitors. The
importance of pre-conception counselling is emphasized
in the latest Confidential Enquiry.

There are a variety of medical disorders which may
impact on a mother’s health during pregnancy and the
puerperium. These may be classified as those that are
incidental to the pregnancy and where no exacerbation is
expected as a result of pregnancy, and those that are
clearly prone to exacerbation due to pregnancy. The latter
are of greatest concern to obstetricians, but incidental
problems leading to serious morbidity also require careful
coordinated care, and care pathways are generally much
less robust for these conditions.

General considerations

Mean age of childbearing has increased steadily in recent
years. This has the effect of increasing the chance of a
pregnancy being complicated by coincidental medical
conditions, and increases the risk that such conditions can
impact on women’s health. In the UK the latest figures
collected over the triennium 2003-2005 reveals that 3.2%
of deliveries are to women 40 years of age and over, while
2.9% of women have a body mass index (BMI) over 40.
In some units 6% of women are 40 years and older. This
reflects a major shift, increasing risk of morbidity from
medical disorders, and may be a contributory factor
towards indirect deaths in the triennial maternal mortal-
ity enquiry. The number of women delivering who were
born outside the UK also continues to rise, contributing
to this burden.

Management of women with medical disorders is often
best coordinated within clinics with both obstetric and
medical opinions and midwifery input available. When
problems arise such clinics make outpatient management
much more convenient for the patient, and facilitate good
communication between the relevant medical teams.
They also serve as a focal point with which the woman
may make contact in early pregnancy when treatment
changes may need to take place without delay or in later
pregnancy if there are problems. Integrated care plans for
women with medical disorders should be made. Good
communication between the different specialties involved
in a woman’s care is necessary, and good communication
between maternity units is necessary so that women with
complications are managed in centres with all relevant
expertise. Within units, consideration needs to be given
to how such cross-specialty communication occurs if
there is no formal multidisciplinary meeting where

Dewhurst’s Textbook of Obstetrics & Gynaecology, Eighth Edition. Edited by D. Keith Edmonds.
© 2012 John Wiley and Sons, Ltd. Published 2012 by John Wiley and Sons, Ltd.

173



174 Chapter 16

high-risk cases are discussed. The role of the midwife and
support workers cannot be emphasized enough in ensur-
ing that women feel comfortable contacting services, and
in ensuring that issues such as domestic abuse are picked
up (see Chapter 61).

Respiratory disorders

Women with respiratory disorders require careful assess-
ment when they present for antenatal care. For many this
will mean a specialist opinion from an obstetric physician,
for others an agreed care pathway with the relevant spe-
cialist. For those with a risk of respiratory compromise
during pregnancy or delivery, investigation with pulmo-
nary functions tests may be necessary. Exclusion of associ-
ated pulmonary vascular disease by echocardiography is
essential if there is any risk (see Chapter 12 for further
discussion). An anaesthetic opinion prior to the third tri-
mester is valuable, including for those with possible res-
piratory compromise due to musculoskeletal problems.
Such musculoskeletal conditions can also hinder regional
anaesthesia, and referral should occur early enough to
allow imaging of the spine if necessary to allow the anaes-
thetist time to plan.

Breathlessness can be one of the most difficult symp-
toms to interpret in pregnancy. Some increase in breath-
lessness arises during the course of a normal pregnancy,
and yet the same complaint can be a manifestation of
serious and life-threatening complications such as throm-
boembolism, cardiac disease, or deterioration of back-
ground respiratory disease. Patients should have a careful
clinical assessment by history and examination. Oxygen
saturation, arterial blood gases and chest X-ray may all
help in differentiating physiological breathlessness from
serious disease. Experienced medical opinion should be
sought if there is concern about underlying pathology,
and if faced with recurrent admissions.

ED Summary box 16.1

Women with recurrent admissions have been identified in
the maternal mortality enquiry as a high-risk group.
Readmission with the same complaint should always result
in a re-evaluation of the primary diagnosis, appropriateness
of treatment and of the need for more senior or specialist
review.

Management of acute respiratory compromise may
require delivery. While the physiological adaptation to
pregnancy is not critically dependent on any respiratory
change, in the presence of pathology the negative impact
of pregnancy including splinting of the diaphragm may

mean that delivery is an important part of the treatment
plan to ensure recovery. This may mandate Caesarean
delivery in difficult circumstances and in such situations
experienced obstetric, medical and anaesthetic input is
required. Such patients may require general anaesthesia
and intensive care after delivery.

Asthma

The most common respiratory disorder is asthma, affect-
ing approximately 4% of all pregnant women, and mater-
nal death from asthma still occasionally occurs [1]. Most
women with asthma will not suffer any adverse affect on
their pregnancy as a result of their condition. It is impor-
tant that women with asthma receive good advice about
using medication in pregnancy and reassurance that all
commonly used medications to control asthma are safe.
They must be reassured that flares must not be ignored
and that treatment of flares with medication such as ster-
oids is safe for their baby. Generally, a short course of oral
steroid therapy will achieve control of symptoms where
conventional inhalers are failing. As these women may
present directly to delivery suites, it is important that
protocols for the treatment of acute asthmatic attacks are
available in such units [2] and that medical back-up is
available. It is clearly ideal that consultation should
ensure that women presenting in the third trimester have
optimal control of their asthma prior to childbirth, and
this will mean serial visits for those with brittle control to
ensure stepwise increases in treatment. Acute exacerba-
tions in labour are rare.

Pneumonia

Pneumonia can be a life-threatening illness in a woman
of childbearing age [1], although the incidence in preg-
nancy is thought to be similar to that in the non-pregnant
state [3]. Productive cough and pleuritic chest pain are the
most common complaints in addition to breathlessness.
Acute pneumonia should be managed by experienced
physicians; imaging is important in patient care and
should not be withheld. In one series, 24% of patients also
had asthma, and background respiratory disease must
always be sought. Most antibiotics are safe for the preg-
nant mother (tetracyclines are contraindicated), and it is
important to treat infection vigorously rather than exer-
cise restraint due to inappropriate fear of medication. An
aminoglycoside should be considered in the more severe
cases in addition to first-line treatment [3]. The manage-
ment objectives include preventing the respiratory com-
promise developing to the stage where there is a need for
delivery as this will then be a very high risk delivery. It
is also important to prevent the underlying infection
developing into sepsis syndrome with associated haemo-
dynamic instability. Anaesthetic input is required from an
early stage where delivery may need to be considered.
Adverse outcome on pregnancy has been reported,



particularly a high risk of preterm delivery and possibly
abruption [3].

Varicella pneumonia is a particular cause for concern
for the pregnant woman. It typically arises some days
after the onset of the rash [3] and is most likely to arise
in the third trimester. Women with respiratory symptoms
in the presence of primary varicella infection should be
managed aggressively. It can occur in association with
encephalitis and hepatitis, and will require prompt admis-
sion for intravenous aciclovir therapy. Aciclovir does not
appear to have adverse sequelae for the fetus, and case
fatality rates have reduced markedly with aciclovir
treatment.

Tuberculosis

Tuberculosis can present for the first time during preg-
nancy. A high index of suspicion must be maintained
when presented with symptoms of cough, malaise or
weight loss in high-risk groups. Pregnancy poses a diag-
nostic difficulty as it is more difficult to interpret non-
specific symptoms such as malaise. In the UK, the
immigrant population is most at risk, with Somali and
Asian women representing nearly all cases [4]. In the
UKOSS study the mean duration of stay in the UK was
between 4 and 5 years at time of diagnosis, and the
median gestational age at diagnosis was 27 weeks. It is
associated with increased obstetric complications, par-
ticularly a high risk of preterm delivery and intrauterine
growth retardation (IUGR). Delay in diagnosis was great-
est for those with extrapulmonary disease. Most treat-
ment options appear to be safe, including ethambutol,
rifampicin, isoniazid with pyridoxine and also pyrazina-
mide. Streptomycin carries risks of eighth nerve damage
and should be avoided. Extrapulmonary disease is as
common as pulmonary disease in the UK [4]. In the
UKOSS study co-infection with HIV was present in a
significant minority, and most had extrapulmonary
disease.

Cystic fibrosis

While men with this condition are often infertile, women
may be fertile and wish to conceive. Prenatal diagnosis of
this autosomal recessive condition should be discussed
before pregnancy and a plan made. It is also important
that such women have a management plan made precon-
ceptually that allows for the specific risks to the mother.
Pulmonary disease with hypoxaemia, poor nutritional
status and pulmonary hypertension will prompt the
greatest concern, and may make pregnancy inadvisable.
Added concerns will be liver disease, diabetes, and the
ability of the woman to cope following delivery with the
demands of a newborn baby in the context of limited life
expectancy (late thirties). Pulmonary functions tests,
echocardiography to exclude pulmonary hypertension,
and arterial gases may all guide the decision about
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whether pregnancy is advisable. Chest infections require
prompt and expert treatment antenatally, and associated
problems such as diabetes also require attention. Early
involvement of the anaesthetic staff is advisable, and
analgesia in labour is preferably by regional anaesthesia.
Most women with cystic fibrosis will have a good outcome
to their pregnancy [5,6], although the most recent
Confidential Enquiry emphasizes that maternal death
may occur despite optimal care [1]. There are a significant
number of reports of successful outcome to pregnancy
following lung transplantation for cystic fibrosis patients,
although risk of subsequent rejection of the transplant is
a concern [7].

Respiratory failure after delivery

Respiratory failure can arise for the first time in the post-
partum period. The differential diagnosis includes adult
respiratory distress syndrome, pulmonary oedema sec-
ondary to pre-eclampsia or nephrotic syndrome, amniotic
fluid embolism, pulmonary embolism, infection and col-
lapse, and side effects of tocolysis. Often a single diagno-
sis is not reached, and care is supportive. Care must be
taken to exclude undiagnosed cardiac disease or peripar-
tum cardiomyopathy, and protect the patient from throm-
boembolic complications.

Neurological conditions

Serious manifestations of neurological disease are fortu-
nately rare in pregnancy, although cerebral haemorrhage
remains a significant cause of maternal death. Epilepsy
and migraine are common causes of morbidity, and epi-
lepsy remains a significant contributor to maternal mor-
tality [1]. Deaths from epilepsy arise directly from seizures
as well as from a phenomenon known as ‘sudden un-
expected death in epilepsy’. This condition is ill-defined,
usually not witnessed and may occur remote from a
seizure.

Epilepsy

Women of childbearing age who suffer from epilepsy
must have their treatment designed to maximize safety
and compliance in pregnancy. Antiepileptic drugs can
cause congenital malformation, and the risk increases
depending on the drug used, the dose, and the number
of drugs used [8]. The greatest concern arises with sodium
valproate, with regard to both congenital malformation
risk and subsequent neurological development [9].
Ultrasound assessment for anomalies needs to exclude
specific abnormalities associated with medication, but
will not achieve 100% detection. Folic acid 5mg daily is
generally prescribed in view of the relative folate defi-
ciency of many mothers on antiepileptic treatment. Serum
levels of antiepileptic drugs are subject to many
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influences and in general fall modestly during pregnancy.
Potential influences include increased plasma volume,
altered protein binding and excretion. It is important that
control of seizures is achieved to minimize maternal mor-
bidity, and patients must be followed up to ensure dose
adjustments are made as appropriate. Women should be
maintained on as few drugs as possible. Sodium val-
proate is the major cause for concern in the second and
third trimester, in light of data suggesting increased edu-
cational needs in children exposed in utero [9]. Drug doses
may need to be adjusted after delivery if there are altera-
tions during the antenatal period. Specific advice must be
given to epileptic women about childcare, such as not
bathing the baby on their own, and patient organizations
often issue information leaflets which are very helpful.

:7 Summary box 16.2

L

Antiepileptic medication must be reviewed prior to pregnancy
to ensure that the patient is on as few drugs as possible,
with the lowest risk of congenital malformation but with

adequate control of seizures.

Migraine

Migraine is a common problem in pregnancy. Pregnant
women often suffer from headaches which may resolve
spontaneously in the second trimester, and the natural
history of migraine in pregnancy suggests a reduction in
incidence through the trimesters [10]. Strategies employed
for migraine during pregnancy include low-dose aspirin
as prophylaxis, paracetamol and codeine as pain relief
during the acute attack, and propranolol if attacks are still
troublesome despite these measures. Focal migraine can
arise in pregnancy and requires an experienced opinion
to exclude serious underlying causes. The available
evidence suggests that the triptans are safe in pregnancy
and a reasonable option for those with troublesome
migraine [11].

Focal transient neurological symptoms can arise in
pregnancy and usually have a benign course. One study
that assessed women presenting with a first attack of
dysphasia, hemisensory and hemimotor syndromes
found a very low incidence of cerebral ischaemia [12]. In
most cases, it was concluded that these were migraine
attacks, despite the lack of prior history. Subsequently
only 29% demonstrated recurrent migraine on follow-up
suggesting that pregnancy can lower the threshold for a
migraine attack resulting in a single episode.

Cerebral vascular disease

Cerebral haemorrhage is a major cause of maternal mor-
bidity and mortality [1]. It can arise where there is inad-
equate blood pressure control or an underlying vulnerable
circulation. Neurological complaints during pregnancy

must be investigated just as in the non-pregnant state.
Ischaemic strokes also arise in pregnancy, and it is
difficult to determine whether there is an increased inci-
dence reflecting the coagulation changes of pregnancy.
Investigation of any underlying thrombophilic state
can be important, and further thromboprophylaxis
instigated.

In the latest maternal mortality triennial report [1], 11
of 22 cases of intracranial haemorrhage were due to sub-
arachnoid haemorrhage. Most occurred antenatally in the
second half of pregnancy, and some postnatally. One of
the cases occurred during labour, raising the spectre that
labour is a potential risk factor. This has not always been
clear, and in this case it arose from a large middle cerebral
artery aneurysm. Defining any increased risk of rupture
during labour is not possible from the literature, and deci-
sions on mode of delivery must be individualized and
reflect the patient’s wishes and parity. Experience based
on this report suggests that neurological examination
must be carried out, and neuroimaging should be offered
in the presence of severe and incapacitating headaches.
Of the 22 women who died from cerebral haemorrhage
in this report, nine had some degree of uncontrolled
hypertension. Blood pressure can often be most difficult
to control postnatally.

An analysis of risk factors and timing of intracranial
haemorrhage has been conducted in the USA [13].
Analysis in this population revealed advanced maternal
age, African American race, hypertensive disorders, coag-
ulopathy and drug abuse to be associated with increased
risk of cerebral haemorrhage. The same study suggests
that the postpartum period is the time of greatest risk, and
this is exacerbated with increasing maternal age. In this
study 20% of the women with intracranial haemorrhage
died, although the authors accept this may be an
underestimate due to their study design. When cerebral
aneurysms are detected in the antenatal period, manage-
ment decisions should be made jointly between the
obstetricians and neurosurgeons with consideration
given to issues of radiation exposure and possible emboli-
zation [14].

:9 Summary box 16.3

Failure to control hypertension may result in cerebral
haemorrhage. Severe and incapacitating headaches must be
investigated.

Cerebral vein thrombosis

Cerebral vein thrombosis may be more common in preg-
nancy [15]. It tends to present with a very severe head-
ache, and experienced opinion should be sought to
determine if magnetic resonance imaging is warranted.



This is the investigation of choice for such a diagnosis.
The treatment involves anticoagulation, in most cases
with low-molecular-weight heparin until stability is
achieved after delivery when conversion to warfarin can
be considered.

Rheumatology

Antiphospholipid syndrome and systemic
lupus erythematosus

Pregnancy outcome may be impaired in systemic lupus
erythematosus (SLE), but will generally be good. Outcome
is significantly better for those who conceive when the
background disease is quiescent and worse for those with
unstable disease or flares in the first trimester or during
pregnancy. Much of the impaired outcome can be
explained as a result of secondary antiphospholipid syn-
drome (APS), with increased risks of IUGR, placental
abruption and pre-eclampsia. Lupus nephritis, with asso-
ciated hypertension and proteinuria, also impacts
adversely on outcome. Renal failure secondary to nephri-
tis increases risk further. Ro and La antibodies occasion-
ally result in morbidity or mortality from congenital heart
block (2%) and congenital lupus (5%). As most immuno-
suppressive treatment is safe in pregnancy, generally the
best approach is to maintain treatment and ensure disease
quiescence. Careful monitoring of immunosuppressive
treatment is required, and associated infection and flares
must be treated promptly.

APS is an acquired condition characterized by an
increased tendency to thrombosis, recurrent miscarriage,
impaired pregnancy outcome and thrombocytopenia (see
Chapter 7). Laboratory tests to confirm the diagnosis
include those for anticardiolipin antibody and lupus anti-
coagulant. These tests must be positive on two consecu-
tive occasions at least 6 weeks apart as transient positivity
can be found in association with viral illness. The outlook
is worse for APS associated with a thrombotic history
than for APS associated with prior recurrent miscarriage
or poor obstetric history [16]. Treatment in pregnancy
involves antiplatelet therapy with low-dose aspirin and
sometimes heparin. The argument for heparin treatment
is greatest for those with a thrombotic history (manda-
tory) or prior late pregnancy complications as opposed to
recurrent miscarriage.

