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Preface to the Fourth Edition

In this 4th edition of Medical Disorders in Obstetric Practice
all the chapters have been revised and many have been
extensively rewritten. I am most grateful to Miss Joanna
Girling who has taken over and rewritten the chapter on
thyroid disease (Chapter 12); also to Dr Geoff Ridgway
and to Professor Jangu Banatvala who have split the
former chapter on infectious diseases and written new
chapters on bacteriological and viral disease respectively,
emphasising the importance of infectious disease in
modern obstetrics. Samantha Vaughan Jones has rewrit-
ten the chapter on skin disease. Margaret Oates has joined
forces with Peter Liddle regarding psychiatry in preg-
nancy. Similarly, Laurent Mandelbrot and Marie-Louise
Newell have joined Frank Johnstone to up-date the rap-
idly developing subject of HIV infection in pregnancy.

I am gratified by the success of Medical Disorders in
Obstetric Practice and hope that the 4th edition will be a
useful knowledge base for those continuing to practice
and train in obstetric medicine. Anyone working in clin-
ical obstetrics will recognise the subspecialty of obstetric
medicine and the need for physicians and obstetricians

who have special knowledge of the medical problems of
pregnancy. This need is finally being recognised by those
who have not responsibility for certification. I hope that in
the not too distant future, perhaps even within the life-
time of this book, the Royal Colleges of Obstetricians and
Gynaecologists, and Physicians will jointly sanction a
training and certification process for obstetric medicine.
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authors of this edition of Medical Disorder in Obstetric
Practice who have been so generous of their time and so
willing to write. I would also like to thank all those who
have commented on previous editions and made invalu-
able suggestions regarding improvements. My thanks to
Dr Stephen Wright who kindly checked the section on
malaria (Chapter 16) and to Dr Ian Chrystie who supplied
some of the figures for, and checked, Chapter 17. Finally,
I would like to thank the staff at Blackwell Publishing for
their help and expertise in editing and production.
Michael de Swiet
2002
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Preface to the First Edition

This book has been produced to replace Medical Disorders
in Obstetric Practice which was written by my predecessor,
as Consultant Physician at Queen Charlotte’s Maternity
Hospital, Cyril Barnes. In many ways Cyril Barnes estab-
lished the subspecialty of obstetric medicine in Great
Britain. Some would argue that obstetric medicine is not
a subspecialty at all; that the already established subspe-
cialities, such as cardiology and haematology, embrace a
sufficient body of knowledge to deal adequately with all
medical complications of pregnancy. 1 disagree. The
physiology of the pregnant woman is so altered, and the
constraint of the welfare of the fetus is so important, that
subspecialists who can oversee the two widely different
fields of obstetrics and medicine are needed.

viii

Barnes’ text was a model of clarity, and a tribute to his
considerable clinical experience. I hope that with this
book, we have been able to continue in the tradition of
my predecessor. In particular, I hope that the obstetrician
who may not always have optimal medical support, will
find practical answers to his medical problems here. In
addition, this is now a multi-author book, and we have
tried to include the latest advances in a very rapidly
progressing subject.

M. De Swiet
1995



1 Diseases of the respiratory system

Michael de Swiet
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Disorders of the lung severe enough to cause respiratory
failure are rare in pregnancy [1] since the major causes,
chronic bronchitis and emphysema, are more common in
men, or in women past their childbearing years. Never-
theless, respiratory failure may occur in bronchial asthma,
in cystic fibrosis in overwhelming infection, occasionally
in connective tissue disorders and in neuromuscular
problems such as Guillain—Barré syndrome or Charcot-
Marie-Tooth disease [2]. The Report on Confidential En-
quiries into Maternal Deaths in the UK recorded just
seven deaths from such causes in 2.2 million maternities
between 1994 and 1996 [3]. Respiratory failure may also
be the cause of death in postanaesthetic complications but
this is now becoming extremely rare.

Before considering these and other respiratory diseases
in pregnancy, we should first review the physiological
changes in the respiratory system that occur during preg-
nancy. For more detailed reviews of physiology see refer-
ences [4-7].

Physiological adaptation to pregnancy

Oxygen consumption, Pao;, CO, production,
P-50

During pregnancy oxygen consumption rises by about
45mL/min [8,9]. Because oxygen consumption at rest is
approximately 300 mL/min [10,11] the increase is about

Churg-Strauss syndrome, 11
Tuberculosis, 11
Sarcoidosis, 13
Erythema nodosum, 14
Wegener's granulomatosis, 14
Pulmonary lymphangioleiomyomatosis, 15
Pneumonia and other respiratory tract infections, 15
Upper respiratory tract, 15
Pneumonia, 15
Cystic fibrosis, 16
Chronic bronchitis, emphysema and
bronchiectasis, 18
Kyphoscoliosis, 18
Adult respiratory distress syndrome, 18
Pneumothorax and pneumomediastinum, 19
Pleural effusion, 20
Lung cancer, 20
Anaesthetic considerations, 20

18%. About one-third of the increased oxygen consump-
tion is necessary for the metabolism of the fetus and
placenta. The remainder is supplied for the extra metab-
olism of the mother, in particular the extra work of in-
creased secretion and reabsorption by the kidney [5].

The majority of authors find little change in Pao,
during pregnancy. The normal value is about 13.6kPa
(103 mmHg) at the end of pregnancy [12].

Those authors such as Lucius et 4l. [13] that have found
a Pao, reduced to 11.3kPa (85 mmHg) in pregnancy have
usually not specified the position of their patients. Pao;
may fall by up to 1.7kPa (13 mmHg) on changing from the
sitting to the supine position [14] probably due to a com-
bination of haemodynamic alterations (e.g. reduction in
cardiac output, Chapter 5) and changes in functional re-
sidual capacity and closing volume. These changes cause
mismatching of ventilation and perfusion and subsequent
hypoxaemia. Therefore arterial blood gas measurements
should always be made in pregnancy in the sitting pos-
ition if they are to be used for diagnostic purposes such as
in suspected pulmonary embolism (see Chapter 4).

Although residence at extreme altitude is associated
with decreased maternal Pao; and intrauterine growth
restriction, modern aircraft are pressurized to about
2500m (8200ft) and at these pressures Huch et al. [15]
found no evidence of ill-effects on mother or fetus in 10
pregnancies studied during commercial flights.
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The increase in oxygen consumption is associated with a
corresponding increase in CO; output. Because respiratory
quotient increases from 0.76 before pregnancy to 0.83 in late
pregnancy, the increase in CO, production is proportion-
ately greater than the increase in oxygen uptake [10,16].
This effect is likely to be due to an increase in the proportion
of carbohydrate to fat metabolized during pregnancy.

P-50, an inverse measure of affinity of haemoglobin for
oxygen, is progressively increased from 26 mmHg in the
non-pregnant state to 30 mmHg at term [17]. This repre-
sents a decrease in affinity induced by pregnancy and
would allow easier ‘unloading’ of oxygen from maternal
blood to fetal blood in the placenta.

Tidal volume

The increase in oxygen consumption is associated with a
marked increase in ventilation of up to 40% in pregnancy.
This increase in ventilation is achieved efficiently by in-
creasing tidal volume from 500 to 700 mL [19] rather than
by any increase in respiratory rate [11] (Fig. 1.1). It occurs
early in pregnancy [20]. Effective alveolar ventilation is
further increased by a reduction of 20% in residual
volume—the volume of air in the lungs which remains
at the end of expiration and with which the incoming air
is diluted 8] (Fig. 1.2).

Ventilatory equivalent, Paco; and pH

The increase in ventilation of 40% compared to the increase
in oxygen consumption of 20% causes a considerable
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Fig 1.1 Subdivisions of lung volume and their alterations in
pregnancy. (From [19].)

increase in ventilatory equivalent—the minute volume
divided by oxygen consumption—which rises from 3.21/
min/100mL oxygen consumed to 4.01/min/100mL
oxygen consumed. Therefore, the Paco; falls in pregnancy
from non-pregnant levels of 4.7-5.3 kPa (3540 mmHg) to
about 4 kPa (30 mmHg) [21]. Most authors (e.g. Milne {7})
find the Paco, falls early in pregnancy in parallel with the
change in ventilation, but Lucius et al. {13] and Bouterline-
Young and Bouterline-Young {22] found a progressive fall
in Paco;. The fall in Paco; is even greater at altitude where
the mother is hyperventilating further in an attempt to
maintain the Pao, as high as possible. Hellegers et al. [23]
found a Paco, of 3.7 kPa (28 mmHg) at 4400 m, and Sobre-
villa et al. {24] recorded a Paco: of 3.2kPa (24 mmHg) at
altitude.

The fall in Paco, is matched by an equivalent fall in
plasma bicarbonate concentration and all the evidence
suggests that arterial pH is not altered from normal non-
pregnant levels of about 7.40.

The stimulus to hyperventilation

The increase in ventilation and associated fall in Paco,
occurring in pregnancy is probably due to progesterone
[25], which may act via a number of mechanisms. It lowers
the threshold of the respiratory centre to CO- [26]. In add-
ition, during pregnancy, the sensitivity of the respiratory
centre increases [27] so that an increase in Paco; of 0.13 kPa
(1 mmHg) increases ventilation by 5L /min in pregnancy,
compared to 1.5 L/min in the non-pregnant state [11,21,28].
Itis also possible that progesterone acts as a primary stimu-
lant to the respiratory centre independently of any change
in CO; sensitivity or threshold [29]. Not only does proges-
terone stimulate ventilation, but it also increases the level
of carbonic anhydrase Bin the red cell [30,31]. Anincreasein
carbonic anhydrase will facilitate CO; transfer, and also
tend to decrease Paco; independently of any change in
ventilation. The respiratory stimulant effect of progester-
one hasbeen used in the treatment of respiratory failureand
emphysema with varying success [32-34]. A similar but
smaller increase in ventilation is observed in the luteal
phase of the menstrual cycle [35,36] and in patients taking
some oral contraceptives [7].

Vital capacity

The vital capacity, the maximum volume of gas that can be
expired after a maximum inspiration, probably does not
change in pregnancy (Figs 1.1 & 1.2). Some have found
that it increases [7,9], others have found that it decreases
{21,37]; the majority have found nochange[7,8,19]. Cugell et
al. [19] found a transient fall in vital capacity in the puerper-
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ium. As the authors themselves noted, it is likely that this
was due to maternal discomfort from, for example, episiot-
omy sutures preventing full cooperation.

Anatomical changes

The findings of no change in vital capacity with a reduc-
tion in residual volume are in keeping with the observed
changes in the configuration of the chest during preg-
nancy. The level of the diaphragm rises by about 4cm
early in pregnancy even before it is under pressure from
the enlarging uterus. This would account for the decrease
in residual volume because the lungs would be relatively
compressed at forced expiration.

Airways resistance

The work performed in breathing may be partitioned into
work done in overcoming the total airways resistance of
the tracheobronchial tree—where the resistance of large
airways (>2mm in diameter) is much more important
than small airways function [38}—and work done in
expanding the lungs and chest wall, the compliance.

Measurements of forced expiratory volume in 1s
(FEV;) and peak expiratory flow rate are indirect meas-
urements that depend on both airways resistance and
lung compliance. Neither measurement is affected by
pregnancy [39], nor is airways conductance [20] nor lung
compliance [40].

12-15

16-19 20-23 24-27 28-31 32-35 36-T PP

Weeks' gestation

Bevanetal. [41] and Garrard et al. [42] found an increased
closing volume in pregnancy with closure beginning
during normal tidal volume in half their subjects. This
would suggest that the calibre of small airways <2mm in
diameter decreases in pregnancy to the point where some
airways close during respiration. However, others [43-45]
have found nochange in the point of airways closure during
normal pregnancy, and Farebrother and McHardy [46] sug-
gested that an increased closing volume was only a feature
of complicated pregnancy. Certainly ventilation/perfusion
imbalance occurs in severe pre-eclampsia [47]. More work
is necessary in this field. If some airways do close during
tidal breathing, this would lead to impairment of ventila-
tion/ perfusion ratio and a decreased efficiency of pulmon-
ary gas exchange causing hypoxaemia.

Gas transfer (pulmonary diffusing capacity)

This factor is a measure of the ease with which carbon
monoxide and therefore oxygen is transported across the
pulmonary membrane. Some studies showed no change
in transfer factor during pregnancy [48,49]. However,
Milne et al. [50] showed a marked decrease in transfer
factor early in pregnancy (Fig. 1.3). This could be related
to the fall in haematocrit, but would be offset by the
increase in cardiac output occurring early in pregnancy.
A reduction in transfer factor would be one factor acting
against the increase in ventilation to improve the effi-
ciency of gas exchange in pregnancy.



4 Chapter 1

10 -

@ Corrected for Hb and alveolar volume
0 Observed values. (After [36])

Tl {(mmol/min/kPa)
2]
T

o

12 16 20 24 28 32 1 2
Weeks' gestation

Fig 1.3 Change in pulmonary transfer factor during normal
pregnancy and after delivery (PP).

In summary, the mother more than compensates for the
increased oxygen consumption required by her and the
fetus with a marked increase in tidal volume, leading to a
considerable reduction in Paco;. This is driven by proges-
terone, and respiratory efficiency is augmented by the
decrease in residual volume. These effects could be offset
by an increase in closing volume and a decrease in trans-
fer factor.

Exercise

The interactions between pregnancy and exercise are of
particular relevance in view of current obsessions with
physical fitness. However, the capacity for exercise in
pregnancy has not been fully tested [51]. This is because
weight-bearing exercise such as treadmill walking or step
testing is heavily influenced by the change in weight
associated with pregnancy. Sitting exercise (bicycle ergo-
metry) should be less affected [52]. Also the capacity for
maximum exercise depends on many other variables such
as motivation, which may themselves be altered by preg-
nancy. One question of interest is whether in pregnancy
exercise costs more or is performed less efficiently. Artal
et al. [53] found on treadmill testing in late pregnancy,
that women could not increase oxygen consumption to
such an extent as in the non-pregnant state and that
the ventilatory equivalent increased with higher grades
of exercise, i.e. ventilation was less efficient at extreme
exercise.

Nevertheless, short-term exercise does not appear to
affect the normal fetus, at least as measured in terms of

fetal cardiac function assessed by M-mode echocardiog-
raphy [54]. Longer exercise lasting more than 20 min does
increase fetal heart rate, although the mechanism is un-
known [55]. Changes in uterine blood flow induced by
maternal exercise may be compensated for by haemocon-
centration (increasing oxygen carrying capacity) and in-
creased oxygen extraction by the placenta [51]. In selected
patients, participation in an exercise programme was as-
sociated with feeling good, improved American Paediat-
ric Gross Assessment Record (APGAR) scores and a lower
caesarean section rate [56]. The consensus view is that
moderate exercise improves the pregnancv outcome in
women with no contraindication such as hyvpertension
[57).

Breathlessness in pregnancy

Breathlessness is a subjective symptom and the degree to
which patients are aware of the profound changes in
ventilation occurring in pregnancy as breathlessness
varies enormously between patients and in the same pa-
tient in different pregnancies.

The degree of breathlessness felt by women in preg-
nancy has been documented by Thomson and Cohen [58],
Cugell et al. [19] and Milne et al. [59]. Milne et al. found
that about 50% of women were aware of breathlessness
before 20 weeks’ gestation. The maximum incidence of
breathlessness at rest occurred between 28 and 31 weeks’
gestation. However, the symptom of breathlessness can-
not in general be correlated with any single parameter of
respiratory function. Therefore, the reason for the max-
imum incidence of dyspnoea at 28-31 weeks’ gestation
remains unknown.

It is clearly important for the clinician to be aware that
dyspnoea is a normal feature of pregnancy and does not
necessarily represent cardiorespiratory disease. In the ab-
sence of any other symptoms of cardiorespiratory disease,
normal findings on examination and a normal chest
radiograph should be sufficient to exclude any serious
pathology in the majority of women with breathlessness
in pregnancy. Measurement of arterial blood gases and
transfer factor should be reserved for those who are mark-
edly breathless with particular relevance to pulmonary
embolus and the possibility of diffuse infiltrative lung
conditions, such as idiopathic pulmonary fibrosis.

One further test is to measure oxygen saturation trans-
cutaneously and therefore non-invasively. The equipment
to do this should now be widely available. The normal
oxygen saturation is in excess of 95%. A fall in saturation
on exercise, e.g. climbing stairs, indicates some form of
cardiopulmonary disease and should be investigated fur-
ther.



General comments on disorders of the
respiratory system in pregnancy

Pregnancy stresses the respiratory system very little com-
pared to its effect on the cardiovascular system. During
pregnancy the minute ventilation increases by about 40%
from 7.5 to 10.5L/min and oxygen consumption increases
by about 18% from about 250 to 300mL/min. Yet, in
exercise, minute ventilation can increase to 80L/min
[60], a 10-fold increase. Cardiac output also rises by ap-
proximately 40% from 4.5 to 6 L/min in pregnancy (see
Chapter 5), but in contrast, the maximum cardiac output
achieved in exercise is probably no greater than 12L./min,
a threefold increase. Thus, although cardiac output and
minute ventilation both increase by an equal fraction in
pregnancy, the increase in cardiac output represents a far
greater proportion of the maximum that the woman can
achieve, than does the increase in ventilation. Patients
with respiratory disease are therefore less likely to deteri-
orate in pregnancy than those with cardiac disease be-
cause they have greater reserve.

Those chest diseases occurring frequently in pregnancy
are described below. In addition, case reports suggest that
fibrosing alveolitis may deteriorate in pregnancy [61] and
that pulmonary fibrosis in association with systemic scler-
osis is not affected [62].

Bronchial asthma

Asthma is a common condition affecting more than 3% of
women in their childbearing years [63] and the prevalence
may well be increasing [64]. For example in Halifax, Nova
Scotia, the prevalence of asthma in pregnancy was 4.8% in
1991 and rose to 6.9% in 1993 [65].

More recently, Hernandez et al. [66] reported that 1% of
4529 pregnancies at Johns Hopkins Hospital were compli-
cated by acute asthma: 0.15% had severe attacks requiring
hospitalization. It is therefore the most common respira-
tory disorder complicating pregnancy. For other general
reviews see [6,77].

The effect of pregnancy on asthma

Asthma is a very variable condition. Its severity depends
on the patient’s exposure to allergens and the presence of
respiratory infection, both also dependent on the season
of the year. In addition, the patient’s emotional state is
important. If sufficient patients are studied to allow for
these influences, pregnancy has no consistent effect on
asthma; an alternative viewpoint is that it is impossible
to predict the effect of pregnancy on asthma [75].

For example, White et al. [78] found that pregnancy
improved asthma, whereas Gordon et al. [79] found that
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pregnancy was associated with a deterioration in bron-
chial asthma. Turner et al. [71] reviewed 1054 cases
reported in nine different publications: 48% showed no
change in pregnancy, 29% improved and 23% deterior-
ated. Patients do not necessarily change in the same way
during different pregnancies. Williams [80] found that
37% of 63 patients with asthma reacted differently in
different pregnancies; this difference did not depend on
the sex of the fetus [80]. In a prospective study, Juniper et
al. [81] followed airways responsiveness and treatment
requirement (amongst other variables) in 16 patients
from before conception and showed that both improved
in a significant majority during pregnancy. An intriguing
study suggests that women pregnant with boys take less
asthma medication than those carrying girls, possibly
because of androgen production from the male fetus [82].

When we followed measurements of FEV,, serially
through pregnancy in 27 patients with asthma, we were
unable to find any consistent changes during pregnancy,
or between pregnancy and the non-pregnant state [39];
this is in keeping with studies in non-asthmatic patients
reviewed above.

If pregnancy does not cause any net change in airways
resistance either in normal subjects or in those with
asthma, this is likely to be the sum of several factors
acting in opposing directions. The bronchodilator influ-
ences are increased progesterone secretion [83], and
increased free cortisol (see Chapter 13); the bronchocon-
strictor influences are the reduced residual volume [84],
reduced Paco; [85] and increased prostaglandin F, secre-
tion [86]. Prostaglandin Fy, should therefore not be used
in obstetric practice (therapeutic abortion, induction of
labour) [86-90] unless there is a life-threatening emer-
gency such as postpartum haemorrhage when it is
injected directly into the uterus or occasionally intramus-
cularly. Prostaglandin E is used more widely and is the
preferred prostaglandin for use in asthmatic patients, al-
though there is some controversy as to whether it may be
a bronchoconstrictor or a bronchodilator [91}.

The most common cause for asthma to deteriorate in
pregnancy is because the patient has reduced treatment
either because of her own or her attendants’ mistaken
belief that such treatment will harm the fetus [92].

The effect of asthma on pregnancy

There has always been concern about a possible effect of
asthma on the outcome of pregnancy. Large epidemi-
ological studies do suggest increased risks of preterm
delivery, low birthweight and congenital malformations
with relative risks 1.3-2.2 compared to healthy controls
[93-94]. However, these risks almost certainly relate to
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poor treatment, although the cause of the birth defects is
not clear. There is also considerable variability between
studies. For example Apter et al. [95] found no excess fetal
morbidity in 21 adolescent patients with asthma even
though these patients required aggressive treatment
with multiple hospital admissions. By contrast it has
been suggested that perinatal mortality is doubled in
patients with asthma compared to controls, but this effect
was largely confined to a black, presumably socially de-
prived, population [79]. In a study in Nova Scotia be-
tween 1991 and 1993 the only fetal problem shown in
871 women with asthma was a slight increase in hyper-
bilirubinaemia when compared to 13 709 non-asthmatics
[65]. Other studies have shown no excess fetal risks when
asthma specialists managed asthma in pregnancy and
achieved good control of symptoms.

We found no statistically significant extra risk to the
fetus if the mother suffered from asthma in pregnancy,
although there was a tendency towards growth restric-
tion, particularly amongst fetuses of mothers taking oral
steroid therapy [39]. These patients were more severely
affected by asthma, and may have been intermittently
hypoxic. The relation between growth restriction and
impaired respiratory function has been shown to be
statistically significant in a group of 352 pregnant asth-
matics [96]. Templeton [97] suggested that hypoxia was
the cause of recurrent growth retardation that he noted in
a patient with bronchiectasis. Alternatively, hyperventi-
lation, which may be associated with acute attacks of
asthma, often causes hypocapnia, and this also has been
related to fetal hypoxia [98,99]. Animal data would sug-
gest that maternal respiratory alkalosis also causes fetal
hypoxia [100] and both respiratory alkalosis and hypo-
capnia may act via a reduction in maternal placental
perfusion [98,101].

In summary, there is a slight increased risk to the fetus
of the mother with asthma, but this effect is very small,
and should not be exaggerated when counselling individ-
ual patients.

Management of asthma in pregnancy [102]

Pregnancy is a time when patients see their doctors
frequently. This is a good opportunity to optimize the
therapy of asthma, ideally in a combined medical or re-
spiratory and obstetric clinic.

The diagnosis of bronchial asthma is made on the basis of
the history of recurrent episodes of wheeze and breathless-
ness, often associated with trigger factors such as exposure
to allergens (dust, pollen), infection and exacerbated by
psychological factors. An arbitrary definition is a variation
in peak expiratory flow rate or FEVy > 20%, either spon-

taneously or as a result of treatment. Some patients may
present with a history of cough only. Patients with attacks
only at night or on exercise may have a primary cardiac
cause rather than bronchial asthma, but these women usu-
ally have other signs of heart disease, or cardiomegaly on
the chest radiograph. Inexpensive peak expiratory flow
meters can be used at home to record peak flows through-
out the day on diary cards. In patients with asthma these
records show characteristic dips in peak flow at night or
during the early morning.

Respiratory function may deteriorate before the patient
is aware of it [103]. Home peak flow monitoring allows
the patient to increase treatment (usually with inhaled or
oral glucocorticoids) before her symptoms deteriorate.

In addition, pulmonary embolus may also rarely present
as bronchospasm [104] and this should be remembered as
a possibility in patients who have their first attack of severe
‘asthma’ in pregnancy {105] (see Chapter 4).

GENERAL MEASURES

Asthma is by definition a variable condition, which inevit-
ably affects the patient’s emotions. Also emotional upsets
to which patients are particularly susceptible in preg-
nancy adversely affect asthma. It is therefore particularly
important for obstetricians and physicians to foster a
trusting relationship. In general all first-line drugs cur-
rently used for the treatment of asthma should be con-
sidered safe in pregnancy [106]. All authorities agree that
the danger to the fetus from undertreated maternal
asthma is far greater than any theoretical risk from the
drugs themselves [92].

As in the non-pregnant state barbiturates and other
sedative drugs should not be used because of the risk of
respiratory depression; even diazepam is unsafe. Anxiety
is much better treated by relief of symptoms with effective
therapy. If the patient has any evidence of chest infection,
as indicated by purulent sputum, this should be treated
with an appropriate antibiotic (see below). However, eosi-
nophilia may cause vellow sputum, which looks purulent.
Chest infection is probably overdiagnosed as a cause of
exacerbation of asthma, and such exacerbation should
always be managed with an increase in bronchodilator
therapy. In addition, it should be remembered that expec-
torants containing iodine should not be used in pregnancy,
because the iodine may block thyroxine synthesis in the
fetus making it hypothyroid or giving it a goitre [107,108].
Because iodine is preferentially excreted in breast milk
[109], mothers who are breastfeeding should also not use
iodine-containing expectorants or cough medicine.

Those clinicians who use desensitization in the treat-
ment of asthma [110] or penicillin allergy [111] have not



found any problems specific to pregnancy [110], although
the risk of desensitization (i.e. anaphylaxis) remains.

Current recommendations for the treatment of asthma
indicate a stepped care approach [112] and this should
also be the policy in pregnancy. The stepped care scheme
is outlined below. Comments on individual drugs and
classes of drugs follow. Most treatment is now given by
inhaler; it is very important to enstre that the patient uses
the correct technique, particularly if the response to ther-
apy seems suboptimal.

Step 1: occasional attacks of bronchospasm may be re-
lieved by treatment with inhaled B-sympathomimetic
drugs such as salbutamol 1-2 puffs (100-200 pg). If this
is being used more than once per day:

Step 2: add a preventing drug, i.e. inhaled glucocorticoid,
e.g. beclomethasone 100400 pg twice daily. Alternatively
add inhaled cromoglycate but this is increasingly less
popular and in any case inhaled steroids should be used
if the cromoglycate is not working.

Step 3: add high-dose inhaled steroid or long-acting in-
haled B-sympathomimetic drug, i.e. inhaled short-acting
B-sympathomimetic as required plus beclomethasone
800-2000 ng daily in divided doses. Alternatively, inhaled
short acting p-sympathomimetic plus beclomethasone
100-400 pg twice daily plus inhaled salmeterol 50 pg
twice daily.

Step 4: inhaled high-dose steroid plus regular inhaled
bronchodilator. The regular bronchodilator may be in-
haled B-sympathomimetic or ipratropium, or theophyl-
line tablets.

Step 5: add regular oral prednisolone to Step 4.

If there is any difficulty in controlling asthma the patient
should be admitted to hospital, particularly in pregnancy.
Status asthmaticus is difficult to define and has been re-
named acute severe asthma, but deteriorating asthma that
fails to respond promptly to regular medication is a life-
threatening condition [38], which has been shown to be
particularly dangerous in pregnancy [79]. It is likely that
this is because the condition is managed initially by those
with an obstetric orientation. It is notoriously easy to
underestimate the severity of attacks of asthma [113].
Therefore all patients with acute severe asthma in preg-
nancy should be managed in cooperation with a physician
interested in respiratory disease, preferably in an intensive
care unit. Ominous signs include a heart rate >110/min,
respiratory rate >25/min, pulsus paradoxus of >18-
20mmHg, and peak expiratory flow <200L/min or less
than 50% predicted [112]; also dyspnoea, accessory muscle
use and wheeze [114]. Be very worried about patients who
cannot complete sentences in one breath!

The patient should be monitored with regular measure-
ments of peak flow rate and pulse oximetry to estimate
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oxygen saturation. Blood gas measurement can be reserved
for those with saturation <92% or with life-threatening
attacks. If this is done, there is no need for controlled
oxygen therapy, and the patient can have oxygen, 40-
60%, given via a facemask. Because of the maternal risk,
the patient should be managed as if she were not pregnant,
giving optimal therapy for the respiratory condition. This
should be salbutamol 5 mg or terbutaline 10 mg given via
an oxygen-driven nebulizer and prednisolone tablets
60 mg, hydrocortisone 200 mg i.v. or both. Life-threatening
features require addition of nebulized ipratropium and /or
intravenous aminophylline or salbutamol. In the future
intravenous magnesium may be recommended as a bron-
chodilator. This should appeal to obstetricians, granted
their experience with the use of magnesium for the treat-
ment and prophylaxis of eclampsia (see Chapter 6)

A chest radiograph must always be taken to exclude
pneumothorax. As outlined below, treatment with steroids,
B-sympathomimetics or theophyllines is unlikely to affect
the fetus. Indeed it has been shown that acute attacks of
asthma if promptly treated do no affect fetal outcome {115].
The only drug that should not be used is tetracycline (see
below), but fortunately there are other, better, broad-
spectrum antibiotics available. Despite this, antibiotics
should only be given if there is clear evidence of infection.

Ventilation is rarely necessary but should the patient
require it, either because of exhaustion or rising Pacoy, it
is clear that maternal Paco; should be maintained at as
near physiological levels as possible; indeed, this is the
usual purpose of ventilation. As noted previously, Wulf et
al. [99] showed that as' maternal Po, fell from 12.1 to
6.3kPa (91-47 mmHeg), fetal umbilical vein Po; fell from
4.3 to 3.6 kPa (32-27 mmHg). However, hypocapnia (Pco,
2.3kPa, 17 mmHg) and alkalosis (pH >7.6) should also be
avoided, because these are associated with reduced fetal
oxygenation, probably due to impaired placental trans-
port [71,99]. If all therapy fails to improve the patient with
acute severe asthma, termination of pregnancy may be life
saving [116,117].

p-sympathomimetic drugs (isoprenaline, salbutamol,
terbutaline, fenoterol)

An inhaled B-sympathomimetic is the first drug to use in
treating patients who have occasional attacks of broncho-
spasm. It may be used prophylactically if the patient is
particularly at risk, for example, from exercise-induced
asthma. Although most of the B-sympathomimetics such
assalbutamol, terbutaline and fenoterol thatare used for the
treatment of asthma are relatively selective, stimulating 8,
rather than B, receptors, the dosage given is still limited by
cardiac side-effects of tachycardia and irregularities of
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heart rhythm. Inaddition, patients may notice tremorand a
feeling of anxiety or apprehension. These effects are more
marked with non-selective B-sympathomimetic drugssuch
as isoprenaline, which should not be used. There is little to
choose between one selective B-sympathomimetic drug
and another. My own preference is to use salbutamol,
which has been widely studied in pregnant and non-preg-
nant patients, and to avoid fenoterol, which may be less
selective and is possibly marketed at too high a dose [118].

There is considerable experience of the use of sympatho-
mimetic agents in pregnancy, not only for the treatment of
asthma, but also for preterm labour [119]. There is no evi-
denceof teratogenicity and ephedrine in particular hasbeen
shown to be safe [120]. However, in the case of adrenaline
(epinephrine) whengiven in the first4 months of pregnancy
there was a small non-specific increased risk of teratogeni-
city (minor eye and ear abnormalities) found by the Peri-
natal Collaborative Project [120]; but it is possible that the
acute condition for which adrenaline was given, rather than
the drug itself, was the cause of the malformations.

The most worrying side-effects in pregnancy are pul-
monary oedema and metabolic acidosis [121]. High-dose
intravenous therapy is much more likely to cause side-
effects in patients receiving B-sympathomimetics for pre-
term labour, rather than in the treatment of asthma where
intravenous sympathomimetic drugs have only been used
in the treatment of acute severe asthma and where more
patients receive inhaled B-sympathomimetics.

Because B-sympathomimetics are used in the treatment
of preterm labour, their use for asthma might be expected
to delay the onset or impede the progress of normal
labour. The fact that this does not occur [39] is perhaps
not surprising in view of doubts about their efficacy in
preterm labour [122].

The newer, long-acting inhaled B, agonists such as sal-
meterol have proved to be effective and popular [123].
They can be used as an adjuvant to limit the amount of
inhaled steroid [124] or to avoid the use of systemic ster-
oids. Because very little inhaled salmeterol enters the ma-
ternal blood, it is unlikely that the fetus will be affected and
there have not been any adverse reports in pregnancy.

Theophyllines

Aminophylline has been widely used and is safe in preg-
nancy {125]. However, theophylline has been replaced by
inhaled B agonists and inhaled steroids for most patients.
Therefore theophylline appears relatively late and only as
an alternative in the stepped care plan of the British Thor-
acic Society Guidelines for Asthma Management [112]. The
indications for theophylline use are likely to be failure of
inhaled glucocorticoids or inability to use an inhaler. It is

available as a soluble preparation, a slow-release prepar-
ation or as rectal suppositories in varying dosages. The oral
dose is up to 10 mg/kg/day. The slow-release preparation
acts for up to 12 h and should therefore be used in prefer-
ence to suppositories for the control of nocturnal and early
morning asthma [126]. Theophylline is also available as an
elixir, which is rapidly absorbed, giving therapeutic blood
levels at 15min [127]. Optimal treatment, particularly in
acute severe asthma, is achieved by maintaining blood
levels between 5 and 20mg/mL [73,128]. The recom-
mended infusion rate to achieve this in non-pregnant sub-
jects is 0.7 mg/kg/h for the first 12 h after a 6 mg/kg bolus,
followed by 0.5mg/kg/h thereafter. Earlier reports [129]
suggested that theophylline pharmacokinetics do not
change during pregnancy and the above regimen could
therefore be recommended for the pregnant state [130].
However, it may need to be modified according to the
theophylline blood level particularly since a more recent
study [131] suggests that clearance is increased in preg-
nancy (Fig. 1.4). In any case, blood levels should always be
checked in acute severe asthma. Aminophylline may cause
nausea and also causes tachydysrhythmias, especially
when given intravenously. The bolus dose should therefore
be given slowly. Because aminophylline is also a pulmon-
ary vasodilator, the patient should be receiving oxygen
during intravenous administration to avoid hypoxaemia.
Aminophylline is assumed to cross the placenta [73]
and is excreted in breast milk in small quantities [132]
but this has not been shown to cause any long-term harm
to the fetus [133]. The safety of theophyllines in preg-
nancy is also suggested by a study in which aminophyl-
line was given to women at risk of preterm delivery.
Therapy was associated with decreases in the incidence
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Fig 1.4 Theophylline clearance calculated from steady-state
concentrations in a pregnant woman with asthma. Having been
controlled before pregnancy on 250 mg every 12h, by the end of
pregnancy this patient had subtherapeutic concentrations despite
receiving 1500 mg/day. (From [131].)



of neonatal respiratory distress syndrome and perinatal
mortality. There were no adverse side-effects [134]. Ste-
nius-Aarniala et al. [135] in a study of more than 500
women comparing those who had taken aminophylline
in pregnancy with those who had not, found no adverse
effects concerning the outcome of pregnancy, except a
slight increase in jaundice in the treated group. However,
there are reports [136,137] of three newborn infants who
showed theophylline toxicity (jitteriness, tachycardia,
opisthotonos) after the mother had been given theophyl-
line or aminophylline in late pregnancy. There were no
long-term sequelae in any of these infants.

Disodium cromoglycate

Disodium cromoglycate is inhaled from a Spinhaler or as
a conventional aerosol but the aerosols only deliver a
small dose. It is used as a prophylactic to prevent the
occurrence of asthma attacks. It appears to be safe for
the fetus [72,138]. Because the drug is taken by inhalation
the quantity entering the blood (8%) is very small [138]
and so little is transferred to the fetus. It occasionally
causes bronchospasm at the time of inhalation and this
can be avoided by using a combination preparation of
disodium cromoglycate and isoprenaline.

Anticholinergic drugs, such as atropine or more recently
ipratropium bromide given by aerosol, are also used in the
prophylaxis of asthma [139]. Atropine has not been associ-
ated with any increased risk of teratogenesis [120], and
fetal tachycardia is the only likely fetal side-effect.

Steroids

There is considerable debate concerning the use of ster-
oids in pregnancy. Inhaled steroid therapy, e.g. beclo-
methasone, represents a considerable advance, because
it permits the reduction or omission of oral therapy with
prednisone. In one study only 4% of 257 women taking
inhaled steroids at the beginning of pregnancy had an
acute attack of asthma during pregnancy by comparison
with 17% of women who were not taking steroids at the
beginning of pregnancy [115]. Inhaled steroids given after
an acute attack requiring hospital admission in pregnancy
halve the subsequent remission rate [140].

Inhaled steroids act locally on the bronchi and are not
absorbed except at high dosage, e.g. more than 1 mg/day
(20 x 50 pg puffs) of Becotide [141]. Inhaled beclometa-
sone has been used widely in pregnancy [125] and its
safety is established [125] Preliminary data suggest that
inhaled triamcinolone is similar in efficacy and safety to
beclometasone in pregnancy [142]. The side-effects that
occur with long-term use are monilial infections of the
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upper respiratory and gastrointestinal tracts, but these are
not a specific risk of pregnancy and only a problem in 5%
of users. If patients are changed from chronic oral to in-
haled steroid therapy, the dosage of oral steroid therapy
should be reduced very slowly—no more rapidly than
1mg reduction of prednisone per day every 4 weeks, if
the dosage of prednisone is <10mg/day. More rapid
reduction has been associated with Addisonian collapse,
a flare-up of other atopic manifestations such as allergic
rhinitis, or just lethargy and non-specific malaise.

If patients require oral corticosteroid therapy for asthma,
this should not be withheld because they are pregnant.
Corticosteroids are said to cause cleft palate [143] but this
risk appears to be confined to the rabbit [144]. The contro-
versy has recently been reopened by a case-controlled
study suggesting an odds ratio of 6.55 (confidence interval
1.44-29.76) for oral clefts in patients taking corticosteroids
[145]. However, as suggested by the wide confidence inter-
vals, the numbers involved in this study were small:
amongst 1184 patients with oral clefts five came from
women taking corticosteroids in early pregnancy. In a
similar number of matched controls only one mother
took corticosteroids in early pregnancy. But of the five
mothers taking corticosteroids, one was taking triamcino-
lone, a fluorinated corticosteroid very rarely used as oral
therapy, and another was taking hydrocortisone in physio-
logical replacement doses, i.e. a replacement of a natural
hormone that is unlikely to be teratogenic. If these patients
were to be omitted, the study, already suspect because of
its small size, would not show statistically significant
results. Furthermore Schatz et al. [146] did not find any
excess of congenital malformations in 70 pregnancies com-
plicated by asthma, treated with corticosteroids (average
daily dose of prednisone, 8 mg) and this has been con-
firmed in other clinical studies [120,147,148] and reviewed
by Turner et al. [71].

Steroid therapy will depress maternal adrenal activity.
This can lead to a reduction in the adrenal and urinary
secretion of ocestriol if the dose is more than 30mg of
prednisone a day [149-151]. The effect, which is import-
ant if oestriol levels are used as an index of fetal well-
being, may occur at dosages below 30 mg prednisone per
day, but this has not been documented. In any case the
urinary secretion of oestriol is now rarely used as an index
of fetal well-being. However, note that serum oestriol
measurements are a component of some schemes using
biochemical markers to screen for Down’s syndrome

There is always concern that the hypothalamo-
pituitary-adrenal axis of the fetus may be suppressed by
maternal steroid therapy [152]; this would make the
infant liable to collapse in the neonatal period. In practice
this does not occur with prednisone, perhaps because
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little of this drug crosses the placenta. The maternal-fetal
concentration of prednisone is 10:1 [153], in comparison
to hydrocortisone 6:1 and beclometasone 3:1 [154]. Also
the fetoplacental unit is relatively lacking in the enzymes
to convert prednisone to its active metabolite predniso-
lone [154], and placental 11, B-ol-dehydrogenase is very
efficient, deactivating 87% of an injected dose of prednis-
one [155]. Nevertheless, perhaps 15% of maternal hydro-
cortisone does cross the placenta and could account for
30-50% of fetal cortisol levels [156]: as always corticoster-
oids should not be used unless there is a good reason. As
indicated above, other glucocorticoids do cross the pla-
centa and indeed have been given to the mother for treat-
ment of the fetus, e.g. the use of beclometasone to ‘mature’
the preterm fetal lung and dexamethasone to suppress the
fetal adrenal gland in congenital adrenal hyperplasia (see
Chapter 13). Studies that have assessed the fetal benefits
of beclometasone given to mature the fetal lung, i.e. given
specifically to affect the fetus, are also encouraging in
terms of long-term psychological [157] and physical
[158] development in the child; however, there is a sug-
gestion that such children are at increased risk of infection
in later life.

Leukotriene antagonists

There is insufficient experience to recommend the use of
leukotriene antagonists such as montelukast or zafirlukast

in pregnancy.

THE MANAGEMENT OF LABOUR

It is unusual for labour to be complicated by attacks of
asthma. Perhaps this is because of an even greater secre-
tion of glucocorticoids from the adrenal cortex [159] and
possibly also catecholamines from the adrenal medulla.
Increased prostaglandin secretion during labour may also
cause bronchodilatation. For attacks of asthma that do
occur in labour, conventional treatment with inhaled 8-
sympathomimetics should be used first, with earlier re-
course to parenteral steroid therapy if the patient does not
improve rapidly.

Patients who have taken glucocorticoids equivalent to
more than 5mg prednisone daily (or very high dose of
inhaled steroids, e.g. beclometasone 1.5mg/day) within
the preceding 3 months are at risk of Addisonian collapse
during labour because of adrenal suppression. Neverthe-
less, Addisonian collapse in labour is very rare. Those
taking high-dose steroids, i.e. prednisone 40mg daily,
should receive hydrocortisone 50mg i.v. or i.m. 8 hourly
for 72h; this can be reduced to 25mg 8 hourly for 48 h in
those taking a low dose such as prednisone 5mg daily.

Oral steroids can be substituted once the patient is eating
with confidence.

Except for cases of severe postpartum haemorrhage,
prostaglandin F,, should not be used because of its
bronchoconstrictor action (see above); also syntocinon
should be used rather than ergometrine because of con-
cern that the latter may cause bronchospasm in patients
with asthma [160,161].

ANAESTHESIA AND ANALGESIA

Epidural anaesthesia is preferable to general anaesthesia
[162] because of the risk of atelectasis and subsequent
chest infection following the latter. If a general anaesthetic
cannot be avoided, halothane should be considered be-
cause of its bronchodilating properties. Nebulized salbu-
tamol can be given pre- and postoperatively. Opiates such
as pethidine are best avoided because they cause broncho-
constriction and respiratory depression; but these remain
relative rather than absolute contraindications and it
would not be correct to deny a patient with asthma any
effective analgesia at all, if epidural anaesthesia were not
available.

BREASTFEEDING

Breastfeeding should be encouraged [163]. There is some
evidence that women with asthma in particular should
breastfeed because it may confer protection from food
allergy in atopic individuals [163]. A recent study from
Western Australia indicated that exclusive breastfeeding
up to 4 months of age decreased the risks of asthma and
other atopic manifestations by about 20% {164].

Turner et al. [71] have reviewed the secretion of drugs
used in the treatment of asthma in breast milk. None of
these drugs, including steroids, is likely to be secreted in
sufficient quantities to harm the neonate, except tetracyc-
line and iodides. In general, patients with asthma should
therefore breastfeed their infants.

GENETIC COUNSELLING

The overall risk of any child having asthma is about 4%. If
one parent has asthma, the risk that the child will have
asthma increases to 8-16%, depending on whether the
parent is also atopic. If both parents have asthma, and
are also atopic, the risk may be as high as 30% [165].
However, evidence is increasing that maternal factors
are particularly important for the development of atopic
illness in the child [166] and current recommendations
include the avoidance during pregnancy and lactation of
potential allergens such as peanuts, which might cross the



placenta or be secreted in breast milk. Alternatively ma-
ternal IgE may enter amniotic fluid and be swallowed
thus transmitting allergy to the fetus [167,168]. Further
work is necessary in this area [168].

In conclusion, asthma is a common condition affect-
ing many women who are pregnant. It is not usually a
problem in pregnancy; either to the mother or the fetus.
The major difficulties lie in realizing that the majority
of drugs used in the treatment of pregnancy do not
harm the fetus, and in maintaining the treatment of a
potentially life-threatening illness despite the mother’s
pregnancy.

Allergic rhinitis

The symptoms of allergic rhinitis are often worse in preg-
nancy. This is because the nasal mucosa shares in the
generalized vasodilatation of pregnancy so the nasal pas-
sages become more congested. Treatment should be with
intranasal preparations of beclometasone and cromogly-
cate [169]. Based on the experience of use of similar prep-
arations in asthma (see above) there should be no concern
about adverse affects of these drugs on the fetus. First-
generation antihistamines such as chlopheniramine are
also considered safe in pregnancy.

Churg-Strauss syndrome

Churg-Strauss syndrome is a rare allergic granuloma-
tosis characterized by asthma, allergic rhinitis and sys-
temic vasculitis. Although single-case reports suggest
that Churg-Strauss syndrome improves in pregnancy
[170], it may also become more obvious in preg-
nancy because of the inadvertent withdrawal of steroid
therapy [171].

Tuberculosis

Pulmonary tuberculosis is now a rare complication of
pregnancy in the general population of the UK, although
some subgroups such as the Gujurati Indians and those
with human immunodeficiency virus (HIV) infection (see
Chapter 18) have an incidence that is up to 100 times
greater than the national figure. At Queen Charlotte’s
Hospital, London, we see up to three cases every year,
delivering approximately 4500 patients per year. For this
reason we and others [172-176] do not routinely perform
chest radiographs in pregnancy, despite contrary recom-
mendations [176a]. In our population, routine chest radio-
graphs are not worth the financial cost, or the very
minimal extra risk to the fetus of irradiating the mother.
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Even in a population with 16 times the national average
incidence of tuberculosis, a screening programme in 1983
based on skin testing followed up by chest radiograph in
positive cases did not detect any cases in pregnancy that
were not detected by clinical criteria (fever, cough or
weight loss) [176]. When this study was repeated in 1994
[177, 178}, recent immigrant status was the only positive
predictor for a positive skin test. Nevertheless, there
should be no hesitation in performing chest radiographs if
there is any clinical indication. Also there should be a very
high index of suspicion for tuberculosis in pregnant or
puerperal women with unexplained cough and sputum:
tuberculosis can spread very extensively among such pa-
tients [178] and active tuberculosis is probably more likely
to be asymptomatic in pregnancy [179].

Before antituberculous drugs were available, the results
of pregnancy complicated by tuberculosis were poor for
both mother and fetus [180]; there was a particular ten-
dency for patients to deteriorate in the puerperium
[181,182]. However, Selikoff and Dormann [183] reported
that pregnancy did not affect the 15-30% of patients with
untreated active tuberculosis, who deteriorated in the first
30 months after diagnosis. De March [184] was unable to
find any deleterious effect of pregnancy in 100 patients
with tuberculosis who had been pregnant, compared with
108 patients with pulmonary tuberculosis who had not
been pregnant. These findings have been confirmed in a
group of women with HIV infection who became preg-
nant [185], i.e. although HIV predisposes to tuberculosis,
pregnancy does not make the situation any worse.

There is also no conclusive evidence that the outcome of
pregnancy is adversely affected by tuberculosis [186-188]
providing treatment is instituted in the first half of preg-
nancy. However, Bjerkedal ef al. [188] did notice an in-
creased risk of abortion to 20 in 1000 patients with
tuberculosis compared to two in 1000 controls. But two
in 1000 is a very low incidence of abortion for the controls,
and these data should therefore be questioned. There is
certainly no longer any justification for therapeutic abor-
tion in maternal tuberculosis either for the sake of mater-
nal health or because the fetus would otherwise be at such
risk. Tuberculosis only very rarely affects the fetus by
transplacental passage. A recent review cited only 29
cases in the English literature since 1980. But if the mother
has open tuberculosis, the neonate is also at risk from
infection after delivery.

The criteria for congenital tuberculosis are:

1 the disease must be bacteriologically proven;

2 there must be a primary complex in the fetal or neonatal
liver;

3 disease must appear early in the first days of life;

4 extrauterine infection must be excluded [189].
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Infection may occur via the fetus swallowing infected
amniotic fluid, or be blood-borne via the umbilical vein. If
the diagnosis is made early, for which a high index of
clinical suspicion is necessary, the outlook for the neonate
is good. The mother may have a tuberculous infection of
any severity from subclinical to miliary [190]. Postnatal
transfer of tuberculosis from mother to neonate is dis-
cussed below.

In pregnancy, pulmonary tuberculosis may present be-
cause of symptoms—cough, purulent sputum, haemop-
tysis, fever, weight loss, chest pain (tuberculous pleural
effusion)—or as an incidental finding when a chest radio-
graph is taken for a different reason. The diagnosis is
based on the chest radiograph appearance, sputum cul-
ture and examination of the pleural effusion, pleural
biopsy, liver biopsy or by bone-marrow aspiration. Up
to 10% of patients with early culture-positive tuberculosis
will have normal chest radiographs [191]. A significant
number will be smear negative, i.e. the organism will only
be demonstrated in culture [192]. The Mantoux test will
become positive within 4~12 weeks after the initial infec-
tion. It is disputed whether Mantoux status is affected by
pregnancy itself [193-195].

The problem in managing a pregnant patient with
tuberculosis is not her potential respiratory impairment,
but the possible effects on the fetus of the chemothera-
peutic drugs used. This subject has recently been exten-
sively reviewed by Snider et al. [190,196]. Overall, their
findings were very encouraging, because 94% of all preg-
nancies resulted in the delivery of apparently normal
infants, and only 3% of the infants exposed in utero were
classified as having birth defects [190]. Before starting
chemotherapy for tuberculosis, the obstetrician and/or
general physician should consult a chest physician; since
the general decline of tuberculosis in the community,
chest physicians are the only specialists with sufficient
experience of the varying regimens that are used.

Thedrugs for which there is considerable information are
ethambutol, isoniazid, streptomycin and rifampicin. In
addition, itis believed that ethionamide is teratogenic [197].

Ethambutol has replaced para-aminosalicylic acid (PAS)
as a ‘front-line” antituberculous drug, because it is so
much easier for the patient to take, although ethambutol
has in term been replaced by pyrazinamide for non-preg-
nant and most pregnant patients. Although ethambutol
may cause retrobulbar neuritis in adults in high doses
[198], there is no evidence from abortion specimens {199]
or the neonate [200] that the fetus is affected. Snider ef al.
[190] found only 14 infants or fetuses with abnormalities
in 655 pregnancies treated with ethambutol and none had
optic nerve abnormalities. The drug must therefore be
considered safe in pregnancy.

The same is true of isoniazid. There have been 16 ab-
normal fetuses reported in a total of 1480 pregnancies
[190]. This abnormality rate is lower than in the normal
hospital population. Monnet et al. [201] noted that four of
five abnormal fetuses in their series of 125 patients treated
with isoniazid, had central nervous system (CNS) abnor-
malities. Because isoniazid is known to cause peripheral
neuritis, this is the potential difficulty in the use of iso-
niazid in pregnancy, but it must be emphasized that the
high incidence of CNS abnormalities was only seen in one
group of patients, all of whom had also received ethiona-
mide [201]. In addition, the Collaborative Drug Project
[120] found a small (twice excess) non-specific increase
of congenital abnormalities in patients taking isoniazid.
Because of the possible higher requirement of pyridoxine
in pregnancy, all patients taking isoniazid in pregnancy
should also take pyridoxine 50mg/day [202] to reduce
the risk of peripheral neuritis [203], although note the
possibility of neonatal seizures due to withdrawal of
maternal pyridoxine therapy [204]. Hepatitis is a recog-
nized complication of isoniazid therapy, which seems
to be more common in pregnancy and the puerperium
[205]. Patients receiving isoniazid in pregnancy should
have their liver function checked at baseline and monthly.
If isoniazid is to be introduced as preventative therapy
this should be delayed until 3 months after delivery
[206].

