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Clinical Aspects
of Miscarriage

INTRODUCTION

Miscarriage is the spontaneous (as opposed to induced) loss of a preg-
nancy before viability, which is considered to be 24 weeks in the UK as this
is considered to be the lower limit of viability, although some pregnancies
will result in live born infants before that time.

Pregnancies can be lost at a very early stage and present only as a positive
pregnancy test and lost before they can be detected by ultrasound; they are
often referred to as biochemical pregnancies. At a slightly later stage, ultra-
sound might demonstrate an apparently empty gestation sac, referred to as
early embryonic demise, or later, when a non-viable fetal pole is evident on
ultrasound, an early fetal demise. Miscarriage in the first trimester tends to
have different aetiologies than those lost in the second trimester, particularly
in the later second trimester, although there is overlap between the two
trimesters.

Miscarriage is a common complication of pregnancy; 25% of women will
experience a miscarriage in their lifetime (Regan, 1997). Of all concep-
tions, more than 50% will be lost (Kline et al., 1989), many before the
woman appreciates that she is pregnant, and between 13.8% (Saraiya et al.,
1999) and 22% (French and Bierman, 1962) of recognised pregnancies
miscarry.

Most miscarriages are spontaneous — that is, the inevitable loss of an
abnormal pregnancy. A small proportion of miscarriages — around 1% —
represent the recurrent loss of often normal pregnancies because of a risk
factor present in one of the parents.
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SPONTANEOUS MISCARRIAGE

Introduction

Spontaneous early pregnancy loss is usually secondary to karyotypical or
major structural abnormality. One-half of blastocysts and one-quarter of
embryos can be seen to be morphologically abnormal to light microscopy
and in 25–62% of cases of spontaneous miscarriages, gross chromosomal
abnormalities are found (Craven and Ward, 1999). Other factors are also
known to have an impact on the risk of spontaneous miscarriage.

Maternal Age

The risk of spontaneous miscarriage increases with maternal age. The risk
in the 20–24 year old age group is 8.9% but in women of 45 years or more
is 74.7% (Nybo Anderson et al., 2000). This is largely explained by the
increased rate of chromosomally abnormal conceptions with advancing
maternal age.

Subfertility

Hakim et al. (1995) found a 70% rate of early pregnancy loss in women with
a history of subfertility compared to 21% of women without fertility prob-
lems (relative risk 2.6) and suggested that subfertile women have an
increased risk of subclinical pregnancy loss, which contributes, at least in
part, to their subfertility.

Psychological Stress

Coste et al. (1991) found a threefold increase in the incidence in the rate
of spontaneous miscarriage in women who were under psychological stress
at the time of conception, whether or not that stress was related to the out-
come of the pregnancy.

Body Mass Index

An increase in spontaneous miscarriage is also seen with increasing body-
mass index (BMI). Women with moderate obesity (body/mass index
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25–27.9 kg/m2) had a significantly greater miscarriage rate than those of
normal weight (60% vs 27%, p � 0.05) (Hamilton-Fairley et al., 1992).
Wang et al. (2002) found the rate of spontaneous miscarriage in women
receiving treatment for subfertility increased with BMI, with a significance
of �0.05 in overweight women, �0.01 in obese women and �0.001 in very
obese groups.

Infection

Acute maternal infection can be associated with early pregnancy loss,
with infections such as brucellosis being recognised as precipitating
spontaneous miscarriage (Khan et al., 2001) and parvovirus with late mis-
carriage ( Jensen et al., 2000). Parazzini et al. (1997) found a history of
pelvic inflammatory disease increased the odds ratio fivefold for sponta-
neous miscarriage.

Nutritional Factors

Low plasma folate levels are associated with an increased risk of
spontaneous miscarriage (George et al., 2002), although hyperhomocys-
teinaemia (see below), is a genetic disorder, effectively treated by folate
supplementation, which is recognised as a predisposing factor for recur-
rent miscarriage.

Smoking and Alcohol

The odds ratio of spontaneous miscarriage in women who smoke 20 or
more cigarettes each day is 2.0 times that of non-smokers (Mishra et al.,
2000). Moderate drinking is also associated with an increased risk of mis-
carriage; women who drank more than three drinks per week during the
first trimester had a higher chance of pregnancy loss (OR 2.3) (Windham
et al., 1998), although alcohol consumption prior to pregnancy did not
significantly alter the rate of miscarriage.