Rheumatoid arthritis

Rheumatoid arthritis can complicate pregnancy. In the
presence of mild disease a temporary improvement in the
symptoms of arthritis can arise, and this is presumed to
be due to the steroidal properties of placental hormones
or other immune effect of pregnancy. In such cases a flare
may arise after delivery. Many case series to date are
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heavily weighted by experience of women with mild
disease, but more women with moderate or severe disease
are now willing to contemplate pregnancy. This is a result,
atleast to some extent, of the increasing success of disease-
modifying drugs such as methotrexate, leflunomide and
tumour necrosis factor (TNF)-o antagonists, which then
must be withdrawn prior to or early in pregnancy.
Pregnancy can prove more challenging in such cases and
will require careful supervision by a rheumatologist or
obstetric physician, and the involvement of an anaesthet-
ist prior to delivery. For those on long-term steroid
therapy, increased surveillance for gestational diabetes is
necessary. Recent evidence suggests that infliximab may
be safely used for those with severe symptoms. Some
consideration needs to be given to the extent of handicap
which can arise from moderate or severe rheumatoid
arthritis. This can seriously impair the ability of a mother
to properly care for her newborn child. Early referral to
an occupational therapist can ensure that the family is
best prepared for any problems that may arise.

Scleroderma and mixed connective tissue disease can
also complicate pregnancy. Scleroderma/systemic sclero-
sis is a high-risk condition in pregnancy and should be
managed in very specialized units. Decisions on therapy
(or withdrawal of therapy) must be made in joint consul-
tation with rheumatologists as there is specific concern
about withdrawal of ACE inhibitors and prescription of
steroids. Caution is required in assessing the cardiopul-
monary status of such women when pregnancy is being
planned. Echocardiography must be performed to exclude
pulmonary hypertension. Hypertension and renal
involvement are also common and require careful man-
agement. Mixed connective tissue disorders can also
present problems, akin to those with lupus or other
arthritic diseases.

Liver disorders

Liver disorders frequently complicate pregnancy, but for-
tunately rarely result in long-term morbidity. Cholestasis
of pregnancy is the most common [17] and is thought to
affect about 4500 pregnancies per year in the UK. It clas-
sically presents with an itch and sleeplessness in the third
trimester. It is associated with an increased risk of intrau-
terine death, classically from 37 weeks’ gestation, an
increased risk of meconium passage, and increased risk
of preterm labour. The mechanism of intrauterine death
is uncertain, but is likely to be related to a toxic effect on
the fetus. A recent study suggests that the risk of fetal
complications increases as bile acid levels rise, and that a
threshold bile acid level of 40 umol /L exists for such com-
plications [18]. Laboratory investigation includes liver
function tests and assay of serum bile acids. It is currently
uncertain whether the bile acids themselves may be
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directly responsible for fetal demise. Treatment strategies
include timely delivery, cool aqueous menthol cream to
relieve itch and ursodeoxycholic acid. Ursodeoxycholic
acid is currently the mainstay of treatment and is pre-
scribed at doses commencing at 500mg twice daily and
may be increased to a maximum of 2 g daily. The value of
the main treatment strategies of ursodeoxycholic acid and
delivery at 37-38 weeks is uncertain [19]. There is a high
likelihood of recurrence (approximately 80%). Some
women who present with this condition will have under-
lying liver disease and this is most likely to be noted with
early-onset disease, or failure of liver function to return
to normal after delivery.

Acute fatty liver of pregnancy (AFLP) is a serious but
rare liver condition arising in pregnancy that can be very
non-specific at time of presentation. It is associated with
nausea, vomiting, abdominal pain and jaundice. Diagnosis
is normally made when faced with this clinical picture in
association with significantly elevated aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT)
and no direct evidence of pre-eclampsia. The diagnosis
may be supported by imaging suggestive of fatty change.
Manifestations of liver failure include coagulopathy,
haemodynamic instability and hypoglycaemia and such
patients must be managed in an intensive care or high-
dependency setting. Hypoglycaemia may be profound
and requires immediate correction. It is a common omis-
sion in maternity units for the blood sugar level not to be
checked. Serial assessment of blood clotting is important.
Delivery must be achieved prior to the development of
coagulation failure if possible, where necessary at the
expense of fetal maturity. It is often not possible to
clearly distinguish AFLP from HELLP syndrome (haemo-
lysis, elevated liver enzymes, low platelets) or
pre-eclampsia.

Liver dysfunction in pregnancy can also be caused by
incidental viral or autoimmune hepatitis. Where it is
unexplained, serology for acute hepatitis must be inves-
tigated and medical help requested. It is often difficult to
determine whether liver dysfunction is due to a
pregnancy-related complication or incidental liver
disease, and consideration must be given to delivery
when there is uncertainty. Liver failure is rare in or after
pregnancy. The more common causes include paraceta-
mol overdose, viral hepatitis, HELLP syndrome and
AFLP. Correct diagnosis is important as early referral to
a liver unit with a view to transplantation may be appro-
priate. Delivery will not affect the natural course of a viral
hepatitis, but s likely to be beneficial in HELLP syndrome
and AFLP. The issue of referral to specialist liver units
most commonly arises after delivery if liver function con-
tinues to deteriorate rather than improve. Such decisions
should be made in consultation with a specialist unit and
will require senior input.

Hyperemesis

Hyperemesis gravidarum is defined as vomiting in early
pregnancy sufficient to warrant hospital admission.
Vomiting is clearly very common in early pregnancy, but
some women suffer disproportionately, occasionally
resulting in serious sequelae including severe dehydra-
tion and increased risk of thromboembolism. Pregnancy
outcome is generally unaffected, though there may be an
increased incidence of IUGR where sustained vomiting
results in maternal weight loss. Treatment options include
small light snacks, intravenous rehydration and some-
times antiemetic treatment. Promethazine and metoclo-
pramide are commonly used for this indication. There is
uncertainty regarding the effectiveness of antiemetics. It
is important that B vitamins are replenished as Wernicke’s
encephalopathy can occur. Corticosteroids may have a
role in exceptional cases. When all else fails total parenteral
nutrition may be required, but this is very rare. It is dif-
ficult to predict recurrence risks in a subsequent preg-
nancy, but some women undoubtedly experience severe
nausea and vomiting with every pregnancy.

It is very important that hyperemesis is regarded as a
diagnosis of exclusion. Serious underlying causes for
ongoing vomiting must be sought such as central nervous
system pathology, gastrointestinal disease or surgical
problems. Peptic ulceration is rare in pregnancy but can
arise. It is sometimes appropriate to consider endoscopy
for women with persistent vomiting or a trial of treat-
ment. Gastro-oesophageal reflux is a much more common
problem. The diagnosis is not usually in doubt and the
condition can be treated with antacids, metoclopramide,
histamine H, antagonists and proton pump inhibitors.

Abdominal complications and
inflammatory bowel disease

Problems such as appendicitis, pancreatitis and cholecys-
titis can arise in pregnancy, and it is estimated that 0.2-
1.0% of all pregnant women will require general surgery
[20]. These problems must be managed aggressively to
minimize any risk of associated peritonitis, which can
result in premature labour and associated sepsis. The esti-
mated risk of fetal loss is 20% with a perforated appendix
as opposed to 5% if uncomplicated [20]. Diagnosis of such
complications can be difficult and requires an experi-
enced opinion.

Inflammatory bowel disease can also complicate preg-
nancy. Pregnancy outcome is generally satisfactory,
although there may be some increased risk of preterm
birth and IUGR, particularly if there is active disease. It
is usually treated in the same way in pregnancy as in the
non-pregnant state, with steroids and sulfasalazine the



mainstays of therapy. Supplementation of haematinics
and vitamin D may be required. There is increasing evi-
dence that infliximab may be used safely in the more
severe and difficult cases [21]. Possible sequelae, such as
perineal and perianal disease and intra-abdominal adhe-
sions, need to be considered when discussing mode of
delivery. In the presence of ileal pouch anal anastomosis,
limited evidence suggests that vaginal delivery can be
safely considered [22], although the possibility of deterio-
ration in function with time is not excluded given the
duration of follow-up in the current studies.

(D Summary box 16.4

In the presence of severe or uncontrolled inflammatory
bowel disease, the patient should be booked into a unit that
can provide multidisciplinary care and counselling, and
provide care for the neonate in the event of prematurity.

Dermatoses of pregnancy

There are a number of specific dermatological conditions
that arise only in pregnancy. The most common is termed
‘polymorphic eruption of pregnancy’ and affects approxi-
mately 0.5% of pregnancies. This maculopapular rash
presents on the abdomen and thighs with umbilical
sparing. It causes irritation and can be treated with steroid
cream if localized, or systemic steroids. Skin biopsy is
sometimes necessary in pregnancy, typically when there
is a relatively early presentation and significant maternal
symptoms. Polymorphic eruption tends to arise in the late
third trimester, and not to recur in subsequent pregnan-
cies. It does not affect fetal outcome.

Pemphigoid gestationis is much more rare (1 in 60000
incidence) and commences around the umbilicus. It starts
as pruritic papules and plaques that develop into vesicles
and bullae after a lag of a few weeks. It is thought to be
immunological in origin and is associated with other
autoimmune disorders. Severe cases should be treated
with systemic steroids. This rash can be slow to resolve
after delivery and has a high risk of recurrence in subse-
quent pregnancies, often at earlier gestations. This condi-
tion appears to be associated with some fetal risk and
IUGR, and therefore fetal surveillance must be instituted.

Prurigo of pregnancy is another papular eruption
affecting extensor surfaces and the abdomen. It may be
associated with atopy, and can be treated with antihista-
mines and topical steroids. There are other dermatoses
that can arise specifically in pregnancy. Dermatological
opinion and biopsy tend to be reserved for those that are
particularly disabling or which have failed to respond to
topical steroids.
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Human immunodeficiency virus

If a mother has HIV, in the absence of intervention her
baby has a one in four chance of infection. This is reduced
to around 1% with the main treatment strategies, includ-
ing antiretroviral treatment, elective Caesarean and
avoidance of breast-feeding. Routine antenatal testing for
HIV is now the norm in most developed countries in view
of this, and appears to be most effective if an opt-out
approach is taken. Rapid testing for unbooked patients is
increasingly achievable. In the UK, 95% of women are
diagnosed by the time of delivery. Infection with HIV
poses specific problems in pregnancy, and antiretroviral
treatment must be supervised by experienced physicians.
Infected women will be offered such treatment with the
aim of reducing vertical transmission and minimizing
disease progression. Choice of antiretroviral treatment
will depend on clinical status, viral load and CD4 counts.
There is no evidence of reproducible congenital abnor-
mality with different antiretroviral agents, but clearly
some caution is required with newer agents and treat-
ment regimens until long-term follow-up data become
available. Risks of perinatal transmission are reduced by
Caesarean delivery, appropriate intrapartum antiretrovi-
ral treatment, avoidance of breast-feeding and treatment
for the neonate. If a woman labours, invasive monitoring
and artificial rupture of the membranes should be
avoided, and a plan made for antiretroviral treatment for
the mother and neonate.

Psychiatric disorders in the
antenatal period

It is increasingly clear that psychiatric problems can lead
to maternal mortality and very significant morbidity [1].
Reference to the latest maternal mortality report confirms
the major contribution psychiatric disease makes.
Antenatal assessment must include an evaluation of risk
of psychiatric morbidity. This will involve review of any
previous episodes of psychiatric care or social vulnerabil-
ity. Patients at risk of such problems are often poor attend-
ees for antenatal care, and are disproportionately
represented in refugee or ethnic minority subgroups.
Language and culture are too often barriers to appropri-
ate care. It is clear that healthcare workers need to be
aware of these factors, that systems need to be in place to
ensure that such patients can access appropriate antenatal
care, and that plans are made to ensure provision of
support in the puerperium.

Depressive symptoms are as common in the antepar-
tum as postpartum period, though major depressive
illness is a greater problem after delivery. Symptoms
include sleeplessness, lack of energy, anxiety and an
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inability to take pleasure from the pregnancy. Women will
often have a history of a previous depressive episode, but
up to one-third will not. In those with a prior diagnosis,
a judgement needs to be made about continuing any pre-
vious medication. Strategies to minimize medication are
reasonable provided they are supported by the mental
health team. Often the woman is best served by continu-
ing her previous treatment despite an instinctive desire to
stop for fear of harming her child.

Most psychotropic medication is relatively safe in preg-
nancy, with few overt congenital abnormalities described
in association. The exceptions include lithium, which
appears to be associated with an increased incidence of
Ebstein’s anomaly. This is a serious consideration for
those patients with bipolar disorders, where a balanced
judgement must be made reflecting psychiatric stability
versus a 5% risk of a potentially surgically correctable
anomaly. There is some concern about an association
between selective serotonin reuptake inhibitors and risk
of cardiovascular defects in the fetus [23]. There is also
some concern that these agents may increase the risk of
pulmonary hypertension in the neonate. For many women
suffering from anxiety disorders and mild depression,
psychotherapy and counselling may be a better option
than medication. Tricyclic antidepressants such as imi-
pramine or amitriptyline appear to be safe in pregnancy
but some of the evidence is conflicting, There are argu-
ments for reducing the dose or stopping treatment com-
pletely prior to delivery in view of the potential for
anticholinergicsideeffectsin theneonate. Benzodiazepines
may carry some teratogenic risk and are best avoided. It
is reasonable for many women on antidepressant medica-
tion at conception to have a trial off treatment provided
this is supported by their psychiatrist.

Manic depressive illness and schizophrenia both carry
substantial risks of relapse following delivery and care in
the initial postpartum phase, including reintroduction of
medication, must be planned in advance. Antipsychotic
medication in pregnancy may carry some risk to the fetus,
but this will often be outweighed by the need for stability.
It is important that decisions on long-term therapy during
pregnancy are made in consultation with a psychiatrist.
The incidence of severe depressive illness increases mark-
edly in the months following delivery, while 10% of
women will suffer from a milder form of depressive
illness after delivery. Puerperal psychosis occurs follow-
ing 11in 500 deliveries, and about half will have presented
by 7 days after delivery. Admissions following delivery
should be to specialized mother and baby units [1].

Malignant disease

In the Confidential Enquiry, the major categories of
tumour resulting in death were breast, brain, haemato-

logical, melanoma, lung and gastrointestinal. As with
other categories of death, women with social and domes-
tic problems who could not present for care were over-
represented. Delayed diagnosis can be a problem in
pregnancy as symptoms may be explained as being due
to a pregnancy, or signs may be masked by the abdominal
and breast changes of pregnancy. Treatment options may
be more limited in view of greater vascularity with preg-
nancy, more difficult surgical access, and greater throm-
boembolic risk. Chemotherapy [24] and radiotherapy [25]
can be considered in pregnancy, with the greater volume
of reassuring evidence for chemotherapy.

Pregnancy may exacerbate the growth of hormone-
dependent tumours such as breast. The incidence of a
pregnancy-related breast cancer is approximately 1 in
3000 [24]. This is likely to increase modestly with increases
in maternal age. The median gestational age at diagnosis
is 21 weeks. Breast cancer is more likely to present with
later-stage disease in pregnancy, and prognosis is similar
to the non-pregnant state when allowance is made for
this. Termination of pregnancy is most likely to be con-
sidered if breast cancer is diagnosed in the first trimester.
Treatment can involve surgery as in the non-pregnant.
Radiotherapy has been used but requires careful counsel-
ling and is dependent on the gestational age, the dose
required and the potential to shield the fetus.
Chemotherapeutic protocols can be used that do not pose
a significant risk to the fetus, but are generally avoided in
the weeks preceding delivery to minimize the risk of coin-
cident neutropenia or thrombocytopenia. Tamoxifen is
not recommended in pregnancy. Current advice is that
women should defer pregnancy for at least 2 years after
a diagnosis of breast cancer, and longer with later staging
of disease. Similar principles will apply to other tumours.
A pragmatic approach has to be taken following a diag-
nosis of cancer in pregnancy that allows for the individ-
ual’s wishes, the gestational age, and the feasibility of
treating most forms of cancer in pregnancy with reason-
able success rates.

;P Summary box 16.5

Stage the tumour and determine the correct treatment
protocol prior to discussion about outcome of pregnancy or
need to terminate.

Conclusion

This chapter has involved discussion of many medical
disorders that may affect pregnancy, with emphasis on
those contributing to indirect deaths in the triennial
enquiry into maternal death. It is worth emphasizing that
appropriate management of these conditions can lead to
a woman having far greater confidence during her



pregnancy and the avoidance of unnecessary morbidity,
for example pregnancy blighted by migraine or arthritis
and avoidance of stillbirth associated with medical condi-
tions such as obstetric cholestasis. Good-quality antenatal
care can also facilitate preparation for a difficult puerper-
ium, and avoidance of long-term morbidity associated
with flares in the postpartum period, when it is difficult
for women to attend for medical appointments and
routine patterns of referral often break down.
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Antenatal Screening

Ruwan C. Wimalasundera
Queen Charlotte’s & Chelsea Hospital, London, UK

There are several definitions of screening, but the one
used by the National Screening Committee (NSC) in the
UK [1] is as follows:

Screening is a public health service in which members of a
defined population who do not necessarily perceive they
are at risk of, or already affected by, a disease or complica-
tions of a disease, are asked a question or offered a test to
identify those who are more likely to be helped than harmed
by further tests or treatments to reduce the risks of a disease
or its complications.

Antenatal screening is the screening of a low-risk preg-
nant population to identify individuals at risk of a disease
or condition which may affect either the mother or the
fetus. The aims of antenatal screening are several. Firstly,
to allow women at high risk of a condition to have a
further diagnostic test, which may itself have a risk of
miscarriage, to confirm the diagnosis. Secondly, to allow
counselling of the parents about the impact of the diag-
nosed condition on the mother or fetus as well as enabling
timely medical or surgical treatment of the condition
before or after birth. If the condition carries a significant
risk to the mother or fetus and is not treatable, it gives the
parents the chance to decide on termination if appropri-
ate. Finally, it allows the parents and family a chance to
prepare emotionally, financially and socially for a child if
born with the condition.