The greatest worries concern the use of streptomycin,
rifampicin and pyrazinamide. Although at one time it
was considered that streptomycin was relatively innocu-
ous in pregnancy [207], this cannot be the current opinion.
Conway and Birt [207] found no disabled children from
17 patients in whom the mother had been treated with
streptomycin in pregnancy, but eight children had abnor-
mal caloric tests and/or abnormal audiograms. Severe
hearing loss was reported by Robinson and Cambon
[208]. Snider et al. [190] found 34 cases of eighth nerve
damage amongst the reports of 206 patients treated with
streptomycin. This incidence of over 10% appears exces-
sive. Furthermore, the risk of eighth nerve damage will
persist after the period of organogenesis, throughout ges-
tation.

Initial concern about the teratogenic potential of rifam-
picin [190] has not been confirmed and this preparation is
now recommended for use in pregnancy [209]. There is
one curious report of a nearly fivefold increase in the risk
of deep vein thrombosis in patients treated with rifampi-
cin for tuberculosis but this study was not performed in
pregnant patients.

Pyrazinamide is used in antituberculous regimens be-
cause it rapidly renders the sputum negative for acid-fast
bacilli and because 6 month rather than 9 month treat-



ment periods are effective [210]. Although there are few
data about the safety of pyrazinamide in early pregnancy
it has been used quite extensively in pregnancy without
adverse effects. [206] and there should certainly be no
concern about using the drug after organogenesis is com-
plete. It is probably safe even earlier in pregnancy.

In summary, the patient presenting with tuberculosis in
the first trimester of pregnancy should be treated with
isoniazid, ethambutol and rifampicin in standard doses.
After organogenesis is complete at 14 weeks’ gestation it
is safe to use pyrazinamide and some would use it earlier.
It may be necessary to admit the patient to establish the
diagnosis, in which case she should be in a single room
rather than have strict barrier nursing. The patient should
also be in a single room when she is admitted for labour.
However, now that antituberculous therapy is so effect-
ive, the majority of treatment can be given as an out-
patient. Nine months’ treatment with isoniazid and
rifampicin is considered sufficient for pulmonary tuber-
culosis or 6 months’ treatment if the regimen has included
pyrazinamide.

Extrapulmonary tuberculosis is very rare in pregnancy
because one of its principal manifestations, genital tract
tuberculosis, is associated with infertility. Extrapulmon-
ary tuberculosis confined to the lymph nodes has no effect
on pregnancy outcome, but tuberculosis at other sites is
associated with higher rates of hospitalization, and with
low-birthweight infants that have poorer APGAR scores
[211]. Brooks and Stirrat [212] have reported a case of
tuberculous peritonitis in pregnancy with a temporary
Addisonian state, which responded excellently to conven-
tional antituberculous therapy. There are isolated reports
of colonic tuberculosis [213] and pericardial disease [214]
in pregnancy. Figueroa and Arredondo [215] have de-
scribed the pregnancies of 12 women with renal and
other extrapulmonary tuberculosis. Tuberculous menin-
gitis was a frequent terminal manifestation of women
with tuberculosis in pregnancy [216,217] but is now very
uncommon.

After birth, babies should only be isolated from their
mothers if the mothers are still smear positive. Because
modern antituberculous regimens render the sputum
sterile within 2 weeks and markedly reduce the number
of organisms with 24 h, this should not occur frequently.
The neonate should be treated with prophylactic isonia-
zid for 3 months. After this period BCG vaccination is
given in the UK although not in the USA [218]. It is not
clear whether neonatal BCG vaccination adds any further
protection to isoniazid prophylaxis. It is not without risks:
skin ulceration, osteitis and occasionally disseminated
disease, particularly if the mother has an immunodefi-
ciency state such as acquired immune deficiency syn-
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drome (AIDS). As isoniazid therapy does not affect the
immunogenicity of BCG vaccine, there is no longer any
rationale for the use of isoniazid-resistant BCG neonatal
vaccination [218]. Mothers taking antituberculous therapy
should be encouraged to breastfeed since the infant will
receive a maximum of 20% of the normal infant dose by
this route [219].

Sarcoidosis

Although sarcoid is most common in women aged 20-40
years, pulmonary sarcoid is rarely reported as a compli-
cation of pregnancy—perhaps 0.05% of all pregnancies
are affected by the condition [220]. Also, there have been
few cases reported where there was any marked symp-
tomatic impairment in respiratory function [220-222].
Nevertheless, specialist referral centres have experience
of large numbers of patients with sarcoid in pregnancy
[223]. The consensus of opinion is that sarcoidosis either
does not change in pregnancy [224] or if it changes, im-
proves, perhaps due to the increase in free as well as total
cortisol (see Chapter 13); however, there is a tendency for
the condition to relapse in the puerperium [72}. Neverthe-
less, the relapse is unlikely to be serious and should not be
a contraindication to pregnancy, except in the rare patient
who is severely affected. Apart from pulmonary compli-
cations of sarcoid, patients may occasionally have life-
threatening heart, renal and neurological disease. Other
risk factors are parenchymal lesions on chest radiograph,
increasing maternal age and requirement for drugs other
than steroids [221].

The usual presentation is with symmetrical bilateral
hilar lymphadenopathy and mediastinal lymphadeno-
pathy found on chest radiograph either by chance or in
a patient with pyrexia or erythema nodosum. The patient
may also have cervical lymphadenopathy. The differen-
tial diagnoses include lymphoma such as Hodgkin's dis-
ease [225] and tuberculosis. In tuberculosis and
Hodgkin’s disease the hilar lymphadenopathy is usually
not symmetrical and tuberculosis is usually associated
with parenchymal lung lesions in the acute attack in
women of this age. The Kveim test is positive in the
majority of women with sarcoid presenting with bilateral
lymphadenopathy. If there is any doubt the patient
should have fibre-optic bronchoscopy with transbronchial
aspiration. If this is negative, mediastinotomy, mediasti-
noscopy or liver biopsy may be necessary to prove or
disprove the diagnosis.

More advanced sarcoid is associated with diffuse lung
infiltration, when the patient is more likely to be breath-
less and will frequently have a reduced transfer factor.
Those patients who are symptomatic can be given
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alternate-day steroid therapy (see above), particularly if
there is evidence of deteriorating pulmonary function.
Because hilar lymphadenopathy may be absent, the dif-
ferential diagnosis of diffuse lung infiltration is wide,
ranging from hypersensitivity to drugs to connective
tissue diseases and organic dust diseases. Lymphangio-
leiomyomatosis is a very rare cause of diffuse pulmonary
infiltration that can occur in pregnancy and one that is
specific to women in their childbearing years [226] (see
below). In the absence of any clinical clues, transbron-
chial, fibre-optic lung biopsy is usually the definitive in-
vestigation. The late manifestations of sarcoid include
lung fibrosis and cor pulmonale due to hypoxaemia. Ster-
oid therapy rarely helps at this stage.

No special management is necessary for the average
case in pregnancy. Angiotensin-converting enzyme levels
have been reported to fall [227] or to remain unchanged in
normal pregnancy [228]. In addition they showed diurnal
variation [227]. Also levels vary markedly in patients with
sarcoid in pregnancy independent of apparent disease
activity [228]. Thus, converting enzyme levels may no
longer be of value in monitoring patients with sarcoid
who become pregnant [228].

Systemic steroids should not be withheld (see above) if
they are indicated for the pulmonary condition. However,
there is no evidence that steroid therapy influences the
natural course of the disease. Sarcoid is not transmitted to
the fetus [181], although sarcoid granulomata have been
reported in the placenta in one patient [229] but not in
others [222]. Because patients often take extra vitamins in
pregnancy, they should be particularly warned not to take
extra vitamin D, to which they may be very sensitive [223]
thus causing hypercalcaemia.

Erythema nodosum

This topic is included here because erythema nodosum
frequently complicates sarcoid and tuberculosis. How-
ever, it may also complicate other infections (streptococ-
cal, pertussis, measles, coccidiomycosis), drug therapy
(particularly sulphonamides) and inflammatory bowel
disease. In patients with coccidiomycosis and pregnancy,
erythema nodosum is associated with a better outcome
and fewer complications [230]. For a general review of
erythema nodosum in pregnancy see Bartelsmeyer and
Petrie [231]. In many patients, the precipitating cause, if
there is one, is not found. The rash consists of tender,
pretibial red or purple nodules. Occasionally the nodules
are present on the arms. New lesions appear while old
ones are resolving, and each lesion lasts a few days to a
few weeks. The whole illness may last several months,
and be accompanied by fever and arthralgia.

Erythema nodosum occurs not infrequently in preg-
nancy. We see about one case per 1000 maternities at
Queen Charlotte’s Maternity Hospital, London. If the pa-
tient has none of the clinical conditions outlined above, a
normal chest radiograph and a blood count that is normal
for pregnancy, she may be reassured that the condition is
most unlikely to have any sequelae and that her preg-
nancy will not be affected.

Salvatore and Lynch [232] reported 21 cases occurring
in pregnancy, or in patients taking oral contraceptives.
Because they could find no cause for 10 of these, thev
believed that pregnancy or oestrogen therapy could be
precipitating factors. This remains unproven, because ery-
thema nodosum occurs most frequently in women during
their childbearing years.

Wegener's granulomatosis

This is a rare form of systemic vasculitis in which
necrotizing granulomatous lesions affect the upper re-
spiratory tract (particularly the nose—causing perforation
of the septum), lungs and kidneys. It presents with nasal
symptoms, haemoptysis, general malaise or renal failure.
Untreated, it is rapidly fatal but the condition is now
being diagnosed more frequently in [233,234] or before
[235] pregnancy as less-severe cases are recognized and
treated with prednisone and cyclophosphamide. The
latter drug, an alkylating agent, is potentially teratogenic;
at least three case reports have documented various ab-
normalities following first trimester use [155,236,237].
Therefore, patients who conceived taking cyclophospha-
mide should be offered termination and patients who
have Wegener’s granulomatosis should wait until thev
are in remission so that cyclophosphamide can be
stopped before pregnancy. Cyclophosphamide also
cause ovarian failure.

Cyclophosphamide has been used in the latter half of
pregnancy in Wegener’s granulomatosis {234] and other
conditions [217]; the only fetal abnormality noted was
leucopenia [238] but this is of concern in view of the poten-
tial for alkylating agents to induce leukaemia [239]. The
titre of antineutrophil cytoplasmic antibody (ANCA) may
be a guide to the necessity for restarting cyclophospha-
mide therapy [240] but this has not been evaluated in
pregnancy. Furthermore, there is insufficient experience
to comment whether the course of Wegener's granuloma-
tosis is affected by pregnancy. On balance most reports
suggest that pregnancy is associated with exacerbation of
the disease but this may just represent selective reporting
[241,242].

In a single case of pulmonary eosinophilic granuloma
[243], respiratory function was not affected by pregnancy.



Pulmonary lymphangioleiomyomatosis

This is a very rare condition but it has attracted much
interest and is of particular relevance because it occurs in
young women during their childbearing years [244-246].
Pulmonary lymphangioleiomyomatosis is characterized
by proliferation of smooth muscle in pulmonary medias-
tinal and retroperitoneal lymphatics, in pulmonary
vessels and in the smaller airways [244]. Patients present
with breathlessness or with symptoms from pneumo-
thorax or chylothorax.

Chest radiology may be normal initially or show inter-
stitial thickening, pneumothorax or pleural effusion [245].
High-resolution computed tomography (CT) scanning
may be necessary to show the typical small cystic
changes. Lung function tests show air-flow obstruction
and. characteristically low gas transfer factor (although
note that this is decreased in pregnancy, see above). The
differential diagnosis of pulmonary infiltration includes
eosinophilic granuloma, sarcoidosis and idiopathic pul-
monary fibrosis. Diagnosis is usually confirmed by lung
biopsy, which can be performed safely in pregnancy.

Early reports [244] suggested that most patients died
within 10 years of diagnosis. More recent studies, possibly
in patients diagnosed earlier in the course of disease, are
most optimistic. Taylor et al. [246] found that 78% of
patients were alive 8 years after diagnosis. The evidence
that oestrogen [247] and pregnancy [248,249] cause the
condition to deteriorate is anecdotal. Nevertheless, in the
desire to give some form of active treatment for an other-
wise fatal condition, patients have been offered oophorec-
tomy with or without additional progesterone and
tamoxifen therapies [246]. Lung transplantation has been
performed for some patients [250].

Pre-pregnancy counselling and decisions about termin-
ation of pregnancy can only be based on a frank discus-
sion of the uncertainty about the natural history of this
fascinating condition.

Pneumonia and other respiratory
tract infections

Upper respiratory tract

At least half of the infections of the upper respiratory tract
are viral and due to adeno-, rhino- and parainfluenza
viruses. In addition, acute bronchitis may be bacterial in
origin due to organisms such as Haemophilus influenzae.
Viral upper respiratory tract infections require no specific
treatment. The condition is self-limiting and the patient
improves with symptomatic therapy—analgesics and
antipyretics (e.g. paracetamol) and bed rest. A high fluid
intake is encouraged. If the patient has purulent sputum,
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a sample should be sent for culture and appropriate anti-
biotic therapy should be started. For acute bronchitis this
should be broad-spectrum therapy with ampicillin, amox-
icillin or a cephalosporin. Erythromycin can be used in
patients who are sensitive to penicillin. The safety of
cotrimoxazole has not been established in pregnancy
and tetracycline should definitely not be used because of
the risks of abnormal bone formation and permanent dis-
colouration of the child’s teeth [251]. In addition, tetracyc-
line therapy has been related to multiple congenital
abnormalities [252], and parenteral tetracycline has caused
pancreatitis and fatal liver failure in pregnancy [253].
Treatment for bronchitis should also include steam in-
halation to liquefy secretions, but iodine-containing ex-
pectorants should not be used because of the adverse
effects of iodine on the fetus (see Chapter 12). Broncho-
dilators to relieve bronchospasm may also be helpful (see
above).

Pneumonia

This is associated with the clinical and radiological signs
of lung consolidation. The patient presents with fever,
cough, purulent sputum or chest pain. Patients frequently
have a history of antecedent chest illness and the majority
are smokers. No cause for the infection can be found in up
to 52% of cases [254]. The majority are bacterial in origin,
due to Streptococcus pneumoniae (the pneumococcus) but
many other organisms may be involved, particularly in
epidemics. Hospital-acquired infection may be with Hae-
mophilus influenzae, haemolytic streptococcus, Staphylococ-
cus aureus or Klebsiella pneumonige in the very debilitated.
However, the influenza virus is an important cause of
pneumonia during epidemics and chlamydia and myco-
plasma may also cause pneumonia, although many cases
previously thought to be due to mycoplasma may have
been caused by Legionella pneumophilia.

Immunocompromised patients such as those with
AIDS or those treated with immunosuppressive drugs
are at risk of developing pneumonia due to atypical or-
ganisms; for example, nocardiosis infection in a pregnant
patient with sarcoid treated with high-dose steroids [255]
or Preumocystis carinii infection in a patient with AIDS
[256] (see also Chapter 18 for a discussion of pneumonia
in pregnant patients with AIDS).

In patients who present with pneumonia outside hos-
pital, therapy in the first instance should be with high-
dose oral amoxicillin 1 g 8 hourly on the assumption that
the patient has a Strep. pneumoniae infection. At present
such therapy should cover the increasing number of peni-
cillin-resistant pneumococci but this policy should be
kept under review. Patients with underlying chest disease



16 Chapter 1

are more likely to have H. influenzae infection and should
be given coamoxiclav.

If the patient is sensitive to penicillin, she should re-
ceive erythromycin, 500mg 6 hourly; this will also treat
legionnaire’s disease and mycoplasma infection. If the
patient is thought to have a hospital-acquired infection
or is severely ill she should be treated with high-dose
cefuroxime and erythromycin pending the results of
sputum, blood culture and sensitivities tests, when fur-
ther antibiotics may be necessary. Ampicillin dosage
should be doubled in pregnancy [131] because of the
increased drug clearance [257] due to increased renal
blood flow. Patients should also receive paracetamol as
an antipyretic and may require tepid sponging and full
nursing care in an intensive care situation if they are very
sick. Patients who are sick should be managed with a
microbiologist and/or an infectious disease expert. Om-
inous signs include a respiratory rate greater than 30/
min, significant hypoxaemia (Po, <60mmHg, 7.98kPa
on room air), acidosis (pH <7.3), disseminated intravas-
cular coagulation, hypotension, elevated blood urea and
evidence of multiple organ failure.

Pneumonia used to have a bad reputation in pregnancy
with many patients aborting and a 20% maternal mortal-
ity rate [258]. Now that effective antibiotics are available,
this is no longer so, except for patients with HIV infection
or those who are debilitated by drug abuse [259].

Preterm labour remains a definite risk, presumably re-
lated to pyrexia [258] and/or prostaglandin release.

It is generally believed that viral pneumonia has a high
mortality in pregnancy [260]; during influenza epidemics
pneumonia may be responsible for half the cases of ma-
ternal mortality [261] and there have been isolated severe
cases requiring ventilation associated with influenza and
pneumonia [262,263] (see Chapter 17). However, such
high maternal mortalities have not been reported recently,
and the additional risk of influenza pneumonia due to
pregnancy has probably been exaggerated [264].

In contrast, 10% of maternal varicella infections may be
complicated by pneumonia, and Parayani and Arvin [265]
reported a series in which two patients required ventila-
tion and one died. Not unreasonably, therefore, Parayani
and Arvin [265] suggested that pregnant women who
have close exposure to varicella zoster virus and no anti-
body to varicella should receive zoster immunoglobulin
(z1G) [265]. The effectiveness of z1G in preventing fetal
complications is not known [266]. Because of the high risk
of infection in pregnancy, those patients who develop
varicella should be treated with acyclovir 800mg, five
times daily for 7 days. Such treatment is much more
effective when given early in the course of the disease
particularly within 24h of the appearance of vesicles.

Varicella pneumonia or those who are very sick with
varicella should be treated with parenteral acyclovir 10~
30mg/kg daily in three divided doses for 5 days [267-
270] (see Chapter 17). Parenteral acyclovir should be used
with caution particularly in the first trimester, although it
has been given without problem to large numbers of
children with varicella from the age of 2 years [271].

Fungal lung infections are very uncommon in the UK.
Cantanazaro [272] has reviewed the pulmonary mycoses
that occur in pregnancy in North America. Cryptococco-
sis, blastomycosis and sporotrichosis are rare. However,
coccidioidomycosis is more common and appears to be
particularly dangerous in pregnancy possibly due to the
stimulating effect of oestrogen and progesterone on coc-
cidioides [273]. In 50 cases of coccidioidomycosis from
North America, 22 became disseminated in pregnancy
with a maternal mortality of nearly 100% if untreated
with amphotericin B [274].

There have been no reports of fetal toxicity from
amphotericin B despite its use in the first trimester [272-
275]. Flucytosine is also used in the treatment of fungal
infections but such therapy is much more worrying since
flucytosine is metabolized to the antimetabolite fluorour-
acil [272].

Cystic fibrosis

Cystic fibrosis is the most common important genetic
disorder in Caucasians with a gene frequency of one in
20 [276). Because heterozygotes are asymptomatic, homo-
zygous patients who suffer from the condition are rela-
tively common. The incidence is about one in 2500 live
births [277]. Recently the mortality has improved mark-
edly, so that many more women are surviving to become
pregnant [18]. The median age of survival for patients
attending cystic fibrosis clinics in the USA in 1990 was
27.6 years [278]. In 1997 it was estimated that there were
2400 people with cystic fibrosis over the age of 16 vears in
the UK of whom about 43% would have been female
[279].

Because of the large number of cystic fibrosis mutations
that have been identified (more than 150) only 80% of all
heterozygotes can be identified [280]. Nevertheless, cystic
fibrosis carrier screening is a practical proposition in gen-
eral practice [281]. In addition, first-trimester prenatal
diagnosis is possible on genetic material prepared from
chorionic villi using linked DNA probes in at least two-
thirds of couples presenting with one affected child;
Super et al. {282] have described their experience with
this technique in 96 families. The expected false-negative
and false-positive rates of this procedure are 2% and 6%,
respectively [283]. Biochemical analvsis of amniotic fluid



is not sufficiently accurate at present to detect or exclude
the affected fetus. The patient should also be aware that
her child will be heterozygous for cystic fibrosis, even if it
is not homozygous. This, in turn, is likely to increase the
future genetic load in the community. An alternative ap-
proach is in vitro fertilization following preimplantation
diagnostic testing to exclude the condition {284]. This
technique consumes considerable resources and is likely
to be applicable only in individual cases.

The improvement in mortality from cystic fibrosis has
come from improved prophylactic bronchial toilet and
widespread use of antibiotics, rather than any single
therapeutic advance although the possibility of heart
and lung transplantation could make a big difference to
prognosis [285]. In addition, pancreatic enzymes and vita-
mins are added to a high-protein and low-fat diet. Carbo-
hydrates are given as sugar to increase calorie intake.

For reviews of cystic fibrosis in pregnancy see [286-
290]. The condition has been diagnosed in patients for
the first time during pregnancy [286]. Such cases diag-
nosed later in life seem to have a better prognosis than
those where the diagnosis is made in early childhood.

Phelan [290] reported only three successful pregnancies
in 66 women aged over 16 years, attending the Royal
Children’s Hospital, Melbourne. He comments that the
low incidence of pregnancy was possibly due to fear of
producing affected children, as well as possible infertility
due to unfavourable cervical mucus and low lean body
mass. (Most males with the condition are infertile due to
atresia of the vas and epididymis [291].)

Cohen et al. [292] surveyed 119 centres in North Amer-
ica and reported the outcome in 129 patients delivered
before 1975. Although 19% of patients had therapeutic
abortions, the incidence of spontaneous abortion (5%)
was not elevated. However, both the perinatal mortality
(11%) and the maternal mortality (12% within 6 months of
delivery) were considerably greater than that in the rest of
the population. Although the maternal mortality is
alarming, it was not greater than reported for patients
with cystic fibrosis who were not pregnant [293,294]. Cor-
key et al. [295] reported the outcome of 11 pregnancies in
seven patients. Only one pregnancy required termination
and these authors suggested that this prognosis is better
when pancreatic function is maintained.

It has been reported that patients with cystic fibrosis
show a decrease in residual volume as do normal women
in pregnancy, but that they are unable to maintain vital
capacity. Although they increase oxygen uptake, they do
not show the ‘hyperventilation’ associated with normal
pregnancy [263].

The judgement of individual physicians is likely to be
influenced by their most recent experience of relatively
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few cases, and this would account for a wide diversity of
clinical opinions regarding the advisability of pregnancy
in patients with cystic fibrosis. Several indices have been
suggested as a guide to the success of pregnancy, based
on history, the nutritional status, the presence or absence
of emphysema, cor pulmonale and such abnormalities in
respiratory function as vital capacity less than 50% pre-
dicted for height [288,296]. Although a vital capacity of
less than 50% than that predicted has been recommended
as an indication for termination, many patients with a
vital capacity of less than this in cystic fibrosis and other
conditions such as kyphoscoliosis have a normal preg-
nancy. Because patients die of uncontrollabie recurrent
chest infection and cor pulmonale (which is in turn re-
lated to hypoxaemia) it is suggested that these should be
the parameters considered when counselling patients.

Echocardiographic measurement of right ventricular
cavity size at end diastole is a good estimate of clinical
outcome [297,298] and this dimension is likely to be re-
lated to pulmonary artery pressure. If there is any doubt
about the presence of hypoxaemia, the arterial blood
gases should be measured. From the data of di Saint’Ag-
nese and Davis [291], it would appear that an arterial Po,
of <60 mmHg, when the patient is free from infection and
breathing air, is associated with a National Institutes of
Health (NIH) score of <50. This is the score at which
pulmonary hypertension is present [299]. Pulmonary
hypertension has a particularly poor outcome in preg-
nancy (see Chapter 5). The pulmonary artery pressure
can be estimated fairly reliably by echocardiography. If
the pulmonary artery systolic pressure is <35mmHg, the
patient does not have cor pulmonale. A recent study in a
non-pregnant population [278] confirms the poor out-
come if the Po; is <55mmHg (2 years mortality >50%).
Similar life expectancy was indicated by FEV; < 30% pre-
dicted or Pco; >50 mmHg.

Physicians should also be aware that patients with
cystic fibrosis may have liver disease [300] and diabetes
mellitus. However, the reported incidence of cirrhosis
varies between 0.5% [18] and 90% [301] and this has not
yet been reported to be a problem in pregnancy.

Apart from a high level of medical and obstetric care,
paying particular attention to nutrition, there are no
special measures that should be taken in the antenatal
period once antenatal diagnosis of the fetus has been
discussed. Because of the ototoxic and renal side-effects
of the aminoglycosides reviewed above, intravenous and
intramuscular use of these antibiotics should be avoided
if possible in pregnancy, and the penicillins should be
given instead. Nebulized gentamicin represents a real
advantage here. However, it is reassuring that there
were no congenital abnormalities amongst the 129 cases
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reviewed by Cohen et al. [292] of whom 26 received amino-
glycosides during pregnancy.

During labour, particular care should be taken concern-
ing fluid and electrolyte balance. Patients with cystic fi-
brosis lose large quantities of sodium in sweat and may
easily become hypovolaemic. However, they will also be
very intolerant of over hydration, if there is any degree of
cor pulmonale. Oxygen may be freely administered if the
Paco, is not elevated. Because of the risk of postanaes-
thetic atelectasis, inhalation anaesthesia should be
avoided and epidural or caudal anaesthesia substituted.
Chest pain arising in labour should raise the suspicion of
pneumothorax to which these patients are particularly
predisposed. Forceps delivery should be performed if
the second stage is at all prolonged.

Whitelaw and Butterfield [302] reported that the
sodium content of breast milk from women with cystic
fibrosis may be as high as 280 mmol/L, and suggested
that this was a reason for these mothers not to breastfeed.
However, Alpert and Cormier {303] have found normal
electrolyte content in milk from mothers with cystic fibro-
sis and believe that the sodium content found by White-
law and Butterfield was abnormally high because the
milk was expressed from a woman who was not lactating
freely. Such expressed milk was demonstrated to have
abnormally high electrolyte content even if the mothers
did not have cystic fibrosis. It would seem sensible to
check the sodium content of breast milk from women
with cystic fibrosis who are lactating, but it is unlikely
that this will be a contraindication to breastfeeding.

Chronic bronchitis, emphysema and
bronchiectasis

Because these conditions are now rarely important in
patients during childbearing years, there is little informa-
tion on their outcome in pregnancy. Although there have
been reports of intrauterine growth restriction in patients
with bronchiectasis [12,304], this does not regularly occur
[305]. If pregnancy does occur in patients with bronchiec-
tasis, they can be severely debilitated [304] and will need
to be treated as high-risk patients with regular supervi-
sion and attention to postural drainage and physiother-
apy. Chest infection and airways obstruction should be
managed as described earlier. As suggested by Lalli and
Raju [306] a successful outcome to pregnancy may be
limited by the presence of pulmonary hypertension and
hypoxaemia (see above).

In a single case report, emphysema due to a;-antitryp-
sin deficiency did not affect the successful outcome of
pregnancy [307], although another case was affected by
severe pre-eclampsia [308]. This condition is now amen-

able to prenatal diagnosis by chorionic villus biopsy [310]
and DNA polymorphism.

Kyphoscoliosis

The reported incidence of kyphoscoliosis is 0.1-0.7% of
pregnancies [311] but much depends on the definition in
mild cases. Kopenhager {311] noted a marked increase in
perinatal mortality to 102 in 1000, due to maternal hyp-
oxia. In Mendelson’s series [312] only one patient had a
vital capacity of <1L, and she was in heart failure during
labour. However, we have successfully delivered two
patients with kyphoscoliosis who had vital capacities of
<1L with no overt problems. Lao et al. [313] studied 10
pregnancies in eight patients in Hong Kong with severe
kyphoscoliosis (average vital capacity approximately
1000mL). There were no major maternal problems but
four infants were delivered before 37 weeks and one
died. In one case of kyphoscoliosis, very severe chronic
maternal hypoxia (Pao, =59 kPa) has caused fetal brain
damage [314]. Less severe kyphoscoliosis has a univer-
sally good outcome [315]. As in cystic fibrosis, the limiting
factors are hypoxaemia, pulmonary hypertension and the
presence of muscular weakness.

However, Sawicka et al. [316] on the basis of six cases
with paralytic or early-onset kyphoscoliosis suggest that
patients with this form of the disease may be particularly
at risk during pregnancy because four of their cases with
vital capacities 1360 mL or less required long-term nega-
tive-pressure ventilation in a tank-lung before and after
delivery. Certainly those patients with idiopathic scoliosis
who have a primary curve >25° may deteriorate in preg-
nancy [317]; lesser curves are not affected by pregnancy
[317]. All these patients are more likely to require caesar-
ean section, because of associated abnormalities of the
bony pelvis and of abnormal presentations of the fetus
[313]. Notwithstanding the spinal deformities, epidural
anaesthetic is preferable to general anaesthesia.

Patients with achondroplasia and other chondrodystro-
phies may have similar though less severe respiratory and
pelvic problems [318].

Adult respiratory distress syndrome

This is the end point of several different types of obstetric
disaster including inhalation of gastric contents during
anaesthesia (see below). In addition, it may occur with
disseminated intravascular coagulation (DIC) in pre-
eclampsia, eclampsia, abruptio placentae, dead fetus syn-
drome and amniotic fluid embolism (see Chapter 3). The
syndrome is also associated with hypovolaemic shock
from postpartum haemorrhage with or without sepsis



[319], with endotoxin shock [320] and with severe ana-
phylaxis. It is also found with metastatic cancer or, in
pregnancy, with hydatidiform mole.

Adult respiratory distress syndrome in association with
pyelonephritis in pregnancy seems to be a particular
problem in the USA [322,323]. Particular risk factors for
the development of adult respiratory distress syndrome
in a patient with pyelonephritis include maternal heart
rate >110/min, pyrexia >>39.4°C in patients with gesta-
tional age >20 weeks and the use of tocolytic agents.

In a group of 14 obstetric cases with adult respiratory
distress syndrome, 12 were caused by strictly obstetric
factors such as pre-eclampsia or haemorrhage. The mor-
tality was 43% [90].

Changes in maternal physiology such as increased
interstitial lung water [324] or activation of various path-
ways of arachidonic acid metabolism may be the reason
for the apparent frequency of pregnancy as an underlying
cause of adult respiratory distress in women. Alterna-
tively, it may be that other secondary causes, such as
anaesthesia, shock from haemorrhage and DIC (see Chap-
ter 3) are more likely to be present in women in the
pregnant than the non-pregnant state.

The patients are severely ill and should be managed in
an intensive care unit. The clinical picture is of a patient
who develops acute severe hypoxaemia despite a high
inspired oxygen concentration, and shows diffuse infil-
trates on the chest radiograph—where signs may take 24 h
to develop. It has been suggested that an acute fall in
white cell count occurring after the initial insult may be
of value in predicting those patients who will develop
adult respiratory distress syndrome [325]. It is assumed
that the primary problem is in the lung, where compli-
ance and permeability are reduced due to extravasation
of liquid, rather than in the heart. However, it may be
necessary to prove that there is not a primary cardiac
abnormality by demonstrating a normal (<14 mmHg)
pulmonary artery wedge pressure, i.e. a normal left-
ventricular end-diastolic pressure, using a flow-guided
Swan-Ganz catheter [326]. Such a catheter (if left in
place) can be of great assistance for management, because
it can provide measurements of pulmonary artery pres-
sure and cardiac output by green dye or thermodilution.
Peripheral oedema, elevated jugular venous pressure and
cardiomegaly are unusual and suggest cardiac, rather
than pulmonary, pathology.

The therapeutic options available are correction of the
underlying cause, artificial ventilation, membrane oxy-
genation and medication with diuretics, antibiotics, vaso-
active drugs, inotropes and steroids.

Correction of the underlying cause is usually limited to
reversal of DIC with fresh frozen plasma (followed by
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delivery of the dead fetus if present) and treatment of
infection. Andersen ef al. [319] suggest ventilation, prefer-
ably with an inspired oxygen concentration of <60%,
maintaining an end-expiratory pressure of 5-35cmH;0O
to try to keep the arterial Po; >60 mmHg. The use of
positive end-expiratory pressure (PEEP) may help by
thinning the layer of water in the alveolus and increasing
alveolar area to improve gas exchange.

Fluid balance is crucial. If the patients are hypovolaemic,
cardiac output and perfusion will decrease; hence infusion
of albumin or blood (increasing oxygen carrying capacity)
canbehelpful, although there is a risk of further protein loss
into the alveoli (see Chapter 3 for a further discussion of
which fluid may be best in this situation). If they are hyper-
volaemic, there will be increased extravasation of fluid and
increased preload, decreasing oxygenation and cardiac
output. Diuretic therapy or dialysis will then be necessary.
The necessity for manipulating blood volume and its effect
can be assessed by repeated measurement of pulmonary
artery wedge pressure and cardiac output, using the Swan-
Ganz catheter. Corticosteroids may reverse excess capillary
permeability [327], but they may also increase susceptibility
to infection [328] and one study suggests that they do not
affect outcome [329].

Despite these measures, the mortality of adult respira-
tory distress syndrome is 50-60% [330]. Nevertheless,
every effort should be made in treating these patients
because those who survive recover well. It is hoped, al-
though not proven, that early aggressive treatment will
reduce mortality of this condition [319].

Pneumothorax and pneumomediastinum

Both these conditions occur infrequently in pregnancy, but
probably more commonly than in the non-pregnant state.
They most commonly occur in susceptible individuals due
to the expulsive efforts of labour [331,332], but pneumo-
mediastinum in particular may occur at other times, for
example in association with bronchial asthma [333] or rup-
tured oesophagus following vomiting [334]. Pneumothorax
may occur in association with other chest conditions, such
as emphysema, pulmonary tuberculosis or cystic fibrosis.
In pneumomediastinum, which is more common in preg-
nancy than pneumothorax, a false passage is created be-
tween the airways and the mediastinal tissues. The
condition usually, although not invariably, follows a stren-
uous labour. Air tracks through the mediastinum to the
neck or pericardium (pneumopericardium) [336], and there
may be widespread subcutaneous emphysema over the
thorax or even the whole body. This produces a quite char-
acteristic crackling sound and sensation on palpation,
which does not occur in any other condition.
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In addition, there may be a crunching noise (Hamman's
sign [337]) synchronous with the heartbeat at the left
sternal edge.

In pneumothorax there is a false passage between the
airways and the pleural cavity. Pneumothorax accompan-
ies about one-third of the cases of pneumomediastinum
that occur in pregnancy but may also occur independ-
ently [338]. In both conditions, the patient complains of
the sudden onset of chest pain and breathlessness, and the
diagnosis is confirmed by chest radiography. In tension
pneumothorax the patient will become cyanosed and
hypotensive due to the reduction in the venous return.
A similar variant of pneumomediastinum ‘malignant me-
diastinum’ [339] also occurs but is much more rare.

Pneumomediastinum normally clears spontaneously
and the treatment is therefore usually conservative, with
oxygen and analgesics. Malignant mediastinum requires
urgent relief either by multiple incisions over the subcuta-
neous tissue where air is trapped [339] or by splitting the
sternum. Pneumothorax should be drained via an under-
water seal if the lung is more than 25% collapsed. Tension
pneumothorax requires immediate relief by a large-bore
needle inserted through the chest wall overlying the
pneumothorax. If pneumothorax or pneumomediastinum
has occurred in pregnancy, elective forceps delivery
should be performed to minimize the chance of recur-
rence, caused by raised intrapulmonary pressure due to
maternal straining.

Pleural effusion

Pleural effusion may arise in pregnancy secondary to
conditions such as tuberculosis, pneumonia, pulmonary
infarction and cardiac failure, which also cause effusions
in the non-pregnant state. Small pleural effusions are said
to be a common finding in the first 24 h postpartum [340].
Spring and Winston [341] found pleural effusions in a
surprisingly high proportion (45-65% of normal women)
postpartum. This was not confirmed by Udeshi et al. [342]
who used a sensitive ultrasound technique. They only
found pleural effusions after delivery in women who
had pre-eclampsia, an association that has been noted
previously by Suonio et al. [343]. Perhaps the increased
lung water of pregnancy [324] and/or the profound
changes that must occur in the maternal circulation after
delivery are the causes.

Lung cancer

This is an uncommon cancer in pregnancy (the most
common are breast, cervix and haematopoietic); the inci-
dence is likely to increase because of increased smoking

amongst women. About 10 cases have been reported.
Metastasis may occur in the pericardium and the pla-
centa. There are insufficient data to state whether the
natural history of lung cancer is affected by pregnancy.

Anaesthetic considerations

Two recent Confidential Maternal Mortality reports,
which examined all maternal deaths occurring in the UK
in the years 1985-90, indicates that there were three
deaths due to inhalation of stomach contents, out of a
total of 590 cases [344,345]. This represents a significant
improvement over the previous series in which there
were eight deaths from inhalation in England and Wales
out of a total of 176 cases [346]. The management of adult
respiratory distress syndrome has been discussed above.
Further treatment of inhalation includes bronchoscopy for
the patient who becomes acutely cyanotic following re-
gurgitation of large particles of food that have obstructed
major airways. It is also important to realize that pulmon-
ary aspiration may occur without frank vomiting and re-
gurgitation. The differential diagnosis of amniotic fluid
embolism and aspiration is considered in Chapters 3and 4.

Much of modern obstetric medical practice involves pre-
vention of the complication of gastric aspiration. The in-
creasing use of regional anaesthesia (epidural or spinal
block)is one way of reducing the problem. Itis also common
practice to starve women during labour, but the stomach
will continue to secrete fluid, even though in reduced quan-
tities; also gastric emptying from meals taken before the
onset of labour is much reduced. On the assumption that it
is the acid component of gastric content that is harmful,
patients in labour are often given up to 30 mL of antacid
(magnesium trisilicate mixture) every 2 h to maintain a pH
>3.2 [347]. However, the Confidential Maternal Mortality
series indicates that the number of deaths from aspiration
during 1973-75, when antacid administration was wide-
spread, was no less than the number occurring in 1970-72,
before antacids were generally used [348]. Furthermore,
Bond et al. [349] have described pulmonary aspiration syn-
drome after inhalation of stomach contents of pH6.4, in a
patient who had been given regular antacid therapy with
magnesium and aluminium hydroxide. The one maternal
death due to aspiration of stomach contents in the 1985-86
confidential enquiry [344] was in a woman who received
adequate prophylaxis with ranitidine and sodium citrate.
All this would suggest that the hydrogen ion concentration
is not the only determinant of the pulmonary aspiration
syndrome; either the antacid itself or other constituents of
the gastric fluid must contribute. Although 0.3 mol/L
sodium citrate solution may be a safer antacid [350], it is
not so effective in reducing acidity [321}; both medicines



increase the volume in the stomach, which may be crucial.
Alternative approaches are to use an H, antagonist such as
cimetidine [351-353], which decreases acid secretion, or
metoclopramide therapy, whichincreases gastricemptying
[354]. Large-scale comparative studies are necessary to de-
termine which is the most effective.

Pending the results of such studies, a reasonable guide
to prophylaxis is as follows [355].

1 Normal labour: starve patient; the place of additional
antacid therapy is unclear.

2 High risk when general anaesthesia may be necessary:
give oral antacid and Hp-receptor antagonist.

3 Elective caesarean section under general anaesthesia:
oral Hy-receptor antagonist at least 90 min preoperatively.
Antacid 15mL preoperatively.

4 Emergency caesarean section under general anaes-
thetic: antacid preoperatively if none has been given re-
cently. Metoclopramide 10mg iv. to promote gastric
emptying. Ranitidine 50 mg i.v. preoperatively to prevent
any further acid formation. The best preventative meas-
ure would be to use epidural rather than general anaes-
thesia whenever possible.

Furthermore, in the patient who has respiratory impair-
ment, general anaesthesia should be avoided because of
the risk of intrapartum hypoxia, due to deteriorating ven-
tilation perfusion imbalance, and the greater risk of post-
operative atelectasis. In addition pain is a potent
stimulant to hyperventilation, which can increase oxygen
consumption in labour as much as 100% [356]. Therefore,
the efficacy of regional anaesthesia as an analgesic de-
creases oxygen consumption [357].

Because of the generalized muscular effort, labour is
obviously a time when the patient with severe respiratory
impairment is at risk of developing respiratory failure.
But in addition, expulsive efforts specifically fatigue the
diaphragm [358], exacerbating this risk. Epidural block
can eliminate the desire to push, allowing forceps deliv-
ery at full dilation.

There are additional reasons for the use of epidural an-
aesthesia in any patient whose respiratory status is com-
promised. One caveat is that when used for caesarean
section, even regional block is associated with reductions
in FEV} of 19%, forced vital capacity of 17% and peak flow
rate of 35% [359]. Similar data have been reported by Har-
rop-Griffiths et al. [360]. Regional block is the best way to
managethese patientsbutitdoes have someadverse effects.
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Blood volume

Although the ‘plethora’ of pregnancy was recognized
early in the 19th century and German work as far back
as 1854 showed a rise of blood volume in pregnant la-
boratory animals, the evidence for plethora in pregnant
women rested primarily on the demonstration of reduced
concentration of solids and cells in the blood until the
early 20th century [1]. The best estimate of total blood
volume is obtained when plasma volume and red cell
mass are measured simultaneously; however, the major-
ity of published reports of blood volume in pregnancy are
based on either measured plasma volume or total red cell
mass, the fraction not directly estimated being calculated
from whole blood haematocrit.

Plasma volume

The measurement of plasma volume in pregnancy has a
long history, which was comprehensively reviewed by
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Hytten and Leitch [2], later summarized and updated
[3]. Plasma volume rises progressively throughout preg-
nancy, with a tendency to plateau in the last 8 weeks [4].
The terminal fall in plasma volume described by almost
all investigators previously, occurs only when measure-
ments are made in the supine position. The underestima-
tion in the supine position is due to the bulky uterus
obstructing venous return from the lower limbs resulting
in incomplete mixing of dye [5]—a similar condition to
the reduction in cardiac output seen in patients in the
supine position (see Chapter 5).

There is little doubt that the amount of increase in
plasma volume is correlated with obstetric outcome
and the birthweight of the baby [2,4,6]. Because second
and subsequent pregnancies tend to be more success-
ful than the first, with bigger babies, a larger plasma
volume increase in multigravidae would be expected;
however, the evidence for this is not entirely satis-
factory [2].
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Women with multiple pregnancy have proportionately
higher increments of plasma volume. The plasma volume at
term was found to be approximately 1940 mL above control
in eight women with twins and 2400 mL above control in
eight women with twins and 2400 mL above control in two
women with triplets [7]. One woman with a quadruplet
pregnancy had raised her plasma volume by 2400mL
above her non-pregnant value by 34 weeks [8].

In contrast, women with poorly growing fetuses (par-
ticularly multigravidae with a history of poor reproduct-
ive performance) have a correspondingly poor plasma
response [9].

In summary, healthy women in a normal first preg-
nancy increase their plasma volume from a non-pregnant
level of almost 2600 mL by about 1250 mL. Most of the rise
takes place before 32-34 weeks’ gestation; thereafter there
is relatively little change. In subsequent pregnancies, the
increase is greater. The increase is related to the size of the
fetus and there are particularly large increases in associ-
ation with multiple pregnancy.

Red cell mass

The red cell ‘mass’ is a confusing term that expresses the
total volume of red cells in the circulation. The more
logical alternative of red cell volume cannot be used be-
cause of its specific meaning in haematology of the
volume of a single erythrocyte.

There is less published information on red cell mass
than plasma volume and the results are more variable.
There is still disagreement as to how much the red cell
mass increases in normal pregnancy. The extent of the
increase is considerably influenced by iron medication,
which will cause the red cell mass to rise in apparently
healthy women even if they have no clinical evidence of
iron deficiency. The stimulus for increased red cell pro-
duction is due in part to the rise in erythropoietin levels
that occurs from early pregnancy [10].

The early literature is summarized by Hytten and
Leitch [2]. If one accepts a figure of about 1400 mL for
the volume of red cells in average healthy women before
pregnancy, then the rise in pregnancy for women not
given iron supplements is about 240mL (18%) and for
those given iron is 400 mL (30%). The red cell mass in-
creases steadily between the end of the first trimester and
term. As with plasma volume, the extent of the increase is
related to the size of the conceptus, particularly large
increases being seen in association with multiple preg-
nancy [7,8].

The red cell mass falls immediately at delivery as a
result of blood loss [11]. Non-pregnant blood volumes
are reached around 3 weeks after delivery.

Changes in blood volume at parturition and
during the puerperium

Acute blood loss causes dramatic changes in maternal
blood volume at both vaginal delivery and caesarean
section. If the blood loss at vaginal delivery is meticu-
lously measured it is more than 500 mL of blood associ-
ated with singleton delivery and almost 1000mL at
delivery of twins. Caesarean section is associated with
an average loss of 1000 mL.

In the normal pregnant female at term, hypervolaemia
modifies the response to blood loss considerably. The
blood volume drops following the acute loss at delivery
but remains relatively stable unless the blood loss exceeds
25% of the predelivery volume. There is no compensatory
increase in blood volume and there is a gradual fall in
plasma volume, due primarily to diuresis. The red cell
mass increase during pregnancy not lost at delivery is
slowly reduced as the red cells come to the end of their
lifespan. The overall result is that the haematocrit grad-
ually increases and the blood volume returns to non-
pregnant levels.

In the first few days following delivery there are fluctu-
ations in plasma volume and haematocrit due to individ-
ual responses to dehydration, pregnancy hypervolaemia
and the rapidity of blood loss. The average blood loss
that can be tolerated without causing a significant fall
in haemoglobin concentration is about 1000 mL but this
depends in turn on a healthy increase in blood volume
prior to delivery. Almost all the blood loss occurs within
the first hour following delivery under normal circum-
stances. In the following 72h only approximately
80mL are lost vaginally. Patients with uterine atony,
extended episiotomy or lacerations will, of course, lose
much more. If the haematocrit or haemoglobin concen-
tration at 5-7 days after delivery proves to be signi-
ficantly less than before delivery, either there was
pathological blood loss at delivery, or there was a poor
increase in blood volume during pregnancy or both
[12,13).

Benefits of hypervolaemia in pregnancy

The widely differing responses in plasma volume and red
cell mass should have an explanation that makes bio-
logical sense.

Hypervolaemia per se combats the hazard of haemor-
rhage for the mother at delivery, as described above. It
also helps to protect the mother from hypotension in the
last trimester when sequestration occurs in the lower
extremities on standing, sitting or lving supine (see Chap-
ter 5).



The red cell mass should increase in line with the need
for extra oxygen. It has been calculated that by the end of
pregnancy the increase in oxygen requirement is about
15-16% [3]. This is met adequately by the increase in red
cell mass of 18-25% [3].

The role of the much greater increase in plasma volume
becomes clear when the distribution of the raised cardiac
output is defined. Most of the extra cardiac output is
directed to the skin and kidneys. Both serve as organs of
excretion during pregnancy; the skin to allow for heat
loss. For excretion they require plasma rather than the
red cells. Also the decrease in viscosity caused by a low
haematocrit causes decreased resistance to blood flow
and also an increase in cardiac output with relatively
less increase in cardiac work. These factors make bio-
logical sense of what is often seen as a disproportionate
increase in plasma volume.

Total haemoglobin

The haemoglobin concentration, haematocrit and red cell
count fall during pregnancy because the expansion of the
plasma volume is greater than that of the red cell mass.
However, there is a rise in total circulating haemoglobin
directly related to the increase in red cell mass. This in
turn is dependent partly on the iron status of the individ-
ual. Published evidence for the rise in total haemoglobin
is unsatisfactory and is confused by the varying iron
status. of the women studied. It is impossible to give
physiological limits for the expected rise in total haemo-
globin until better figures are available.

The lowest normal haemoglobin in the healthy adult
non-pregnant woman living at sea level is defined as 12 g/
dL [14]. In most published studies the mean minimum in
pregnancy is between 11 and 12 g/dL. The lowest haemo-
globin observed in a carefully studied iron supplemented
group was 10.44 g/dL [15]. The World Health Organiza-
tion (WHO) recommends that haemoglobin ideally
should be maintained at or above 11.0g/dL and should
not be allowed to fall below 10.5g/dL in the second
trimester {14,16,17].

iron metabolism

In pregnancy the demand for iron is increased to meet the
needs of the expanding red cell mass and requirements of
the developing fetus and placenta. By far the greatest
single demand for iron is that for the expansion of the
red cell mass. The fetus derives its iron from the maternal
serum by active transport across the placenta mainly in
the last 4 weeks of pregnancy [18]. The total requirement
for iron is of the order of 700-1400mg. Overall the re-
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quirement is 4 mg/day, but this rises to 6.6 mg/day in the
last few weeks of pregnancy. This can be met only by
mobilizing iron stores in addition to achieving maximum
absorption of dietary iron, because a normal mixed diet
supplies about 14mg of iron each day of which only 1-
2mg (5-15%) is absorbed.

Iron absorption is increased when there is erythroid
hyperplasia—rapid iron turnover—and a high concentra-
tion of unsaturated transferrin all of which are part of the
physiological response of the healthy pregnant woman.
There is evidence that absorption of dietary iron is en-
hanced in the latter half of pregnancy [2] but this would
still not provide enough iron for the needs of pregnancy
and the puerperium for a woman on a normal mixed diet.

Iron absorption

There are at least two distinct pathways for iron absorp-
tion: one for inorganic iron and one for iron attached to
haem. The availability of dietary iron is quite variable. In
most foods inorganic iron is in the “ferric’ form and has to
be converted to the ferrous form before absorption can
take place. In foods derived from grain, iron often forms a
stable complex with phylates and only small amounts can
be converted to a soluble form. The iron in eggs is poorly
absorbed because of binding with phosphates present in
the yolk. Milk, particularly cows’ milk, is poor in iron
content. Tea inhibits the absorption of iron. The trad-
itional Scottish breakfast of porridge and eggs washed
down with milky tea is rich in protein but provides very
little, if any, absorbable iron!

The intestinal mucosal control of iron absorption is com-
plex and incompletely understood; however, in general,
absorption is enhanced in times of increased need and defi-
ciency. Haem iron derived from the haemoglobin and myo-
globin of animal origin is more effectively absorbed than
non-haem iron. Factors interfering with or promoting the
absorption of inorganic iron have no effect on the absorp-
tionof haemiron. This puts vegetariansata disadvantage in
terms of iron sufficiency. The amount of iron absorbed will
depend very much on the extent of the iron stores, the
content of the diet and whether or not iron supplements
are given. It was found, in a carefully controlled study in
Sweden [19], that absorption rates differed markedly be-
tween those pregnant women receiving 100-mg ferrous
iron supplements daily and those receiving a placebo. Iron
absorption increased steadily throughout pregnancy in the
placebo group. In the supplemented group there was no
increase between the 12th and 24th week of gestation and
thereafter the increase was only 60% of the placebo group.
After delivery the mean absorption in the placebo
group was markedly higher. These differences can be
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explained by the difference in storage iron between the two
groups [19].

The commonest haematological problem in pregnancy
is anaemia resulting from iron deficiency. The bulk of iron
in the body is contained in the haemoglobin of the circu-
lating red cells. Because many women enter pregnancy
with depleted stores, it is not surprising that iron defi-
ciency in pregnancy and the puerperium is so common
when, in addition to the demands of the fetus and blood
loss at delivery, the absolute red cell mass increases by
approximately 25%.

Over the years there have been many studies that have
proved without doubt that iron supplements prevent the
development of anaemia [20~26] and that even in women
taking a good diet who are not apparently anaemic at
booking, the mean haemoglobin level can be raised by
oral iron therapy throughout pregnancy. The difference in
favour of those so treated is most marked at term when
the need for haemoglobin is maximal {12,15,25].

Iron deficiency

Non-haematological effects of iron
deficiency

Overt symptoms of iron deficiency are generally not
prominent. Defects in oxygen carrying capacity are com-
pensated for but the health implications of iron deficiency
have been examined in a more detailed manner. Of par-
ticular interest are effects produced by impairment of the
function of iron-dependent tissue enzymes. These are not
the ultimate manifestation of severe untreated iron defi-
ciency, but develop along with the fall in haemoglobin
concentration [27].