Maternal Disease

Spontaneous miscarriage occurs more frequently in women with hypothy-
roidism (Grossman et al., 1996). Chronic disease increases the risk of
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miscarriage, with women with systemic lupus erythematosis (SLE) and no
anti-phospholipid antibodies (APA) having 4.7 times the incidence of
spontaneous miscarriage that is seen in a normal population (Kiss et al.,
2002). Here, there is an overlap with recurrent miscarriage. If a woman’s
illness is persistent, and not amenable to treatment, her increased risk of
miscarriage will be carried into future pregnancies.

RECURRENT MISCARRIAGE

Introduction

Recurrent miscarriage is generally considered to be the loss of three or
more pregnancies before viability. Although investigation and treat-
ment, particularly if the losses are all in the first trimester, tends to be
restricted to women who fit this definition, women with only one mis-
carriage can be considered as being at higher risk for future problems.
Regan et al. (1989) studied 630 women in early pregnancy and found
that 12% of clinically recognised pregnancies miscarried; the rate was
only 5% in the primigravida and 4% in women who had had only suc-
cessful pregnancies. However, in women whose only previous pregnancy
was a miscarriage, the rate was 20%, and this increased to 24% if she had
had more than one miscarriage and no successful pregnancies. Knudsen
et al. (1991) reported the outcome of pregnancy in 300, 500 women. The
overall risk of clinical miscarriage in this group was 11%. If a woman had
had one previous miscarriage, the risk rose to 16%, two previous mis-
carriages, 25%, three miscarriages, 45%, and after four miscarriages, the
risk of miscarriage was 54%.

There are many factors implicated in recurrent pregnancy loss, which
are discussed below, although in half of the cases a cause is not identified.

Endocrinal Factors

Endocrine deficiency, leading to a poorly implanted and established preg-
nancy in its early stages, has always been an attractive theory as the cause of
recurrent early pregnancy loss. Progesterone and human chorionic
gonadotrophin (hCG) have both been proposed as means of supporting
the early pregnancy. It is unclear whether reduced gestational hormones
are the cause of pregnancy loss, or the result of pregnancy failure.
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Progesterone

Progesterone levels reflect the function of the corpus luteum. Levels of
progesterone are lower in abnormal pregnancy when compared to normal
pregnancy. If low levels of progesterone result from maternal inability to
produce functioning corpus lutea, then supplementation with progesto-
gens should improve pregnancy outcome. Contra-wise, supplementation
will not help a pregnancy in which progestogen levels are low because the
pregnancy is failing. A meta-analysis in 1989 (Goldstein et al., 1989) showed
no benefit when progestogens were used to maintain early pregnancies.
Concerns have also been raised about potential teratogenic effects,
with genital defects in male and female fetuses (Oates-Whithead and
Carrier, 2001).

Human chorionic gonadotrophin

The hormone hCG is produced by the trophoblast. In normal early
pregnancies the levels are seen to double approximately every 48 h.
Supplementation of early pregnancy with hCG has been proposed as a
treatment for recurrent miscarriage. The same arguments apply to supple-
mentation in early pregnancy with hCG as with progesterone supple-
mentation. A Cochrane review (Scott and Pattison, 2002) found four
studies comparing hCG with placebo, but with less than 100 patients in
total in each arm. The results suggested that there might be benefit from
the use of hCG supplementation in preventing recurrent early pregnancy
loss, but the early trials with methodological weaknesses and small num-
bers might have swung the overall result in favour of hCG. A single study
(Quenby and Farquharson, 1994) demonstrated an improved outcome in
women with a history of oligomenorrhoea and recurrent miscarriage
when hCG was used. It has previously been shown that oligomenorrhoea
is a poor prognostic factor in recurrent early pregnancy loss (Quenby and
Farquharson, 1993).