In terms of deciding which maternal or fetal conditions
should be screened, it is important to understand the
fundamental principles of screening for disease initially
described by Wilson and Jungner in 1968 [2].

* The condition must have a high enough prevalence in
the population screened and be a significant health
problem in terms of morbidity or mortality.

e The natural history of the disease and its stages of
progression need to be understood.

* The screening test for the condition should have
high sensitivity and specificity and be acceptable to the
population.

® There must be further diagnostic testing available for
screen-positive individuals.

* There must be mechanisms for counselling, prevention,
treating and/or managing screen-positive patients.

¢ The screening policy must be cost-effective, i.e. the cost
of case finding (including diagnosis and treatment)
should be economically balanced in relation to possible
expenditure on medical care as a whole.

Screening programmes need to be managed on a popu-
lation level, and must be effective and accountable in
terms of disseminating information to clinicians as well as
the public. In the UK this supervising function is carried
out by the NSC, which was established in 1996. Using
these criteria, the NSC programme for antenatal screening
includes fetal anomaly screening for Down’s syndrome
and fetal structural anomalies, screening for sickle cell
anaemia and thalassaemia, and screening for infectious
diseases (HIV, hepatitis B, rubella and syphilis).

Other screening tests are offered routinely in pregnancy
following national guidelines but are not governed on a
national basis, such as screening for maternal anaemia
and blood group antibodies. These are managed at a
regional level or within individual hospitals. There are
also conditions that do not fit the criteria for population
screening, but which may be offered on an individual
basis because of specific risk factors such as gestational
diabetes, cystic fibrosis, Tay-Sachs disease, cervical length
screening for preterm labour, group B streptococcal infec-
tion or uterine artery Doppler. However, these are outside
the remit of this chapter. Finally, there are screening tests
still in the research phase but which may be applicable in
the future, such as non-invasive fetal genotyping.

All these screening tests have the potential for harm as
well as good. It is therefore essential that information is
available to pregnant women explaining the benefits as
well as the risks involved in screening for a particular
condition including the implications of a positive screen
result in terms of the pathway of further investigations,
treatments and potential miscarriage as well as psycho-
logical trauma. Parents need this information early in
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pregnancy and they need to know they have a choice to
accept or decline a test and that their decision will be
respected and supported by the health professionals.

Diagnosis of fetal anomaly

The National Institute of Health and Clinical Excellence
(NICE) guidance on antenatal care in the UK stipulates
that all women should be offered a minimum of two scans
in pregnancy [3]: a first-trimester scan between 10 and 14
weeks as part of the screening programme for Down'’s
syndrome or, if this is declined, for dating the pregnancy;
a further scan is offered between 18 and 22 weeks to
screen for any structural anomalies in the fetus.

Down’s syndrome screening

There are several tests that can be offered for screening
for Down’s syndrome. Each consists of a risk assessment
based on maternal age and a scan performed in the first
trimester or a blood test in the first or second trimester or
a combination of scans and blood tests. The current tests
offered in the UK include the following.

® Nuchal translucency. A first-trimester (11 to 13+6 weeks)
test based on measurement of the fold of skin on the back
of the fetal neck (nuchal translucency) together with
maternal age.

® Quadruple test. Early second-trimester (14 to 20 weeks)
test based on measurement of a-fetoprotein (AFP), uncon-
jugated oestriol, free f-human chorionic gonadotrophin
(hCG) or total hCG, and inhibin-A together with maternal
age.

e Combined test. Late first-trimester (10 to 14+1 weeks)
test based on combining nuchal translucency measure-
ment with free B-hCG, pregnancy-associated plasma
protein A (PAPP-A) and maternal age.

e Integrated test. The integration of different screening
markers measured at different stages of pregnancy into a
single test result. Unless otherwise qualified, ‘integrated
test’ refers to the integration of nuchal translucency meas-

urement and PAPP-A in the first trimester with serum
AFP, hCG, inhibin-A and unconjugated oestriol from 14+2
to 20 weeks’ gestation.

The NSC has been given the responsibility for imple-
menting a national strategy for Down’s syndrome and
fetal anomaly screening in the UK. In 2003 the Committee
produced a screening policy known as the Model of Best
Practice [4] which stated that all pregnant women should
be offered screening for Down’s syndrome with a test that
provides a detection rate above 75% and a false-positive
rate of less than 3% using a cut-off of 1 in 250 at term.
These guidelines were based on the SURUSS report [5], a
multicentre study of nearly 50000 singleton pregnancies
that analysed the most effective, safe and cost-effective
methods of screening for Down’s syndrome using nuchal
translucency, maternal serum and urine markers in the
first and second trimester and maternal age in various
combinations. The authors concluded that the integrated
test was the best-performing with the highest detection
and lowest false-positive rates at any given risk cut-off
(Table 17.1). The Model of Best Practice also concluded
that the integrated test resulted in the lowest loss rate of
unaffected fetuses (Table 17.2).

However, in 2008 [6] and again in 2010 [7] the Model
of Best Practice was reviewed, the report concluding that
all trusts in the UK should offer a screening test that

Table 17.1 SURUSS study of screening performance with a
constant early second-trimester risk cut-off of 1 in 250.

Screening test Detection rate (%) False-positive rate (%)

Triple test 81 6.9
Quadruple test 84 5.7
Combined test 83 5

Integrated test 90 2.8

Source: data from Wald et al. [5].

Table 17.2 Outcome in 100000 women screened with a constant detection rate of 75%.

Test Unaffected women referred No. of Down's

for CVS or amniocentesis

syndrome diagnosed

No. of unaffected
fetuses lost

No. of Down'’s syndrome diagnosed
per unaffected fetuses lost

Triple 4200 152
Quadruple 2500 152
Combined 2300 152
Integrated 300 152

30 5.1
18 8.6
17 9
2 76.3

Assumes an 80% acceptance rate of amniocentesis/CVS and 0.9% loss rate from the procedure.

Source: derived from Wald et al. [5].



detected 90% of Down’s syndrome with a 2% false-
positive rate using a cut-off of 1 in 150. The current screen-
ing test supported by the NSC is the combined test. The
Committee concluded that as the combined test is a
single-stage procedure, it was the most cost-effective and
simplest to implement nationally and at the same time
deliver the standard required (current detection rate for
this test is 85% with a 2.2% false-positive rate). It is antici-
pated that 15% of women will be too late for combined
testing at booking and should be offered the quadruple
test from 14 to 20 weeks’ gestation [7]. Although the inte-
grated test had the slightly better detection rate, the fact
that it needed two serum tests on different occasions
increased the risk of women missing the second test,
which affected the accuracy as well as increased the work-
load on healthcare staff in coordinating the test and
tracing defaulters.

However, there are some clinical situations which may
have implications in terms of interpreting any Down’s
syndrome screening programme.

1 Twin pregnancy. Since 2009 twin pregnancies can
access combined testing. However, it is essential that the
‘chorionicity” of the pregnancy is diagnosed on scan
and reported to the laboratory as the adjustment factor
for the serum biochemistry would vary depending on
whether it is a dichorionic or monochorionic pregnancy
[8]. Although single-centre data suggest a 75% detection
rate with a 6.9% false-positive rate [9], there are as yet
no population data in twin pregnancies. With triplets
or higher-order pregnancy, there are no data available
regarding the biochemistry adjustments. Therefore, the
risk of Down’s syndrome can only be calculated using
maternal age and nuchal translucency measurement.

2 Nuchal translucency measurement of 3.5 mm or more. When
measurement of nuchal translucency in the first trimester
is 3.5mm or more, it is associated with an increased risk
of fetal cardiac anomalies (2.5%) and aneuploidy.
Therefore referral should be made for specialist scanning
and counselling even if Down’s syndrome screening has
been declined. There is no indication for completing the
serum biochemistry under these circumstances.

3 Maternal vaginal bleeding in first trimester. If there is a
history of significant maternal vaginal bleeding at the
time of first-trimester screening for Down’s syndrome,
this may affect maternal blood levels of the biochemical
markers used in the combined test, perhaps secondary to
placental disruption. However the NSC suggest that the
combined test is performed, because current data suggest
that the biochemical marker levels are not significantly
different in women with this history.

4 “Vanished” twin. When a first-trimester ultrasound
shows that there is an empty second pregnancy sac, the
biochemical markers appear no different to those in a
singleton pregnancy and the combined test can be used
to calculate the risk. If ultrasound shows that there is a
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second sac containing a dead fetus (sometimes called
‘vanished’ twin), it is possible that there could be a con-
tribution to the maternal biochemical markers for many
weeks. Under these circumstances the risk calculation
should be based on the maternal age and nuchal translu-
cency only (i.e. without biochemistry).

Screen-positive result

All women who have a screen-positive result should be
referred for possible confirmatory testing. This involves
initial counselling regarding the implications of the
screen-positive result and the possible confirmatory tests
available. The confirmatory tests would be either chori-
onic villous sampling (CVS) or amniocentesis. This coun-
selling should be based on the risk of aneuploidy, the
voluntary nature of the test, the option of no testing, the
technique of the proposed test, the procedure-related loss
rate and other common complications associated with the
test, the timing of the result and the possible management
options depending on the result of the test. This decision
to balance the potential risk of the loss of an unaffected
fetus against that of having an affected child is a very
difficult and traumatic one and it is important that the
parents are not rushed into a decision.

Amniocentesis
Amniocentesis can only be performed after 15 weeks
when the uterus is an abdominal organ and the propor-
tion of fluid needed to be removed (15-20mL) is relatively
small compared with the overall liquor volume at this
gestation (150-250mL). The procedure is performed
under aseptic conditions, under continuous ultrasound
guidance using a gauge 20-22 needle introduced transab-
dominally. The miscarriage rate for amniocentesis is gen-
erally quoted as 1 in 100 (1%) and is based on the single
randomized controlled trial of second-trimester amnio-
centesis by Tabor et al. [10] in Denmark in 1986. They
demonstrated that the women randomized to the group
not undergoing amniocentesis had a miscarriage rate of
0.7% compared with 1.7% in the group who had amnio-
centesis and therefore suggested that amniocentesis
increased the background miscarriage rate by 1%.
Amniotic fluid will contain fetal skin, urogenital and
pulmonary epithelial cells and cells from the extraembry-
onic membranes. The cells are first concentrated by cen-
trifuging and then cultured for 7-10 days, with the result
of the karyotype being available in 14-15 days. However,
over the last decade, chromosome-specific probes and
fluorescence in situ hybridization (FISH) techniques have
been developed to detect numerical aberrations in inter-
phase non-dividing cells, eliminating the need for pro-
longed cell culture. Therefore, rapid prenatal diagnosis of
amniotic fluid using fluorescence-based probes for short
tandem repeat (STR) markers on chromosomes 21, 13 and
18 and polymerase chain reaction (PCR) amplification of
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these STRs [11] can be performed to give a result within
three working days.

It is now routine practice that all amniocentesis and
CVS performed purely for a high-risk combined test
result are only sent for PCR analysis of chromosomes 21,
18 and 13 and not for a full karyotype. A full karyotype
is only performed if there are structural anomalies on
scan or there is a previous history of other chromosome
anomalies. If the PCR confirms trisomy 21, 18 or 13, then
the same sample will be cultured for a confirmatory full
karyotype. This has led to situations where an initial PCR
result is normal with no ultrasound anomalies seen at the
time of amniocentesis, but detailed anomaly scans several
weeks later detect a structural anomaly that may be con-
sistent with other chromosomal anomalies. This is rare
but may necessitate a further amniocentesis for a full
karyotype.

Chorionic villous sampling

This involves sampling of placental tissue rather than
amniotic fluid and can be performed soon after the screen-
positive result of the combined test becomes available
between 11 and 14 weeks. There are two routes used for
CVS: transabdominal, which is now the preferred option,
or transcervical if the former is not possible. CVS should
not performed before 10 weeks because of the reported
association of early CVS and isolated fetal limb disrup-
tion and oromandibular hypoplasia [12]. Cytogenetic
analysis of the CVS sample is similar to that of amniocen-
tesis. However, placental karyotype may not be exactly
the same as the fetus, known as confined placental mosai-
cism, and occurs in around 1% of chorionic villous
samples. This may require reanalysis with a second-
trimester amniocentesis. Mosaicism is only confirmed in
the fetus in about 10% of cases.

Multiple pregnancies

Invasive prenatal diagnosis should only be performed in
multiple pregnancies by a specialist in tertiary-level fetal
medicine units who have experience of performing selec-
tive termination of pregnancy if required. The uterine
contents need to be mapped thoroughly before the proce-
dure is undertaken to ensure that separate samples are
taken from each fetus and that each twin can be identified
accurately at a later stage. Amniocentesis is the preferred
option in most units because of the relatively high risk of
cross-contamination of chorionic tissue with CVS in
dichorionic twins (2-6%), leading to false-positive or
false-negative results. Recent series suggest that total fetal
loss rates in twins after amniocentesis (3.5-4.0%) or CVS
(2-4%) may not be much higher than background rates.

Non-invasive genetic testing
Given the procedure-related pregnancy loss rates associ-
ated with invasive prenatal diagnosis, many research

groups have tried to investigate non-invasive methods for
determining fetal genetic and chromosomal anomalies.
The initial focus of research was to try to isolate fetal cells
in the maternal circulation [13], but the frequency of fetal
cells in the maternal blood is very low and they are dif-
ficult to isolate. Furthermore, fetal cells appear to remain
in the maternal circulation for many years after a delivery
and so any fetal cells isolated from an index pregnancy
may be from previous pregnancies and so of little use [14].
Hence it has been difficult to isolate fetal whole cells for
reliable non-invasive prenatal genetic testing [15].

However, in 1997 Lo et al. [15] reported the presence of
cell-free fetal (CFF) DNA in the maternal circulation,
which contributed to 10% of overall free DNA in the
maternal circulation and could be readily detected using
basic molecular techniques [16,17]. Significantly, this CFF
DNA was detectable in the maternal circulation within a
few weeks of pregnancy [18] and completely cleared from
the maternal circulation within 2 hours of delivery [19].
CFF DNA consists of short fragments of DNA rather than
whole chromosomes and originates from the placenta
[20,21]. These properties make CFF DNA an ideal source
of fetal material for non-invasive genetic prenatal diagno-
sis. Furthermore, free fetal RNA derived from genes
active in the placenta and therefore fetal in origin has also
been isolated in the maternal circulation [22]. Although it
is still difficult to extract pure fetal DNA or RNA from the
maternal serum, using the intrinsic difference between
maternal and fetal DNA [21], the relative proportion of
fetal DNA can be increased.

Most research has focused on DNA sequences that are
paternally derived or which occur de novo and are there-
fore not present in the mother. The best-developed
example of this is non-invasive testing for fetal sex deter-
mination in fetuses at risk of X-linked diseases such as
congenital adrenal hyperplasia (CAH) [23]. This searches
for CFF DNA for the Y chromosome in the maternal cir-
culation, with the presence of the Y-chromosome DNA
denoting a male fetus and absence a female fetus. Various
studies have shown sensitivities of 87-100% with 98—
100% specificity and, more significantly, a 45% reduction
in the need for invasive testing in pregnancies with a
history of CAH [24]. The technique has also been devel-
oped for use in single gene disorders not found in the
mother, such as Huntington’s disease, achondroplasia or
cystic fibrosis.

However, the clinical situation where CFF DNA has
had the greatest impact on routine clinical management
is in fetal RhD genotyping in RhD-negative women. It is
now routine practice to perform non-invasive fetal geno-
typing in all alloimmunized RhD-negative women who
have had a previously affected child or increasing anti-
body titres, with a false-negative rate of only 0.2% [25].

The most significant recent advance has been the use
of CFF DNA for detecting trisomy 21. In 2011 Chiu et al.



[26] reported the use of ‘massively parallel genomic
sequencing’ to measure the small increase in fetal chro-
mosome 21 DNA concentration in pregnancies affected
by Down’s syndrome. Using this technique in 753 preg-
nancies, they detected trisomy 21 fetuses with 100% sen-
sitivity and 97.9% specificity, which resulted in a positive
predictive value of 96.6% and negative predictive value
of 100%. The authors concluded that multiplexed mater-
nal plasma DNA sequencing analysis could be used to
rule out fetal trisomy 21 among high-risk pregnancies and
that, if referrals for amniocentesis or CVS were based on
the sequencing test results, about 98% of invasive diag-
nostic procedures could be avoided. Currently this test is
still in the research phase and is too expensive and time-
consuming for population screening. However, with
further development is likely to completely alter screen-
ing for Down’s syndrome in the next decade.

Positive confirmatory result

Once a positive diagnosis of trisomy 21 is made on amnio-
centesis or CVS, the parents need to be referred for spe-
cialist counselling, usually with a genetic counsellor or a
screening coordinator. The parents need to be counselled
regarding the findings and the implications of a baby with
trisomy 21, including the risks of physical and neurologi-
cal handicap. They also need counselling as to the options
for continuation of the pregnancy or termination.

i} Summary box 17.1

e NSC has recommended combined testing for Down's
syndrome screening in all women. This involves nuchal
translucency scan and maternal serum measurement for
PAPP-A and hCG between 1046 and 14+1 weeks. Using
risk cut-off of 1 in 150 there is an 85% detection rate for a
2.2% false-positive rate.
Combined testing should be offered for twins, but need to
define chorionicity. Higher-order multiple pregnancies
would need to rely on nuchal translucency measurement
alone.
Diagnostic testing with CVS or amniocentesis involves risk
of miscarriage of approximately 1:100.
e Non-invasive diagnostic testing for trisomy 21 using free
fetal DNA is technically possible but not economically
practical as yet.