It has been possible to demonstrate a marked decrease in
work capacity in the iron-depleted but non-anaemic rat due
to impaired mitochondrial function. There is also impair-
ment in temperature maintenance, which has been shown
in human subjects. Studies have suggested there are behav-
ioural abnormalitiesin children with iron deficiency related
to changes in concentration of chemical mediators in the
brain [28]. Iron deficiency in the absence of anaemia is also
associated with poor performance on the Bayley Mental
Development Index [29]. It has also been shown that chil-
dren with iron-deficiency anaemia in infancy are at risk for
Iong-lasting developmental disadvantage compared with
their peers who have better iron status [30]. These develop-
mental delays in iron-deficient infants can be reversed by
treatment with iron [31]. Performance as assessed by cogni-
tive functioning has been shown to be improved by iron
supplementation in non-anaemic iron-deficient adolescent
girls in a randomized study [32].

Progress is being made in defining the biochemical ab-
normalities produced by iron deficiency in the central ner-
vous system. It is well known that parenteral treatment of
megaloblastic anaemia with appropriate haematinics,
either folic acid or vitamin B,,, results in an immediate
subjective feeling of improvement and well-being in the
patient long before the haemoglobin level starts to rise.
This is because of the non-haematological effects of deple-
tion of these vitamins on various tissues. I have observed a
similar immediate subjective feeling of well-being in those
few patients under my care who have received a total dose
infusion of iron, presumably for similar reasons (E.A.
Letsky, personal observations). Women taking oral iron
supplements often volunteer that they feel better long
before the haemoglobin begins to rise significantly. Tissue
enzyme malfunction undoubtedly occurs even in the very
first stages of iron deficiency. Effects of iron deficiency on
neuromuscular transmission may be responsible for anec-
dotal reports of increased blood loss at delivery in anaemic
women given the importance of a well-contracted uterus to
achieve haemostasis at the placental site postpartum. Vari-
ous effects of iron deficiency may be responsible for the
reported association between anaemia and preterm birth
[33,34]. It is obvious that the prevention of nutritional iron
deficiency is a desirable objective, especially when there is
maximal stress on the haemopoietic system in pregnancy.

Even more far-reaching effects of maternal iron defi-
ciency during pregnancy have been suggested. A retro-
spective study of 8000 deliveries at a busy obstetric unit in
Oxford showed a correlation between maternal iron defi-
ciency, high placental weight and an increased ratio of
placental weight to birthweight [35). High blood pressure
in adult life has been linked with lower birthweight and
high placental/birthweight ratios. More recently, in a
prospective study of 1650 low-risk singleton pregnancies,
placental size at term was inversely related to serum
ferritin concentration at booking, supporting the previous
findings [35a]. Prophylaxis of iron deficiency during preg-
nancy may therefore have important implications for the
prevention of adult hypertension which appears to have
its origin in fetal life [35-38].

Haemoglobin concentration

A reduction in concentration of circulating haemoglobin
is a relatively late development in iron deficiency. This is
preceded by a depletion of iron stores and then a reduc-
tion in serum iron before there is any detectable change in
haemoglobin level. However, measurement of haemo-
globin is the simplest, non-invasive practical test at our
disposal and is the one investigation on which further
action is usually taken.



The changes in blood volume and haemodilution are so
variable that the normal range of haemoglobin concen-
tration in healthy pregnancy at 30 weeks’ gestation in
women who have received parenteral iron is from 10 to
14.5g/dL. However, haemoglobin values of <10.5g/dL
in the second and third trimesters are probably abnormal
and require further investigation.

Red cell indices

The appearance of red cells on a stained film is a relatively
insensitive gauge of iron status in pregnancy. The size
of the red cell (mean corpuscular volume (MCV)), its
haemoglobin content (mean corpuscular haemoglobin
(MCH)) and haemoglobin concentration (mean corpuscu-
lar haemoglobin concentration (MCHC)) can be calcu-
lated from the red cell count (RBC), haemoglobin
concentration and packed cell volume (PCV). A better
guide to the diagnosis of iron deficiency is the examin-
ation of these red cell indices (Table 2.1).

Outside pregnancy, the earliest effect of iron-deficiency
anaemia on the erythrocyte is a reduction in cell size
(MCV). However, with the dramatic changes in red cell
mass and plasma volume that occur during pregnancy,
this does not appear to be the most sensitive indicator of
underlying iron deficiency, and the MCV may still remain
normal when stores first become depleted in the early
stages of development of anaemia [39,40]. Hypochromia
and a fall in MCV only appear with more severe estab-
lished iron depletion.

Of course some women enter pregnancy with already
established anaemia due to iron deficiency or with grossly
depleted iron stores and they will quickly develop florid
anaemia with reduced MCV, MCH and MCHC. These do
not present any problems in diagnosis. It is those women
who enter pregnancy in precarious iron balance with a
normal haemoglobin concentration who present the most
difficult diagnostic problems.

Serum iron and total iron-binding capacity

In health, the serum iron concentration of adult non-preg-
nant women lies between 13 and 27 pmol/L. It shows
marked individual diurnal variation and fluctuates even
from hour to hour. The total iron-binding capacity (TIBC)
in the non-pregnant state lies in the range 45-72 umol/L.
It is raised in association with iron-deficiency and found
to be low in chronic inflammatory states. In the non-
anaemic person the TIBC is approximately one-third sat-
urated with iron.

Most workers report a fall in the serum iron and per-
centage saturation of the TIBC in pregnancy; the fall in
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serum iron can largely be prevented by iron supplements.
Serum iron even in combination with TIBC is not a reli-
able indication of iron stores because it fluctuates so
widely and is also affected by recent ingestion of iron
and other factors such as infection not directly involved
with iron metabolism. With these considerable reserva-
tions, a serum iron of <12 wmol/L and a TIBC saturation
of <15% indicate deficiency of iron during pregnancy.

Free erythrocyte protoporphyrin

Erythroblast protoporphyrin represents the substrate
unused for haem synthesis, and levels rise when there is
defective iron supply for the developing red cell. How-
ever, the use of this estimation is limited in that a mislead-
ing rise in free erythrocyte protoporphyrin (FEP) levels is
observed in patients with chronic inflammatory disease,
malignancy or infection. It has been dropped from the
routine investigation of iron status in most laboratories.

Ferritin

Ferritin, a high molecular weight glycoprotein previously
thought to be a totally intracellular iron storage com-
pound, circulates in the plasma of healthy adults at con-
centrations in the range of 15-300 pg/L [41]. It is stable,
not affected by recent ingestion of iron, and appears to
reflect the iron stores accurately and quantitatively—par-
ticularly in the lower range associated with iron defi-
ciency which is so important in pregnancy [39]. A study
of serum ferritin during the course of pregnancy in 154
women was carried out in Cardiff [42]. The patients were
divided randomly into roughly equal groups, one of
which received oral iron supplements. Although there
was a rapid decrease in iron stores during early preg-
nancy in all women studied, the stores (as assessed by
serum ferritin levels) were prevented from reaching iron-
deficient levels during the latter half of pregnancy in the
supplemented group. This pattern has been demonstrated
previously in an examination of the stainable iron in bone
marrow at term [15]. Interestingly, the concentration of
ferritin in the cord blood was substantially greater than
the maternal level at term in all cases; but the babies born
to iron-deficient mothers had significantly decreased cord
ferritin levels compared to the others.

This trend was apparent in the data of another study of
maternal and infant iron stores [43], although the authors
interpreted their data without reference to it. There is a
reduction in the iron accumulated by the fetuses of
mothers with depleted iron stores and this may have an
important bearing on the iron stores of the child during
the first year of life.
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Normal range Iron deficiency

Thalassaemia

Table 2.1 Red cell indices in thalassaemia
and iron deficiency.

PCV/RBC = MCV 75-99 fL !
Hb/RBC = MCH 37-31pg i
Hb/PCV = MCHC 32-36g/dL i

H
H

—

PCV, packed cell volume; RBC, red cell count; Hb, haemoglobin; MCV, mean corpuscular
volume; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin

concentration.

Serum ferritin is estimated by a sensitive immunoradio-
metric assay. Even if there is delay in obtaining the result,
it is valuable to have an accurate assessment of iron stores
before therapy is started. In the development of iron defi-
ciency, reduction in serum ferritin is the first test to
become abnormal.

Serum transferrin receptor

Transferrin receptor (TfR) is present in all cells as a trans-
membrane protein that binds transferrin iron and
transports it to the cell interior. Serum TfR provides a
new and allegedly reliable method for assessing cellular
iron status [44]. Any reduction in iron supply results in an
increase in TfR synthesis and, like ferritin, TfR has been
shown to circulate in the plasma in small amounts, which
reflect the total body mass of TfR. In patients with iron-
deficiency anaemia there is an increase in the density of
surface TfR in iron-deficient cells. In these circumstances,
the plasma T1R is elevated some threefold.

There is little or no change in serum TfR in the early
stages of storage iron depletion but as soon as cellular
iron deficiency is established, the serum TfR rises in direct
proportion to the degree of iron lack. This rise precedes
the reduction in MCV or the rise in FEP. It is particularly
valuable in identifying iron deficiency in pregnancy
[45].

TfR will give a true reflection of tissue iron deficiency in
pregnancy when the ferritin may be low because of mo-
bilization and in chronic inflammatory disease when fer-
ritin is inappropriately elevated because of release from
cells. In combination with serum ferritin, serum TfR will
give a complete picture of iron status, the serum ferritin
reflecting iron stores (in the absence of chronic inflamma-
tory disease) and the TfR tissue iron status [40].

Marrow iron

Before serum ferritin and TfR were available, the only
reliable method of assessing iron stores in pregnancy
was by examination of an appropriately stained prepar-
ation of a bone-marrow sample. This will still give the

most rapid answer. In the absence of iron supplementa-
tion there is no detectable stainable iron in over 80%
of women at term [15]. No stainable iron (haemosiderin)
may be visible once serum ferritin has fallen to below
30 ug/L, but other stigmata of iron deficiency in the
developing erythroblasts, particularly the late normo-
blasts, will confirm that the anaemia is indeed due to
iron deficiency in the absence of stainable iron. Arrested
incorporation of stainable iron from reticuloendothelial
cells into erythroblasts during chronic inflammatory
states will also be demonstrated. The effects of frequently
accompanying folate deficiency will also be apparent (see
below).

Management of iron deficiency

In the UK the management of iron deficiency in preg-
nancy was largely one of prevention by daily oral supple-
ments. Oral supplementation of 60-80 mg elemental iron
per day from early pregnancy maintains the haemoglobin
in the recognized normal range for pregnancy but does
not maintain or restore the iron stores [15,46]. WHO rec-
ommends that supplements of 30-60mg/day be given
to those pregnant women who have normal iron stores
and 120-240mg to those women with none. Whether
all pregnant women need iron is controversial and is
discussed below, but if it is accepted that iron is neces-
sary, a bewildering number of preparations of varying
expense are available for use. In those women to whom
additional iron cannot be given by the oral route either
because of non-compliance or because of unacceptable
side-effects, intramuscular injection of 1000mg iron
more than ensures iron sufficiency for the remainder of
pregnancy. The injections are painful and can stain the
skin but there is not the risk of incurring malignancy
at the injection site in humans [47, 47a] that there is in
rats [48].

There is no haematological benefit in giving parenteral
as opposed to oral iron, but some women will not take
oral preparations. The sole advantage of parenteral ther-
apy is that the physician can be sure that such patients
have received adequate supplementation.



The side-effects of oral administration of iron have been
shown to be related to the quantity administered [49]; if
the daily dose is reduced to 100 mg they are rare with any
preparation. Although some women do have gastric
symptoms the most common complaint is constipation,
which is usually easily overcome by simple measures.
Slow-release preparations, which are generally more ex-
pensive, are said to be relatively free of side-effects. This is
only so because much of the iron is not released at all, is
unabsorbed and excreted unchanged. This means that
increased doses may have to be given to cover require-
ments, thereby further increasing expense. The majority
of women tolerate the cheaper preparations with no sig-
nificant side-effects and in the interests of economy these
should be tried first. All the preparations used routinely
in pregnancy are now combined with an appropriate dose
of folic acid (see below). Prophylaxis of iron deficiency
therefore depends partly on good antenatal care, but ul-
timately on regular attendance at the antenatal clinic and
cooperation in taking the prescribed medication. In spite
of suggestive evidence to the contrary (see below), not all
obstetricians are convinced of the value of prophylaxis
with haematinics.

The management of iron-deficiency anaemia diagnosed
late in pregnancy presents a particular challenge to the
obstetrician because a satisfactory response must be
obtained in a limited time. Parenteral iron is useful in
this situation particularly if the woman cannot be relied
upon to take oral medication. Iron sorbitol citrate can be
given as a series of intramuscular injections but it is asso-
ciated with toxic reactions such as headache, nausea and
vomiting if given simultaneously with oral iron [50].

Iron dextran is a preparation that was used extensively
and may be administered as a series of intramuscular injec-
tions. Unfortunately, this preparation is no longer supplied
by the manufacturers for intravenous use in the UK. This
preparation does notappear to be associated with toxicity if
given simultaneously with oral iron [51,52].

Preparations of iron-sucrose complex for intravenous
use, which are not licensed for total dose infusions and
have to be given in 5-10ml. aliquots up to three times
weekly, have been used with success in pregnancy [53].
At Queen Charlotte’s Hospital, London, we have used
iron saccharate in selected cases with adequate responses
in all and no adverse reactions.

In the absence of any other abnormality, an increase in
haemoglobin concentration of 1g/dL/week in the non-
pregnant state, 0.8g/dL/week in pregnancy can be rea-
sonably expected with adequate iron treatment, whether
oral or parenteral. If there is not time to achieve a reason-
able haemoglobin concentration before delivery, blood
transfusion with all its hazards has to be considered.
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The case for prophylactic iron therapy

There is still considerable controversy about whether the
fall in haemoglobin concentration that occurs in healthy
women during pregnancy is an indication of iron deficiency
and whether raising the haemoglobin with iron confers any
benefit [54,55]. Many authors are not able to accept that the
physiological requirements for iron in pregnancy are con-
siderably higher than the usual intake of most healthy
women with apparently good diets in industrialized coun-
tries. Arguments about policy among nutritionalists wish-
ing to prevent iron deficiency are complicated by the
problem of applying the same strategy in countries with
differing standards of living. Paradoxically the greatest
experience in prevention comes from those countries
where iron deficiency is least common and least severe [56].

There is no doubt that in developing countries the
incidence of anaemia and iron deficiency is high and
many women enter pregnancy who are either anaemic
or who have grossly depleted iron stores. A small but
careful study of anaemia in pregnancy from Nigeria
showed that once the major problems of malaria and the
haemoglobinopathies had been partially solved by giving
antimalarials and folic acid routinely throughout preg-
nancy, iron deficiency was also present in many of the
patients with pregnancy anaemia. The conclusion was
that the deficiency was primarily due to poor iron content
in the diet, and routine iron supplementation was recom-
mended [57]. Another larger controlled trial from the
Philippines [58] showed clearly that those women with
normal haemoglobin concentrations who had been given
iron throughout pregnancy were able to maintain their
haemoglobin levels; anaemic women on a larger dose of
iron raised their haemoglobin concentrations when com-
pared to those taking placebo or ascorbic acid alone.

One of the earliest large studies in the UK came from
Manchester [24] in over 2000 pregnant women. In those
not taking iron, a progressive drop in the haemoglobin
concentration was observed—the lowest level being
reached at 32 weeks’ gestation—but it took more than a
year after delivery before the pre-pregnancy haemoglobin
level was re-achieved. Those women who took iron had
consistently higher haemoglobin concentrations and the
effects persisted into the postnatal period—pre-preg-
nancy haemoglobin levels being much more rapidly re-
achieved. However, the majority of the women, whether
taking iron or not, were perfectly healthy and had no
complaints. This raises the question of whether a haemo-
globin level raised by iron therapy is in itself an advan-
tage. There was no advantage in terms of subjective health
conferred by iron treatment in another double-blind
study [59] in Aberdeen.
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In general over the years there has been no convincing
evidence for the obstetrician that the normal pregnant
woman is at an advantage if she takes extra iron [60].
The fact that the fall of haemoglobin concentration in
normal multigravidae is greater than that in primigrav-
idae has been interpreted as indirect evidence of deple-
tion of iron concentration by repeated pregnancy;
however, multigravidae have a greater rise of plasma
volume than primigravidae and therefore a correspond-
ingly lower haemoglobin is to be expected. All these
findings emphasize the important principle that ‘normal-
ity’ in pregnancy cannot be judged by reference to non-
pregnant standards. Fall in haemoglobin concentration
due to haemodilution seems to cause no anxiety in the
mind of the obstetrician although a satisfactory level of
haemoglobin concentration may indicate an unsatisfac-
tory increase of plasma volume. The association of high
maternal haemoglobin concentration with poor outcome
of pregnancy in pre-eclampsia is, of course, due to inad-
equate plasma volume increase [6] and should not be
taken as an argument against iron supplements [61].
Plasma volume and red cell mass are under separate
control (see above). Fears that the haemochromatosis mu-
tations may lead to iron overload if all women are offered
iron supplements regardless of haemoglobin concentra-
tions at booking, have not been realized. Indeed a study of
iron stores in pregnancy including women with haemo-
chromatosis mutations suggested that heterozygosity for
the common Cys282Tyr mutation of the HFE gene has
little influence on iron storage levels of young women in
the reproductive years; of the two subjects homozygous
for the gene, one had totally depleted iron stores with a
serum ferritin of 7 pg/L [62].

Hemminki and Starfield [63] have reviewed controlled
clinical trials of iron administration during pregnancy in
developed Western countries. Seventeen trials were
found which fulfilled their criteria. Their analysis showed
that there was no benefit in terms of birthweight, length of
gestation, maternal and infant morbidity, and mortality in
those women receiving iron compared with controls.
They maintain that while age, economic status and poor
nutrition affect the outcome of pregnancy, pregnancy an-
aemia is not related and is simply associated with other
risk factors. They did not take into account the with-
drawal of anaemic patients from the trials they reviewed.
Their analysis may be correct but anaemia remains a
potential danger in pregnancy especially in the face of
haemorrhage. The most recent Cochrane review [60] of
treatments for iron-deficiency anaemia during pregnancy
is based on relevant randomized controlled trials in order
to give guidance based on real evidence rather than on
expert opinion.

Fifty-four studies were identified but only five provided
sufficient data of appropriate quality to be included. In
general, outcomes had been evaluated from laboratory
data, clinical outcomes not being included in the majority
(four out of five). The trials came from Australia, Singa-
pore, Tanzania, UK and Java. Sadly the most important
question of whether anaemia treatment modifies maternal
and neonatal morbidity and mortality was not addressed
by those studies that were considered appropriate for in-
clusion in the review [60]. The conclusions drawn were
that with the available evidence it was not possible to give
evidence-based guidelines for administration of iron sup-
plements in pregnancy. The review is an ‘invitation for
researchers to produce relevant good quality research
able to fill the gaps in knowledge of a condition faced
daily in clinical practice’. The majority of women who do
not receive iron supplements have no stores at all at the
end of pregnancy [15,42]. Also offspring of non-anaemic
women who have not received supplements have less
storage iron than those of iron-replete women [42]. An
analysis of factors leading to a 20% reduction in iron defi-
ciency in Swedish women of childbearing age in the 10-
year period 1965-75 attributed this to greater prescribing
of iron tablets (10%) and fortification of food (7-8%); oral
contraception also played a part (2-3%) [64].

The crucial information needed to interpret the physio-
logical anaemia of pregnancy is whether or not the aver-
age young woman has sufficient storage iron. Svanberg
[19] comments that the absence of iron stores in women of
fertile age is not physiological and that the increased iron
demand during pregnancy cannot be met by increased
absorption. The conclusion is that, even with maximum
iron content in the diet, the immediate demands of preg-
nancy cannot be covered by an increased absorption from
the diet. From the evidence that is available it would
appear that a high proportion of women in their repro-
ductive years do lack storage iron [15,42].

A study from South Africa [65] reports the findings in
Indian and black women attending antenatal clinics. Anae-
mia, by WHO standards, was found in 13% of the Asian
women in the first trimester, increasing to 28 and 47% in
the second and third trimesters, respectively, but iron defi-
ciency (serum ferritin <12 pg/L)wasfound tobe far greater,
i.e. 35% in the first trimester rising to 86% in the third.

The pregnant black women underwent similar investi-
gations. Anaemia was detected in 19% rising to 29% later
in pregnancy. However, the proportion with iron defi-
ciency was not so dramatically increased as in the Asian
counterparts—19% rising to 40% in the last trimester. This
probably reflects the greater number of vegetarians among
the Asian populations who will not have sufficient re-
serves of storage iron to meet the needs of pregnancv.



The finding that oral iron supplements may reduce
both the bioavailability of zinc [66] and maternal zinc
levels during pregnancy [66] has led to speculation
about the relationship of these observations. There have
also been reports suggesting that maternal tissue zinc
depletion is associated with fetal growth restriction [67].
The results of a study of serial changes in serum zinc and
magnesium concentrations before conception, throughout
pregnancy to 12 weeks postpartum, indicates that the
decrease in concentrations of both elements is a normal
physiological adjustment to pregnancy and that oral iron
supplementation does not influence these changes [68].

It has been suggested that women at risk from iron-
deficiency anaemia could be identified by estimating the
serum ferritin concentration in the first trimester. A serum
ferritin of <50 pg/L in early pregnancy is an indication
for daily iron supplements. Women with serum ferritin
concentrations of >80 ug/L are unlikely to require iron
sitpplements. Unnecessary routine supplementation
would thus be avoided in women enjoying good nutri-
tion, and any risk to the pregnancy arising from severe
maternal anaemia would be avoided by prophylaxis and
prompt ireatment [69].

A study carried out at Queen Charlotte’s Maternity Hos-
pital, London, is of interest in this respect. Serum ferritin
levels were estimated in 669 consecutive women who
booked at 16 weeks” gestation or earlier with a haemoglobin
concentration of 11 g/dL or above. As many as 552 women
(82%) had serum ferritin levels of 50 pg/L or below, and
would therefore qualify for routine daily iron supplements
by the above criteria. These women were drawn from a
cosmopolitan, largely well-nourished population; 12%
had serum ferritin levels of <12 ug/L and were therefore
already iron deficient at booking, in spite of having a
haemoglobin of 11 g/dL or more. Only 51 (8%) had ferritin
levels of 80 wg /L or above [70].

The most recent guidelines for the use of iron supple-
ments to prevent and treat iron-deficiency anaemia have
been issued jointly by the International Nutritional An-
aemia Consultative Group (INACG), WHO and UNICEF.
For pregnancy it is suggested that where the prevalence of
anaemia is <40% (e.g. UK) 60mg iron plus 400 ug folic
acid should be given daily for 6 months during preg-
nancy, and for those communities where the prevalence
is >40% then these supplements should continue for 3
months postpartum [71].

In summary, negative iron balance throughout preg-
nancy, particularly in the latter half, may lead to iron-defi-
ciency anaemia in the third trimester. This hazard—
together with the increasing evidence of non-haemato-
logical effects of iron deficiency on exercise tolerance, cere-
bra] function and temperature control—leads me to the
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conclusion that it is safer, more practical, and in the long
term less expensive in terms of investigation, hospital ad-
mission and treatment, to give all women iron supplements
from 16 weeks’ gestation—especially as this would appear
to dono harm [68,72], not to mention the advantages for the
offspring, particularly in the first year of life [72a].

Folic acid and folate metabolism

Folic acid and iron are particularly important in nutrition
during pregnancy. At a cellular level folic acid is reduced
first to dihydrofolic (DHF) acid and then to tetrahydrofo-
lic (THF) acid, which forms the pivot of cellular folate
metabolism because it is fundamental (through linkage
with r-carbon fragments) both to cell growth and cell
division. The more active a tissue is in reproduction and
growth, the more dependent it will be on the efficient
turnover and supply of folate coenzymes. Bone marrow
and epithelial linings are therefore particularly at risk.
Requirements for folate are increased in pregnancy to
meet the needs of the fetus, the placenta, uterine hyper-
trophy and the expanded maternal red cell mass. They are
increased still further by multiple pregnancy (see below).
The placenta transports folate actively to the fetus even in
the face of maternal deficiency, but maternal folate me-
tabolism is altered early in pregnancy like many other
maternal functions, before fetal demands act directly.

Plasma folate

With the exception of haemoglobin concentration and
plasmaironlevels, folicacid mustbe one of the most studied
substances in maternal blood, but there are comparatively
few serial data available. Nevertheless, it is generally
agreed that plasma folate levels fall as pregnancy advances
so that at term they are about half the non-pregnant values
[73-76]. Plasma clearance of folate by the kidneys is more
than doubled by as early as the eighth week of gestation
[76,77]. It has been suggested that urinary loss may be a
major factor in the fall of serum folate. Although the glom-
erular filtration rate is raised (see Chapter 7), the marked
contrast between the comparatively unchanging plasma
levels and the wide variation in urinary loss suggests a
change in tubular reabsorption. It is unlikely that this is a
major drain on maternal resources and it cannot play more
than a marginal role [76,77].

There have been conflicting reports about the part in-
testinal malabsorption may play in the aetiology of folate
deficiency in pregnancy. Traditionally absorption has
been assessed from plasma levels following an oral load.
Earlier reports of decreased absorption [78] were prob-
ably due to the underestimation of the rapid clearance of
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folate following an oral dose. Placental and maternal
tissues contribute from an early stage probably under
the influence of oestrogens, as oral contraceptives also
increase plasma clearance of folate [79]. There is no
change in absorption of either folate monoglutamates or
polyglutamates in healthy pregnancy [80,81], although
there is a wide scatter of results. The incidence of abnor-
mally low serum folate concentrations in late pregnancy
varies with the population studied and presumably re-
flects the local nutritional standards.

Substantial day-to-day variation of plasma folate occurs
and postprandial increases have been noted. This vari-
ability limits the diagnostic value of plasma folate estima-
tion when occasional samples taken at a casual antenatal
clinic visit are considered.

It could be argued that the changes noted in pregnancy
are positively advantageous. There is no reason why re-
duced plasma levels of nutrients such as folate should
necessarily indicate deficiency, particularly when the
levels of other nutrients such as glucose and amino acids
are disregarded. The reduced levels may aid conservation
in the face of a raised glomerular filtration rate. It is
possible that the placenta may be able to compete more
effectively with maternal tissues for folate supplies at
lower maternal plasma levels and that it compensates
for its relatively small receptive area in this way [76].

Red cell folate

The estimation of red cell folate levels may provide more
useful information than plasma folate concentration, as
red cell folate levels do not reflect the daily and other
short-term variations that affect plasma folate levels.
Red cell folate concentration is thought to give a better
indication of overall body tissue levels, but the turnover
of red blood cells is slow and there will be delay before
significant reductions in the folate concentrations of the
red cells, due to folate deficiency, are evident.

A number of investigations of erythrocyte folate in preg-
nancy have shown a slight downward trend even though,
as would be expected, the fall is not so marked as that noted
for the change in plasma concentration [82,83]. There is
evidence that patients who have a low red cell folate at the
beginning of pregnancy are more likely to develop megalo-
blastic anaemia in the third trimester [83].

Excretion of formiminoglutamic acid

A loading dose of histidine leads to increased formimino-
glutamic acid (FIGLU) excretion in the urine when there
is folate deficiency (the FIGLU test). There is no longer
much to recommend this as a screening test in pregnancy

primarily because the metabolism of histidine is altered
[74] and this results in increased FIGLU excretion in
normal early pregnancy [84].

Folic acid postpartum

In the 6 weeks following delivery, all indices of folate me-
tabolism tend to return to non-pregnant values. However,
should any deficiency of folate have developed and
remained untreated in pregnancy, it may present clinically
for the first time in the puerperium and its consequences
may be detected for many months after delivery. Lactation
provides an added folate stress. A folate content of 5 pg/
100 mL of human milk and a yield of 500 mL daily implies a
loss of 25 pg folate daily inbreast milk. In the Bantu, megalo-
blastic anaemia appears frequently in the year following
pregnancy in association with lactation. Dietary folate
intake is poor and it has been shown that folate deficiency
becomes more apparent, as demonstrated by using FIGLU
excretion, as lactation continues [85]. Red cell folate levelsin
lactating mothers are significantly lower than those of their
infants during the first year of life [74]. In the UK, as earlv as
1919, Osler described the severe anaemia of pregnancy that
had a high colour index and a striking incidence in the
postpartum period [86].

Interpretation of investigations

The value of these various investigations in predicting
megaloblastic anaemia and assessing subclinical folate
deficiency has been the subject of numerous reports.
Using these various tests it appears that folate ‘deficiency’
in pregnancy is not always accompanied by significant
haematological change [84,85].

Even in the absence of any significant haematological
changes in the peripheral blood, megaloblastic haemopoi-
esis should be suspected when the expected response to
adequate iron therapy is not achieved. Evidence of megalo-
blastic haemopoiesis may become apparent only after iron
therapy even though the rise in haemoglobin concentra-
tion appears adequate. No help can be expected from the
use of tests of folate status. ‘Abnormal’ results are
obtained with most of the tests but these are not signifi-
cantly different from results in healthy pregnant women.
The decline of serum folic acid levels from a mean of
6.0pg/L in the non-pregnant to 3.4 ug/L at term should
be viewed only as the physiological consequence of ma-
ternal tissue uptake, urinary loss and placental transfer—
not of evidence of folate deficiency. The delay in fall of red
cell folate makes this too impractical a test for folate defi-
ciency in pregnancy. Therefore the diagnosis of folate
deficiency in pregnancy has to be made ultimatelv on



morphological grounds; this usually involves examin-
ations of a suitably prepared marrow aspirate.

Megaloblastic anaemia
Folic acid deficiency

The cause of megaloblastic anaemia in pregnancy is
nearly always folate deficiency. Vitamin By, is only very
rarely implicated (see below). A survey of reports from
the UK over past decades suggest an incidence ranging
from 0.2 to 5%, but a considerably greater number of
women have megaloblastic changes in their marrow that
are not suspected on examination of the peripheral blood
alone [74,87]. The incidence of megaloblastic anaemia in
other parts of the world is considerably greater and is
thought to reflect the nutritional standards of the popula-
tion. Several workers have pointed to the poor socio-
economic status of their patients as the major aetiological
factor contributing to anaemia [74,88], which may be fur-
ther exacerbated by seasonal changes in the availability of
stable foodstuffs. Food folates are only partially available
and the amount of folate supplied in the diet is difficult to
quantify. In the UK, analysis of daily folate intake in
foodstuffs showed a range of 129-300 pg [89]. The folate
content of 24-h food collections in various studies in
Sweden and Canada proved to be about 200 pg, with a
range as great as 70-600 wg [74].

Foods that are very rich in folate include broccoli, spin-
ach and Brussel sprouts, but up to 90% of their folate
content is lost within the first few minutes of cooking by
boiling or steaming, and they are unlikely to be eaten raw.
Asparagus, avocado pears and mushrooms also have a
fairly high folate content but are expensive. Natural
folates are protected from oxidation and degradation by
the presence of reducing substances such as ascorbate.
Analysis of the folate content of food will give very low
results if ascorbate is not added to the assay system—as
occurred in the very earliest studies [74]. Having estab-
lished the content of folate in food, there is only indirect
evidence about its absorption. Monoglutamates are
almost completely absorbed. Polyglutamates from differ-
ent sources are variably available, but in general are less
well absorbed, so that total folate intake should be com-
bined with information about the source of food folate to
give a realistic appraisal of the available folate content. In
general, dietary intake is likely to be greater, rather than
small, during pregnancy, but obviously in certain areas of
the world malnutrition is an essential aetiological factor in
determining folate status.

The effects of dietary inadequacy may be further amp-
lified by frequent childbirth and by multiple pregnancy.
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Folate deficiency occurred in one in 11 twin pregnancies
compared with the expected incidence of one in 80 in a
survey of over 1000 patients with folate deficiency [74].

The normal dietary folate intake is inadequate to prevent
megaloblastic changes in the bone marrow in approxi-
mately 25% of pregnant women. The falls in serum and
red cell folate levels could be a physiological phenomenon
in pregnancy but the incidence of megaloblastic change in
the bone marrow is reduced only when the blood folate
levels are maintained in a steady state by adequate oral
supplements. There is much controversy about the require-
ment for folate, particularly during pregnancy. WHO rec-
ommendations for daily folate intake were as high as 800 ug
in the antenatal period, 600 pg during lactation and 400 pg
inthenon-pregnantadult[14]. Thereis an increased need of
about 100 g folicacid daily during pregnancy which, with-
out supplements, must be found from natural folates in the
diet [74]. In the past intakes recommended by WHO clearly
overestimated the need. The daily amount of folate that has
been given prophylactically in pregnancy varies from 30 to
500 p.g and even to pharmacological doses of 5-15mg [74].
Thirty micrograms daily was found to be too small to influ-
ence folate status appreciably [20] but supplements of
100 g or more all reduced the frequency of megaloblastic
changes in the marrow and eliminated megaloblastic an-
aemia as a clinical entity [89]. The most recent publication
recommends a supplement of 400 pg folic acid daily with
60mg of iron for 6 months in pregnancy, continuing for 3
months postpartum in areas of high incidence of nutritional
deficiency [71].

In order to meet the folate needs of those women with a
dietary intake well below average, the daily supplement
during pregnancy should be about 200-300 pg daily—still
very much below the original WHO recommended daily
intake. The case for giving prophylactic folate throughout
pregnancy is strong [74,90], particularly in countries
where overt megaloblastic anaemia is frequent.

The main point at issue over recent years, however, is
whether the apparently intrinsic folate deficiency of preg-
nancy can predispose the mother to a wide variety of
other obstetric abnormalities and complications, in parti-
cular abortion, fetal malformations, prematurity and ante-
partumhaemorrhage [74,88,91,92]. The extensive literature
would seem to be almost equally divided in its opinion, but
there is virtually no evidence that the routine use of folic
acid supplements during pregnancy has reduced the inci-
dence of anything but megaloblastic anaemia [76,93] except
in areas of malnutrition where an increase in birthweight
has been noted [94]). The recent association demonstrated
between hyperhomocysteinaemia, a condition that can be
treated by folate supplements and adverse fetal outcome
particularly abruption (see Chapter 4), does, however,
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strengthen the speculation that folate deficiency may be
associated with bad pregnancy outcome.

The case for preconception prophylaxis with folate to
prevent neural tube defect is well established and is dis-
cussed below.

Severe megaloblastic anaemia is now uncommon in the
UK during pregnancy or the puerperium but may occa-
sionally still occur. Two case histories of severe macrocytic
anaemia presenting in the puerperium with pancytopenia
have been published [95]. In both cases leukaemia was
considered because of the increase in promyelocytes in
the bone marrow as well as because of florid megaloblastic
change. Both responded completely to therapy with folic
acid. Two similar cases have been seen at Queen Charlot-
te’s Maternity Hospital, London, having been treated with
intravenous iron alone for severe anaemia developing late
in pregnancy, without additional parenteral folate supple-
mentation.

An argument against routine folate supplementation in
pregnancy is unrecognized vitamin By, deficiency. Folate
can aggravate the neuropathy due to vitamin By» defi-
ciency. The risk of adverse effects from folate adminis-
tered to a pregnant woman suffering from vitamin B;;
deficiency is very small indeed (see below). In fact there is
no report of this occurring amongst the many thousands
of women who have received folate supplements in preg-
nancy [96].

Folic acid should never be given without supplemental
iron. A wide variety of preparations supplying both iron
and folate are available and, provided that the folate
content is not less than 100 pg daily, all are satisfactory
for prophylaxis in pregnancy.

Once megaloblastic haemopoiesis is established, treat-
ment of folic acid deficiency becomes more difficult,
presumably due to megaloblastic changes in the gastro-
intestinal tract resulting in impaired absorption. A small
number of patients [90] fail to respond to parenteral folate
therapy and only recover after delivery. It is far better to
intervene before these difficulties arise and to give routine
prophylaxis throughout pregnancy.

Other disorders associated with folate
deficiency

Disorders that may affect folate
requirement in pregnancy

Problems may be caused in pregnancy by disorders thatare
associated with an increased folate requirement in the non-
pregnant state. Women with haemolytic anaemia, particu-
larly hereditary haemolytic conditions such as haemoglo-
binopathies and hereditary spherocytosis, require extra

supplements from early pregnancy if development of
megaloblastic anaemia is to be avoided. The recommended
supplement in this situation is 5-10mg orally daily. The
anaemia associated with thalassaemia trait is not strictly
due to haemolysis but to ineffective erythropoiesis (see
below). However, the increased, though abortive, marrow
turnover still results in folate depletion and such women
would probably benefit from the routine administration of
oral folic acid 5 mg daily from early pregnancy.

Folate supplements are of particular importance in the
management of sickle cell syndromes during pregnancy if
aplastic crises and megaloblastic anaemia are to be
avoided.

Anticonvulsant drugs and pregnancy

The additional demand for folate during pregnancy leads
to a rapid fall in red cell folate and to a high incidence of
megaloblastic anaemia in those women taking anticonvul-
sant drugs for control of epilepsy. This is not surprising
because non-pregnant individuals taking anticonvulsants
tend to become folate deficient [74].

The risk of interfering with the control of epilepsy by
the regular administration of iron-folate preparations
during pregnancy and the precipitation of status epilepti-
cus [97] has been overestimated [98]. Anticonvulsant ther-
apy during pregnancy is associated with an increased
incidence of congenital abnormality [99], prematurity
and low birthweight [100]. Therefore folate supplements
should be given to all epileptic women taking anticonvul-
sants in pregnancy (see Chapter 15) as well as before
conception (see below).

In addition, neonates born to women taking anticonvul-
sant drugs may have increased prothrombin times and
are at risk of bleeding. This risk appears to be preventable
by giving the mothers oral vitamin K 20 mg daily for 2
weeks before delivery is recommended [101] but 10 mg
may be sufficient.

The fetus and folate deficiency

There is an increased risk of megaloblastic anaemia occur-
ring in the neonate of a folate-deficient mother, especially
if delivery is preterm.

The young infant’s requirement for folate has been
estimated at 20-50 ng/day (four to 10 times the adult
requirement on a weight basis). Serum and red cell folate
levels are consistently higher in cord than in maternal
blood, but the preterm infant is in severe negative folate
balance because of high growth rate and reduced intake.
The usual fall in serum and red cell folate in the term
neonate is yet greater in the preterm neonate and even in



the absence of other complicating factors may result in
megaloblastic anaemia. This can be prevented by giving
supplements of folic acid 50 pg/day [102,103].

Data suggesting an association between periconcep-
tional folic acid deficiency and harelip, cleft palate and
most important of all, neural tube defects [104-106], which
have been well reviewed in the past [107] have now been
clarified by some important, more recent studies.

The association between periconceptional folate defi-
ciency and recurrence of neural tube defects has been
confirmed in a large multicentre controlled trial of pre-
pregnancy folate supplementation [108]. It has also been
shown in a large randomized controlled trial in Hungary
[109] that periconceptional supplement of 800 g of folic
acid in a combined vitamin preparation prevented the first
occurrence of neural tube defects. The prevalence of harelip
with or without cleft palate was not reduced by this supple-
mentation. A more recent survey from China [110] showed
clearly that the incidence of neural tube defects was reduced
by giving periconceptional folic acid supplements in both
low-and high-risk communities.

Preconception prophylaxis

We do not yet understand the association between folic
acid and neural tube closure, i.e. whether supplementa-
tion corrects a dietary deficiency, overcomes a defect in
absorption or metabolism, provides some extra benefit at
supraphysiological doses or even selectively causes the
abortion of fetuses with birth defects (terathenesia) [111].
It is recommended that women contemplating pregnancy
should take folate supplements of 400 pg daily [112,113].
This dose is currently marketed in the UK as an ‘over the
counter’ preparation. Although women have been en-
couraged to take folate supplements when planning to
conceive, a recent paper has reported no reduction in
the incidence of neural tube defects in the UK [114] prob-
ably because relatively few women do take the recom-
mended supplements. Therefore it has been suggested
that folate should be added to basic foodstuffs [115]. A
policy of targeted food fortification is under consideration
both in the USA and UK.

Vitamin B;, deficiency

Muscle, red cell and serum vitamin By, concentrations fall
during pregnancy [73,74,116,117]. Non-pregnant serum
levels of 205-1025 wg/L fall to 20-510 pg/L at term, with
low levels in multiple pregnancy {117]. Women who
smoke tend to have lower serum By, levels [118], which
may account for the positive correlation between birth-
weight and serum levels in non-deficient mothers.
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Vitamin By, absorption is unaltered in pregnancy
[74,119]. 1t is possible that tissue uptake is increased by
the action of oestrogens as oral contraceptives which thus
cause a fall in serum vitamin B;, level. Cord blood serum
vitamin By, is higher than that of maternal blood. The fall
in serum vitamin By, in the mother is related to preferen-
tial transfer of absorbed By; to the fetus at the expense of
maintaining the maternal serum concentration [74].
Nevertheless the placenta does not transfer vitamin Bip
with the same efficiency as it does folate. Low serum
vitamin By levels in early pregnancy in vegetarian
Hindus do not fall further while their infants often have
subnormal concentrations. The vitamin By, binding capa-
city of plasma increases in pregnancy analogous to the rise
in iron-binding capacity. The rise is confined to the liver-
derived transcobalamin II concerned with transport rather
than the leucocyte-derived transcobalamin I which is
raised in other myeloproliferative conditions [120].

Pregnancy does not make a great impact on maternal
vitamin By, stores. Adult stores are of the order of 3000 pg
or more and vitamin By, stores in the newborn infant are
about 50 ng [120].

Addisonian pernicious anaemia does not usually occur
during the reproductive years. Vitamin By, deficiency is
associated with infertility and pregnancy is likely only if
the deficiency is remedied [121]. Vitamin By deficiency in
pregnancy may be associated with chronic tropical sprue.
The megaloblastic anaemia that develops is due to long-
standing vitamin By, deficiency and superadded folate
deficiency; the cord vitamin By, levels remain above the
maternal levels in these cases, but the concentration in the
breast milk follows the maternal serum levels [74].

The recommended intake of vitamin By, is 2 ug/day in
the non-pregnant and 3 pg/day during pregnancy [14].
This will be met by almost any diet that contains animal
products, however deficient it may be in other essential
substances. Strict vegans who do not eat animal-derived
substances may have a deficient intake of vitamin By, and
their diet should be supplemented during pregnancy.

Recent studies of very poor populations in Africa have
revealed significant numbers who are By, deficient due to
a diet consisting mainly of maize and containing very
little animal protein, not even milk or eggs. A significant
proportion of women from Malawi developed megalo-
blastic haemopoiesis associated with extremely low
serum By, levels [122].

Haemoglobinopathies

Following the influx of immigrants from all parts of the
world, obstetricians in the UK frequently encounter
women with genetic defects of haemoglobin and its
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synthesis that are seldom seen in the indigenous popula-
tion. It is important to recognize the specific defects early
in pregnancy for the following reasons.

1 The clinical effects may complicate obstetric manage-
ment and appropriate precautions can be taken;

2 1t is now possible to offer prenatal diagnosis to those
women carrying a fetus at risk of a serious defect of
haemoglobin synthesis or structure at a time when ter-
mination of pregnancy is feasible {123-126].

The haemoglobinopathies are inherited defects of
haemoglobin, resulting from impaired globin synthesis
(thalassaemia syndromes) or from structural abnormality
of globin (haemoglobin variants). Only some of these
anomalies are of practical importance, so particular em-
phasis will be placed on those where adverse effects may
be aggravated by pregnancy. A proper appreciation of
these defects requires some understanding of the struc-
ture of normal haemoglobin.

The haemoglobin molecule consists of four globin chains
each of which is associated with a haem complex. There are
three normal haemoglobins in humans; HbA, HbA; and
HbF—each of which contains two pairs of polypeptide
globin chains. The synthesis and structure of the four globin
chains a, B, v and 8 are under separate control (Fig. 2.1).

The adult levels shown in Fig. 2.1 are those achieved by 6
months of age. It is obvious that only those conditions
affecting the synthesis or structure of HbA (a;B,), which
should comprise over 95% of the total circulating haemo-
globin in the adult, will be of significance for the mother
during pregnancy. a-chain production is under the control
of four genes, two inherited from each parent; as can be seen
the a chains are common to all three haemoglobins. B-chain
production, on the other hand, is under the control of only
two genes—one inherited from each parent.

The thalassaemia syndromes

The thalassaemia syndromes are the commonest genetic
disorders of the blood and constitute a vast public health

problem in many parts of the world. The basic defect is a
reduced rate of globin chain synthesis, the red cells being
formed with inadequate haemoglobin content. The syn-
dromes are divided into two main groups, the a and the 8
thalassaemias depending on whether the a- or the B-globin
chain synthesis of adult haemoglobin (HbAa;B,) is de-
pressed.

a THALASSAEMIA

Normal individuals have four functional a globin genes.
a thalassaemia, unlike B thalassaemia, is often, but not
always, a gene deletion defect. There are two forms of a
thalassaemia trait, the result of inheriting three or two
normal o genes instead of the usual four. They are called
a” and of thalassaemia (Fig. 2.2).

HbH disease is an intermediate form of a thalassaemia
in which there is only one functional a gene and is the
name given to the unstable haemoglobin formed by tetra-
mers of the B chain (84), when there is a relative lack of «
chains. o thalassaemia major in which there are no func-
tional a genes (both parents having transmitted a° thalas-
saemia) is incompatible with life, and pregnancy ends
usually prematurely in a hydropic fetus, which will only
survive a matter of hours if born alive. This is a common
condition in South-East Asia. The name Hb Bart’s was
given to tetramers of the vy chain of fetal haemoglobin
(HbFa;y,). The tetramer (vy,) forms in uterc when no «
chains are made and was first identified in a Chinese babv
born at St Bartholomew’s Hospital, London.

Management of x thalassaemia

During pregnancy, with its stress on the haemopoietic
system, carriers of a thalassaemia, particularly those
with o thalassaemia (two deleted genes on one chromo-
some) may become very anaemic. They can be identified
for further tests at booking, by finding abnormal red cell
indices (Table 2.1). They have smaller red cells (MCV) and

Genes Y Y a o o o B B 5 8
Chains ¥ Na V B 5
Haemoglobins o, o o0,
9 Hzt;Yé Hi)Bli H; A2 Fig 2.1 Genetic control of globin synthesis.
2 The adult levels shown are those reached
Adult levels <1% 97% 1.5-3.5% by 6 months of age.



a reduced individual MCH, although the MCHC is usu-
ally within the normal range (Table 2.1). These changes
are often minimal in a* thalassaemia (one deleted gene)
(Fig. 2.2) but this condition is not so important as is o’
thalassaemia in terms of genetic counselling and prenatal
diagnosis. This diagnosis can only be confirmed by DNA
analysis of nucleated cells.

There is no abnormal haemoglobin made or excess or
lack of one or other of the normal haemoglobins. These
individuals need iron and folate oral supplements through-
out the antenatal period. Sometimes intramuscular folic
acid is helpful but parenteral iron should never be given
(see below). If the haemoglobin level is not thought to be
adequate for delivery at term, transfusion is indicated.

Patients with HbH disease have a chronic haemolytic
anaemia and have 5-30% HbH in their peripheral blood,
which can be identified by haemoglobin electrophoresis.
They have a normal life expectancy but require daily oral
folate supplements to cover the demands of increased
marrow turnover. During pregnancy it is recommended
to give 5mg folate daily to women with HbH disease.
They will transmit either o’ or ot thalassaemia to their
offspring,.

Pregnancy with an a thalassaemia hydropic fetus may
be associated with severe, sometimes life-threatening pre-
eclampsia in the mother (cf. severe rhesus haemolytic
disease), the so-called mirror syndrome. Vaginal deliver-
ies are associated with obstetric complication, due to the
large fetus and very bulky placenta. It has been estimated
in Thailand that in the absence of obstetric care, up to 50%
of mothers carrying an hydropic fetus may suffer lethal
complications [127]. If routine screening of the parents
(see below) indicates that the mother is at risk of carrying
such a child, both parents having o thalassaemia, she
should be referred for prenatal diagnosis (see below).

B THALASSAEMIA

Thalassaemia major, homozygous B-thalassaemia result-
ing from the inheritance of a defective B-globin gene from
each parent was the first identified form of the thalassae-
mia syndromes. It was described in the 1920s by Cooley, a
physician in practice in the USA. The first few cases were
found in the children of Greek and Italian immigrants.
The name thalassaemia was derived from the Greek tha-
lassa meaning the sea, or in the classical sense the Medi-
terranean sea, because it was thought to be confined to
individuals of Mediterranean origin; however, we know
now that the distribution is virtually worldwide, although
the defect is concentrated in a broad geographical band,
which excludes the UK. However, in the UK there are a
fair number of heterozygotes, particularly in the immi-
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grant Cypriot and Asian populations. The child of parents
who are both carriers of § thalassaemia has a one in four
chance of inheriting thalassaemia major. The carrier rate
in the UK is about one in 10000 compared with one in
seven in Cyprus. There are between 300 and 400 patients
with thalassaemia major in the UK today but worldwide
there are over 100000 babies born each year with the
condition.

Although the majority of the 360 or so cases currently
living in England are still to be found in and around the
Greater London area, there is an increasing proportion of
cases in the Midlands, Manchester, Bradford and Leeds.
This is not only due to the fact that there have been an
influx of Asian immigrants increasing the prevalence in
specific areas outside London; but also the Cypriot popu-
lation of Greater London is a homogeneous group who
have taken advantage of the availability of prenatal diag-
nosis to reduce the number of homozygotes born in
London to Cypriot couples at risk [128].

The Asian immigrant population, unlike the Cypriot, is
very heterogeneous, with incidence of thalassaemia vary-
ing markedly from group to group. They continue to have
a high incidence of first cousin marriages. A large group
of rural Indians and Pakistanis have settled in the indus-
trial towns of the Midlands and North-West. Few of this
group make use of genetic counselling or fetal diagnosis,
and the birth of thalassaemic children in this group con-
tinues to rise [129]. This is reflected in a recent audit of
prenatal diagnosis in the UK [130].

Genetic status Result

Normal _'.' "". Normal haemoglobin
Normal SynthES’S

octthal (@)

a*thal (o-thal, trait)
Normal 2
oOthal .

a’thal (a-thal, trait)
Normal !
a*thal (o)

~ HbH disease (B,)
oOthal
0.

o’thal Hydrops fetalis Hb
althal Bart's (v,)

Fig 2.2 Normal a-gene status and the various changes observed
in thalassaemia due to a-gene deletion.
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Before the days of regular transfusion, a child born with
homozygous B thalassaemia would die in the first few
years of life from anaemia, congestive cardiac failure and
intercurrent infection. Now that regular transfusion is
routine where blood is freely available, survival is pro-
longed into the teens and early 20s. The management
problem becomes one of iron overload derived mainly
from the transfused red cells. This results in hepatic and
endocrine dysfunction and, most important of all, myo-
cardial damage—the cause of death being cardiac failure
in the vast majority of cases. Puberty is delayed or incom-
plete. Successful pregnancy in a truly transfusion-
dependent girl is very rare [131]. It remains to be seen how
effective recently instituted intensive iron chelation pro-
grammes will be. The only way to cure this disease is to
replace the defective gene with a healthy one. Bone-
marrow transplantation (BMT) is having increasing suc-
cess and the question is no longer whether, but when to
transplant the patient with a histocompatible donor. Strat-
egies for stem cell transplantation and gene therapy are
being developed. However, it is important that the cur-
rent group of patients with thalassaemia major is main-
tained in optimal clinical status if the patients are to avail
themselves of these developments in BMT and genetic
engineering [132,133].

Management of § thalassaemia

Sometimes survival is possible without regular transfu-
sion in thalassaemia major but this usually results in
severe bone deformities due to massive expansion of
marrow tissue, the site of the largely ineffective erythro-
poiesis. Although iron loading still occurs from excessive
gastrointestinal absorption, stimulated by the accelerated
marrow turnover, it is much slower than in those who are
transfused, and pregnancy may occur in this situation.
Extra daily folate supplements should be given but iron
in any form is contraindicated. The anaemia should be
treated by transfusion during the antenatal period.

B-thalassaemia trait and pregnancy

Perhaps the commonest problem associated with haemo-
globinopathies and pregnancy in the UK today is the
anaemia developing in the antenatal period in women
who have thalassaemia minor, heterozygous B thalassae-
mia. They can be identified for further examination of the
booking blood by finding, as in a thalassaemia, low MCV
and MCH together with near normal MCHC (see Table
2.1). The level of haemoglobin at booking may be normal
or slightly below the normal range. The diagnosis will be
confirmed by finding a raised concentration of HbA;

(a28;) with or without a raised HbF (a;7,), excess a chains
combining with 8 and -y chains because of the relative lack
of B chains (see Fig. 2.1).