Luteinising hormone hypersecretion and polycystic ovarian syndrome

Polycystic ovarian syndrome (PCOS) is associated with both recurrent early
pregnancy loss and infertility. It is associated with the clinical features of
oligomenorrhoea, acne and hirsuitism, secondary to hyperandrogenism, and
obesity. Biochemically, it is associated with elevated luteinising hormone (LH),
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elevated androgens and insulin resistance/hyperinsulinaemia; elevated
plasminogen activator inhibitor-1 (PAI-1) activity has been described by
some (Sampson et al., 1996; Atiomo et al., 1998; Glueck et al., 1999). It is
characterised on ultrasound scan of the ovary by the presence of 10 or
more peripherally placed cysts of between 2 and 10 mm in diameter with a
central, echodense stroma. The ultrasound findings can be found in the
absence of any biochemical abnormality.

Polycystic ovaries detected by ultrasound were found in 22% of women
in a volunteer population and 50% of women presenting for assisted
conception (Balen et al., 1993a). In women attending a recurrent mis-
carriage clinic, an incidence of polycystic ovaries on ultrasound as high as
82% has been reported (Sagle et al., 1988). In assisted conception cycles,
the rate of miscarriage was higher in women with polycystic ovaries, being
35.8% compared to 23.6% in the population with normal ovaries (Balen
et al., 1993b).

Homburg et al. (1988) reported that women with PCOS and elevated LH
levels had higher rates of early pregnancy loss. A similar association has
been found with PAI-1 (Glueck et al., 1999). It has been proposed that ele-
vated LH results in premature oocyte maturation, resulting in either a fail-
ure to achieve fertilisation and subfertility, or fertilisation of an abnormal
oocyte and consequently miscarriage (Balen et al., 1993b). Alternatively,
elevated PAI-1 activity has been proposed as a mechanism for abnormal
ovulation, embryo hatching and implantation (Sampson et al., 1996;
Atiomo et al., 1998; Glueck et al., 2001).

There was optimism that if LH hypersecretion was associated with early
pregnancy loss, then, suppression of LH with gonadotrophin releasing
analogues would improve pregnancy outcome in women with a history
of recurrent early pregnancy loss in the absence of infertility. Clifford et al.
(1996) did not find any improvement in miscarriage rates with the use
of buserilin.

Metformin has been used to aid weight loss in women with PCOS and
impaired glucose metabolism. This appears to improve fertility in some
subjects. It has also been proposed that its continuation into early preg-
nancy might reduce PCOS related early pregnancy loss, but so far only
small trials have been performed. Gleuck et al. (2001) performed a small
prospective trial of metformin in early pregnancy. They found it to be safe,
with no adverse effects, and 60% of their trial population (10 women) had
normal live births. Previously, they had had a 55% live birth rate when met-
formin was stopped at confirmation of pregnancy.
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Anatomical Problems

Uterine anomalies

Uterine anomalies have long been thought to contribute to recurrent mis-
carriage and premature delivery. The problem in considering them as a
factor relevant to pregnancy complications is that they are a frequent find-
ing in women with uneventful pregnancies. According to the American
Fertility Society, with an arcuate uterus, the fundus is normal, but the uter-
ine cavity is concave. A septate uterus has a septum partially or completely
dividing the cavity. For a uterus to be bicornuate, a fundal cleft of at least
1 cm in depth must be present (Anonymous, 1988).

Jurkovic et al. (1997) found the incidence of uterine anomalies in
women attending for gynaecological ultrasound for a wide variety of
reasons, but excluding infertility and recurrent miscarriage, to be 5.4%,
with 3.1% having an arcuate uterus and 2.3% having other major abnor-
malities (subseptate uterus 1.6%, bicornuate uterus 0.4%).

The same group looked at women with a history of recurrent mis-
carriage or infertility (Woelfer et al., 2001). It was found that a significantly
higher proportion of women with a subseptate uterus miscarried in the
first trimester, whilst an arcuate uterus was a risk factor for second trimester
loss and preterm labour.

Hysteroscopic resection of the septum is said to improve reproductive
function. Hickok (2000) reports a pre-resection pregnancy loss in women
with a subseptate uterus of 77.4%. This was reduced to 18.2% post-
resection. March and Israel (1990), Grimbizis et al. (1998) and Porcu et al.
(2000) also claim improved pregnancy outcomes after hysteroscopic resec-
tion of uterine septums. However, these studies are not randomised, and,
therefore, it is not possible to say what the pregnancy outcome would have
been if these women had not been treated. Seventy-six per cent of women
will have a successful pregnancy on the next occasion after only ever hav-
ing miscarriages (Regan et al., 1989)

Cervical factors

Successful pregnancy and delivery requires the cervix to remain comp-
etent until labour at full term. Premature dilatation of the cervix results in
mid-trimester miscarriage if it occurs before viability. This might be
accompanied by recognisable contractions, and represents preterm
labour at its extreme; however, when dilatation of the cervix occurs in the
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absence of contractions, or precedes contractions, intrinsic weakness of
the cervix is thought to be responsible.