Ultrasound screening for fetal anomalies

In the UK there is a policy of routine second-trimester
ultrasound screening for fetal anomalies [3]. However,
detection of fetal anomalies varies considerably depend-
ing on the anomaly being screened for as well as the
gestation at screening, the skill of the operator and the
quality of the equipment used. A systematic review of
routine ultrasound screening for fetal anomalies [27]
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Table 17.3 Percentage of fetal anomalies detected by routine
second-trimester ultrasound screening according to anatomical
systems.

Condition Detection rate (%)
expected 2010
Anencephaly 98
Open spina bifida 90
Cleft lip 75
Diaphragmatic hernia 60
Gastroschisis 98
Exomphalos 80
Serious cardiac abnormalities 50
Bilateral renal agenesis 84
Lethal skeletal dysplasia 60
Edwards’ syndrome (trisomy 18) 95
Patau’s syndrome (trisomy 13) 95

Source: National Institute for Health and Clinical Excellence [3].

in 96633 babies between 1996 and 1998 found an overall
detection rate of 44.7%, with detection being considerably
higher after 24 weeks (41.3%) than before 24 weeks
(18.6%) (Table 17.3). In the UK although detection rates
appear to be higher, there is considerable geographic vari-
ation. Chitty et al. [28] reported an overall detection rate
of 74% in an inner London unit, whereas Boyd et al. [29]
reported a detection rate of 50% in Oxford.

Although an anomaly scan has been routine in the UK
for the last three decades, the NSC has only recently
(2010) produced guidance on minimum standards for
fetal anomaly screening to improve the detection rates of
specific anomalies, particularly cardiac [30]. The struc-
tures that need to be viewed as standard and the specific
views to be obtained are detailed in Table 17.4.

Fetal cardiac protocol
The detection of cardiac anomalies is of particular inter-
est. Early prenatal detection of congenital heart disease
(CHD) has increased due to advances in ultrasound reso-
lution and the incorporation of at least a four-chamber
cardiac view in the routine anomaly scan, which is now
accepted as standard care in the UK. However, there is
regional variation in antenatal detection of CHD, with
those obstetric centres close to cardiac units performing
better than those situated in more remote areas. The risk
of aneuploidy varies with the structural anomaly detected
and it would be outside the scope of this chapter to detail
the risk for each structural anomaly. However, cardiac
anomalies are the commonest type of structural anomaly
detected in fetal life and at birth, with a frequency of 8
per 1000. Table 17.5 illustrates the variation in risk of
aneuploidy with the various cardiac defects [31].

Fetal echocardiography involving the four-chamber
view of the heart and the outflow tracts forms part of the
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Table 17.4 Fetal anomaly ultrasound base menu: 18+0 to 20+6

weeks.
Area Structure View
Head and Skull Shape
neck Neck:skin fold (NF) Subjective: measure NF
Brain if it looks increased
Cavum septum
pellucidum
Ventricular atrium
Cerebellum
Face Lips Coronal view
Chest Heart Refer to fetal cardiac
Four-chamber view protocol (see text)
Outflow tracts
Lungs
Abdomen Stomach: stomach and Transverse, sagittal
short intrahepatic Transverse
section of umbilical vein  Transverse:
Abdominal wall measure AP
Bowel Sagittal and transverse
Renal pelvis
Bladder
Spine Vertebrae Sagittal and transverse
Skin covering Sagittal and transverse
Limbs (a) Femur Length (one leg only)
Limbs (b) Hands: metacarpals (left Visible (not counted)
and right) Visible (not counted)
Feet: metatarsals (left and
right)
Uterine Amniotic fluid Subjective volume
cavity Placenta Visible and position noted

Source: Kirwan [30].

ultrasound scan base menu (see Table 17.4) [30]. As a
minimum, four basic intracardiac views are required: lat-
erality, the four-chamber view, the left ventricular outflow
tract and the right ventricular outflow tract. A description
of all the structures that require assessment is outlined
in Table 17.4. The use of colour flow Doppler is not a
requirement, but it should be encouraged as it may help
provide additional information and improve detection of
CHD. It is likely that the use of colour flow Doppler will
be incorporated into the assessment of fetal echocardiog-
raphy in 2013.

Mid-trimester ultrasound markers

Soft-tissue markers are signs detected on a second-
trimester anomaly scan that in themselves are not
structural defects but which have an association with
aneuploidy, and therefore their presence increases the risk
of aneuploidy. Markers include nuchal skin oedema,

short femoral or humeral length measurements, choroid
plexus cysts, bilateral renal pelvic dilatation, echogenic
fetal bowel and hyperechogenic foci (‘golf balls’) in the
fetal heart. Early publications reporting increased preva-
lence of these markers in Down’s syndrome fetuses com-
pared with euploid fetuses were used to derive increased
risks for trisomy 21. However, a meta-analysis of 56
studies by Smith-Bindmen et al. [32] found sensitivities
for individual markers in isolation of only 1-16% (Table
17.5), whereas the sensitivity of multiple markers in asso-
ciation with structural anomalies was 69%. Most of the
markers in isolation had low relative risks (positive pre-
dictive values or likelihood ratios of 3-7 only). In 2010 the
NSC clarified soft-tissue markers in its statement on
normal variant screening in pregnancy [30]:

The introduction of a national Down syndrome screening pro-
gramme in early pregnancy has changed the way in which the
18+0 to 20+6 fetal anomaly scan findings should be interpreted.
The Programme Centre has recommended that an established
Down syndrome screening test result should not be recalcu-
lated at this time. Women who are found to be ‘low risk’
through testing in either first or second trimesters, or who have
declined screening for Down syndrome should not be referred
for further assessment of chromosomal abnormality even if
normal variants such as the examples below (whether single
or multiple) are seen at the 18+0 to 20+6 weeks fetal anomaly
screening scan. Indeed we encourage that the term ultrasound
‘Down’s soft marker” is no longer used.

1 Choroid plexus cyst(s).

2 Dilated cisterna magna.

3 Echogenic foci in the heart.

4 Two vessel cord.

However, the appearances listed below are examples of find-
ings which should be reported and the woman referred for
further assessment and treated as for any other suspected fetal
anomaly.

1 Nuchal fold (greater than 6 mm).

2 Ventriculomegaly (atrium greater than 10mm).

3 Echogenic bowel (with density equivalent to bone).

4 Renal pelvic dilatation (AP measurement greater than
7mm).

5 Small measurements compared to dating scan (significantly
less than 5th centile on national charts).

Management options

Following a diagnosis of fetal abnormality, women should
be referred for appropriate counselling regarding the
nature of the abnormality, the possibility of therapy, and
the probable outcome for the child. Further consultation
with the relevant paediatric specialist may be indicated,
especially where postnatal interventions are contem-
plated or where there is a major risk of serious handicap.
Counselling should address the certainty of the diagnosis,
the possible association with other anomalies and the
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Table 17.5 Meta-analysis performed by Wimalasundera and Gardiner [31].

Cardiac anomaly Overall aneuploid Trisomy 21 Trisomy 18 Trisomy 13 45X0 Other 22911
rate (%) (%) (%) (%) (%) (%) deletion

AVSD 46 79 13 8

VSD 46 43 45 2 4 6 10-17

TOF 31 43 29 7 21 6-30

CoA 33 18 24 24 12 22

CAT 19 25 75 10

IAAb 17-50

APVS 20

HLHS 7 56 22 11 11

DORV 21 10 40 20 30 1

Mitral atresia 18

UVH 15

PS/PA + IVS 5

Tricuspid atresia 7 50 50

TVD 4

Aortic stenosis 5

ASD 17

TGA 0

cTGA 0

Tumours 0

Cardiomyopathy 0

Cardiosplenic syndromes 0

DIV 0

Data expressed as overall rate of aneuploidy (%) for individual congenital cardiac defects.

APVS, absent pulmonary valve syndrome; ASD, atrial septal defect; AVSD, atrioventricular septal defect; CAT, common arterial trunk; CoA,
Coarctation of the aorta; DIV, double inlet ventricle; DORV, double outlet right ventricle; HLHS, hypoplastic left heart syndrome; IAAb, interrupted
aortic arch type B; PS/PA + IVS, pulmonary stenosis/pulmonary atresia with intact ventricular septum; TGA, transposition of the great arteries;
cTGA, corrected transposition of the great arteries; TOF, Tetralogy of Fallot; TVD, tricuspid valve dysplasia; UVH, univentricular heart; VSD,

ventricular septal defect.

associated risk of aneuploidy or other serious undiag-
nosed genetic syndromes. Women also need to be advised
of the prognosis for the fetus, including perinatal morbid-
ity and the risk of intrauterine death, the postnatal mor-
bidity associated with the findings and the life expectancy
of the child. Finally, they need to be counselled about
whether any curative or ameliorating procedures can be
offered in the neonatal period, whether early delivery and
what mode of delivery may be required, and if any pro-
cedures could be offered whilst the fetus is in utero.

There are no treatments for chromosomal anomalies
and some structural abnormalities, and the management
issues are essentially limited to termination versus con-
tinuation of pregnancy. Unless the abnormality is trivial,
termination of pregnancy is a management option that
should be discussed in parental counselling. The Royal
College of Obstetricians and Gynaecologist (RCOG)
report on termination of pregnancy for fetal abnormality
[33] advises that where abortion falls within the grounds
specified in the Abortion Act of 1967, doctors

must advise the woman that she has this option. They must
ensure she understands the nature of the fetal abnormality, and
the probable outcome of the pregnancy, whether it continues
to term or is aborted. The woman is then able to decide whether
she wishes to have an abortion and to give her informed
consent.

Parents who decide to continue with a pregnancy
where the prognosis is universally fatal, such as anen-
cephaly or trisomy 18, need to be supported in their deci-
sion by all staff concerned in their care. However, women
need to be counselled regarding the high risk of intrau-
terine death and if they should reach term, management
of the labour needs to be discussed. The parents should
be given the option of no monitoring in labour to avoid
deliver by Caesarean section, which would not improve
neonatal survival and would significantly increase mater-
nal morbidity. Neonatal resuscitation with an option of
no active resuscitation also needs to be discussed by the
neonatologist and carefully detailed in the notes.
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f) Summary box 17.2
L

e Detailed anomaly scan should be offered to all women
between 18+0 and 20+6 weeks.

e Choroid plexus cysts, intracardiac echogenic foci, single
umbilical artery and enlarged cisterna magna, if they occur
in isolation, should no longer be considered as markers for
aneuploidy and should not be reported on.

e |f an anomaly is detected, the parents need to be certian
of their decision to continue the pregnancy or have a
termination of pregnancy if it is offered.

Haemoglobinopathy screening

Sickle cell disorders and thalassaemia are the most
common inherited haemoglobinopathies. They are caused
by single gene defects, with 5% of the world’s population
being carriers and about 300 000 births worldwide affected
by severe forms of the disease each year. The options for
antenatal screening are based on early diagnosis to allow
informed reproductive choice about whether to continue
the pregnancy as there are as yet no measures to improve
outcome antenatally.

Screening policy in the UK has been complicated by the
variation in ethnic minorities in different regions and
therefore the prevalence, particularly of sickle cell disease.
Policy options in the UK were evaluated in two system-
atic reviews [34,35] that led to the introduction in 2004 of
a screening policy in areas of high prevalence, based on
an estimate of the fetal prevalence of sickle cell disease of
greater than 1.5 per 10000 live births. The key standard
of antenatal screening for sickle cell disease and thalas-
saemia is for 50% of at-risk couples to be identified by 10
weeks’ gestation to enable the completion of prenatal
diagnostic testing by 13 weeks for those who want it [36].
The screen involved universal maternal blood screening
in high prevalence areas without specific reference to
family origin questionnaires. This estimated that 40% of
the high-risk antenatal population would be within the
high prevalence trusts [37].

In the low prevalence areas, which covered the remain-
ing 60% of the antenatal population, the programme sug-
gested the use of a family origin questionnaire (FOQ) to
target screening. The currently used FOQ was adapted
from an original pilot study by Dyson et al. [38], who
looked at two questionnaires and evaluated their value in
the detection of high-risk groups. This was later adapted
from further trials in low prevalence areas and involves
questions on the ethnic origins of the mother and the
father of the baby [39].

The current policy in the UK for low prevalence popu-
lations (<1.5 per 10000 live births) is to perform thalas-
saemia screening in all women on routine blood analysis

and target high-risk women for sickle cell screening
based on the answers to the FOQ. This has been shown
to be an effective screening tool in low prevalence popula-
tions [40].

Haemoglobin variants

Haemoglobin (Hb) is composed of tetraglobin chains, two
o-chains and two non-o-chains. The a-chains are encoded
by the two closely related genes, HBA1 and HBA2, on
chromosome 16. The non-o-chains (8, yand 3) are encoded
by a cluster of genes on chromosome 11 [41]. In normal
adults, HbA is the main type of haemoglobin (96-98%)
while HbA, and HbF are only present in 2-3% and less
than 1%, respectively [42].

Haemoglobin variants are characterized by gene muta-
tion of the globin chains. In normal haemoglobin, glutamic
acid is in position 6 on the B-chain, while in sickle cell
disease this glutamic acid is replaced by valine leading to
the formation of sickle cells. The sickling process can be
activated by infections, hypoxia, acidosis, physical exer-
cise, vaso-occlusion due to cold as well as dehydration
[43]. Many types of haemoglobin variant have been
found, depending on racial background. Normally, carri-
ers of haemoglobin variants, especially heterozygous,
have no symptoms. However, combination of haemo-
globin variants and thalassaemia gene on the same globin
chain may result in severe symptoms. For example, com-
bination of HbE with thalassaemia gene becomes a double
heterozygote thatshows symptoms similar tohomozygous
thalassaemia.

Thalassaemia, which is slightly different from haemo-
globin variants, involves gene mutations that cause pro-
duction of an insufficient amount of normal globin chains.
All types of thalassaemia are considered quantitative hae-
moglobin disease. Thalassaemia can be categorized into
three classes, major, intermediate and minor, according to
the severity of the symptoms. The two main thalassaemia
syndromes (thalassaemia major) are o and P thalassae-
mia, which involve homozygous genetic defects in the
o-globin and B-globin chain production respectively [41].

Screening tests

Screening for thalassaemia and haemoglobin variants are
based on full blood count and haemoglobin electrophore-
sis. If mean corpuscular volume (MCV) is less than 80fL
and mean corpuscular haemoglobin (MCH) less than
27pg, this would suggest a microcytic anaemia and the
possibility of thalassaemia or iron deficiency anaemia.
This would then be analysed further using techniques
such as high-performance liquid chromatography [44].
Electrophoresis is one of the widely used techniques for
analysing haemoglobin variants based on the movement
of different haemoglobins or different globin chains, con-
taining different charges, in an electric field [41].



Screen-positive result

Once a woman has been detected as a carrier in a high-
risk or low-risk population, the father of the baby would
be offered screening to determine the risk status of the
baby. If both parents are carriers or the carrier status of
the father cannot be identified, then the couple/woman
needs to be referred for further counselling regarding the
findings and the potential effects of an affected baby as
well as the reproductive options available. Depending on
the outcome of this counselling, if they have decided that
they wish to proceed to diagnostic testing, they should
then be referred to a fetal medicine centre for fetal geno-
typing. This would involve either CVS or amniocentesis
and genotyping of the fetus for thalassaemia or sickle cell
variants depending on the parental genotype. Results are
usually available in three to five working days. Further
counselling following these results is usually warranted.
This may involve referral to a paediatric haematologist to
discuss further what the parents may expect for an
affected child, including the current treatments available,
before the parents make a decision on continuation of the
pregnancy or a termination.

iv Summary box 17.3

L

¢ In high-risk areas, thalassaemia and sickle cell screening
should be offered to all women based on a full blood
count and haemoglobin electrophoresis. If the mother is
affected or a carrier, then the partner needs screening
before considering offering diagnostic fetal testing.

¢ |n low-risk areas, thalassaemia screening is offered to all
and sickle cell screening targeted to high-risk women

based on a family origin questionaire.

Red cell antibodies

The rhesus (Rh) system of red cell proteins is one of the
most complex blood group systems. There are several
different antigens, of which D, C, ¢, E and e are the most
important. The function of the Rh complex is thought to
be critical to the structure of the membrane [45]. More
than 50 different red cell antigens have been reported to
be associated with haemolytic disease of the fetus and
newborn (HDN). However, only three antibodies seem to
be associated with severe fetal disease: anti-RhD, anti-Rhc
and anti-Kell (K;). HDN is most commonly caused by
maternal sensitization to Rh, specifically to the D antigen.
HDN due to D incompatibility was prevalent in white
people, who have the highest incidence of the D-negative
phenotype (15-17%), but was rare in other ethnic groups.
However, the incidence has dramatically decreased with
the use of anti-D immunoglobulin as prophylaxis in Rh-
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negative women, which has been shown to effectively
prevent isoimmunization against RhD [46].

Screening for blood group antibodies in the UK should
be performed at booking (8-12 weeks’ gestation) [3]. This
initial testing should include ABO and RhD typing as
well as a screening test to detect any irregular red cell
antibodies. Testing should be undertaken again at 28
weeks’ gestation for all women with no antibodies on
initial testing to ensure that no additional antibodies have
developed. Antibody screening should be undertaken
using an indirect antiglobulin test and a red cell panel
conforming to current UK guidelines [47].