Women with B thalassaemia minor require the usual
oral iron and folate supplements in the antenatal period.
Oral iron for a limited period will not result in significant
iron loading, even in the presence of replete iron stores,
but parenteral iron should never be given. In our experi-
ence at Queen Charlotte’s Maternity Hospital, London,
many women with thalassaemia minor enter pregnancy
with depleted iron stores as do many women with normal
haemoglobin synthesis. Those women with B-thalassae-
mia trait particularly at risk of iron deficiency include
Asian women on a traditional diet [134]. Iron deficiency
has also been shown in non-pregnant women in the UK
with thalassaemia minor in a study of serum ferritin
levels [135]. If the anaemia does not respond to oral iron,
and intramuscular folic acid has been tried, transfusion is
indicated to achieve an adequate haemoglobin for deliv-
ery at term.

Haemoglobin variants

Over 250 structural variants of the globin chains of
normal human haemoglobins have been described but
the most important by far, both numerically and clinic-
ally, is sickle cell haemoglobin (HbS). This is a variant of
the B-globin chain where there is one amino acid substi-
tution at the sixth position, a glutamine replacing a valine
residue. HbS has the unique physical property that, des-
pite being a soluble protein in its oxygenated form, in its
reduced state the molecules become stacked on one an-
other, forming tactoids, which distort the red cells to the
characteristic shape that gives the haemoglobin its name.
Because of their rigid structure these sickled cells tend to
block small blood vessels. The sickling phenomenon
occurs particularly in conditions of lowered oxygen ten-
sion but may also be favoured by acidosis or dehydration
and cooling, which cause stasis in small blood vessels
(Fig. 2.3).

Lowered O, tension

——— HbS sickles —— Blocks
in vivo capillaries

| l

More anoxia <——— Stasis

+/— acidosis ANOXI
and acidosis

Fig 2.3 Intravascular sickling.



SICKLE CELL SYNDROMES

The sickling disorders include the heterozygous state for
sickle cell haemoglobin, sickle cell trait (HbAS), homozy-
gous sickle cell disease (HbSS), compound heterozygotes
of haemoglobin variants, the most important of which is
sickle cell/HbC disease (HbSC), and sickle cell thalassae-
mia. Although these disorders are more commonly seen in
black people of African origin, they can be seen in Saudi
Arabians, Indians and even in white Mediterraneans.

The characteristic feature of homozygous sickle cell an-
aemia (HbSS) is the occurrence of periods of health punctu-
ated by periods of crisis. Between 3 and 6 months of age,
when normal HbA production usually become predomin-
ant, a chronic haemolytic anaemia develops—the haemp-
globin level being between 6 and 9g/dL. Even if the
haemoglobin concentration is in the lower part of the
range, symptoms due to anaemia are surprisingly few;
because of the low affinity of HbS for oxygen, oxygen deliv-
ery to the tissues is facilitated. The acute episodes due to
intravascular sickling are of far greater practical importance
because they cause vascular occlusion resulting in tissue
infarction. The affected partis painful and the clinical mani-
festations are extremely variable, depending on the site at
which sickling takes place. Sickling crises are often precipi-
tated by infection and may be exacerbated by any accom-
panying dehydration. The majority of deaths are due to
massive sickling following an acute infection. Prognosis
depends in part on environmental factors such as availabil-
ity of prompt treatment and prophylaxis of infection, but
recent investigation of the variable clinical expression of
sickle cell disease suggests that prognosis may largely be
genetically determined [136]. Thirty per cent of young
adults with sickle cell anaemia have a severe disorder,
which mimics the 70-year-old with generalized vasculo-
pathy. This may be clinically expressed as glomerulosclero-
sis, restrictive lung disease, retinopathy and repeat strokes.
Sixty per cent have moderate disease while 10% run a
benign course. Although high concentrations of fetal
haemoglobin, HbF, inhibit polymerization of HbS, they do
notnecessarily confer protection against all manifestations.

Polymorphisms of the DNA that flank the sickle gene in
the promoter or suppressor region of the 8° gene cluster
and interaction with o thalassaemia appear to modify
the polymerization kinetics of HbS in a more consistent
manner.

The rate of progression of disease and development of
end-stage vasculopathy are thus genetically controlled.
The most severe clinical problems such as renal failure,
cerebral infarction, chronic lung disease, retinopathy and
leg ulcers are observed in those with the Central African
Republic (CAR) haplotype, although even this may be
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ameliorated by interaction with an a-thalassaemia gene
[136].

Sickle cell haemoglobin C disease (HbSC) is a milder
variant of HbSS with normal or near normal levels of
haemoglobin. One of the dangers of this condition is that,
owing to its mildness, neither the woman nor her obstetri-
cian may be aware of its presence. These women are at risk
of massive, sometimes fatal, sickling crises during preg-
nancy and particularly in the puerperium. It is therefore
vital that the abnormality is detected, preferably before
pregnancy, so that the appropriate precautions can be
taken. Clinical manifestations of the doubly heterozygous
condition, sickle cell thalassaemia, are usually indistin-
guishable from HbSS; those who make detectable amounts
of HbA are usually less severely affected but they are still
at risk from sickling crises during pregnancy.

Sickle cell trait (HbAS) results in no detectable abnor-
mality under normal circumstances although it is easily
diagnosed by specific investigations including haemo-
globin electrophoresis (see below). Affected subjects are
not anaemic even under the additional stress of preg-
nancy, unless there are additional complications, and
sickling crises occur only in situations of extreme anoxia,
dehydration and acidosis. A recent publication has dem-
onstrated an increased incidence of pre-eclampsia in
women with sickle cell trait [137].

Management of sickle cell syndromes

At present there is no routine long-term method of redu-
cing the liability of red cells to sickle in vivo [138). The role
of BMT and gene therapy have yet to be established [138].
However, induction of HbF by the use of hydroxycarba-
mide (hydroxyurea) is now regarded by many as safe and
effective therapy for sickle cell disease [139]. Although it
is an antineoplastic agent there has been no suggestion of
increase in birth defects among infants born to patients
who were taking the drug at time of conception, though
experience is limited. Very recently the introduction of
pulse butyrate therapy has been shown to produce a
sustained increase in HbF levels in more than two-thirds
of adult sickle cell patients [140]. Like hydroxycarbamide
(hydroxyurea), butyrate has been used as an antineoplas-
tic agent, but neither anticancer drug causes direct modi-
fication of DNA and therefore neither should be expected
to be mutagenic. Nevertheless, these drugs should only be
used as a last resort in pregnancy when all other measures
have failed.

Both drugs have a suppressive effect on erythropoiesis
and myelopoiesis but result in significant increases in
haemoglobin levels. This must be due to a reduction in
haemolysis resulting in part from the protective effect of



46 Chapter 2

HBF. With hydroxycarbamide (hydroxyurea), a marked
decrease in adherence of patients’ red blood cells to endo-
thelial cells is observed long before HbF concentrations
rise [139]. A larger prospective evaluation of the effects of
pulse butyrate therapy on clinical outcome is obviously
required [140]. Once a crisis is established, there is no
evidence that alkalis, hyperbaric oxygen, vasodilators,
plasma expanders, urea or anticoagulants are of any
value. Where beneficial effects have been reported they
can usually be attributed to the meticulous care and sup-
portive therapy received by the patient, rather than to the
specific measures themselves. Adequate fluid administra-
tion alone probably accounts for most of the benefit.

Contraception and sickle cell syndromes

There is much more longitudinal experience in the USA
than there is as yet in the UK. Methods of contraception
vary, but problems arise from the assumption that sicklers
are at increased risk of thromboembolism if they use oral
contraception. The patient’s risk in taking the pill is less
than that of pregnancy and there are almost no data to
suggest that patients with sickle cell disease run a greater
risk than any other patients using low-dose oestrogen
preparations [141]. The usual contraindications hold true
of course and patients should be monitored carefully for
alterations in blood pressure and liver function.

Because patients’ response to pregnancy varies, there
should not be ‘blanket’ recommendations for all patients
with sickle cell disease.

Sickle cell disease and pregnancy

Women with sickle cell disease present special problems
in pregnancy [142-144]. Fetal loss is high, presumably due
to sickling infarcts in the placental circulation [141,145].
Abortion, preterm labour and other complications are
more common than in women who have normal haemo-
globins. Although many women with sickle cell disease
have no complications, the outcome in any individual
case is always in doubt. The only consistently successful
way of reducing the incidence of these complications due
to sickling is by regular blood transfusion at approxi-
mately 6-week intervals, to maintain the proportion of
HbA at 60-70% of the total [146]. Between 3 and 4 units
of blood should be given at each transfusion. This regi-
men has two effects: it dilutes the circulating sickle
haemoglobin and, by raising the haemoglobin, reduces
the stimulus to the bone marrow and therefore the
amount of sickle haemoglobin produced.

Sickle cells have a shorter life than normal red cellsand so
eachsuccessivetransfusionis moreeffective. If this regimen

hasbeeninstituted, a general anaesthetic may be given with
safety, and sickling crises in the course of normal labour are
much less likely. The management of sickle cell syndromes
in pregnancy in the UK is a relatively recent problem, and
longitudinal data are lacking. It is clear on review of the
extensive US literature that although risks remain higher
for pregnancy complicated by sickle cell disease, modern
obstetric care alone, without transfusion, has reduced the
maternal morbidity and mortality dramatically and also
improved fetal outcome [142,147,148]. Some obstetric
centres still use prophylactic transfusion regimens but the
real benefitof suchregimens remains tobe provenby alarge
trial with contemporary controls [149]. A small multicentre
trial in the USA suggests that the outcome is similar in
women transfused prophylactically compared with those
transfused only when indications arise {150].

A more recent multicentre retrospective study from the
UK also showed that prophylactic transfusion did not im-
prove obstetric outcome when compared with those preg-
nancies that were not transfused [151]. Both studies
[150,151], however, highlighted serious sickling complica-
tions in twin pregnancies associated with sickle cell disease
and suggest a case for routine prophylactic transfusion at
least in women with twin pregnancy and sickle cell disease.

These regular transfusion protocols are not without
complications. Of course there is a risk of transmitting
infection, hepatitis B and C, and human immunodefi-
ciency virus (HIV) to which the pregnant woman with
her altered immunity is especially susceptible. Now that
all blood donors are screened for exposure and response
to HIV, the much-publicized and feared hazard of HIV
infection resulting from 1-unit blood donations (non-
pooled blood products) is extremely small. The risk of
infected blood being undetected has been calculated to
be 0.7 per million donations and that is if high-risk donors
(paid donors, the promiscuous, drug addicts) are giving
their blood. Such donors are asked not to give blood in the
UK [152,153] and no donors are paid for giving blood.

The most worrying complication of transfusion has
been the development of atypical red cell antibodies
[154], resulting from the fact that the donor populations
differ in ethnic origin from the recipients and carry differ-
ent minor red cell antigens. This has resulted in extreme
difficulties in finding compatible blood [144,155] and
even in haemolytic disease of the newborn [144]. There
is a real danger that regular top-up transfusions or partial
exchange transfusion regimens may become accepted
therapy in pregnancy complicated by sickle cell disease
before their true benefits and hazards have been properly
evaluated. The consensus from the USA is that transfu-
sion should only be given in preparation for general an-
aesthesia or where there is evidence of maternal distress



[141,142,147,150]. If the disorder presents late in preg-
nancy and there is more urgency because, for instance,
the woman is profoundly anaemic or is suffering a crisis,
exchange transfusion can be used.

It is obvious that it would be far better to prevent the
emergency situation during pregnancy by identification
of women before pregnancy and early booking for ante-
natal care. However, even after preparation with regular
transfusion, tissue hypoxia, acidosis and dehydration
should be avoided because they will make the patient’s
own remaining red cells more likely to sickle, Also, per-
haps due to the anti-aldosterone actions of progesterone,
hyperkalaemia has been reported in pregnant women
with sickle cell disease at levels of renal dysfunction
below those observed in non-pregnant individuals with
HDbSS disease [156]. Tourniquets should not be used. To
minimize pulmonary infection, prophylactic antibiotics
are desirable to cover all anaesthetics. Recurrent pulmon-
ary sickling crises may lead to chronic lung disease. One
such case during pregnancy has been reported with ma-
ternal death at 31 weeks’ gestation [157]. Severe painful
crises or vascular necrosis of bone may be followed by
embolism of bone marrow with fatty globules which may
be seen in lungs, eyes, brain and urine. Most cases have
occurred during pregnancy and this complication is asso-
ciated with a high mortality {158].

The worry concerning aspiration pneumonitis, hypoxia
and other perioperative pulmonary problems may be
avoided by using regional anaesthesia but substitutes
the risk of hypotension and venous pooling in the vessels
of the lower extremities. Wrapping the legs in elastic
bandages and elevating them will reduce venous pooling
and subsequent hypotension. Epidural is preferred to
spinal anaesthesia because there is less risk of hypoten-
sion if preoperative hydration regimens with left uterine
displacement are adopted. Although a number of sicklers
have been reported in the obstetric literature to have
suffered pulmonary emboli [141,159], there is no good
evidence to incriminate regional anaesthesia as a signifi-
cant additional risk factor and indeed there are good
physiological data to support it having a protective role.
In an emergency, both regional and general anaesthesia
may have to be undertaken without ideal preparation.
Good communication and cooperation between anaesthe-
tist, obstetrician and haematologist, together with meticu-
lous postoperative care, are essential for a good outcome.
Again, as with the controversy over blood transfusion, it
is simple lack of awareness of potential problems and
relaxation of vigilance that change the outcome [141]
rather than lack of knowledge of the details of the meas-
ures adopted to deal with the many and varied hazards of
sickle haemoglobin in pregnancy.
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No special preparation with blood transfusion is re-
quired in pregnancy for women with sickle cell trait
(HbAS). However, as in patients with HbSS, it is essential
that hypoxia and dehydration are avoided during anaes-
thesia and labour, particularly in the immediate post-
delivery period. In fact the majority of unexpected
deaths associated with HbS have occurred in patients
with sickle cell trait in the immediate postoperative or
postpartum period.

The single most important pregnancy precaution is for
the woman's partner to be screened, so that the couple can
be advised of the risk of a serious haemoglobin defect in
their offspring.

Detection of haemoglobin S

Any test designed to screen for the presence of HbS
should detect not only sickle cell disease but also distin-
guish HbSC, HbS thalassaemia and sickle cell trait. The
classic sickling test in which the red cell is suspended in a
reducing agent is difficult to interpret and may occasion-
ally give false-negative results. Furthermore, it is time
consuming and its usefulness is limited when diagnosis
is urgent. A proprietary product (Sickledex) is available
that overcomes these drawbacks: it detects HbS by pre-
cipitation of deoxygenated HbS. It is rapid, reliable, and
does not give false negatives. Definitive diagnosis of the
particular sickle cell syndrome involved requires haemo-
globin electrophoresis and sometimes, in the case of sickle
cell thalassaemia, family studies. Screening early in preg-
nancy where there is no absolute urgency is probably best
carried out by performing haemoglobin electrophoresis.
The sickling test will then only have to be carried out on
blood from those women with an abnormal band in the S
region. Electrophoresis on cellulose acetate in tris buffer at
pH8.9 will distinguish it from HbD, which has similar
mobility on conventional electrophoresis.

Screening for haemoglobinopathy

Unfortunately, at the moment, screening procedures are
often not carried out until women are pregnant. In most
cases this means that early prenatal diagnosis by DNA
analysis of a chorion biopsy is not possible. Selection for
screening in a busy antenatal clinic may be more time
consuming than it is worth and, to be efficient, should
involve detailed documentation of a woman’s heritage
before excluding her from testing. For this reason, and
because of the remote possibility of missing such a defect
in the non-immigrant population, general screening for
haemoglobinopathies is carried out routinely on every
woman’s blood during pregnancy at Queen Charlotte’s
Maternity Hospital, London, which serves a cosmopolitan
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population. This involves examination of red cell indices
(see Table 2.1), haemoglobin electrophoresis and quantifi-
cation of HbA, and HbF on the booking sample of blood
(Fig. 2.4).

If a haemoglobin variant or thalassaemia is found, the
partner is requested to attend so that his blood can also be
examined. By this means we are able to assess the chances
of a serious haemoglobin defect in the fetus early in
pregnancy in order to advise the parents of the potential
hazard and to offer them prenatal diagnosis.

Although all cases of sickle cell disease and the vast
majority of thalassaemia syndromes can be diagnosed by
readily available DNA probes, the couples at risk would
have to be identified before or within the first 8-10 weeks
of fetal development for early prenatal diagnosis to be
performed. With standard booking procedures this is un-
usual. We recognize that this inevitably results in late
prenatal diagnosis and if indicated a painful, demoraliz-
ing, second-trimester termination, but unless couples at
risk are identified before or during the first trimester of
pregnancy, there is no other alternative.

Prenatal diagnosis of haemoglobinopathies
Fetal blood sampling

Until the mid-1970s the prenatal diagnosis of thalassaemia
major and of sickle cell disease (also a B-globin chain defect)
was thought to be a relatively unrealistic goal for two
reasons. First, because information concerning B-chain
synthesis in the first and second trimesters of human preg-
nancy was lacking, and secondly, because it was believed

that any techniques necessary for acquisition of fetal blood
would prove to be prohibitively dangerous with respect to
the maintenance of the pregnancy.

Huehns et al. [160] at University College Hospital,
London, showed that adult haemoglobin (HbAa>B,)
could be detected in the red cells of the fetus as early as
8-10 weeks’ gestation (Fig. 2.5).

Prenatal diagnosis of these haemoglobinopathies was
accomplished for the first time in the 1970s by the use of
globin chain synthesis studies of fetal blood obtained by
fetoscopy or ‘blind” placental aspiration [161] at 18-22
weeks’ gestation. The fetal loss rate using these techniques
could be as high as 12-15% in those early days [162].
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Since the mid-1980s pure fetal blood has been obtained
from the fetal cord by means of an ultrasound-guided
needle introduced through the maternal abdominal wall
{163]. The risks to the ongoing pregnancy of this proced-
ure are considerably less than those associated with pre-
vious methods. Currently, fetal blood sampling overall
carries a risk of fetal loss of 1-3% [164-166]. However,
fetal blood sampling for the prenatal diagnosis of the
haemoglobinopathies, for which it was originally intro-
duced, has now largely been superseded [167].

It is now possible to detect genetic haemoglobin defects
by DNA analysis of chorion villus samples and fetal cells
in amniotic fluid. These samples can be obtained much
earlier in gestation (see below) than fetal blood.

Globin gene analysis

The last few years have seen a remarkable advances in
molecular biology and in particular the development of
techniques for isolating and analysing DNA [124]. Normal
globin genes have been examined using molecular hybrid-
ization and restriction endonuclease mapping techniques
[167]. For the study of human genetic diseases, DNA is
usually obtained from the nuclei of white blood cells in a
peripheral blood sample. However, in the prenatal diagno-
sis of haemoglobinopathies there are two possible alterna-
tive sources of DNA for diagnosis of fetal disease, namely
fetal cells in amniotic fluid and trophoblast tissue obtained
by a transcervical chorion biopsy technique [123,124,168].
The use of these techniques depends on being able to iden-
tify an abnormality of the DNA of the globin gene involved
in the haemoglobinopathy or a closely linked polymorph-
ism, which is inherited with the relevant gene. Fetal DNA
in maternal blood derived from cells [169] or plasma [170]
can now be detected, and techniques are being developed
for the prenatal diagnosis of genetic abnormalities. These
will reduce the need for hazardous invasive procedures.
All cases of sickle cell disease can now be diagnosed
prenatally by DNA analysis because of the identifiable
base changes in the B-globin gene complex that synthe-
sizes sickle haemoglobin. Most fetuses at risk for serious
a-thalassaemia syndromes can be identified because the
abnormalities result from a-gene deletion (see Fig. 2.2)
[127,171]. Thalassaemias involving abnormal synthesis
of both 8 and B chains (3f thalassaemias) are also diag-
nosable because they result from gene deletion [172]. A
rapidly increasing number of cases of B thalassaemia have
become identifiable by DNA analysis because of linked
polymorphisms or partial gene deletions [173]. Unfortu-
nately, however, in these cases, unless the couple has been
identified and there is a large family available for study
and plenty of time to perform the laboratory investiga-
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tions required, the techniques have usually not been used
until an affected child has been born.

A study of the Mediterranean population, which, of
course, includes Cypriot migrants to the UK, suggests that
in the vast majority of first pregnancies at risk for B thalas-
saemia, an affected fetus can be identified with oligonucleo-
tide probes [126]. These are small, synthetic DNA
fragments, which are constructed specifically to detect
single base changes in DNA. Although oligonucleotide
probe technology is still being developed, it has already
been possible to construct probes that identify the single
base changes that cause human single-gene disorders [125].
In those couples in which both partners carry a -thalassae-
mia determinant, B-globin gene analysis is performed on
amplified DNA in order to determine the molecular defect.
The entire B-globin gene is amplified by using the polymer-
ase chain reaction (PCR) with appropriate primers. Known
mutations may be detected by gel electrophoresis, restric-
tion endonuclease analysis, dot blot analysis with allele-
specific probes, or primer-specific amplifications [173].

It is now possible to identify the base change in the B-
globin gene complex that leads to the substitution of
valine for glutamic acid and hence to the production of
sickle haemoglobin. This means that all couples at risk of
producing a child with sickle cell disease can have pre-
natal diagnosis using DNA analysis. The results of such
analyses may be available on the same day that the fetal
DNA is obtained [174].

Amniotic fluid cells

Amniocentesis is safer than fetal blood sampling and
possibly safer than chorion villus sampling. Now that
amplification of DNA is possible by PCR techniques,
sufficient tissue is obtained for rapid prenatal diagnosis
without the need for lengthy culturing procedures. An-
alysis of amniotic fetal cell DNA for prenatal diagnosis of
a thalassaemia hydrops has been used for more than a
decade in the Far East, but the recent improvements
in detection and rapidity of tests have facilitated carrier
detection and prenatal diagnosis of a-thalassaemia syn-
dromes considerably [175,176].

It may be asked why prenatal diagnosis for o thalassae-
mia should be attempted when the major form of the
disease is incompatible with life, and HbH disease prob-
ably does not adversely affect life expectancy. One reason
is that pregnancy with an « thalassaemia hydrops is asso-
ciated with severe, sometimes life-threatening, pre-
eclampsia in the mother. Also, vaginal deliveries are-asso-
ciated with obstetric complications due to the large size of
the fetus and placenta associated with the haemoglobino-
pathy (see above).
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Chorion villus sampling

More than a decade ago, a report of 200 cases [177] of first-
trimester fetal diagnosis for haemoglobinopathies carried
out in the UK using chorionic villus sampling (CVS) and
DNA analysis, suggested that provided CVS proves to be
associated with an acceptably low fetal loss rate and that
it has no significant long-term effects on fetal develop-
ment, it would become the method of choice for fetal
diagnosis of haemoglobinopathies and other single-gene
disorders. The current CVS fetal loss rate is little more
than 2%, which compares favourably with other methods
used in prenatal diagnosis. However, limb reductions
associated with this technique continue to give some
cause for concern [178-180].

Initially transcervical villus sampling was carried out
using an endoscope but this technique has largely been
abandoned, and biopsy specimens are obtained using a
fine-bore needle and cannula under ultrasound guidance.
Even so the procedure still probably carries a risk of
abortion at least two to three times greater than that of
amniocentesis; there is also a maternal risk of endotoxic
shock ascribed to penetration of a contaminated cervix.
For these reasons, some workers have adopted the trans-
abdominal approach [181]. They claim that this avoids the
potentially infected endocervical canal, and also that
needle-guided transabdominal CVS is more easily learned
than transcervical techniques. Also it seemed that high
abortion rates were associated with transcervical biopsy
until the operator became skilled. In addition, the trans-
abdominal method may be used over a wider gestational
age range, i.e. 9-14 weeks as opposed to 9-12 weeks using
the transcervical route. Maxwell et al. in 1986 [181] sug-
gested that the technique should be widely evaluated in
clinical practice possibly as part of a controlled trial com-
paring transabdominal with transcervical routes. There
have now been many randomized trials comparing the
two techniques. In the USA [182] the safety of both tech-
niques was found to be similar. In Denmark [183] the
unintentional fetal loss rate was much higher using the
transcervical route (7.7%) compared with the transab-
dominal approach (3.7%).

The vast majority of the limb anomalies described in
association with CVS have been in fetuses sampled before
10 weeks’ gestation [178,180] and are thought to have a
vascular aetiology related to either decreased fetal perfu-
sion or thrombosis at the sampling site [178]. In the UK
each fetal medicine unit has its preferred technique, but
providing that the transcervical approach is avoided
before 10 weeks’ gestation (when there is an association
with limb reduction) there appears to be no difference in
outcome.

In summary, the prenatal diagnosis of the haemoglobi-
nopathies originally performed by globin chain analysis of
fetal blood samples taken in the second trimester has now
largely been replaced by direct detection of the genetic
defect by analysis of amplified DNA from fetal trophoblast
or amniotic fluid cells obtained earlier in gestation.

Rationale for screening

The main reason why pre-pregnancy screening pro-
grammes for haemoglobinopathies should be set up is
the handicap associated with homozygous B thalassae-
mia. The management of homozygous B thalassaemia by
regular blood transfusion and chelating agents is ex-
tremely expensive and puts a major burden on the health
services particularly in the developing countries where
the disease is so common. Undoubtedly, the most cost-
effective approach to the problem of thalassaemia is the
development of programmes for the pre-pregnancy
screening of potential mothers and, in cases where they
are found to be carriers, of their partners [126]. Where
both parents are affected they should be offered the pos-
sibility of antenatal diagnosis by fetal blood or trophoblast
sampling and of abortion of homozygous fetuses. This
type of programme is now well established in many
parts of the world, but screening usually takes place in
the antenatal period when conception has already oc-
curred. Even if the couple is known to be at risk, having
already had an affected child, there may not be time for
proper investigation, so that advantage can be taken of
the more acceptable trophoblast sampling technique for
DNA analysis of the fetus, if indicated.

Implications for the future

Now that first-trimester fetal diagnosis has become pos-
sible for virtually all serious haemoglobinopathies and as
the techniques become available in more centres over the
world, screening should be extended beyond the ante-
natal clinic. It has been suggested [184] that education
and counselling should be directed at three points in
people’s lives, namely, at school, at marriage and at
family planning clinics. The information given should
include details of where blood testing can be carried out
and advice on when this should be done, although it
should probably be left to the individual in possession
of the information to request the test. This will involve
education of the communities at risk and also—a compon-
ent that is often forgotten—education of the medical prac-
titioners caring for these communities.

The first audit of prenatal diagnosis for haemoglobin
disorders in the UK covering the first 20 vears has recentlv



been published including an analysis of 2068 cases from
1974 to 1994. Over 50% of first prenatal diagnoses were
performed in the second trimester. About 40% were retro-
spective after the birth of an affected child. Six such couples
are known to have sued their obstetrician for negligence
[128]. Overall, the extended findings point to serious short-
comings in present antenatal screening practices in the UK
and toinadequate counselling resources, especially for Brit-
ish Asians with thalassaemia [129].

Miscellaneous anaemias

Many forms of anaemia, in particular the anaemia of renal
failure, are exacerbated by pregnancy. However, support-
ive and prophylactic therapy for the various medical con-
ditions concerned is improving, and maternal risks for the
most part have been reduced, as have the risks to the
fetus. Each case has to be considered individually: there
are 1o general rules that can be applied in terms of man-
agement.

Aplastic anaemia

There have been sporadic case reports of refractory hypo-
plastic anaemia, sometimes recurrent, developing in preg-
nancy and appearing to be related in some way to the
pregnancy [185,186]. Occasionally pregnancy occurs when
chronic acquired aplastic anaemia is present as an under-
lying disease. It has been generally considered that in both
these situations pregnancy exacerbates the marrow depres-
sion, results in rapid deterioration, and should be termin-
ated. Itis true that many cases do remit spontaneously after
termination [187], but there is no record of excessive haem-
orrhage at delivery despite profound thrombocytopenia.
Supportive measures in this situation are improving and
pregnancy should be maintained as long as the health of the
mother is not seriously impaired [188].

There are a few cases in the literature of reversible pure
red cell aplasia (associated with pregnancy) following
delivery. One report describes the course of relapsing
pure red cell aplasia during three pregnancies [189]. An-
aemia can be profound, and supportive red cell transfu-
sions are necessary, but the outcome is generally good if
there are no other interacting complications. The whole
subject has been reviewed [190].

Autoimmune haemolytic anaemia and
systemic lupus erythematosus

The rare combination of autoimmune haemolytic anaemia
(AIHA) and pregnancy carries great risks to both the
woman herself and the fetus. Very careful antenatal super-
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vision and adjustment to steroid therapy are required
[191].

Pregnancy may coincide with exacerbations of systemic
lupus erythematosus (SLE), although up to 50% of women
with this condition are reported to improve during preg-
nancy especially in the third trimester [192] (see also Chap-
ter 8).

Haemolytic anaemia, leucopenia and thrombocyto-
penia (see Chapter 8) have all been observed in infants
of women with active disease, presumably due to IgG
antibody involved in the disease process crossing the
placenta.

With regard to therapy, there have been a number of
reports in which women have been treated with steroids
[193] and other immune suppressives throughout preg-
nancy for a variety of conditions including immune
thrombocytopenic purpura (ITP), SLE, AIHA and some
forms of malignancy. Possible effects of steroids are con-
sidered in Chapter 1. The problems of their use are essen-
tially the same as those outside pregnancy, but more
frequent monitoring and adjustment are required due to
the rapidly changing blood volume and changes in the
circulating hormones during the antenatal and postnatal
periods. There is also concern about the possible effects of
azathioprine on the reproductive performance of female
offspring (Chapter 8).

A rare form of haemolytic anaemia appears to be spe-
cific to pregnancy. It remits after delivery but tends to
recur in subsequent pregnancies in about half of the
women affected. Although no autoantibody has been
identified, the anaemia responds to steroids and immuno-
globulin. The fetus may be affected in about 20% of cases
[194].

Polycythaemia rubra vera

Polycythaemia rubra vera (PRV) is a myeloproliferative
disease involving a pluripotent haemopoietic stem cell. It
is an uncommon disorder with an estimated incidence of
one in 50 000. It affects women less often than men and is
usually seen after the sixth decade of life and is therefore
only rarely encountered in pregnant women.

Reports in the literature are very sparse, involving not
many more than 15 pregnancies in nine women and were
reviewed in 1983 [195].

Diagnosis of PRV depends on the demonstration of an
increased red cell mass, which distinguishes the condition
from ‘stress’ erythrocytosis characterized by an increased
haematocrit but with a normal red cell mass. Differenti-
ation from secondary polycythaemia is made by lack of
increased erythropoietin levels in the urine. Also in
PRV there is usually an absolute granulocytosis and
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thrombocytosis, which is not found in secondary poly-
cythaemia. The maternal outcome in the few reports
available is usually good, but there is an increased inci-
dence of pregnancy-induced hypertension, and neonatal
mortality is high due to frequent occurrence of abortion,
stillbirth and preterm delivery.

Radioactive phosphorus 3P has been the treatment of
choice for older patients with PRV. Alkylating agents
have been introduced more recently into treatment regi-
mens. However, in younger patients these measures are
usually avoided because of their leukaemogenic potential.
During pregnancy the additional hazards of teratogeni-
city and other harm to the fetus precludes their use.

Control of haematological parameters is best achieved
by repeated phlebotomy. The haematocrit should be
maintained at a value of <50% to reduce the associated
hazards of abnormal bleeding, thrombosis and tissue
hypoxia.

In PRV it has been recommended [195] that prophylac-
tic antithrombotic measures should be taken during the
intra- and postpartum period because of the associated
hypercoagulability in uncomplicated pregnancy (see
Chapter 4). Low-dose heparin appears to be the treatment
of choice.

Surgery carries exceptional hazards of bleeding and
thrombosis in the uncontrolled polycythaemic patient,
and emergency phlebotomy is indicated in the uncon-
trolled patient who needs an urgent caesarean section or
other surgery.

Regional anaesthesia is the analgesic and anaesthetic of
choice. During general anaesthesia alterations in pulmon-
ary elasticity and ventilation-perfusion defects may lead
to respiratory acidosis. Long-term prognosis is difficult to
predict for any individual. An erythrocytic phase is often
followed by an inactive phase, which may last as long as
25 years. As a rule, survival is longer in patients who are
younger at the time of diagnosis. Maternal survival in
older patients has been estimated at 16 years. Myeloid
metaplasia is seen as the duration of the disease increases,
and death usually results from terminal development of
acute leukaemia or myelofibrosis.

Thrombocythaemia, thrombocytosis

Essential and primary thrombocythaemia (thrombocyto-
sis) usually affects subjects beyond the childbearing age.
A myeloproliferative disorder, characterized by an isol-
ated high platelet count, it is associated with both haem-
orrhagic and thromboembolic phenomena. Reports in the
literature are sparse [196-198] and management strategies
are therefore difficult to plan. If the thrombocythaemia is
not accompanied by polycythaemia and there have been

no previous complications, then the treatment of choice
should be aspirin (at least 75mg/day) to inhibit platelet
aggregation and thrombosis. This should be instituted
when the platelet count exceeds 600x10°/L {200]. Two
asymptomatic women with platelet counts around 1000
x10%/L at our hospital were managed throughout preg-
nancy with aspirin, and no complications occurred in
either mother or fetus. Recurrent late abortion associated
with thrombocythaemia has been managed successfully
with aspirin. Cytotoxic agents have been used in this
disease [199] but should be avoided in gestation.
Interferon a may be given where complications have
not been prevented by therapy with aspirin [199]. It has
been used without ill-effect in human pregnancy [200].

Paroxysmal nocturnal haemoglobinuria

This rare condition which occurs primarily in voung
adults is now known to be caused by a genetically deter-
mined somatic mutation in a haemopoietic stem cell
giving rise to populations of defective red cells, granulo-
cytes and platelets [201,202]. The intrinsic defect in the red
cell makes it particularly sensitive to lvsis by complement.
The disease varies widely in severity; it usually begins
insidiously and haemoglobinuria, as a presenting svmp-
tom, is found in only 25% of all patients.

The laboratory diagnosis is made using a series of
special tests that demonstrate the sensitivity of the
patient’s red cells to lysis by complement.

The main features of the disease are episodes of acute and
chronic intravascular haemolysis with varying degrees of
anaemia and haemoglobinuria. More important complica-
tions arise from the defective platelets and granulocytes
produced by the abnormal clone of stem cells.

Thrombosis accounts for approximately 50% of deaths
in reported autopsies. The major morbidity also relates to
venous thrombosis, which has been reported in periph-
eral as well as in mesenteric, hepatic, portal and cerebral
veins.

This hypercoagulable state has been attributed to the
triggering effect of intravascular haemolysis and in-
creased activity of coagulation factors, but the most rele-
vant explanation for the enhanced thrombotic tendency is
that the paroxysmal nocturnal haemoglobinuria (PNH)
platelets can bind much greater amounts of complement
(C3) than normal platelets. Activation of the complement
pathway triggers PNH platelets to undergo the release
reaction and aggregate, thus initiating thrombosis [203].
Similarly, poorly understood functional abnormalities of
leucocyte function together with granulocytopenia are
thought to contribute to the increased susceptibility to
infection seen in patients with PNH.



As the disease progresses, the abnormal clone of cells
takes over and normal bone marrow becomes increas-
ingly hypoplastic and ultimately aplastic [204,205].

The most serious complications associated with PNH
are thrombosis, infection and ultimately marrow aplasia.

The optimum treatment of PNH is replacement of the
abnormal stem cell with cells producing normal cellular
components by BMT, but this is not an option during
pregnancy. Androgen therapy has been useful in sup-
pressing haemolysis and increasing normal cell produc-
tion in non-pregnant females and in males, but it has side-
effects and its use is definitely contraindicated in preg-
nancy.

Prednisone 1mg/kg may be useful in reducing haem-
olysis; if the patient responds to prednisone, this may
safely be used throughout pregnaricy (see Chapter 1).

Iron has been used to maintain the haematocrit and
replace iron lost in the urine, but it has been shown in
many studies to trigger acute haemolytic episodes and is
therefore probably best avoided.

The fertility rate in this uncommon condition is thought
to be low and experience of pregnancies associated with
PNH is limited. To date fewer than 100 cases have been
reported in the English literature. Awareness of the risks
involved has led to the previous suggestion that concep-
tion should be avoided if possible. Although more re-
cently there have been reports of successful maternal
and fetal outcome of pregnancies associate with PNH
[206-208], safe effective contraception needs to be con-
sidered. The hypercoagulable state in PNH rules out
oral contraception and there has been a report of cerebral
vein thrombosis in a woman with PNH associated with
use of an oral contraceptive. The use of a conventional
intrauterine device is contraindicated in the presence of
thrombocytopenia and granulocytopenia. However, one
of the newer hormone-coated intrauterine devices such as
the Mirena coil that do not cause menorraghia or predis-
pose to infection could be considered. Otherwise if
couples at risk wish to delay pregnancy, barrier methods
should be recommended and if they decide against fur-
ther reproduction, either tubal ligation or vasectomy
should be advised.

If pregnancy is embarked upon, the main hazards
appear to be spontaneous abortion, often following acute
haemolytic episodes, and serious thrombotic events
mainly in the puerperium.

Prophylactic transfusions with washed red cells, which
are not a source of extrinsic complement, maintaining the
haematocrit between 25 and 30%, to suppress the produc-
tion of abnormal cells, have been recommended in the
first trimester {209]. The theory is that these transfusions
will decrease the possibility of severe haemolytic episodes
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and therefore the risk of spontaneous abortion and the
chance of a severe thrombotic episode early in pregnancy.

Hepatic vein thrombosis is the most common throm-
botic complication, having a maximum incidence post-
partum; antenatal pulmonary embolism has also been
reported.

Low-dose heparin has been shown to be ineffective
prophylaxis in at least one case in the antenatal period
[210]. The maximum risk period is still after delivery. It
has been suggested therefore that full anticoagulation
should be used to treat any thrombotic episode in the
antenatal period, and that full anticoagulation should be
used prophylactically in the puerperium [209] (see Chap-
ter 4).

‘Nevertheless, despite the usual view that pregnancy is
too hazardous in patients with PNH, a poor outcome may
not be inevitable’ {208].

Leukaemia

One in 1000 pregnancies is complicated by malignant
disease [211,212]. The incidence of leukaemia in preg-
nancy should not exceed one in 75000 pregnancies, but
the information used to calculate this incidence is
obtained from cases recorded in the literature—a method
with serious limitations. Although peak incidence years
for cancer do not coincide with the peak reproductive
years, leukaemia was reported in 1969 as the second
most common cause of death from malignant disease in
females aged 15-34 in the USA. Several hundred cases of
leukaemia in association with pregnancy have now been
reported; most papers give an account of a specific case or
cases and include a review of the published literature (e.g.
[213-215]), and some include management considerations
(e.g. [216]).

There is no objective evidence that pregnancy has a
deleterious effect on leukaemia [213,216]. Survival times
in pregnant women with leukaemia do not differ statistic-
ally from those of non-pregnant women. The application
of modern treatment can result in remission of the dis-
ease, which is sometimes repeated, and more affected
women may now have the opportunity to conceive or to
survive until the fetus is viable.

The diagnosis during pregnancy is made most fre-
quently in the second and third trimesters, although the
disease may have been present earlier. This is because the
early symptoms are non-specific, the most common being
fatigue, which is often attributed by the woman and her
obstetrician to the pregnancy itself. This emphasizes the
importance of carrying out proper investigations, includ-
ing bone-marrow examination of unexplained anaemia in
pregnancy.
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The occurrence of pregnancy in a woman suffering
from or developing acute leukaemia creates special clin-
ical problems, which fall into two main groups—those
arising from the disease process and those arising from
its treatment. There are increased risks of infection, haem-
orrhage and abortion arising from the disease process
itself and from the effects of chemotherapy [217]. Fetal
loss occurs in approximately 14% of women with chronic
myeloid leukaemia and 33% of women with acute leukae-
mia. Haemorrhage may result from thrombocytopenia
due to bone-marrow infiltration or from a consumption
coagulopathy; this is a particularly common problem in
acute myelomonocytic leukaemia. The powerful cytotoxic
drugs that are often used to achieve remission in acute
adult leukaemia include cytosine arabinoside, rubidomy-
cin and thioguanine. Such agents have been shown to be
toxic to fetal tissue in experimental animals. Malforma-
tions have occurred after treatment with cytotoxic drugs
in the first trimester [215]. Methotrexate, a folic acid an-
tagonist, is the most teratogenic drug known to man. Its
administration early in pregnancy always results in either
abortion or congenital malformation. Other published
data have suggested that cytotoxic drugs might be given
with safety in the second and third trimesters [214,215].
One more recently published study with follow-up of 43
children over a period of 3-19 years whose mothers had
received chemotherapy for various malignancies includ-
ing leukaemia, showed no adverse effect in the children.
Nineteen of these mothers received treatment in the first
trimester. A similar retrospective study also published in
1991 looked at 56 pregnancies in 48 women and found no
increase in the incidence of complications during preg-
nancy compared with pregnancies in a healthy popula-
tion [218].

Successful pregnancy has been reported in women re-
ceiving recombinant interferon o for management of
chronic myeloid leukaemia [219].

It has been suggested [214] that a pregnant leukaemic
woman should be treated with aggressive chemotherapy
until a remission is achieved. The risk of a malformed
fetus in a woman so treated in the first trimester is high,
and termination should be considered once she is in re-
mission and this can be performed with safety. Termin-
ation of pregnancy when therapy is started in the second
or third trimester is only indicated on moral and medico-
social grounds, as the fetus is likely to develop normally.
Examination of chromosomes of fetal amniotic fluid cells
and of fetal hair under the scanning electron microscope
may provide evidence of fetal damage in those cases
where treatment is started early in the second trimester
[214]. An alternative approach later in the second trimes-
ter would be fetal blood sampling.

A more recent overview of leukaemia and lymphoma
in pregnancy [220] tabulates published case reports of
acute leukaemia since the comprehensive review of
McLain [216]. Based on the combined data, the authors
confirm the earlier conclusions that pregnancy itself has
no adverse effect on the course of leukaemia unless spe-
cific chemotherapy is withheld for fear of damaging the
fetus. However, the converse is not true. The greatest risks
are maternal death before delivery and fetal damage or
death related to maternal chemotherapy. Since 1989 there
have been some reports of successful pregnancies in
women who had prior allogeneic BMT, both in those
whose conditioning therapy for BMT was by use of
chemotherapy alone [221] and more recently in women
who received total body irradiation [222].

Hodgkin’s disease

The diagnosis of Hodgkin’s disease depends upon the
presence of the characteristic Reed-Sternberg cell in
biopsy material. The various morphological subclasses
of the Reed-Sternberg cell and the relative proportion of
other cellular elements have no influence on the outcome
of the disease unlike in the non-Hodgkin’s lymphomata in
which histology has a major influence on outcome
[212,220,223]. Prognosis depends on the staging of the
disease at presentation.

Treatment for Hodgkin’s disease involves adequate
radiotherapy for patients with relatively localized disease.
A cure rate of over 90% can be expected in these cases.
Combination chemotherapy regimens are used for those
with more widespread disease and involvement both
above and below the diaphragm. In cases with no svs-
temic symptoms such as unexplained weight loss, pyrexia
or night sweats, chemotherapy alone will produce a com-
plete remission in 80-100% of patients with a probable
cure in at least 50%.

Widespread disease with systemic manifestations has a
poorer prognosis and is treated with aggressive repeated
courses of combination chemotherapy often combined
with radiotherapy.

Because the choice of treatment requires precise staging
of the disease, pregnancy should always be ruled out
before undertaking diagnostic studies and therapy.

The incidence of Hodgkin’s disease in pregnancy is
low, so it is most unlikely that there will ever be prospect-
ive randomized studies to resolve which is the optimum
management strategy for the various stages of the disease
that may occur during the antenatal period. The largely
American retrospective experience has been reviewed
[220,223]. A recently published British retrospective
study of 48 women who had Hodgkin’s disease compared



with non-pregnant women at similar stages of disease
matched for age and therapy showed that the 20-year
survival of those women with a pregnancy was no differ-
ent from their matched controls [224].

A communication from Italy reports a retrospective
analysis of 219 female patients presenting between 1971
and 1982 with Hodgkin's disease [225]. Twenty-one pa-
tients were pregnant at the time of presentation. One hun-
dred and fifty-five patients aged 15-45 years when
Hodgkin’s disease was diagnosed were selected as con-
trols. The authors concluded, as have others [220], that
pregnancy does not influence the symptoms or presenta-
tion of the disease. The slightly higher proportion of ad-
vanced stages among the pregnant patients in the study
may be explained by the masking of the early signs and
symptoms by pregnancy itself. Pregnancy does not affect
prognosis, and the higher proportion of advanced stages
has statistically negligible influence on survival. Preg-
nancy does not induce a higher relapse rate. A large
proportion of treated patients whose menstruation is pre-
served are still fertile and can expect to produce appar-
ently normal offspring especially in the younger age
groups [225]. A more recent retrospective analysis of
pregnancy outcome in 139 survivors of advanced Hodg-
kin's disease provided data on 302 pregnancies. There
was an excess of low birthweights in women treated
actively during the antenatal period but this was based
on small numbers [226].

It would seem prudent to advise a patient to delay
conception until 2 years after successful therapy has
been completed because the risk of relapse falls off rap-
idly after that time. However, there is still concern about
the long-term impact of ionizing radiation and che-
motherapeutic agents on the ova and ultimately on the
offspring of treated patients even if conception occurs
well after therapy has been completed. It is known from
animal studies that anomalies (induced in offspring) may
not appear until later in life and it is even more difficult to
evaluate the risk in the human.

Aborted fetuses, infants and children may not be ad-
equately screened for defects. Applied therapy regimens
differ from one treatment centre to another. Therapy-
induced cases of mutagenesis tend to be emphasized in
the literature making assessment of the true proportion of
unfavourable outcome very difficult to estimate [227].
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Haemostasis and pregnancy

Healthy haemostasis depends on normal vasculature,
platelets, coagulation factors and fibrinolysis. These act
together to confine the circulating blood to the vascular
bed and arrest bleeding after trauma. Normal pregnancy is
accompanied by dramatic changes in the coagulation and
fibrinolytic systems [1-3] where there is a marked increase
in some of the coagulation factors, particularly fibrinogen.
Fibrin is laid down in the uteroplacental vessel walls and
fibrinolysis is suppressed. These changes, together with
the increased blood volume, help to combat the hazard of
haemorrhage at placental separation, but play only a sec-
ondary role to the unique process of myometrial contrac-
tion, which reduces the blood flow to the placental site.
They also produce a vulnerable state for intravascular
clotting, which is expressed as a whole spectrum of dis-
orders in pregnancy ranging from thromboembolism (see
Chapter 4) to bleeding due to disseminated intravascular
coagulation (DIC) [4]. To make more understandable the
pathophysiology and management of these disorders a
short account follows of haemostasis during pregnancy
and how it differs from that in the non-pregnant state.

Vascular integrity

It is not known how vascular integrity is normally main-
tained but it is clear that the platelets have a key role to
play, because conditions in which their number is de-
pleted or their function is abnormal are characterized by
widespread spontaneous capillary haemorrhages. It is
thought that the platelets in health are constantly sealing
microdefects of the vasculature, by forming mini fibrin
clots, the unwanted fibrin being removed by a process of

Disseminated intravascular coagulation in clinical
conditions, 71
Low-grade disseminated intravascular coagulation,
pre-eclampsia and related syndromes, 75
Acquired primary defects of haemostasis, 76
Thrombocytopenia, 76
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Inherited defects of haemostasis, 84
Hereditary platelet abnormalities, 85
Hereditary coagulation disorders, 85
Genetic collagen vascular disease, 91

fibrinolysis. Generation of prostacyclin appears to be
the physiological mechanism that protects the vessel
wall from excess deposition of platelet aggregates, and
explains the fact that contact of platelets with healthy
vascular endothelium is not a stimulus for thrombus for-
mation [5].

Prostacyclin (prostaglandin I (PGl,)) is an unstable
prostaglandin first discovered in 1976. It is the principal
prostanoid that blood vessels synthesize, a powerful
vasodilator and a potent inhibitor of platelet aggregation.
Moncada and Vane [5] have proposed that there is a
balance between the production of prostacyclin by the
vessel wall, and the production of the vasoconstrictor
and powerful aggregating agent thromboxane by the
platelet. Prostacyclin prevents adhesion at much lower
concentrations than are needed to prevent aggregation,
therefore vascular damage leads to platelet adhesion but
not necessarily to aggregation and thrombus formation.

In the blood vessel, prostacyclin synthetase is abundant
in the intima and progressively decreases in concentration
from the subendothelium to the adventitia. It follows that
severe vessel damage or physical detachment of the endo-
thelium will lead to the development of a large thrombus
as opposed to simple platelet adherence.

There are several conditions in which the production of
prostacyclin could be impaired, thereby upsetting the
normal balance. Prostacyclin production has been shown
to be reduced in fetal and placental tissue from pre-
eclamptic pregnancies, and the current role of prostacy-
clin in the pathogenesis of pre-eclampsia continues to be
investigated.

However, the endothelium is now regarded as an ex-
tremely important component of the haemostatic system,

61



62 Chapter 3

and endothelial cell injury leads to platelet activation and
triggering of the coagulation system. It is possible that the
changes in haemostatic components are purely a second-
ary response to underlying vascular disease.

Some studies have shown an increased oxygen free rad-
ical production in pre-eclampsia which will in turn de-
crease vascular prostacyclin and endothelial-dependent
relaxing factor (i.e. nitric oxide, NO) release and increase
thromboxane A; and endothelin release. The whole subject
of endothelial function in pre-eclampsia has been well
reviewed [6] (see also Chapter 6).

Platelets

Platelets are produced in the bone marrow by the mega-
karyocytes and have a lifespan of 9-12 days. At the end of
their normal lifespan the effete cells are engulfed by cells
of the reticuloendothelial system and most damaged
platelets are sequestered in the spleen.

There have been conflicting reports concerning the
platelet count during normal pregnancy. A review of
publications over 25 years [7] revealed a majority consen-
sus (of six), suggesting a small fall in the platelet count
towards term, during normal pregnancy. However, few
of these studies were longitudinal and in none of them
was a within-patient analysis performed. Now that auto-
mated platelet counting is routine as part of the full blood
count, more information is available about the platelet
count in normal, uncomplicated pregnancy. It is becom-
ing clear that, if mean values for platelet concentration are
analysed throughout pregnancy, there is a downward
trend [8] even though the majority fall within the accepted
non-pregnant range [7,9,10].

There is also conflicting evidence {11,12] of increased
platelet turnover and low-grade platelet activation as
pregnancy advances resulting in a larger proportion of
younger platelets with a greater mean platelet volume
[7,8].

Most investigators agree that low-grade chronic intra-
vascular coagulation within the uteroplacental circulation
is a part of the physiological response of all women to
pregnancy. This is partially compensated and therefore it
is not surprising that the platelets should be involved
giving either indices of increased turnover or in some
cases a reduction in number.

A prospective study of 2263 healthy women delivering
during 1 year at a Canadian obstetric centre [13] showed
that 112 (8.3%) had mild thrombocytopenia at term (plate-
let counts 97 — 150 x 10°/L). The frequency of thrombo-
cytopenia in their offspring was no greater than that of
babies born to women with platelet counts in the normal
accepted range and no infant had a platelet count

<100 x 10°/L. An extension of this study to include
6715 deliveries substantiates these original findings [14].

In one study patients with a normal pregnancy were
compared with non-pregnant controls. They were shown
to have a significantly lower platelet count and an increase
in circulating platelet aggregates. In vitro the platelets were
shown to be hypoaggregable. This was interpreted as sug-
gesting platelet activation during pregnancy causing plate-
letaggregation and followed by exhaustion of platelets [15].