Many factors have been considered to contribute cervical weakness.
Congenital associations include association with other uterine anomalies
(Golan et al., 1990), Marfan’s syndrome (Paternoster et al., 1998), connec-
tive tissue disorders such as Ehlers-Danlos syndrome (de Vos et al., 1999),
and in utero exposure to diethylstilbestrol (Goldstein, 1978). Acquired fac-
tors include reasons for surgery to the cervix, such as cone biopsy for the
treatment of cervical intraepithelial neoplasia (Moinian and Andersch,
1982), surgical termination of pregnancy (Ratten and Beischer, 1979), pre-
vious cervical ectopic pregnancy (Hurley and Beischer, 1989).

Attempts to prevent dilatation of the cervix in the absence of labour are
made by placing sutures within the cervix to increase its strength. These
can be placed within the portion of the cervix visible vaginally, as in a
McDonald’s suture (McDonald, 1957). Still using a vaginal approach, the
vaginal epithelium can be incised, allowing the underlying tissues, particu-
larly the bladder, to be reflected and the suture to be placed higher, and
nearer to the internal os, as in a Shirodkar suture (Shirodkar, 1955;
Frieden et al., 1990) and transvaginal cervicoisthmic cerclage (Capsi et al.,
1990; Golfier et al., 2001). Alternatively, the suture can be placed at the
level of the internal os by an abdominal approach (Anthony and Price,
1986; van Dongen and Nijhuis, 1991). This approach is more invasive, but
useful in women in whom there is little vaginal cervix or when other tech-
niques have failed.

Diagnosis of cervical incompetence is often made on history alone. As
this can lead to unnecessary intervention, various methods of evaluating the
need for cerclage objectively are described: assessment by hysterosalpin-
gogram (Golan et al., 1990), ultrasound assessment in pregnancy (Guzman
et al., 1998; To et al., 2002; Groom et al., 2002) and measurement of cervi-
cal resistance outside of pregnancy (Anthony and Price, 1986). Sutures can
be inserted before pregnancy, electively in pregnancy, as an emergent pro-
cedure, for example, if cervical shortening is seen on ultrasound, or as
emergencies after frank dilatation of the cervix has been found. However,
it is still unclear whether sutures improve the outcome of pregnancy.

In 1993, the results of a multicentre trial (MRC/RCOG, 1993) found
benefit from inserting cervical sutures. The trial randomised women with
whom the attending obstetrician was uncertain whether a suture would be
of benefit. The rate of premature delivery was reduced in the suture group,
but it was estimated that 25 sutures would need to be inserted to improve
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outcome in one pregnancy whilst the incidence of puerperal sepsis doubled.
Whilst it might be supposed that a greater benefit would be found in a high-
er risk population, this has not been proved. The cervical incompetence pre-
vention randomised cerclage trial ‘CIPRACT Trial’ (Althuisius et al., 2000,
2001) did not find a benefit when cerclage was used in an unselected high-
risk population, with similar neonatal survival being seen in the cerclage and
the observational groups. If cerclage was reserved for women in whom cer-
vical shortening was demonstrated ultrasonographically (cervical length
�25 mm), preterm delivery, before 34 weeks, was significantly less frequent
and neonatal morbidity was reduced. Rust et al. (2000) similarly randomised
women when the cervical length was less than 25 mm, but they found no dif-
ference in the duration of pregnancy or the perinatal outcome.

Infection

To be realistically considered as a cause for recurrent pregnancy loss, infec-
tion must persist beyond one pregnancy. Bacterial vaginosis is not strictly
an infection, rather depletion of the normal, protective lactobacilli by
organisms — Gardnerella vaginosis, anaerobes and mycoplasmas — that
alter the vaginal environment, raising the pH. It is reasonable to expect that
factors that predispose to bacterial vaginosis can persist for more than one
pregnancy. The association of bacterial vaginosis with preterm labour and
rupture of membranes means it is a cause of mid-trimester loss.