Guidance on the routine administration of antenatal
anti-D prophylaxis recommends that anti-D is offered to
all pregnant women who are RhD-negative [48]. Routine
anti-D prophylaxis can be given as two doses of 500 units
anti-D immunoglobulin (one at 28 weeks and one at 34
weeks), as two doses of 1000-1650 units (one at 28 weeks
and one at 34 weeks), or as a single dose of 1500 units
between 28 and 30 weeks’ gestation [48].

However, as anti-D is a blood product and can be asso-
ciated with a small risk of allergic reaction, in the case
where a woman is RD-negative, consideration should
also be given to offering partner testing because if the
biological father of the fetus is negative as well, anti-D
prophylaxis need not be administered. Other situations
where antenatal anti-D prophylaxis may not be necessary
include where a woman has opted to be sterilized after
the birth of the baby or when a woman is otherwise
certain that she will not have another child after the
current pregnancy [3].

Screen-positive result
When a red cell antibody is detected on maternal screen-
ing, the clinician responsible for the woman'’s antenatal
care must be informed of its likely significance, with
respect to both the risk of HDN and transfusion problems.
Management of pregnancies in which red cell antibodies
are detected varies depending on the clinical significance
and titre of the antibody detected. If an Rh antibody such
as D, E or c or Kell is detected, fetal Rh or Kell genotyping
is now routinely performed using CFF DNA in the mater-
nal sera, as described previously. If the fetus is found to
be antigen positive for the Rh or Kell antigen, then mater-
nal titres should be repeated every month until approxi-
mately 28 weeks’ gestation, when the testing interval
should be increased to every 2 weeks. If the titres go
above 4IU/mL, the woman needs to be referred to a terti-
ary fetal medicine centre for further monitoring and the
possibility of in utero therapy for fetal anaemia.
Intrauterine therapy for fetal anaemia by intravascular
fetal transfusion was probably the first major success
story in fetal medicine. There have been two recent
advances that have revolutionized the management of
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fetal anaemia. Firstly, the development of PCR techniques
to identify fetal Rh genotype from free fetal DNA in the
maternal serum, as described previously [49]. The second
major advance is the abandonment of invasive amniocen-
tesis for detecting AOD450 of amniotic fluid as a surrogate
for fetal haemolysis in favour of non-invasive monitoring
for fetal anaemia using fetal middle cerebral artery
Doppler velocimetry. Mari et al. [50] demonstrated that by
using a cut-off of 1.5 multiples of the median (MOM) that
the middle cerebral artery Doppler peak systolic velocity
(MCA PSV) could be used with a sensitivity of 100%
and false-positive rate of 12% to detect fetal anaemia
(Plate 17.1).

Once an isoimmunized woman has been detected to
have an antigen-positive fetus with rising antibody titres
over 4IU/mL, the women will then be monitored with
weekly MCA PSV monitoring using ultrasound. If the
MCA PSV is above 1.5 MOM [50], fetal blood sampling
under continuous ultrasound guidance is performed with
immediate access to fetal blood analysis. If the fetus is
anaemic, it is transfused using maternally cross-matched
O, Rh-negative, cytomegalovirus-negative, irradiated,
concentrated (haematocrit 70-90%) blood. Weekly MCA
PSV monitoring is continued and further fetal blood sam-
pling is performed if indicated on MCA PSV. Women who
have been transfused are usually delivered electively at
37-38 weeks and the neonate should undergo double
phototherapy postnatally. In utero therapy has dramati-
cally improved the outcome of pregnancies with alloim-
munization to red cell antibodies, with over 92% survival
rates if transfusions occur prior to the development of
fetal hydrops [51].

:9 Summary box 17.4

e All women should be screened for red cell antibodies at
booking (8-14 weeks) and again at 28 weeks" gestation.

e Prophylactic use of anti-D at 28 and 34 weeks' gestation in
Rh-negative women has dramatically reduced the
incidence of RhD alloimmunization.

e \Women with rising RhD, Rhc or RhE antibodies or any
detectable anti-Kell antibodies need to be referred to an
appropriate fetal medicine unit for monitoring and possible
fetal blood transfusion.

Infection screening

The UK screening programme for infectious disease in
pregnancy advocates routine screening for HIV, hepatitis
B, rubella and syphilis. The policy and standards are
agreed by the NSC and published in the NICE antenatal
care guidelines [3]. The prevalence of all four of these

Table 17.6 Prevalence of infections in London (data based on
annual reports).

Infection London London London
prevalence (%) prevalence (%) prevalence (%)
2007/2008 2008/2009 2009/2010

Syphilis 0.36 0.41 0.38

Hepatitis B 10.4 1.02 1.02

HIV 0.39 0.39 0.46

Rubella 4.15 5.0 4.6

infections is still significant in the UK and particularly in
inner cities such as London [52] (Table 17.6) and therefore
routine antenatal screening is essential to prevent mother-
to-child transmission of hepatitis B, HIV and syphilis. The
screening programme also identifies women for whom
postnatal MMR (measles, mumps, rubella) vaccination
could protect future pregnancies.

The programme stipulates the following.
1 All pregnant women are offered screening at the
booking visit for rubella antibody, syphilis, HIV and hep-
atitis B as an integral part of their antenatal care during
their first and all subsequent pregnancies regardless of
immunization history.
2 Although every woman has a right to decline screen-
ing, if screening has been declined at booking, they should
be re-offered screening at 28 weeks’ gestation.
3 Pregnant women arriving in labour who have not
received antenatal care elsewhere are offered screening
for infectious diseases. Priority is given to hepatitis B and
HIV screening and presumptive action is taken on a pre-
liminary positive result until the result is confirmed. If an
HIV test result is not available, appropriate preventive
measures should be offered. In cases where consent is
withheld for screening during labour, screening is offered
again after delivery.
4 If there is a screen-positive result, the current national
standards state a second sample should be taken for syph-
ilis, hepatitis B and HIV to confirm the screening result.
Following this result the women should be referred for
specialist counselling and appropriate follow-up and
management [53].

Hepatitis B

Hepatitis B is an infectious disease caused by hepatitis B
virus (HBV). It is transmitted through infected blood and
other body fluids. Transmission can occur through sexual
contact or perinatal vertical transmission from mother to
baby. The risk of perinatal transmission is dependent on
the status of the maternal infection. Approximately 70-
90% of mothers who are positive for HBV e antigen
(HBeAg) will transmit the infection to the baby. The rate



of transmission is approximately 10% in women with
antibody to e antigen (anti-HBe). Infection can result in
acute or chronic infection. A chronic infection with HBV
may result in cirrhosis of the liver and liver cancer. The
earlier in life the infection occurs, the greater the risk that
it will lead to chronic infection, liver disease and early
death.

Vaccination of the baby within 24 hours of delivery and
at 1, 2 and 12 months is effective in preventing transmis-
sion of infection from mother to baby. In babies born to
women with a higher risk of transmission, the addition
of hepatitis B-specific immunoglobulin can reduce the
risk further. With this strategy, transmission can be pre-
vented in over 90% of infants exposed to maternal infec-
tion [54].

Screen-positive result

If a woman is screen-positive for HBV, she should be
referred to an appropriate specialist (hepatologist, gastro-
enterologist or infectious disease specialist) within 6
weeks of a positive result. There, she should be fully
evaluated in terms of any acute management and arrange-
ments made for appropriate postnatal vaccination of the
baby. There should also be discussion about testing of
other family members.

Notification and contact tracing

Notification of hepatitis B, HIV and syphilis are a legal
requirement under the Public Health (Control of Disease)
Act and the Public Health (Infectious Diseases) Regula-
tions. Notification is particularly important as it ensures
correct contact tracing and treatment of family and close
contacts, in accordance with the recommendations of the
Joint Committee on Vaccination and Immunisation [55]
and the Department of Health [56].

:9 Summary box 17.5

e \Women who are HBV surface-antigen positive but
e-antigen negative should be offered postnatal vaccination
of the baby to prevent vertical transmission.

e \Women who are e-antigen positive are offered both
vaccination and hepatitis B immunoglobulin.

Human immunodeficiency virus

HIV is a retrovirus that infects and damages T lym-
phocytes, resulting in immunosuppression and eventu-
ally leading to AIDS. Two forms of the virus have been
identified, HIV-1 and HIV-2. The commonest and most
virulent form is HIV-1, with HIV-2 being relatively
uncommon in Western countries. HIV can be transmitted
through sexual contact or via contaminated blood, for
example needle sharing or vertical transmission from
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mother to child, which can occur in utero, during delivery
or through breast-feeding [57].

Vertical transmission is a gobal problem and most HIV-
infected children in the UK have acquired the infection
from their mothers. Pregnant women should be offered
screening for HIV infection at their booking appointment
because appropriate antenatal interventions can reduce
mother-to-child transmission of HIV infection.

Antiretroviral therapy has been shown to significantly
reduce the rate of vertical transmission. Zidovudine che-
moprophylaxis given in the prenatal and intrapartum
period and to the newborn reduces vertical transmission
from 27.7% to 7.9% [58]. However, zidovudine mono-
therapy is considered inappropriate in mothers with
high viral load or low CD4 counts because it fails to sup-
press viral replication and increases the risk of develop-
ment of viral resistance [59]. The British HIV Association
[57,60] recommend the use of combination antiretroviral
therapy in order to achieve prolonged viral suppression
when treatment is indicated, with the aim of reducing the
viral load to below detectable levels, and recommend that
HIV infection in pregnant women should be treated as
infection in non-pregnant patients. It is therefore recom-
mended that advanced HIV infection in pregnant women
should be treated with combination antiretroviral therapy,
which through more complete suppression of viral repli-
cation allows greater and prolonged recovery of immune
function [61].

Screen-positive result

If there is a primary laboratory screen-positive result, the
samples are referred for testing by a specialist laboratory
to confirm the reactivity is specific for HIV (involving at
least two further independent assays). All women who
have confirmed positive test results should be counselled
in person and offered specialist counselling and support,
which is also available for their partners and family if
requested.

Women found to be positive are referred for specialist
HIV treatment within a multidisciplinary framework.
This would involve advice about management of their
infection and interventions to reduce the risk of vertical
and sexual transmission, including discussions on the use
of antiretrovirals and Caesarean section, early treatment
and care for the child, and decisions about breast-feeding.
It also provides an opportunity to reinforce health promo-
tion advice and to discuss arrangements for partner noti-
fication and testing of previous children [53].

HIV-positive results also need to be accessible to
members of staff, at all times, to inform appropriate clini-
cal care particularly in the delivery suite when the woman
arrives in labour. It is also important to ensure that a
paediatric care plan is determined prior to the birth to
ensure the mother understands and has consented to
testing and potential treatment regimens after delivery.
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Rubella

Rubella acquired in pregnancy, particularly in the first 12
weeks, may result in fetal loss or serious congenital
abnormalities. It is therefore essential that all susceptible
women in pregnancy are identified and advice given on
avoidance of exposure to rubella and offered the first dose
of MMR vaccine by the maternity service on the comple-
tion of the pregnancy [3].

Established childhood rubella immunization pro-
grammes mean that coverage in the UK is generally high
and that, for most pregnant women, the detection of
rubella-specific IgG implies immunity following immuni-
zation or infection before pregnancy. Detection of rubella
IgG in women who have recently arrived from countries
where rubella is endemic (or where rubella immunization
is not available or not effectively implemented) may
rarely indicate rubella infection acquired in early preg-
nancy [62]. However, recent data from Health Protection
Agency national surveillance systems in the UK have
reported a national increase in the number of women
susceptible to rubella [63].

Rubella antibody testing should be offered at least in a
first pregnancy irrespective of a single previous report of
rubella-specific IgG and immunization history. A history
of exposure to, or possible recent infection with, rubella
in early pregnancy is actively sought, particularly in
recent immigrants, and the laboratory is informed of a
suspicious history so that the appropriate tests for primary
rubella infection (IgM and IgG avidity) are performed
[64]. Testing is considered unnecessary if there is docu-
mented evidence of two tests on different blood samples
both confirming the presence of rubella-specific IgG [65].

Screen-positive result

Tests such as enzyme-linked immunosorbent assay
(ELISA) and radial haemolysis are suitable for rubella
antibody screening; latex agglutination is a suitable
second-line assay [53].

If a low level (<10IU/mL) of rubella-specific IgG is
detected yet the woman has received two or more docu-
mented doses of rubella vaccine, further doses of vaccine
are unlikely to be of value and protection against rubella
is assumed. Such women are advised to report any rash,
illness or contact with a rubella-like rash for further
investigation.

Screening results are reported as rubella-specific 1gG
detected /not detected rather than immune/susceptible.
The laboratory advises on any further follow-up required
(e.g. ‘immunization advised, postpartum if pregnant’ for
results reported as rubella-specific IgG not detected). As
detection of rubella-specific IgG does not exclude the pos-
sibility of recent infection, evidence of rash in early preg-
nancy is sought and communicated to the laboratory to
allow interpretation of results [64]. Immunization of preg-
nant women is avoided where feasible [53].

Syphilis

Syphilis is an infectious disease caused by Treponema pal-
lidum. It is transmitted primarily through sexual contact
but can be transmitted from mother to baby during preg-
nancy. Acquired and congenital syphilis infection is
staged according to the time from acquisition of the
primary infection. The risk of transmission from mother
to baby declines as maternal syphilis infection progresses.
Risk ranges from 70 to 100% in primary syphilis, 40% in
early latent syphilis and 10% in late latent syphilis.
Maternal syphilis infection can result in a range of adverse
pregnancy and neonatal outcomes, including late miscar-
riage, stillbirth, hydrops and low birthweight [54].

The aim of antenatal screening for syphilis is to detect
pregnant women with congenitally transmissible syphilis
so that they can be treated with antibiotics to prevent
transmission of infection. This can significantly reduce
the risk of congenital syphilis, stillbirths, premature
births, neonatal deaths, and severe illness in infancy and
beyond. The pregnant woman can also be treated to
prevent progression of disease, as well as giving the
opportunity of treatment for their sexual partners [66].

Despite its low prevalence in the UK, economic
analyses carried out in Norway, England and Thailand
have consistently found that the benefits of antenatal
syphilis screening outweigh its costs, even where the
prevalence of maternal infection is as low as 1-11 per
100000 [67,68].

Screen-positive result

The false-negative rate of single blood samples tested for
syphilis serology will depend on the stage of infection. In
primary syphilis it may be up to 20-30% and a high index
of clinical suspicion is therefore critical when there is a
significant risk of primary infection. However, later in
infectious syphilis (i.e. in secondary and early latent infec-
tion) the false-negative rate should effectively be below
0.1% (sensitivity of 99.9%) [69].

A screen-positive test is then followed by confirmation
of the reactive result by a second test employing inde-
pendent methodology. The false reactivity rate of single
blood samples tested in this way should effectively be
zero (specificity of 100%) [69]. Once a screen-positive
result is confirmed, the woman and her family should be
referred to a specialist in genitourinary medicine for
assessment, counselling and possible treatment [53].

Group B streptococcus

Group B streptococcus (Streptococcus agalactiae) is a major
cause of early-onset infection in newborn infants.
Although screening is offered routinely in North America
[70], there is still controversy about its benefits. The inci-
dence of early-onset group B streptococcal disease in the
UK in the absence of systematic screening or widespread
intrapartum antibiotic prophylaxis is 0.5 per 1000 births,



which is similar to that seen in the USA after universal
screening and intrapartum antibiotic prophylaxis, despite
comparable vaginal carriage rates [71].

There have been no randomizsed controlled trials
(RCTs) on antenatal screening or comparing the different
screening strategies. Estimates of the efficacy of the
screening strategies are based on observational studies.
Therefore, currently the RCOG have produced guidance
suggesting that pregnant women should not be offered
routine antenatal screening for group B streptococcus
because evidence of its clinical and cost effectiveness
remains uncertain [71].

Hepatitis C virus

Pregnant women should not be offered routine screening
for hepatitis C virus because there is insufficient evidence
to support its clinical and cost effectiveness.

Toxoplasmosis

Routine antenatal serological screening for toxoplasmosis
should not be offered because the risks of screening may
outweigh the potential benefits. Pregnant women should
be informed of primary prevention measures to avoid
toxoplasmosis infection, such as:

¢ washing hands before handling food;

e thoroughly washing all fruit and vegetables, including
ready-prepared salads, before eating;

e thoroughly cooking raw meats and ready-prepared
chilled meals;

e wearing gloves and thoroughly washing hands after
handling soil and gardening;

* avoiding cat faeces in cat litter or in soil.

Conclusions

Antenatal screening is the testing of apparently healthy
pregnant women to identify undiagnosed diseases or
pregnancies at high risk of developing a disease. There
are clear economic arguments in favour of some forms of
antenatal screening, such as that for Down’s syndrome,
structural anomalies, blood group antibodies, certain
infections and haemoglobinopathies. However, popula-
tion screening for other conditions such as group B strep-
tococcal infection do not have the same economic,
epidemiological or clinical values. Nevertheless, there are
continuous advances in current screening techniques that
will alter the detection rate and false-positive rates, war-
ranting a change in the risk cut-off levels as in the case of
Down’s syndrome screening. More significantly, there are
recent advances in techniques such as non-invasive fetal
genotyping and aneuploidy screening using CFF DNA in
maternal sera, which may allow more accurate and safer
screening programmes in the future.