Earlier publications suggesting that there was no evi-
dence of changes in platelet function or differences in
platelet lifespan [11,16] between healthy non-pregnant
and pregnant women have to be re-evaluated in the face
of more recent investigations, but it is clear that normal
pregnancy has little significant effect on the screening par-
ameter that is usually measured, namely the platelet count.

The problem remains in defining a completely normal
pregnancy. Certain disease states specific to pregnancy
have profound effects on platelet consumption, lifespan
and function. For example, a decrease in platelet count
[17] and changes in platelet function [18] have been ob-
served in pregnancies with fetal growth restriction, and
the lifespan of platelets is shortened significantly even in
mild pre-eclampsia [19,20].

Arrest of bleeding after trauma

An essential function of the haemostatic system is a rapid
reaction to injury, which remains confined to the area of
damage. This requires a control mechanism that will
stimulate coagulation after trauma, and also limit the
extent of the response. The substances involved in the
formation of the haemostatic plug normally circulate in
an inert form, until activated at the site of injury, or by
some other factor released into the circulation that will
trigger intravascular coagulation.

LOCAL RESPONSE

Platelets adhere to collagen on the injured basement
membrane, which triggers a series of changes in the plate-
lets themselves, including shape change and release of
adenosine diphosphate (ADP) and other substances. Re-
lease of ADP stimulates further aggregation of platelets,
which triggers the coagulation cascade generating throm-
bin; this in turn leads to the formation of fibrin which
converts the platelet plug into a firm, stable wound seal.
The role of platelets is of less importance in injury involv-
ing large vessels, because platelet aggregates are of insuf-
ficient size and strength to breach the defect. The
coagulation mechanism is of major importance here, to-
gether with vascular contraction.



Coagulation system

The end result of blood coagulation is the formation of
an insoluble fibrin clot from the soluble precursor fibrino-
gen in the plasma. This involves a complex interaction
of clotting factors, and a sequential activation of a series
of proenzymes, the coagulation cascade (Fig. 3.1). When a
blood vessel is injured, blood coagulation is initiated
by activation of Factor XII by collagen (intrinsic mechan-
ism) and activation of Factor VII by thromboplastin release
(extrinsic mechanism) from the damaged tissues. Both the
intrinsic and extrinsic mechanisms are activated by com-
ponents of the vessel wall and both are required for normal
haemostasis, Strict divisions between the two pathways do
not exist and interactions between activated factors in both
pathways have been shown. They share a common path-
way following the activation of Factor X.

The intrinsic pathway (or contact system) proceeds
spontaneously and is relatively slow, requiring 5-20 min

Intrinsic
mechanism

Xl

Contact
activation

Xlla ———

< > Thrombin
Phospholipid
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for visible fibrin formation. All tissues contain a spe-
cific lipoprotein, thromboplastin (particularly concen-
trated in lung and brain), which markedly increases
the rate at which blood clots. The placenta is also very
rich in tissue factor (thromboplastin), which will pro-
duce fibrin formation within 12s; the acceleration of
coagulation is brought about by bypassing the reac-
tions involving the contact (intrinsic) system (Fig. 3.1).
Because blood coagulation is strictly confined to the site
of tissue injury in normal circumstances, powerful control
mechanisms must be at work to prevent dissemination of
coagulation.

Normal pregnancy is accompanied by major changes in
the coagulation system, with increases in levels of Factors
VII, VIII and X, and a particularly marked increase in the
level of plasma fibrinogen [21] (Fig. 3.1). Elevated fibrino-
gen is probably the chief cause of the accelerated erythro-
cyte sedimentation rate (ESR) observed during pregnancy.
In the second half of pregnancy, the 95th centile for ESR is
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Fig 3.1 The factors involved in blood
coagulation and their interactions. The
circled factors show significant increases
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70mm/h in a large group of healthy women studied at
Queen Charlotte’s Hospital, London [22]. The effect of
pregnancy on the coagulation factors can be detected
from about the third month of pregnancy, and the amount
of fibrinogen in late pregnancy is at least double that of
the non-pregnant state [21].

The naturally occurring anticoagulants

Mechanisms that limit and localize the clotting process at
sites of trauma are critically important to protect against
generalized thrombosis—and also to prevent spontan-
eous activation of those powerful procoagulant factors
that circulate in normal plasma.

The recent investigation of healthy haemostasis,
switched emphasis from the factors that promote clotting
to those that prevent generalized and spontaneous acti-
vation of these factors. It is not appropriate to give an
account of the complex interactions and biochemistry of
all of these factors here. Only those of major importance in
haemostasis and their relevance to pregnancy will be
mentioned—the balance of procoagulant and inhibitory
factors is discussed elsewhere [23].

ANTITHROMBIN

Antithrombin (AT) is considered to be the main physio-
logical inhibitor of thrombin and Factor Xa. It is well
known that heparin greatly enhances the reaction rate of
enzyme AT interaction and this is the rationale for the use
of low-dose heparin as prophylaxis in patients at risk for
thromboembolism postoperatively, in pregnancy and the
puerperium. An inherited deficiency of AT is one of sev-
eral conditions in which a familial tendency to thrombosis
has been described (see Chapter 4).

AT is synthesized in the liver. Its activity is low in
cirrhosis and other chronic diseases of the liver, as well
as in protein-losing renal disease, DIC and hypercoagul-
able states. The commonest cause of a small reduction in
AT is the use of oral contraceptives; this effect is related to
the oestrogen content of the pill.

During pregnancy there is little change in AT level
but there is some decrease at parturition and an increase
in the puerperium [24]. However, there must be increased
synthesis in the antenatal period to maintain normal con-
centrations in the face of an increasing plasma volume.

PROTEIN C-THROMBOMODULIN-PROTEIN S

Protein C inactivates Factors V and VIII in conjunction
with its cofactors thrombomodulin and protein S. Protein
C is a vitamin K dependent anticoagulant synthesized in

the liver. To exert its effect it must be activated by an
endothelial cell cofactor termed thrombomodulin. The
importance of the protein C-thrombomodulin-protein S
system is exemplified by the absence of thrombomodulin
in the brain where the priority for haemostasis is higher
than for anticoagulation.

Many kindreds with a deficiency or a functional deficit
of protein C with associated recurrent thromboembolism
have been described [25] (see Chapter 4). Purpura fulmi-
nans neonatalis is the homozygous expression of protein C
deficiency with severe thrombosis and neonatal death [26].

Protein S, also a vitamin K dependent glycoprotein, acts
as a cofactor for activated protein C by promoting its
binding to lipid and platelet surface thus localizing the
reaction.

Several families have been described with protein S
deficiency and thromboembolic disease.

Data on protein C and protein S levels in healthy preg-
nancy are sparse. One study showed a significant reduc-
tion in functional protein S levels during pregnancy and
the puerperium [27]. More recently, 14 patients followed
longitudinally throughout gestation and postpartum,
showed a rise of protein C within the normal non-preg-
nant range during the second trimester. In contrast, free
protein S fell from the second trimester onwards but
remained within the confines of the normal range [28].

Another study supported these findings and was
extended to women using oral contraceptives in whom
similar changes were found [29].

Although the investigation of natural anticoagulants
had only just begun, the system has grown in complexity.
There was always little doubt that in the future more
components would be recognized as our ability to investi-
gate objectively increased [30]. This allows a better and
more thorough understanding of the mechanisms under-
lying the control of the delicate balance between pro-
coagulant and anticoagulant factors [31] and enables us
to manage these complex hyvpercoagulable states in preg-
nancy successfully [32].

The recognition of Factor V Leiden [33,34] the pro-
thrombin gene variant together with other newly de-
scribed genetic thrombophilia factors in pregnancy and
their investigation and management [35] are discussed in
Chapter 4.

Fibrinolysis

Fibrinolytic activity is an essential part of the dynamic,
interacting haemostatic mechanism, and is dependent on
plasminogen activator in the blood (Fig. 3.2). Fibrin and
fibrinogen are digested by plasmin, a proenzyme derived
from its inactive plasma precursor, plasminogen.
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Fig 3.2 Components of the fibrinolytic system.

Increased amounts of activator are found in the plasma
after strenuous exercise, emotional stress, surgical oper-
ations and other trauma. Tissue activator can be extracted
from most human organs with the exception of the pla-
centa. Tissues especially rich in activator include the
uterus, ovaries, prostate, heart, lungs, thyroid, adrenals
and lymph nodes. Activity in tissues is concentrated
mainly around blood vessels, veins showing greater ac-
tivity than arteries.

The inhibitors of fibrinolytic activity are of two types—
antiactivator (antiplasminogens) and the antiplasmins.
Inhibitors of plasminogen include & amino caproic acid
(EACA) and tranexamic acid (AMCA). Aprotinin (Trasy-
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lol) is another antiplasminogen that is commercially pre-
pared from bovine lung.

Platelets, plasma and serum exert a strong inhibitory
action on plasmin. Normally, plasma antiplasmin levels
exceed levels of plasminogen and hence the levels of poten-
tial plasmin; otherwise we would dissolve away our con-
necting cement! When fibrinogen or fibrin is broken down
by plasmin, fibrin degradation products are formed; these
comprise the high molecular weightsplit products Xand Y,
and smaller fragments, A, B, C, D and E (Fig. 3.3). When a
fibrin clot is formed, 70% of fragment X is retained in the
clot, Y, D and E being retained to a somewhat lesser extent.
Note that blood should be taken for estimation of fibrin
degradation products (FDPs) by clean venepuncture. The
tourniquet should not be left on too long because venous
stasis also stimulates fibrinolytic activity. The blood should
beallowed toclotin the presence of an antifibrinolytic agent
such as EACA to stop the process of fibrinolysis, which
would otherwise continue in vitro.

Plasma fibrinolytic activity is decreased during preg-
nancy, remains low during labour and delivery, and
returns to normal within 1h of delivery of the placenta
[36]. This is thought to be due to the effect of placentally
derived plasminogen activator inhibitor type 2 (PAI-2),
which is present in abundance during pregnancy [37]. In
addition the activity in the fibrinolytic system in response
to stimulation has been found to be significantly reduced
in pregnancy [38].

The changes in the coagulation system in normal preg-
nancy are consistent with a continuing low-grade process
of coagulant activity. Using electron microscopy,. fibrin
deposition can be demonstrated in the intervillous space
of the placenta and in the walls of the spiral arteries
supplying the placenta [39]. As pregnancy advances, the

Fibrinogen

D

344 000

A,B,C

X
(AEEEEEEEEE N +

240 000

I

45 000

Y D
Fragme”ts‘J ANV -+ O

Fig 3.3 Fibrin degradation products
(FDPs) produced by action of plasmin on
fibrinogen. The molecular weights are
shown.

D
.+
83 000

155 000 83 000
l\k .
]
50 000



66 Chapter 3

elastic lamina and smooth muscle of these spiral arteries
are replaced by a matrix containing fibrin. This allows
expansion of the lumen to accommodate an increasing
blood flow and reduces the vascular resistance of the pla-
centa. At placental separation during normal childbirth, a
blood flow of 500-800mL/min has to be staunched
within seconds, or serious haemorrhage will occur. Myo-
metrial contraction plays a vital role in securing haemo-
stasis by reducing the blood flow to the placental site.
Rapid closure of the terminal part of the spiral artery
will be further facilitated by removal of the elastic lamina.
The placental site is rapidly covered by a fibrin mesh
following delivery. The increased levels of fibrinogen
and other coagulation factors will be advantageous to
meet the sudden demand for haemostatic components.

The changes also produce a vulnerable state for intra-
vascular clotting and a whole spectrum of disorders in-
volving coagulation that occur in pregnancy.

Haemorrhage and coagulopathy

The changes in the haemostatic system and the local acti-
vation of the clotting system during parturition carry with
them a risk, not only of thromboembolism but also of DIC.
This results in consumption of clotting factors and plate-
lets, leading in some cases to severe, particularly uterine
and sometimes generalized, bleeding.

The first problem with DIC is in its definition. It is never
primary, but always secondary to some general stimula-
tion of coagulation activity by release of procoagulant
substances into the blood (Fig. 3.4). Hypothetical triggers
of this process in pregnancy include leakage of placental
tissue fragments, amniotic fluid, incompatible red cells or
bacterial products into the maternal circulation. There is a
great spectrum of manifestations of the process of DIC
(Fig. 3.4) ranging from a compensated state with no clin-
ical manifestation but evidence of increased production
and breakdown of coagulation factors, to the condition of
massive uncontrollable haemorrhage with very low con-
centrations of plasma fibrinogen, pathological raised
levels of FDPs and variable degrees of thrombocytopenia.
Further cause for confusion is that there appears to be a
transient state of intravascular coagulation during the
whole of normal labour, maximal at the time of birth
[3,40,41].

Fibrinolysis is stimulated by DIC, and the FDPs
resulting from the process interfere with the formation
of firm fibrin clots causing a vicious circle, which results
in further disastrous bleeding.

FDPs also interfere with myometrial function and pos-
sibly cardiac function and therefore in themselves aggra-
vate both haemorrhage and shock (Fig. 3.5).

Obstetric conditions associated with DIC include
abruptio placentae, amniotic fluid embolism, septic abor-
tion and intrauterine infection, retained dead fetus, hyda-
tidiform mole, placenta accreta, pre-eclampsia and
prolonged shock from any cause (see Fig. 3.4).

Despite the advances in obstetric care and the availabil-
ity of highly developed blood transfusion services, haem-
orrhage still constitutes a major factor in maternal
mortality and morbidity [42,43].

There have been many reports concerning small series
of patients or individual patients with coagulation failure
during pregnancy. However, no significant controlled
trials of the value of the many possible therapeutic meas-
ures have been carried out. This is mainly because no
one person or unit is likely to see enough cases to ran-
domize patients into groups in which the numbers would
achieve statistical significance. Also the complex and vari-
able nature of the conditions associated with DIC, which
are often self-correcting and treated with a variety of
measures, make it difficult to draw helpful conclusions
from the published reports.

Haematological management of the
bleeding obstetric patient

The bleeding obstetric patient poses an acute and
frightening problem. Because of the urgency of thesituation
there should be a planned routine agreed by haematologist,
physician, anaesthetist, obstetrician and nursing staff in all
maternity units, to deal with this situation whenever it
arises. Good, reliable, continuing communication between
the various clinicians, nursing paramedical and laboratory
staff is essential. There should be frequent ‘rehearsals’.

It is imperative that the source of bleeding, often an un-
suspected uterine or genital laceration, be located and dealt
with. Prolonged hypovolaemicshock, orindeed shock from
any cause, may also trigger DIC and this may lead to haemo-
static failure and further prolonged haemorrhage.

The management of haemorrhage is virtually the same
whether the bleeding is initiated or augmented by coagu-
lation failure. The clinical condition usually demands
urgent treatment and there is no time to wait for results
of coagulation factor assays or sophisticated tests of fibri-
nolytic system activity for precise definition of the extent
of haemostatic failure (blood may be taken for this pur-
pose and analysed later once the emergency is over).

The simple rapid tests recommended below will estab-
lish the competence or otherwise of the haemostatic
system. In the vast majority of obstetric patients, coagula-
tion failure results from a sudden transitory episode of DIC
triggered by a variety of conditions (see Figs 3.4 & 3.5).
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As soon as there is any concern about a patient bleeding
from any cause, venous blood should be taken and de-
livered into a set of bottles kept in an emergency pack
with a set of laboratory request forms previously made
out which only require the patient’s name and identifica-
tion number to be added to them.

In order to avoid testing artefacts it is essential that the
blood is obtained by a quick, efficient, non-traumatic tech-
nique.

Thromboplastin release from damaged tissues may
contaminate the specimen and alter the resuits. This is
likely to occur if difficulty is encountered in finding the
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vein, if the vein is only partly canalized and the flow is
slow, or if there is excessive squeezing of tissues and
repeated attempts to obtain a specimen with the same
needle. In such circumstances the specimen may clot in
the tube in spite of the presence of anticoagulant, or the
coagulation times of the various tests will be altered and
not reflect the true situation in vivo. The platelets may
aggregate in clumps and give a falsely low count, be it
automated or manual.

Heparin characteristically prolongs the partial throm-
boplastin time and thrombin time out of proportion to the
prothrombin time. As little as 0.05 units of heparin per
millilitre will prolong the coagulation test times. It is
customary, although not desirable, to take blood for co-
agulation tests from lines that have been washed through
with fluids containing heparin to keep them patent. I
believe that it is almost impossible to overcome the effect
of such fluids on the blood passing through such a line
however much blood is taken and discarded before
obtaining a sample for investigation. I would strongly
recommend taking blood from another site not previously
contaminated with heparin.

Any blood taken into a glass tube without anticoagu-
lant will clot within a few minutes and natural fibrinolysis
will continue in vitro. Unless the blood is taken into a
fibrinolytic inhibitor such as EACA, a falsely high level
of FDPs will be found, which bears no relationship to
fibrinolysis in vivo. Similarly, leaving a tourniquet on too
long before taking the specimen will stimulate local fibri-
nolytic activity in vivo.

Useful rapid screening tests for haemostatic failure in-
clude the platelet count, partial thromboplastin time, or
accelerated whole-blood clotting time (which tests intrin-
sic coagulation), prothrombin time (which tests extrinsic
coagulation), the thrombin time and estimation of fibrino-
gen (Fig. 3.6).

The measurement of FDPs provides an indirect test for
fibrinolysis. In obstetric practice the measurement of
FDPs is usually part of the investigation of suspected
acute or chronic DIC. In the acute situation, raised FDPs
only confirm the presence of DIC, but are not diagnostic,
and once the specimen is taken the laboratory measure-
ment should be delayed until after the emergency is over.
In this way skilled laboratory workers can be performing
a much more valuable service in providing results of
coagulation screening tests and in providing blood and
blood products suitable for transfusion. Of the tests of
coagulation, probably the thrombin time, an estimation
of the thrombin clottable fibrinogen in a citrated sample of
plasma, is the most valuable overall rapid screen of
haemostatic competence of coagulation factors in a previ-
ously haemostatically normal bleeding obstetric patient.
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Fig 3.6 In vitro screening tests of coagulation competence and
their relationship to the system involved.

The thrombin time of normal plasma is adjusted in the
laboratory to 10-15s, and the fibrin clot formed is firm
and stable. In the most severe forms of DIC there is no
clottable fibrinogen in the sample, and no fibrin clot
appears even after 2-3min. Indication of severe DIC is
obtained usually by a prolonged thrombin time with a
friable clot, which may dissolve on standing owing to
fibrinolytic substances present in the plasma.

Prolongation of the thrombin time is observed not only
with depleted fibrinogen but also in conditions where
FDPs are increased.

There is no point whatsoever in the obstetrician, anaes-
thetist or nursing staff wasting time trying to perform bed-
side whole-blood clotting tests. Whole-blood clotting
normally takes up to 7min and should be performed in
clean tubes in a 37°C water bath with suitable controls.
Bedside (or other) estimation of whole-blood clotting time
furnishes little information of practical value and only
creates more panic. The valuable hands at the bedside are
of more use doing the things they are trained to do in this
emergency situation rather than wasting time performing a
test that is time consuming, of little value or significance
unless performed under strictly controlled conditions, and
will not contribute much, if anything, to management. The
alerted laboratory worker will be able to provide helpful
results on which the obstetrician can act within 30 min
at the most of receiving the specimen in the laboratory.



The tests referred to above are straightforward and
should be available from any routine haematology labora-
tory. It is not necessary to have a specialist coagulation
laboratory to perform these simple screening tests to con-
firm or refute a diagnosis of DIC.

Treatment of severe haemorrhage must include prompt
and adequate fluid replacement in order to avoid compli-
cations such as renal shutdown. If effective circulation is
restored without too much delay FDPs will be cleared
from the blood mainly by the liver, which will further
aid restoration of normal haemostasis. This is an aspect
of management that is often not appropriately empha-
sized [44].

PLASMA SUBSTITUTES

There is much controversy around which plasma substi-
tute to give to a bleeding patient. The remarks that follow
relate to the supportive management of acute haemorrhage
from the placental site and birth canal and should not be
taken to apply to those situations in which hypovolaemia
may be associated with severe hypoproteinaemia such as
occurs in septic peritonitis, burns and bowel infarction.
The choice lies between simple crystalloids, such as Hart-
man'’s solution or Ringer lactate, and artificial colloids,
such as dextrans, hydroxyethyl starch and gelatin solu-
tion or the very expensive preparations of human albu-
min (albuminoids). If crystalloids are used, two to three
times the volume of estimated blood loss should be ad-
ministered because the crystalloid remains in the vascular
compartment for a shorter time than colloids when renal
function is maintained.

The infusion of plasma substitutes, i.e. plasma protein,
dextran, gelatin and starch solutions may result in ad-
verse reactions. Although the incidence of severe reac-
tions is rare, they are diverse in nature, varying from
allergic urticarial manifestations and mild fever to life-
threatening anaphylactic reactions due to spasm of
smooth muscle, with cardiac and respiratory arrest [45].

Dextrans adversely affect platelet function, may cause
pseudoagglutination and interfere with interpretation of
subsequent blood grouping and cross-matching tests.
They are therefore contraindicated in the woman who is
bleeding due to a complication associated with pregnancy
where there is a high chance of there already being a
serious haemostatic defect. The anaphylactoid reactions
accompanying infusion of dextrans are probably related
to IgG and IgM antidextran antibodies, which are found
in high concentrations in all patients with severe reac-
tions. Acute fetal distress has been reported in mothers
giving Dextran 70 who suffered anaphylactoid reactions
[46]. These Dextran-induced anaphylactoid reactions have
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resulted in uterine hypertonia with subsequent severe
fetal bradycardia even when immunoprophylaxis with
Dextran Hapten has been administered [47]. There are
many suitable superior alternatives for plasma expansion
and the Royal College of Obstetricians recommends that
Dextran should be avoided in obstetric practice [48].

Albuminoids are thought to be associated with fewer
anaphylactoid reactions but they may be particularly
harmful when transfused in the shocked patient by con-
tributing to renal and particularly pulmonary failure, ad-
versely affecting cardiac function and further impairing
haemostasis [49].

Many previous studies suggested that the best way to
deal with hypovolaemic shock initially is by transfusing
simple balanced salt solutions (crystalloid) followed by
red cells and fresh frozen plasma (FFP) {50-52]. More
recent, but still dated work [53] has challenged this ap-
proach and suggests that albumin-containing solutions are
superior to crystalloids for volume replacement in post-
operative shocked patients with respiratory insufficiency.
This aspect of management of shocked patients with blood
loss still remains controversial pending the results of large
clinical randomized controlled trials. I advocate the use of
a derivative of bovine gelatin—polygeline (Haemaccel)—
as a first-line fluid in resuscitation. It has a shelf-life of 8
years and can be stored at room temperature. It is iso-
oncotic and does not interfere with platelet function or
subsequent blood grouping or cross-matching. Renal func-
tion is improved when it is administered in hypovolaemic
shock. Haemaccel is generally considered to be non-
immunogenic and therefore does not trigger the produc-
tion of antibodies in humans, even on repeated challenge.
The reactions that occur related to Haemaccel infusion are
thought to be due to histamine release [54], the incidence
and severity of reactions being proportional to the extent of
histamine release. There have been a few reports of severe
reactions with bronchospasm and circulatory collapse but
these are very rare and there has only been one report of a
fatality [55]. Nevertheless, whatever substitute is used, this
product is only a stopgap until suitable blood component
therapy can be administered.

THE USE OF BLOOD AND COMPONENT THERAPY

Whole fresh blood might be the treatment of choice in
coagulation failure associated with obstetric disorders,
but whole fresh blood is not available from regional
centres in the UK. To release blood components earlier
than the usual 18-24h would increase the risk of sero-
logically incompatible transfusions, viral hepatitis and
human immunodeficiency virus (HIV) [56]. Syphilis, cyto-
megalovirus and Epstein-Barr virus are examples of other



70 Chapter 3

infections that may be transmitted in fresh blood. Their
viability diminishes rapidly on storage at 4°C. These in-
fections, particularly in immunosuppressed or pregnant
patients, can be particularly hazardous. The hypothetical
hazard of transmission of new variant Creutzfeldt-Jakob
disease (nvC]D) in blood products has had a profound
impact on transfusion practice in recent years [57].

Fresh frozen plasma

FFP contains all the coagulation factors present in plasma
obtained from whole blood within 6 h of donation. Frozen
rapidly and stored at -30°C, the factors are well preserved
for at least 1 year.

Cryoprecipitate

Although cryoprecipitate is richer in fibrinogen than FFP,
it lacks AT which is rapidly consumed in obstetric bleed-
ing associated with DIC. The use of cryoprecipitate also
exposes the recipient to more donors with consequent
potential associated hazards.

Platelets

Platelets, an essential haemostatic component, are not
present in FFP and their functional activity rapidly
deteriorates in stored blood. The platelet count reflects
both the degree of intravascular coagulation and the
amount of bank blood transfused. A patient with persist-
ent bleeding and a very low platelet count (< 20 x 10°/L)
may be given concentrated platelets, although they are
seldom required in addition to FFP to achieve haemo-
stasis in obstetric haemorrhage. A spontaneous recovery
from the coagulation defect is to be expected once the
uterus is empty and well contracted, provided that
blood volume is maintained by adequate replacement
monitored by central venous pressure and urinary
output.

Problems arise when bleeding is difficult to control and
the woman has a low haemoglobin before blood loss.

Red cell transfusion

Cross-matched blood should be available within 40 min of
the maternal specimen reaching the laboratory. If the
woman has had regular antenatal care her blood group
will be documented. There is a good case for giving
uncross-matched blood of her own group should the situ-
ation warrant it, provided that blood has been properly
processed at the transfusion centre. If the blood group is
unknown, uncross-matched group O Rh (D) negative

blood may be given if necessary. By this time laboratory
screening tests of haemostatic function should be avail-
able. If these prove to be normal, but vaginal bleeding
continues, the cause is nearly always concealed trauma or
bleeding from the placental site due to failure of the
myometrium to contract. It is imperative that the source
of bleeding, often an unsuspected uterine or genital lacer-
ation, should be located and dealt with. Prolonged hypo-
volaemic shock or indeed shock from any cause may also
trigger DIC and this may lead to haemostatic failure and
further prolonged haemorrhage.

If the blood loss is replaced only by stored bank blood
that is deficient in the labile clotting factors V, VIl and in
platelets, then the circulation will rapidly become de-
pleted in these essential components of haemostasis
even if there is no DIC initially as the cause of haemor-
rhage. It is advisable to transfuse 2 units of FFP for every
4-6 units of bank red cells administered.

It seems sensible in any event, whatever the cause of
bleeding, to change from the initial plasma substitute and
transfuse 2 units of FFP (plasma from two donations) once
it has thawed, while waiting for compatible blood to be
available.

A spontaneous recovery from the coagulation defect is
to be expected once the uterus is empty and well con-
tracted, provided that blood volume is maintained by
adequate replacement monitored by central venous pres-
sure and urinary output.

Clinicians may be helped in the decision of which
replacement fluid to give in an obstetric emergency by
the knowledge that very few bleeding patients die
from lack of circulating red cells, the oxygen-carrying
moiety of the blood. Death in the majority of cases
results from poor tissue perfusion due to hypovolaemia.
Therefore every effort should be made to maintain a
normal blood volume. Restoration of red cell mass can
be delayed until suitable compatibility tests have been
performed and bleeding is at least partially controlled
[58].

The single most important component of haemostasis at
delivery is contraction of the myometrium stemming the
flow from the placental site. Massive transfusion of all
clotting factors and platelets will not stop haemorrhage
if the uterus remains flabby. Vaginal delivery will make
less severe demand on the haemostatic mechanism than
delivery by caesarean section, which requires the same
haemostatic competence as any other major surgical pro-
cedure. Should DIC be established with the fetus i1 utero,
rather than embark on heroic surgical delivery, it is better
to correct the DIC and wait for spontaneous delivery if
possible, or to stimulate vaginal deliverv, avoiding soft-
tissue damage.



ARTERIAL EMBOLIZATION FOR THE CONTROL OF
OBSTETRIC HAEMORRHAGE

Transcatheter arterial embolization has been used for
the control of pelvic haemorrhage resulting from trauma,
malignancy and radiation since the late 1960s. During
the last two decades there has been an increasing use
of transcatheter embolization of the internal iliac or
uterine artery for control of postpartum haemorrhage
[59,60]. The general consensus is that selective emergency
arterial embolization is an effective means of controlling
severe intractable postpartum haemorrhage. High-risk
surgery is avoided and reproductive ability is main-
tained.

Disseminated intravascular coagulation in
clinical conditions

IN VITRO DETECTION OF LOW-GRADE
DISSEMINATED INTRAVASCULAR COAGULATION

Rampant uncompensated DIC results in severe haemor-
rhage with the characteristic laboratory findings de-
scribed above. However, low-grade DIC does not
usually give rise to any clinical manifestations although
the condition is a potentially hazardous one for both
mother and fetus.

Many in vitro tests have been claimed to detect low-
grade compensated DIC and space does not allow an
account of all of these.

Fibrin degradation products

Estimation of FDPs will give some indication of low-
grade DIC if these are significantly raised when fibrino-
gen, platelets and screening tests of haemostatic function
appear to be within the normal range.

Soluble fibrin complexes

The action of thrombin on fibrinogen is crucial in DIC.
Thrombin splits two molecules of fibrinopeptide A and
two molecules of fibrinopeptide B from fibrinogen. The
remaining molecule is called a fibrin monomer and poly-
merizes rapidly to fibrin (see Fig. 3.1). Free fibrinopep-
tides in the blood are a specific measure of thrombin
activity, and high levels of fibrinopeptide A have been
shown to be associated with compensated DIC in preg-
nancy [41].

Soluble. fibrin complexes made up of fibrin—fibrinogen
dimers are increased in conditions of low-grade DIC [61].
These complexes are generated during the process of
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thrombin generation and the conversion of soluble
fibrinogen to insoluble fibrin (Fig. 3.7). Levels of soluble
fibrin complexes are increased in patients with severe pre-
eclampsia and with a retained dead fetus [62].

Factor VIII

During normal pregnancy the levels of both von Will-
ebrand factor (vWF) and Factor VIII coagulation activity
(VIIC) rise in parallel {63,64]. An increase in the ratio of
vWF to Factor VIIIC has been observed in conditions
accompanied by low-grade DIC whether associated with
pregnancy or not.

The stages in the spectrum of severity of DIC (Table 3.1)
are not strictly delineated and there may be rapid pro-
gression from low-grade compensated DIC as diagnosed
by paracoagulation tests described above, to the rampant
form with haemostatic failure.

ABRUPTIO PLACENTAE

Premature separation of the placenta or abruptio placen-
tae is the most frequent obstetric cause of coagulation
failure. Many of the problems that confront the attendant
in this situation are common to other conditions associ-
ated with DIC in pregnancy so that abruption will be used
as the central focus to discuss management controversies.

Abruptio placentae can occur in apparently healthy
women with no clinical warning or in the context of
established pre-eclampsia. It is possible that clinically
silent placental infarcts may predispose to placental sep-
aration by causing low-grade abnormalities of the haemo-
static system such as increased Factor VIII consumption
and raised FDPs [65].

There is a great spectrum in the severity of the haemo-
static failure in this condition [66], which appears to be

|} e [la (Thrombin)

Fibrinogen ——» Fibrin monomers + fibrinopeptides

A+B
j' (Soluble)
Fibrin polymers
Y
Fibrin (Insoluble)

Fig 3.7 Generation of soluble complexes during the conversion of
fibrinogen to insoluble fibrin.
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Severity of DIC In vitro Obstetric conditions
findings commonly associated
Stage1  Low-grade FDPs 1 Pre-eclampsia
compensated Increased soluble
fibrin complexes Retained dead fetus
Increased
ratio vWF /Factor VIIIC
Stage2  Uncompensated but As above, plus fibrinogen | Small abruptio
no haemostatic failure  Platelets | Severe
Factors V and VIII | pre-eclampsia
Stage 3  Rampant with Platelets | | Abruptio placentae

haemostatic failure

Gross depletion of
coagulation factors,
particularly fibrinogen
FDPs 11

Amniotic fluid
embolism

Eclampsia

Table 3.1 Spectrum of severity of
disseminated intravascular coagulation
(DIC): its relationship to specific

complications in obstetrics.

Rapid progression from stage 1 to stage 3 is possible unless appropriate action is taken.

FDP, fibrin degradation product; vVWF, von Willebrand factor.

related to the degree of placental separation. Only 10% of
patients with abruptio placentae show significant coagu-
lation abnormalities [67]. In some small abruptions there
is a minor degree of failure of haemostatic processes and
the fetus does not succumb (see Table 3.1). When the
uterus is tense and tender and no fetal heart can be
heard, the separation and retroplacental bleeding are ex-
tensive. No guide to the severity of the haemorrhage or
coagulation failure will be given by the amount of vaginal
bleeding. There may be no external vaginal blood loss,
even when the placenta is completely separated, the fetus
is dead, the circulating blood is incoagulable and there is
up to 5L of concealed blood loss resulting in hypovolae-
mic shock.

Haemostatic failure may be suspected if there is persist-
ent oozing at the site of venepuncture or bleeding from
the mucous membranes of the mouth or nose. Simple
rapid screening tests, as described above and referred to
below, will confirm the presence of DIC. There will be a
low platelet count, greatly prolonged thrombin time, low
fibrinogen, together with raised FDPs, due to secondary
fibrinolysis stimulated by the intravascular deposition of
fibrin [68]. A recent report [69], which linked elevated
thrombomodulin with abruptio placentae, showed that
the combination of thrombomodulin and ultrasound as a
‘double-marker’ detected all cases of abruption in this
small series. The authors suggest that thrombomodulin
may prove useful in the diagnosis of abruption associated
with trauma or unexplained vaginal bleeding and may
become a useful routine screening test.

The mainstay of treatment is to restore and maintain the
circulating blood volume. This not only prevents renal
shutdown and further haemostatic failure caused by

hypovolaemic shock, but helps clearance of FDPs which
in themselves act as potent anticoagulants. It has also
been suggested that FDPs inhibit myometrial activity
and serious postpartum haemorrhage in women with
abruptio placentae was found to be associated with high
levels of FDPs [70,71]. High levels of FDPs may also have
a cardiotoxic effect decreasing contractility and resulting
in low cardiac output and blood pressure despite a
normal circulating blood volume.

If the fetus is dead the aim should be prompt vaginal
delivery avoiding soft-tissue damage, once correction of
hypovolaemia is underway. There is no evidence that the
use of oxytocic agents aggravates thromboplastin release
from the uterus [72}.

Following emptying of the uterus, myometrial contrac-
tion will greatly reduce bleeding from the placental site
and spontaneous correction of the haemostatic defect usu-
ally occurs shortly after delivery, if the measures recom-
mended above have been taken. However, postpartum
haemorrhage is a not infrequent complication and is the
commonest cause of death in abruptio placentae [42].

In cases where the abruption is small and the fetus is
still alive, prompt caesarean section may save the baby, if
vaginal delivery is not imminent. FFP, bank red cells and
platelet concentrates should be available to correct the
potentially severe maternal coagulation defect.

In rare situations where vaginal delivery cannot be
stimulated and haemorrhage continues, caesarean section
is indicated even in the presence of a dead fetus. In these
circumstances normal haemostasis should be restored as
far as possible by the administration of FFP and platelet
concentrates if necessary, as well as transfusing red cells
before surgery is undertaken.



Despite extravasation of blood throughout the uterine
muscle, myometrial function is not impaired and good
contraction will follow removal of fetus, placenta and
retroplacental clot. Regional anaesthesia or analgesia is
contraindicated: expansion of the lower limb vascular
bed resulting from regional block can add to the problem
of uncorrected hypovolaemia; in the presence of haemo-
static failure there is also the additional hazard of bleed-
ing into the epidural space [21].

In recent years, heparin has been used to treat many
cases of DIC, whatever their cause. There is, however,
no objective evidence to demonstrate that its use in abrup-
tio placentae decreased morbidity and mortality although
anecdotal reports in the older literature continued to
suggest this {73]. Very good results have been achieved
without the use of heparin [44]. Its use, with an intact
circulation, would be sensible and logical to break the
vicious circle of DIC, but in the presence of already de-
fective haemostasis with a large bleeding placental site, it
may prolong massive local and generalized haemorrhage
[74].

Treatment with antifibrinolytic agents such as EACA or
Trasylol (aprotinin) can result in blockage of small vessels
of vital organs, such as the kidney or brain, with fibrin.
Such agents are therefore contraindicated, although Bon-
nar [21] suggests that delayed severe and prolonged
haemorrhage from the placental site several hours post-
delivery may respond to their use if all other measures
fail.

It has been suggested [71,75] that Trasylol may be
helpful in the management of abruptio placentae particu-
larly in those cases with uterine inertia associated with
high levels of FDPs. There is a high incidence (1.5%) of
abruptio placentae in the obstetric admissions (18000/
annum) at the Groote Schuur Obstetric Unit, Cape
Town, where the first study was carried out. The selection
of Trasylol depended on its alleged anticoagulant activity
in addition to its well-known antifibrinolytic properties
[76]. There has been a resurgence of use of Trasylol re-
cently, particularly in cardiac surgery [77] where signifi-
cant reduction in blood loss has been shown following
cardiac bypass operations. This is thought to be due pre-
dominantly to platelet sparing. It is doubtful whether
Trasylol would have any advantage in management of
obstetric DIC.

Obstetricians appear unconvinced of the benefits of
Trasylol in the treatment of DIC and abruptio placentae.
Prompt supportive measures maintaining central venous
pressure and replacing blood loss together with essential
coagulation factors, will of course result in reduction in
FDPs. This could improve myometrial function and con-
tribute to the return of healthy haemostasis.
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A report on reducing the frequency of severe abruption
from Dallas, Texas [78], noted that the reduction in fetal
death associated with abruption by 50% over a period
covering more than 30 years (1958-90), could be ac-
counted for by the decrease in women of very high parity
and also by an increase in the proportion of Latin-Ameri-
can as opposed to black women in the population served.
Abruption in the latter part of the study recurred in 12%
of subsequent pregnancies and proved fatal to the fetus in
7 per cent, which was unchanged from earlier experience.
With modern supportive measures, maternal death due
directly to abruption is now extremely rare.

AMNIOTIC FLUID EMBOLISM [79]

This obstetric disaster usually occurs during or shortly
after a vigorous labour with an intact amniotic sac, but
can occur during a caesarean section. It is thought that
amniotic fluid enters the maternal circulation via lacer-
ations of membranes and placenta. Platelet fibrin thrombi
are formed and trapped within the pulmonary blood
vessels: profound shock follows, accompanied by respira-
tory distress and cyanosis. There is a high mortality at this
stage from a combination of respiratory and cardiac fail-
ure [80]. If the mother survives long enough, massive
intravascular coagulation with almost total consumption
of coagulation factors invariably follows. There is bleed-
ing from venepuncture sites and severe haemorrhage
from the placental site after delivery.

Confirmation of diagnosis is usually made post mortem
by finding histological evidence of amniotic fluid and fetal
tissue within the substance of the maternal lungs; occasion-
ally, similar material may be aspirated from a central
venous pressure (CVP) catheter line—see below. It is there-
fore difficult to assess the value of therapeutic measures
taken, in the few reports that have appeared, for the suc-
cessful management of a clinical picture that can usually
only be suggestive of amniotic fluid embolism [81-83].

The major differential diagnoses of amniotic fluid em-
bolism in the collapsed patient are primary cardiovascular
catastrophes such as pulmonary embolus or aspiration in
the anaesthetized patient. Apart from the bleeding and
evidence of DIC associated with amniotic fluid embolism,
pulmonary embolus has specific features. These and other
medical causes of shock in obstetric patients are con-
sidered in Table 3.1. Aspiration is usually associated with
bronchospasm, which is very rare in amniotic fluid em-
bolus [79]. At any time, if there is doubt about the diagno-
sis, the rapid fluid infusion necessary for the treatment of
amniotic fluid embolus should be controlled by careful
assessment of the CVP. Such rapid fluid infusion would
cause a marked rise in CVP in patients with pulmonary
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embolus, and could well lead to fatal fluid overload. In
addition, the present of the CVP line will allow aspiration
of fetal material from the great veins, for confirmation of
the diagnosis of amniotic fluid embolus [84]. Such material
should also be sought in maternal sputum [85]. Because
fetal material has been found in pulmonary arterial blood
in some women who did not have amniotic fluid embolus
[86], such a finding should not be considered pathog-
nomonic for amniotic fluid embolus.

The object of the treatment is to sustain the circulation
while the intravascular thrombin in the lungs is cleared
by the fibrinolytic response of the endothelium of the
pulmonary vessels. If bleeding from the placental site
can be controlled by stimulation of uterine contraction,
then the logical treatment is carefully monitored transfu-
sion of FFP and packed red cells with heparin adminis-
tration and, if necessary, ventilation.

RETENTION OF DEAD FETUS

The question of intrauterine fetal death and haemostatic
failure has been reviewed in the past {87]. There is a gra-
dual depletion of maternal coagulation factors following
intrauterine fetal death and the changes are not usually
detectable in vitro until after 3-4 weeks. Thromboplastic
substances released from the dead tissues in the uterus
into the maternal circulation are thought to be the trigger
of DIC in this situation, which occurs in about one-third of
patients who retain the dead fetus for more than 4-5
weeks. Problems arising from defective haemostasis are
not observed in modern obstetric practice because labour
is induced promptly following diagnosis of fetal death
before clinically significant coagulation changes have de-
veloped.

Rupture of the membranes is recommended once in-
duced labour has been established, as there is a risk of
precipitate labour, and amniotic fluid embolism has been
known to occur in these patients.

RETAINED DEAD FETUS AND LIVING TWIN

The occurrence of single fetal death in a preterm multiple
pregnancy poses unique therapeutic dilemmas. The inci-
dence of this problem is unknown but it is likely to be
observed more frequently now that ultrasound is widely
used in obstetrics. In addition, selective termination of the
life of the affected twin is occasionally being offered in
situations where only one fetus has been shown to be
affected with a genetic disorder or to be involved in
twin/twin transfusion syndrome. Haemostatic failure
appears to be a hazard for the remaining fetus rather
than for the mother.

INDUCED ABORTION

Changes in haemostatic components consistent with DIC
have been demonstrated in patients undergoing abortion
induced with hypertonic solutions of saline and urea [88-
92]. This combination appears to be particularly hazardous
[93] in comparison to the use of urea and prostaglandin or
oxytocin [94]. The stimulus appears to be the release of
tissue factor into the maternal circulation from the pla-
centa, which is damaged by the hypertonic solutions.

In later pregnancy DIC has been described with both
dilatation and evacuation [95] and also with prostaglandin
and oxytocin termination [96].

The haemorrhage resulting may be massive and has
resulted in maternal deaths. Prompt restoration of the
blood volume and transfusions with red cells and FFP as
described above should resolve the situation, which, once
the uterus is empty, is self-limiting.

A unique case of DIC associated with chronic ectopic
pregnancy has been reported [97].

INTRAUTERINE INFECTION [98]

Endotoxic shock associated with septic abortion and ante-
partum or postpartum intrauterine infection can trigger
DIC [99,100]. Infection is usually with Gram-negative
organisms. Fibrin is deposited in the microvasculature
owing to endothelial damage caused by the endotoxin.
Secondary red cell intravascular haemolysis with charac-
teristic fragmentation, so-calied microangiopathic haem-
olysis, is characteristic of the condition.

The patientis usually alertand flushed with a rapid pulse
and low blood pressure. Transfusion has little or no effect
on the hypotension in comparison to its benefit in the ob-
stetric emergencies complicated by DIC triggered by hypo-
volaemic shock. Elimination of the uterine infection
remains the most important aspect of management; this is
probably best performed by a short intensive period of
antibiotic therapy followed by evacuation of the uterine
contents. A few European centres have used heparin in
the management of septic abortion and have claimed a
decrease in mortality. If the uterus is empty and contracted,
there is no undue risk of severe bleeding from the placental
site. If there is evidence of a consumptive coagulopathy,
heparin may be useful as part of the management of this
hazardous emergency [72] but this remains controversial
[98,101].

PURPURA FULMINANS

This rare complication of infection sometimes occurs in the
puerperium, precipitated by Gram-negative septicaemia.



Extensive haemorrhage occurs into the skin in associ-
ation with DIC. The underlying mechanism is unknown
but there appears to be an acute activation of the clotting
system resulting in the deposition of fibrin thrombi within
blood vessels of the skin and other organs [102]. The ex-
tremities and face are usually involved first, the purpuric
patches having a jagged and erythematous border, which
can be shown histologically to be the site of a leucocyto-
clastic vasculitis. Rapid enlargement of the lesions, which
become necrotic and gangrenous, is associated with shock,
tachycardia and fever. Without treatment the mortality
rate is high, and among those who survive, digit or limb
amputation may be necessary. The laboratory findings are
those of DIC with leucocytosis. In this situation treatment
with heparin should be started as soon as the diagnosis is
apparent. It will prevent further consumption of platelets
and coagulation factors. It should always be remembered
however, that bleeding from any site in the presence of
defective coagulation factors will be aggravated by the use
of heparin. Survival in purpura fulminans is currently
much improved because of better supportive treatment
for the shocked patient and effective control of the trigger-
ing infection, together with heparin therapy.

ACUTE FATTY LIVER OF PREGNANCY

Acute fatty liver of pregnancy (AFLP) is a rare compli-
cation of pregnancy included in this section because it is
often, if not always, associated with variable degrees of
DIC, which contributes significantly to its morbidity and
mortality [74,103]. Only the haematological aspects will
be discussed here. For a full account of the disorder the
reader is referred to Chapter 9.

Early diagnosis and subsequent delivery are essential
for improving survival of both mother and child. Most
patients have prodromal symptoms for at least 1 week
before jaundice develops. The Royal Free series [104]
draws attention to a characteristic blood picture of neu-
trophilia, thrombocytopenia and normoblasts. Some of
the blood films available for review also showed baso-
philic stippling and giant platelets, and the authors sug-
gest that these appearances might help towards an early
diagnosis of AFLP. However, these features are not spe-
cific to AFLP and may be seen in any condition of add-
itional stress on a bone marrow already working to
capacity in the last trimester of pregnancy.

DIC complicating severe liver failure is an extremely
complex topic. In AFLP the haemostatic defect is fre-
quently resistant probably owing to prolonged activation
of coagulation combined with very low to undetectable
AT levels [74,105,106]. The replacement of AT with
plasma or AT concentrate to shorten the period of DIC
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and thereby decrease morbidity and mortality of AFLP
has been suggested [74] and used successfully [43]. Hep-
arin therapy can be very dangerous [107].

Low-grade disseminated intravascular
coagulation, pre-eclampsia and related
syndromes

PLATELETS IN PRE-ECLAMPSIA

There have been many reports and reviews showing that
the circulating platelet count is reduced in pre-eclampsia
[108,109]. The platelet count can be used to monitor severity
of the disease process as well as for initial screening if there
is concern about significant coagulation abnormalities
[110]. A fall in the platelet count may precede any detect-
able rise in serum FDPs in women subsequently develop-
ing pre-eclampsia. The combination of a reduced platelet
lifespan and a fall in the platelet count without platelet-
associated antibodies (see below) indicates a low-grade
coagulopathy. Platelets may either be consumed in throm-
bus formation or may suffer membrane damage from con-
tact with abnormal surfaces and be prematurely removed
from the circulation. Rarely, in very severe pre-eclampsia,
the patient develops microangiopathic haemolytic anae-
mia. These patients have profound thrombocytopenia and
this leads to confusion in the differential diagnosis between
pre-eclampsia with or without HELLP (haemolysis, ele-
vated liver enzymes, low platelets syndrome) and throm-
botic thrombocytopenic purpura (TTP) (see below).

Activation of the haemostatic mechanisms in normal
pregnancy has led to the view that the haematological
manifestations of pre-eclampsia merely represent aug-
mentation of the hypercoagulable state that accompanies
normal pregnancy. In this respect many studies have been
carried out on levels of individual coagulation factors. No
clear pattern emerges but there appear to be some signifi-
cant correlations of severity of the disease process with
both the Factor VIII complex {111] and with AT [112].

A readily available and sensitive indicator of activation
of the coagulation system is assay of fibrinopeptide A
concentration in the plasma. Although in mild pre-
eclampsia, patients may have a normal or only slight
increase in fibrinopeptide A levels, marked increases
occur in patients with severe pre-eclampsia [41].

Most studies in pre-eclampsia have shown increased
levels of FDPs in serum and urine. Plasma levels of sol-
uble fibrinogen—fibrin complexes are also raised in pre-
eclampsia compared with normal pregnancy. Once the
disease process is established, the most relevant coagula-
tion abnormalities appear to be in the platelet count,
Factor VIII and FDPs. Those women with the most
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marked abnormalities in these parameters suffer the
greatest perinatal loss [113].

Following the reported association between thrombo-
philia factors, severe pre-eclampsia and intrauterine
growth restriction (IUGR) [114] it has been suggested
that investigation of pre-eclampsia should also include a
search for defects in the naturally occurring anticoagu-
lants so that future pregnancies can be managed appro-
priately (see Chapters 4 and 6).

Many investigators now believe that gestational hyper-
tension with or without proteinuria, [UGR, HELLP syn-
drome, AFLP and eclampsia are part of the same disease
process which presents with the related signs and symp-
toms depending on the organ targeted by small-vessel
coagulopathy and varying degrees of DIC.

DISSEMINATED INTRAVASCULAR COAGULATION:
SUMMARY

As emphasized, DIC is always a secondary phenomenon
and the mainstay of management is therefore to remove
the initiating stimulus if possible.

With rampant DIC and haemorrhage, recovery will
usually follow delivery of the patient provided the blood
volume is maintained and shock due to hypovolaemia is
prevented. Myometrium that acts efficiently after delivery
will stem haemorrhage from the placental site. Measures
taken to achieve a firm contracted uterus are the major
contribution to preventing continuing massive blood loss.

It is of interest that the maternal mortality of DIC asso-
ciated with placental abruption is less than 1%, whereas
that associated with infection and shock is 50-80%. The
mortality rate reported in series of patients with DIC due
to various aetiologies is 50-85% and the wide variation
probably reflects the mortality rate of the underlying dis-
order, not of DIC itself [74]. There is no doubt that the
major determinant of survival is our ability to identify the
underlying trigger and manage it successfully.

Acquired primary defects of haemostasis
Thrombocytopenia

The commonest platelet abnormality encountered in clin-
ical practice is thrombocytopenia. During the hundred
years since platelets were first described, an increasing
understanding of their role in haemostasis and throm-
bosis has taken place. At the same time there have been
dramatic reductions in maternal and fetal mortality, but
maternal thrombocytopenia remains a difficult manage-
ment problem during pregnancy and can also have pro-
found effects on fetal and neonatal well-being. The causes

and management of maternal and fetal thrombocytopenia
have been reviewed [115,116]. Emphasis here will relate
to those conditions that cause particular diagnostic and
management problems in obstetric practice.

A low platelet count is seen most frequently in associ-
ation with DIC (as already described). Sometimes severe
megaloblastic anaemia of pregnancy is accompanied by
thrombocytopenia, but the platelet count rapidly returns
to normal after therapy with folic acid [21]. Toxic depres-
sion of bone-marrow megakaryocytes in pregnancy can
occur in association with infection, certain drugs and alco-
holism. Neoplastic infiltration may also result in thrombo-
cytopenia. Probably the single most important cause of
isolated thrombocytopenia is idiopathic (autoimmune)
thrombocytopenic purpura (ITP), which is a disease pri-
marily of young women in the reproductive vears [117].

IDIOPATHIC (AUTOIMMUNE)
THROMBOCYTOPENIC PURPURA

ITP has been found to have an incidence of one to two in
10000 pregnancies [118]. Cases may present with skin
bruising and platelet counts between 30 and 80 x 10°/L
but it is rare to see severe bleeding associated with low
platelet counts in the chronic form.

With the routine screening of pregnant women for an-
aemia and blood group antibodies, very mild thrombo-
cytopenia may be discovered as an incidental finding and
is not associated with risk to the mother or infant {13,119].
It may be that incidental thrombocytopenia represents a
very mild ITP but as it is not associated with adverse effects
it must be distinguished from cases of autoimmune
thrombocytopenia, which can result in infants affected
with severe thrombocytopenia [120-122]. There are no
serological tests or clinical guidelines that reliably predict
the hazard of thrombocytopenia in an individual fetus, the
correlation between maternal and neonatal counts is poor
[120,122] and the risk has been overestimated [123]. It has
been assumed that caesarean section delivery is less trau-
matic to the fetus than vaginal delivery, and whilst that
premise could be debated, the recognition in major centres
that only a trivial minority of pregnancies are at risk of
significant fetal thrombocytopenia has avoided many un-
necessary fetal blood samples and caesarean sections.