Ralph et al. (1994) looked at women undergoing in vitro fertilisation who
were screened for bacterial vaginosis at the time of egg collection.
Conception rates were similar in women with normal flora to those with
bacterial vaginosis. A significantly greater number of women with bacterial
vaginosis miscarried before 13 weeks — 36.1% of women with bacterial
vaginosis miscarried, compared to 18.5% with normal flora.

Hay et al. (1994) found a prevalence of bacterial vaginosis of 15% in
early pregnancy. In their study there was an association of bacterial vagi-
nosis with both preterm delivery (24–37 weeks) and late (16–24 weeks)
miscarriage. The presence of bacterial vaginosis, Mycoplasma hominis and
Ureaplasma urealyticum at the first visit in pregnancy (less than 14 weeks ges-
tation) was found to increase the risk of early pregnancy loss.

Oakeshott et al. (2002) found the prevalence of bacterial vaginosis in
consecutive women presenting with pregnancy before 10 weeks gestation
to be 14.5%; it was commoner in the under 25 age group and in Afro-
Caribbean or black African women. The overall prevalence of chlamydia
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was 2.4%, but again it was higher in the under 25 age group at 8.5%, and
14.4% in teenagers. Women with bacterial vaginosis did not seem to be at
increased risk of miscarriage before 16 weeks but the risk of miscarriage
between 13 and 15 weeks was increased. Chlamydia infection was not asso-
ciated with miscarriage, but there was a threefold increase in the preva-
lence of bacterial vaginosis in the presence of chlamydia. Chlamydia has
been studied as a potential cause for miscarriage. However, chlamydia
found on urine DNA amplification (Sozio and Ness, 1998), the presence of
chlamydia antibody in the blood (Rae et al., 1994; Osser and Persson, 1996;
Paukku et al., 1999) or placental tissue (Feist et al., 1999) has not been
found to be associated with pregnancy loss.

Ugwumadu (2002) speculated that it is the immunological response to
bacterial vaginosis that is responsible for pregnancy loss, rather than a
direct effect of the organisms. A normal Th2 response is necessary for nor-
mal early pregnancy, with IL-4 and IL-6 inducing trophoblastic release of
hCG, which in turn preserves the corpus luteum and resulting proges-
terone production. If bacterial vaginosis promotes a Th1 response, or sup-
presses the Th2 response, this might lead to early pregnancy loss. In
non-pregnant women endometritis, defined as the presence of plasma cell
endometritis, was present in 45% of women with bacterial vaginosis, as
opposed to 5% in a control population (Korn et al., 1995). Wennerholm
et al. (1998) found elevated levels of the Th1 cytokines IL-8 and IL-1� and
Spandorfer et al. (2001) found elevated levels of IL-1� and IL-8 in women
with bacterial vaginosis.

The impact on pregnancy complications of attempts to eradicate bacter-
ial vaginosis with antibiotic therapy has been assessed. Carey et al. (2000)
found oral metronidazole had no effect on the rate of premature delivery
in women with bacterial vaginosis. Vaginal clindamycin will eradicate bacte-
rial vaginosis from the vagina, but its use has not been shown to be of ben-
efit in preterm labour (Kurkinen-Raty et al., 2000; Rosenstein et al., 2000;
Kekki et al., 2001). Ugwumadu et al. (2003) looked at the role of oral clin-
damycin; metronidazole, is effective against anaerobes, but clindamycin has
a broader range of activity, including activity against the atypical mycoplas-
mas. Although vaginal clindamycin may eradicate bacterial vaginosis from
the vagina, it may not be effective in treating the associated endometritis,
and it is likely that it is the endometritis, rather than the vaginal overgrowth,
which is responsible for pregnancy complications. They found that oral clin-
damycin (300 mg twice daily for 5 days) reduced the rate of late miscarriage
and preterm delivery (5.3% vs 15.7%, p � 0.0003).
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Recurrent Aneuploidy