Antenatal Screening 197

It is important to remember that screening programmes
have the potential for harm as well as good. Therefore, it
is essential that clear and comprehensive information is
available to the parents as early as possible in pregnancy
to allow them to make an informed decision on undertak-
ing the screening test and the implications of a screen-
positive or screen-negative result.
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Disorders of Fetal Growth and
Assessment of Fetal Well-being

Gordon C.S. Smith and Christoph C. Lees

The Rosie Hospital, Cambridge, UK

Defining disorders of growth requires relating a given
achieved growth to an expected growth. In the case of
fetal growth, three further levels of complexity arise. First,
growth is determined in part by gestational age and an
apparent growth disorder may reflect inaccurate assess-
ment of gestational age. Second, even if gestational age is
known accurately, the size of the fetus can only be assessed
indirectly by ultrasound. Third, even accepting these
limitations, fetal measurements are typically related to a
population-based norm. Deviation from normal may
arise from parental determinants of growth, such as race
and stature. The primary interest in assessing fetal growth
is to avoid the complications associated with a fetus that
is poorly grown due to uteroplacental insufficiency. The
most important consequence of fetal compromise is peri-
natal death, principally antepartum stillbirth.

Endocrine regulation of fetal growth

Fetal growth is critically regulated by the insulin-like
growth factors (IGFs). There are two IGFs, numbered I
and II. There are two main receptors for the IGFs, num-
bered 1 and 2. The type 1 IGF receptor mediates most of
the major biological effects of IGF-I and IGF-II and it
binds the two growth factors with similar affinity. The
type 2 IGF receptor appears to be mainly involved in
clearance of IGF-II. Mice lacking IGF-I, IGF-II or the type
1 IGF receptor are growth restricted at birth. Mice lacking
the type 2 receptor are large at birth. Following birth, IGF
levels are stimulated by growth hormone (GH). However,
in fetal life, levels of the IGFs appear largely independent
of GH and are stimulated by human placental lactogen.
The effects of IGFs are influenced by six distinct IGF-
binding proteins (IGFBP). Binding of IGF to an IGFBP
may decrease or enhance its physiological effect. A
number of IGFBP proteases exist, such as pregnancy-

associated plasma protein A (PAPP-A), a protease for
IGFBP-4 and IGFBP-5. Many associations have been
described between cord blood, amniotic fluid and mater-
nal serum levels of components of the IGF system and
fetal growth.

Placental regulation of fetal growth

The placenta is clearly crucial for fetal growth as it pro-
vides all the substrates for fetal growth and performs
gaseous exchange in fetal life. Some of the associations
between IGF system proteins and eventual birthweight
involve placentally derived components, such as PAPP-
A, as IGFs are also important in controlling placentation.
A number of tests of placental function demonstrate asso-
ciations with eventual fetal growth (see below). A view
emerged that many complications of pregnancy associ-
ated with poor placental function may be due to failure
of the so-called ‘second wave’ of trophoblast invasion in
the second trimester. However, more recent studies have
suggested that trophoblast invasion takes place as a con-
tinuous process during the first half of pregnancy. The
process of implantation and early placentation may be
crucial in determining fetal growth disorder and there are
associations between both the size of the fetus in the first
trimester of pregnancy and maternal levels of PAPP-A
and the eventual birthweight of the baby (Fig. 18.1).

Genomic imprinting and fetal growth

Key genes of the IGF system are imprinted. Genomic
imprinting is the selective inactivation of a gene in the
conceptus in relation to whether it is the maternal or
paternal copy. This is an epigenetic process, i.e. it is an
inheritable alteration in gene expression that is not due to
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Fig. 18.1 First-trimester measurements and eventual birthweight.
(a) Relationship between observed and expected crown-rump
length and the incidence of low birthweight. (b) Relationship
between first-trimester levels of PAPP-A and eventual
birthweight at term. Red line, 41 weeks; black line, 40 weeks;
blue line, 39 weeks; green line, 38 weeks.

a change in DNA sequence. Genomic imprinting is pri-
marily a feature of placental mammals and is thought to
be important in controlling the conflict of the paternal
interest in fathering large offspring and the maternal
interest of dividing resources equally among all her off-
spring. Imprinted genes may act in balancing these con-
flicting interests at all stages of development. In fetal life,
this is primarily manifested in the control of fetal growth.
The key role of the placental IGF system is underlined by
the fact that IGF-II, a stimulator of placental invasion, is
paternally imprinted and the type 2 IGF receptor, which
degrades IGF-II, is maternally imprinted. The importance
of imprinting in the regulation of human fetal growth is
illustrated by a number of genetic conditions that are

manifestations of aberrant expression of imprinted genes.
These can result in fetal overgrowth (e.g. Beckwith—
Wiedemann syndrome) or intrauterine growth restriction
(e.g. Silver—Russell syndrome).

Definition of fetal growth disorder

Fetal growth disorder is strictly defined as the failure of
a fetus to grow according to its genetic potential. In prac-
tice this is never known and fetal growth is defined on
the basis of the expected dimensions of the infant in rela-
tion to its gestational age. At birth, these measurements
can be made directly. In fetal life, ultrasound is employed
(see below). Defining whether a given value of a continu-
ous variable is normal, whether weight or an ultrasonic
measurement, involves identifying a value which is
thought to be the limit of the normal range. Often, meas-
urements which are within two standard deviations of the
mean are regarded as normal: this includes approximately
95% of the population. It follows that approximately 2.5%
of the population will be regarded as small and 2.5%
large, assuming a normal distribution. In practice, due to
error in estimating gestational age, inaccuracy in weight
estimation and variation in true genetic potential, there
will be no cut-off that correctly separates normal and
abnormal. In practice, if the threshold is set at an extreme
low value, most of the fetuses less than that level will be
growth restricted. As the threshold increases, the propor-
tion which are truly growth restricted will decrease. The
converse follows for identifying large infants. In practice,
three percentile thresholds are commonly employed: less
than the 3rd, less than the 5th, and less than the 10th
percentile and the equivalent upper limits used for large
infants. Fetuses outside the given threshold are called
small for gestational age (SGA) or large for gestational
age (LGA), as appropriate, and those within the range are
called appropriate for gestational age (AGA). The terms
SGA and intrauterine growth restriction (IUGR) are often
used interchangeably although they are clearly not
synonymous.

Epidemiology of fetal growth disorder

The epidemiological associations with delivering an SGA
infant are shown in Table 18.1. These can be classified as
primarily genetic, primarily environmental or mixed
genetic and environmental, although clearly the distinc-
tions are not absolute. Similar factors will be involved in
determining a large fetus, although the associations will
clearly be reversed. Fetal growth may also be affected by
pathological processes. These in turn can be classified as
maternal disease, abnormalities of the placenta and fetal
disease. Maternal cardiovascular and connective tissue
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Table 18.1 Epidemiological associations with intrauterine growth restriction.

Risk factor Risk

Previous affected pregnancy

About 20% recurrence risk, depending on persistence of risk factors

Smoking Reduction in average birthweight of 4589 in smokers of 20 cigarettes/day
Odds ratio (OR) 2.28 (2.29-2.76) for SGA
Alcohol At <1 unit/day, OR 1.1 (95% CI 1.00-1.13) for SGA
1-2 units a day, OR 1.62 (1.26-2.09)
3-5 units a day, OR 1.96 (1.16-3.31)
Caffeine No significant effect on risk of 10th centile birthweight when smoking controlled for
Diabetes 20% incidence in women with tight control vs. 10% in less-tight control for birthweight <10th centile

Hypertension
Renal disease

Risk of SGA (in mild chronic hypertension) from 8.0 to 15.5% depending on series
Incidence of SGA ~23% with chronic proteinuria during pregnancy

37% risk of SGA with moderate to severe renal insufficiency

Bowel disease

OR 2.4 (1.6-3.7) of low birthweight in Crohn's disease

No evidence of increased risk of IUGR in ulcerative colitis
OR 3.4 (95% CI 1.6-7.2) of 'lUGR’ in untreated coeliac disease

Cardiac disease
Thrombophilia

No increase in risk of SGA (<10th centile)
Factor V Leiden heterozygote: pooled OR 0.8 (0.3, 2.3)

Prothrombin gene G20210A heterozygote: pooled OR 5.7 (1.2, 27.4)
MTFHR heterozygote: pooled OR 5 (1.8, 13.8)

Protein S deficiency: pooled OR 10.2 (1.1-91.0)

Anticardiolipin antibodies: OR 33.9 (1.6-735.8)

Assisted conception

Relationship between IVF pregnancy and IUGR remains controversial but OR for SGA (<10th centile) of 1.6

(95% CI 1.3-2.0) in recent meta-analysis

Systemic lupus erythematosus
Maternal age

years and 1.49 >40 years
Weight/BMI

28.5% incidence of IUGR in pregnancies with active lupus, but only 7.6% in inactive lupus patients
No evidence of increased risk of low maternal age, but OR of 1.28 of <5th centile birth weight for >35

No evidence of increased risk of SGA with maternal obesity

BMI <20 OR 1.37 (1.29-1.45) for birthweight <5th centile

Low socioeconomic status

OR 2.91 (95% CI 2.14-7.51) for IUGR

BMI, body mass index; Cl, confidence interval; IUGR, intrauterine growth restriction; IVF, in vitro fertilization; MTFHR, methylene tetrahydrofolate

reductase; SGA, small for gestational age.

disease are particularly associated with poor growth.
Conversely, maternal diabetes and obesity are common
causes of a large infant. Placental causes of growth restric-
tion include confined placental mosaicism but more com-
monly poor growth is associated with biochemical and
ultrasonic tests that suggest poor placental function but
which do not establish the cause of the dysfunction.
Intrinsic fetal causes of poor growth include chromo-
somal abnormalities (in particular aneuploidy), non-
chromosomal syndromes (such as Cornelia de Lange
syndrome) and congenital infection. Careful elucidation
of history, structural and Doppler assessment of the
placenta and fetus and other appropriate investigations
will help clarify whether a growth abnormality is
pathological.

Physiological fetal response to adverse
intrauterine environment

In cases where a fetus is poorly grown due to an adverse
intrauterine environment, it adapts in order to survive the

challenge. The primary purpose of these adaptations is to
maintain oxygen supply to the key organs, namely the
brain, heart and adrenal. These reflexes are stimulated by
the peripheral arterial chemoreceptors. Unlike the child
or adult, chemoreceptor stimulation inhibits breathing
movements in the fetus. These adaptive responses under-
lie many of the biophysical assessments of fetal well-
being. The responses and the biophysical measurements
are listed in Table 18.2.

Consequences of fetal
growth disorder

The most common single cause of perinatal death is unex-
plained antepartum stillbirth. Analysis of these events
suggests that poor fetal growth is the major single deter-
minant of these deaths. Moreover, antepartum stillbirth
of structurally normal fetuses is also associated with
abruption and pre-eclampsia. Both of these outcomes are
associated with IUGR. Poor growth is also associated
with perinatal death due to prematurity. It has been
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Table 18.2 Physiological basis for biophysical assessment of the poorly grown fetus.

Organ

Normal state

Association with adverse environment

Biophysical measurement

Fetal placenta

Fetal body

Maternal placenta

Cerebrovascular
circulation

Kidney

Thorax

Heart

Central nervous

Low-resistance circulation

Moderately high-
resistance circulation

Low-resistance circulation

High resistance

Adequate blood flow and
urine output

Breathing movements
prepare for birth

Low central venous
pressure

Stimulation of fetal

Poor placental development results in
high resistance

Peripheral arterial chemoreceptors
stimulate vasoconstriction in
non-vital organs

Poor placental development results in
high resistance

Peripheral arterial chemoreceptors
stimulate vasodilation to maintain
brain oxygen supply

Increased vasopressin and reduced
blood flow reduces urine output

Peripheral arterial chemoreceptors
inhibit breathing movements

Central venous pressure rises as heart
fails when fetus fails to compensate
for adverse intrauterine environment

Fetal movements inhibited to reduce

Doppler velocimetry of umbilical arteries
demonstrates increased resistance

Doppler velocimetry of descending
aorta demonstrates high resistance.
The descending aorta also supplies
the umbilical arteries and increased
resistance in the fetal side of the
placenta also contributes

Doppler velocimetry of the uterine
artery demonstrates high-resistance
flow and notching: predictive of
IUGR, abruption and stillbirth

Doppler velocimetry of middle cerebral
artery demonstrates reduced
resistance

Decreased liquor volume

Decreased fetal breathing movements

High-resistance flow in the ductus
venosus, absent or reversed flow
during atrial systole, pulsatile flow in
umbilical vein

Decreased or absent fetal movements

system movement in cycles of
activity organs

oxygen consumption by non-vital

shown that growth restriction in early pregnancy is asso-
ciated with an increased risk of spontaneous preterm
birth. Labour appears to be initiated by activation of the
fetal hypothalamic—pituitary—adrenal axis. In sheep, the
effector hormone from the adrenal is cortisol, whereas in
primates and — it is assumed — in the human it is likely to
be androgenic precursors of oestrogen. The effect in both
species is stimulation of labour. Therefore, spontaneous
preterm delivery may be a physiologically indicated
response to a poor environment. Poor growth is also
directly related to prematurity in the context of elective
delivery for suspected fetal compromise. Poor fetal
growth is also associated with increased morbidity and
mortality in infancy. For example, the risk of sudden
infant death syndrome varies inversely with the birth-
weight percentile (Fig. 18.2). It is thought that the suscep-
tibility of the adult to a range of diseases may also be
affected by IUGR (the Barker hypothesis). The basis
for this is associations between birthweight and birth
proportions and the rates of disease in later life. These
associations are not particularly strong, however,
with a relative risk of death from ischaemic heart disease

P for trend <0.001

o
o © 0 g

SIDS per 10000 livebirths
[s]

o x

Birthweight decile

Fig. 18.2 Association between birthweight percentile and the risk
of sudden infant death syndrome.

(IHD) of approximately 1.7 across the range of birth-
weights. Interestingly, the mother who delivers a low
birthweight infant has a much higher relative risk of IHD,
suggesting a genetic component. Nevertheless, animal
models appear to confirm associations between intrauter-
ine stress and later cardiovascular and metabolic
function.
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Investigation and management of fetal
growth disorder

The challenge of perinatal care is to distinguish those
fetuses that are small but healthy (‘constitutionally small’)
from those with pathologically reduced growth. In prac-
tice, fetal growth disorders are rare as an isolated finding
before 24 weeks and routine assessment of fetal growth
is therefore normally performed only after 24 weeks.
While fetal size may be assessed both clinically and by
ultrasound, fetal growth may only be ascertained by
serial assessments.

The concept of symmetric and asymmetric IUGR has
been taken to describe early-onset (chromosomal / genetic)
and later-onset (uteroplacental) IUGR respectively. Thus
poor fetal growth before 24 weeks is more commonly
associated with genetic and chromosomal abnormalities
or fetal infection, whereas after 24 weeks fetal growth is
determined to a far greater extent by maternal influences
and uteroplacental function. As ultrasound techniques
have advanced, it has become clear that the symmetric/
asymmetric IUGR dichotomy is somewhat of an over-
simplification. The growth restriction thought to be inher-
ent to chromosomal and genetic conditions may in fact be
mediated by uteroplacental insufficiency; hence severely
growth restricted trisomy 18 babies in the third trimester
frequently exhibit asymmetrical growth restriction with
abnormal uteroplacental and fetal Doppler. Conversely,
ultrasound assessment of fetuses with severe early-onset
uteroplacental insufficiency often reveals symmetrically
reduced abdominal and head measurements.

Prediction of fetal growth restriction

The epidemiological factors described above might be
used to identify fetuses that are likely to have growth
abnormalities allowing an increased level of surveillance.
However, although many statistical associations are
described, few of these are particularly strong. Therefore,
although a study may show that a woman with a body
mass index of 17 has an increased risk of delivering an
SGA infant, the majority of these women would deliver
an AGA infant. Most adverse pregnancy outcomes occur
to women with no identified risk factors. These state-
ments can be expressed in terms of screening: maternal
history has low sensitivity and low positive predictive
value in detecting fetal growth disorder. Biochemical pre-
diction of IUGR has been investigated primarily using
analytes measured in the first or second trimesters in the
context of Down’s syndrome screening programmes.
While low first-trimester PAPP-A levels are associated
with low birthweight, studies of first and second trimes-
ter o-fetoprotein, human chorionic gonadotrophin and
inhibin-A have shown a less consistent picture. None of
these biochemical analytes has sufficient predictive value
to be useful in a clinical context.

Uterine artery Doppler allows indirect assessment of
downstream resistance in the arteries, arterioles and cap-
illaries of the maternal side of the placenta. It is a quick,
simple and non-invasive technique that involves the
placement, using colour Doppler ultrasound, of a sample
gate over the uterine artery just distal to its origin from
the internal iliac artery. Pulsed wave Doppler is then
applied, and a flow-velocity waveform is obtained from
which resistance indices such as resistance index, pulsatil-
ity index (PI) and A/B or S/D ratios can be derived.
Low-resistance waveforms indicate good trophoblast
invasion to the spiral arterioles (Plate 18.1a), whereas
high-resistance waveforms (characterized by low levels
of end-diastolic flow and notches) indicate abnormal pla-
centation (Plate 18.1b). The higher the uterine artery PI,
the higher the risk of severe adverse outcome due to
abnormal placentation (Fig. 18.3). Large studies with
good reproducibility reported in the last decade have sug-
gested its potential utility as a screening tool in predicting
both pre-eclampsia and fetal growth restriction.