Diagnosis

ITP is a diagnosis of exclusion with peripheral thrombo-
cytopenia and normal or increased megakaryocytes in the
bone marrow and the documented absence of other dis-
eases. The red and white cells are essentially normal
unless there is secondary anaemia. ITP requires the exclu-
sion of systemic lupus ervthematous (SLE), lupus anti-



coagulant and anticardiolipin antibody as they may co-
exist with thrombocytopenia (see Chapter 8).

There have been a number of analyses of outcome
of cases involving maternal ITP from the 1950s onwards.
The findings may not be entirely applicable to current
management because some of the documented poor fetal
outcomes may have been associated with unrecognized
maternal lupus, pre-eclampsia or alloimmune throm-
bocytopenia. Only symptomatic women and neonates
were investigated because there was no general screening
of the platelet count in healthy women. This resulted in an
exaggerated reported incidence of both neonatal thrombo-
cytopenia and the morbidity and mortality arising from it.

The majority of thrombocytopenic patients are asymp-
tomatic and tests to estimate the bleeding risk in these
patients would obviously be helpful.

In chronic platelet consumption disorders, a population
of younger larger platelets is established which have
enhanced function. Measurement of the mean platelet
volume (MPV) or, if not available, examination of the
stained blood film will detect the presence of these
large platelets. The risk of bleeding at any given platelet
count is less in those patients who have younger large
platelets. The bleeding time, which has been severely
criticized [124,125] as a predictor of bleeding at surgery,
still ‘has a place in this context according to some re-
spected workers [126]. A bleeding time over 15min indi-
cates a greater risk than in those with a normal bleeding
time.

The immune destruction of platelets has been shown to
be due to autoantibodies directed against platelet surface
antigens. This has special relevance in pregnancy because
the placenta has receptors for the constant fragment (Fc)
of the IgG immunoglobulin molecule facilitating active
transport of immunoglobulin across the placenta to the
fetal circulation. The immunoglobulin passage increases
with advancing pregnancy [127,128] and may result in
fetal thrombocytopenia.

The role of circulating immunoglobulin in the patho-
genesis of immune thrombocytopenia was first documen-
ted in the 1950s [129,130]. However, the demonstration of
antibody on the platelet membrane and in the plasma, by
tests analogous to the direct and indirect Coombs' tests on
red cells, has been slow to enter the routine repertoire of
haematology laboratories. This is because these tests have
been fraught with technological difficulties such as the
intrinsic reactivity of platelets and the presence of some
platelet-associated immunoglobulin (PAIgG) in normal
individuals.

Antibody from some cases of ITP demonstrates a speci-
ficity for the platelet glycoprotein IIb/Illa [131] or for
glycoprotein Ib. In one study, the minority of cases of
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ITP demonstrating this specificity fared less well in their
responses to splenectomy {132].

Whilst some cases of ITP have normal or increased
amounts of immunoglobulin on the platelets or in the
plasma [133,134], 10-35% of patients have no demon-
strable PAIgG. The presence of IgG rather than IgM anti-
bodies [135] has relevance to the pregnant patient because
only IgG antibodies can be transported across the pla-
centa and cause thrombocytopenia in the fetus. However,
no currently available serological test can be used to reli-
ably predict thrombocytopenia in the fetus [136].

In a study of 162 consecutive pregnant patients with
platelet counts < 150 x 10° /L gathered over 11 years, the
absence of circulating IgG antiplatelet antibody at term,
despite a history of thrombocytopenic purpura, was asso-
ciated with minimal risk of thrombocytopenia in the fetus
[122]. The absence of a history of ITP prior to the index
pregnancy was also a low-risk indicator for neonatal
thrombocytopenia [122]. In contrast, 18 neonates who
were born with platelet counts <50 x 10%/L, out of a total
of 178, were all born to mothers with a history of ITP
prior to pregnancy. In addition, 40% of mothers with a
preceding history delivered infants with platelet counts
<100 x 10°/L. Of 162 infants delivered in the index preg-
nancy, 10 had bleeding complications of which five
were serious. Intracranial haemorrhage (ICH) in infants
born to women with a prior history of ITP and delivered
vaginally, numbered two out of 17, whilst there were
no cases of ICH in women with similar histories who
were delivered by caesarean section [122]. A more recent
review of the literature of ITP in pregnancy [126] shows
a neonatal mortality rate of six in 1000 ITP patients,
about the same or better than the overall perinatal mor-
tality rate. All the deaths in this survey occurred in
babies delivered by caesarean section, unlike in other
reports, and all events appeared more than 24-48h after
delivery, the time of the platelet count nadir in the neo-
nate.

Management of idiopathic (autoimmune)
thrombocytopenic purpura in pregnancy

Management of ITP in pregnancy is directed at three
aspects: (i) antenatal care of the mother; (ii) management
of the mother and fetus during delivery; and (iii) the
management of the neonate from the time of delivery.

The most important decision to make is whether the
mother requires treatment at all. Many patients have sig-
nificant thrombocytopenia (platelet count <100 x 10°/L)
but no evidence of an in vivo haemostatic disorder. In
general the platelet count must be <50 x 10°/L for capil-
lary bleeding and purpura to occur.
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There is no need to treat asymptomatic women with
mild to moderate thrombocytopenia (count >50 x 10°/L)
and a normal bleeding time. However, the maternal plate-
let count should be monitored at every clinical visit and
signs of haemostatic impairment looked for. The platelet
count will show a downward trend during pregnancy
with a nadir in the third trimester, and active treatment
may have to be instituted to achieve safe haemostatic
concentrations of platelets for delivery at term. The inci-
dence of ante-partum haemorrhage is not increased in
maternal ITP but there is a small increased risk of post-
partum haemorrhagic complications not from the placen-
tal bed but from surgical incisions such as episiotomy and
from soft-tissue lacerations.

Intervention in the antenatal period is based on clinical
manifestations of thrombocytopenia. The woman with
bruising or petechiae requires measures to raise the plate-
let count but the woman with mucous membrane bleed-
ing that may be life threatening requires urgent treatment
with platelet transfusions and intravenous IgG (see
below) and occasionally emergency splenectomy.

The real dilemma in the pregnant woman with ITP is
that nearly all patients have chronic disease. The long-
term effects of treatment that is happily embarked on
outside pregnancy have to be considered in the light of
the possible complications during pregnancy in the
mother and of any effects on the fetus. Hazards for the
mother who is monitored carefully, and where appropri-
ate measures have been taken, are negligible but most of
her management is orientated towards what are thought
to be optimal conditions for the delivery of the fetus who
in turn may or may not be thrombocytopenic (see below).

Corticosteroids are a satisfactory short-term therapy
but are unacceptable as long-term support unless the
maintenance dose is very small [117,137]. Side-effects for
the mother include weight gain, subcutaneous fat redistri-
bution, acne and hypertension, the last of which is par-
ticularly undesirable during pregnancy. In addition, the
incidence of gestational diabetes, postpartum psychosis
and osteoporosis are all increased with the use of cortico-
steroids. Steroids are often used but they should be re-
served as short-term therapy for patients with obvious
risk of bleeding or to raise the platelet count of an asymp-
tomatic woman at term allowing her to have epidural or
spinal analgesia for delivery if desired or indicated.

The suggestion in the older literature of an association
between steroid administration and cleft lip or palate has
largely been refuted by more recent studies. Suppression
of fetal adrenal glands is a theoretical hazard but approxi-
mately 90% of a dose of prednisolone or hydrocortisone is
metabolized in the placenta and never reaches the fetus.
This is in contrast to dexamethasone and (-methasone,

which cross the placenta freely (see also Chapter 1). It has
been suggested [135] that high doses of corticosteroids
given to elevate platelet counts at or near term should be
avoided because they may increase the transplacental
passage of IgG antibody and thus expose the fetus to
greater risk of severe thrombocytopenia. In my experience
this is a theoretical hazard not seen in practice.

Intravenous IgG. The introduction of a highly successful
treatment for ITP has altered the management options
dramatically. It is known that intravenous administration
of monomeric polyvalent human IgG in doses greater
than those produced endogenously prolongs the clear-
ance time of immune complexes by the reticuloendothe-
lial system. It is thought that such a prolongation of
clearance of IgG-coated platelets in ITP results in an in-
crease in the number of circulating platelets but the mech-
anism is as yet unknown [138]. Used in the original
recommended doses of 0.4 g/kg for 5 days by intravenous
infusion, a persistent and predictable response was
obtained in more than 80% of reported cases. More re-
cently, alternative dosage regimens of this very expensive
treatment have been suggested, which are just as effect-
ive, but easier to manage and use less total immunoglobu-
lin [126]. A typical dose is 1g/kg over 8h in a single
infusion. This dose will raise the platelet count to normal
or safe levels in approximately half of the patients. In
those in whom the platelet count does not rise, a similar
dose can be repeated 2 days later. The advantages of this
treatment are that it is safe, has very few side-effects and
that the response to therapy is more rapid than with
corticosteroids. The response usually occurs within 48h
and is maintained for 2-3 weeks. The main disadvantage
is that it is very expensive and seldom produces a long-
term cure of ITP.

It has been suggested that IgG given intravenously can
cross the placenta and should provoke an identical re-
sponse in the fetus [139] at risk but this has never been
proved. Indeed, analysis of more recent literature indi-
cates that the postulated transplacental effect is unreliable
[127,128] and that exogenous IgG may not cross the pla-
centa [140]. The use of IgG has been recommended
[135,141] in all pregnant patients with platelet counts
<75 x 10°/L regardless of history or symptoms. There is
no doubt about the value of IgG in selected cases of severe
symptomatic thrombocytopenia where a rapid response
is required but its indiscriminate use in all cases with
significant thrombocytopenia would have to be shown
to dramatically improve both maternal and fetal outcome
to justify the high cost. Such improvement is unlikelv to
be demonstrated granted that the outcome is good in the
vast majority of these patients.



Splenectomy will produce a cure or long-term drug-
free remission in 60-80% of all patients with ITP. This is
because the main site of antibody production is often the
spleen and because many of the IgG-coated platelets
are sequestered there. All patients should receive pneu-
mococcal vaccine before splenectomy and twice daily
oral penicillin for life following surgery to protect against
pneumococcal infection. Reviews of past management
of ITP have associated splenectomy during pregnancy
with high fetal loss rates [137] and even an approximate
10% maternal mortality rate [142] but modern support-
ive measures and improved surgical practices have re-
duced the fetal loss rate considerably, and the risk of
maternal mortality is negligible [143]. In current practice,
splenectomy is hardly ever indicated in the pregnant
patient and should be avoided given the success of med-
ical management. However, removal of the spleen
remains an option if all other attempts to increase the
platelet count fail [144]. Splenectomy should be per-
formed in the second trimester because surgery is best
tolerated then and the size of the uterus will not make the
operation technically difficult. If possible the platelet
count should be raised to safe levels for surgery by intra-
venous IgG. Although transfused platelets will have a
short life in the maternal circulation, they may help to
achieve haemostasis at surgery. Platelet concentrates
should be available but given only if abnormal bleeding
occurs.

Other therapy. There are a number of other medications
that have been used in ITP but most of them are contra-
indicated in pregnancy and in any case only have moder-
ate success rates. Danazol, an attenuated anabolic steroid,
has been used with moderate success in a few patients,
although it should not be used in pregnancy. Vincristine
has a transient beneficial effect in many patients but it is
not. recommended in pregnancy, and long-term associ-
ated neurotoxicity limits its usefulness.

Very occasionally immunosuppressives such as
azathioprine and cyclophosphamide have to be used in
severe intractable thrombocytopenia that does not re-
spond to any other measures. Cyclophosphamide should
be avoided in pregnancy if possible (although see Chapter
7 for an account of its use in renal transplant patients).
Experience with relatively low doses of azathioprine in
renal transplant patients who have negotiated pregnancy
suggests that this drug is not associated with increased
maternal or immediate fetal morbidity.

The most contentious issue in the management of ITP
in pregnancy is the mode of delivery given that the fetus
might be thrombocytopenic and may bleed from trauma
during the birth process.
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Assessment of the fetal platelet count. Hegde [135] analysed
the reported cases in the literature from 1950 to 1983,
which suggested an overall incidence of neonatal
thrombocytopenia of 52% with significant morbidity in
12%-of births. The probability of fetal thrombocytopenia
increased according to the severity of maternal thrombo-
cytopenia. For example the incidence increased to 70% of
deliveries if maternal platelet counts were < 100 x 107 /L
at term. As a result of this and other analyses many
strategies were developed to predict the fetal platelet
count and to determine the optimal mode of delivery
because it was believed that elective caesarean section
was the best option for an affected fetus at risk from
trauma during a vaginal delivery.

We now know that the incidence in these retrospective
analyses was distorted because only symptomatic women
were likely to have been investigated and reported (see
above). A more recent report [122] studied the outcome of
162 consecutive pregnancies in women with presumed
ITP presenting in the decade 1979-89. The overall inci-
dence of thrombocytopenia (11%) in the offspring of these
women was much lower than the earlier reported ana-
lyses, but two factors emerged of importance in predict-
ing neonatal thrombocytopenia. In the absence of a
history of ITP before pregnancy or in the absence of
circulating platelet IgG antibodies in the index pregnancy
in those with a history, the risk of severe thrombocyto-
penia in the fetus at term was negligible.

These findings are supported by other more recent
reports [14,123]. In the study of Burrows and Kelton [14],
61 infants were born to 50 mothers with confirmed ITP.
Only three (4.9%) had a cord platelet count < 50 x 10°/L.
None of the infants had morbidity or mortality as a result
of the thrombocytopenia. Two-thirds of the infants had a
further fall in platelet count in the first 2 or 3 days after
birth but in all the thrombocytopenia could easily be cor-
rected. Some investigators have suggested that maternal
splenectomy increases the probability of neonatal throm-
bocytopenia [137,145]. Closer scrutiny of published reports
[126] shows that it is only in those women with splenec-
tomy and persistent thrombocytopenia (< 100 x 107/L)
that the risk of neonatal thrombocytopenia is increased.
What has become clear over the years is that analysis of the
older literature gave an exaggerated incidence of neonatal
thrombocytopenia and of the morbidity and mortality
arising from it. However, even with benefit of accurate,
automated, easily repeated platelet counts, estimation of
IgG platelet antibodies and taking into consideration
splenectomy status, it is still impossible to predict the
fetal platelet count in any individual case [120] and to
plan the mode of delivery based on any of these maternal
parameters is not logical or sensible.
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Fetal blood sampling. A method for direct measurement of
the fetal platelet count in scalp blood obtained transcervi-
cally prior to or early in labour has been described [146-
148]. The authors recommend that caesarean section be
performed in all cases where the fetal platelet count is
<50 x 10°/L. This approach is more logical than a decision
about the mode of delivery made on the basis of maternal
platelet count, concentration of IgG or splenectomy status,
but it is not without risk of significant haemorrhage in the
truly thrombocytopenic fetus, often gives false-positive
results [126] and demands urgent action to be taken on
the results. Also the cervix must be sufficiently dilated to
allow the fetal scalp to be sampled and the uterine contrac-
tion to achieve this may have caused the fetus to descend
so far in the birth canal that caesarean section is technically
difficult and also traumatic for the fetus.

The only way a reliable fetal platelet count can be
obtained so that a decision concerning the optimal mode
of delivery can be taken is by a percutaneous transabdom-
inal fetal cord blood sample taken before term [149-151].
This gives time for discussion with the obstetrician, paedi-
atrician, haematologist, anaesthetist and anyone else in-
volved concerning delivery. It should be performed at 37—
38 weeks’ gestation under ultrasound guidance as the
transfer of IgG increases in the last weeks of pregnancy:
an earlier sample may give a higher fetal platelet count
than one taken nearer term. There is no need for sampling
earlier in gestation because the fetus is not at risk from
spontaneous ICH in utero (cf. fetus with alloimmune
thrombocytopenia).

There are the risks associated with the sampling of cord
spasm and haemorrhage but in skilled hands the incidence
of these is no more than 1% [127]. A caesarean section may
be precipitated because of fetal distress during the proced-
ure even if the platelet count proves to be normal. This is
another good reason for performing a fetal blood sample
(FBS) as late as possible in gestation if it is thought to be
necessary. Given the low risk of identifying a problem and
the risk of associated complications in utero, FBS can only
be justified in very few ITP pregnancies. In the USA it
would appear from a recently published survey that ob-
stetricians have changed their policies of routine FBS and
caesarean section in all ITP cases to follow a less interven-
tional approach as now adopted in the UK [152].

Neonatal platelet count. After birth the platelet count will
continue to fall for 2-5 days. If the cord platelet count
shows severe thrombocytopenia and especially if there is
evidence of skin or mucous membrane bleeding, meas-
ures can be taken to prevent this predicted fall. Intraven-
ous hydrocortisone and platelet transfusion have been
used with success but the recommended therapy now-

adays should be intravenous IgG because of its relative
safety and the rapidity with which a response is observed.

Mode of delivery in idiopathic (autoimmune) thrombocytopenic
purpura. There is little risk to the mother whatever the
mode of delivery. In most cases the maternal platelet
count can be raised to haemostatic levels to cover the
event. Even if the mother has to deliver in the face of a
low platelet count, she is unlikely to bleed from the pla-
cental site once the uterus is empty but she is at risk of
bleeding from any surgical incisions, soft-tissue injuries
or tears. Platelets should be available but not given pro-
phylactically. It should be remembered that the unneces-
sary transfusion of platelet concentrates in the absence of
haemostatic failure may stimulate more autoantibody for-
mation synthesis and thus increase maternal thrombo-
cytopenia. Most anaesthetists require the platelet count
to be at least 80 x 10°/L and preferably >100 x 10°/L
before they will administer an epidural anaesthetic but
there is no good evidence that counts >50 x 10° /L are
insufficient to achieve haemostasis in ITP [153).

The major risk at delivery is to the fetus with thrombo-
cytopenia who as the result of birth trauma may suffer
ICH. If there is any question that a vaginal delivery will be
difficult because of cephalopelvic disproportion, prema-
ture labour, previous history, etc., then elective caesarean
section should be carried out.

For many centres the availability of planned or emer-
gency transabdominal FBS is severely limited or nonexist-
ent and so decisions concerning the mode of delivery will
have to be taken without knowing the fetal platelet count.

As discussed earlier, maternal platelet count, maternal
PAIgG, history and splenectomy status show trends
regarding the incidence of fetal and neonatal thrombocyto-
penia but can never be used to predict fetal thrombocyto-
penia with absolute confidence in an individual case. It
does appear, however, that it is very unlikely for the fetus
to have severe thrombocytopenia if the mother has no
previous history of ITP before the index pregnancy and if
she has no detectable free IgG platelet antibody {122].

Many of the options proposed in the literature presup-
pose that caesarean section is less traumatic than uncompli-
cated vaginal delivery. There is no objective evidence to
support this contention and there are undesirable associ-
ated complications of caesarean section per se for both
mother and fetus. The only advantage is that there is more
overall control of the delivery if it is by elective caesarean
section and there are usuallv no unpredictable complica-
tions.

Based on an estimate of a 13-21% perinatal mortality
associated with ITP, it was proposed [154] that all patients
should be delivered bv caesarean section. The mortality



rate quoted is a gross overestimate, probably for reasons
previously stated of selection of severe symptomatic cases
for the analysis. As stated a recent review of the literature
of ITP in pregnancy shows a neonatal mortality rate of six
in 1000 ITP patients [126], about the same as or better than
the overall perinatal mortality rate. All these deaths oc-
curred in babies delivered by caesarean section and all
events appeared more than 24-48h after delivery, the
time of the platelet count nadir in the neonate.

The incidence of severe thrombocytopenia in the fetus
of a woman with proven ITP is no more than 10%. Even if
caesarean section is the optimal mode of delivery for the
thrombocytopenic fetus, this does not justify this mode of
delivery for the nine out of 10 fetuses without thrombo-
cytopenia.

It is now thought to be optimal management not to
deliver all fetuses with potential or identified thrombo-
cytopenia by caesarean section. If delivery by caesarean
section is indicated for obstetric reasons there is no point
in performing FBS to obtain the platelet count and elective
caesarean section should be performed.

In our hospital there is considerable expertise in intra-
uterine FBS but we only recommend this procedure in the
following circumstances and then not always:

1 where the woman enters pregnancy with a history of ITP
together with currently identifiable PAIgG antibodies; or
2 in those women who have to be treated for ITP during
the index pregnancy.

Our obstetricians, like many others, prefer to deliver a
fetus with significant thrombocytopenia (platelet count
<50 x 10° /L) by caesarean section. However, individual
units may need different policies depending on local ex-
pertise and practice.

Management of the neonate. An immediate cord platelet
count should be performed following delivery in all neo-
nates of mothers with ITP whenever or however diag-
nosed. The vast majority of babies will have platelet
counts well above 50 x 10°/L and will be symptom free.
For those with low platelet counts, petechiae and pur-
pura, steroids or preferably intravenous IgG should be
administered. If there is mucous membrane bleeding,
platelet concentrates should be administered also.

It should be remembered that the neonatal platelet
count will fall further in the first few days of life and it
is at the nadir that most complications occur, rather than
at delivery. Measures should be taken to prevent the fall if
the cord blood platelet count warrants this. The platelet
count should be repeated daily for the first week in those
neonates with thrombocytopenia at delivery.

The development of techniques to obtain fetal blood
with relative safety to perform a fetal platelet count and
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the widely held concept that caesarean section is less
traumatic for the fetus than a normal vaginal delivery
has led to often unnecessary intervention with risks to
both mother and fetus.

At the time of writing the emphasis of management is
to return to a non-intervention policy [155} of sensible
monitoring, supportive therapy, and a mode of delivery
determined mainly by obstetric indications and not pri-
marily on either the maternal or fetal platelet count [152].

THROMBOCYTOPENIA ASSOCIATED WITH HUMAN
IMMUNODEFICIENCY VIRUS INFECTION (see also
Chapter 18)

Thrombocytopenia is a well-recognized complication of
HIV infection and may be due to drugs and severe infec-
tion. The subject has been reviewed [156]. However,
patients with the immune deficiency syndromes may have
thrombocytopenia otherwise indistinguishable from ITP.
This may be due to immune platelet destruction resulting
from cross-reaction between HIV and the plate-
let glycoproteins Ilb/IIA [157], which may explain ac-
quired immune deficiency syndrome (AIDS)-free, HIV-
associated ITP. It has also been suggested that disturbances
in the B-cell subset, CD5, in HIV-infected patients may
cause immunological changes correlating with the platelet
count, and that non-specific deposition of complement and
immune complexes on platelets leads to their removal from
the circulation.

THROMBOCYTOPENIA AND SYSTEMIC LUPUS
ERYTHEMATOSUS

SLE is frequently complicated by thrombocytopenia but
this is seldom severe, fewer than 5% of cases having
platelet counts <30 x 10°/L during the course of the dis-
ease [158]. Thrombocytopenia is often the first presenting
feature and may antedate any other manifestations by
months or even years. Such patients are often labelled as
suffering from ITP, unless appropriate additional tests are
carried out. PAIgG is often found on tasting but it is not
clear whether this is due to antiplatelet antibody, immune
complexes or both. The management of isolated thrombo-
cytopenia associated with SLE in pregnancy does not
differ substantially from that of ITP, but immunosuppres-
sive therapy should not be reduced or discontinued
during pregnancy [159]. The main management problem
of SLE and pregnancy is the complication of the variably
present in vitro lupus anticoagulant and its paradoxical
association with in vivo thromboembolism and recurrent
fetal loss. For fuller discussion of these complications,
which have excited much current interest, see Chapter 8.
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FETOMATERNAL ALLOIMMUNE
THROMBOCYTOPENIA [160]

Fetomaternal alloimmune thrombocytopenia (FMAIT) is a
syndrome that develops as a result of maternal sensitiza-
tion to fetal platelet antigens. The mother is not thrombo-
cytopenic herself but the fetal platelets are reduced and
have altered function.

Severe alloimmune thrombocytopenia is a rare but im-
portant cause of fetal death and long-term neurological
morbidity. The vast majority of clinically significant cases
arise from fetomaternal incompatibility for the human
platelet antigen HPA-1a.

Diagnosis and screening

It is important to identify FMAIT as a cause of fetal or
neonatal thrombocytopenia because of the high risk of
recurrence and of ICH in subsequent pregnancies.

Routine antenatal screening has been suggested as a
perinatal health policy but has not been put into practice.
Pilot studies have confirmed an incidence of one in 1000-
2000 pregnancies [161], more common than in other con-
ditions for which screening is carried out. However, HPA
typing of platelets is not a routine hospital transfusion
laboratory commitment and would require recently de-
veloped primer pairs for rapid HPA identification with
allele-specific PCR.

Currently, the diagnosis of the maternal condition in
the overwhelming number of cases is made after the birth
of a thrombocytopenic infant or identification of a fetus
(or neonate) with unexplained ICH. Serological testing of
both parents is enough to establish the diagnosis. The
importance of using one of a limited number of laborator-
ies with the full range of capabilities required (including
DNA-based typing) is emphasized.

Female relatives of the affected mother should be tested
for HPA status in order to identify potential cases before
the birth of a first affected infant.

Antenatal management

Unlike Rh(D) haemolytic disease of the newborn (HDN),
first pregnancies may be severely affected and the mater-
nal alloimmune platelet antibody has not proved useful in
identifying or monitoring severity of the condition in the
fetus.

The primary goal of antenatal management is to pre-
vent in utero or perinatal ICH. Many fetal medicine
centres in the UK give weekly transfusions of compatible
platelets from as early as 22-24 weeks’ gestation until 32
weeks or more [162]. The cumulative risk of loss during
the possible 15 procedures (20-34 weeks) could be as high

as 13-23% and must be considered against the risk to the
fetus from the disease [163]. The apparent success from
many groups in the USA of weekly maternal infusions of
intravenous immunoglobulin (IVIgG) in preventing fetal
ICH has therefore been welcomed [164], but this success
is still regarded with scepticism in the UK and Europe
[165]).

There is consensus that FBS and a platelet count is the
only certain way to identify an affected fetus. Suitable
platelet concentrates should be available to cover the pro-
cedure. The risk of exsanguination at FBS appears to be
higher than in other conditions when cordocentesis is
performed [166]. It has been suggested that function is
disturbed by the antibody binding to a platelet membrane
site involved in fibrinogen binding and aggregation and
also to HPA-1a sites on the vascular endothelium.

Discrepancies between management approaches in
North American and European centres reflect uncertain-
ties regarding non-invasive monitoring and the hazards
associated with invasive procedures. Optimal manage-
ment is in the process of evolution, and the appropriate
therapy in any individual case is uncertain. All approaches
have drawbacks [166a]. Interventions are based on the
balance of the assessed risk of the disease in the fetus
exceeding the risk of the invasive procedures involved
[167].

THROMBOTIC THROMBOCYTOPENIC PURPURA
AND HAEMOLYTIC-URAEMIC SYNDROME

These conditions, extremely rare in pregnancy, share so
many features that they have been considered as one
disease with pathological effects confined largely to the
kidney in haemolytic-uraemic syndrome (HUS) and
being more generalized in TTP. Both are due to the pres-
ence of platelet thrombi in the microcirculation that
cause ischaemic dysfunction and microangiopathic haem-
olysis.

In TTP, the focus shifts to multisystem disease, often
with neurological involvement and fever. It has been
associated with pregnancy and the postpartum period
and in the non-pregnant state with the platelet anti-
aggregating agent, ticlopidine [168]. It is associated
with abnormal patterns of multimers of vWF in the
plasma.

In the past few years the mechanisms of processing of
vWF have been clarified. A proteolvtic enzyme present in
normal plasma cleaves peptide bonds in monomeric sub-
units of vWF thus degrading the large multimers. This
proteolytic enzyme prevents the unusually large multi-
mers from causing vWF-mediated adhesion of platelets to
subendothelium after vascular damage [169].



Exciting new research by two groups of investigators
has elucidated the role of vWF cleaving protease activity
in TTP [170,171]. In all the patients studied with acute
single episode TTP, there was little or no vWF-cleaving
protease activity associated with an IgG autoantibody
during the illness but the activity returned to normal
following recovery [171]. However, in patients with
chronic relapsing TTP unusually large multimers of vWF
are found in the plasma even between acute episodes
together with absence or low levels of vWF-cleaving pro-
tease activity [170]. What are the implications of these
exciting new findings? First, the response of patients in
the past to FFP component infusions that contain the
vWE-cleaving protease activity is explained. The fact
that plasmapheresis is often required in the acute phase
to achieve a response is also clarified as this will remove
autoantibodies as well as the abnormal large vVWF multi-
mers. Secondly, the diagnosis of TTP which has been
confused with severe pre-eclampsia and HELLP syn-
drome may be clarified by a single laboratory test meas-
uring the vWF-cleaving protease activity in the plasma
and its inhibitor. This test will also help clinicians to
distinguish between TTP and HUS, thought in the past
to be a spectrum of clinical expression of the same disease.
In HUS the levels of vWF-cleaving protease are normal or
approaching normal and it also explains why plasma
exchange has disappointing results in HUS. The possible
role of microbial infections and steroid therapy in acute
TTP remain unexplained but provide areas of research to
explore the triggering of this condition in patients who
do not have a genetic lack of vWF-cleaving protease ac-
tivity.

The pentad of fever, normal coagulation tests with low
platelets, haemolytic anaemia, neurological disorders and
renal dysfunction are virtually pathognomonic of TTP. The
thrombocytopenia may range from 50 to 100 x 10° /L. The
clinical picture is severe with a high maternal mortality. A
crucial problem when dealing with TTP is to establish a
correct diagnosis, because this condition can be confused
with severe pre-eclampsia and placental abruption, espe-
cially if DIC (very uncommon in TTP) is triggered.

Unlike severe pre-eclampsia, HELLP and AFLP there is
no evidence that prompt delivery affects the course of
HUS or TTP favourably. Most clinicians would recom-
mend delivery if these conditions are present in late preg-
nancy so that the mother can be treated vigorously
without fear of harming the fetus. Therapeutic strategies
hinge on intensive plasma exchange or replacement.

In summary, objective diagnosis of TTP should now be
facilitated by measurement of vWF-cleaving protease and
its inhibitor. The basis of treatment depends on supplying
the defective missing enzyme by infusion of plasma or
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cryosupernatant preferably in severe cases by exchange
transfusion. It is reassuring that the vWF-cleaving prote-
ase is still present in all virally inactivated plasma prod-
ucts, whatever method is used.

Factor VIII antibody

An inhibitor of antihaemophilic factor is a rare cause of
haemorrhage in previously healthy postpartum women
[172-176]. There are less than 50 documented cases in the
literature [175,176]. Women who may have had this type
of haemorrhagic disorder were first reported in the late
1930s and the nature of the defect was first reported in
1946, when the plasma of two such patients was shown
not only to resemble haemophilic plasma but also to have
an inhibitory effect on normal clotting. In the late 1960s
it was demonstrated that these inhibitors of Factor VIII
were immunoglobulins, as are the Factor VIII antibodies
found in treated haemophiliacs [176]. Of the postpartum
coagulation defects of this type reported, nearly all were
found on in vitro testing to be directed against Factor
VIIL Only two were found to be anti-Factor IX anti-
bodies.

AETIOLOGY

The aetiology of antibodies to Factor VIIIC is complex.
The appearance of anti-VIII in non-haemophilic individ-
uals is usually attributed to an autoimmune process, or in
women postpartum to isoimmunization. However, no
difference between maternal and fetal Factor VIII has
been demonstrated, and neutralization of both maternal
and fetal Factor VIII by the antibody is similar.

At present there is no definite evidence that Factor VIII
antigen allotypes exist. If the bleeding tendency is to be
explained, the antibody formed by stimulation of the ma-
ternal immune system by fetal Factor VIIL has to cross-react
with maternal Factor VIII. One would expect such an anti-
body to reappear after some of the subsequent pregnancies
(by analogy with Rhesus sensitization). But relapses have
not been reported. Assuming that these inhibitors are IgG
antibodies, they are likely to cross the placenta and persist
for several weeks in the neonate, as do antirhesus or anti-
viral antibodies. However, although Factor VIII antibody
and reduced levels of Factor VIIIC have been found in
neonates born to mothers with antibody there have been
no case reports of haemorrhagic problems in their off-
spring. The variable nature of this disorder argues in favour
of a more complex pathogenesis. There is an association
between Factor VIII antibodies and autoimmune disorders
such as rheumatoid arthritis and SLE. There is also a
well-known alteration of immune reactivity in normal
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pregnancy. These two observations suggest that a likely
explanation of postpartum Factor VIII antibodies is that of
a temporary breakdown in the mother’s tolerance to her
own Factor VIII (or Factor IX). This rare disorder does
resemble other autoimmune states in its variable onset
and duration, its varying severity and in the fact that its
aetiology is still a mystery [176].

CLINICAL MANIFESTATIONS

The patient usually presents within 3 months of delivery
with severe and sometimes life-threatening bleeding,
extensive painful bruising, bleeding from the gastrointest-
inal and genitourinary tract, and occasional haemar-
throses. The reported confirmed cases presented in a
period of 3 days to 17 months postpartum. The diagnosis
is established on the basis of characteristic laboratory
findings. The prothrombin time and thrombin time are
normal but the partial thromboplastin time is very long.
The partial thromboplastin time is not corrected by the
addition of normal plasma or Factor VIIL

MANAGEMENT

Any woman who develops such an antibody should be
under the care of an expert coagulation unit. Treatment of
the acute bleeding episode is difficult because conven-
tional amounts of Factor VIII may just enhance antibody
formation and fail to control the bleeding. Inmunosup-
pressive agents in combination with corticosteroids have
been used to reduce the antibody production [172].

In one reported case [175] after failure of therapy with
Factor VIII concentrate and fresh plasma, improvement in
the clinical status was achieved by administration of an
anti-inhibitor coagulation complex (Autoplex), a prepar-
ation of pooled fresh plasma containing precursors and
activated clotting factors. The mechanism of action of
Autoplex is unknown. It does not suppress or destroy
the inhibitor but seems to control the acute haemorrhagic
diathesis [175].

The natural history is for the antibody to disappear
gradually, usually within 2 years. Women should be ad-
vised to avoid further pregnancy until coagulation
returns to normal, although in the one documented case
where conception occurred in the presence of clinically
active antibody, it disappeared during the course of the
pregnancy [176].

Inherited defects of haemostasis

It is important to recognize these uncommon conditions
not only because the morbidity and mortality they cause

in the sufferer is almost completely preventable by correct
diagnosis and treatment, but also because carriers of the
most devastating of these conditions, particularly the X-
linked haemophilias, can be identified and prenatal diag-
nosis offered if couples at risk so desire.

However, because of the profound changes in haemo-
stasis during normal pregnancy, it is desirable to establish
a correct diagnosis with appropriate family studies and
DNA analysis where relevant before conception so that
appropriate management and chorion villus sampling, in
conditions where DNA prenatal diagnosis is feasible, can
be planned in advance.

Severe congenital disorders of haemostasis are nearly
always apparent early in life so that they will have been
diagnosed before the obstetrician has to deal with the
patient. Milder forms may go unrecognized until adult
life and are more of a diagnostic challenge.

Patients with thrombocytopenia or platelet function
abnormalities suffer primarily from mucosal bleeding,
with epistaxis, gingival and gastrointestinal bleeding
and menorrhagia. Bleeding occurs immediately after sur-
gery or trauma and may not occur at all if primary haemo-
stasis can be achieved surgically.

In contrast, patients with coagulation disorders typically
suffer deep muscle haematoma and haemarthroses. Bleed-
ing after trauma or surgery may be immediate or delayed.

A history of previous vaginal deliveries without undue
bleeding does not exclude a significant coagulopathy be-
cause of the increase in coagulation factors, particularly
Factor VIII, during normal pregnancy and the fact that a
healthy myometrium is the most important haemostatic
factor at parturition.

It is not uncommon for adult patients to have signifi-
cant bleeding after surgery because of previously undiag-
nosed inherited haemostatic disorders. This is because
surgery imposes a challenge to the haemostatic mechan-
isms that far exceeds anything encountered in evervdayv
life.

Complete laboratory evaluation of a patient giving a
history of ‘easy bleeding or bruising’ is time consuming
and expensive and a history of significant previous
haemostatic challenges should be obtained. For example,
a patient who has undergone tonsillectomy, without
transfusion or special treatment and lived to tell the tale,
cannot possibly have an inherited haemostatic disorder!

Of more relevance perhaps is any history of dental ex-
tractions where haemorrhage can occur with both platelet
disorders and coagulopathies. If prolonged bleeding has
occurred and particularly if blood transfusion has been
required, then a high index of suspicion of a congenital
haemorrhagic disorder is justified. In such cases, even if
initial laboratoryv screening tests—partial thromboplastin



time, prothrombin time, platelet count and bleeding time
are normal, the diagnosis should be vigorously pursued in
consultation with an expert haematologist.

The most common congenital coagulation disorders are
von Willebrand'’s disease, Factor VIII deficiency (haemo-
philia A} and Factor IX deficiency (haemophilia B). Less
common disorders include Factor XI deficiency, abnormal
or deficient fibrinogen and . deficiency of Factor XIII
(fibrin-stabilizing factor). All other coagulation factor dis-
orders are extremely rare. The most frequent disorders of
platelet function are von Willebrand’s disease and storage
pool disease {177].

Hereditary platelet abnormalities
FUNCTIONAL DEFECTS

Serious bleeding disorders due to inherited abnormalities
of platelet function are rare, the inheritance being autoso-
mal recessive. Clinically the signs and symptoms are simi-
lar to those of von Willebrand’s disease (see below) with
skin and mucosal haemorrhages. Spontaneous bruises are
common but haemarthroses are not. Although these dis-
orders can lead to life-threatening haemorrhage, particu-
larly after surgery or trauma, the bleeding tendency is
usually mild. The essential defect is intrinsic to the platelet.
Bleeding time is prolonged and platelet function tests are
abnormal, showing reduced aggregation and/or adhe-
sions. In thrombasthenia (Glanzmann’s disease), the plate-
lets appear morphologically normal but they fail to
aggregate with collagen, ADP or ristocetin. In the very
rare Bernard-Soulier syndrome the aggregation defect is
similar but the platelets have a characteristically abnormal
giant appearance. Serious bleeding episodes are treated
with fresh platelet concentrate infusions and plasmapher-
esis [178]. Families who have one or other of these rare
defects may seek termination of pregnancy because of the
severity of symptoms or the difficulties arising from man-
agement. It is theoretically possible to diagnose the condi-
tion prenatally from a pure FBS, because specific
membrane glycoprotein defects have been identified in
both syndromes. A sensitive monoclonal immunoassay
applicable to small volumes of whole fetal blood, without
the necessity of separating the platelets, greatly facilitates
prenatal diagnoses in these conditions (see [179]).

THROMBOCYTOPENIA

Genetically determined thrombocytopenia may be associ-
ated with aplastic anaemia or isolated megakaryocytic
aplasia. The syndrome of absent radii with thrombocyto-
penia is known as the TAR syndrome: these are thought
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to be autosomal recessive defects and have been success-
fully diagnosed prenatally by examination of fetal blood
samples [149,180,181].

Patients with May-Hegglin anomaly, an autosomal
dominant condition with variable thrombocytopenia and
giant platelets, may receive platelet concentrates to
achieve haemostasis at delivery and can be offered pre-
natal diagnosis [115]. More frequently, patients do not
have a haemostatic disorder with May-Hegglin anomaly.
If Dohle bodies (inclusions in white cells) are not promin-
ent the patient might be labelled as chronic ITP—a diffi-
cult problem to resolve but examination of both parents’
blood films may be helpful.

Another X-linked symptom complex is the Wiskott-
Aldrich syndrome comprising severe immune deficiency
with thrombocytopenia. It presents in the neonatal period
but is probably expressed in utero and therefore susceptible
to diagnosis prenatally. The five pregnancies at risk in one
report were female and were not examined further [179].
Fanconi’s anaemia, a familial autosomal recessively in-
herited condition, is a syndrome of aplastic anaemia with
varying skeletal and other physical anomalies. Although
thrombocytopenia is the earliest and dominant feature of
marrow aplasia, presentation is usually delayed until at
least 3 or 4 years of age, so that intrauterine diagnosis by
detecting thrombocytopenia in fetal blood is precluded.
However, the diagnosis has been made on the basis of
excessive chromosomal breaks in chemically treated am-
niotic fluid fibroblast cultures [180]. A more rapid result
could be obtained by using percutaneous transabdeminal
FBS for culture of fetal cells [179].

Hereditary coagulation disorders [182]
VON WILLEBRAND'S DISEASE

Von Willebrand’s disease [183] is the most frequent of all
inherited haemostatic disorders with an incidence of
overt disease of more than one in 10000, similar to that
of haemophilia A; but because subclinical forms of the
disorder are common the total incidence of von Wille-
brand’s disease is greater than that of haemophilia.

In contrast to haemophilia (an X-linked condition) von
Willebrand’s disease has an autosomal inheritance and
equal incidence in males and females. It therefore is the
most frequent genetic haemostatic disorder encountered
in obstetric practice.

Nature of the defect

Von Willebrand’s disease is a disorder of the vVWF portion
of the human Factor VIII complex.
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Factor VIII circulates as a complex of two proteins of
unequal size (Table 3.2). There is a low molecular weight
portion VIIIC (290 kDa) that promotes coagulation linked
to a large multimer known as both vWF (VIIIWF) and
VIIIRAg (VII-related antigen). Factor VII circulates as
polymers ranging in size from 800 to more than
10000kDa. The biosynthesis of Factor VIIC coded for
by the X chromosome is reduced or abnormal in haemo-
philia A. The larger VIIWF, which serves as a ‘carrier’ for
VIIIC, is under separate autosomal control, is unaffected
in haemophilia. vWF appears to stabilize the small coagu-
lant protein or perhaps protect it from proteolytic diges-
tion. Reduction in VIIIWF usually leads to comparable
decrease in VIIIC activity.

vWF is the major protein in plasma that promotes
platelet adhesion forming a bridge between the sub-
endothelial collagen and a specific receptor on the platelet
membrane. The large multimeric forms of VIIIWF appear
to have the greatest physiological effect in promoting this
adhesion, which is the first step in coagulation in vivo,
followed by platelet aggregation. However, in vitro tests
of platelet aggregation will be entirely normal in von
Willebrand’s disease because the initial step is bypassed
and different platelet receptors are activated when they
are exposed to collagen, ADP or thrombin in standard
laboratory conditions. The platelet abnormality in von
Willebrand’s disease can be studied in vitro using the
antibiotic ristocetin, which takes advantage of the fact
that it will induce aggregation platelets, by a mechanism
involving VIIIWF. The most sensitive test for detection of
von Willebrand’s disease is ristocetin cofactor assay—a
functional assay for vVWF. The ability of patients’ plasma
to induce aggregation of normal platelets in the presence

of ristocetin is assessed in this test. Ristocetin cofactor
levels are normal in fewer than 10% of patients with von
Willebrand’s disease, and this test shows the best correl-
ation with clinical manifestations of the disease. If the
patient’s own platelet-rich plasma is used in this test
system the ristocetin aggregation is normal in more than
one-third. However, the direct ristocetin platelet aggrega-
tion test may be useful in the diagnosis of one of the
variants of von Willebrand'’s disease type IIb (see below).

Clinical manifestations are primarily those of a platelet
defect, namely spontaneous mucous membrane and skin
bleeding, with prolonged bleeding following trauma or
surgery. In addition there is a variable secondary defect of
Factor VIII coagulant activity and if this is severely de-
pressed there may be clinical manifestations of a coagula-
tion disorder. The most frequent problem encountered in
the non-pregnant female is menorrhagia, which may be
quite severe at times.

Patients with mild abnormalities may be asymptomatic
and picked up only after excessive haemorrhage follow-
ing trauma or related to surgery.

The severity of the disorder does not run true within
families and fluctuates from time to time in the same
individual.

Subtypes of von Willebrand'’s disease

The most common type of von Willebrand’s disease ac-
counting for 80% of all cases is type L. It is inherited as an
autosomal dominant trait. The protein is qualitatively
normal but there is a reduction in Factor VII activity,
both coagulation activity and platelet function being
affected in roughly equal proportion. The manifestations

Table 3.2 Factor VIII molecular complex.

VIII Molecular complex Molecular weight
>1x10°
e Procoagulant in plasma
(detected in bioassay) Molecular weight
293000 X
VIICAg Antigen detectable by chromosome
human antibody to VIIIC
Immunoradiometric assay (IRMA)
VIIIWF von Willebrand factor
Measured by bleeding time
Ristocetin aggregation of platelets Molecular weight
(Polymers x 220000)
VIIIRAg Antigen detectable by heterologous Chromosome 12
antibody raised in rabbit to human
factor VIII (IRMA)




result from a quantitative deficiency of a normal protein.
The condition is usually mild.

A rare, apparently autosomal recessive form of the
disorder- is described in which there is absent in vitro
Factor VIIIC, Factor VIIRAg and ristocetin cofactor activ-
ity, which is accompanied by a severe bleeding disorder.
It is in these cases that couples at risk may seek prenatal
diagnosis (see below).

Type 1T von Willebrand’s disease is characterized by an
absence of large multimers of vWF, which seem to be
essential for normal platelet function. In type Ila the
large and intermediate size multimers are absent from
both plasma and platelets and it accounts for fewer than
10% of all cases.

Approximately 5% of cases belong to the subtype IIb in
which the large multimers are absent in the plasma but
present in the platelets. Types llc and IId and pseudo von
Willebrand’s disease have also been described on the
basis of multimeric pattern and distribution of VIIIWF. It
must be obvious from the discussion so far that any
woman who is contemplating or has entered pregnancy
with von Willebrand’s disease or a history suggestive of
this complex disorder must be managed by a unit that has
access to expert haemostatic advice. The subtype must be
correctly identified because this has serious implications
in terms of the optimum management (see below).

Treatment

There are several forms of treatment of von Willebrand's
disease in current use. In any given case the choice depends
on the severity and type of the disease and also on the
clinical setting. The aim is to correct the plateletand coagu-
lation disorder by achieving normal levels of Factor VIII
coagulant activity and a bleeding time within the normal
range. The key feature in treatment is substitution with
plasma concentrates containing functional vWF and
VIIC. In less severe cases the vasopressin analogue L-
diamino-8-arginine-vasopressin (DDAVP) has been used
with success. Contraceptive hormones have been used
with success in treatment of menorrhagia in von Wille-
brand’s disease [183]. It is extremely important that aspirin
and related non-steroidal anti-inflammatory drugs should
not be used in von Willebrand’s disease. They will further
compromise platelet function, and aspirin has been shown
to prolong the bleeding time markedly in patients with
platelet/coagulation disorders.

Substitution therapy. The main treatment in von Wille-
brand’s disease used to be replacement therapy with
cryoprecipitate or FFP. The latter is efficient, but large
volumes may be required to secure haemostasis. In ob-
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stetric practice, however, this did not cause any problems
when covering delivery. Cryoprecipitate used to be the
product of choice to cover elective surgery. Factor VIl
concentrates were not used in the management of von
Willebrand’s disease because in commercial preparations
the factor promoting platelet adhesion may be lost, and
because of the increased risk of transmitting infection.
However, the newer preparations of Factor VHI concen-
trate are now the treatment of choice. They retain some
platelet-promoting activity and have the added advan-
tage of being heat treated and therefore sterile. They
now no longer carry the hazard of transmitting HIV and
other viral infections. The use of cryoprecipitate and FFP
is now contraindicated and cannot be recommended.

L-diamino-8-arginine-vasopressin. This vasopressin ana-
logue has been shown to cause release of vWF from
endothelial cells where it is synthesized and stored. This
results in increased plasma levels of both ristocetin cofac-
tor and of Factor VIIIC. It is therefore of benefit to patients
with both von Willebrand’s disease and haemophilia A. It
is particularly effective in mildly affected patients and
may in some cases replace the use of need for blood
products in patients undergoing surgery. Toxicity associ-
ated with use of this product has been trivial. Occasional
patients experience flushing and dizziness [183,184]. The
theoretical risk of water intoxication and hyponatraemia
due to the vasopressive effect has not been observed
using the current dosage schedules. The recommended
dose is an intravenous infusion of 0.3 ug/kg of DDAVP
given over 30 min with a total dose of 1525 pg. This may
be repeated every 12-24h [185]. Patients with mild type I
von Willebrand’s disease would be expected to derive
maximal benefit from this mode of treatment. VIIC
levels are dramatically increased provided that the base-
line level is more than 10%. The effect of the use of
DDAVP on the bleeding time is controversial but the
overall consensus is that in wvitre ristocetin cofactor
levels increase and there is an overall reduction in clinical
bleeding.

In patients with severe type I von Willebrand’s disease,
DDAVP will have no effect, and replacement therapy
must be used.

In type IIB von Willebrand's disease the use of DDAVP
is contraindicated. In vivo platelet aggregation and severe
thrombocytopenia will follow the infusion although it
does transiently improve the plasma multimeric pattern.

Von Willebrand’s disease and pregnancy

A rise in both Factor VIIIC and vWF is observed in normal
pregnancy. Patients with all but the severest forms of von



88 Chapter 3

Willebrand’s disease show a similar but variable rise in
both these factors, although there may not be a reduction
in the bleeding time [177,186-188].

After delivery, normal women maintain an elevated
Factor VIIC level for at least 5 days. This is followed by
a slow fall to baseline levels over 4-6 weeks. The duration
of Factor VIII activity postpartum in women with von
Willebrand’s disease seems to be related to the severity
of the disorder. Those women with more severe forms of
the condition may have a rapid fall in Factor VIII pro-
coagulant and platelet haemostatic activity. They are then
atrisk of quite severe secondary postpartum haemorrhage.

What is the haemorrhagic risk during pregnancy and
delivery for women with von Willebrand’s disease? An
analysis of published reports of 33 pregnancies in 22
women showed abnormal bleeding in 27% of pregnancies
at the time of abortion, delivery or postpartum [188].

The vast majority of women will have increased their
Factor VIIIC production to within the normal range (50-
150%) by late gestation, and although Factor VIII concen-
trate should be standing by at delivery it will probably not
be needed to achieve haemostasis [189].

There is virtually no need to use DDAVP in obstetric
practice except perhaps in the puerperium because if a
rise in Factor VIII is possible under the influence of
DDAVP (milder cases) then it will have been achieved
because of the stimulus of pregnancy itself. However,
DDAVP has an obvious valuable place in the manage-
ment of women with von Willebrand’s disease undergo-
ing gynaecological surgery. There is extensive experience
indicating safety of DDAVP in pregnancy obtained in
pregnant patients with diabetes insipidus (see Chapter
13).

THE HAEMOPHILIAS

The haemophilias are inherited disorders associated with
reduced or absent coagulation Factors VII or IX. Their
incidence is about one in 10000 in developed countries
[190]. The most common is haemophilia A, which is asso-
ciated with deficiency of Factor VIII: about one-sixth of
the 30004000 cases in the UK today have a condition
known as Christmas disease due to a lack of coagulation
Factor IX (haemophilia B). Clinical manifestations of the
two conditions are indistinguishable, the symptoms and
signs being variable and depending on the degree of lack
of the coagulation factors concerned. Severe disease with
frequent spontaneous bleeding (particularly haemar-
throses) is associated with clotting factor levels of 0-1%.
Less severe disease is found in subjects with clotting
factors of 1-4%. Spontaneous bleeding and severe bleed-
ing after minor trauma are rare in cases with coagulation

factor levels between 5 and 30%; the danger is that the
condition may be clinically silent but during the course of
major surgery or following trauma, such subjects behave
as if they have the very severest forms of haemophilia.
Unless the defect is recognized and the lacking coagula-
tion factor is replaced, such patients will continue to
bleed. The inheritance of both haemophilias is X-linked
recessive, being expressed in the male and carried by the
female.