Spontaneous miscarriage is often as a result of fetal aneuploidy, as discussed
above. It can be seen as reassuring to women with recurrent miscarriage
that aneuploidy is found when the products of conception are karyotyped:
this is a spontaneous loss, not the further loss of another normal fetus.
However, this might not always be the case. There is evidence that some
karyotypically normal couples are at risk of recurrent early pregnancy loss
because they are at risk of recurrent aneuploidy. Juberg et al. (1985) pro-
posed that some couples were at increased risk of non-disjunction, which
increased their risk of early pregnancy loss, and also of aneuploidy in ongo-
ing pregnancies, after finding that hypermodal chromosomal spreads sig-
nificantly more frequently in the lymphocytes of couples with a history of
recurrent miscarriage than in control populations. Simon et al. (1998)
looked at the karyotypes of pre-implantation embryos from subjects under-
going in vitro fertilisation. The embryos of couples with a history of recur-
rent miscarriage had a higher incidence of aneuploidy (58%) than couples
with no such history. Pre-implantation genetic diagnosis, and embryo trans-
fer of karyotypically normal embryos, might improve the success rate of
infertility treatment in such couples.

Drugan et al. (1990) found a 1.6% rate of aneuploidy after amniocente-
sis or chorionic villus sampling in couples with a history of recurrent early
pregnancy loss and normal parental karyotypes, compared to 0.3% in a
control group (p � 0.02). Ongoing pregnancies conceived by couples with
a history of early pregnancy loss may have a greater risk of chromosomal
anomaly whilst the parents are less likely to seek pre-natal diagnostic tests
because of the fear of pregnancy loss secondary to invasive testing.

Sperm disomy might also have a part to play in recurrent pregnancy loss
in some couples. The rate of disomy is higher in sperm samples taken from
couples with a history of recurrent early pregnancy compared to controls
(Rubio et al., 1999, Egozcue et al., 2000). Aneuploid sperm demonstrate
greater motility, with higher rates of sperm aneuploidy being found in
Percoll-processed sperm samples than whole specimens (Giorlandino et al.,
1998).

Thrombophilia

Thrombotic events in the placenta have been attributed as contributing to
many pregnancy complications. They are also prevalent in the general
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population. Bick (2000) found a pro-coagulant defect in 55% of women
with a history of three or more miscarriages.

Thrombophilias can be divided into two main groups: the inherited
thrombophilias, which are generally gene mutations, and the acquired
thrombophilias, principally the anti-phospholipid syndrome.

Inherited thrombophilia

The main inherited thrombophilias are antithrombin III deficiency, defi-
ciencies of protein C and protein S, the factor V Leiden mutation, the pro-
thrombin gene mutation and hyperhomocysteinaemia. The presence of an
inherited thrombophilia does not inevitably lead to clinical manifestations,
but it does increase the risk. The maternal risk of a thromboembolic
episode is increased eightfold in the presence of one of these throm-
bophilias (Lockwood, 1999). Inherited thrombophilia gives an odds ratio
of 3.6 (95% CI 1.4–9.4) of fetal loss after 28 weeks and 1.27 (95% CI
0.94–1.71) before 28 weeks (Preston et al., 1996). This study did not
demonstrate an increased risk of fetal loss to the partners of men with
thrombophilia, a potential concern, as thrombotic events on the fetal side
of the placenta might increase the risk to the pregnancy.

If the pregnancy of a thrombophilic woman is considered to be at risk of
thromboembolism, prophylaxis is merited. It is less clear whether this same
approach is merited to reduce the risk of pregnancy loss. Aspirin and
heparin have been shown to improve the outcome in acquired throm-
bophilia (see below) and, potentially, a similar approach could be of value
in the management of pregnancy in inherited thrombophilias. There is no
clear evidence that such a treatment will be of benefit (Girling and de
Swiet, 1998).

Antithrombin III deficiency. Antithrombin III inactivates thrombin and
factors Xa, IXa, XIa and XIIa, limiting the coagulation cascade. Deficiency
is inherited in a dominant fashion with more than 80 genetic mutations
identified. The 50% lifetime risk of thrombosis (Finazzi et al., 1987) makes
antithrombin III deficiency the most thrombogenic of the inherited throm-
bophilias. It has a prevalence of around 1 in 600 (Tait et al., 1994). The rel-
ative risk for miscarriage and stillbirth per pregnancy for women with
either antithrombin III, protein C or protein S deficiency is 2.0 (95% CI
1.2–3.3) (Sanson et al., 1996).
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Protein C deficiency. Protein C inactivates factors Va and VIIIa and its
action is enhanced by the presence of protein S. It inhibits coagulation and
promotes fibrinolysis. Protein C levels are not altered by pregnancy. It has
a prevalence of around 1 in 500 (Tait et al., 1995).