Although the sensitivity of uterine Doppler is poor for
growth restriction at any gestation, it is good for severe
and early-onset forms, particularly if performed at 22-24
weeks. For example, its sensitivity in predicting IUGR
below the 10th centile requiring delivery before 34 weeks
is around 80%, for a 5% screen-positive rate in an unse-
lected population. However, it is less reliable at predicting
IUGR in twins and if performed earlier in gestation. It
has not become a feature of routine antenatal care as
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Fig. 18.3 Likelihood ratio for severe adverse outcome (vertical
axis) relating to mean pulsatility index (horizontal axis). Smokers
are represented by a thick black line (left), non-smokers by a thin
line.
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controversy still exists over its utility in screening low-
risk populations, although concerns over reproducibility
have now been largely overcome.

First-trimester screening models incorporating uterine
artery impedance, maternal history and maternal serum
measurements of, for example, PAPP-A generally do not
perform as well as 22-24 week uterine artery Doppler in
screening for SGA or growth restriction, having a rela-
tively high false-positive rate. The models do tend to be
more effective for pre-eclampsia screening, and for SGA
with pre-eclampsia, than for SGA /IUGR alone. The pros-
pect of enhancing these risk prediction models with
assessment of maternal cardiac and vascular function in
the first trimester is alluring, though the techniques pres-
ently are time-intensive and relatively poorly reproduci-
ble, rendering them not useful in population screening.

Clinical assessment of fetal growth

Clinical examination is most commonly by symphysis—
fundal height (SFH) measurement. SFH assessment has
traditionally been performed from 24 weeks’ gestation
onwards by measuring the distance from the mother’s
pubic symphysis to the uterine fundus, and successive
measurements recorded in the woman’s notes or on a
chart. The SFH measurement after 24 weeks has been
taken to be equal in centimetres to the week of gestation,
12 cm to 36 weeks and 3 cm from 36-42 weeks. The prob-
lems associated with SFH measurement are poor intra-
and inter-observer reproducibility and those inherent to
the technique. As it relies on assessment of the height of
the uterine fundus as a proxy measure of fetal growth, it
can therefore take no account of confounding maternal
factors such as height, weight and physical build, and
uterine/fetal factors such as fibroids, polyhydramnios or
oligohydramnios, multiple pregnancy and fetal lie. Two
large retrospective studies in the 1980s suggested that
reduced SFH measurements correctly identified only
25-50% of fetuses whose birthweight was below the 10th
centile.

One approach to improving the predictive ability of
SFH measurement for SGA infants has been to adjust the
measurement for maternal characteristics, such as mater-
nal height, weight, parity and ethnicity. Anon-randomized
controlled trial of customised SFH measurement demon-
strated increased antenatal detection of SGA infants (48%
with customized SFH vs. 29% with standard measure-
ments). However, no differences in clinical outcome were
apparent between the two groups. Customization has
also been applied to other obstetric measurements, such
as fetal biometry and birthweight. Although in increas-
ingly widespread use, the role of customization of obstet-
ric measurements remains to be defined fully. This relates
in part to distinguishing between physiological and path-
ological determinants of variability in fetal growth. For
example, nulliparity is associated with both a lower birth-
weight and an increased risk of stillbirth. It is plausible

therefore that poor growth is on the causal pathway
between nulliparity and stillbirth. If this were the case, it
is questionable whether obstetric measurements should
be automatically adjusted for nulliparity.

Ultrasound biometry

Ultrasound is the most sensitive method of assessing fetal
growth. It is important to note that while a single ultra-
sound measurement may give an indication of whether
the fetal abdominal circumference or estimated fetal
weight is above or below a predefined centile, this does
notinitself diagnose a fetal growth abnormality. Abnormal
fetal growth can only be ascertained by successive meas-
urements, usually of the abdominal circumference,
plotted either manually or by specialized software on a
centile chart.

Growth parameters, primarily biparietal diameter,
head circumference, femur length and abdominal circum-
ference, are plotted on charts which delineate the normal
range of growth within a population. In an attempt to
refine identification of true IUGR, ultrasound growth
charts that adjust for baseline maternal and fetal charac-
teristics have been devised. They also allow differentia-
tion between fetuses that are small but which have normal
growth rate (hence might have been mislabelled ‘growth
restricted” using normal population centile charts) and
those whose growth was originally within the normal
range but has fallen below a given centile.

Fetal arterial and venous Doppler

The decision to deliver an SGA infant is based on a com-
bination of investigations. Fetal arterial and venous
Doppler assessment has shown itself to be useful and
reproducible in tracking the cardiovascular responses to
hypoxia and acidaemia in fetuses compromised through
uteroplacental insufficiency. Fetal vessels most commonly
assessed are the umbilical and middle cerebral arteries,
thoracic aorta and the ductus venosus. Meta-analysis of
randomized controlled trials has shown that in high-risk
pregnancies umbilical artery Doppler improves perinatal
outcome. It remains unclear why this should be, as no
consistent management plan was followed.

As the fetoplacental unit becomes more hypoxic, the
normal umbilical artery Doppler impedance (Plate 18.2a)
increases, eventually leading to reduction and absence of
end-diastolic flow (Plate 18.2b,c respectively). In extreme
circumstances, there might be reversed umbilical end-
diastolic flow; this is rarely seen after 3 weeks however.
Throughout this process, there is a concomitant fall in
middle cerebral artery resistance, known as centralization
or ‘brain sparing’. Later venous changes can be observed
with pulsed wave Doppler of the ductus venosus: as aci-
daemia and impaired contractility of the heart supervene,
the biphasic waveform (Fig. 18.4a) becomes abnormal
with an exaggerated a wave, sometimes reaching or
falling below the baseline, indicating ‘back pressure’
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Fig. 18.4 Assessment of ductus venosus Doppler: (a) normal
waveform; (b) reversed a wave.

during atrial contraction (diastole) (Fig. 18.4b). This find-
ing in the ductus venosus, often mirrored by increased
pulsatility in the umbilical vein, is an ominous and
usually pre-terminal event.

Cardiotocography and biophysical
assessment

The most reproducible method of assessing the fetal heart
rate is by computerized analysis; several software pack-
ages allow storage, comparison and print-out of successive

traces. Chronic uteroplacental insufficiency may lead to
hypoxia and in severe cases to acidaemia. The short-term
variation (STV) in fetal heart rate, assessed by computer-
ized analysis, is the best indicator of fetal compromise in
this context. STV increases with gestational age: the 2.5th
centile is approximately 4.4 ms at 26 weeks and 6 ms at 34
weeks. It is very rare for there to be fetal acidaemia at
values above these, whereas reduced STV correlates well
with fetal hypoxia and metabolic acidaemia.

Successive recordings of an at-risk growth-restricted
fetus over days or weeks will often show a gradual reduc-
tion in STV in parallel with other findings such as reduced
amniotic fluid, reduced fetal movements and raised
umbilical artery resistance with centralization of blood
flow. Spontaneous decelerations seen on cardiotocogra-
phy (CTG) are a relatively late finding and usually coin-
cide with reduced STV on computerized recordings.
Unprovoked decelerations on CTG are related to the
occurrence of fetal hypoxaemia and acidaemia.

Other elements of the biophysical profile, such as fetal
tone, movements and amniotic fluid, should be reported
alongside fetal growth, Doppler findings, maternal condi-
tion and CTG at every ultrasound scan of a potentially
compromised fetus. However, in UK and European prac-
tice, a formal biophysical score is rarely used to dictate
management and timing of delivery.

Timing of delivery
The optimal timing of delivery in hypoxic growth-
restricted fetuses is simply not known. There have been
no randomized studies that give an indication as to
which method of fetal assessment to use and when to
deliver. The Growth Restriction Intervention Trial (GRIT)
reported on over 500 compromised babies where the
timing of delivery was in doubt. This demonstrated a
non-significant trend towards better long-term outcome
when delivery was delayed among infants recruited
between 24 and 30 weeks, but not at later gestations. The
risk of fetal hypoxaemia and acidaemia (hence possible
intrauterine death) must be weighed against the compli-
cations arising from prematurity. There is considerable
geographical variation in practice: in North America the
biophysical profile usually determines timing of delivery
whereas in Europe this decision is usually made on a
combination of CTG and Doppler findings. The inconsist-
ency reflects the lack of very strong evidence favouring
one method over another.

There is a consensus that reversed umbilical artery
Doppler end-diastolic flow after 32 weeks’ gestation, and
absent end-diastolic flow after 34 weeks is an indication
for immediate delivery. However, reversed umbilical end-
diastolic flow at 26 or even 28 weeks is not necessarily an
indication for delivery as in earlier gestation these Doppler
findings may follow a more chronic course. There is com-
pelling evidence from observational studies that in severe
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fetal growth restriction, delaying delivery to after 29
weeks confers a ‘step change” improvement in both neo-
natal mortality and morbidity. However, an assessment
of all Doppler and biophysical parameters is most inform-
ative before making a decision for delivery.

O Summary box 18.1

e Fetal growth in the second half of pregnancy is associated
with a number of measurements in the first trimester
(smaller than expected crown rump length and low
PAPP-A), indicating that late placental dysfunction may
have its origins in the immediate weeks post conception.
Placental effects of insulin-like growth factors (IGFs),
acting through the type 1 IGF receptor, are critical
determinants of fetal growth.

Maternal characteristics, biochemical measurements and

uterine artery Doppler are all associated with the risk of

poor fetal growth but the main clinical approach to
detecting small babies in the low risk population is
measurement of the symphysis-fundal height.

e The primary form of assessment of fetuses with
suspected growth restriction is umbilical artery Doppler
flow velocimetry, but serial monitoring is performed using
biometry, arterial Dopplers, venous Dopplers and

computerized cardiotocography.
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Fetal Medical Conditions
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Fetal thyroid function

The advent of fetal blood sampling has allowed direct
and accurate quantification of fetal thyroid function. Fetal
thyroid hormone synthesis commences at 10-12 weeks’
gestation. Prior to this the fetus relies on placental transfer
of maternal thyroid hormones. Fetal serum thyroid-
stimulating hormone (TSH), thyroxine-binding globulin
(TBG), free and total thyroxine (T4) and triiodothyronine
(T3) increase with advancing gestation, from 14-16 weeks
onwards [1,2]. The concentrations of total and free T4
(FT4) reach adult levels by 36 weeks’ gestation. In contrast
T3 concentrations are lower than adult levels throughout
pregnancy. There is no relationship between maternal and
fetal thyroid hormone levels, confirming that develop-
ment of the fetal pituitary-thyroid axis is independent of
the mother. Fetal TSH concentrations are low until 15-18
weeks’ gestation, and the lack of correlation between it
and thyroid hormone concentrations indicates that
thyroid maturation is independent of TSH. Fetal TSH
receptors become responsive to TSH at 20 weeks’
gestation.

Thyroid hormones promote normal growth, develop-
ment and neurological function. Disruption of normal
thyroid function, if unrecognized and untreated, can
therefore have significant long-term sequelae. Thyroid
dysfunction in the fetus can result from a primary
problem affecting the fetus. More commonly it occurs
secondary to maternal thyroid disease and/or its
treatment.

The presence of fetal goitre indicates thyroid dysfunc-
tion, provided other differential diagnoses of a fetal neck
mass, such as cystic hygroma, cervical teratoma and hae-
mangioma, have been excluded. The goitre may represent
fetal hyperthyroidism or hypothyroidism. The serious
adverse consequences of fetal hyperthyroidism are mis-
carriage and intrauterine death, and of hypothyroidism
neonatal cretinism.

Fetal hyperthyroidism

Fetal hyperthyroidism is most likely to occur secondary to
maternal Graves’ disease as a result of placental transfer
of autoantibodies. TSH receptor-stimulating antibodies
(TRADbs) are of the IgG class and therefore readily able to
cross the placenta and stimulate the fetal thyroid gland.
TRADbs can stimulate the fetal thyroid from 20 weeks’ ges-
tation. TRADs are increased in at least 80% of women with
Graves’ disease. It has been estimated that neonatal thyro-
toxicosis occurs in 2-10% of babies born to women with
Graves’ disease [3]. The risk of fetal hyperthyroidism is
related to TRAb concentrations. The placenta is more per-
meable to IgG in the second half of pregnancy and fetal
concentrations of TRAbs reach maternal levels at around
30 weeks’ gestation. As a result, fetal hyperthyroidism
usually develops in the second half of pregnancy

Pregnancies at risk

A pregnant woman with Graves’ disease can be catego-
rized as follows [3].

1 Euthyroid, not on medication, but who has previously
received antithyroid drugs: the risk of fetal/neonatal
hyperthyroidism is negligible and measurement of TRAbs
is not necessary.

2 Euthyroid, previously treated with radioactive iodine
or surgery: TRAbs should be measured in early preg-
nancy to detect presence and, if present, their concentra-
tion. High concentrations of antibodies identify a
pregnancy at risk of fetal hyperthyroidism. TRAbs should
be measured again in the third trimester to identify risk
of neonatal hyperthyroidism.

3 Requiring antithyroid drugs to achieve normal thyroid
function: TRAbs should be measured in the last
trimester.

Features
Fetal tachycardia (>160bpm) is the most common
feature of fetal hyperthyroidism. Other findings include
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intrauterine growth restriction (IUGR), accelerated bone
maturation, cardiomegaly, cardiac failure and hydrops. A
large fetal goitre can cause hyperextension of the fetal
neck resulting in malpresentation. Oesophageal compres-
sion may result in polyhydramnios with its associated
risk of preterm labour.

Management

Ultrasound can detect fetal goitre, which is the earliest
ultrasound feature of fetal thyroid dysfunction and
appears before fetal tachycardia. Fetal goitre is defined as
a thyroid circumference equal to or greater than the 95th
centile for gestational age and normative fetal thyroid
measurements have been defined [4]. Colour flow Doppler
may help differentiate between a hyperthyroid and
hypothyroid goitre. Hyperthyroidism is associated with
a signal throughout the gland, whereas a signal confined
to the periphery of the gland is suggestive of hypothy-
roidism [5,6]. In at-risk pregnancies monthly ultrasound
should be carried out from around 20 weeks’ gestation to
assess thyroid size.

Amniotic fluid thyroid concentrations do not reflect
fetal thyroid status [7] and therefore amniocentesis is not
indicated in the assessment of fetal thyroid function.
Cordocentesis is the only direct method of assessing this.
This is an invasive procedure, with a risk of miscarriage,
and should be reserved for cases in which it is impossible
to distinguish fetal hyperthyroidism from fetal hypothy-
roidism on clinical grounds, or for cases where the
response to fetal therapy is not as anticipated (i.e. deterio-
ration despite treatment).

Treatment

Treatment by maternal administration of antithyroid
drugs is both safe and effective in the management of fetal
hyperthyroidism. Propylthiouracil is the drug of choice
because of the reduced risk of side effects. If the mother
is euthyroid she may require thyroxine supplementation.
This may also be necessary for women already on antithy-
roid medication who need to increase the dose.

Fetal hypothyroidism

Causes of fetal hypothyroidism are shown in Table 19.1
[8]. Worldwide, iodine deficiency is the leading
cause. Maternal thyroid disease associated with thyroid
autoantibodies can cause fetal hypothyroidism. Anti-
thyroperoxidase antibodies cross the placenta in the third
trimester but have little effect on fetal thyroid function.
However, although TRADbs are generally stimulatory, they
can be inhibitory, resulting in fetal hypothyroidism.

Features

Ultrasound features include IUGR, goitre and decreased
fetal movements. There may be tachycardia or bradycar-
diaand insevere cases complete heartblock. Cardiomegaly
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Table 19.1 Causes of fetal /neonatal hypothyroidism.

Disorder Transmission

Thyroid dysgenesis (aplasia,
hypoplasia, ectopy)

Thyroid dyshormonogenesis

Hypothalamic—pituitary dysfunction

TSH receptor mutations

TSH receptor blocking 1gG

Sporadic

Familial, autosomal recessive
Sporadic, autosomal recessive
Autosomal recessive, dominant
Maternal thyroid disease with
transplacental transmission
latrogenic
Antithyroid drugs
Radioactive iodine after 10-12
weeks' gestation
Excess iodine/iodide
Endemic iodine deficiency

Source: adapted from Fisher [8].

and delayed skeletal maturation may occur. Fetal
hypothyroidism is often unrecognized and should be con-
sidered in all women with a history of thyroid disease
and/or antithyroid medication.

Management
If fetal hypothyroidism is secondary to maternal antithy-
roid therapy, the dose of the drug should be reduced with
the aim of keeping maternal FT4 levels at the upper end
of the normal range for gestational age. Ultrasound of the
fetal thyroid should be carried out at no greater than
fortnightly intervals to ensure reduction in size, which is
usually noted within 2 weeks of reducing therapy [9].
Transplacental transfer of T4 is inadequate to treat
hypothyroid goitre. The intra-amniotic route is used and
250-500pg of T4 at 7-10 day intervals is a proposed
regimen [10]. The success of treatment can be monitored
by ultrasound assessment as above. If the fetal condition
deteriorates despite treatment, cordocentesis is needed to
measure fetal TSH and FT4 levels.

i} Summary box 19.1

e There is a risk of fetal thyroid dysfunction in women who
are thyroid receptor antibody positive or who are taking
antithyroid medication.

Fetal goitre, present on ultrasound, indicates fetal thyroid
dysfunction if other differential diagnoses have been
excluded.

It should be possible to distinguish fetal hyperthyroidism
from hypothyroidism on clinical grounds in most cases.
Cordocentesis is reserved for those cases in which this
distinction on clinical grounds is not possible.