The implications of pregnancy for a female carrier of
haemophilia are twofold:
1 she may, by process of Lyonization, have a very low
Factor VIII or IX level which puts her at risk of excessive
bleeding, particularly following a traumatic or surgical
delivery;
2 50% of her male offspring will inherit haemophilia and
50% of her daughters will be carriers like herself.
This has important considerations now that prenatal diag-
nosis of these conditions is possible (see below).

Management of haemophilia in pregnancy

Female carriers of haemophilia do not usually have clin-
ical manifestations but in rare individuals in whom the
Factor VIIIC or IX levels are unusually low (10-30% of
normal) abnormal bleeding may occur after trauma or
surgery [191]. It is important to identify carriers prior to
pregnancy, not only to provide genetic counselling (see
below) but also so that appropriate provision can be
made for those cases with pathologically low coagulation
factor activities. Fortunately the level of the deficient
factor tends to increase during the course of pregnancy
as it does in normal women. There have been anecdotal
reports of female homozyvgotes for haemophilia A who
have negotiated pregnancy successfullv [191]. Haemor-
rhage postpartum does not appear to be a consistent
feature, particularly if delivery is by the vaginal route at
term with little or no soft-tissue damage. The effect of
pregnancy on Factor VIIIC levels in these rare cases has
not been studied.

If the Factor VIII level remains low in carriers of haemo-
philia A, Factor VIII concentrates should be administered
to maintain Factor VIII levels above 50% and continued
for 34 days postpartum following a normal vaginal de-
livery. This cover will have to be maintained for a longer
period if delivery is by caesarean section or there has been
extensive soft-tissue damage. Now that Factor VIII con-
centrates are virally inactivated the hazards of multiple
donations are avoided.

DDAVP has been shown to be of benefit in patients
with mild haemophilia as with von Willebrand’s disease
(see above). However, the storage pools of Factor VIII



released during treatment may become exhausted and
tachyphylaxis does occur [185]. There are no controlled
studies concerning the use of DDAVP for bleeding dis-
orders during pregnancy although as noted above it is
safe in the treatment of diabetes insipidus (see Chapter
13).

However, as indicated previously if the stimulus of
pregnancy has not raised the level of Factor VIII as an
expected physiological response in mild haemophilia, it is
unlikely that DDAVP will do so.

A clinical problem is more likely in carriers of Factor IX
deficiency (Christmas disease) than in those women who
carry Factor VIII deficiency [192].

In the exceptionally rare situations where Factor IX
level is very low and remains low during pregnancy,
the patient should be managed with high-purity Factor
IX concentrates to cover delivery and for 34 days post-
partum. Low-purity factor IX concentrate (prothrombin
concentrate) contains Factors II, VII and X, as well as
Factor IX, and therefore carry a much greater thrombo-
genic hazard adding to the innate risk of thromboem-
bolism in pregnancy. FFP will carry the very remote
hazard (in the UK) of transmitting HIV infection [193].
The product of choice is therefore high-purity Factor
IX concentrate. These patients should be managed in
a unit with access to expert advice, 24-h laboratory coagu-
lation service and immediate access to the appro-
priate plasma components required for replacement
therapy.

Prenatal diagnosis of the haemophilias

Haemophilia is a relatively uncommon disease. In the UK
there are between 3000 and 4000 cases and one in 25000 of
the population has the disease in a severe form. The ratio
of haemophilia A to Christmas disease is in the region of
5:1. Affected males within the same family have similar
residual levels of coagulation factor activity (<1% severe,
1-5% moderate, >6% mild).

Antenatal screening for these conditions will be largely
restricted to families in which there is a history of the
disease. It is usually indicated if a woman wishes to
undergo prenatal diagnosis to determine whether her
male fetus has the disease. Approximately one-third of
cases have no family history and are presumed to result
from spontaneous mutations.

Obligate carriers [194] are:

1 all daughters of a haemophiliac father;

2 a woman with more than one haemophiliac son;

3 a woman with one haemophiliac son and a proven
haemophiliac relative in her own family or her
mother’s;
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4 the relative of a haemophilia sufferer, the male fetus of
whom is found to be haemophiliac on prenatal testing.

Putative carriers are daughters of a known haemophil-
iac carrier who have a 50:50 chance of inheriting the
abnormal X chromosome, as do their brothers. The homo-
zygous male is easily identified, but the heterozygous
female may have to be content with a statistical estimate
of her genotype by discriminate analysis utilizing family
data and haematological investigation (see below).

A further aid to carrier detection in a few females was
the demonstration of a linkage between haemophilia A
and glucose-6-phosphate dehydrogenase (G6PD) variant,
another X-linked genetic marker. It cannot be overempha-
sized that the clarification of carrier status goes hand in
hand with prenatal diagnosis. This is particularly so when
using direct DNA analysis (see below) [195].

Although it has proved possible to diagnose carrier
status during pregnancy [179], the need to make early
plans for fetal sexing and to take the required blood
samples means that the status should be established
before pregnancy whenever practicable.

Female catriers of haemophilia have on average 50% of
the normal mean level of the coagulation factor involved,
but because of the wide range of normal and variability of
Lyonization of the X chromosome, carriers often have
levels within the normal range. As far as haemophilia
A is concerned it is sometimes possible to improve
discrimination by measuring the level of vWF, the auto-
somally coded carrier protein for Factor VIII. Carriers,
unlike the normal population, have lower levels of
VIIIC than vWEF (reduced VIIC/vWF ratio)—but firm
diagnosis of carrier status is still not possible in about
15% of cases.

In recent years specialist centres managing these dis-
eases are turning to DNA technology for diagnosis. The
Factor VIII and IX genes have been isolated and se-
quenced and many of the mutations that underlie haemo-
philia and Christmas disease have been determined. They
may result from point mutations or deletions involving
these genes. In addition, many restriction fragment length
polymorphisms (RFLPs) have been found both within
and in the flanking regions of these genes.

The specialist studies involved can be undertaken by
the regional haemophilia centre in collaboration with the
regional genetics centre.

For identified female carriers, prenatal diagnosis can be
carried out in the majority of cases by DNA analysis of
chorion villus samples. In the few families where DNA
analysis is not currently informative, assay of plasma
Factor VIIIC or Factor IXC in a fetal blood sample taken
from 18 weeks’ gestation onwards will provide an accur-
ate but undesirable late prenatal diagnosis.
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FACTOR XI DEFICIENCY (PLASMA
THROMBOPLASTIN ANTECEDENT DEFICIENCY)

This is a rare coagulation disorder that is less common than
the haemophilias but more common than the very rare
inherited deficiencies of the remaining coagulation factors.
Itis inherited as an autosomal recessive, predominantly in
Ashkenazi Jews, and both men and women may be
affected. Usually only homozygotes have clinical evidence
of a coagulation disorder, although occasionally carriers
may have a bleeding tendency. It is a mild condition in
which spontaneous haemorrhages and haemarthroses are
rare but the danger lies in the fact that profuse bleeding
may follow major trauma or surgery if no prophylactic
Factor XI concentrate is given. Indeed it is often diagnosed
late in life following surgery in an individual who was
previously unaware of a serious haemostatic defect. The
diagnosis is made by finding a prolonged partial thrombo-
plastin time, with a low Factor XI level in a coagulation
assay system in which all other coagulation tests are
normal. Management consists of replacement with Factor
Xl concentrates as prophylaxis for surgery or to treat bleed-
ing and to cover operative delivery.

Occasionally women with postpartum haemorrhage
are found to have this abnormality which may or may
not have contributed to the blood loss [196]. The effective
haemostatic level of Factor XI has a half-life of around
2 days. To cover surgery or delivery, women can be
treated with one infusion of Factor XI concentrate to
raise the level to 80~100% and until primary healing is
established.

Fortunately the condition rarely causes problems either
during pregnancy and labour or in the child: in particular,
prolonged bleeding at ritual circumcision is unusual.
There is therefore no justification in screening routinely
for this condition in the mother, fetus or neonate. Women
with Factor XI deficiency should be given documentation
of their defect so that appropriate measures can be taken
to cover surgery or accidental trauma [197].

GENETIC DISORDERS OF FIBRINOGEN (FACTOR I)

Fibrinogen is synthesized in the liver, has a molecular
weight of 340000 and circulates in plasma at a concen-
tration of 300 mg/dL. Both quantitative and qualitative
genetic abnormalities are described.

Afibrinogenaemia or hypofibrinogenaemia

These are rare autosomal recessive disorders resulting
from reduced fibrinogen synthesis. Most patients with
hypofibrinogenaemia are heterozygous.

Afibrinogenaemia is characterized by a lifelong bleed-
ing tendency of variable severity. Prolonged bleeding
after minor injury and easy bruising are frequent symp-
toms. Menorrhagia can be very severe. Spontaneous
deep tissue bleeding and haemarthroses are rare, but
severe bleeding can occur after trauma or surgerv and
several patients have suffered intracerebral haemor-
rhages.

In afibrinogenaemia all screening tests of coagulation
are prolonged, but corrected by addition of normal
plasma or fibrinogen. A prolonged bleeding time may
be present. The final diagnosis is made by quantitating
the concentration of circulating fibrinogen.

There are no fibrinogen concentrates available, and
plasma or cryoprecipitate have to be used as replacement
therapy to treat bleeding, or to cover surgery or delivery.
The in vivo half-life of fibrinogen is between 3 and 5 days.
Initial replacement should be achieved with 25mL
plasma/kg and daily maintenance with 50-10mL/kg for
7 days.

Congenital hypofibrinogenaemia has been associated
with recurrent early miscarriages and with recurrent pla-
cental abruption [198].

Dysfibrinogenaemia

Congenital dysfibrinogenaemia is an autosomal dominant
disorder. In contrast to patients with afibrinogenaemia,
patients with this disorder are often symptom free. Some
have a bieeding tendency; others have been shown to
have thromboembolic disease. The diagnosis is made by
demonstrating a prolonged thrombin time with a normal
immunological fibrinogen level.

Affected women, like those with hypofibrinogenaemia,
may have recurrent spontaneous abortion or repeated
placental abruption [198].

FACTOR XHI DEFICIENCY (FIBRIN STABILIZING
FACTOR DEFICIENCY)

This is an autosomal recessive disorder classically charac-
terized by bleeding from the umbilical cord during the
first few days of life and later by ecchymoses, prolonged
post-traumatic haemorrhage and poor wound healing.
Bleeding is usually delaved and characteristically of a
slow oozing nature. ICH has been described in a signifi-
cant proportion of reported cases. Spontaneous recurrent
abortion with excessive bleeding occurs in association
with Factor XIII deficiencv [199]. All standard coagulation
tests are normal. Diagnosis of severe Factor XIII defi-
ciency is made by the clot solubility test. Normal fibrin
clots will not dissolve when incubated overnight in



5mol/L urea solutions, whereas the unstable clots formed
in the absence of Factor XIII will be dissolved.

Factor XIII has a half-life of 6 days to 2 weeks and
only 5% of normal Factor XIII levels are needed for effect-
ive haemostasis; therefore patients can be treated with
FFP in doses of 5mL/kg, which can be repeated every 3
weeks. Using this therapy, pregnancy has progressed
safely to term in a woman who had previously suffered
repeated abortions. Because of the high incidence of ICH,
replacement therapy should be recommended for all in-
dividuals who are known to have Factor XIII deficiency
[199].

OTHER PLASMA FACTOR DISORDERS

Congenital deficiencies of Factors II, V, VII and X are
extremely rare and the reader is referred to a more
detailed review of hereditary coagulopathies in preg-
nancy for an account of their diagnosis and special man-
agement problems [186].

Genetic collagen vascular disease
EHLERS-DANLOS SYNDROME (see also Chapter 5)

It is often forgotten that an essential part of the haemo-
static system is healthy vasculature. The Ehlers-Danlos
syndrome may be associated with bleeding because of
increased fragility of vessels due to defects in collagen
synthesis. It is also associated with hyperextensible joints
and excess skin elasticity as a result of a connective tissue
disorder. The disease has an autosomal dominant inherit-
ance and has been subdivided into 10 subtypes of which
type IV is the most severe and may have lethal compli-
cations. The bleeding symptoms include ease of bruising,
gastrointestinal bleeding, haemoptysis and most import-
ant of all, rupture of the long arteries. The diagnosis may
be suspected if the patient has papyraceous scars and
pseudo-tumours over bony prominences. There may
be calcified subcutaneous nodules. Ehlers-Danlos syn-
drome (type) IV is associated with an abnormality of
collagen type TII as a result of mutations in the corres-
ponding gene COL3A1 but this abnormality can also be
detected in milder subtypes of Ehlers-Danlos Syndrome.
Attention is drawn to a recent review of the spectrum of
severity of this condition [200].

Surgical procedures should be avoided unless essential
because the tissues are friable and massive bleeding may
occur and healing of incisions may be delayed. Pregnancy
and delivery will be involved with obvious potential
hazards. I draw this to the attention of readers because
the diagnosis of this condition may be missed, especially

Coagulation defects 91

in an obstetric/gynaecological scenario where many
women complain of easy bruising, which is one of the
main presenting symptoms. To further confuse the situ-
ation, platelet and coagulation screening tests will all
yield results within the normal range.
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In this chapter we will consider deep vein thrombosis
(DVT) and pulmonary embolus complicating pregnancy,
and inherited abnormalities of the clotting and fibrinolytic
systems such as the factor V Leiden mutation and anti-
thrombin deficiency. For other general reviews see Gins-
berg and Hirsh [1], Girling and de Swiet [2], Greer [3] and
Letsky [4].

Cerebral vein thrombosis is described in Chapter 15
and systemic thromboembolism arising from mitral
valve disease and artificial heart valves is considered in
Chapter 5. See Chapter 8 for more discussion of the asso-
ciation between antiphospholipid syndrome and throm-
boembolism and Chapter 3 for the physiology of the
clotting system. Thrombocytosis and paroxysmal noctur-
nal haemoglobinuria where there are also risks of throm-
boembolism are considered in Chapter 2.

Significance and incidence

The importance of pulmonary embolus is as a cause of
maternal mortality. If the patient does not die, she usually
recovers completely, although a few patients subse-
quently have symptomatic pulmonary hypertension and
rather more than might be expected have abnormal lung
function tests [5]. The mortality from pulmonary embolus
in the non-pregnant population varies between 1% and
8% depending on patient selection [6]. This would be
in keeping with the data of the Confidential Enquiry
into Maternal Mortality [7] surveying the 3-year period
from 1994 to 1996 in the UK: treatment for thromboem-
bolism was only given in six of the 46 women who died,

Prothrombin gene mutation, 103
Hyperhomocysteinaemia and homocysteinuria, 103
Pregnancy outcome in thrombophilia, 104
Diagnosis, 104
Deep vein thrombosis, 104
Pulmonary embolus, 106
Treatment, 107
Acute phase, 108
Chronic phase, 110
Recurrent thromboembolism, 113
Prophylaxis, 114
Thrombosis in unusual sites, 117
Septic pelvic thrombophlebitis, 117
Other sites, 117

ie. death usually occurs in untreated patients and it
is likely that the majority of women who are treated
survive.

DVT is important because it predisposes to pulmonary
embolus. But in addition only 20-25% of patients with
DVT are symptom free when followed up 7-13 years
after having had DVT [8,9] and 4% even have skin ulcer-
ation [8]. The long-term occurrence of leg symptoms
following DVT seems to be a particular problem of
those who have had the original episode in pregnancy
[97].

Pulmonary embolism is now the most frequent cause of
maternal mortality in the UK and is responsible for the
deaths of about 16 women per year before or immediately
after delivery (21 in every million maternities, total ma-
ternal mortality 12 per 100*000) [7]. We can be reasonably
confident of these data because death from pulmonary
embolus is relatively easy to diagnose. Also, at least 90%
of all maternal deaths in the UK were analysed in the
recent report [7]. Similarly pulmonary embolus was the
second most common cause of maternal death in Massa-
chusetts, USA, between 1982 and 1985 (mortality rate 12
per million) [10]. In general, as standards of living rise
and the overall maternal mortality rate falls, pulmonary
embolism becomes relatively more important as a cause
of maternal death. So in a Mexican study where the over-
all maternal mortality rate was 64 per 100000 the princi-
pal causes of death were hypertension and haemorrhage,
and pulmonary embolism was only third as a cause of
maternal mortality. Looking again at the data of the Con-
fidential Enquiry into Maternal Mortality, it could be that
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the absolute death rate from pulmonary embolism is
rising in the UK, 2.1 deaths per 100000 maternities in
1994-96 compared to about 1.3 between 1985 and 1993
[7]. Although increased ascertainment may account for
some of this rise it would not explain it all, and increasing
maternal age and obesity may also be factors.

It is believed that thromboembolism and hence pul-
monary embolism mortality is low in some racial groups
such as the Africans and Chinese. However, it may be that
under-ascertainment is part of the explanation. For
example, in Hong Kong between 1961 and 1985, 3.6% of
438 maternal deaths were thought to be due to pulmonary
embolus. But from 1986 all maternal deaths were investi-
gated by coroner’s post mortem and the pulmonary em-
bolus rate rose to 53% of 15 deaths [11].

By contrast, in non-fatal cases pulmonary embolism and
DVT are not easy to diagnose, particularly in pregnancy
(see below). It is therefore difficult to obtain accurate data
for the incidences of non-fatal DVT and pulmonary em-
bolism. However, it does appear that pregnancy increases
the risk of thromboembolism sixfold [12]. The absolute
incidence varies widely between 0.1% [13] and 1.2% [14]
of all pregnancies. In general the lower figures come from
later studies where a whole population has been surveyed
by contrast with data derived from specialist referral
centres. Also lower incidences are found in later studies
where the diagnosis has been made objectively (see
below), although this is not invariably the case. For
example in Denmark the incidence rose from 0.5 to 1.2
per 1000 after the introduction of ultrasound for the diag-
nosis of DVT [15]. DVT is about twice as common as
pulmonary embolism.

Between one-fifth and one-half of the cases occur
antenatally [16-18], although note that in a recent 3-year
Confidential Enquiry into Maternal Mortality in the UK,
18 of 46 deaths occurred before delivery and 10 of these
occurred in the first trimester [7]. The possibility of pul-
monary embolism very early in pregnancy must not be
ignored. Nevertheless, the postpartum period as defined
in most of these studies was only 6 weeks, so the risk of
thromboembolism per week is much greater after deliv-
ery than before.

Risk factors
Clotting factors (see also Chapter 3)

Any alteration in the balance between thrombosis due to
activated clotting factors, and clot lysis due to fibrinolytic
mechanisms and/or thrombin inhibitors, can precipitate
blood clotting. During pregnancy, each of these systems is
altered to change the balance towards clotting. After the

first trimester, levels of Factors I (fibrinogen), II (pro-
thrombin), VII, VIII, IX and X are increased {19,20] and
a further increase in the levels of Factors V, VII and X
occurs in the first few days after delivery, even in normal
pregnancy [19]; this further postnatal rise could account
for the extra risk of thromboembolism at this time. Yoshi-
mura et al. [21] and Andersson et al. [22] confirmed these
data by showing increased levels of fibrinopeptide A and
thrombin-antithrombin III complexes (indicating in-
creased blood clotting) at the time of placental separation;
however, this effect is balanced by increased thrombolysis
(raised tissue plasminogen activator and a;-plasmin in-
hibitor-plasmin complexes), which starts during the first
stage of labour.

The rise in Factor VIII may be particularly important
because high levels of Factor VIII are thought to be an
independent risk factor for thromboembolism [23].

Abnormal forms of fibrinogen have also been implicated
as causes of thromboembolism in pregnancy [24] but
usually in association with better established cause of
thrombophilia such as protein C deficiency (see below)
[25].

Dalaker [26] has shown that Factor Vil levels rise to about
250% of non-pregnant values from 17 weeks’ gestation due
to the formation of a phospholipid-Factor VIl complex. The
placenta possibly induces this complex, since its level falls
very rapidly after delivery. Dalaker documented an in-
crease of Factors Il and X to 136% and 171%, respectively
[26]. Weineret al.[27] suggest thatan extra 400 mg of fibrino-
gen are consumed each day at the end of normal pregnancy
on the basis of elevated levels of fibrinopeptide A, the first
peptide split from fibrinogen during thrombin-mediated
fibrin formation. The effect of an increase in clotting factors
isadded toby a decrease in the activity of some components
of the fibrinolytic system [20].

For example the globulin lysis time decreases in preg-
nancy [28] as does the level of tissue plasminogen activa-
tor [29]. But other fibrinolytic indices such as plasminogen
ar-antiplasmin increase [29]. On balance it seems likely
that both thrombosis and fibrinolysis increase in preg-
nancy. Certainly both thrombosis and fibrinolysis are
under endocrine control at a cellular level [30] so that
DVT has been reported in association with ovarian hvper-
stimulation [31]. However, although studies demonstrate
an increased tendency of blood to clot in pregnancy it is
difficult to define which patients are at risk of thrombosis
on the basis of tests of coagulation [32]. For example one
study, where clotting factors were estimated 6-12 months
after delivery in 43 patients who had had thromboembo-
lism in pregnancy, showed no excess clotting activity
compared to controls and only a slight decrease in fibri-
nolysis [33].



Venous stasis

Although the hyperdynamic circulation of pregnancy re-
duces the overall circulation time, venous return from the
lower limbs is reduced because the pregnant uterus ob-
structs the inferior vena cava [34,35]. The effect on flow
velocity is much greater in the left than in the right leg
{36], which could account for the fact that 85% of leg deep
vein thromboses occur on the left side [33,37,38]. A de-
crease in venous tone [39,40] may be another factor pro-
moting venous stasis and thus increasing the risk of DVT.
Not surprisingly, compression stockings applied in preg-
nancy improve venous haemodynamics and subjective
symptoms in the legs [41].

Bed rest

Venous stasis is the presumed mechanism whereby bed
rest is thought to be associated with an increase in the risk
of thromboembolism. This was noted in pregnancy by the
Confidential Maternal Mortality reports [42], which also
drew attention to the particular risk in patients with
severe pre-eclampsia who are first rested in bed and
then delivered by caesarean section [43]. Nevertheless
most women with thromboembolism in pregnancy have
not now had previous prolonged bed rest[44].

Air travel

Because women are particularly at risk from venous
thromboembolism in association with air travel [45,46]
pregnant patients should be careful to keep mobile and
well hydrated in any plane journey lasting >3 h [45].

Operative delivery

The 1979-81 maternal mortality series [43] suggested that
the risk of fatal thromboembolism following caesarean
section was markedly increased compared to that after
vaginal delivery. In the 1994-96 series, there were 15 deaths
following caesarean section, compared to 10 following
vaginal delivery. The overall caesarean section rate was
likely to have been about 15%; therefore the extra mortality
risk associated with caesarean section was about 10-fold in
the patients of the confidential series. Finnerty and MacKay
[47] found that caesarean sectionincreases the overall risk of
thromboembolism to0.66 in 100 deliveries compared t0 0.26
in 100 deliveries for vaginal delivery. Hiilesma [48] showed
a similar increase from 1.1 to 2.2%. Bergqvist et al. [49]
performed strain gauge plethysmography on 169 women
following caesarean section and showed that the incidence
of DVT was 1.8%. However, in a series of over 1000 patients
delivered by caesareansection the incidence of thromboem-
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bolism detected clinically was <1% [50]. Tt is likely that the
increased risk of operative delivery is not specific to caesar-
ean section, because Aaro and Juergens [51] found that 25%
of cases of thromboembolism occurred in complications of
pregnancy that included difficult forceps deliveries and
prolonged labour, as well as caesarean section, pre-eclamp-
tic toxaemia and haemorrhage. The cause of theseincreased
risks will be multifactorial; one interesting observation re-
lates to reactive thrombocytosis, the tendency for the plate-
let count to rise after trauma. A recent study found that 8
days after vaginal delivery, the platelet count had risen to
365, but following caesarean section it rose to 525; and the
rise following caesarean section was maintained for more
than 24 days after delivery [52]. This would certainly be a
factor relating to late thromboembolism following caesar-
ean section.

Age and parity

Age and parity operate independently of each other. The
risk of fatal thromboembolism is 20 times greater in
women over the age of 40 having their fifth or more
pregnancy, compared with women of 20 in their first
pregnancy [53]. The Scottish study found the overall inci-
dence of thromboembolism in pregnancy to be over twice
as high in those over 35 years old compared to those
under 35 (1.02/1000 vs. 2.37/1000) [13].

Other factors

Other risk factors include oestrogen treatment to suppress
lactation, which was shown to increase the risk of throm-
boembolism by Daniel et al. [54] and Jeffcoate et al. [55]; if
any drug treatment is necessary for suppression of lacta-
tion, bromocriptine should be used rather than oestrogen.

Sickle cell anaemia is probably arisk factor for pulmonary
embolus, because a high proportion of mortalities, due to
sickle cell disease, have been reported to occur in preg-
nancy, usually due to pulmonary embolus [56]. Van Dinh
etal.[57]have also reported massive pulmonary embolusin
a patient with sickle cell trait. Although B thalassaemia
major and intermedia have been associated with throm-
boembolism, the risk in pregnancy is uncertain [58].

A recent Confidential Maternal Mortality report
demonstrates the importance of obesity [59]. This was
also shown in a non-pregnant study of risk factors for
pulmonary embolism in women. Obese women with
body mass index (BMI) >29 had a threefold increased
risk [60]. In the same study, smoking increased the risk
by a similar amount. In pregnancy, smoking could in-
crease the risk by causing a relative inhibition of fibrino-
lysis [61].
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Congestive heart failure, dehydration, cancer [62] and
anaemia are all said to increase the risk of thromboembo-
lism [63] and probably do; but in general these risks have
not been documented in obstetric practice. Similar risk
factors have been demonstrated by Kimball et al. [64] for
deaths caused by pulmonary embolus following legally
induced abortion.

The presence of blood group O is associated with a
decreased incidence of thromboembolism. To have a
blood group other than O is therefore a positive risk factor
[65]. This too is confirmed in the Confidential Maternal
Mortality series from 1963 to 1975: the expected frequency
of blood group O in the general population in England
and Wales is 46%, but only 38% of those with pulmonary
emboli had blood group O [53].

Behget’s disease, a form of vasculitis characterized by
recurrent apthous and genital ulcers, uveitis and skin
lesions is also associated with venous and arterial throm-
boembolism, although this is rarely a problem in preg-
nancy.

The risk of repeated thromboembolism in pregnancy in
patients who have had thromboembolism in the past is
considered below.

Thrombophilia

Thrombophilia is the term applied to the condition in
which patients have defects or abnormalities that alter
the physiological haemostatic balance in favour of fibrin
formation or persistence, and hence that increase the risk
of thrombosis. Although the abnormalities that were first
described (antithrombin, protein C and protein S deficien-
cies) have been known for some time there has been an
explosion of knowledge in this field recently. The abnor-
malities can be acquired or inherited. The most important
of the acquired abnormalities is antiphospholipid syn-
drome; this is considered in more detail in Chapter 8.
But many patients with the laboratory abnormalities of
thrombophilia do not suffer with thromboses and many
patients who from their histories appear to have a familial
tendency to thrombosis, have no demonstrable haemato-
logical abnormality. So there appears to be a graded risk.
Those who themselves have had an episode of throm-
boembolism and who have demonstrable thrombophilia
are at greatest risk of recurrence either during pregnancy
or at other times. Those who have had thrombophilia
discovered because of a family history but who them-
selves have not had an episode of thromboembolism are
at less risk and those with no family history but where
thrombophilia has been discovered by population testing
are at least risk, i.e. the presence of family history adds
extra risk presumably because of other co-segregating

genetic factors that have not yet been elucidated. This
would be in keeping with the observation that the risk
of thromboembolism where multiple thrombophilia
factors are present is greater than the arithmetic sum of
the separate individual risks [66].

In general the risk of thrombosis increases with age and
exposure to risk factors such as pregnancy and oestrogen.
The presence of thrombophilia raises specific problems
regarding treatment and prophylaxis of thromboembo-
lism [70] that are also considered in the relevant sections
later as well as in the general following description. A
separate issue is the relation of thrombophilia to preg-
nancy outcome (see below).

Antithrombin deficiency

Antithrombin is a naturally occurring substance pro-
duced by the liver that inhibits the actions of thrombin
and other clotting factors [67]. Because thrombin pro-
motes blood clotting by forming fibrin from fibrinogen,
antithrombin decreases the tendency of blood to clot.
Antithrombin deficiency, where the level of antithrombin
activity is 25-70% of normal, is therefore associated with
an increased risk of blood clotting. Antithrombin activity
can be measured by a functional test in laboratories that
take a particular interest in blood clotting. Note that
antithrombin levels are decreased by heparin therapy
making it difficult to diagnose the condition once heparin
therapy has been started. The condition is inherited as a
Mendelian dominant trait [68] in the 40 or so families that
have been described [69]. It is rare; Bergqvist [33] did not
find a single case in over 500 patients screened for anti-
thrombin deficiency following severe thrombotic disease.
Only three cases were found in a Dutch study of 277
patients with DVT [71].

In some families the condition is due to gene deletion
[72]. Antithrombin deficiency may either be expressed as
the more severe type 1 quantitative deficiency of a quali-
tatively normal molecule or in type 2 the molecule itself
may be abnormal (qualitative antithrombin deficiency)
[73]. Characterization of the form of antithrombin defi-
ciency is important in defining the risk of thromboembo-
lism [74]. It is clear that antithrombin deficiency is quite
heterogeneous because some abnormal forms of anti-
thrombin have been described that are also inherited in
Mendelian dominant fashion but where coagulation
studies are normal [75]. Note that antithrombin levels are
also reduced in liver disease and in all forms of consump-
tion coagulopathy including pre-eclampsia (see Chapter
6), i.e. antithrombin deficiency may also be acquired.
However, most clinical relevance relates to the inherited
forms.
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Table 4.1 Risk of thromboembolism by

hromboohilia in 72 ) o Risk of Risk of
t. fombopnl fa _000 pregnanmes. " thromboembolism thromboembolism
Scotland [303] and in 119 women with . . .
hromboembolism in pregnancy and 233 ih pregnancy i pregnancy
thromboe ) pregnancy N (Scotland)% (Germany)%
controls in Germany [66]. I _ S I

Controls 0.03

Antithrombin deficiency type 1 36

Antithrombin deficiency type 2 2.4 0.4

Protein C deficiency 0.88 0.1

Factor V Leiden 023 0.25

Prothrombin gene mutation 0.5

In common with other forms of thrombophilia, anti-
thrombin deficiency often presents for the first time after
oestrogen exposure either taking the contraceptive pill orin
pregnancy. The best estimate of risk comes from a popula-
tion study carried out by McColl, in Scotland, of 62 episodes
of thromboembolism in about 72 000 pregnancies. The risks
were found to be one in 2.8 for type 1 (quantitative) defi-
ciency and one in 42 for type 2 qualitative deficiency (Table
4.1). Other studies where the nature of the deficit has not
necessarily been quantified suggest a risk of thromboem-
bolism of 40-70% [76,77]. Winter et al. [78] found an even
higher risk in three Scottish families (thrombosis in 15 of 16
pregnancies). Therisk is so great that some form of prophy-
laxis must be considered particularly for type 1 disease.
These patients are usually treated for life with warfarin
because of the risk of fatal pulmonary embolism [79]. How-
ever, for the reasons given below, warfarin should be
avoided in pregnancy. Although subcutaneous heparin
treatment may be associated with a paradoxical decrease
in antithrombin levels [80], Hellgren et al. [77] have shown
that only one of seven patients adequately treated with
subcutaneous heparin and antithrombin concentrate in
pregnancy had an episode of thromboembolism; this must
therefore be the treatment plan of choice.

Hellgren used high-dose unfractionated heparin,
20000-45000 units every 24h to give a 5-10-s prolonga-
tion of the activated partial thromboplastin time, equiva-
lent to 0.8-1.0 units of heparin/mL of plasma. The
availability of high-dose low molecular weight heparins
(LMWHs) is a particular advantage for patients with
antithrombin deficiency where this high level of anti-
coagulation is desirable. Certainly for patients with type
1 deficiency the target anti-Xa level 4h after dosing
should be 0.8 units/mL, i.e. a therapeutic rather than a
prophylactic blood level (see below). It could be argued
that even patients with type 2 deficiency should receive
similar therapeutic treatment rather than treatment at
prophylactic levels particularly in the presence of other
risk factors such as previous thromboembolism or in-
creasing age. Heparin should be started instead of war-

farin as soon as the patient knows that she is pregnant.
The patient should have been counselled about the risk of
bone demineralization from long-term heparin therapy
before she became pregnant.

In addition Hellgren gave antithrombin concentrate at
the time of labour [81] when heparin levels should be
reduced to avoid the risk of bleeding. A similar approach
was suggested by Brandt and Stenbjerg [69] and by
Samson et al. [82]. Although it appears more elegant to
perform a dose-finding exercise in order to give the cor-
rect dose of antithrombin to normalize antithrombin
levels at the time of delivery, this is quite difficult to
achieve in practice. It is not easy for busy laborateries to
perform repeat assays of antithrombin over a period of
days. We have successfully managed patients with anti-
thrombin deficiency by empirically giving an infusion of
50 units/kg of antithrombin on the day of delivery having
stopped subcutaneous heparin on the previous day. After
delivery, heparin levels should be increased again to give
the same degree of anticoagulation as was recommended
for the antenatal period. One week after delivery, the
patient can be fully warfarinized as in the non-pregnant
state. Fresh frozen plasma may be a suitable alternative
source of antithrombin rather than antithrombin concen-
trate [83]. Asin most topics relating to the management of
thromboembolism in pregnancy, the value of treatment
with antithrombin concentrate has not been proven by
clinical trial [84]. Patients have been managed success-
fully both with [85] and without [86] antithrombin con-
centrate. There certainly does not seem to be any place for
its use in acquired antithrombin deficiency.

Thrombosis is a recognized complication of venogra-
phy to which patients with antithrombin deficiency are
particularly susceptible [87]. Fortunately, venography is
used much less now than formerly. But if it is necessary,
the less thrombogenic but more expensive contrast
medium, metrizamide [88], should be used [87] washed
through with heparin.

If thrombosis does occur in patients with antithrombin
deficiency they should be treated with heparin and
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antithrombin concentrate [89,90]. Thrombolytic therapy
hasalsobeen used in pregnancy in these circumstances [91].

Because thrombosis has occurred in the neonatal period
[92] antithrombin levels should be assayed in the neonate
in at-risk cases. Parents will also be anxious to know the
status of their child. However, note that normal neonatal
antithrombin levels are about 50% those of the adult level
[93]. The neonate may be protected from the thrombotic
effect of physiological antithrombin deficiency by rela-
tively high levels of a;-macroglobulin, which also has
antithrombin activity [94]. As the a;-macroglobulin
declines with age the infant with antithrombin deficiency
becomes more susceptible to blood clotting as he or she
grows up. Nevertheless, if the antithrombin level is less
than 30%, antithrombin concentrate should be given in
the neonatal period because of the risk of thrombosis [82].
Antithrombin levels should be checked again when the
child is at least 6 months old before finalizing the diagno-
sis.

Protein C deficiency

Protein C, after activation to protein Ca selectively in-
hibits Factors V and VIII [95]. Therefore a deficiency of
protein C increases the risk of thromboembolism particu-
larly in pregnancy [96]. Nevertheless, large family studies
have demonstrated no excess mortality in individuals
with heterozygous protein C deficiency [97]. Resistance
to activated protein C (APCR), is a screening test for other
thrombophilias, in particular Factor V Leiden (see
below).

Protein C deficiency may be inherited either as an auto-
somal dominant [98] or as a recessive [99], and functional
abnormalities as well as deficiencies have been described
[100]. Homozygous protein C deficiency is a very severe
form of thrombophilia that is usually fatal in the infant
period. Patients who survive are usually dependent on
infusions of protein C concentrate.

Assay of protein C is only available in specialist labora-
tories. The levels of both functional and immunological
protein C do not change in pregnancy [101].

Protein C deficiency is probably more common than
antithrombin III deficiency, being present in 8% of pa-
tients with a first episode of thromboembolism before
age 40 and 7% of patients with recurrent episodes [102].
In an unselected group of patients with DVT the preva-
lence was 3% [71]. Pregnancy was an associated factor
in seven of 14 female cases of thromboembolism associ-
ated with protein C deficiency [102]. The risk of throm-
boembolism in pregnancy is one in 113 pregnancies
(Table 4.1). Thrombosis is more common after delivery
than before.

There is less experience than there is with antithrombin
Il deficiency concerning prophylaxis in pregnancy. On
the basis of the above figures most would only offer
heparin prophylaxis after delivery rather than throughout
pregnancy unless there were additional risk factors such
as previous thromboembolism. In pregnant women with
protein C deficiency, consideration should be given to
testing the father because homozygous protein C defi-
ciency is such a serious condition.

Heparin treatment is effective in the acute phase of
thromboembolism and therefore subcutaneous heparin
may provide adequate prophylaxis. Care should be
taken with warfarin therapy because this has caused
skin necrosis [103]. Warfarin should not be used in homo-
zygous protein C deficiency because of the risk of pur-
pura fulminans {104]. Protein C concentrate is now
available for the treatment of purpura fulminans (see
below) [105]. It could be used for the treatment of throm-
botic episodes and has been used in pregnancy [106].

Protein C deficiency is amenable to perinatal diagnosis
by fetal blood sampling in the second trimester [107].

Protein S deficiency

Protein S is a cofactor for protein C. It exists in both free
and bound forms. The level of free protein S is thought to
be more important. By contrast with protein C, the level of
free protein S falls by about 20% by the end of the third
trimester [101,108]. This makes diagnosis of protein S
deficiency difficult in pregnancy. Families that are defi-
cient in this protein have been described [109] and they
have an increased risk of thromboembolism. Protein S
deficiency occurs more frequently in patients with anti-
phospholipid syndrome than one would expect by
chance. The reason for this is not clear but anticardiolipin
antibodies may inactivate protein S as well [110].

In an unselected group of patients with DVT the preva-
lence of protein S deficiency was 2% [71]. The risk of
developing thromboembolism throughout pregnancy is
between 0 and 6%. After delivery the risk is between 7%
and 22% [111-114]. These widely differing figures under-
line the lack of precision in assessing the risks of actual clot
in patients with known thrombophilia. Because of the pos-
sible very low incidence of antenatal thromboembolism,
most would not use heparin prophvlaxis throughout preg-
nancy in patients with protein S deficiency unless there
were some other risk factor.

Skin necrosis may also occur with warfarin treatment in
protein S deficiency [115] but it is less common than in
protein C deficiency. The neonate with homozvgous pro-
tein S deficiency [116] is also at risk of massive bleeding
into the skin, purpura fulminans.



Activated protein C resistance and
Factor V Leiden

The first of the recent developments in thrombophilia was
the discovery of APCR [117]. Activated protein C in con-
junction with its cofactor protein S, inactivates Factor V.
Most patients with APCR inherit an abnormal form of
Factor V, Factor V Leiden, which is resistant to activated
protein C. Factor V Leiden is caused by a single point
mutation at position 506 in the Factor V gene that codes
for glycine rather than arginine (R506Q). The abnormality
is expressed in the heterozygote. Occasional individuals
have been described who are homozygous for the abnor-
mality. Their risk of thromboembolism is believed to be
considerably greater [118].

There are other reasons for APCR including much rarer
abnormalities in factor V, but factor V Leiden is by far the
commonest. APCR may also be acquired either in preg-
nancy or when exposed to exogenous oestrogens; indeed
it has been claimed that APCR is the mechanism of
increased risk of thromboembolism in these circum-
stances.

APCR is usually expressed as a ratio, normal value 2,
although this value varies between laboratories. Decreas-
ing values of the ratio indicate increasing APCR. APCR
values fall in pregnancy [119,120] and therefore low
values are not necessarily pathognomonic. However,
APCR is usually checked as a screening test for Factor V
Leiden. This is diagnosed by a genetic test, the polymer-
ase chain reaction (PCR) which is unaffected by preg-
nancy. Therefore abnormally low values of APCR in
pregnancy need to be evaluated further by genetic studies
of Factor V Leiden.

The prevalence of Factor V Leiden varies markedly
between populations. The original studies indicated a
prevalence of 4.4% in European populations with the
highest level in Greeks (7%). No cases were found in
subjects from Africa, the Middle East or South-East Asia
possibly accounting for the low incidence of thromboem-
bolism in these populations [121]. Since then the preva-
lence of Factor V Leiden has been shown to be high in
Sweden and isolated cases have been found in the Middle
East [122]. It would be surprising if the mutation were
totally absent from any population group.

In patients who are heterozygous for Factor V Leiden
the risk of thromboembolism in pregnancy is about 0.25%
(Table 4.1). Therefore, although the prevalence of the
abnormality is high, routine screening in pregnancy (or
before starting the combined oral contraceptive) is not
advocated [123]. Similarly most would not suggest hep-
arin . prophylaxis throughout pregnancy for aysympto-
matic heterozygous carriers of Factor V Leiden unless
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some additional risk factor were present. Studies in non-
pregnant patients suggest that homozygotes for Factor V
Leiden have a risk of thrombosis 50-80 times that of non-
carriers [118], i.e. about a 2.5% risk given a background
risk of 0.03% (Table 4.1). Until more data are available
concerning the precise risk of thromboembolism in preg-
nancy in homozygotes, it would seem prudent to use
heparin in prophylactic doses (see below) throughout
pregnancy in such patients.

Prothrombin gene mutation

More recently a genetic variation in the proththrombin
gene (G20210A mutation) has been associated with in-
creased risk of thromboembolism in pregnancy [124]. Pro-
thrombin gene mutation accounts for about 17% of all
thromboembolism in pregnancy and confers a relative risk
of 15 compared to the wild type. The absolute risk of throm-
boembolism is about 0.5%, i.e. greater than that of Factor
V Leiden [66]. Prothrombin gene mutation often co-
segregates with Factor V Leiden when the relative risk of
thromboembolism increases to 107, absolute risk in preg-
nancy is 4.2%. The place of heparin prophylaxis throughout
pregnancy for those with the uncomplicated defectin those
without other risk factors is again uncertain. However, in
view of the very high risk, those who have both Factor V
Leiden and prothrombin gene mutation should have hep-
arin throughout pregnancy.

Hyperhomocysteinaemia and
homocysteinuria

For some time it has been known that patients with the
inborn error of metabolism causing homocystinuria are
at increased risk from arterial and venous thromboembo-
lism [125]. This risk has been demonstrated in preg-
nancy [126,127] and relates to increased blood levels
of homocysteine. (See Chapter 14 for further details on
homocystinuria in pregnancy.) But homocystinuria is un-
commorn. Much more common is a milder abnormality
whereby mutations in the gene coding for methyl-
enetetrahydrofolate reductase (MTHFR) when present in
homozygous form also lead to elevated blood levels of
hyperhomocysteine, hyperhomocysteinaemia. These high
levels of homocysteine appear to cause damage to both
arteries and veins leading to thrombosis in both systems.
Folic acid and vitamin By, are cofactors for MTHFR and the
levels of both decrease in pregnancy, but the contribution of
hyperhomocysteinaemia to thrombosis in pregnancy and
the non-pregnant state is at present unclear. For example
one study comparing homocysteine levelsin patients with
DVT compared to controls showed that homocysteine
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levels above the 95th centile gave an odds ratio for DVT of
2.5 independent of other risk factors [128]. Another similar
study showed thathyperhomocysteinaemia only conferred
risk when associated with Factor V Leiden [129]. Further
problems arise in diagnosing hyperhomocysteinaemia
particularly in pregnancy when folate supplementation is
common. Options are to estimate a random level of homo-
cysteine, to measure homocysteine after methionine
loading, or to test for the MTHFR mutation genetically.
Homocysteine measurement is not widely available and
is difficult. Methionine loading should not be performed
in pregnancy because the acute rise in homocysteine that
occurs may itself cause DVT or placental damage; so
most would opt for genetic tests even though these do
not predict the exact level of homocysteine; and it is likely
that it is the level of homocysteine that is the determinant
of thromboembolism risk. With regard to prophylaxis
in those who are believed to suffer from hyperhomocys-
teinaemia, folic acid supplementation 5mg daily should
be sufficient, granted the uncertainty about the degree of
risk.

Pregnancy outcome in thrombophilia

Adverse pregnancy outcomes have been described for
some time in patients with antiphospholipid syndrome.
Intrauterine death and severe pre-eclampsia were the first
abnormalities to be noted; more recently the association
with recurrent miscarriage became apparent (see Chapter
8 for more details). Granted the possibility of impaired
maternal placental blood flow caused by thrombosis to
account for the placental infarction that was also noted, it
seemed natural to consider pregnancy outcome in other
conditions predisposing to thrombosis. One early large
study was that of Preston et al. who compared the out-
come of pregnancy in 1384 women with known thrombo-
philia (1524 pregnancies) with that in controls where the
putative father had thrombophilia (1019 pregnancies)
[130]. If stillbirth alone was considered, antithrombin de-
ficiency increased the risk fivefold and protein S defi-
ciency increased the risk threefold; Factor V Leiden and
protein C deficiency did not significantly increase risk on
their own but when combined defects were present the
risk increased 14-fold. With regard to miscarriage, only
antithrombin deficiency was associated with increased
risk (twofold) [130]. More recently Kupferminc et al.
[131] studied a strictly defined community in Israel and
found that over half (52%) of a group of adverse preg-
nancy outcomes, severe pre-eclampsia, intrauterine
growth restriction, abruption and stillbirth were associ-
ated with Factor V Leiden, homozygosity for the 677
MTHFR mutation, or the prothrombin gene mutation.

These abnormalities were only present in 17% of women
with a normal outcome. Numerous other studies have
been performed or are in progress to assess the real sig-
nificance of these findings. Thrombophilia cannot ‘ex-
plain’ half of all cases of pre-eclampsia granted the
frequent occurrence of pre-eclampsia in black nations
where the prevalence of thrombophilia is low. Yet the
findings cannot be ignored; once the precise significance
of thrombophilia in each population has been established,
randomized controlled trials of antithrombotic therapy
could be planned.

A separate issue is the consequence of thrombophilia in
the neonate. A high prevalence of thrombophilia in par-
ticular Factor V Leiden has been found in neonates with
cerebral infarction {132].

Diagnosis
Deep vein thrombosis

The history and physical signs of this condition are well
described in standard textbooks of general medicine.
However, pregnant women in particular seem to be
prone to present with abdominal pain, perhaps because
the DVTs are so often proximal. It is probable that women
who do not have a typical history are unlikely to have a
DVT, and aysymptomatic DVT is probably much rarer
in pregnancy than in other gynaecological surgery. This
is supported by the study of Bergqvist et al. [49] who
showed by occlusion plethysmography that the incidence
of DVT was only 1.8% even after caesarean section in
comparison to 10-20% found after major gynaecological
surgery [133,134]. It is clear that it is verv difficult to
make an accurate diagnosis based on physical signs
alone [135], because perhaps 50% of patients who have
an acutely tender swollen calf do not have DVT. If an
objective test such as ultrasound, plethysmography or
venography is not used for the diagnosis of DVT, one to
two patients are treated unnecessarily for everv one
treated correctly {136, 137]. Therefore, some form of inves-
tigation(s) must be performed to support a clinical diag-
nosis.

The non-invasive investigations available are based
on the demonstration of blood clotting by p-dimer or
B-thromboglobulin elevation [138], the measurement of
blood flow and most recently by imaging of the blood
clot by ultrasound [139]. Simple measurement of C-
reactive protein has been shown to have a sensitivity
of 100% in a small series of non-pregnant patients
{140], i.e. a normal C-reactive protein excluded DVT
in this study. The C-reactive protein level is not affected
by pregnancy and this studv should be repeated in



a series of pregnant patients. Also there are inadequate
data to evaluate D-dimer changes in pregnancy-
associated DVT. This is particularly unfortunate, gran-
ted the value of p-dimer testing in excluding DVT
{141].

Reduced blood flow in the affected limb may be shown
by Doppler flow studies [142], impedance plethysmogra-
phy [143] and thermography [144]. Using liquid crystal
thermography to document the increased warmth of the
affected leg, Sandler and Martin [144] showed that therm-
ography had a sensitivity of 97% but rather low specificity
(62%) in non-pregnant patients. The predictive value of a
negative thermogram was helpful (96%). The technique
could be improved by using *™Tc venoscanning in posi-
tive cases but this would need to be evaluated in preg-
nancy.

Radioactive iodine, the tracer element of iodine labelled
albumin, should not be used in pregnancy. In the
antenatal period it is trapped by the fetal thyroid and
may cause hypothyroidism [145] or subsequent car-
cinoma. It is also secreted in high concentration in
breast milk and the same risks apply to the breastfed
infant.

Because of the problems of treatment in the index and
future pregnancies (see below), an objective form of diag-
nosis is recommended in all patients who are considered
to have DVT in pregnancy, unless the clinical diagnosis
seems overwhelmingly certain. This occurs in severe
proximal iliac vein thrombosis where the whole limb is
markedly swollen.

The three techniques that are most appropriate for use
in pregnancy are plethysmography, ultrasound and veno-
graphy. Because of the radiation involved and the pain of
the procedure, venography should now be reserved for
use in those centres where plethysmography or ultra-
sound cannot be used, when there are technical difficul-
ties or uncertainties with these procedures [146] or to
confirm a positive plethysmograph test.

Plethysmography has been very carefully evaluated in
non-pregnant subjects [147, 148]. Studies should be per-
formed in the left lateral position before delivery in order
to reduce the reduction in venous return caused by the
obstruction of the gravid uterus. Because blood flow from
the leg is reduced in pregnancy [36], a normal (by non-
pregnant standards) plethysmograph probably excludes
significant DVT. A normal plethysmograph repeated over
a 10-day period would also exclude a calf vein thrombosis
extending to the thigh, and therefore becoming clinically
significant. This approach has been vindicated in preg-
nancy by withholding anticoagulant therapy from 139
patients clinically suspected of having DVT but who had
negative plethysmograph studies. None had symptomatic
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pulmonary embolus or recurrent venous thrombosis
[149]. However, we do not yet know what constitutes a
positive plethysmograph in pregnancy, and positive tests
should therefore be confirmed by ultrasound or veno-
graphy.

Ultrasound is the technique that is most widely used; it
has been shown to be highly effective in the diagnosis of
symptomatic proximal DVT by comparison with veno-
graphy (but in non-pregnant patients). Also note that
ultrasound lacks sensitivity for the diagnosis of asymp-
tomatic DVT. The veins may be identified by Doppler
and then imaged. If a clot is present, the vein is incom-
pressible and it also does not dilate when venous pressure
is raised during a Valsalva manoceuvre. The clot itself
may also be imaged. The sensitivity and specificity of
this technique have been reported to be over 97% for
proximal vein thrombosis [150], but a formal comparison
of ultrasound and venography has not been made in
pregnancy. However, studies performed in pregnancy
have been encouraging [151,152] and there is no reason
to believe that ultrasonography would be any less accur-
ate in pregnancy than in the non-pregnant state. If the
initial test is negative and clinical suspicion is high, the
test should be repeated after a few days. Treatment can
always be started on clinical suspicion and before diagno-
sis is confirmed, particularly now that LMWH can be
used in therapeutic doses (see below). But if the diagnosis
is not confirmed, there should be no hesitation in stop-
ping treatment.

Neither ultrasound nor impedance plethysmography is
suitable for diagnosis of calf vein thrombosis, but because
calf vein thrombi very rarely cause pulmonary emboli
and because the tests being non-invasive can be repeated
in worrying cases, this is not a problem. By contrast with
plethysmography, ultrasound cannot be used for diagno-
sis of isolated thrombosis above the inguinal ligament.
However, such thrombi are very rare in symptomatic
patients [153]. At present ultrasound is the initial diag-
nostic technique of choice for pregnancy: it does not
require the particular expertise and equipment of plethys-
mography and the apparatus should be available in all
major obstetric centres.