Protein S deficiency. Protein S acts as a co-factor for the action of
protein C. Levels fall in pregnancy as the amounts of free protein S are
reduced. It is estimated that protein S deficiency can be found to be
between 0.03% and 0.13% of the population (Dykes et al., 2001).

Activated protein C resistance — the factor V Leiden mutation. The
prevalence of this mutation varies greatly between racial groups, and it is
found more commonly in Europeans with an allele frequency of 4.4%, but
rarely in other racial groups (Rees et al., 1995). Carriers of the factor V
Leiden mutation appear to have an increased risk of miscarriage with
1.5 times the risk of one miscarriage and 2.5 times the risk of two miscar-
riages compared to controls (Bare et al., 2000). An increase in the
incidence of the factor V Leiden mutation in association with recurrent
miscarriage was also found by Younis et al. (2000). Increased resistance to
activated protein C is found in normal pregnancies (Cumming et al., 1995),
and this must be differentiated from the inherited form, which persists,
along with its associated increase in risk of thromboembolism, outside
pregnancy. Rai et al. (2001) found that it was acquired activated protein C
resistance in pregnancy, not the inherited condition, that was significantly
more common in women with recurrent miscarriage.

Elevated prothrombin activity — the prothrombin gene mutation.
Carriers of this mutation have higher plasma concentrations of prothrom-
bin and are at increased risk of thrombosis. One study has shown an
association with second trimester loss (Kupferminc et al., 2000).

Thrombomodulin gene mutation. Thrombomodulin is an endothelial
cell receptor for thrombin and accelerates protein C activation. Again, it
has been associated with thrombosis, but not yet with an adverse pregnancy
outcome.

Hyperhomocysteinaemia. Inherited hyperhomocysteinaemia results
from a genetic defect affecting the metabolism of methionine to homo-
cysteine. It results in folate deficiency and is associated with recurrent
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miscarriage (Ray and Laskin, 1999; Nelen et al., 2000) and neural tube
defects (van der Put et al., 1997), as well as an increased risk of atheroscle-
rosis and venous thrombosis. Dietary supplementation with folate, B6
and B12 reduces homocysteine levels and is the basis of treatment
(Perry, 1999).

Acquired thrombophilia

Antiphospholipid syndrome. APA are antibodies that bind to the nega-
tively charged proteins in the phospholipid component of cell mem-
branes. Normally, the negative charge is not exposed, being on the inner
surface of the cell membrane. Production of APA is, therefore, a normal
response to any destructive process that exposes the internal surface of the
cell membrane and the antibodies are transiently produced in these situa-
tions. Production of APA is associated with various autoimmune disorders,
of which SLE is the best known, but there exist many other autoimmune
disorders. However, APA are not found in all subjects with SLE, with one
series finding APA in just 30.4% of subjects with a diagnosis of SLE
(Carmona et al., 1999). Their production is also associated with other
chronic illnesses, such as Crohn’s disease and diabetes mellitus, with many
infections, e.g. measles, varicella, pneumococcal pneumonia and Human
Immunodeficiency Virus and as response to ingestion of various medica-
tions, e.g. the combined oral contraceptive and amoxycillin.

If the antibodies persist beyond the acute event and are associated with
either thrombo-embolic disease or recurrent pregnancy loss, a diagnosis of
antiphospholipid syndrome (APS) can be made. It is also associated with
other medical conditions including thrombocytopenia, migraine and live-
do reticularis. Because APA can be a transient finding in a normal individ-
ual, the antibodies must be found on at least two occasions more than 6
weeks apart (RCOG, 2001) and the presence of persistent APA in the
absence of associated clinical disorders does not constitute a diagnosis of
APS. There are various APA, but the two of importance in pregnancy are
anticardiolipin and lupus anticoagulant. APA are found in 15% of women
presenting with recurrent miscarriage (Rai et al., 1995a)

The antibodies are thought to lead to pregnancy loss by their effect on
annexin-V, a phospholipid binding protein present in the syncytiotro-
phoblast lining the placental villi. Annexin-V is a potent in vitro and in vivo
anticoagulant, and its expression within the syncytiotrophoblast is reduced
in the presence of APA, leading to placental thrombosis (Rand et al., 1994).