Fetal thyroid dysfunction can be treated successfully in
utero.
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Congenital adrenal hyperplasia

Congenital adrenal hyperplasia (CAH) occurs when
abnormal adrenal steroidogenesis results in androgen
excess. Five hormones are responsible for the conversion
of cholesterol to cortisol, and a defect in any one of these
will cause precursors to be diverted to the production of
androgens. CAH is an autosomal recessive condition and
in 90-95% of cases is due to a deficiency of 21-hydroxylase.
Androgen excess in utero leads to virilization of a female
fetus and in the severe form is associated with salt loss
secondary to aldosterone deficiency. Androgen excess
does not affect development of fetal male genitalia.
Virilized females may be assigned the wrong gender
at birth and are likely to require corrective genital
surgery.

The aim of therapy is therefore to prevent virilization
of a female fetus. The fetal adrenal gland can be
suppressed by maternal administration of dexametha-
sone. A minimum dose of 20ug per kilogram pre-
pregnancy weight in two divided doses is the recom-
mended regimen and therapy must be commenced at 6-7
weeks’ gestation when the external genitalia begin to dif-
ferentiate [11].

Approach to management

e A family with an index case should be offered pre-
pregnancy counselling and identification of the genetic
mutation.

e The risk of an affected fetus in a subsequent pregnancy
is 1 in 4, and of a virilized female fetus 1 in 8.

e Commence dexamethasone treatment at 6-7 weeks’
gestation.

e Perform chorionic villous sampling (CVS) at 10-11
weeks’ gestation to identify an affected fetus.

¢ Discontinue dexamethasone in all male fetuses and all
unaffected female fetuses.

o If the fetus is an affected female, continue treatment for
the remainder of the pregnancy.

The above regimen means that seven of eight pregnan-
cies are exposed to unnecessary steroid therapy. Non-
invasive analysis of cell-free fetal DNA from maternal
blood can identify the Y chromosome from 7 weeks’ ges-
tation and therapy could be discontinued in the pregnan-
cies with a male fetus without waiting for CVS results. If
the fetus is female, treatment will have to continue until
genetic results from CVS are available, still exposing three
of eight fetuses to potentially unnecessary treatment.
Future detection of the genetic defect by non-invasive
means will be the only way to eliminate this blind
approach to early therapy. There are no reported tera-
togenic effects of antenatal dexamethasone treatment.
Information regarding longer-term effects is limited and
parents must be made aware of this when discussing the
pros and cons of therapy.

Fetal dysrhythmias

These comprise irregular fetal heart rhythm, fetal tachy-
cardias and fetal bradycardias. Rhythm disturbances are
encountered in approximately 2% of pregnancies during
routine ultrasound [12]. M-mode and pulsed-wave
Doppler echocardiography are the main diagnostic tech-
niques. The common dysrhythmias are discussed here.
The reader is referred to other literature for a more com-
prehensive discussion of all dysrhythmias and their diag-
nosis [13,14].

Irregular fetal heart rate

This is typically described as a ‘missed beat” and is usually
due to atrial extrasystoles. These extrasystoles are more
common in the third trimester and are detected in 1.7%
of fetuses after 36 weeks’ gestation. Ventricular extrasy-
toles are much rarer. The extrasystoles are benign and
usually resolve prior to delivery. Occasionally (2-3% of
cases) a sustained tachycardia develops and it is wise to
auscultate the heart regularly to ensure this does not
occur.

Tachycardia

A fetal tachycardia is defined as a sustained heart
rate above 180bpm. Fetal tachycardia occurs in 0.5% of
pregnancies and is therefore relatively common.
Supraventricular tachycardia (SVT) is the most common
type (66-90% of cases), followed by atrial flutter (10-30%).
Atrial fibrillation and chaotic atrial tachycardia are much
less common and ventricular tachycardia is extremely
rare during fetal life [15].

Supraventricular tachycardia

The most common type of SVT is a re-entry phenomenon
where an accessory conducting pathway allows rapid
retrograde passage of the electrical impulse from ven-
tricle to atrium, establishing a re-entry circuit. This is
defined as atrioventricular (AV) re-entrant tachycardia.
In this type of SVT the time interval between ventricular
and atrial contraction (VA interval) is short. In SVT caused
by atrial ectopic tachycardia or permanent junctional
reciprocating tachycardia, the VA interval is long.
Establishing the length of the VA interval is important
when deciding on therapy. In SVT the fetal heart rate is
often in the region of 240bpm with reduced variability.
The ratio of atrial to ventricular contractions (AV ratio)
is 1:1.

Atrial flutter

The atrial rate is very fast at 350-500bpm. At such a fast
rate 1:1 AV conduction is not possible. More commonly
there is a degree of AV block, usually 2:1, but it can be
greater.



Table 19.2 Antiarrhythmic drugs for treatment of fetal tachycardia.

Fetal Medical Conditions 211

Drug Loading dose Maintenance dose

Plasma levels

Notes

Digoxin 0.5-1.0mg i.v. 0.25-0.5mg t.d.s.

Flecainide 100mg t.d.s.

Sotalol 80-160mg b.d.

Amiodarone 800-1600 mg/day

oral or i.v.

400-800 mg/day

1-2.5ng/mL

0.4-0.8pg/mL

A first-line antiarrhythmic drug

Maternal administration ineffective if fetal hydrops present
Pro-arrhythmic

Regular maternal ECG monitoring

Good placental transfer: first-line therapy if hydrops present
Should see an effect (sinus rhythm) in 72 hours
Pro-arrhythmic

Regular maternal ECG monitoring

Good placental transfer: fetal levels almost the same as maternal
First-line therapy if fetal hydrops

Poor placental transfer (10-40%)

Long half-life facilitates accumulation in the fetal compartment

Source: adapted from Simpson and Silverman [14].

Management options

The fetus with a sustained fetal tachycardia is at risk of
developing cardiac failure, hydrops and ultimately fetal
death. Fetal mortality is 27% if hydrops develops, com-
pared with 0—-4% if it is absent [16]. The aim of manage-
ment is to reduce this risk. If the fetus is managed
conservatively, close fetal monitoring is necessary to
detect early signs of cardiac failure. Delivery, followed by
postnatal therapy, is an option if close to term, but it is
recognized that pharmacological control of the heart rate
in the neonatal period is not always straightforward. In
utero therapy is effective in restoring sinus rhythm and is
the preferred option for treating preterm infants, reserv-
ing delivery for those cases that fail to respond to indirect
or direct fetal therapy.

The transplacental route is the route of choice for fetal
therapy. The drugs used in the management of fetal tach-
ycardia are illustrated in Table 19.2. If there is no response
to maternal drug administration or there is severe
hydrops, direct fetal therapy via cordocentesis is required.
The risks associated with cordocentesis are greater in the
presence of hydrops. Maternal administration of drugs
should take place in a hospital setting owing to potential
pro-arrhythmic effects (flecainide, sotalol, amiodarone). A
baseline ECG should be performed prior to medication,
and repeated after starting therapy or increasing drug
dosage, looking for prolongation of the QT interval.

Bradycardia
This is defined as a fetal heart rate persistently below
100bpm.

Atrioventricular block
In AV block there is disturbance of electrical conduction
between the atria and ventricles. Three types are described.

In first-degree block there is a prolonged AV interval and
this cannot be detected on routine ultrasound. Second-
degree block is of two types. In type I there is progressive
lengthening of AV conduction time until an impulse is
blocked; this results in an irregular rhythm but the fetal
heart rate may be normal. In type II second-degree block
there is conduction of some beats and not others, without
lengthening of the AV conduction time. On M-mode the
atrial rate may be twice that of the ventricular rate (2:1
block) and occasionally 3:1 block is seen.

In complete AV block (CAVB) there is complete disso-
ciation of atrial and ventricular contractions. This rare
condition (1 in 15000-22000 live births) has two impor-
tant causes: congenital heart disease (CHD) and immune-
mediated disease. CHD accounts for 50% of cases of
CAVB, the most common defects being left atrial isomer-
ism and congenitally corrected transposition of the great
vessels. Immune-mediated disease has been the subject of
fetal therapy. Transplacental transfer of maternal anti-Ro
and anti-La antibodies results in inflammation and
damage of the fetal myocardium and conduction tissue.
These antibodies may be present in women with a history
of Sjogren’s syndrome or systemic lupus erythematosus.
The risk of CAVB in a woman with antibodies is approxi-
mately 2%, with a recurrence risk of 16%. The risk to the
fetus is maximal between 16 and 26 weeks’ gestation.
Poor prognostic features for CAVB include hydrops, heart
rate below 55bpm and premature delivery. The mortality
ranges from 18 to 43% [13].

There are no treatment options that are clearly effective.
Steroids, either dexamethasone or betamethasone, have
been administered with variable results. The same is true
for B sympathomimetics, which are given with the aim of
increasing the fetal heart rate. The current lack of evi-
dence confirming efficacy of therapy, and the potential
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maternal and fetal side effects of medication, must be
borne in mind in the evaluation of whether or not to treat.

f) Summary box 19.2

L

e Fetal cardiac arrhythmias are common, affecting 1-2% of

pregnancies.

Ectopic beats usually resolve spontaneously.

Fetal therapy for tachycardias is preferred to premature

delivery.

Detailed fetal echocardiography and testing for maternal

anti-Ro and anti-La antibodies should be performed in

cases of complete heart block.

e There is currently no therapy of proven benefit for
complete heart block.

Fetal and neonatal alloimmune
thrombocytopenia

The incidence of fetal and neonatal alloimmune thrombo-
cytopenia (FNAIT) is estimated to be 1 in 1000-2000 preg-
nancies [17]. It occurs when maternal platelets lack
antigens that are present on the fetal platelets. An alloim-
mune response develops whereby maternal antibodies
(IgG) are produced that cross the placenta, cause fetal
platelet destruction and thrombocytopenia. Fetal platelets
express specific antigens from the first trimester. FNAIT
is the platelet equivalent of red cell alloimmunization.
However, in contrast to red cell alloimmunization, FNAIT
can complicate 50% of first pregnancies.

The following human platelet antigen (HPA) systems
are described: HPA-1, HPA-2, HPA-3, HPA-4, HPA-5 and
HPA-15 [18]. The distribution of HPA systems is affected
by race, with 2% of white women being HPA-1a negative.
HPA-1a antibodies account for 85% of cases of FNAIT.
The other antibodies most frequently encountered in
white people are HPA-5b and HPA-3a [19]. HPA-5Db is
associated with milder FNAIT than that induced by HPA-
la. In some cases a responsible antibody cannot be identi-
fied, despite a clear clinical diagnosis of FNAIT.

FNAIT is rare, but platelet incompatibility is not infre-
quent: 1 in 50 pregnancies will be incompatible for HPA-
la. The observed frequency of alloimmunization is much
less than this. The development of HPA-1a alloantibodies
is related to HLA phenotype. Major histocompatibility
class II antigen DR3 is found in 60-80% of people who
develop antibodies and HLA DRwb52 antigen is found in
100% of responders. Therefore platelet incompatibility
does not equal alloimmunization, which in turn does not
equal fetal thrombocytopenia [20].

Most affected infants are asymptomatic or present with
signs of minor haemorrhage such as petechiae. In more
severe cases there will be internal haemorrhage, and
intracranial haemorrhage (ICH) is most frequent. The

sequelae of ICH can be severe, and include perinatal mor-
tality, hydrocephalus and long-term neurological handi-
cap. The risk of perinatal ICH is approximately 11% (15%
if fetal deaths are included) [21]. The severity of FNAIT
is not correlated to maternal antibody titre, and therefore
this cannot be used to guide management in subsequent
pregnancies. There is at least a similar or increased risk
of thrombocytopenia in a subsequent pregnancy when
the father is homozygous for the responsible antigen.
Obstetric history is relevant. If there was no ICH in the
index pregnancy, the risk of ICH in a subsequent affected
pregnancy is 7%. If a previous sibling was affected by
ICH, the recurrence risk is 75% [21]. Most cases of ICH
occur in the third trimester, with maximal risk at 30
weeks’ gestation, but there are documented cases as early
as 20 weeks’ gestation [22]. The risk is related to the
length of time the fetus is exposed to thrombocytopenia
and therefore the rationale is that therapy should start at
18-20 weeks.

Management

The aim of treatment is to reduce the risk of in utero and
perinatal ICH. The only method of assessing the fetal
platelet count is cordocentesis. If the fetus is thrombocy-
topenic, the risk of exsanginuation as a result of cordo-
centesis is greater. Direct transfusion of platelets at the
time of cordocentesis will increase the fetal platelet count,
but the lifespan of platelets is only 4-5 days, necessitating
repeat transfusions at 7-10 day intervals if a normal plate-
let count is to be maintained. The mean fetal loss rate is
1.6% per procedure in FNAIT and the incidence of emer-
gency delivery estimated at 2.4% per procedure [21].
Degranulation of transfused platelets may augment the
risk of fetal bradycardia. The cumulative fetal loss rate
per pregnancy is 6% if cordocentesis and platelet transfu-
sion is the chosen option [17]. An alternative approach is
to defer cordocentesis until prior to delivery at which
point a single platelet transfusion can be given, if indi-
cated, and the baby delivered a couple of days later. This
obviously reduces the risks associated with multiple pro-
cedures. However, the fetus may have already been
exposed to prolonged thrombocytopenia and suffered
an ICH.

Because of the risks associated with invasive therapy, a
more conservative approach has been developed. The use
of intravenous immunoglobulin (IVIG) in the manage-
ment of FNAIT was first reported by Bussel et al. [23]. A
dose of 1g/kg/week resulted in a significant increase in
fetal platelet count. The mechanism of action of IVIG
remains unclear but a number of possible explanations
are described [17]. Firstly, anti-HPA antibodies in the
maternal circulation will be diluted by the presence of
immunoglobulin and therefore less will be transferred
across the placenta. Secondly, IVIG may block placental
Fc receptors, thus preventing transmission of maternal
antibodies. Finally, IVIG may block Fc receptors on fetal



macrophages, preventing destruction of antigen—antibody
complex-coated cells. IVIG reduces the risk of ICH even
in those fetuses that do not show an increase in platelet
count. There must therefore be some additional protective
effect of this therapy. The addition of corticosteroids to
the IVIG regimen does not improve efficacy [24].

IVIG is the treatment of choice for FNAIT in many
centres. Although invasive management gives direct
information about the fetal platelet count, it must be
shown to as good as, or indeed superior to, conservative
management in order to justify the complication rates,
which may exceed the risks associated with untreated
disease. Recent evidence shows that this is not the
case, IVIG having a 100% success rate compared with
94-96% success rates for cordocentesis and platelet
transfusion [17].

Delivery is a time of high risk of ICH in the thrombo-
cytopenic fetus. Elective Caesarean section is not free
from risk of ICH, and cases of vaginal delivery are
reported without adverse effects. Ideally, the fetal platelet
count should be in excess of 50 x 10°/L if vaginal delivery
is contemplated. If invasive testing is avoided, and hence
the fetal platelet count unknown, elective section should
be chosen.
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Fetal anaemia

This can result from red cell alloimmunization or
parvovirus infection. The mechanism of fetal anaemia,
its management and treatment are discussed for both
aetiologies.

Red cell alloimmunization
If a pregnant woman is exposed to fetal red cells that
possess different antigens to her own red cells (i.e. the
antigens have been inherited from the father), she will
mount an immune response. The initial response is pro-
duction of IgM antibodies, which do not cross the pla-
centa and therefore the pregnancy in which antibodies are
first detected is unlikely to be affected. However, on
further exposure to the foreign red cell antigen IgG anti-
bodies are produced, which do cross the placenta and
cause fetal haemolytic anaemia. The antibodies most
commonly associated with haemolytic disease of the fetus
and newborn (HDN) are the rhesus system antibodies
RhD, Rhc and RhE, and Kell.

Some aspects of the assessment and management of
pregnancies at risk of HDN are discussed in Chapter 15.
Fig. 19.1 outlines a proposed management strategy for

Rhesus-sensitized pregnancy

P4

l

1. History of IUTs/hydropic
intrauterine death, and
(i) partner homozygous

Establish partner’s zygosity | —»
for relevant antigen(s)

Heterozygous — maternal blood for
cell-free fetal DNA

or (ii) fetal genotyping indicates at risk

pregnancy l
or (iii) partner heterozygous and fetal

|

genotype unknown

Homozygous

Fetus +ve for relevant antigen

l

Discuss with tertiary referral
centre

I g

At-risk pregnancy

4 l

Anti D 4-10 IU/mL - fortnightly

cerebral artery doppler peak

Anti-D <4 IU/mL - monitor monthly

Anti D > 10 IU/mL - perform middle

Anti-c <7.5 IlU/mL — monitor monthly
Anti-c >7.5 IU/mL - perform middle
cerebral artery doppler

systolic velocity

-

Refer for
IUT line)

Repeat MCA PSV every 2 weeks
(1-week interval if close to action

MCA > 1.5 MoM cut-off

Fig. 19.1 Algorithm for the management of rhesus-sensitized pregnancies. IU, international units; MCA PSV middle cerebral artery peak
systolic velocity; IUT, intrauterine transfusion; MoM, multiples of the median.
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rhesus-sensitized pregnancies. Important points to recog-
nize include the following.

e If the father is heterozygous for the relevant antigen,
fetal blood group should be established using the non-
invasive technique of assessing cell-free fetal DNA in
maternal blood.

* Anti-D and anti-c concentrations can be quantified; this
is not possible for anti-E or Kell antibodies.

¢ The trend of rise in antibody concentration is as impor-
tant as a particular cut-off level.

Monitoring: middle cerebral artery Doppler
Having established that a pregnancy is at risk of fetal
anaemia secondary to red cell alloimmunization, the
aim of monitoring is to determine the point at which
fetal therapy is indicated, b