Venography of the femoral and more distal veins can be
performed in pregnancy. With adequate shielding of the
uterus, the direct radiation dose is small, varying between
<500uGy for a limited study with shielding and
3140 pGy for a unilateral study without shielding. Most
studies have shown no risk of fetal injury at exposures of
less than 50 000 pGy [154]. The use of less irritant, water-
soluble, non-ionic contrast media makes it much less
likely that venography itself will provoke thromboembo-
lism [155].
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Pulmonary embolus

Patients with major pulmonary emboli collapse with
hypotension, chest pain, breathlessness and cyanosis. Oc-
casionally they may present with abdominal pain only,
due presumably to irritation of the diaphragm [156]. On
further examination, they are also found to have a third
heart sound, parasternal heave and elevated jugular
venous pressure. It is the latter that helps to distinguish
them from most of the other relatively common causes of
collapse in pregnancy, where the diagnosis is not obvious,
as it is in ante- and postpartum haemorrhage or ruptured

or inverted uterus. These causes of collapse and some
differentiating features are shown in Table 4.2. Most of
the other causes are also considered elsewhere: pulmon-
ary aspiration in Chapter 1, amniotic fluid embolus in
Chapter 3, myocardial infarction in Chapter 5 and
Gram-negative septicaemia in Chapters 3, 7 and 16.

The diagnosis of major puimonary embolus is rarely in
doubt. However, pulmonary embolus is often preceded
by smaller emboli, and a high index of clinical suspicion is
essential to diagnose these. Warning signs and symptoms
of small pulmonary emboli that are often ignored are
unexplained pyrexia, syncope, cough, chest pain and

Table 4.2 Features of some ‘occult’ causes of collapse in pregnancy. This table excludes more obvious causes, such as ante- or postpartum

haemorrhage, and ruptured or inverted uterus.

Predisposing circumstances

Common presenting features  Clinical

Helpful diagnostic features in acute stage*

Investigations

Amniotic fluid embolism
(Chapter 3)

Pulmonary embolus
{Chapter 4)

Myocardial infarction
(Chapter 5)
Dysrrhythmia (Chapter 5)
Aspiration of gastric
contents (Chapter 1)
Pneumothorax and
pneumomediastinum
Intra-abdominal bleeding

Septicaemia
(Chapters 3,7,16)

Intracerebral catastrophe

Hypoglycaemia

Hyperglycaemia

Labour, not necessarily
precipitate

Increasing age,
multiparity,
thromboembolism,
operative delivery,
bed rest,
oestrogens,
haemoglobinopathy

Increasing age

Pre-existing heart disease
Anaesthesia, not

necessarily with vomiting

Previous history, labour

Labour, although may occur

spontaneously

Previous infection
(not necessarily)

Pre-eclampsia/eclampsia
A-V malformation
Diabetes mellitus
Addison’s disease
Hypopituitarism
Hypothyroidism
Diabetes mellitus

Respiratory distress,
cvanosis

Respiratory distress,
chest pain

Chest pain, respiratory
distress, cyanosis

Tachycardia/bradycardia

Respiratory distress,
cyanosis

Chest pain

Abdominal pain

Fever, rigors
Seizures
Sweating, loss of

consciousness

Hyperventilation

JVP +; third heart
sound, parasternal
heave

Pain character, JVP
~; crepitations

Pulse

Bronchospasm

Chest signs

JVP not +; signs in
abdomen,
laparotomy,
paracentesis,
culdocentesis

Fever, rigors

CNS signs, neck
stiffness

Squames in SVC or
sputum

ECG, chest
radiograph, lung
scan, blood gas,
pulmonarv
angiography

ECG

ECG

Chest radiograph

Gram stain on blood
sample. Blood
culture positive

CT scan

Blood glucose

Blood glucose, blood
gas

*These features are not absolute. For example, it is possible to have pulmonary crepitations in patients with pulmonary embolus, and

septicaemia without fever or rigors.
SVC, superior vena cava; JVP, jugular venous pressure; ECG, electrocardiogram; A-V, arteriovenous; CNS, central nervous svstem.



breathlessness. Unless the patient has a high temperature
or is producing quantities of purulent sputum, pleurisy
should not be considered to be due to infection until
pulmonary embolism has been excluded. It may be neces-
sary to treat the patient with both antibiotics and anti-
coagulants until diagnosis becomes clear.

CHEST RADIOGRAPH, ELECTROCARDIOGRAM
AND BLOOD GASES

In considering the diagnosis of pulmonary embolus, it
should be emphasized that the chest radiography may
be normal and that the electrocardiogram may be normal
or may show features such as a deep S wave in lead I and
Q wave and inverted T wave in lead III that can be caused
by pregnancy alone. Nevertheless, the chest radiograph
should not be omitted if only because of its value in
diagnosing chest pathology other than pulmonary em-
bolus. Note that the radiation to the fetus from one chest
radiograph is <10uGy, very considerably less than the
50 000 pGy at which fetal damage occurs [154] and about
equal to that received from cosmic sources in one trans-
atlantic flight.

Blood gas measurement can be helpful, although false-
positive and false-negative results may occur [157]. If the
patient is hypoxaemic, with PaO, <11.3kPa (85 mmHg)
and PaCO; normal or reduced, it is likely that pulmonary
embolus is the cause of chest symptoms, providing there
is no radiological evidence of diffuse pulmonary disease
or any other cause of reduced cardiac output. Such arter-
ial samples should always be taken with the patient sit-
ting, not supine (see Chapter 1).

LUNG SCANS

Because it is so important to make an accurate diagnosis of
thromboembolism in pregnancy, lung scans should be
obtained, preferably with ventilation/perfusion imaging
in all suspicious cases. The isotopes used in these scans,
krypton 81 m for ventilation and technetium 99 m for per-
fusion, have very short half-lives. The radiation to the fetus
is therefore minimal, no more than 400 uGy [154]. Even if
the mother is breastfeeding the quantities of technetium
secreted in milk after the injection of technetium 99m
macroaggregated albumen are negligible [158]. The lung
scan is particularly helpful in cases where the chest radio-
graph is normal. A normal lung scan then excludes a pul-
monary embolus because false-negative results are very
rare [149]. For example anticoagulants were withheld
from 515 patients with suspected pulmonary embolus
and negative lung scan unless they had DVT. Only one
had symptomatic pulmonary embolus on follow-up [149].
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Although false positives may occur, a large perfusion
defect in the presence of a normal chest radiograph is likely
to be due to pulmonary embolus. If the chest radiograph is
abnormal, ventilation scanning is helpful. A reduction in
perfusion with maintenance of ventilation indicates pul-
monary embolus. If ventilation is reduced as well as perfu-
sion, the condition is likely to be infective if the radiograph
changes are acute. If the lung scan is equivocal it is helpful
to examine the legs for DVT [159] by any of the techniques
described above. If there is no evidence of DVT, the chance
of subsequent or future clinical pulmonary emboli is small
[159].

Spiral computed tomography (CT) scanning has high
sensitivity and specificity for proximal pulmonary em-
bolus {160]. In pregnancy the application is likely to be
in the collapsed patient where diagnosis is required ur-
gently notwithstanding the relatively high radiation dose.
In the future, magnetic resonance imaging (MRI) may
replace spiral CT in pregnancy in particular because of
the lack of radiation. Pulmonary angiography is the ‘gold
standard’ for diagnosis of pulmonary embolus but this is
very rarely required in pregnancy.

Treatment

Patients with massive pulmonary embolus present with a
catastrophic reduction in cardiac output, and the immedi-
ate treatment should be the standard cardiac arrest pro-
cedure. If it is thought likely that the cause of the arrest is
pulmonary embolus, intravenous unfractionated heparin
20000 units should be given to reverse the bronchocon-
striction and vasoconstriction caused by the release of
serotonin from platelets [161]. In addition, prolonged car-
diac massage is advisable because this may break up the
original clot, permitting an increase in pulmonary blood
flow [162]. After emergency resuscitation for pulmonary
embolus, the treatment of both DVT and pulmonary em-
bolus may be divided into an initial acute phase, which
lasts for up to a week, and a subsequent chronic phase
lasting for several months, where the aim of therapy is to
prevent further incidents of thromboembolism (see also
chronic phase therapy heparin, below).

Uncontrolled studies by Villasanta [163] indicate that
the maternal mortality associated with pulmonary em-
bolus and DVT in pregnancy is reduced from 13% to
1% by anticoagulant therapy. A similar mortality (one
in 113 patients) was found by Moseley and Kerstein
[164] in a literature search of anticoagulant-treated pa-
tients. It is generally accepted that anticoagulation is
the treatment of choice in pulmonary embolism without
shock [165] and that it is highly efficacious [166]. There-
fore it would now be unethical to compare anticoagulant



108 Chapter 4

and placebo treatment in thromboembolism, whether as-
sociated with pregnancy or not. The only controlled trial
of anticoagulant vs. placebo therapy in pulmonary em-
bolus was abandoned because of the high mortality in the
placebo group [167].

Treatments used in the acute phase are heparin, sur-
gery and thrombolytic agents such as streptokinase [168].
Treatment in the chronic phase is with warfarin or hep-
arin.

Acute phase
UNFRACTIONATED HEPARIN

The majority of cases of venous thromboembolism are
treated initially with heparin. Heparin, because it is so
strongly polar, has particular advantages in pregnancy,
because both unfractionated and LMWHs do not cross the
placenta [169]. The object of heparin therapy in the initial
phase of treatment of venous thromboembolism is to
prevent further, possibly fatal, episodes. It is not believed
that heparin increases the reabsorption of the original
thrombus. In order to prevent further clot formation, rela-
tively high blood levels of heparin must be achieved; it
has been suggested that particularly large doses are ne-
cessary in the presence of a large initial thrombus [170].
Although up to 40000 units/day of heparin have been
given subcutaneously [171], this is not usually practical
because of bruising and irregular absorption, and the
initial treatment should be with intravenous heparin: ini-
tially a 5000-unit bolus followed by 40000 units/day (ap-
proximately 1600 units/h) by continuous infusion, aiming
to double the activated partial thromboplastin time
(APTT).

In the acute phase, the heparin should be given by intra-
venous infusion [172]. Heparin is not stable in dextrose
and should therefore be given in saline [173] preferably
made up in a small volume of 10-20mL and very slowly
infused with a constant infusion pump. If this is not prac-
tical, the same total dose of heparin may be given by
repeated intravenous injections, but no less frequently
than every 3 h. The half-life of heparin is only about 1.5h
[174] and if the drug is given by large, infrequent intraven-
ous injections, this produces unacceptable swings between
hyper- and hypocoagulability [175]. The only side-effect of
acute heparin administration is bleeding (see below for
side-effects of prolonged therapy), although its preserva-
tive, cholorbutol, may cause hypotension [176].

If it is necessary to reverse heparin therapy, cessation of
infusion alone will be sufficient for most patients given
intravenous heparin. There will be undetectable levels in
the blood 6h after therapy has stopped. In the more

urgent situation the patient can be given protamine 1 mg
per 1090 units of administered heparin. When using a
continuous infusion of heparin, twice the quantity of
protamine should be given to neutralize the hourly dose.
No more than 50 mg of protamine should be given in a 10-
min period, because protamine itself can cause bleeding
[63]. A better alternative is to calculate the quantity of
protamine needed from the protamine sulphate neutral-
ization test {177]. The neutralizing dose of protamine
sulphate may be calculated as follows [178}:

Protamine sulphate required (mg) to neutralize heparin
= plasma heparin concentration IU/mL
x plasma volume x 0.01

Plasma volume in pregnancy is 50 mL/kg bodyweight; so,
for example, a 70-kg woman with plasma heparin concen-
tration 1.2 [U would require 1.2 x (70 x 50) x 0.01 = 42mg
protamine sulphate. If there is any doubt about the efficacy
or desirability of protamine reversal, fresh frozen plasma
should restore blood clotting to normal.

Because of the risk of haematoma formation in patients
who are fully anticoagulated, other injections such as
antibiotics should be given intravenously rather than
intramuscularly. Arterial blood sampling should be from
an intra-arterial cannula or by needling a superficial
artery, such as the radial artery rather than the deeper
femoral artery.

Initial phase, high-dose intravenous heparin therapy is
continued for an arbitrary period of 7-14 days; the length
of treatment depends on the severity of the initial episode
of venous thromboembolism and whether there is any
evidence of recurrence. Studies using intravenous heparin
for 5 days rather than 10 days [179] have not been per-
formed in pregnancy and have only been performed in
the non-pregnant state in patients with DVT, not pulmon-
ary embolus.

LOW MOLECULAR WEIGHT HEPARIN

In the non-pregnant state, fixed high-dose subcutaneous
LMWH has become popular for the treatment of both
DVT and to a lesser extent pulmonary embolus. The ad-
vantages are obvious and considerable: there is no need
for dose adjustment on the basis of repeated APTT meas-
urements and these were/are notoriously unreliable. The
APTT has a 45% between-occasion variability even in
patients on a continuous and steady infusion of heparin.
This variation may be diurnal in nature, higher values
occurring at night [180]. In addition, infusion pumps
may not run steadily and the partial thromboplastin
time also varies depending on the time between testing
and drawing blood [181]. LMWH is given subcutaneously



and does not require the extra labour and risk of an
intravenous infusion. The patients may be treated in am-
bulatory setting or even at home.

The rationale for high-dose LMWH comes from trials
such as those of logiparin [182], fraxiparin [183] and
tinzaparine {184] in the initial phase of treatment of
non-pregnant patients with DVT [182,183] and pul-
monary embolus [184]. In the study of Hull et al. [182]
there was less bleeding in the acute phase and fewer
recurrences. But it should be emphasized that these stud-
ies were comparisons of unfractionated heparin and
LMWH both supplemented with warfarin within a few
days of initiating therapy. In pregnancy warfarin is not
generally used for the treatment of thromboembolism
(see below). Furthermore, the fixed dose may not be
appropriate for pregnancy where in general heparin re-
quirements are greater than in the non-pregnant state.
At the very least, if LMWH is to be used in significant
proven thromboembolism, dosing efficacy should be con-
firmed by anti-Xa measurements as has been done in
the few case reports so far available [185]. Dose ranges
suggested by the manufacturers are given in Table 4.3
but note that these do not relate to pregnancy. A reason-
able target anti-Xa level would be 0.6-1.0units 4h after
dosing.

At present we reserve high-dose LMWH treatment for
equivocal cases of both DVT and pulmonary embolus in
the period before the diagnosis can be confirmed or re-
futed. This usually occurs at holiday periods or at week-
ends when there is not immediate availability of
ventilation/perfusion scanning or Duplex ultrasound.
Nevertheless it is likely that high-dose LMWH will
become standard treatment for the acute episode of
thrombeembolism in pregnancy as more experience be-
comes available.

The alternatives or adjuvants to heparin in the initial
phase of treatment are surgery and thrombolytic therapy.
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Both these alternatives have the advantage of therapy
directed towards removing the initial clot. Both should
be considered in the non-pregnant state for initial treat-
ment in patients with major pulmonary embolus or mas-
sive iliofemoral DVT.

THROMBOLYTIC THERAPY

Thrombolytic agents are probably underused in the non-
pregnant state because there is evidence that patients who
have had a DVT are much less likely to develop postphle-
bitic leg symptoms after being given thrombolytic therapy
than after conventional treatment with heparin and war-
farin [186]. Browse [187] also suggests that thrombolytic
therapy is preferable to conventional anticoagulation to
minimize the risk of massive pulmonary embolus in pa-
tients with extensive iliofemoral thrombosis where the
proximal end of the clot is floating free; but this has not
been proven.

In a comparison of heparin and oral anticoagulants
with urokinase in the treatment of pulmonary embolus
in the non-pregnant state, urokinase therapy was associ-
ated with earlier resolution as shown by pulmonary angi-
ography [188]. Overviews suggest that there should be
trials of streptokinase not only in (non-pregnant) patients
with major pulmonary embolus, but also in those with
minor emboli [189].

It has also been shown that, after a pulmonary embolus,
the pulmonary capillary blood volume and pulmonary dif-
fusing capacity are normal in patients treated with throm-
bolytic therapy, whereas they usually remain abnormal in
patients treated with heparin and warfarin, even if they are
asymptomatic at follow-up 1 year later [5].

Pfeiffer {190] claimed successful treatment of DVT in 12
pregnant patients with streptokinase given as a loading
dose (250000 units by intravenous infusion over 20 min)
followed by an infusion of 160000 units/h for 4h, with

Table 4.3 Recommended doses of low

Dalteparin Enoxaparin (Clexane)* Tinzaparin
; : molecular weight heparins for the
(Fragmin) (Innohep)
prophylaxis and treatment of deep vein
Treatment 200 units/kg 1.5 mg (150 units) /kg 175 units/ kg once thrombosis and pulmonary embolism
once daily or once daily daily (note these recommendations are only
100 units/ kg established for the non-pregnant state).
twice daily” (From British National Formulary 41: March
Prophylaxis 2500 or 5000 units 20mg (2000 units) or 40mg 3500 or 4500 units 2001. Published by the British Medical
once daily (4000 units) once daily once daily Association and the Royal Pharmaceutical

Society of Great Britain, London, 2001.)

*Twice-daily dosing recommended for those at risk of haemorrhage and generally in

pregnancy. Maximum 18 000 units daily.

{There is probably greatest experience with enoxaparin in high dose for treatment of
thromboembolism in pregnancy (see Thomson AJ et al. | Obstet Gynaecol 2001; 21 (Suppl.

1): 542).
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subsequent alteration of the infusion rate depending on
the plasma thrombin time. Bell and Meek [191] discount
the necessity for adjusting the dosage schedule and would
recommend a maintenance therapy of 100000 units/h for
24-72h after the initial loading dose. Although Pfeiffer
{192] suggests that very little streptokinase crosses the
human placenta, pregnancy is considered a minor contra-
indication to the use of thrombolytic therapy, and subse-
quent delivery within 10 days is a major contraindication
to thrombolytic therapy [193]. Because it is possible that
thrombolytic therapy may precipitate premature labour
by causing an increase in circulating plasminogen levels
[194], there is a risk that the relatively minor contraindi-
cation will become a major contraindication. However, it
has also been suggested that streptokinase therapy will
cause relative uterine atony because of the interference of
fibrin degradation products with uterine contraction
[195].

If it is necessary to reverse thrombolytic therapy in preg-
nancy, aprotinin, which has large molecules and does not
cross the placenta, should be used rather than aminocaproic
acid. However, apart from the 12 patients treated in preg-
nancy by Pfeiffer [190], other studies are only case reports
[194-196] reviewed by Turrentine et al. [197]. Since 1961, 36
reports have been published describing the use of thrombo-
lyticagentsin 172 pregnant women. The maternal mortality
rate was relatively low (1.2%}) considering the likely sever-
ity of the conditions treated. There were about 10 preg-
nancy losses and 8.1% of patients had serious bleeding
problems. There is really still not sufficient experience
to recommend the use of thrombolytic agents in pregnancy
except in exceptional circumstances [198] such as life-
threatening pulmonary embolus (see below).

SURGERY

Surgical removal of the thrombus (thrombectomy) may
be indicated in massive iliofemoral DVT because of the
suggestion that this too reduces the incidence of postphle-
bitic leg symptoms [199]; however, this has not been sub-
stantiated in follow-up studies [200] and thrombectomy is a
technically difficult operation involving considerable
blood loss. Thrombectomy had been advocated where
limb swelling is so great as to cause venous gangrene
[201,202]. In pregnancy such patients should be delivered
because the reduction of additional obstruction by the en-
larged uterus often reduces limb swelling. Surgery (venous
plication or insertion of a vena caval filter or umbrella) has
also been advocated to prevent pulmonary embolus in
cases of iliofemoral thrombosis [202]. With adequate anti-
coagulation this is rarely necessary [203] and in any case
devices to filter large clots in the inferior vena cava are now

usually placed percutaneously via the other patent femoral
veinor viathejugular veinrather than atopensurgery [204].
This is discussed below under recurrent thromboembo-
lism.

In cases of puimonary embolus, patients who are shocked
at the time of the initial event have traditionally been con-
sidered for pulmonary embolectomy using cardiopulmon-
ary bypass [62,205], as have those with any of the following
features 1 h later: (i) systolic blood pressure <90 mmHg; (ii)
Pao, <60 mmHg; or (iii) urine output <20 mL /h [175]. The
decision whether to operate would usually be supported by
pulmonary angiography or spiral CT to localize the em-
bolus. At pulmonary angiography it may be possible to
fragment the clot using a guide wire to advance the catheter
through the clot [206]. This may obviate the necessity for
pulmonary embolectomy.

However, it is currently believed that surgery for pul-
monary embolus in non-pregnant patients should be re-
served for those who deteriorate following thrombolytic
therapy or who present with such haemodynamic com-
promise that the thrombolytic therapy is not justifiable
[207]. The risks of thrombolytic therapy that are specific to
pregnancy are the initiation of incoordinate preterm labour
and subsequent postpartum haemorrhage. I think it reason-
able to accept these risks in life-threatening massive pul-
monary embolus. In the severely compromised patient, |
would therefore suggest pulmonary angiography, an at-
tempt to disperse the clot once it has been demonstrated,
thrombolytic therapy if this fails or does not improve the
haemodynamic status of the patient and then possibly sur-
gery according to the criteria described above {207]. If pul-
monary angiography and surgery are not available try
thrombolytic therapy. There may not be much difference
inthe outcome between surgery and thrombolytic therapies
[208]: clearly randomized trials are needed but it is difficult
to see how these will be organized.

Chronic phase
WARFARIN

It is established that there is a definite, although low, inci-
dence of teratogenesis associated with the use of warfarin in
the first trimester of pregnancy [209-212]. The most
common syndrome is chondrodysplasia punctata, in which
cartilage and bone formation is abnormal [210, 213}; war-
farin is not the only cause of this abnormality [214], which
may also be inherited [215]. The asplenia syndrome [216]
and diaphragmatic herniae have also been reported [217].
It has also been recognized that the use of warfarin in
late pregnancy after 36 weeks’ gestation is associated with
serious retroplacental and intracerebral fetal bleeding



[163] because, unlike heparin, warfarin does cross the pla-
centa. As premature infants have low levels of Factors XI
and XII [217a], it is likely that the fetus has low levels of
clotting factors; therefore the fetus will be excessively
anticoagulated if the mother’s prothrombin time is within
the normal therapeutic range. For these reasons Hirsh et al.
[169] used to recommend that after the initial period of
heparinization in the acute attack, heparin should continue
to be used for the first trimester, followed by warfarin
between 13 and 36 weeks, reverting to heparin for the last
weeks of pregnancy. These recommendations were widely
followed at one time [16,218-221] and indeed in 1980 73%
of practising obstetricians in the UK would have followed
them [219]. However, by 1993 only 35% of obstetricians in
the UK used warfarin for thromboprophylaxis [222] and
the question has arisen as to whether oral anticoagulants
should be used even after the first trimester [218] because
of the risk of fetal malformation. Sherman and Hall [223]
described a case of microcephaly in a patient who had
taken warfarin for the last 6 months of pregnancy, and
this stimulated further reports [224, 225], including one
by Holzgreve et al. [226] in which five cases of microceph-
aly occurring in California were described. It has been
suggested that warfarin causes repeated small intracereb-
ral haemorrhages and that these are the causes of the optic
atrophy, microcephaly and mental retardation that have
been described [227]. Gross subdural haemorrhage may
also occur in the fetus before 36 weeks’ gestation [228].
These risks to the fetus may not be so great as anecdotal
reports would suggest. Chen et al. [229] studied the out-
come of 22 pregnancies, where the mother had taken war-
farin in the first trimester, and 20 pregnancies where
warfarin had been taken between 13 and 36 weeks. War-
farin was being used in the management of artificial heart
valves. Although the spontaneous abortion rate was high
(36% in those taking warfarin) there were no cases of
chondrodysplasia punctata or microcephaly. In another
study in which we compared the infants of 20 patients
who had taken warfarin in the second and third trimesters
with those of well-matched controls, there was no differ-
ence in intellectual attainment at a mean age of 4 years
{230]. Microcephaly is therefore unlikely to be common in
the children of women taking warfarin. It may relate to the
method of control used for warfarin therapy and therefore
to the amount of warfarin taken. Central nervous system
(CNS) malformations do seem more common in those
taking higher doses of warfarin. This was studied more
formally by Vitale ef al. [231] in a series of heart valve
patients. They found fetal complications in 22 of 25 preg-
nancies where the mother was taking more than 5mg
warfarin daily. Eighteen of these complications were mis-
carriages. By comparison there were only five complica-
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tions (four miscarriages) in 33 women taking 5 mg or less
daily. In all cases the international normalized ratio (INR)
was being kept between 2.5 and 3.5.

Bleeding also appears to be more of a problem in preg-
nant women treated with warfarin than in those treated
with heparin, even if the patients have prothrombin times
within the normal therapeutic range [232]. Even if pa-
tients are not anticoagulated, they are at risk from ante-
and postpartum haemorrhages in pregnancy, and this
risk seems to be increased by warfarin therapy. Fetoma-
ternal haemorrhage has also been reported [233].

Finally there is an increased miscarriage rate in women
taking warfarin; this is best established in those taking
warfarin for artificial heart valves; it appears to be dose
dependent becoming apparent in those taking more than
5mg of warfarin daily. In my experience successful preg-
nancy is very uncommon in those taking more than 15mg
of warfarin daily.

For all the above reasons I, and others [63], believe that
warfarin should not be used in the chronic phase of treat-
ment of venous thromboembolism in pregnancy, or in the
first week of the puerperium. The only situation where
warfarin therapy is recommended in pregnancy is in the
management of some patients with artificial heart valves
or mitral valve disease (see Chapter 5).

The risk of genital tract bleeding is much less by 7 days
after delivery, and it is therefore reasonable to use war-
farin at that time as an alternative to subcutaneous hep-
arin. Moreover, patients may continue to breastfeed [234]
because there is no detectable secretion of warfarin in
breast milk [235]. This is not so for phenindione where
maternal therapy has caused severe haemorrhage in a
breastfed infant [236]. However, phenindione may not
be so teratogenic as warfarin [237]; unfortunately there
is not sufficient experience to confirm this.

HEPARIN

Subcutaneous, self-administered heparin is the preferred
chronic phase treatment for venous thromboembolism in
pregnancy [238], because it does not have the risks of
warfarin. (The possible complications of long-term hep-
arin therapy are described below.)

When we relied entirely on unfractionated heparin and
LMWH was not available we contrasted the acute phase of
treatment requiring high-dose intravenous heparin for up
to 14 days with a subsequent chronic phase of treatment
lasting until at least 6 weeks after delivery when anti-
coagulation did not need to be so intense. In the chronic
phase sufficient anticoagulation could be achieved by
prophylactic doses of subcutaneous unfractionated hep-
arin, 10 000 units twice daily. We did not believe it possible
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to achieve full anticoagulation, i.e. sufficient to double the
APTT using subcutaneous heparin without causing in-
tolerable bruising. It would have been impractical to con-
tinue full intravenous anticoagulation for the long periods
required in pregnancy. Our regimen based on acute ther-
apy with intravenous heparin followed by chronic therapy
with subcutaneous lower-dose heparin (either unfractio-
nated heparin 10000 units twice daily or LMWH in
prophylactic doses) worked and we did not have problems
with recurrent thrombosis in the chronic phase {239].
Nevertheless, there was a degree of uneasiness because
that level of anticoagulation achieved by subcutaneous
unfractionated heparin 10000 units twice daily was con-
siderably less than that which would have been provided
by standard therapy in the non-pregnant state, i.e. war-
farin given in doses to achieve an INR of 2. Also the
distinction between acute and chronic phase therapy is
now blurred by the increasing availability of high-dose
LMWH for both acute and longer-term therapy.

Most centres would now use LMWH rather than
unfractionated because in prophylactic doses LMWH is
only given once rather than twice daily; also LMWH
probably has a better side-effect profile with less bleeding
for a given degree of thromboprophylaxis, less heparin-
induced thrombocytopenia (HIT) (see below) and less
bone demineralization (see below). Also one of the
LMWHs (enoxaparin) when given once daily in 20- or
40-mg doses has been shown to have a superior anti-Xa
profile measured over a 24-h period compared to unfrac-
tionated heparin 7500 units given 12 hourly [240].

CHRONIC THERAPY, UNFRACTIONATED
HEPARIN TREATMENT

If subcutaneous unfractionated heparin is to be given in the
chronic phase, the dose should be 10000 units twice daily.
This small dose of heparin used in chronic therapy does not
affect the whole blood-clotting system, and is below the
limits of detection of conventional tests, such as the partial
thromboplastin time or protamine sulphate neutralization
test. Our policy was to monitor such chronic phase therapy
with anti-Xa heparin levels to ensure that the level was less
than 0.2 units/mL—the level at which there might be a
bleeding risk. In practice this never happened and I see no
evidence for the need to monitor anti-Xa levels during
prophylactic therapy with unfractionated or LMWH treat-
ment. Instead the platelet count should be checked withina
few days of starting heparin therapy because of the possi-
bility of HIT (see below) and at that same time a clotting
screen should be performed. This, by prolongation of the
thrombin time, will detect the very occasional patientwhois
particularly sensitive to heparin. The platelet count and

clotting screen should be repeated about every 6 weeks
through pregnancy and preferably within a week of deliv-
ery. Anti-Xa assays should be reserved for the verv occa-
sional patient who bleeds unexpectedly. The anti-Xa
heparin assay is quite difficult to perform and is unlikely
to be rapidly available.

Although patients often show initial reluctance, the
majority can be taught to give themselves subcutaneous
heparin and can therefore be discharged home. Patients
should use the concentrated heparin solution
of 50000 units/ml.. We have not found any difference in
bruising between sodium and calcium heparins. The hep-
arin should be drawn up in a tuberculin syringe because
of the small volumes used, and injected subcutaneously
through a short (16 mm) 25-gauge needle. The injections
should be made perpendicular to the skin surface to min-
imize the risk of trauma to skin blood vessels. Possible
sites are the thighs and abdominal wall.

Because of the high incidence of thromboembolism in
the days following labour and delivery [42], subcutaneous
heparin administration should be continued through
labour. There is no increased risk of intra- or postpartum
haemorrhage in these patients [241,242], although those
patients who inadvertently take too much heparin are at
risk of bleeding [243]. Providing that the thrombin time is
normal, it is now believed the epidural block is not contra-
indicated [244] for patients taking unfractionated heparin
or LMWH, although formerly it was thought that there was
an excessive risk of epidural haematoma [245]. Neverthe-
less, this is a continuing area of dispute with anaesthetists.
One compromise is to delay the injection of heparin until
after insertion or removal of the epidural catheter, thus
avoiding peak blood levels at the time of greatest trauma.

At delivery, the dose of subcutaneous heparin is empir-
ically reduced to 7500 units twice daily because of the
contraction in circulating blood volume and because
the clotting factors return towards normal levels during
the puerperium. The platelet count and clotting screen are
checked at least once after delivery if the patient con-
tinues to take subcutaneous heparin for the recommended
6 weeks postpartum.

CHRONIC THERAPY, LOW MOLECULAR WEIGHT
HEPARIN TREATMENT

As indicated above, if LMWH has been used in acute
therapy and/or is to be used in chronic phase therapy
there is now more flexibility with regard to dosing. The
doses recommended for therapeutic and prophylactic
therapy for the various LMWH licensed in the UK at the
time of writing are given in Table 4.3. Using enoxaparin
as an example, the recommended therapeutic dose is



1.5mg/kg once daily; (though because of the prothrom-
botic state of pregnancy, many would prefer to give Img/
1kg twice daily) depending on the patient’s weight, the
prophylactic dose for pregnancy is about a quarter of the
therapeutic dose, 40 mg once daily. One option would be
to continue with therapeutic doses of enoxaparin for at
least 6 weeks after the initial event and then reduce to a
lower dose, either the prophylactic dose or an intermedi-
ate dose, thereafter. Alternatively this dose reduction could
take place as usual after the initial 7- to 14-day period of
acute high-dose treatment. Unfortunately there are no trial
data and all depends on clinical judgement with regard to
individual patients and the perceived degree of risk.

If the patient is to remain on therapeutic doses of
LMWH the anti-Xa assay (which must be set up for each
of the different LMWH) should be checked at least every
4 weeks and more frequently depending on the clinical
circumstances. At lower doses of LMWH treatment, anti-
Xa monitoring is not necessary though the platelet count
should be checked regularly because of the possibility of
HIT. Patients should not be delivered taking therapeutic
doses of LMWH because of the bleeding risk. The options
are to stop LMWH at the time of delivery in the know-
ledge that the effect lasts about 24h; or to switch to
prophylactic doses or to switch to unfractionated heparin.
Again these decisions depend on local circumstances and
clinical judgement.

There is very little experience with regard to reversal of
LMWH. If simply stopping the drug does not give a
sufficiently rapid response granted that the effect of
LMWH lasts for up to 24h, protamine can be used but
the correct dose and frequency of dosing are not clear. A
haematologist must be consulted, as would always be the
case for pregnant patients bleeding on heparin treatment.

CHRONIC THERAPY AFTER DELIVERY

One week after delivery, when the risk of secondary post-
partum haemorrhage is much less, the patient may take
warfarin rather than heparin, either unfractionated or
LMWH. In either case breastfeeding is safe. Heparin is not
secreted in breast milk and would not be absorbed from
the infant’s stomach. Warfarin is not excreted in breast
milk [235]. The option as to whether to continue heparin
or to switch to warfarin depends on which the patient finds
less inconvenient. Heparin has the disadvantage of mul-
tiple injections but does not require laboratory control after
the first week. Warfarin therapy has the disadvantage of
needing repeated prothrombin estimations but is given
orally. Most patients seem to favour continuing heparin
because they do not want the frequent attendances neces-
sary for establishing the correct dose of warfarin.
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If the patient does opt to switch to warfarin the drug is
given daily; the first two doses should be 10 mg each; the
INR is checked before giving the third dose: and dosing
then depends on the value of the INR. The target INR for
the treatment of DVT is 2-3 [246]. Treatment with heparin
should be continued until the target level is achieved {or
exceeded). Heparin treatment does not interfere with es-
timation of the INR, providing that the activated partial
thromboplastin time ratio is <2.5 or heparin level is <1.5
units/mL.

Therapy with heparin initiated in pregnancy or warfarin
if introduced after 7 days postpartum, is continued for
an arbitrary period of 6 weeks postpartum, at which
time the extra risk of thromboembolism associated with
pregnancy is considered to have passed. Patients who
develop venous thromboembolism in the puerperium
should be treated as above, except that, after the acute
phase, warfarin may be used alone in chronic phase treat-
ment though warfarin should not be given in the first 7
days after delivery because of the bleeding risk. The total
length of anticoagulant treatment should be at least 3
months.

POSTPHLEBITIC LIMB SYNDROME

As indicated above postphlebitic limb syndrome is par-
ticularly common following DVT in pregnancy. Apart
from routine anticoagulant therapy little is usually done
to avoid it. Sensible measures include raising the leg until
the swelling has subsided and wearing class II elastic
stockings (20-25mmHg at the ankle) from diagnosis for
a prolonged period afterwards [247]; this could be life
long or until repeat Duplex ultrasound shows that the
venous system has retuned to normal.

Recurrent thromboembolism

All patients who have thromboembolism in pregnancy
should be screened for thrombophilia but this is usually
performed after delivery because of the effect of preg-
nancy on the various tests (see above). However if there
is recurrent thromboembolism or there are other reasons
to suspect thrombophilia (previous or family history of
thromboembolism, bad obstetric history) the tests should
be performed in pregnancy as far as possible.

In patients who develop recurrent thromboembolism
during acute or chronic phase treatment, the diagnosis
should again be established by objective criteria. The ad-
equacy of anticoagulant treatment up to the time of recur-
rence should be reviewed. Patients should be screened for
causes of recurrent thromboembolism as described above,
although the diagnosis may be difficult in patients who
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are already taking anticoagulants as well as because of the
pregnancy effect. If there really has been recurrent throm-
boembolism despite adequate anticoagulation, the patient
should receive long-term intravenous unfractionated hep-
arin [248] preferably by a Hickman line [249]; the dose
should be adjusted to achieve a heparin level (anti-Xa
assay) of 0.8-1.0units/mL or APTT twice control. This
dose will need to be reduced at the time of delivery in
the same way as for patients with artificial heart valves
(see Chapter 5). If the source appears to be in the legs or
pelvic veins surgical interruption of the inferior vena cava
or iliac veins with a sieve or filter {204,250, 251] could be
considered. Note that clinical trials do not support the use
of filters merely because of the presence of proximal DVT
[252].

Prophylaxis

There are three groups of patients in whom prophylaxis
might be considered: (i) those who have had thromboem-
bolism in the past [253]; (ii) those who are known to have
thrombophilia because of family studies but who have not
yet themselves had an episode of thromboembolism; and
(iii) those who are at high risk because of age, parity,
obesity or operative delivery [42,59].

The first group of patients are those who have had
thromboembolism in the past; they are considered to be
at risk throughout pregnancy. Badaracco and Vessey [253]
in a retrospective study estimated that there was about a
12% risk of developing pulmonary embolism or DVT in
pregnancy if a patient had had thromboembolism in the
past. The risk was not affected by the circumstances of the
original event, i.e. whether it was associated with the
contraceptive pill or not. The risk is likely to be exagger-
ated (see below): the study was based on a postal survey,
and information is not available as to how the throm-
boembolism was diagnosed in pregnancy. If a patient
has had thromboembolism in the past, there is a particu-
larly strong tendency to diagnose it again on rather flimsy
evidence.

In a previous survey, most British obstetricians (88%)
would have used prophylactic anticoagulants for such
patients if the index thromboembolism had previously
occurred during pregnancy. Some (73%) would have
used prophylaxis if the thromboembolism had occurred
when taking the pill, and fewer (50%) would have used
prophylaxis if the original thromboembolism had oc-
curred 10 years previously when the patients were neither
taking the pill nor were pregnant [219]. These figures
were not substantially changed in a later survey [222].

The majority of obstetricians no longer use the modified
Hirsh regime of warfarin [169] until 36 weeks’ gestation

for venous thromboembolism prophylaxis [222], and this
now seems unacceptable because of the maternal and fetal
complications of warfarin therapy outlined above. The
alternative is to use subcutaneous heparin throughout
pregnancy and as indicated above LMWH is more attract-
ive than unfractionated heparin. However, since these
patients are asymptomatic at the beginning of treatment
and because the treatment is only being used prophvlac-
tically, the safety of such therapy for mother and fetus
must be established even more rigorously than in the
treatment of established venous thromboembolism.

Hall et al. [225] performed a retrospective study of the
outcome of pregnancies associated with anticoagulant
therapy, based on literature reports. Such a study is likely
to be biased towards the reporting of complications, but
they found that of 135 fetuses, 13% were stillborn, 14%
were born prematurely and 7% died in the neonatal
period. It is likely that the bad pregnancy outcome related
to the indication for treatment rather than the treatment
itself. A comparative study performed at Queen Charlot-
te’s Maternity Hospital of antenatal heparin prophyvlaxis
compared to no antenatal prophylaxis did not show such
a high perinatal mortality [254]. A further study at Queen
Charlotte’s Hospital confirmed that the majority of fetal
losses in 69 pregnancies where mothers took LMWH were
in the patients who had antiphospholipid syndrome [239].
Meta-analysis of all reports in 1999 of LMWH treatment
in pregnancy suggests that the adverse pregnancy out-
come rate (3.1%) was no greater in patients taking LMWH
than in controls providing they did not have comorbid
conditions; if they did it was much greater (13.4%) [255].

The most obvious maternal complication is bruising at
the injection site. This can be reduced by good injection
technique but rarely eliminated. Although this is un-
doubtedly an inconvenience, and at times painful, most
mothers tolerate a degree of bruising,.

A further maternal complication of prolonged heparin
therapy is a form of bone demineralization described as
osteopenia [256-258]. This occurred in one of our patients,
and presented as severe backache, which was much
worse in the puerperium [259]. Radiography in the puer-
perium showed that the patient had three collapsed ver-
tebrae. Griffith et al. [260] reported that heparin-induced
osteopenia only occurs in patients receiving more than
15000 units/day for at least 6 months but bone deminer-
alization has been reported following the administration
of only 10000 units of heparin per day in pregnancy for 19
weeks [261]. The incidence of symptomatic bone demin-
eralization in those receiving heparin thromboprophy-
laxis had been estimated to be about 2% in a series of 184
pregnant women [262] but a more recent meta-analysis
of 486 pregnancies in which LMWH was used estimated



the risk to be about one in 500 [255]. This could be a real
advantage of LMWH over unfractionated heparin.

The cause of the osteopenia is unknown. It had been
attributed to a deficiency of 1,25-dihydroxytachysterol
[263,264] but this has not been confirmed in subsequent
studies. Since heparin-induced osteopenia is much more
common in pregnancy, it is likely that the enhanced bone
turnover of pregnancy [265] and the fetal demand for
calcium [266] are contributing factors. A follow-up study
of those patients who are taking subcutaneous heparin
suggests that even those patients who are asymptomatic
may have some degree of bone demineralization [267].
Fortunately a follow-up study from Sweden based on
radiological assessment of the spine suggests that hep-
arin-induced osteopenia does regress once heparin treat-
ment has been stopped [268]. Also Ginsberg et al. [269]
studied 61 patients, 2 years after stopping long-term hep-
arin treatment and found no difference in bone density
when they were compared with controls. Both of these
studies suggest that heparin-induced osteoporosis re-
gresses on cessation of therapy. Furthermore no change
in bone density was found before and after treatment
with LMWH in 43 women treated throughout pregnancy
{2701

Heparin may cause thrombocytopenia [271] (HIT) with
subsequent thrombotic [272] or bleeding complications
[273,274]. Thrombocytopenia either presents acutely as a
result of platelet aggregation or occurs 7-10 days after
treatment starts because of an interaction between plate-
lets, heparin and a specific IgG autoantibody [275,276].
The latter form of HIT is the more serious and the major
risk is of clotting not bleeding. It is caused by antibodies
to a complex of heparin and platelet factor 4 and these
antibodies may be assayed to diagnose the condition.
However, these additional complications have not been
problems in our experience using heparin in pregnancy.
Although HIT undoubtedly occurs in pregnant women
taking heparin, it is uncommon. The risk of HIT seems to
be reduced but not eliminated [277,278] by the use of
LMWHs. There were no cases in the 486 pregnancies
treated with LMWH reviewed by Sanson et al. [255].
Nevyertheless patients who have had HIT in the past
with unfractionated heparin should not take LMWH
since a substantial number will get HIT again. Instead it
is possible to use the heparinoid, danaproid which also
does not cross the placenta. Hirudin should be avoided in
pregnancy since it does cross the placenta [3] but it could
be used after delivery and it is not secreted in breast milk
[2791.

Heparin may also cause alopecia and allergic reactions
at the site of injection. The latter occurred in 0.6% of
patients who had to stop or change therapy in the recent
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meta-analysis of LMWH treatment [255]. Such allergic
reactions may be associated with eosinophilia which can
be a presenting feature [280]. If allergic reactions do occur
it is worth trying a different preparation of either unfrac-
tionated heparin or LMWH though this only occasionally
cures the problem. If patients have had allergic reactions
to subcutaneous heparin there will always be concern
about anaphylaxis should they require intravenous hep-
arin. This has not been a problem in our experience
though we have usually added small amounts of hydro-
cortisone to the intravenous infusion in patients who have
had previous reactions to subcutaneous heparin [281].
Other uncommon side-effects of LMWH are aldosterone
suppression leading to hyperkalaemia [282] and hyperlip-
idaemia [283].

Even though long-term LMWH treatment is probably
safer for women than unfractionated heparin it is still
not without risk and puts the patient to considerable
inconvenience. In patients who have previous throm-
boembolism there must be a gradation of recurrence
risk depending on the presence or absence of other risk
factors.

Our present approach [284] is to counsel patients about
the relative risks of prophylactic therapy and recurrence
of thromboembolism in the antenatal period. We only use
subcutaneous heparin before labour in those patients who
are considered particularly at risk, having had throm-
boembolism more than once in the past, having thrombo-
philia or having a family history of thromboembolism
suggesting thrombophilia as yet undetectable. A less spe-
cific high-risk group would include the elderly or very
obese. Subcutaneous heparin is also used in those patients
who themselves are particularly concerned about the risk
of repeated thromboembolism. In addition we use sub-
cutaneous heparin in low-risk patients who have only had
a single episode of thromboembolism at times when they
are most at risk, such as during admission to hospital for
surgery or bed rest.

High-risk patients take heparin throughout pregnancy,
either LMWH or unfractionated heparin 10000 units sub-
cutaneously twice daily as described above regarding
chronic phase therapy for the management of established
thromboembolism. Granted the frequency of fatal throm-
boembolism in the first trimester (see above), this treat-
ment should start as soon as the woman knows that she is
pregnant. In practice all patients now take LMWH rather
than unfractionated heparin. After delivery the patients
receive LMWH for at least 1 week and either subcutane-
ous heparin or warfarin for a further 5 weeks making a
total of 6 weeks’ postnatal treatment. The choice between
warfarin and heparin again depends on which treatment
the patient finds less inconvenient (see above). As in the
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treatment of an established case of thromboembolism in
pregnancy (see above) the length of time for which
prophylaxis is continued after delivery is arbitrary.

Breastfeeding is safe in patients taking warfarin [235].
The efficacy of this regime was shown in our study of 69
pregnancies where 34 women with previous thromboem-
bolism or thrombophilia took prophylactic enoxaparin
throughout pregnancy as described above. There was
only one case of recurrent thromboembolism and that
occurred postnatally in a woman taking enoxaparin
20mg daily early in the series and before we used what
is now the generally accepted prophylactic dose for preg-
nancy, 40 mg once daily [239]. This was not a controlled
trial and undoubtedly there will be failures with this
method of prophylaxis as there are with any form of
therapy; but from the figures given above, it is likely
that the failure rate will be low.

Patients who have only had a single episode of throm-
boembolism in the past, no matter what the associated
circumstances, are considered at low risk of recurrence in
pregnancy if they do not have other risk factors. They are
given aspirin 75 mg daily for thromboprophylaxis as soon
as they know that they are pregnant. They then start
LMWH in prophylactic doses when they present in
labour or at elective delivery. Thereafter they are man-
aged in the same way as the high-risk patients. Support
for aspirin prophylaxis comes from large studies per-
formed outside pregnancy where it has been shown to
reduce the risk of pulmonary embolus and DVT by at
least one third [285,286]. The safety of low-dose aspirin
in pregnancy has been demonstrated by the many studies
such as CLASP (Collaborative Low-dose Aspirin Study in
Pregnancy) where aspirin was evaluated for pre-eclamp-
sia prophylaxis [287]. Our results using this form of low-
risk prophylaxis in pregnancy have also been evaluated.
There were no cases of thromboembolism in 35 low-risk
patients treated in this way [288]. Again this was not a
controlled trial but the failure rate of this form of prophy-
laxis is also unlikely to be very high. It seems likely that
the study of Badaracco and Vessey [253] which suggests a
12% risk of thromboembolism in patients who have had
DVT or pulmonary embolism in the past, very much over-
estimates the risk of antenatal thromboembolism; the risk
appears to be of the order of 2% or less.

Another option would be to use heparin adjusting the
dose to maintain a specific heparin level (0.08-0.15 unit/
mL). This is attractive since it allows lower heparin doses
[289] but there is no evidence that it is beneficial. The
incidence of heparin-induced osteoporosis is independent
of the doses that have been used [268] and in any case the
incidence of bone demineralization with LMWH is low
(see above); we have found heparin prophylaxis to be

effective with a fixed dose regime and there is a lot
more inconvenience for the patient and potential error
adjusting the dose of heparin on the basis of frequent
anti-Xa heparin assays.

At one time Dextran was advocated for peripartum
thromboprophylaxis. Aside from subsequent problems
with cross-matching, the major worry is anaphylaxis.
This is a particular problem in pregnancy where Dextran-
induced anaphylaxis has caused uterine hypertonus and
hypoxic damage to the fetus (see Chapter 3).

A further alternative for management of the antenatal
period would be to develop more accurate models to
determine precisely which patients are at risk of repeat
thromboembolism. Although it is difficult to define the
prothrombotic state on the basis of coagulation tests (see
above), Clayton et al. and others [290,291] were able cor-
rectly to identify 95% of gynaecological patients who had
postoperative DVT on the basis of four items of clinical
information and measurement of fibrin degradation prod-
ucts and plasminogen activator activity. Hellgren [81] has
used discriminant analysis and shown that a combination
of fibrinopeptide A, fibrinogen, Factor VIIIC, antithrom-
bin III and plasmin activator estimation will help detect
women at risk of thromboembolism in pregnancy. But
these techniques are time consuming and also do not
predict the individual risk with sufficient precision.
More advances are likely in this field.

The second group of patients to be considered for
thromboprophylaxis is in many ways the most problem-
atic; this is because the group has only become apparent
recently since testing for thrombophilia started, i.e. those
who have been found to have thrombophilia by family
studies but who have not had an episode themselves at
the time of presentation. The options are: no additional
therapy, aspirin throughout pregnancy, prophylactic hep-
arin peripartum and for some time in the puerperium,
prophylactic heparin throughout pregnancy and thera-
peutic heparin throughout pregnancy. Granted the safety
of low-dose aspirin, it is easy to recommend this treat-
ment throughout pregnancy for all patients with throm-
bophilia. Table 4.1 is helpful with regard to individual
thrombophilias, which have also been considered above.
The risk of thrombosis in type 1 antithrombin deficiency
is so high that such patients should have therapeutic
heparin monitored by anti-Xa throughout pregnancy. In
type 2 antithrombin deficiencvy and homozvgous Factor V
Leiden the risk would seem to be high enough to justifv
prophylactic heparin treatment throughout pregnancy. In
all other thrombophilias the risk does not seem to be high
enough to justify more than prophylactic heparin at deliv-
ery in the patient who is asymptomatic with no other risk
factors. It is not clear which of this last subgroup should



be given prophylactic heparin at delivery nor for how
long. These are personal opinions and hopefully more
information will be forthcoming in the future.

With regard to the third group at high risk because
of age, parity, obesity or operative delivery, it is gener-
ally believed (although not proven) that the risk of throm-
boembolism is greatest in the puerperium and therefore
that any prophylaxis need only be used during this
period and to cover labour. The Confidential Maternal
Mortality series very clearly shows that the risks of throm-
boembolism are increased markedly with high parity
and increasing age, and that these risks are partly inde-
pendent of each other [53]. Applying these and other
data, there is a case for using some form of prophylaxis
in all patients who have had bed rest for at least 1 week
before delivery, the obese, those undergoing operative
delivery over the age of 30 years, and also in those over
the age of 35 or in their fourth pregnancy (excluding
abortion), even if they have a spontaneous vaginal deliv-
ery [292],

A consensus statement has evaluated the risk in associ-
ation with caesarean section and recommends a variety of
treatments ranging from none if the operation is uncom-
plicated to low-dose heparin and elastic stockings in very
high-risk patients [293].

Thrombosis in unusual sites
Septic pelvic thrombophlebitis

This is a diagnosis made by exclusion and then only
infrequently. The patient has fever, usually following cae-
sarean section, for which no cause can be found and
which does not remit with appropriate antibiotic therapy.
The more diligently the cause of a fever is sought, and
the better the judgment in choice of antibiotic, the lower
the incidence of ‘septic pelvic thrombophlebitis’. Mal-
kamy [294] found 11 patients in 1263 caesarean deliveries
(0.9%) over a 2.5-year period. In those cases where a
laparotomy or venography has been performed, the
thrombosis is often seen to start in the ovarian vein(s)
and may extend into the inferior vena cava [295] and
renal vein [296]. In these circumstances CT scanning to
demonstrate clot in the inferior vena cava and renal vein
may be helpful diagnostically [296].

Other sites

The Budd-Chiari syndrome, occlusion of the hepatic
veins is most worrying because of the likelihood of
death from hepatic failure. A case has been reported of
Budd-Chiari syndrome in association with Factor V
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Leiden mutation treated successfully by liver transplant-
ation [297]. Portal vein thrombosis in pregnancy has been
associated with protein C deficiency [298].

DVT in the arm and subclavian veins has a similar
natural history to that in the leg except that it is less
common. It should be confirmed by ultrasonography
and certainly has the possibility of causing pulmonary
embolus; indeed it may present that way [299]. It may
be associated with jugular venous catheterization, vigor-
ous exercise with the arm or occlusion in particular laying
the arm under a partner’s head (Lover’s arm) [300]. Jugu-
lar vein thrombosis has also been reported as part of
ovarian stimulation syndrome [31, 301]. Tt certainly seems
to be much more common when ovarian stimulation is
the precipitating cause. Thrombophilia is rather uncom-
mon [302]. Upper limb DVT should be managed in the
same way as lower limb DVT.
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