14 R Wilson

B177_ch01.qxd  19/08/04  3:30 PM  Page 14



RECURRENT MISCARRIAGE AND PRE-ECLAMPSIA - The Roles Played by the Immune System and Antioxidants
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/medsci/5544.html

This would account for the role of APS in pregnancy loss from the later
stages of the first trimester onwards. An alternative explanation is that pro-
posed by Lyden et al. (1992) of a non-thrombotic aetiology for pregnancy
loss associated with APS in very early pregnancy, with APA directly damag-
ing the trophoblastic layer, leading to defective implantation.

Untreated, there is a high rate of fetal loss in the presence of APS, with
90% of pregnancies in the Rai et al. (1995b) series miscarrying. These
women had a history of recurrent miscarriage and 94% of their losses were
in the first trimester. Lockshin et al. (1989) found that the use of steroids
does not improve fetal outcome, and might even make the outcome worse.
Carmona et al. (2001) propose the use of pre-conceptual aspirin to reduce
the incidence of fetal loss in APS, with 82% of treated women in their series
having a live-born infant as opposed to 25.7% before therapy. Rai et al.
(2001) found that treatment of APS and three or more miscarriages with
aspirin alone had a 42% live birth rate, but when used in combination with
heparin there was a significantly higher live birth rate, at 71%. The differ-
ence in outcome was accounted for by a reduction in first trimester fetal
loss. In this series, aspirin was started when the woman reported a positive
pregnancy test.

Immunological

Adaptations in the immunological response are required in pregnancy. It
is known that for a pregnancy to be successful, the embryotoxic Th1
response should be suppressed and the pro-pregnancy Th2 response
should become dominant; dominance of the Th1 response in early preg-
nancy is associated with recurrent early pregnancy loss (Hill et al., 1992;
Wilson et al., 1997; Raghupathy et al., 2000; Jenkins et al., 2000). What is
not clear is whether the abnormal inflammatory response is an inevitable
and innate feature of a subject’s response to pregnancy, or whether an
abnormal response is initiated by exposure to an immunological event, for
example, pregnancy loss, and in some women this persists into future
pregnancies.

Women with a history of recurrent miscarriage, as a group, have higher
levels of the Th1 cytokines IL-12, IL-18 and IFN� than normal pregnant
subjects and do not show the rise in IL-4 seen in normal, pregnant subjects.
However, levels of IL-18 in women with a history of recurrent miscarriage
are reduced when the pregnancy was successful, and the levels were signif-
icantly lower than would be found in the non-pregnant state (Wilson et al.,
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unpublished). Non-pregnant women with a history of recurrent miscar-
riage have higher levels of IL-2 receptor, which is a marker of T-cell activa-
tion and proliferation (Wilson et al., 2003).

Lipopolysaccharide stimulation of normal peripheral blood polymor-
phnucleocytes incubated in the plasma of women with a history of recurrent
miscarriage results in the release of less IL-10 than controls. The recurrent
miscarriage group had heterogeneous aetiologies, but nevertheless, as a
group, levels of IL-10 were significantly less. This suggests that the plasma of
women with a history of miscarriage contains a factor that attenuates the nor-
mal inflammatory response.

Various immunological therapies have been tried. Intravenous
immunoglobulin has not been seen to demonstrably increase the chances
of successful pregnancy (Stephenson et al., 1998).

Prognosis

A history of spontaneous miscarriage of a previous pregnancy increases the
likelihood of a further miscarriage (Parazzini et al., 1997). Coste et al.
(1991) found two or more previous fetal losses increased the risk of further
miscarriage (OR � 2.3). Although Clifford et al. (1996) found suppression
of LH did not improve the outcome of pregnancy, they did find that all
women in all treatment groups had a good outcome to pregnancy, demon-
strating the beneficial effect of support in early pregnancy in women with
recurrent losses. This effect has been noted by others, Stray-Pedersen and
Stray-Pedersen (1984) found that supportive care alone increased the preg-
nancy success rate to 86% in women with unexplained miscarriage, com-
pared to 33% (p � 0.001) in women who did not receive this support, a
finding confirmed by Liddell et al. (1991). Any therapy for miscarriage
must be seen against the success of supportive therapy alone.
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